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Foreword

Close to 200,000 children and adolescents are diagnosed with cancer every
year worldwide; of those, 80 % live in low- and middle-income countries,
which account for 90 % of the deaths. Thus, the burden of pediatric cancer is
clearly shifted towards countries with limited resources, making the tragedy
of childhood cancer even more unjust.

In September 2000, heads of state and government gathered at the United
Nations headquarters for the Millennium Summit and set down the millennium
declaration, a series of priorities for peace and security, reduction of poverty,
environmental protection, and human rights. This resulted in the Millennium
Development Goals; by 2015, with everyone’s effort, the world would achieve
measurable improvements in those critical areas of human development.
Importantly, reduction of child mortality is a Millennium Development Goal,
and the world is on its way to fulfilling it. More recently, in September 2011, a
high-level meeting of the United Nations General Assembly was dedicated to
the prevention and control of noncommunicable diseases, including cancer,
thus calling for action by global health agencies and governments. A major
challenge is now on the table: cure all children with cancer, wherever they are
and build hope and a future for them, whatever it takes.

This will require a tremendous effort on the part of high-, middle-, and
low-income countries, if we are all to work together to achieve this goal.
Building pediatric cancer programs will become imperative, and developing
nations will need guidance on how to develop their capacity, adapt and design
treatments, and learn the process. Very tight collaborations between centers
in both ends of the spectrum will be needed and examples of very successful
twinning partnerships are seen in Latin America and the Caribbean, Africa,
the Middle East, and Asia. But documenting what we have learned in this
process and how we can provide guidance for those programs under develop-
ment is key. In this book we have assembled a group of experts in the field to
share their knowledge and help us understand the intricacies of diagnosing
and treating childhood cancer when so many resources are lacking. We wish
there was enough room to share the experiences of so many in the Americas,
Europe, Oceania, Asia, and Africa who tirelessly work every day to make a
better world for children with cancer and their families. To all of them, and to
all the children who suffer every day, this book is dedicated.

Tygerberg, South Africa Daniela Cristina Stefan, M.D.
Boston, MA, USA Carlos Rodriguez-Galindo, M.D.
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Childhood Cancer in Low-Income
and Middle-Income Countries
in the Twenty-First Century

Daniela Cristina Stefan

According to the estimations of the International
Agency for Research in Cancer (IARC), a little over
175,000 new cases of cancer in children (defined as
individuals aged 0-14 years) will appear in the
world every year [1]. While these malignancies are
mostly not preventable, they are curable. Five-year
survival rates as high as 80 % have been achieved in
resource-rich countries, where the majority of child-
hood cancer survivors attain maturity and are pro-
ductive. In those countries, the emphasis is moving
from ensuring survival to minimizing the long-term
adverse effects of the therapy. To achieve such per-
centages of cure, expenditures in the range of USD
100,000 per patient are necessary [2].

This encouraging perspective is only available
to 16 % of the children who become ill with can-
cer. The remaining 84 % or around 147,000 new
cases per year, live in low-income or middle-
income countries, where their survival chances
are much lower since less developed countries
account for 94 % of the global mortality from
childhood cancer [3, 4]. The striking discrepancy
in the above percentages is due mostly to the fact
that, out of the seven billion people on our planet,
more than 5.8 billion live in limited resource
environments [5]. Additionally, the proportion of
individuals aged 0—14 years in these populations

D.C. Stefan, M.D., Ph.D. (IX)

Department of Paediatrics and Child Health,
Stellenbosch University & Tygerberg Hospital,
Tygerberg, South Africa
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is around 29 % [6], much higher than the 17 %
recorded in the more developed countries.

As the gross national income (GNI) per capita
is only USD 1,025 or less in low-income coun-
tries and between USD 1,026 and 12,475 in
middle-income countries [7], the available funds
for health care are limited, with direct conse-
quences on the survival rates. However, very little
is known on the real costs of childhood cancer
therapy in less developed nations. These may be
in fact substantially lower than in the more devel-
oped countries. For instance, the average expen-
diture for treating one case of childhood acute
lymphoblastic leukaemia in Shanghai, China,
was USD 11,000 in the last decade [8]. Similarly,
the cost of treating Stage 2 Hodgkin lymphoma
in two South African hospitals, with a cure rate of
80 %, was found to be around USD 6,650 [9].

The burden of disease due to childhood cancer
in limited resources countries is gradually
increasing. The origin of this increase is multi-
factorial. Firstly, as the management of child-
hood infectious diseases and children’s nutrition
improves, a substantial reduction of the mortality
in the 0-5 years age group is seen. However,
these children will not be protected from the risk
of cancer. Secondly, industrialization and urban
living are spreading to the developing world: as
was first documented in Europe and the USA,
these changes contribute to increasing the inci-
dence of malignancies. Thirdly, a number of
widespread infections increase the risk of cancer
in children: the Epstein—Barr virus is connected

D.C. Stefan and C. Rodriguez-Galindo (eds.), Pediatric Hematology-Oncology in Countries 1
with Limited Resources: A Practical Manual, DOI 10.1007/978-1-4614-3891-5_1,
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to Burkitt lymphoma in Central Africa, HIV
increases the risk of Kaposi sarcoma and the hepa-
titis B virus is associated with liver cancer. It is
therefore estimated that the number of children
with cancer could increase with 30 % by 2020 [10].

A successful strategy for improving the sur-
vival rates in children with cancer in limited
resource regions should be developed starting
from a thorough understanding of the factors
which concur to compromise the quality of care.
A few insights into the complex difficulties on the
path to better cancer care, as they are offered by
the studies published to date, are presented below.

Many Children Do Not Access
the Cancer Care Facilities

The majority of less developed countries do not
have cancer registries and out of the existing regis-
tries very few are population-based. In the absence
of population-based registries, it is impossible to
evaluate not only the incidence of childhood can-
cer but also the proportion of children who do not
access care. Their numbers should be substantial,
even in high-medium income countries (i.e. those
with GNI’s between USD 4,036 and 12,475).
South Africa offers an example: according to the
GLOBOCAN estimations of an incidence of 85
childhood cancers per million, around 1,300 new
cases should appear every year. However, the
South African Children’s Cancer Registry, which
is hospital-based and covers the whole country,
only counted between 546 and 723 cases yearly
between 1997 and 2007 [11].

Another example originates in Brazil, where
in 2009 a number of 234 High Complexity
Cancer Care Centers existed, which were
equipped and staffed to treat cancer in children
and adolescents. In these centres, the mortality
from cancer in children, as well as the number of
therapeutic procedures, was seen to be much
smaller in the northern regions than in the south-
ern ones. At the same time, the proportion of
childhood deaths from ill-defined causes, which
can be a proxy for the number of children not
reaching the health care system, was higher in the
north. As the units were planned to cover a

D.C. Stefan

roughly similar number of children in the terri-
tory, and the incidence of childhood cancer was
considered to be generally uniform, the authors
concluded that a larger number of children with
cancer in the North were never seen at a Cancer
Centre before their death [12].

Often There Is a Substantial Delay
from the Onset of Symptoms
to the Initiation of Treatment

Large time gaps from the clinical onset of the dis-
ease to instituting the therapy would allow time for
progression of the malignancy towards more
advanced and difficult to treat stages. Most of the
studies addressing the delay from first symptoms
to diagnosis and treatment were done on high-
income countries [13, 14]. They present evidence
for significant progression of the disease during
the time elapsed before the child entered the health
care system. Research done in Mexico on the risk
factors for delay found that Hodgkin disease, the
lower standard of education of the mother, the
absence of coverage of the patient by health insur-
ance and the longer distance between home and
hospital were correlated with longer delays to the
beginning of treatment [15]. Data published from
South Africa indicated that in 58 % of cases the
initial diagnosis was wrong and the persistence of
symptoms in spite of various initial treatments was
the most frequent reason to think of malignant dis-
ease. In that study, the most important contributor
to delay was the physician [16].

Abandonment of Treatment
Is Frequent

A recent systematic review and meta-analysis of
the literature describing the magnitude of treatment
abandonment and its associated factors, in cases of
acute leukaemia in children, found that it was
vastly different in various studies, from 0 to 74.5 %.
The rates were significantly higher in lower-middle
income countries (please see definition above), at
29 %, while in higher-middle income countries the
figures found were around 2 % (p<0.0001).
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However, the heterogeneity of the higher rates was
interpreted by the authors as an indicator that the
abandonment could be reduced, even in restricted
resource settings. The analysis could not find clear
explanations for the heterogeneity [17].

Another recent, retrospective study, address-
ing the causes of abandonment of treatment for
retinoblastoma in Uttar Pradesh, India, contrib-
utes more details to the understanding of the mat-
ter: out of 101 children, 50 (49.5 %) defaulted.
Around one-third of those families could be
traced; the lack of finances and the rejection of
enucleation as a means of treatment were the
major reasons given for abandonment [18].
A few children returned to complete their treat-
ment, with more advanced disease, which
reduced their survival to 50 %, while 75 % of
those who never returned died during the moni-
toring period. Additional statistic data from
Delhi, India, this time on a variety of cancers,
indicated that the cost of treatment, the great dis-
tance to the hospital (over 100 km), the belief that
cancer was incurable and the female sex of the
child were the reasons given by the parents for
discontinuing the therapy [19].

Specialized Care for Children
with Cancer Is Not Always Available

While paediatric malignancies are curable to a
very large extent, the care required is complex
and involves cooperation between several spe-
cialties of medicine. A dedicated section in a
hospital needs to be reserved for the management
of these children; specially trained doctors in
paediatric haematology—oncology and specially
trained paediatric oncology nurses should ensure
the proper medical care; there should be adequate
provision of medicines free of charge; access to
intensive care units and bone marrow transplant
units should be available; a permanent coopera-
tion with pathologists, paediatric surgeons and
radiotherapists is necessary; parent support
groups and palliative care facilities complete the
network of treatment.

What may constitute an ideal availability of
specialized physicians for optimal care of chil-

dren with cancer? The Canadian network of
paediatric  academic  haematology/oncology
programmes (C17), after 10 years of surveys and
debates, has reached the recommendation that
one oncologist is necessary for every 15 newly
diagnosed children with cancer, while for every
2.5 oncologists, one haematologist is required.
For every 15 bone marrow transplants, one spe-
cialized physician should be employed [20].

These ideal standards may not yet exist in
Canada and certainly not in the low- and middle-
income countries. There is, to these authors’
knowledge, no centralized evidence of the num-
ber of paediatric oncology units or registered
paediatric oncologists in the less developed
regions of the world. An approximate estimation
of the professional workforce active in the field
of paediatric oncology is perhaps offered by the
regional distribution of the membership of the
International Society of Pediatric Oncology
(SIOP): Africa has 93 members, Asia 279,
Australia 51, Europe 700, North America 219
and South America 183 [21]. These numbers
need to be assessed against the population aged
0-14 of each continent, resulting in an approxi-
mate membership per million children of 0.2 in
Africa, 0.26 in Asia, 6 in both Europe and
Australia—New Zealand—Oceania, 3 in North
America and 1 in Latin America [22].

The Chemotherapy Drugs Are Not
Always Available or Free of Charge

One of the reasons given for abandonment of
therapy, as shown above, is the financial burden
created by the need to pay out of pocket for the
medication [23]. In some countries, the parents’
organizations have succeeded to raise funds for
buying the chemotherapy drugs [24]. In the coun-
tries or regions where parents’ groups exist, they
can make a substantial difference in the outcome
of childrens’ cancer therapy, by educating the
parents and raising funds for accomodating the
families coming from remote locations and for
other forms of support, including covering the
cost of treatment. However, in low- and medium-
income countries, these organizations are



relatively rare. The International Confederation
of Childhood Cancer Parent Organizations counts
20 members in Africa, 39 in Asia and 24 in South
America, where the majority of low-income pop-
ulations live [25]. Other solutions were offered
by non-governmental organizations or twinning
programmes where, besides education and
research activities, the partner from a more devel-
oped region supplied the medication for the treat-
ment of certain cancers [26].

The interventions required in order to improve
the survival of children with cancer in low- and
middle-income countries are, considering the facts
presented so far, complex and relatively costly.
They also need to be sustained in time. Paediatric
cancer care cannot be left to be implemented by
non-governmental organizations or international
academic partnerships. Governments need to
develop national cancer control plans where child-
hood malignancies should be given the attention
they deserve. In an attempt to build up the response
to the growing burden of cancer, the World Health
Assembly adopted, in 2005, the resolution 58.22
[27], which urged member states to create national
cancer control programmes, adapted to conditions
in each country. From 2006 to 2008, WHO pro-
duced a series of six modules addressing all
aspects of creating and implementing such pro-
grammes [28].

However, in less developed regions of the
World, governments were slow to respond to the
health care needs of cancer patients, mostly
because of more pressing health challenges, such
as malaria, AIDS, tuberculosis, malnutrition and
trauma. Moreover, children with cancer and their
parents cannot institute powerful lobbies: the
patients’ lives are too short for that. In 2010, WHO
organized a survey [29] aimed at evaluating the
capacity of response of the World’s national health
systems to the challenge of non-communicable
diseases and found that only 93 countries had poli-
cies in place for controlling cancer.

What would be the components of an adequate
programme for management of childhood malig-
nancies? A national cancer registry would be
necessary in order to evaluate the magnitude of
the health problem, the geographic distribution of
cancer incidence and the progress made in con-
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trolling it. The public should be made aware of
the existence of childhood cancer and its early
signs. Health care workers at the interface with the
public should also be educated about the approach
to diagnosis and management of childhood cancer.
The need for paediatric haematologists—oncologists
should be assessed realistically and training
programmes should be funded at the country’s
academic institutions. In parallel, the training of
oncology nurses should be organized.
International collaboration may be sought in
order to set up these training programmes.

A number of paediatric oncology units should
be organized in larger, multidisciplinary hospi-
tals, where the services of paediatric surgeons,
radiologists, radiotherapists, bone marrow trans-
plant units, nutritionists and pharmacists would
be readily available to the children with cancer.
Cytostatic drugs, operating theatres, radiotherapy
facilities, antibiotics and analgetics (including
opiates) as well as blood for transfusion should
be available there, free of charge. These paediatric
oncology units would also ensure a qualified and
efficient follow-up of patients in remission.

The issues of cost should be addressed by
research aimed at establishing simpler, less toxic
and less expensive therapy protocols, adapted to
the specifics of health care in the low- and
middle-income countries while remaining highly
effective. Here again, international collaboration
may make a substantial contribution, as it was
already seen. Further, parent organizations should
be supported, as they often contribute funds and
educate the parents and the general public. To
end with, palliative care units need to be insti-
tuted, adequately staffed and funded.

The authors of this book are well aware of the
dimensions of the task of establishing an efficient
cancer control programme in a country with
limited resources. They are also aware of numer-
ous successful programmes across continents,
which improved the outcome in paediatric malig-
nancies. Many of the authors have been involved
in those programmes. The expertise and the wis-
dom acquired in decades of activity are now dis-
tilled in this volume, to the benefit of all those
who work towards preserving the lives and the
health of children with cancer.
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Cancer Registries and

the Descriptive Epidemiology
of Pediatric Cancer in Low-
and Middle-Income Countries

Karina B. Ribeiro and Lindsay Frazier

Introduction

The world population is approaching 7.1 billion
people; the vast majority live in low- and middle-
income countries (LMIC). Approximately 15
million new cancer cases and nine million cancer
deaths will occur in 2015, with 48.2 and 56.5 % of
those being observed in low- and middle-income
countries, respectively. The growing impact of
cancer in the population can be attributed to
increased life expectancy, due to better control
and treatment of communicable diseases, such as
diarrheal diseases and decreased neonatal mortal-
ity, thus the consequent emergence of the cancer
as a public health problem worldwide.

Cancer in childhood is a rare disease. In
developed countries, only about 0.5 % of all can-
cer occurs in children aged less than 15 years.
Yet, LMIC bear a disproportionate burden of this
disease in part due to the fact that on average, the
proportion of the population under 18 is much
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higher in LMIC than in high-income countries
(HIC). Due to this demographic distribution of
the world population, 71.4 % of all childhood
cancer cases and 83 % of all childhood cancer
deaths occurring worldwide are reported among
children living in LMIC [1].

Cancer Registries

For the development of a rational national cancer
plan, it is necessary to know the magnitude of the
disease in a country, in a region, and in a com-
munity. However, cancer is not a single disease;
therefore, one must know the distribution of dif-
ferent types in a population, which will illustrate
variations in geographic, ethnic, socioeconomic,
occupational, and even cultural factors that lead
to changes in incidence. The cancer registry is the
agency or institution that is dedicated to collect,
store, analyze, and interpret data on cancer cases.
The cancer registry is a critical component of any
cancer control program, and its data can be used
in several areas including etiology research, pri-
mary and secondary prevention, and health care
services planning [2, 3].

There are two different types of cancer regis-
tries: the hospital-based cancer registry and the
population-based cancer registry. The hospital-
based cancer registry collects data on all patients
treated in a hospital or in a set of hospitals (cen-
tral hospital-based cancer registry). The main
objectives of a hospital-based cancer registry are
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to evaluate and improve the quality of patient
care, to contribute to professional education, to
provide information for hospital administration
for planning purposes, and to serve as a basis for
clinical research. Furthermore, hospital-based
cancer registries can be also responsible for con-
trolling the follow-up of patients treated at a spe-
cific hospital. Hospital-based cancer registries
cannot be used to calculate incidence [2].

Population-based cancer registries are usu-
ally operated by governmental agencies. These
registries collect information on all cancer cases
occurring in a defined population residing within
a specified geographic area. Their main objective
is the determination of incidence rates (by sex,
age, primary site, stage of disease, etc.).
Moreover, the data can also be used to conduct
epidemiological studies to evaluate the actions of
the cancer control program, as well as to assist in
the planning of health services for the prevention,
diagnosis, and treatment. If mortality data are
also collected (which is not done in all cancer
registries), a population-based cancer registry is
also able to calculate survival rates (and to esti-
mate prevalence rates) [2, 3].

The value of a cancer registry is entirely
dependent on the quality of the data collected. To
achieve its objectives, the population-based can-
cer registry should ensure:

* The inclusion of all new cancer cases in a pop-
ulation (coverage)

e The correct coding and classification of
tumors (validity)

e If survival data are also included in the regis-
try, monitoring, and follow-up of patients

e Access to estimates of the population at risk

(i.e., census data), preferably stratified by gen-

der and age

The main aspects of data quality of a cancer
registry are comparability, coverage, and vali-
dity. The coverage can be defined as the propor-
tion of incident cases in a population that is
included in the registry. Ideally, this number
should be as close to 100 % as possible, so that
the comparison of changes over time in the pop-
ulation covered by the registry and the compari-
son between registries reflect true differences
only in cancer risk. However, full coverage is
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not achievable in most circumstances for the

following reasons:

¢ The patient does not seek or have access to
health care and the case is never diagnosed.

e The registry is deficient in their pursuit of
cases.

e Underdiagnosis of cancer by the health sys-
tem leading to selection bias (certain cancers
tend to be diagnosed more often) [4, 5].
Several standard metrics have been developed

by which the validity of a registry can be judged.

The primary measures are (1) the percentage of

cases with histological confirmation of the diagno-

sis (>70 % is the recommended value), (2) the per-
centage of cases reported by death certificate only

(recommended <20 %), (3) percentage of cases

reported as unknown primary site (C80.9) or other

and unspecified (C26, C39, C48, and C76 (recom-
mended <20 %), and (4) percentage of cases with

unknown age (recommended, <20 %) [6].

One of the core functions of The International
Agency of Cancer Research (IARC, a unit of the
World Health Organization) in Lyon, France, is to
support cancer registration worldwide and to
make available to the public worldwide statistics
on global cancer incidence and mortality. On the
IARC website, many useful tools for cancer regis-
tration are available, including the monograph
“Cancer Registration: Principles and Methods” as
well as the free cancer registration software,
CanReg 5 (http://www-dep.iarc.fr/CIN_resources.
htm), which is available in many languages.

On the TARC website, many databases rele-
vant to global cancer incidence and mortality
can also be accessed. The first landmark publi-
cation of global cancer incidence, the “Cancer
Incidence in Five Continents (CI5),” series was
in 1966; eight updates have followed and CI5
has become the gold standard of cancer registry
data. The objective was to make comparable
data on cancer incidence from as many geo-
graphical locations worldwide as possible pub-
licly available. Traditionally, the publication of
CI5, containing tabulations of cancer incidence
rates, occurs approximately each 5 years. In the
last version (volume IX) of the Cancer Incidence
in Five Continents, of a total of 225 registries,
only 43 registries (from 25 countries) are located
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in LMIC (19.1 %). However, if we take into
consideration the overall childhood population in
LMIC (1.67 billion) and the population in the
same age group covered by the cancer registries in
CI5-volume IX, the percentage of children with
cancer captured by cancer registries is only 2 %.

GLOBOCAN is a project aiming to provide
up-to-date estimates of the incidence, mortality,
prevalence, and disability-adjusted life years
(DALYs) from major type of cancers, at national
level, for 184 countries of the world. It utilizes a
specific methodology to estimate the country-
specific burden of cancer, gathering data from
population-based cancer registries (national or
local), mortality statistics from the WHO, and
national population estimates obtained from
United Nations population division [1].

Descriptive Epidemiology
of Childhood Cancers in LMIC

Childhood cancers, it should be noted, differ
from adult cancers—for instance, the most com-
mon form of a cancer in adults, carcinoma, which
derive from epithelial cells, is extremely rare
among children, whereas solid neoplasms occur-
ring in childhood are predominantly embryonal
in origin. Therefore, it is more appropriate to
classify childhood cancers according to their his-
tology, rather than the site in which the tumor
occurs. Kramarova and Stiller published the first
edition of the International Classification of
Childhood Cancer (ICCC) [7]: the ICCC classi-
fies childhood tumors into 12 major diagnostic
groups: leukemias, lymphomas, central nervous
system (CNS) tumors, sympathetic nervous sys-
tem tumors, retinoblastoma, renal tumors, liver
tumors, bone tumors, soft tissue sarcomas, germ
cell tumors, epithelial tumors, and other and
unspecified malignant cancers. In 1988, IARC
published the first volume of the series
“International Incidence of Childhood Cancer”
[8], describing the incidence observed in the
1970s; 10 years later the second volume was pub-
lished, which was expanded with the inclusion of
15 additional cancer registries [9].

The incidence rates of childhood cancer range
between 96 and 138 per million children per year
for males and from 70 to 116 per million children
for females [6]. Leukemias, CNS tumors, and
non-Hodgkin lymphomas (NHL) are the most
frequent pediatric cancers in high-income coun-
tries, representing 60 % of all cases, whereas in
low-income countries NHL are more common
than leukemias and brain tumors [1]. Medium-
income countries have an intermediate pattern.
However, it is important to note that a large
heterogeneity is observed across continents.

In the rest of this chapter, we present data
from the different regions in the world, highlight-
ing differences in incidence and rates of changes
by geographic location, using data derived from
GLOBOCAN 2008, which represents the most
up-to-date source on cancer incidence globally.
One of the limitations in using GLOBOCAN to
examine pediatric data is that the childhood spe-
cific classification system—the ICCC—is not
used; rather, diseases are reported by their ICD-O
codes, which report by site but not histology.
This limits our understanding of pediatric dis-
eases because, for instance, in adults “liver can-
cer” would be almost entirely comprised on
hepatocellular carcinoma, whereas in children, it
would be a combination of both hepatocellular
carcinoma and hepatoblastoma. Although hepa-
toblastoma is the more common histology in
children, in regions where hepatitis B/C are
endemic, one would expect to see the ratio tip
towards hepatocellular carcinoma. Other tumors,
such as neuroblastoma and rhabdomyosarcoma,
are completely impossible to infer from the
GLOBOCAN data. However, this level of detail
will be available for analysis when the next edi-
tion of International Incidence of Childhood
Cancer is published by IARC (expected in 2014).

Childhood Cancer in LMIC
from Africa

According to GLOBOCAN, the estimated inci-
dence of all pediatric cancers (0—14 years) in
LMIC from Africa is 99 and 73/million for males
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Fig.2.2 Most frequent cancer types (%) among children 0-14 years in LMIC, Africa (Source: GLOBOCAN 2008).

and females, respectively. There is a wide variation
in rates, with the highest rates being recorded in
Malawi (220/million for males) and Uganda
(140/million among females), while the lowest
incidence rates are observed in Guinea (43 and
29/million among males and females, respec-
tively) (Fig. 2.1). Non-Hodgkin lymphoma is the
most frequent tumor type, corresponding to
22.8 % of all cancers diagnosed in children living
in LMIC from Africa, followed by leukemias and
kidney tumors for both sexes (Fig. 2.2).

In Africa, HIV infection is an important
cause of childhood cancer. Studies have shown
an excess of Kaposi sarcoma and Burkitt lymphoma
among HIV-infected children [10-12]. On the
other hand, leiomyosarcoma, which is fre-
quently reported among HIV-positive children
living in developed countries, is rarely reported
in African countries [12]. Of interest, cervical
cancer is the seventh most common cancer diag-
nosis in children less than 14 years of age, prob-
ably a reflection of the widespread infection
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with virulent forms of human papilloma virus as
well as the underlying susceptibility due to HIV.
Liver cancer is one of the most common cancers
in Africa as well, likely due to high prevalence
of hepatitis B.

Overall, mortality rates for the group of LMIC
from Africa are 80 and 57/million for all cancers
for males and females, respectively, ranging from
36 (Cote d’Ivoire) to 189/million (Malawi) for
males and between 23 (Guinea) and 111/million
(Uganda) for females (Fig. 2.3).

Trends in Childhood Cancer Mortality
in LMIC from Africa

According to data available in the WHO Mortality
Database, it is possible to obtain a continuous
series to assess trends in mortality for only two
LMIC from Africa: Egypt (2000-2010) and
South Africa (1993-2009). In South Africa, no
significant trends were observed in childhood
cancer mortality for males (APC=1.2, 95 % CI
—0.1; 2.5), while an increase was observed among
females (APC=1.4, 95 % CI 0.4-2.4). In Egypt,
no important changes were observed for both
sexes (males, AAPC=1.2, 95 % CI -3.1; 5.7,
females, AAPC=2.9; 95 % CI -0.2; 6.1).

Childhood Cancer in LMIC from Asia

According to GLOBOCAN estimated incidence
of all pediatric cancers (0-14 years) in LMIC
from Asia is 96 and 77/million for males and
females, respectively. There is a wide variation in
rates, with the highest rates being recorded in
Kazakhstan (198/million for males) and Sri
Lanka (161/million among females), while the
lowest incidence rates are observed in North
Korea and Tajikistan (51/million among males
and females) (Fig. 2.4). Leukemia is the most fre-
quent cancer type, corresponding to more than
one third (35.7 %) of all cancers diagnosed in
children living in LMIC from Asia, followed by
CNS tumors (12.4 %) and non-Hodgkin lympho-
mas (7.4 %) for both sexes (Fig. 2.5).

Of note, ovarian tumors account for 3.2 % of
all pediatric tumors among females, with an
age-adjusted incidence rate in the region of 2
new cases/million/year. This is higher than
observed in other regions of the world. Liver
cancers still remain as one of the most frequent
tumor types, for both males (sixth more fre-
quent) and females (seventh more frequent),
with incidence rates of 2 and 1/million/year,
respectively. Vietnam has the second highest
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incidence and mortality rates of liver cancer
worldwide (ASIR=10/million; ASMR =4/mil-
lion/year). The association of hepatitis B virus
(HBV) infection and liver cancer is well docu-
mented in epidemiological studies. The intro-
duction of universal HBV vaccination program
for the newborn in endemic regions has started
to show a beneficial impact [13]. Vietnam began
immunizing newborns in some urban areas
against HBV in 1997; however, by 2002, only

about 20 % of infants received the hepatitis B
vaccine [14]. In addition, the number of mothers
who transmit hepatitis B to their newborns dur-
ing delivery is still very high [15].

Overall, mortality rates for the group of LMIC
from Asia are 54 and 45/million for all cancers
for males and females, respectively, ranging from
26 (Georgia) to 115/million (Iraq) among males
and between 23 (Tajikistan) and 99/million
(Myanmar) among females (Fig. 2.6).
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Trends in Childhood Cancer Mortality
in LMIC from Asia

According to data available in the WHO Mortality
Database, it is possible to assess trends in mor-
tality for only four LMIC from Asia: Azerbaijan
(1985-2007), Georgia (1994-2010), Kyrgyzstan
(1985-2009), and Russia (1980-2010). In
Azerbaijan, among males, a significant decrease
in mortality was observed in the period 1985—
1992 (APC=-8.4; 95 % CI -14.6; —1.6), fol-
lowed by a nonsignificant increase in the period
1992-2007 (APC=2.6; 95 % CI -0.3; 5.6),
while a significant decrease was observed among
females in the period 1985-2007 (AAPC=-4.5,
95 % CI -8.7; —0.2). In Georgia, no significant
trends were observed in childhood cancer mor-
tality for both males (APC=-0.4, 95 % CI -4.5;
3.8) and females (AAPC=1.6, 95 % CI -7.9;
12.0). Important declines in childhood cancer
mortality rates were observed for both males
(APC=-3.7; 95 % CI —4.9; —-2.4) and females
(APC=-1.7; 95 % CI -3.0; —-0.5) in Kyrgyzstan
and also in Russia (males, AAPC=-2.1; 95 %
CI -2.5; —1.7; females, AAPC=-1.7; 95 % CI
-2.7, =0.7).

Childhood Cancer in LMIC from
Latin America and the Caribbean

According to GLOBOCAN the estimated inci-
dence of all pediatric cancers (0-14 years) in
LMIC from Latin America and the Caribbean is
118 and 94/million for males and females,
respectively. There is a wide variation in rates,
with the highest ones being recorded in Guyana
(171 million for males) and El Salvador (146/
million among females), while the lowest inci-
dence rates are observed in Haiti (16 and 12/mil-
lion among males and females, respectively)
(Fig. 2.7). Leukemia is the most frequent cancer
type, corresponding to almost 39 % of all cancers
diagnosed in children living in LMIC from Latin
America and the Caribbean, followed by CNS
tumors (13.4 %) and NHL (8.6 %) for both sexes
(Fig. 2.8). Renal tumors are the fourth more
frequent malignancy among children living in
this region, with an annual incidence rate equal to
6 new cases/million. Testicular cancer appears on
the list of most frequent cancers for the first time.
Testes cancer is more likely in more highly devel-
oped countries in general; in this region, countries
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Fig.2.7 Lowest and highest age-standardized incidence rates for all childhood cancers, LMIC from Latin American &

Caribbean (Source: GLOBOCAN 2008).
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Fig. 2.8 Most frequent cancer types (%) among children 0-14 years in LMIC, Latin America & Caribbean (Source:

GLOBOCAN 2008).

like Brazil and Mexico have economic conditions
that approach those of HIC.

Overall, mortality rates for the group of LMIC
from Latin America and the Caribbean are 54 and
46/million for all cancers for males and females,
respectively, ranging from 35 (Chile) to 81/million
(Peru) among males and between 26 (Chile) and
71/million (Ecuador) among females (Fig. 2.9).
In this region, 43.8 % of all childhood cancer
deaths are due to leukemia.

Trends in Childhood Cancer Mortality
in LMIC from Latin America
and the Caribbean

According to the data available on the last version
of WHO Cancer Mortality Database, it is possible
to evaluate trends in mortality for several LMIC
from Latin America and the Caribbean, including
countries with information since 1970s and 1980s:
Argentina (1982-2010), Brazil (1979-2010), Chile
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Fig. 2.9 Lowest and highest age-standardized mortality rates for all childhood cancers, LMIC from Latin America &

Caribbean (Source: GLOBOCAN 2008).

(1984-2009), Colombia (1984-2009), Costa Rica
(1985-2009), Cuba (1970-2010), Ecuador (1977—
2010), El Salvador (1995-2009), Guatemala
(1986-2008), Mexico (1970-2010), Nicaragua
(1996-2010), Panama (1996-2009), Paraguay
(1995-2009), Peru (1994-2007), Uruguay (1993—
2009), and Venezuela (1996-2007).

Significant decreases in childhood cancer mor-
tality were observed in Chile (males, APC=-2.3,
95 % CI -2.9; —1.7; females, APC=-2.3, 95 % CI
—2.9; —-1.6), Argentina (males, AAPC=-1.7,95 %
CI —2.4; —-1.1; females, AAPC=-2.0, 95 % CI
—-2.6; —1.3), Costa Rica (males, APC=-2.7, 95 %
CI -3.8; —1.6; females, APC=-2.1, 95 % CI -3.4;
—0.8), Guatemala (males (2001-2008), APC=-3.6,
95 % CI -6.8; —0.3; females (2000-2008),
APC=-3.1, 95 % CI -6.9; 0.9), Cuba (males,
APC=-1.0, 95 % CI -1.5; -0.5; females,
APC=-1.0, 95 % CI —-1.3; -0.7), and Venezuela
(males, APC=-1.9, 95 % CI -3.4; —0.3; females,
APC=-1.4,95 % CI -2.7; -0.0), while nonsignifi-
cant decreases were noted in Paraguay (males,
APC=-04,95 % CI -2.3; 3.2; females, APC=1.9,
95 % CI —1.4;5.3), Peru (males, APC=-0.1, 95 %
CI —-1.4; 1.2; females, APC=0.1, 95 % CI -1.3;
1.6), and Uruguay (males, APC=-2.2, 95 % CI
—-5.8; 1.5; females, APC=-0.6, 95 % CI —-4.8; 3.7).

In Ecuador, a significant increase in childhood
cancer mortality was noted for both males and
females in the period 1977-2010 (males,
AAPC=14, 95 % CI 0.3; 2.5; females,
AAPC=2.2,95 % CI 0.4; 4.0), while nonsignifi-
cant increases in mortality rates were registered
in El Salvador (males, APC=1.6, 95 % CI
—1.6;4.9; females, APC=2.1, 95 % CI —-1.0;5.3),
Nicaragua (males, APC=2.0, 95 % CI -0.1;4.1;
females, APC=1.6, 95 % CI —0.8; 4.1), Panama
(males, APC=0.6, 95 % CI -2.1; 3.3; females,
APC=14, 95 % CI -3.2; 6.2), and Paraguay
(females, APC=1.9,95 % CI —1.4; 5.3).

In Brazil, for males, a significant decrease in
childhood cancer mortality was observed in the
period 1984-1992 (APC=-3.3, 95 % CI -4.7;
—2.0), followed by a significant increase in the
period 1992-1998 (APC=3.4, 95 % CI 1.0; 5.9)
and a stabilization between 1998 and 2010
(APC=0.3, 95 % CI -0.3; 0.9). A similar pattern
is observed for females, with a significant
decrease in mortality rates in the period 1981—
1990 (APC=3.0; 95 % CI -4.3; —1.5), followed
by a significant increase in the period 1990-2001
(APC=23, 95 % CI 1.3; 3.3) and a slight
decrease in the years 2001-2010 (APC=-0.6,
95 % CI-1.7; 0.6).
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In Mexico, although an overall increase in
mortality was observed in the period 1970-2010
among males (AAPC=0.6, 95 % CI -0.3; 1.6), an
important decrease in mortality rates has been
observed since 2003 (APC=-1.6, 95 % CI -3.1;
—0.0). On the other hand, for females no significant
change in childhood mortality was observed in the
last 40 years (AAPC=0.6, 95 % CI —-0.6; 2.0).

Childhood Cancer in LMIC
from Europe

According to the World Bank classification, only
14 countries in Europe are middle-income
countries (Albania, Belarus, Bosnia, Bulgaria,
Kosovo, Latvia, Lithuania, Macedonia, Moldova,
Montenegro, Romania, Serbia, Turkey, and
Ukraine), and most of them are upper-middle-
income countries (10/14).

According to GLOBOCAN, the estimated
incidence of all pediatric cancers (0—14 years) in
LMIC from Europe is 128 and 109/million for
males and females, respectively. There is a wide
variation in rates, with the highest ones being
recorded in Latvia (169 and 145/million for
males and females, respectively), while the
lowest incidence rates are observed in Bosnia-
Herzegovina (92/million among males) and
Moldova (81/million for females) (Fig. 2.10).

Lithuania
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Serbia
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Moldova
Ukraine
Turkey
Romania
Belarus

Latvia

Leukemia is the most frequent cancer type,
corresponding to 31.6 % of all cancers diagnosed
in children living in MIC from Europe, followed
by CNS tumors (19.3 %) and NHL (8.6 %) for
both sexes (Fig. 2.11). The presence of thyroid
neoplasms as one of the more frequent cancers
among children in this group of countries is note-
worthy. Such finding is linked to the increase in
risk of thyroid cancer among individuals exposed
to Chernobyl fallout [16].

Overall, mortality rates for middle-income
countries from Europe are 69 and 63/million for
all cancers for males and females, respectively.
The lowest mortality rates are observed in Serbia
for both males and females (35 and 26/million for
males and females, respectively), while highest
rates are registered in Turkey (90 and 76/million
for males and females, respectively) (Fig. 2.12).
In MIC from Europe, the majority of childhood
cancer deaths are due to leukemia (39 %),
although 20 % are attributed to brain tumors.

Trends in Childhood Cancer Mortality
in LMIC from Europe

The evaluation of trends in mortality for some of
the middle-income countries from Europe shows
an overall significant decrease in childhood cancer
mortality, as follows: Bulgaria (1970-2011)
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B Males
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Fig.2.10 Lowest and highest age-standardized incidence rates for all childhood cancers, LMIC from Europe (Source:

GLOBOCAN 2008).
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Fig.2.11 Most frequent cancer types (%) among children 0-14 years in LMIC, Europe (Source: GLOBOCAN 2008).

Serbia
Bulgaria
Belarus
Ukraine
Lithuania
Moldova
Romania
Albania

Turkey

M Females

B Males

0 20

40

60 80 100

Fig.2.12 Lowest and highest age-standardized mortality rates for all childhood cancers, LMIC from Europe (Source:

GLOBOCAN 2008).

(males, AAPC=-1.8,95 % CI-2.5;-1.0; females,
AAPC=-1.4,95 % CI -2.4; -0.5), Latvia (1980—
2010) (males, APC=-2.7, 95 % CI -3.8; —1.5;
females, APC=-3.1, 95 % CI -4.3; -1.8),
Lithuania (1985-2010) (males, APC=-3.8, 95 %
CI -5.2; =2.4; females, APC=-2.8,95 % CI —-4.2;
—1.3), Moldova (1985-2011) (males, APC=-2.2,
95 % CI -3.1; —1.4), Romania (1980-2011)
(males, APC=-2.1, 95 % CI -2.9; —1.3; females,
APC=-24, 95 % CI -3.4; —1.4), and Ukraine
(1985-2011) (males, APC=-2.4, 95 % CI -2.8;
—-2.0; females, APC=-2.3, 95 % CI -2.6; —1.9).

Conclusions

Cancer registries serve as the basis for cancer
prevention, cancer planning, cancer treatment,
and cancer research. As such, a population-based
registry ought to be one of the first priorities of
any country once cancer is placed on the public
health agenda. In actuality, cancer registries,
once the processes are in place, are not an expen-
sive endeavor. Estimates range from US $30 to
50,000 per year, mostly to support key personnel
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and travel for data collection. However, as can be
seen from these analyses, differences in inci-
dence provide an essential basis for cancer plan-
ning, such as highlighting high rates of cervical
cancer among girls less than 14 in Africa and
high rates of thyroid cancer in middle-income
countries in Europe. Changes in mortality also
provide evidence of either well-working cancer
treatment systems or systems in which improve-
ments could be made. Investment in cancer regis-
tration is a cost-effective, obligatory element of
any rational national cancer strategy.
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The Role of International
Organizations on Collaboration
for Global Pediatric Cancer Control

Tezer Kutluk and Julie Torode

Introduction

Despite great progress achieved in improving the
survival of children with cancer in developed
countries, for the estimated 175,000 newly diag-
nosed children with cancer and their families in
resource-limited settings, the big problem
remains the issue of equity of access to diagnosis,
treatment, and care of children with cancer [1].
A low survival rate of 10-20 % in some low- and
middle-income countries adds to the high num-
ber of children who die without being diagnosed
at all. In addition 80 % of the 90,000 deaths annu-
ally to childhood cancer occur in low- and
middle-income settings [2].

In this context many international organiza-
tions around the world decided to join forces
together to reduce the disparity between HIC and
LMIC and improve the survival rate of children
diagnosed with cancer. Along the history, the
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international collaboration based on trust and
respect showed the fruitful results of creating
partnerships between organizations with the
same principles and goals. The defined role of
each partner had the potential to contribute in
closing the divide in access to diagnosis, treatment,
and care and make a significant contribution in the
fight against the childhood cancer worldwide [3].

International collaboration on the manage-
ment of pediatric cancers was initiated in
Western Europe and North America and grew
from coordinated clinical trials at national
level. Large collaborative groups networking
across these regions facilitated testing and vali-
dation of protocols to establish standards of
care and improved and new treatment protocols
which have given us these incremental improve-
ments in patient outcomes over past decades.
National Wilms tumor study is a good example
of the collaboration in early years [4]. Although
there are examples of international collabora-
tion reaching out to include sites in other
regions of the globe and also to adapt esta-
blished treatment protocols to make them fea-
sible in low resource settings, these lack in both
coverage and scope. Local champions are often
fighting to establish childhood cancer units,
achieve adequate financing and personnel levels,
and battle with lack of continuity in access to
even some of the cheapest medicines and tech-
nologies on a routine basis.
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World Cancer Declaration
as a Global Tool for Cancer Control

Launched in 2008 by the Union for International
Cancer Control (UICC), the World Cancer
Declaration is a tool to help bring the growing
cancer crisis to the attention of government
leaders, health policymakers, and the general
public alike. The Declaration outlines 11 aspira-
tional targets and priority actions which together
can lead to a reduction in cancer incidence,
improved survival, and quality of life for those
living with a cancer diagnosis. Other than the risk
factor targets, each of them is very much relevant
to pediatric cancer, thus providing a framework
for decision makers [5].

Despite the clear call to action of the World
Cancer Declaration, cancer control advocates
were not getting the political attention required to
make sustained change at country level. In 2009,
UICC took the World Cancer Declaration targets
and principles forward to form the basis of a
united call to action on noncommunicable
diseases (NCDs). The NCD alliance was founded
by UICC together with the leading global federa-
tions World Heart Federation and International
Diabetes Federation and joined 1 year later by the
International Union Against Tuberculosis and
Lung Disease [6]. NCD alliance unites over
2,000 civil society member organizations from
170 countries through a vision of a future free
from preventable suffering and death caused by
NCDs. This NCDA global movement has con-
tributed to a shift in global health and develop-
ment thinking by leveraging a UN High-Level
Meeting on NCDs, only the second time in his-
tory that Heads of State have engaged at this level
on a health topic, bringing world attention to the
global NCD epidemic. This NCD movement has
influenced governments to commit to unprece-
dented action and accountability [6—8] and posi-
tion NCDs as a priority for the successor goals to
the current Millennium Development Goals
(MDGs), the so-called Post-2015 agenda.

The focus of the global commitments to health
promotion, risk factors for cancer and other
NCDs, early detection through improved primary
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care services, and improved access to diagnosis
and treatment opens up unprecedented
opportunities and political support for cancer
control efforts. The “Political Declaration of the
High-Level Meeting of the General Assembly on
the Prevention and Control of Non-communicable
Diseases (NCD)” also calls for whole of govern-
ment and pan-UN approaches to global health
partnerships. Childhood cancer advocates must
grasp this opportunity and demonstrate that civil
society is ready and prepared to take on a leader-
ship role in such a global health partnership for
childhood cancer.

Building on Past Success:
Examples of Civil Society Initiatives

UICC and Sanofi Espoir Foundation:
My Child Matters Partnership

The My Child Matters partnership was initiated
in 2005 by the Sanofi Espoir Foundation and the
UICC targeting sustained improvement in aware-
ness, access to diagnosis, and care and childhood
cancer survival in developing countries [9—12].
Childhood cancers are mostly curable if they are
diagnosed early, properly managed with the right
treatment and according to the appropriate proto-
col. In the period 2006-2012, the partnership
invested more than five million Euro and invested
in 40 projects in 26 countries. In addition to the
financial support, My Child Matters sites bene-
fited from expert advice from a steering
committee of the leading and diverse profes-
sional organizations in the pediatric oncology
field representing both a wide geography and a
diversity of discipline ranging from epidemiol-
ogy and cancer registry through to clinic and
public health policy and advocacy. In addition,
the sites worked in close collaboration with an
assigned individual mentor. Key factors of suc-
cess in the early projects were (1) improved
infrastructure and equipment, (2) targeted train-
ing of hospital personnel, (3) focused efforts on
building a strong referral network and raising
awareness in the catchment community, and (4)
focused efforts to work with patients and their
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families to address the issue of abandonment of
treatment. A renewed commitment was announced
in 2013 focusing on projects such as early detec-
tion as a critical factor in the outcome for patients.
One 2013 awardee is WHO/PAHO contributing
to their regional efforts to validate and implement
the “Module for Early Detection of Childhood
Cancers” into the established “Integrated
Management of Childhood Cancer” (IMCI) strat-
egy. The module was successfully tested in Brazil
and the My Child Matters support will accelerate
further validation in four countries. UICC is pre-
pared to work with PAHO to translate this vali-
dated model and encourage other WHO regions to
adapt and introduce this approach.

Other International Organizations

The International Society of Pediatric
Oncology

The International Society of Pediatric Oncology
(SIOP) was founded in the late 1960s and is the
largest international pediatric oncology society.
Through its global members, including all care-
givers and annual congress, it has been the major
facilitator of sharing knowledge and expertise
around the globe. The SIOP network also facili-
tated the communication among low- and mid-
income countries through its PODC (pediatric
oncology in developing countries). Additionally,
SIOP led research is providing the most updated
information for the pediatric oncology commu-
nity around the world [13].

St. Jude Children’s Research
Hospital’s International Outreach
Program

St.  Jude Children’s Research Hospital’s
International Outreach Program (IOP) aims to
improve survival of children with cancer in
resource-poor countries. The goal is to establish
partnerships between St. Jude IOP and public
pediatric hospitals in poor regions. Building local
human capacity, continuing education, training,

and financing operations constitute the program’s
core principles [14].

International Confederation
of Childhood Cancer Parent
Organizations

The International Confederation of Childhood
Cancer Parent Organizations (ICCPO) was
founded in 1994 and functions as an umbrella
organization for 158 parent organizations from
85 countries. With a mission of “to share infor-
mation and experiences in order to improve
access to the best possible treatment & care for
children with cancer everywhere in the world,” it
also offers practical assistance and guidance in
the establishment of new support groups.
ICCCPO representatives sit on committees that
determine cancer policy globally, as well as at
local and regional government level [15].

The International Network for Cancer
Treatment and Research

The International Network for Cancer Treatment
and Research (INCTR) is an international not-for-
profit, nongovernmental organization established
to address a neglected health problem—cancer in
developing countries. INCTR is aiming to build
capacity for cancer treatment and research in
countries with limited resources through long-
term collaborative projects coupled to training
and educational programs and to promote interna-
tional collaboration directed towards cancer con-
trol between technologically advanced countries
and countries with limited resources [16].

French African Pediatric Oncology
Group Initiative

Groupe Franco-Africain d’Oncologie Pédiatrique
(GFAOP) was founded in 2000 by Prof Jean
Lemerle. The aim was to initiate a collaborative
program to develop pediatric cancer care in
Africa. Six countries were initially involved
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including Algeria, Cameroon, Madagascar,
Morocco, Senegal, and Tunisia. They were subse-
quently joined by Burkina Faso, Cote d’Ivoire,
Mali, Mauritania, Republic Democratic du Congo,
and Togo. Support is provided to local teams
regarding education, medication, and medical sup-
plies [17]. At the moment there are 12 African
Francophone units working together and more
than 4,500 children with cancer have been treated.

African Organization for Research
and Training in Cancer

African Organization for Research and Training
in Cancer (AORTIC) was formed in 1983 by
expatriate African cancer care workers, scien-
tists, and their friends and is dedicated to the pro-
motion of cancer control in Africa.

AORTIC’s key objectives are to further the
research relating to cancers prevalent in Africa,
support the management of training programs in
oncology for health care workers, deal with the
challenges of creating cancer control and preven-
tion programs, and raise public awareness of can-
cer in Africa. The pediatric oncology group was
formed in 2011 and includes all involved in the
care of children with cancer in Africa (pediatric
oncologists, pediatricians, radiotherapists, phar-
macists, nurses, social workers, dieticians, etc.).
The group is involved in adapting protocols to the
local conditions, involved in different clinical tri-
als and with the research of the main pediatric
cancers on the continent. It has also a very active
component in the education, teaching, and train-
ing of the health professionals in the field of can-
cer on the African continent.

Association of Pediatric Hematology
Oncology of Central America

Association of Pediatric Hematology Oncology
of Central America (AHOPCA) is a collabora-
tion between children’s oncology groups in the
Central American, Spanish speaking countries of
Guatemala, El Salvador, Nicaragua, Honduras,
Costa Rica, Panama, and Dominican Republic.
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Founded in 1998 as a result of interaction fostered
by Monza International School of Pediatric
Hematology/Oncology (MISPHO) to promote
twinning in centers of Latin America, they aim to
provide treatment protocols for common child-
hood cancers. In each of these countries, there is
only one tertiary care center for treating pediatric
cancer, and the total number of new cases of
childhood cancer in the seven AHOPCA coun-
tries exceeds 1,000 cases per year. The mission of
the group is to increase the survival in children
with cancer. AHOPCA meets annually to pro-
mote the establishment of common protocols in
the region. AHOPCA receives support from the
IOP of St. Jude Children’s Research Hospital
(SJICRH) [18, 19].

What Are the Factors for Success?

The above examples illustrate that there are many
experienced civil society organizations from the
academic, health professional, and NGO sectors
have been collaborating on international work for
several years. New players such as Global Task
Force on Expanded Access to Cancer Care and
Control in Developing Countries (GTFE.CCC)
[20] and NCD illustrate the readiness to explore
new approaches and reach out to build on exist-
ing health services at country level. These model
projects and success stories provide evidence that
a global partnership for childhood cancer has
great potential and demonstrates that civil society
is ready to join governments, intergovernmental
agencies, and the private sector to scale up efforts
for sustained impact in both access and patient
outcomes. Key drivers to gaining support and
focusing efforts are:

* Making the financial case for a comprehensive
childhood cancer plan as part of national can-
cer control plan to support advocacy

e Innovative approaches to procurement and
financing of childhood cancer medicines and
technologies

e Coordinated and targeted international train-
ing efforts to build capacity to drive cancer
plans and build the skilled health workforce
dedicated to pediatric oncology



3 International Collaboration for Global Childhood Cancer Control 23

* Reaching out to existing child and adolescent
health service providers working in the com-
munity with the goal building on infrastruc-
ture and harnessing expertise in both
communicable and NCDs improved early
detection and efficient referral

e Strong building of awareness of signs and
symptoms of childhood cancer with health
professions, particularly at community level,
supported by public awareness campaigns in
partnership with survivor and parent groups
The pediatric oncology community is ready for

the challenge of new and innovative ways of col-
laboration to accelerate to the progress on reaching
the best available cancer care for children in all
regions of the world. A well-orchestrated global
health partnership, with each of the partners hav-
ing a defined role, has the potential to harness the
expertise and proven tools we have now to close
the divide in access to diagnosis, treatment, and
care to make a significant contribution to the fight
against pediatric cancer.
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The Role of Twinning Programs
and Telemedicine in Pediatric

Oncology

Valentino Conter, Roberto Polillo, Erica Brivio,
Agostino Faravelli, and Giuseppe Masera

Introduction

Most children diagnosed with cancer live in
low- and middle-income countries (LMIC), where
unfortunately they receive poor or no therapy
[1-3]. As countries develop and infectious dis-
eases are increasingly well controlled, noncom-
municable diseases (including cancer) take on
increasing importance, providing ample justifica-
tion for directing more resources into pediatric
cancer in developing countries [4-7].
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There has been much debate regarding the
most appropriate strategy for promoting the
progress of pediatric oncology in LMIC. In this
context two major problems can be spotted.
On one side, programs needed to fill the large gap
between the North and the South of the world
have been rarely translated into national pro-
grams capable to assure the continuity of the
initially supported intervention. On the other
side, many cooperation projects have preferably
reported the short-medium-term results, with
less information on the attributable medium—
long-term outcomes [8, 9].

Many questions can thus be raised. Is it pos-
sible to draw resources for pediatric oncology
programs in LMIC without competing with pro-
grams of primary care? How can therapeutic
strategies developed in economically developed
countries (EDC) be applied in LMIC? Do all
LIC qualify for cooperative projects in child-
hood oncology or only those who can afford a
minimum standard of care? Should these pro-
grams be offered to all children or only to fami-
lies which may be reliable for treatment
compliance? Should these programs take care of
all neoplastic diseases or only of those character-
ized by low treatment burden and favorable out-
come? How should these cooperative projects be
conducted to prevent the risk of being consid-
ered a sort of new colonialism? How relevant is
the local governmental authorities commitment
and the involvement of local solidarity associa-
tions to raise public and private resources?
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Which impact on socioeconomical and cultural
aspects could have these programs in LMIC?
Which role can telemedicine play in the develop-
ment of pediatric oncology and in the manage-
ment of patients in LIC? What are the challenges
in starting a twinning program? What is required
to create such a program?

In this chapter we will discuss these issues and
some initiatives which may serve as examples of
practical application. The chapter will include
also guidelines on the establishment of a twin-
ning program.

The “La Mascota” Twinning
Program

In 1986, pediatric oncologists in Monza (Italy)
had the opportunity to initiate a long-term twin-
ning program with the La Mascota Pediatric
Hospital in Managua, Nicaragua (“La Mascota
Program”), which, later on, involved also hospi-
tals of Milan (Istituto Nazionale dei Tumori) and
Bellinzona (Switzerland). Due to this program, it
was possible to train progressively a full team of
pediatric oncologists, nurses, technicians, one
surgeon, and one pathologist. In addition, and
emphasizing the holistic approach taken at La
Mascota, the team included two psychologists
and one social worker who provided noteworthy
support.

At the beginning it was chosen to treat some
solid tumors, lymphomas, and ALL. Other dis-
eases, such as AML or brain tumors, were con-
sidered too difficult to be managed for the
available structures, services, and local expertise.
The experience with diseases such as Hodgkin’s
disease or Wilms’ tumor was found quite suc-
cessful [10—12]. Treatment of ALL was problem-
atic. Treatment protocols for ALL have been
derived mainly from schedules commonly used
in developed countries. Their intensity has been
reduced however, since the beginning, to cope
with needs and constraints and later on continu-
ously modify on the base of the local experience
and results. The first ALL treatment protocols
(Managua 1988 and 1993) allowed testing the
feasibility of a reduced intensity BFM-oriented
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chemotherapeutic regimen in a country with
limited supportive care. This experience clearly
showed that major drawbacks were early deaths
and ‘“abandon of treatment” (total patients 110:
early deaths 7.2 %, abandon of treatment 27.0 %,
relapse rate 30 %, deaths in continuous complete
remission 3.6 %, S-year event free survival
29.0 %) [13], which in part were due to the
absence of minimum structures for provision of
adequate stay in hospital, for lodging the parents
of children, and for outpatient care. The con-
struction of two new pavilions (ten beds each for
hematological diseases and for solid tumors), of
an outpatient clinic, and of a parent house was
made possible through the support from Italy and
Switzerland, which allowed to benefit from addi-
tional funds beyond what had been planned for
the provision of drugs, laboratory facilities, and
family needs.

The results of subsequent ALL protocols
(ALL Managua 1995 and 2000) showed an over-
all EFS of 38.1 % (2.1) and survival of 48.0%
(2.2) at 5 years from diagnosis, with rates for
abandon of treatment of 9.4 % and for early
deaths of 7 % [14]. From these experiences it
became also evident that peripheral units were
needed to improve treatment compliance. Thus, a
short training was offered to physicians working
in provinces far from the capital city to get them
used to deliver basic treatments in outpatient’s
clinics, closer to patients’ home.

Much progress has been made. Between 1990
and 2012, approximately 3,500 children with
cancer have been treated at La Mascota Hospital,
and all diagnostic procedures and treatments
have been provided to patients free of charge.
The overall survival rate has steadily and rapidly
increased: from 10 % in the 1980s, before La
Mascota Project activation, to 60 % 20 years
thereafter and continues to rise [15-17].

Extended Benefits
of the “La Mascota Project”

The “La Mascota” program has had a major
impact also on other services, involving in the
cooperation other hospitals or solidarity groups
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from EDC. Services which benefited mostly were
neonatology, infectious diseases, the emergency
department, and nephrology. The cooperative
project between the pediatric nephrology units of
Milan and Managua started in 2000 and led the
development of a specialized unit and personnel
for pediatric nephrology and urology, to offer
since the beginning basic clinical care free of
charge to children referred to the hospital. Shared
protocols, renovation of infrastructure, and an
information technology (IT) program were imple-
mented, and in 2003 dialysis and kidney trans-
plant for selected children were initiated along
with a network of peripheral department hospitals
and health units to prevent chronic kidney
disease. The clinical activities of Managua depart-
ment in 2008 are similar to those of pediatric
nephrology units worldwide and depict the level
of clinical autonomy achieved [18].

The positive results of the “La Mascota”
program have been extended also to other Latin
America countries with the collaboration and acti-
vation of other twinning programs. Monza’s
International School for Pediatric Hematology/
Oncology (MISPHO) was created in 1996 and
organized different meetings and training courses
with the participation of pediatric hemato-
oncologists of many countries of Central and
South America [19-22]. These meetings were
functional to merge other international coopera-
tion activities in the area, namely, those of St. Jude
Children’s Research Hospital (SJCRH) and
Pediatric Oncology Group of Ontario (POGO), to
promote intercountry cooperative efforts and the
development of a pediatric oncology group in
Central America(AssociaciondeHemto-Oncologia
Pediatrica de Centro America, AHOPCA). In this
context it has been possible to design and conduct
many collaborative studies, to institute a retrospec-
tive tumor registry and a prospective clinical regis-
try, and to adopt psychosocial care guidelines
(derived from the SIOP guidelines) [15, 23, 24].
The Web-based resource “CuredKids” (www.
cure4kids.org created by SJCRH, Memphis,
USA), described in the telemedicine section,
allows participants in LMIC to interact by system-
atic online live conferences for each relevant dis-
ease to discuss patients and protocols [25].

Development of Pediatric
Oncology in LMIC

It is clear that the overall picture can hardly be
seen as fully satisfactory, despite the positivity of
some relevant achievements. It is important
therefore to explore more closely the findings in
order to identify the determinants of the less
favorable results, and to assess the conditions,
which could allow better outcomes of the patients.

The challenges faced in developing a twinning
program in LMIC include the late and incorrect
diagnosis, shortage of skilled staff, lack of finan-
cial resources, inappropriate supportive care, and
treatment abandonment (Table 4.1).

The key factors which appear to impact more
profoundly on the outcomes do not coincide with
clinical but with logistical, cultural, socioeco-
nomic variables like the geographical distance
from treatment centers, which end up condition-
ing survival and compliance profile and suggest-
ing need of more targeted caring and supportive
strategies [26, 27].

The investment of a twinning program for
pediatric oncology into the more directly clinical
aspects (e.g., by assuring free access to drugs and
monitoring inhospital complications) must there-
fore be matched by an equally intensive activa-
tion and support of peripheral monitoring, with a
participation of the personnel of the health care
system. It is clear that an effective continuity of
integrated supportive networks can hardly be
guaranteed by a sum of interventions organized
and financed by external collaborations. The
important clinical and human results obtained by
a twinning program must be integrated into a
fully shared national responsibility.

It is vital to establish a long-term commitment
to a comprehensive and holistic strategy that
incorporates supply of drugs, training and super-
vision of health professionals, and the care of the
children and their parents. A long-term program
should be based on a bilateral agreement, with
periodic reassessments and adjustments of strate-
gies and needs. Management responsibilities
should be given to local professionals, with
respect for local culture and traditions, to increase
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Table 4.1 Common challenges faced in developing a
twinning program

Challenge Ways to overcome challenge
Treatment

abandonment

Provide guest housing for patients and
parents

Provide food for patients and parents
Organize parent support groups
Assist with cost of transportation

Set up satellite clinics to facilitate access
to treatment

Organize patient follow-up procedures
Provide aggressive patient and parent
education

Provide aggressive community education
Encourage community involvement

Shortage
of trained
nurses

Provide continuing education and
training for nurses

Provide salary supplements for key
trained nurses

Encourage the local foundation to
provide incentives to current nursing staff
Encourage active participation of nurses
in multidisciplinary team activities
Suboptimal
infection
control

Provide continuing education and
training on infection-control practices
Encourage the establishment of
infection-control policies and procedures
Provide salary supplements for
infection-control professionals
Encourage local foundation to provide
continual supply of hand hygiene
products and facilities when not available
Insufficient
funds

Help local foundation strengthen local
fundraising capabilities

Encourage local foundation and medical
team to obtain for additional
government funding

Encourage applications to international
funding agencies

Cost and
availability
of medication

Encourage local foundation to seek bulk
purchases either with regional
foundations or through WHO’s Pan
American Health Organization (PAHO)
Use services provided by the Global
Outreach Program of the National
Children’s Cancer Society

Late diagnosis Develop local community education
campaigns

Develop educational materials for
community health workers and general
pediatricians

Incorrect
diagnosis

Provide local professionals access to
consult from experts in sponsor hospital

Cover costs for immunophenotyping
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self-confidence and progressive autonomy; this
may be crucial to avoid the risk for a project to be
considered a sort of new colonialism.

A program for childhood cancer should trigger
also the development of similar programs in other
medical fields and should promote a closer rela-
tionship between specialized centers and periph-
eral hospitals. A local training of medical, nursing,
and technical staff can encourage specialists to
develop subspecialty practices in their national
communities. It can also stimulate awareness
about health care needs, highlighting poor gover-
nance and poor planning into health outcomes in
LMIC, so that, instead of diverting resources from
basic health care services, international partner-
ships to treat children with cancer may increase
resources available to the local health care sys-
tem. A “therapeutic alliance” should be estab-
lished among local health professionals, parents,
and volunteers in order to sensitize institutions
and health authorities, mobilize resources, and
effectively identify needs and priorities [28].

Protocols for diagnosis and therapy should
be tailored to the local situation and extended
progressively from cancers with more favor-
able results to the other common pediatric
tumors [29]. Particular attention should be
given to the problem of refusal or early aban-
donment of treatment, which may be a relevant
cause of failure in childhood cancer treatment
in LMIC [30-32]. These programs however
can be hardly successful in countries with
extreme poverty; additional resources are
needed also to support very poor families to
treat all children.

The challenges related to the beginning of a
twinning program are summarized in Table 4.1.

Formal research projects should be promoted
too. Priority should be given to topics of interest
for LMIC centers, and the visibility of their con-
tribution (e.g., in publications) must be assured.
The role of telemedicine may be crucial as
detailed below.

The components for establishing a twinning
program include the following steps:

— Initial assessment
— Identification of local leaders (the local
champion)
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— Establishment of an initial 5-year plan

— Establishment of a formal memorandum of
understanding

— Establishment of a hospital cancer registry

— Financial assistance

— Targeted education and training

— Follow-up visits

— Continuous communication'

Telemedicine in Low-Income
Countries

Telemedicine (which literally means ‘“‘healing at dis-
tance”) is the use of medical information exchanged
from one site to another via electronic communica-
tions to improve patients’ health. A closely related
but broader term is “tele-health,” which is used to
denote remote health care, which does not necessar-
ily involve clinical services.? Telemedicine can be
used in many medical specialties and is classified
according to its area of application: teleradiology
(actually the most widespread), telecardiology, tele-
pathology, teledermatology, teledentistry, teleaudiol-
ogy, telepsychology, etc.

Despite the fact that research and develop-
ments in telemedicine have been carried on since
the 1970s, it is only the recent evolution of the
Internet that allows easy and affordable applica-
tions of telemedicine and—more generally—
tele-health. Indeed, broadband Internet with the
related software technologies and the new para-
digms of cloud and mobile computing are impor-
tant enablers of telemedicine applications.

In 2009, WHO carried out a global survey to
obtain general information about the state of tele-

! Guidelines adapted from St Jude: International Outreach
Program—Guide to Establishing a Pediatric Oncology
Twinning Program.

>Many different definitions are used in the literature. WHO
[1] adopts a broader definition, encompassing general
eHealth: telemedicine is “the delivery of health care ser-
vices, where distance is a critical factor, by all health care
professionals using information and communication tech-
nologies for the exchange of valid information for diagno-
sis, treatment and prevention of disease and injuries,
research and evaluation, and for the continuing education of
health care providers, all in the interest of advancing the
health of individuals and their communities.”

medicine in member states and, in particular, in
developing countries. The report clearly
expressed the potential large benefits of telemedi-
cine in general and for low-income countries in
particular: “it could be even more beneficial for
underserved and developing countries where
access to basic care is of primary concern. One of
the biggest opportunities telemedicine presents is
increased access to health care. Providing popu-
lations in these underserved countries with the
means to access health care has the potential to
help meet previously unmet needs and positively
impact health services. Telemedicine applica-
tions have successfully improved the quality and
accessibility of medical care by allowing distant
providers to evaluate, diagnose, treat, and pro-
vide follow-up care to patients in less economi-

cally developed countries” [33].

Nevertheless, the WHO report describes a
number of “barriers,” which can be of obstacle to
the widespread adoption of telemedicine. While
developed countries expressed concerns about
legal issues surrounding patient privacy and con-
fidentiality, competing health system priorities,
and a perceived lack of demand, developing
countries considered resource issues such as high
costs, underdeveloped infrastructure, and lack of
technical expertise as the main barriers. For these
countries, substantial difficulties are still related
to the availability and maintenance of the techni-
cal infrastructures necessary to implement tele-
medicine solutions and in particular instability of
electric power supply, unavailability of Internet
connectivity beyond large cities, unreliable con-
nectivity, computer viruses, limited bandwidth,
and limited local skills and resources.

We suggest a more optimistic view, based on
the belief that—at least—the costs and difficul-
ties connected with the technology infrastruc-
tures are often overemphasized. This view is
supported by the following considerations:

1. Internet connectivity (access availability,
quality, and costs) is improving, or will
improve in the near future, even in low-income
countries. There are already many countries in
which connectivity is widespread and reason-
ably priced. At end 2011, Internet user pene-
tration stood at 24 % in developing countries
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and 15 % in LIC. This is still low compared to
developed countries (70 %), but steadily
growing [34].

The incredibly rapid evolution of the software
technologies connected with the Internet
allows now—and will increasingly allow in
the future—the implementation of software
applications accessible from the Internet at a
fraction of the costs necessary only a few
years ago. As a matter of fact, the costs of
developing and setting up these applications
have been considerably lowered in recent
years and will continue to decrease. In some
Web applications, cost reductions obtained in
the last decade are of an order of magnitude or
even more. This is mainly a consequence of
the developments of important open-source
software platforms and the growing availabil-
ity of ready-made software components and
services that can be easily integrated and
mixed up to create applications that, only a
decade ago, would have required long and
expensive development efforts.

Cloud computing solutions—and in particular
“software as a service” (SaaS) solutions,
where a software application is hosted and
managed by an online service provider—can
reduce drastically the upfront investments
necessary to implement a telemedicine appli-
cation. In some cases there will be no capital
expenses (“‘capex”) to set up the application,
but only operation expenses (“opex”),
consisting in the monthly fees paid to the ser-
vice provider, on a “per use” pricing. This is
particularly true for the software applications
in the areas of communication, collaboration,
and social networking, which can be most
useful in the area of telemedicine.

The penetration of mobile cellular subscrip-
tions in the developing world has undergone
an exceptional growth in the last few years,
and reached 78 % at end of 2011, the level
reached by the developed world only 6-7
years before [34]. This exceptional growth
continues at 2-digit increase every year. There
are now more than six billion mobile tele-
phone subscriptions worldwide. Ultra-low-
cost mobile telephones are becoming available
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and will be more and more in the next future.
British  carrier Vodafone has recently
announced ultra-cheap mobile devices, start-
ing at below $15, specifically addressed to
low-income markets. These are still bare
boned on the feature side (voice calls, SMS
and mobile payments, and in the upper model
FM radio), but a high growth in smartphones
and (affordable) tablets is to be expected
within the next couple of years. These will
allow mobile access to the Internet and to all
online applications from the ‘“cloud” from
low-cost mobile devices.

ICTs (Information and Communication
Technologies) have substantially changed in the
last decade, and will continue to evolve, at a pace
that would have been unthinkable only a few
years ago. This should be always considered
when planning any cooperation project aimed at
improving health in low-income countries. Some
solutions, which are impractical or even techni-
cally unfeasible in the project planning phase,
may become easily implementable and cost-
effective before the end of the project execution.

Affordable Telemedicine

In the following, we mention a few examples of
telemedicine solutions that can be affordable and
can be implemented without technical difficulties
even in poorly served countries. Some programs
connect local to remote health care professionals
(HCP) (HCP2HCP); others directly connect a
patient to an HCP (P2HCP). Some programs
involve synchronous, real-time communication
while others asynchronous communication.

Store-and-Forward Telemedicine
(HCP2HCP, Asynchronous)

In this case, medical data from a certain patient
are collected by a local professional and trans-
mitted to a remote specialist for assessment
offline at a convenient time. It does not require
the presence of both parties at the same time, and
it does not require the presence of the patient.
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The data are usually produced by diagnostic
instruments and may be complemented by addi-
tional patient medical data (in electronic form).
So the specialist does not perform any direct
examination of the patient, with which he/she has
no direct contact, but relies only on registered
reports, which may include, in particular cases,
audio or video records. When a local specialist is
available, the remote specialist may be involved
for a second opinion.

This is the application requiring the simplest
technological infrastructure. In its basic imple-
mentation, only an Internet connection of both
communicating parties is required, and the com-
munication may be done using email or simple
file transfer protocols. An appropriate data format
must be defined, to provide an information read-
able and understandable by both parties.

Teleradiology, teledermatology, and telepa-
thology are common specialties that can be per-
formed with these arrangements. The network
bandwidth requirements may be significantly dif-
ferent. For example, scans of histological slides
may be extremely large (some gigabytes) and
may require a large bandwidth or suitable data
compression techniques in order to be practically
manageable. Other specialties may have much
less demanding requirements.

In many situations, even the availability of an
Internet connection is not necessary. As an exam-
ple, a study carried out in Uganda, Afghanistan,
and Bangladesh showed that mobile phones can
be easily used, without any adaptor or device, to
photograph and send images from a microscope
to reference. During the study period, the peri
pheral health centers in the rural areas were not
equipped with Internet connection, while health
workers diffusely owned mobile phones, includ-
ing models with a built-in camera. The availabil-
ity, but not the use, of MMS (Multimedia
Messaging System) was widespread in the three
countries, and the possibility of combining the
use of mobile phones and a microscope for diag-
nostic purposes was easily and enthusiastically
learned by local health workers. This process
allowed microscopic diagnoses thanks to the
high interactivity provided by the sharing of
microscopic fields among peers and with referent

expert. This methodology may be used also in
areas where more efficient and currently avail-
able technologies are not in place [35, 36].

Shared Database Applications
of Telemedicine (HCP2HCP,
Asynchronous)

In this case, local medical personnel and remote
specialists access a common server containing a
properly structured database of medical data,
which are loaded locally in the patient database
and accessed by remote HCPs. The physical
location of the server is immaterial and can be
suitably chosen when technical conditions and
support are adequate. It may even be located at
the premises of a hosting service provider, if pri-
vacy of medical data is properly assured.

This is obviously a more structured setup and
from a technical point of view can be imple-
mented in different ways, depending on privacy
and level-of-service requirements. In the simplest
way, the medical database is contained in a Web
site accessible from the Internet with proper cre-
dentials. More sophisticated implementations
would put the database server in a virtual private
network (VPN), in order to be visible only by the
involved personnel. In any case, even this system
would be easily implementable with open-source
software components, either available freely or at
low cost. Technology would not be a problem,
but, again, a fundamental issue would be the qual-
ity, speed, and cost of the Internet connection.

Of course, these solutions would be more
organizationally demanding than the elementary,
store-and-forward arrangement, because it would
require the definition of common procedures to
manage and access the database in an ordered
way. This architecture is particularly suited to
support twinning programs between geographi-
cally remote institutions. With the help of proper
organizational procedures and protocols, this
architecture may support different applications,
according to the kind of data which are shared.
They may be simply statistical data regarding the
performances of shared clinical protocols or even
data allowing the remote monitoring of patients
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for a certain period of time (e.g., during the
admission in a local hospital), implementing, so
to speak, a kind of “geographically distributed
medical service.” Some experiences in the area of
telepathology are described below.

Patient Remote Monitoring (P2HCP,
Asynchronous)

This solution enables HCPs to monitor a patient
remotely using various technological devices.
This is different from the previous solutions, in
which there is no direct interaction between
patient and the remote consultant, which is only
involved through the mediation of the local medi-
cal personnel. This method is primarily used to
monitor chronic diseases or specific conditions,
such as heart disease, diabetes mellitus, or
asthma.

Some solutions may use simple and low-cost
devices, such as, typically, cell phones. As men-
tioned before, low-end cell phones are nowadays
available almost to everybody on the planet,
even in the poorest countries. Smartphones,
which allow more sophisticated applications, are
still expensive, but their cost is declining, and we
can expect that in a few years they will be afford-
able for the large majority of the inhabitants of
the world. Specific government policies can fur-
ther accelerate this process. For example, the
Indian government has recently released a new
tablet computer, Aakash, at a cost of $35 with
government subsidies for students or $60 in
stores.

In the meanwhile, simple solutions based on
SMS may strongly improve health conditions of
the poorest. For example, FrontlineSMS is a free,
open-source software platform, developed from
2005, and largely used, for example, in sub-
Saharan Africa. It allows HCPs to text message
with large groups of people anywhere there is a
mobile signal. This software allows a laptop,
plugged into a cell phone, to become a low-cost
communication hub, to be used in a wide range of
health care applications, without necessity of any
Internet connection, e.g., collecting sanitary data
from patients, managing medical visits follow-
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ups, supplying remote assistance in emergencies,
announcing vaccination campaigns, and sending
information on medicine availability and dosage
and appointment reminders [37]. Similar services
may be set up using Twitter—which also may be
used through SMS without any Internet access
and which is already used, e.g., in emergencies.
When an Internet connection with a smartphone
is available, for example, through Wi-Fi, new
smartphone applications such as WhatsApp can
exchange SMSs at no charge, bypassing the tele-
phone operator [38].

Interactive Telemedicine (P2HCP,
Synchronous)

These solutions allow direct, real-time interac-
tion between patient and remote HCP and may be
implemented using a variety of real-time com-
munications technology, either text based (e.g.,
Internet chats) or—preferably—voice and video
based (e.g., phone, Skype, or other Internet
videoconferencing services). Most of these
services—which were unthinkable only a decade
ago—are now free and largely available. Skype
has an extremely large user base in every country
(more 700 millions user accounts in 2011): a
quarter of all world international phone calls
passed through it in the same year, according to
Skype data. It can be easily used at no cost from
any computer and from many smartphones, pro-
vided that an Internet connection is available
(e.g., through Wi-Fi).

Many activities such as history review, physi-
cal examination, psychiatric evaluations, and
some ophthalmology assessments can be con-
ducted comparably to those done in traditional
face-to-face visits.

As a more sophisticated example, E Health
Points are public health units, owned and oper-
ated by Healthpoint Services India (HSI), a for-
profit company launched in 2009. These units
provide families in rural villages with clean
drinking water, medicines, comprehensive diag-
nostic tools, and advanced tele-medical services
that “bring” a remote doctor to their community.
They provide the remote doctor with the patient’s
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more important data—including digital stetho-
scope, noninvasive blood pressure monitor, and
electrocardiogram (ECG)—and offer more than
70 additional diagnostic tests covering all major
infectious diseases and many chronic conditions,
including malnutrition, heart disease, and diabe-
tes [39].

Tele-health Applications

Closely related to the above applications are the
many applications in the broader area of tele-
health, which also largely benefits from the avail-
ability of Internet connectivity, and software
technologies and services in the area of commu-
nication and cooperation, either open source or
proprietary. They can be extremely useful to
improve health care in LIC, possibly in connec-
tion with telemedicine applications. They may
use social media, collaboration, and communica-
tions software platforms to implement Web sites
supporting the worldwide distribution of online
webinars or offline courses on medical issues,
collect and maintain repository of medical infor-
mation, allow real-time interaction among medi-
cal personnel in different countries to exchange
experiences or discuss specific technical issues,
allow people with specific diseases to create
online communities to discuss their specific
problems, and so on. Some applications are
oriented to the HCPs, other are oriented to all
people in need of medical counseling.

An important example of a large-scale Web
application directed to HCPs is www.cure4kids.
org, a Web site managed from St. Jude Children’s
Research Hospital in Memphis (USA), with the
mission of improving health care for children
with cancer or other catastrophic diseases in all
countries. Started in 2002, it provides continuing
medical education focusing on cancer, pediatric
oncology, and global communication tools to
HCPs and scientists worldwide. The site can be
used at no charge by the registered users and
allows access to online seminars and conferences,
a digital library, self-instruction courses, recent
research results, case studies, best practices and
analysis of specific treatments, online meetings,

and much more. At mid-2012, curedkids had
more than 31,000 registered users in 183 coun-
tries. Over 300 international groups meet online
in cure4kids Web conferencing rooms to discuss
clinical cases and share knowledge. In 2007
curedkids launched Oncopedia, compiled using
online submissions from registered users [40].

Other examples, specifically directed to people
affected by specific diseases, are www.tudiabe-
tes.org and www.estudiabetes.org, two large
online social networks for people touched by dia-
betes, managed since 2007 from the California-
based nonprofit Diabetes Hands Foundation.
These social networks (in English and Spanish
respectively) have more than 45,000 registered
members from all countries and are visited by
over 200,000 people per month. Members can
discuss problems related to their disease in online
forums, thematic groups, and blogs [41]. They
are implemented using Ning, an (proprietary)
online service allowing to easily set up a private
social network, supporting a rich set of commu-
nication functions [42].

Telepathology: The Experience
of POF

Scientific information on cancer epidemiology in
many LIC is still largely inadequate. In 2008
WHO focused the attention on the real emer-
gency of cancer in countries of sub-Saharan
Africa. In this context, a small Italian NGO,
called “Patologi Oltre Frontiera” (POF:
Pathologists Across Borders), had already been
operating since 1999, having as a main goal the
institution of surgical pathology labs or the
improvement of those already available. About
300 Italian pathologists, biologists, and techni-
cians have registered in POF and 40 of them are
really engaged as volunteers in projects that span
from Cuba to Palestine, to Africa (Tanzania,
Zambia, Madagascar, Republic of Djibouti, DR
Congo, Uganda, Nigeria, and Mauritania).

Since 2007, with projects in Zambia first and
then in Madagascar, POF have included telepa-
thology in their operational techniques, in order
to try and improve their efficacy. It has to be
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considered to this purpose that very few patholo-
gists are available in these areas; for example,
there are only ten pathologists in Kinshasa for 90
million inhabitants in an area of 2,500,000 km? in
DR Congo (versus 2,500 pathologists for 60 mil-
lion people in Italy). Furthermore, it takes many
years to provide adequate pathologist training.
In 2009 POF contributed to the development
of a new association of European pathologists
called “APOF, Pathologists Beyond Borders
Association” (http://esphumanitarian.wordpress.
com/). This association is still growing being
recognized and acknowledged by WHO.

Telemedicine Perspectives

The Internet in the last decade has undergone a
dramatic transformation. From its original nature
of an information network, it has evolved into a
powerful tool to support communication and col-
laboration (both asynchronous and synchronous)
between individuals and organizations, regard-
less of their physical location. Some of these
transformations would have been considered,
only 15 years ago, science fiction even by the
ICT insiders. And this transformation continues.
In a few years from now, access to the Internet
will be mainly through mobile, portable devices,
either tablet or new generation smartphones.

Through these devices, we can already use a
large number of online services supporting com-
munication and collaboration, essentially at no
cost. The only requirement is the availability of
an Internet connection, preferably broadband
(otherwise we would be severely limited in many
online activities, especially when voice or video
is involved).

The digital divide between the developed and
developing world is still significant. Nevertheless,
as we have already seen, in the last decade excep-
tional progresses have been made, especially in
the area of mobile telephony. We may expect, in
a future not too far from now, a world substan-
tially connected—in mobility. The Broadband
Commission for Digital Development jointly
launched in 2010 from ITU and UNESCO set up
as a target for 2015, “ambitious but achievable” a
50 % Internet penetration in developing countries
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and 15 % in less developed countries [34].
Auvailability of mobile broadband is still very lim-
ited and expensive, but steady progress is being
made globally. Telemedicine shall thus be imple-
mented more and more in the development of
pediatric hemato-oncology in LIC.
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Pediatric Cancer Units
and Optimization of Resources

Paola Friedrich, Natalie McCall, and Aziza Shad

What Is a Pediatric Cancer Unit?

A pediatric cancer unit (PCU) can assume a vari-
ety of shapes and forms. A standard definition
does not exist, but in general, the term PCU is used
to represent the assembly of dedicated resources
and staff invested in the provision of coordinated
inpatient and outpatient pediatric cancer care.
Sometimes the physical layout of a PCU is a few
beds in a general or pediatric ward or in an adult
oncology service. Other times, the PCU is one of
several wards in a general, pediatric, or adult
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oncology hospital. Some countries have a physi-
cally separate pediatric oncology wing, building, or
area that functions semi-independently from the
general hospital but requests most consultative ser-
vices from the adjacent primary institution. Finally,
sometimes the PCU is a freestanding or indepen-
dent institution. Thus, the PCUs’ human resources,
financial supports, and collaborations vary accord-
ingly. In high-income countries, PCUs are often
dedicated wards within a large tertiary- or quater-
nary-level pediatric hospital and are often called
“centers.” Examples of PCUs in low- and middle-
income countries (LMC) are shown in Table 5.1.
The variety and lack of one-size-fits-all definition is
evident. Therefore, the first step in conceptualizing
and building a PCU is to realize that what makes a
PCU is not the space it occupies, but the conscious
decision by a team of providers to make the effec-
tive addressing of pediatric cancer a priority.

What Are the Benefits to Building
Pediatric Cancer Units?

In low-income countries (LIC) when children
with cancer are referred to tertiary institutions,
they are often grouped with children with other
diagnoses, amidst adults with cancer, or both;
wards may be overcrowded and/or have substan-
dard hygienic facilities (lacking hand washing
stations, hand sanitizers, individual toilets, etc.).
Knowing that in the absence of reliable and
accessible laboratory services most children with
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leukemia will die of infection before leukemia is
diagnosed and that in the absence of chemother-
apy or radiotherapy, solid tumors are exclusively
surgical diseases, the absence of separate pediat-
ric oncology wards in some LIC is no surprise.
Furthermore, when standards of living are poor
and health systems are fragmented or inadequate,
pediatric cancer may either not seem to occur
(because they are not diagnosed), present to
medical attention for surgical interventions only
(due to presence of a mass), or present to medical
attention severely ill (due to advanced disease or
sepsis). The reasons overcrowded settings prevail
in LIC are likely multifactorial and variable from
one place to another. Lack of space, staff, drugs,
or expertise, as well as fatalism or a sense of futil-
ity of treatment, among others, may serve as
explanations. It is through improvement of stan-
dards of living and health care infrastructure that
children with cancer are able to reach medical
care, be diagnosed with cancer, and stimulate the
mobilization of resources towards the offering of
cancer-directed therapy. Once the need to address
pediatric cancer is acknowledged and more
patients are diagnosed, expertise is built, and fun-
damental barriers to oncology care such as access
to chemotherapy and safe handling of chemo-
therapy are addressed, clinicians building a PCU
and looking to improve pediatric cancer out-
comes must devise strategies for expanding
towards the effective delivery of multimodal
therapy (treatment that incorporates medical,
psychosocial, supportive, surgical, and/or radia-
tion oncology services).

PCUs often aim to cohort children with can-
cer. The justification for grouping children with
cancer together and separating them from patients
with other diagnoses, stems primarily from the
desire to protect them [1]. However, this practice
also creates several important opportunities that
deserve to emphasized. From an organizational
stand point, the introduction of chemotherapy,
the infectious risks imposed by it, the need for
close monitoring of toxicities, and the need for
safe handling of chemotherapy and waste prod-
ucts often triggers the desire to separate cancer
patients from others. Therefore, chemotherapy
availability and administration can become the
catalyst for physical creation of pediatric oncol-

Opportunities provided by the
development of a PCU:

- Development of expertise by
nurses, physicians, surgeons and
other staff

- Standardization of care

- Education of dedicated staff in
safe handling of chemotherapy

- Tracking of outcomes

- Prevention of infections

- Prevention and early management
of toxicity

- Building of care teams

- Provision of multidisciplinary
patient-centered care

Fig.5.1 Opportunities provided with the development of
pediatric cancer units

ogy wards. However, as mentioned before, a
PCU is more than its infrastructure or physical
space and can look differently in different parts
of the world. Therefore, conceptualizing, creat-
ing, restructuring, or building a PCU creates
opportunities for development of expertise by
nurses, physicians, and surgeons (among other
staff); standardization of care; education of dedi-
cated staff in safe handling of chemotherapy;
tracking of outcomes; prevention of infections;
prevention or early management of toxicity;
building of care teams; and provision of multidis-
ciplinary patient-centered care (Fig. 5.1).

In the absence of dedicated space and staff,
the quality of care provided to children with can-
cer can suffer [1, 2]. Some practical examples
include the following. Without specialized PCUs,
general physicians and nurses may not be able to
build the expertise to guide development and
implementation of treatment guidelines (or
protocols). Without standardization of care, out-
comes cannot be reliably measured and the need
or areas to improve may be overlooked or
neglected. When cancer patients need to share
rooms or beds with other patients, they may be
exposed to infectious diseases (respiratory, diar-
rheal, or other) that are mild to moderate in the
normal host but can lead to death in them due to
their immunosuppressed status. Without special-
ized nursing (generated by experience or formal
curriculum), toxic effects of chemotherapy and
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complications may not be recognized and man-
aged promptly, leading to morbidity or death.
Furthermore, if standard procedures to protect
staff during administration of chemotherapy and
to handle and dispose of potentially dangerous
materials are not developed, health professionals
and family members are unnecessarily exposed
to potentially toxic substances. Finally, in the
absence of a sense of unity, respect, and common
purpose among providers, decision making about
care and communication with patients and fami-
lies can be heavily fragmented.

What Are the Key Components
of a Pediatric Cancer Unit?

Key Components, Human Resources: The spec-
trum of human resources needed at the PCU
depends on the diagnoses being treated, the vol-
ume of patients seen at the center, and its economic
supports. As adapted from the St. Jude Children’s
Research Hospital International Outreach Program
in their “Guide to Establishing a Pediatric

Oncology Twinning Program” [3], ideally human
resources at the PCU include a medical director,
other physicians (generalists, pediatricians, pediatric
oncologists) trained and designated to care of chil-
dren with cancer, nurses and nurse educator, data
managers, and administrators, along with special-
ists in infectious disease and infection control,
pathology, radiology, radiation oncology, surgery
(general or pediatric oncologic, orthopedic, and
neurologic), pharmacy, pain, palliative and psy-
chosocial services, child life, nutrition, and reha-
bilitation. Some staff, such as physicians and
nurses, are ideally dedicated to the PCU and do not
work at other locations. Other staff is likely shared
with other departments or institutions depending
on the volume of patients at the PCU.

Key Components, Other: In conceptualizing a
PCU, the natural reaction is to focus on diagnos-
tics, therapeutics, and supportive care. However, a
multitude of biologic “and nonbiologic factors
likely influence pediatric cancer outcomes at the
PCU (see Fig. 5.2). Biologic factors include
genetics, exposures, clinical characteristics, and

@ Clinical characteristics
o -Metastases at presentation
-Tumor volume T

s ,\: Molecular characteristics
< -Location -Cytogenetics
= -Histology -Minimal Residual
(@) -Resectability Disease
o Genetics Exposures \ / fisseasesssizaeRsanata ;
g (Predisposition) (In-utero) )  Pediatric Cancer
0o Risk Group : :
p—s i Outcomes: !
m i ;

{  SURVIVAL !
% But also:
- i -Diagnostic accuracy |
@) . . rCorrect risk stratificatior}
& Context Oversight & Case ID, mix, Infrastructure Care Team | -Therapeutic intent !
©  -SEstams Support & Surveillance ; Degess.  Fmacesares | (curative ve. palhative)
G -Literacy -Political support -CaseID pmugl;g&.) me. Communication | Lreatment abandonment
o ~Topography —P?Iicy . -Referral system ~Therapeutics -Quality of care | -TOXicity / Morbidity !
- 'Regs’::::m _Djl‘:r““?“‘f’ S (chemotherapy, i -Long-term effects
g -Advocacy -Data management fl:m :::13 :L __________________________ i
z
@)
z

Fig. 5.2 Development of a pediatric cancer unit—conceptual model of factors that influence pediatric cancer

outcomes
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HUMAN RESOURCES
STAFF COMPETENCIES
COMMUNICATION
\ QUALITY OF CARE
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Fig. 5.3 Development of a pediatric cancer unit—linear and ecological conceptual model of nonbiologic factors that

influence pediatric cancer outcomes

molecular characteristics of the cancer. However,
by the time the patient arrives to the PCU and is
diagnosed, biologic factors are for the most part
not modifiable. Nonbiologic factors include social
and economic context, oversight and support,
referral and surveillance capacities, infrastructure
availability, and the functionality of the care team
at the PCU. In LMC, nonbiologic factors and their
influence on outcomes need to be studied in more
detail because nonbiologic factors are likely most
influential, prevalent, and actionable among barri-
ers to improvement of pediatric cancer outcomes.
A comprehensive linear and ecologic model of
nonbiologic factors that influence pediatric cancer
outcomes in a PCU is presented in Fig. 5.3.

International Society of Pediatric Oncology and
International Network for Cancer Treatment and
Research (SIOP and INCTR) Recommendations:
In 1991, the SIOP Working Committee on
Standards of Care and Training and Working
Committee on Psychosocial Issues in Pediatric
Oncology put forward recommendations for the
organization of a PCU [4]. This consensus docu-
ment recommended that all children with cancer
should be offered child-oriented diagnosis, treat-
ment, aftercare, and follow-up and gave basic

guidelines for the development of PCUs. With
progressive improvement in the standard of care in
many countries resulting in improved survival, it
was recognized that the guidelines for develop-
ment of a PCU needed to be updated. In 2008, the
first revised document was presented at the SIOP
Pediatric Oncology in Developing Countries
(PODC) meeting, which was further revised at
consecutive meetings, and consensus was
obtained. In 2010 the SIOP guidelines were fur-
ther modified by the members of the INCTR
Pediatric Oncology Working Group, many of
whom were active SIOP PODC members.
Table 5.2 shows the joint SIOP/INCTR recom-
mendations for the development of a PCU [58].

Certification or Needs Assessment Program for
PCUs: No consensus exists regarding the need
for certification or periodic assessment of a PCU.
In the SIOP/INCTR recommendations, it was
suggested that programs that had international
collaborations or twinning programs could use
those resources for guidance and improvement.
However, there was consensus that a process of
certification, though voluntary, could be used to
obtain support and additional services from gov-
ernmental agencies or supporting NGOs.
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Can We Address Pediatric Cancer
in Resource-Limited Settings?

Eighty percent (80 %) of the children with cancer
live in low- and middle-income (LMC) [5].
Although regional variations in the incidence of
childhood cancers have been reported [6, 7], the
high proportion of pediatric cancer in LMC stems
primarily from the fact that most of the world’s
population under 18 years of age lives in LMC
[8]. The etiology of childhood cancers remains
predominantly unknown [6, 7] and increases in
incidence of childhood cancer in LMC are usu-
ally a reflection of improved detection rates [2,
5]. Mortality from childhood cancer on the other
hand is significantly higher in LMC compared to
HIC, with a survival gap >50 % between some
LMC and HIC [2]. Therefore, the highest burden
of pediatric cancer in LMC and the centerpiece of
cancer disparities between HIC and LMC does
not result from high or changing incidence, but
from differences in cancer-related mortality. In
order to address this burden, PCUs in LMC can
focus on reducing the risk of cancer-related death
by promoting early diagnosis, delivering effec-
tive care, reducing the risk of treatment-related

Low- and middle-
income countries
(LMC)

High-income
countries
(HIC)

High Prevalence
High Mortality

To address cancer disparities in LMC,

PCUs can reduce the risk of cancer-

related death by:

- promoting early diagnosis

- delivering effective care

- reducing the risk of treatment-related
death

- reducing treatment abandonment

Fig. 5.4 Cancer disparities inequity swing

death, and reducing treatment abandonment
(Fig. 5.4).

What about LIC or extreme resource-limited
settings (ERLS)? What can clinicians do to
address pediatric cancer in these settings? While
providing an answer, experts in HIC sometimes
struggle with envisioning pediatric cancer care
without the full spectrum of technologies rou-
tinely used for diagnosis, monitoring, and treat-
ment. In contrast, clinicians in LIC or ERLS
struggle with how not to address pediatric cancer
despite known human resource scarcity, equip-
ment shortages, and high workloads. Clinicians
in LMC are witnesses to how, as standards of liv-
ing improve and health systems are strengthened,
the burden of cancer becomes more noticeable
and the need to address it imperative [9].

When addressing pediatric cancer in LMC, cli-
nicians should keep in mind pediatric cancer is a
heterogeneous group of diseases. Therefore cen-
ters in LMC, even those in ERLS, can make valu-
able contributions to the burden of childhood
cancer in their settings. In this section we sum-
marize four key examples of optimization of
resources: the case-by-case approach; protocol
development and prioritization; comprehensive
integration of pain, palliative, and psychosocial
services; and capacity building and education
through twinning.

The Case-by-Case Approach: Epidemiologists
seek to understand patterns, causes, and conse-
quences of childhood cancer; pediatric oncology
collaborative groups seek to standardize care and
study and compare best strategies; and public
health departments seek to address prevention,
screening, and delivery of care at the population
level. However, ultimately, cancer occurs at the
level of the individual and must be addressed
case by case. Even in pediatric oncology centers
of excellence in HIC where access and standard-
ization are the norm, the fit between open
collaborative trials, standards of care, patient and
family’s goals of therapy, and the patient’s diag-
nosis and clinical situation is made case by case.
When making decisions about pediatric oncology
treatment, centers in LMC, including ERLS,
must consider factors such as the patient’s status,
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Table 5.3 Factors to consider when making decisions about pediatric oncology treatment using the case-by-case

approach
Patient Therapeutic plan
Diagnosis Goals of therapy

Extent of disease Expected toxicity

Nutritional status ~ Expected morbidity (from
treatment, surgery, or radiation)

Comorbidities

Radiation therapy (upfront vs. delayed)

proposed therapeutic plan, resources available,
and nonbiologic factors (see Table 5.3).

Regarding the development and implementa-
tion of protocols in LMC, experience tells us that
the most intense and aggressive regimen is not
always the best answer [10]. This occurs because
high therapeutic intensity must be matched by
highly skilled and resourceful supportive care in
order to prevent toxic and septic deaths [11, 12].
However, for most localized childhood cancers, a
curative strategy can be identified and attempted
upfront; even lower-resource settings (see chap-
ters by disease for details on recommended strat-
egies by setting). Once treatment is initiated, if
the biology of the cancer proves to be more
aggressive than the therapy that can be safely
delivered (which would be evidenced by disease
progression, early relapse, or refractoriness), the
goals of therapy can be reassessed and intensifi-
cation of palliative care services strongly consid-
ered or pursued. This action would be supported
by ethical principles of beneficence and
non-maleficence.

Regarding nonbiologic factors, these are
important for the comprehensive assessment of
each case and for advanced planning (examples
listed in Table 5.3). However, although nonbio-
logic factors such as socioeconomic status have
been associated with treatment abandonment [13,
14], PCUs should aim to address barriers to care
rather than incorporate them into their triage cri-
teria. Resource limitations at the patient level
should not be the cornerstone used to guide deci-
sions about curative vs. palliative upfront thera-
peutic intent. Case studies from World Child

Resectability (upfront surgery vs. delayed)

Resources Nonbiologic factors
Direct and indirect
costs of therapy
Transportation,
housing, income

Chemotherapy safety
Supportive care

Surgical equipment and Culture and values
postoperative care
Radiation therapy access,

planning, and toxicity

Family’s goals and
understanding

Rehabilitation services

Cancer foundation [15] and Partners in Health
[16] serve as evidence of how the case-by-case
approach can change and save lives in LIC and
ELRS. Even in the most extreme situations,
sometimes, cure can be achieved.

Protocol Development and Prioritization: Based
on the great improvements in survival for chil-
dren with cancer in HIC over the past 50 years
[17, 18], childhood cancer is often portrayed as
“highly curable” and efforts in HIC are increas-
ingly funneled to address long-term effects or
survivorship [19]. However, pediatric cancer is
heterogeneous and wide variation in outcomes
exists between diagnoses and between subgroups
of diagnoses. This is the case for example in stan-
dard and refractory childhood leukemia [20],
favorable and unfavorable histology Wilms’
tumor [21], low- and high-risk pediatric sarco-
mas [22], and N-MYC-amplified and non-
N-MYC-amplified neuroblastoma [23]. In each
instance there are both highly favorable and
highly refractory disease groups, some of which
are resistant to even the most technologically
advanced oncologic care. Therefore, PCUs in
LMC must critically assess their capacities and
resources, develop or implement protocols based
on their setting, adjust intensity to match support-
ive care capabilities, and track outcomes. It is
often necessary to start with diagnoses for which
all components of treatment can be secured and
that offer a high survival probability, then gradu-
ally expand and intensify therapy while remain-
ing watchful to ensure a favorable balance
between the toxicity profile, supportive care
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Table 5.4 Common childhood cancers by 5-year survival in HIC
50-75 % survival
T-ALL (high risk)
High-stage ALCL

30-50 % survival
Very-high-risk ALL
Diffuse anaplasia
stage IV, stage V
Wilms’ Tumor

High-risk NB

<30 % survival
Infant ALL
Metastatic osteosarcoma

>75 % survival
Standard-risk B-ALL
High-risk B-ALL

Low-risk AML Stage III Wilms’ tumor

with diffuse anaplasia

Metastatic Ewing sarcoma

Low-stage NHL Localized osteosarcoma High-risk RMS
(one adverse factor)
High-risk AML

Metastatic RB

High-risk RMS (>1
adverse factor)
High-stage B-NHL

Stage I-IV HL

Stage I and II Wilms’ tumor

Stage III-V Wilms’ tumor with FH
Low- and intermediate-risk NB
Low-risk RMS

Intraocular RB

Standard-risk MB

CML (with imatinib)
Nasopharyngeal carcinoma

Localized Ewing sarcoma
Intermediate-risk RMS
Extraocular RB

Soft tissue sarcomas

Brainstem and high-grade
gliomas

Based on data reported at National Cancer Institute PDQ Cancer Topics by Disease (available at http://www.cancer.gov/
cancertopics/types/alphalist)

B-ALL B-cell acute lymphoblastic leukemia, 7-ALL T-cell acute lymphoblastic leukemia, ALL acute lymphoblastic
leukemia, AML acute myeloid leukemia, NHL non-Hodgkin’s lymphoma, B-NHL B-cell non-Hodgkin’s lymphoma, HL
Hodgkin’s lymphoma, FH favorable histology, NB neuroblastoma, RMS rhabdomyosarcoma, RB retinoblastoma, ALCL

anaplastic large cell lymphoma, MB medulloblastoma

capabilities, and outcomes. Table 5.4 summarizes
common childhood cancers by prognosis and
risk group.

Common reaction to implementing a prioriti-
zation strategy include ethical and human rights
concerns. Prioritization of one disease over
another may be perceived as unfair and difficult
to apply at the bedside. Reductions in treatment
intensity may be perceived to equal the provision
of suboptimal care.

Prioritization is a strategic process that does
necessarily appeal naturally to clinicians but is
increasingly applied in healthcare, even in HIC
[24]. In countries with limited resources, which
diagnostic groups are systematically approached
with curative intent and which are approached
with palliative intent is ideally not for one clini-
cian to decide. Ideally, prioritization is based on
consensus, recognition of the described heteroge-
neity of childhood cancers, and a critical assess-
ment of strengths, weaknesses, resources, and
experience at the PCU and decisions stem from

agreement between providers and review of
evidence-based literature. The discussion inte-
grates the ministry of health and supporting
national and international  organizations.
Importantly, prioritization does not contradict
clinical judgment and therefore, the case-by-case
approach. The benefit of a prioritization strategy
is that it can pool and streamline resources,
improve transparency, and help relieve the bed-
side clinician in ERLS from the burden of ad hoc
prioritization based on day-to-day adequacy of
resources and shortages.

Regarding concerns about reductions in thera-
peutic intensity, the experience gained from treat-
ment of low-stage Burkitt lymphoma in Africa
documents how standardization of care and
implementation of dose reductions can increase
rather than decrease survival compared to higher
intensity regimens in ERLS [25]. Similar positive
balances have been documented for leukemia
[26], Wilms’ tumor [27], and rhabdomyosarcoma
[28] in other continents with the use of reduced
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intensity regimens. This counterintuitive out-
come results from reduction of treatment-related
mortality (toxic deaths) when supportive care is
suboptimal. Therefore, in the development and
strengthening of PCUs, intensity reductions are
not only ethically justified but imperative. Finally,
PCUs should not be perceived as static; as
improvements in diagnostics, therapeutics, and
supportive care occur, centers in LMC can pro-
vide more intensive and complex therapies and
achieve results comparable to HIC [29-31].

Comprehensive Integration of Pain, Palliative and
Psychosocial Services: Two-thirds of patients with
advanced cancer have pain [32]. However, although
the burden of cancer is highest in LMC [5], access
to pain and palliative care services in LMC is con-
siderably limited [33], including for children with
cancer [34]. Furthermore, little is known about the
quality of hospice and palliative care that is actu-
ally provided in most LMC [33]. Therefore, among
the largest impact a PCU can have on the burden of
pediatric cancer to patient and families, from the
lowest to the highest resource level, is the develop-
ment of comprehensive and well-integrated pain,
palliative, and psychosocial teams. Detailed strate-
gies for the implementation of palliative and sup-
portive care in pediatric oncology settings are
available in Chap. 11. Definitions and psychosocial
strategies to address treatment abandonment in
LMC are addressed in Chap. 12.

The World Health Organization (WHO) also
advocates for palliative care service integration
into the development of national cancer programs
[35]. WHO defines palliative care as an approach
that improves the quality of life of patients and
their families facing the problems associated
with life-threatening illness, through the preven-
tion and relief of suffering by means of early
identification and impeccable assessment and
treatment of pain and other problems—physical,
psychosocial, and spiritual [36].

As PCUs are conceptualized and built, its
leadership must recognize that integration of
these services into existing medical care or health
systems is not necessarily easy. Described barri-
ers for the implementation of pain and palliative
care programs in LMC include financial and

51

material resources, problems relating to opioid
availability, problems with regulations surround-
ing the prescription of opioids, lack of public
awareness, lack of government recognition of
palliative care as a field of specialization, and
lack of pain and palliative care education and
training programs [33, 37, 38]. In the case of chil-
dren, palliative care is further complicated by the
need to support both the patient and the parents
[36]. Furthermore, effective pain management is
complicated by misconceptions about pain in this
age group, variability in practice, and active or
passive denial (Fig. 5.5) [39]. However, reports
from LMC working to address these barriers
show that they can be surpassed [40—42].

The palliative care field has seen a paradigm
shift in recent years [43], which may improve
receptivity of palliative care services in LMC. In
the past, palliative care services were incorporated
into cancer care as a sudden transition from cura-
tive therapy to end-of-life care (Fig. 5.6a). More
recently, the early and consonant integration of
pain and palliative care services has been
advocated, with focus given to pain management,
quality of life, advanced directives, etc., rather
than exclusively to “end-of-life” issues (Fig. 5.6b).
In this revised framework, palliative care is inte-
grated into the comprehensive care of the patient
and provided along with disease-modifying or
curative therapy. This paradigm shift is important
because not all patients facing a life-threatening
illness will ultimately die from the illness, yet all
patients need support in facing the enormous chal-
lenge. In PCUs in countries with limited resources,
this paradigm shift may positively impact recep-
tivity by fostering the building of integrated teams
for pain, palliative, and psychosocial services
(Fig. 5.6¢). In LMC, human resources are often
scarce; therefore, having a team that will have a
role for all children with cancer at the PCU and
able to offer care throughout the course of treat-
ment is a strong motivator for building a robust
and dedicated pediatric integrated pain, palliative,
and psychosocial team. Of particular interest are
teams apt to respond to the particular needs of a
child, rather than relying in a general or adult pal-
liative care service. Figure 5.7 shows suggestions
for an integrative team at the PCU.
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Fig. 5.5 Barriers to
effective pain management
in children

Fig. 5.6 Paradigm shifts
in palliative care (a, b) and
recommended paradigm
for implementation in
LMC (¢)

Barriers to effective pain management
in children and adolescents:

- Outmoded beliefs:
- Newbom infants do not experience

pain
- Children rarely require analgesia
- Pain is merely a symptom and not
necessarily harmful in itself
- Effective analgesia is dangerous, makes
diagnosis difficult or impossible, delays
discharge
- Variability in practice:
- Postoperative analgesia not prescribed
- Analgesia is prescribed, but doses are
too low or too infrequent
- Active or passive denial:
- Analgesia not administered because
pain not assessed
- Pain denied by children due to fear of
intramuscular injection

Curative or disease-
modifying therapy care

Bereavement
3 care .
disease- Hospice
modifying Psychosocial, care
ﬂle[apy Pain &
Treatment
Abandonment

support
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Building an integrative pain, palliative care, and psychosocial team:

- Visibility: Build one strong team that knows the patients throughout treatment and positively
interacts with the oncology team and ancillary staff

- Timing: Encourage clinicians to involve the team early even if cure is likely (for emotional
support, quality of life concerns, and for the prevention of treatment abandonment)

- Pain: Train the team to be vigilant and avid about pain assessment and management

- Narcotics: As a start, focus on oral formulations (they are highly effective, more accessible
than intravenous formulations, and can address pain at home)

- Awareness: Raise awareness regarding pain assessment and management, quality of life, and
palliative care among patients, families, nursing staff, and trainees

- Education: Continuously educate staff and trainees on frameworks, strategies, and algorithms
used at the center and the vocabulary to use with patients when addressing psychosocial, pain

& palliative care concerns

- Regulations: Liaison with others to revise national drug legislation and facilitate the

availability of analgesic drugs for patients

- Governmental commitment: Liaison with others to seek governmental commitment for the
provision of pain and palliative care services to cancer patients

Fig.5.7 Suggestions for building an integrative pain, palliative care, and psychosocial team in the pediatric cancer units

Capacity Building and Education Through
“Twinning”: The fourth and last strategy dis-
cussed in this chapter to address pediatric can-
cer in LMC is perhaps the best described [3]
and studied [1, 44-47]. The concept of twin-
ning entails a long-term commitment between
two partners, usually one from a resource-rich
and one from a resource-poor environment.
Sharing of knowledge, capacity building,
education, and training are cornerstones of the
process. See Chap. 4 for examples and more
information.

In brief, through twinning programs, PCUs
receive technical and financial support to improve
clinical practice, build multidisciplinary care
teams, access expert opinion, escalate staff edu-
cation, guide strategic planning, increase
accountability, and diversify funding sources,
among others [3], and most importantly, decrease
treatment abandonment, decrease toxic deaths,
and improve survival for children with cancer
[1]. Challenges for development of twinning pro-
grams include treatment abandonment and the
socioeconomic supports needed to address it,
shortage of trained nurses, suboptimal infection
control, insufficient funds, cost and availability

of medications, late diagnosis, and incorrect

diagnosis [3].

However, the benefits of twinning programs
are not unidirectional, as summarized by the
World Child Cancer Foundation in their online
resources about twinning [48] (Fig. 5.8).
Twinning programs can be of benefit to centers
and hospitals in both lower- as well as higher-
income countries. The number of twinning pro-
grams has risen over the past decade and a survey
of all twinning programs is not currently avail-
able. However, as of 2013, the authors estimate
over 30 twinning programs to exist worldwide.

The collaborations below are only a few exam-
ples of twinning programs, all of which have
shown how development or upgrading PCUs
through the twinning model can foster capacity
building, improvements in care, and clinical
research. The cost-benefit of these programs has
not been studied, but most would agree the bene-
fits are substantial for their relatively low cost.

1. St Jude Children’s Research Hospital’s
International Outreach Program long-standing
partnership with the Association of Central
American Pediatric Hematologists and
Oncologists (AHOPCA) in Latin America for
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Fig. 5.8 Benefits of twinning for lower- and higher-income countries

twinning, clinical research support, and devel-
opment of a pediatric oncology fellowship
program in Guatemala [12, 49-52]

2. Monza’s International School of Pediatric
Hematology-Oncology (MISPHO) in Milan,
Italy, partnership for twinning, training, and
clinical research support with “La Mascota”
Hospital in Nicaragua and other Central
American countries [53-55]

3. Dana-Farber/Boston Children’s Global Health
Initiative twinning with the National Cancer
Institute in Bogota, Colombia, Collaboration
for improved pediatric sarcoma care in Central
America, and partnership with Children’s
Cancer Hospital Egypt 57357 for develop-
ment of a pediatric oncology fellowship pro-
gram [52, 56, 57]

4. International Network for Cancer Research and
Treatment (INCTR)/Georgetown University
partnership with Tikur Anbessa Hospital in
Ethiopia for twinning and development of a
pediatric oncology fellowship program [58].

PCUs from LMC at any stage in their devel-
opment, new or established, big or small, can
benefit from establishing twining relationships
with international partners and cooperative rela-
tionships with regional partners. This is detailed
in the suggested steps to implementation of
national pediatric oncology programs in
resource-poor countries originally proposed by
Howard et al. [54] and included in St. Jude
Children’s Research Hospital International
Outreach Program in their “Guide to Establishing
a Pediatric Oncology Twinning Program” [3]
(Table 5.5).

In summary, this section described four strate-
gies to address pediatric oncology in countries
with limited resources: the case-by-case approach;
protocol development and prioritization; compre-
hensive integration of pain, palliative care, and
psychosocial services; and capacity building and
education through twinning. Hopefully, clinical
and nonclinical readers feel more apt to answer-
ing questions on what clinicians and staff at PCUs
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can do to address pediatric cancer in LIC and
ERLS. Furthermore, they are hopefully able to
recognize that PCUs from all levels in the resource
spectrum can make valuable contributions to the
burden of childhood cancer in their settings.

What Can We Learn from Other
Experiences? Why and How

Is the Approach to Pediatric Cancer
Different from Other Diseases?

What Can We Learn from the HIV Experience?
The global response to the HIV/AIDS epidemic
was unprecedented. The HIV/AIDS experience
taught the international community that known
socioeconomic disparities should not be
allowed to promote disparities in care [59]. At
the start of the HIV global epidemic, the goal of
making highly active antiretroviral therapy
(HAART) accessible to HIV-infected persons
living in LIC was met with skepticism, primar-
ily due to economic reasons (i.e., the high cost
of ARVs, lack of adequate medical infrastruc-
ture, and difficulties with adherence) [59, 60].
For years the international response to HIV/
AIDS in poor countries emphasized HIV pre-
vention over treatment [60], which sent the
message that across-the-board palliation was
appropriate in LMC. However, human rights
advocates, clinicians on the ground, and
patients, among others, made a strong ethical,
social, and economic case against this approach
[60]. By confronting a double standard that jus-
tified action for the rich and inaction for the
poor, HIV/AIDS advocates were able to foster
the development of a more integral approach
combining prevention, treatment, and palliation
along with strengthening of healthcare delivery
systems. Although perhaps not all programs
and interventions have proved to be successful
[61], most would agree that the act of action has
been a positive one for individuals and the
health systems in which they receive care.
Pediatric cancers and HIV/AIDS are very dif-
ferent diseases. One is a noncommunicable dis-
ease (NCD) that arises from heterogeneous
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defects in cell-cycle regulatory mechanisms,
leads to broad manifestations of disease (depend-
ing on cell type, location, and aggressiveness),
and requires meticulous selection of a therapeu-
tic plan. The second is a communicable disease
with an identified vector, transmission pattern,
measurable impact in the host’s immune system,
and narrower compendium of drugs and thera-
peutic strategies needed to treat patients. Despite
their differences, another lesson to be learned
from the HIV epidemic resides in the debate it
generated regarding the funding and promotion
of “vertical” vs. “horizontal” vs. “diagonal”
healthcare programs and interventions (see
Table 5.6) [62—64].

The initial response to HIV was primarily
“vertical” with creation of stand-alone programs
for delivery of antiretroviral therapy (ART) [62].
However, over time the evaluation of ART
impact on population health and the shifting of
funding priorities led to interesting debates
among public policy and public health research-
ers [62, 64]. In pediatric oncology, leukemia
and/or lymphoma demonstration projects more
closely resemble vertical programs, even under
the twinning framework [1, 25]. However, as the
PCU expands services to diagnosis and treat-
ment of solid tumors, vertical approaches may
fall short in the provision of multimodal and
multidisciplinary care due to infrastructure,
human resource, and organizational deficits and
improvements in outcomes lag behind those
achieved for leukemia and/or lymphoma [52].
National cancer programs are of value, but in
LMC they are often primarily focused on provi-
sion of screening and preventive adult cancer
care [35]. Therefore, as PCUs grow, diagonal
strategies may be of most short- and long-term
value. For example, in the development of solid
tumor programs and interventions to improve
and strengthen pathology, radiology, and surgery
services, leaders should not assume that a posi-
tive “spillover” effect will occur and be of value
to other services. Instead, leaders should be
explicit regarding the design of how interventions
will improve the general status of health systems
in the hospital, city, or country.
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Table 5.6 Vertical vs. horizontal vs. diagonal interventions

Vertical Horizontal

Disease specific
intervention
Single-purpose machinery Usually public

Intervention focused
on a long-term basis

Freestanding

Often transient/temporary
Rapid responses are possible
Attractive for donors

Easier to manage

Spillover to more generalized
healthcare system is expected

Hllustrative metaphor

Fragile, islands of sufficiency
in seas of under provision

Integrated, generalized, comprehensive

Tackle problems on a wide-front and

Create permanent institutions

Generalized insufficiency

Diagonal
Mixed approach

Aims for disease-specific results
through improved health systems
Uses explicit intervention priorities
to drive required improvements into
health systems

Include a variety of managerial and
operational changes to health systems

Broad-based islands of sufficiency
in a swamp of insufficiency

Sources: Atun et al., Ooms et al., and Msuya et al. Illustrative metaphors in Ooms et al. (see references)

What Can We Apply from WHO Strategies to
Address Adult Cancers? The World Health
Organization (WHO) Cancer Control
Knowledge into Action Guides for Effective
Programs address planning, palliative care,
diagnosis and treatment, advocacy, early detec-
tion, and prevention. These guides and other
WHO guides and resources are available online
free of charge [65]. WHO and the International
Union against Cancer (IUAC) encourage clini-
cians and policy-makers to focus on four broad
approaches to cancer: prevent, cure, care, and
manage. In pediatric oncology, prevention and
screening are of little or no value, but timely and
accurate diagnosis and prompt initiation of
treatment are key for reducing morbidity and
mortality from disease and its stage-dependent
interventions [66]. In countries with limited
resources, PCUs can study reasons for lag time
and determine their origin, establish education
campaigns in the community, document impact,
and positively improve pediatric cancer out-
comes in their settings [66—68].

Can We Address the “Natural” Conflict Between
Pediatric Cancer and Other Pediatric Diseases
in Public LMC Hospitals? Pediatric oncology
care is demanding, complex, time-consuming,

and sometimes expensive. Furthermore, it
requires multi and interdisciplinary interven-
tions. As described in Table 5.1, many PCUs are
in or adjacent to a general pediatric public hospi-
tal. Therefore, the goals, mandates, and needs of
the pediatric hospital must be taken into account.
As PCUs are developed, tension is often notice-
able between the goals and needs of the PCU and
the priorities of the pediatric hospital. PCUs and
more general institutions may appear to be work-
ing under opposing rather than consonant frame-
works. As shown in Fig. 5.9, this tension can
occur because public tertiary pediatric hospitals
are often dealing with high-volume, population
changes; increased burden of other NCDs; politi-
cal changes; budgetary constraints; fragmenta-
tion concerns; and accountability
Recognizing and understanding the contextual
reality, leadership at the PCU must work to iden-
tify “triggers” that can help the two “systems”
function in more consonant ways. Possible trig-
gers include twinning programs, education and
training of staff, building of dedicated teams,
projects in common, implementation of diagonal
interventions, sharing of outcomes, and incen-
tives (Fig. 5.10).

The twinning literature evidences that these
triggers work and can have long-term measurable

issues.
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Due to high-stakes in
pediatric oncology, PCUs’
must offer subspecialty
care that is inherently:

Public, tertiary-care
level pediatric hospitals,
are often dealing with:
-High volume

] -Population changes
-Demanding -Increased burden of
aC_omplcx ) non-communicable
-Time-consuming General diseases
-Expensive : -Political chan,

- - ges
-Multi- and inter- Hos P ital i

B traint:

b o udgetary constraints

-Fragmentation concemns
-Accountability issues

Fig. 5.9 The “natural conflict”: PCUs and general pediatric hospitals can often appear to be working in opposite

directions

Inputs:

- Leadership

- Strategic planning

- Cooperative work

- Open lines of communication
- Motivation

Possible triggers:

- Twinning program

- Education and training Trigger

- Building of dedicated teams

- Aproject in common

- Implementation ofa diagonal
intervention by the PCU

- Sharing of outcomes data

- Incentives (professional, monetary,
or other)

General
Hospital

Fig. 5.10 The solution: leadership in the PCU must work to identify the common triggers that can help the systems

work in a consonant way

benefits [1, 45-47, 69]. However, experience tells
us that these triggers (external interventions) can
also transiently put more pressure in the system
than was originally intended. With good strategic

planning, cooperative work, open lines of
communication, and motivation, PCUs can over-
come these “growing pains” and the system can
positively “reset” into more consonant motion.
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What Are Some Assumptions
That Can Discourage Staff and Set
the PCU Back?

In building and developing a PCU in countries
with limited resources, four assumptions need to
be explicitly addressed by the PCU leadership:

Pediatric Cancer Is Incurable in Countries with
Limited Resources: In countries with limited
resources where little or no treatment is available
for children with cancer, a diagnosis of cancer can
be perceived to carry a sentence for painful death.
Healthcare workers can become discouraged from
caring for these patients; withdrawal or neglect
can result as a coping strategy. Furthermore,
although some healthcare workers are aware of
the high rate of cure of cancer in the high-income
countries, they strongly believe cure of a patient
with pediatric cancer cannot be achieved in their
setting. Treatment of cancer is known to be expen-
sive, and healthcare workers know that when little
resources exist, countries will often prioritize
using resources to address other major public
health issues that can be treated at lower cost and/
or with simpler measures (e.g., infectious
diseases, malnutrition, neonatal mortality).
Leadership at the PCU must address these notions
and apprehensions explicitly. Demonstration
projects at PCUs can show staff, supporters, and
society that childhood cancer can be cured and
kindly and effectively cared for in their setting.

Pediatric ~ Cancer Is  Always  Curable:
Improvements in outcome for children with can-
cer in HIC from survival of less than 30 % to
more than 80 % in 6 decades allow talking of
pediatric cancer as a “curable” disease. However,
these outcomes must be interpreted in the context
they occurred: long, systematic, and dedicated
commitment to improve outcomes by coopera-
tive groups and efficient provision of multimodal
therapy and multidisciplinary care. Although
rapid improvement in outcomes can be achieved
in countries with limited resources for specific
diseases with high cure rates [1], the cure rate for
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pediatric cancers needing more advanced or com-
plex care can lag behind [52] and discourage
staff. Leadership at the PCU must be explicit
with staff and supporters about short- and long-
term expectations from the interventions imple-
mented. Also, help them recognize that maximal
cure rates are achieved through dedicated, long-
term, strategic commitment to improving out-
comes (a “marathon”) rather than quick or
improvised interventions (a “sprint”).

Pediatric Cancer=Leukemia: Acute leukemia is
the most common pediatric cancer. In countries
with limited resources, this often results in the
focus of clinical, educational, and research to
begin with addressing leukemia. However, pedi-
atric cancer is heterogeneous and interventions
that work for patients with leukemia cannot be
assumed to work and have similar impact or mag-
nitude in other pediatric cancers, particularly
extracranial solid tumors and brain tumors.
Leadership at PCUs needs to recognize the spe-
cific needs for each disease group and be explicit
with staff and supporters about how and why
interventions should be implemented differently
for different groups.

Cure Is the Only Measure of Success: As dis-
cussed in this and other chapters, leadership at
PCUs should work with staff and supporters to
shift from a focus on “cure” to a focus on “care.”
This mind-set is not a way to justify disparities in
access or delivery of curative therapy in countries
with limited resources, but a way to change focus
from the goal outcome (cure) to the process
(care). This shift in mind-set would help the PCU
create a culture focused on improving, for
example, (a) supportive, multidisciplinary, and
palliative care; (b) safety, quality, early diagno-
sis, treatment abandonment, and psychosocial
interventions; and (c) fragmentations in health
delivery systems. Each time a child with cancer
passes away, the staff can feel discouraged and
lose motivation. However, a culture that validates
the value of all interventions performed in the
process of providing care can help staff validate
their work and cope with loss.
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How Can We Optimize Resources?
Final Recommendations

As described throughout the chapter, LMC differ
greatly from each other in availability of resources,
economic growth, social and political structure,
and current status of healthcare services and infra-
structure. All these factors play a role in what a
PCU in a particular country looks like. “No one
prescription works for all.” However, to establish,
maintain and expand services in a PCU, it is
essential that resources are optimized and shared
to achieve maximal success.

ldentifying Strengths and Weaknesses of the
PCU: Site visits, needs assessment, and studies
of the healthcare system and current available
resources are essential prior to setting up a new
PCU and periodically thereafter. This helps
greatly in identifying resources, deciding proto-
cols and treatment strategies by disease, potential
sources of funding, and potential partners.

Establishing a Twinning Program: Using the
“twinning” model, partnerships between institu-
tions in high- and low- resource settings have
been particularly effective in pediatric cancer
treatment. More than 30 programs are estimated
to exist as of 2013 and as described in this chap-
ter and Chap. 4, the benefits are substantial for
both the lower- and higher-income partner.

Maximizing Distance Learning and
Collaboration: Probably the most important ele-
ment of a successful PCU is capacity building—
training the doctors, nurses, and other personnel
involved in a PCU. It can be a very costly ven-
ture, whether it is done through visiting faculty,
short-term exchanges, or hiring of qualified pedi-
atric oncologists on the site. Informal case-based
learning can be achieved for low cost through
discussion of cases with international collabora-
tors using telemedicine. A successful example of
more formal distance learning is the Cure4Kids
website [44] (www.curedkids.org)—an internet-
based distance-learning program provided free to
physicians, nurses, scientists, and healthcare
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workers who treat children with cancer. The site

is used by almost 8,400 professionals in over 155

countries and has been extremely effective in the

growth of PCUs in LMC. The internet tools
include:

1. Online education on cancer and other cata-
strophic illnesses

2. Work space for online meetings and conferences

3. Technology and training for better manage-
ment of patient information

4. Access to digital material, articles, and online
seminars and courses
Building of regional and international colla-

borations and initiatives:

1. More efforts are being devoted to the develop-
ment of regional programs, which include
joint seminars, workshops, training, and
research collaboration.

2. Successful examples are those established by
the AHOPCA and the INCTR Pathology
Program in East Africa, among others.

3. An effort is currently in the preliminary stages
to pool orders for chemotherapy agents for
several countries in one region of Africa, in
order to negotiate better prices from pharma-
ceutical companies.

Monitoring of progress and outcomes:

1. Incorporating clinical research into clinical
practice and studying resource optimization
through cost-benefit research are vital to the
success of a PCU.

2. This is best done through collaboration with a
partner in an HIC, twinning, and research
grants.

3. “My Child Matters,” Jiv Daya Foundation,
and more recently the NIH offer competitive
grants for projects in developing countries.
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Early Warning Signs of Cancer
in Children/Models for Early

Diagnosis

Stelios Poyiadjis and Lisine Tuyisenge

Introduction

Childhood cancer despite being a rare disease is
highly curable, especially if diagnosed early. It is
estimated that worldwide there are about 200,000
new cases diagnosed each year [1] and the big-
gest burden of disease is expected in developing
countries. Most cases diagnosed in low- and
middle-income countries (LMICs) present late
with advanced disease, contributing to the chal-
lenges of treatment and reducing the chances of
survival.

The 5-year overall survival rate for all cancers
in high-income countries is currently approxi-
mately 80 %, but survival rates in LMICs are far
below that, since more than 70 % of children do
not have access to modern treatment regimens [1].
There is a marked discrepancy between the
expected number of paediatric cancers in the
developing world (if extrapolated from
population-based data) and those that are actually
identified by health care providers [2]. This fact
emphasizes the importance of fostering and rein-
forcing an awareness of early childhood cancer
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warning signs among health care workers, parents
and the community.

One effective way to improve childhood can-
cer survival in developing countries is to identify
the disease as early as possible. Early stage dis-
eases are associated with less intense treatment
regimens, shorter duration of treatment, less side
effects, reduced cost, less complications and a
better prognosis. An awareness of early warning
signs would avoid inappropriate medical inter-
ventions that could further delay the diagnosis [1].
As soon as the suspicion of cancer arises, the
child should be referred to an appropriate spe-
cialized centre where further investigations can
be performed.

Awareness campaigns are required in order to
increase the level of education and knowledge in
the general population and to strengthen continu-
ous medical professional education. In Brazil in
2007, a prospective study of community health
workers was performed to assess the knowledge
related to early warning signs in childhood can-
cer [3]. It was shown that overall knowledge was
poor, with 63 % being the highest score obtained
on a questionnaire among all participants. This is
closely related to limited formal education on
this topic among health care workers.

Time delay in reaching a final diagnosis of
cancer inevitably lead to advanced stage presen-
tation of the disease and a negative effect on the
long-term disease-free survival. Stefan et al.
found a considerable delay in making the diagno-
sis of childhood cancer, mostly due to failure of
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health care professionals to recognize the symp-
toms and signs [4]. A malignancy was correctly
diagnosed on a first visit in only 34 % of cases.
This study found no correlation between the type
of tumour and the delay, while in most previous
studies such a correlation could be demonstrated
[5-7]. The median delay before patients attended
a health care facility was 5 days, whereas the
median physician delay was 20 days. In a similar
study by Wainwright and Poyiadjis et al. at
Baragwanath hospital in Johannesburg, South
Africa, an average delay of 10 months was found
in establishing the diagnosis of retinoblastoma
[8]. The major part of this delay was attributed to
clinicians, with misinterpretation of symptoms
and delay in referring children.

Despite the fact that in the developed world
the management of patients with advanced dis-
ease, especially those with solid tumours, often
remains a challenge, the number of such cases is
far less than those in developing countries. In
low-income countries, paediatric cancer has its
own unique problems, including the tumour load
at the primary site which is often massive, multi-
ple sites of metastatic disease, genetic and other
factors.

Increased awareness and more efficient refer-
ral systems in developing countries will result in
less patients presenting with advanced disease.

Awareness of Early Warning Signs
of Childhood Cancer

Early diagnosis of cancer is reliant on three pil-
lars: a high index of suspicion, the recognition of
groups with an increased risk of developing can-
cer and the recognition of the “red flag signs” of
childhood cancer [1].

High Index of Suspicion

Because current priorities in reducing childhood
mortality worldwide are focused on infectious
diseases (as reflected by WHO health strategies
for children), the emphasis is not being placed on

S. Poyiadjis and L. Tuyisenge

paediatric cancer. In the developing world, the
extra burden of childhood malnutrition further
divides already stretched resources. Unless a sus-
picion of childhood cancer is raised with each
patient seen, such a diagnosis is never going to be
made. Common sites to be aware of include bone
marrow, bone, lymph nodes and abdominal and
soft tissue tumours [1]. The seemingly simple
complaint of bone pain can easily be attributed to
non-malignant causes, but this may mask a much
more sinister diagnosis of leukaemia.

Recognition of High-Risk Groups

It is well known that certain disease types and
chromosomal disorders have a strong correla-
tion with development of childhood cancer
(Table 6.1.). Of note is a study in Great Britain
by Narod et al., where it was found that the
types of cancer with the highest rates of associ-
ated anomalies were Wilms tumour, Ewing sar-
coma, hepatoblastoma and gonadal and germ
cell tumours [9]. In this study, cases of spina
bifida and abnormalities of the eye, ribs and
spine were more common in children with can-
cer compared to the rest of the population. The
overgrowth conditions of Beckwith-Wiedemann
syndrome and Sotos syndrome both have an
increased risk of childhood cancers [10].
Children with a previous malignant disease that
required treatment with chemotherapy and/or
radiotherapy have an increased risk of develop-
ing a second malignancy.

Recognizing the “Red Flag Signs”
of Childhood Cancer

The majority of childhood cancers present with
some distinguishing signs that can alert the clini-
cian to such a diagnosis. Although many of these
signs and symptoms are not exclusive to child-
hood cancer, it is still essential to consider malig-
nancy in the differential diagnosis. Symptoms
that should raise suspicion are summarized in
Table 6.2.
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Table 6.1 Conditions associated with a higher risk of
malignancy

Condition Association

Genetic abnormalities,

including:
Down syndrome Acute myeloblastic
leukaemia
Beckwith-Wiedemann Wilms tumour,
hepatoblastoma
Fanconi anaemia Acute myeloblastic
leukaemia
Immunodeficiency, including:
All conditions (congenital Lymphoma

and acquired)
HIV Non-Hodgkin’s
lymphoma, Kaposi
sarcoma
Congenital malformations,
including:

Aniridia (absent iris),

hemi-hypertrophy
Neurocutaneous syndromes,
including

Wilms tumour

Benign and malignant
tumours, e.g. sarcoma,
optic glioma and other
brain tumours

Neurofibromatosis

Previous malignancy and
treatment with chemotherapy
and radiotherapy

Osteogenic sarcoma,
leukaemia, brain

tumour, etc.
Sibling with a malignancy e.g. retinoblastoma

Cirrhosis Hepatocellular

carcinoma

Cryptorchidism Testicular germ cell

tumour

Campaigns Targeting Early
Warning Signs of Cancer in Children

Many international organizations promote aware-
ness of childhood cancer. The International
Confederation of Childhood Cancer Parent
Organizations (ICCCPO) and the International
Society of Paediatric Oncology (SIOP) raised
awareness in 2013 through the campaign and slo-
gan: “Early detection...making a difference”.
These and other campaigns have led to many
checklists or awareness acronyms being designed
to assist in recognizing early warning signs. One
example is “CHILD CANCER” which is
endorsed by the Union for International Cancer
Control (UICC) and the SIOP (Table 6.3).

Table 6.2 Symptoms and signs raising suspicion of
childhood cancer

General symptoms Unexplained fever, fatigue,
listlessness, nausea, loss of
appetite, weight loss, night
sweats

Haematological

malignancies

Pallor, fatigue, fever,
recurrent infections, bone
pain, refusal to walk,
epistaxis, easy bruising,
petechiae, lymphadenopathy,
abdominal distension, mass
at any site

Change in bowel habits
(often constipation),
vomiting, hypertension,
abdominal pain, abdominal
distension, abdominal mass,
haematuria

Abdominal solid tumours

Neurological malignancies ~ Change in temperament,
regression of milestones,
abnormal balance (ataxia),
signs of raised intracranial
pressure (progressive
headache, vomiting
(especially early morning),
altered level of
consciousness, bulging
fontanelle, increasing head
circumference), double
vision, new-onset squint,
convulsions, focal
neurological abnormality
Leukocoria, new-onset
squint, proptosis, visual
disturbance

Ophthalmological
malignancy

Bone tumours Swelling or mass, persistent
pain, pathological fracture
Masses at any site

Pallor, hypertension,
lymphadenopathy, Horner
syndrome, raccoon eyes,
bony masses, abdominal
mass, petechiae,
ecchymoses, opsoclonus
myoclonus, watery diarrhoea

Soft tissue tumours
Neuroblastoma

Another example is the Saint Siluan warning
signs list used in South Africa[11, 12] (Table 6.4).
The list consists of easily recognizable symptoms
and signs arranged according to the mnemonic:
SILUAN after Saint Silouan the Athonite, a
Russian Orthodox monk.

Saint Siluan warning signs were adopted by
ICCCPO and SIOP-PODC.
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Table 6.3 Child cancer (acronym)

C Continued, unexplained weight loss
H Headaches, often with early morning vomiting
I Increased swelling or persistent pain in the

bones, joints, back or legs
L Lump or mass, especially in the abdomen, neck,
chest, pelvis or armpits
Development of excessive bruising, bleeding or
rash

o

Constant infections

A whitish colour behind the pupil

Nausea that persists or vomiting without nausea
Constant tiredness or noticeable paleness

ma z» 0

Eye or vision changes that occur suddenly and
persist

=

Recurring or persistent fevers of unknown origin

Table 6.4 Saint Siluan warning signs

S Seek medical help early for persistent symptoms

1 Eye: white spot in the eye (leukocoria), new squint,
new blindness, bulging eyeball

L Lump: abdomen and pelvis, head and neck, limbs,
testes, glands

U  Unexplained: prolonged fever over 2 weeks, loss of
weight, pallor, fatigue, easy bruising or bleeding

A Aching: bones, joints and back and easy fracture

N Neurological signs: change or deterioration in
walk, balance or speech, regression of milestones,
headache for more than a week with or without
vomiting, enlarging head

A Practical Guide to the Saint
Siluan Warning Signs of Cancer
in Children [13]

S: Seek Medical Help Early

for Persistent Symptoms

A child with any one of the warning signs of can-
cer, as mentioned in the list, needs to be closely
monitored; if the symptoms persist for more than
a week or 10 days, despite the conservative treat-
ment given by the family and by the active treat-
ment of a local clinic or hospital, the patient
needs to be referred to a tertiary centre. Cancer
does not respond either to conventional first-line
medications or to local treatment with physio-
therapy, massage, ointments and various types of
liquids.
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Classical examples of events which are
experienced in developing countries and are
implicated in misdiagnosis and mismanagement
and consequently in late referral to specialist
centres are:

* The use of eye drops or ointments for leukoco-
ria in retinoblastoma. When the symptoms per-
sist, often health workers change eye drops on
the same patient for prolonged periods of time.

e The bulging eyeball is often confused with
injury of the eye. When there is an associated
sepsis, local treatment and oral antibiotics are
often prescribed.

e Cultural beliefs of bewitchment.

* Ointments with or without oral antibiotics are
often given to patients with a mass or masses
anywhere on the body.

e “Red herrings” such as injury from falling,
sports trauma, teacher corporal punishment or
“someone hitting the child”, subsequently
“resulting” in a mass starting to grow.

e Long history of “growing pains”. The patient
attends physiotherapy or receives various other
types of therapy provided by practical healers.

e Constipation and chronic “worm” problems
are often thought to be the causes of abdomi-
nal swellings and masses.

* Haematological malignancies like leukaemias
are often confused with HIV disease, malaria
or other infections, mainly viral.

e Abnormal neurological signs are often attrib-
uted to psychological problems; for example,
the child does not like the teacher or the school
and for this reason he/she has morning vomit-
ing or other strange neurological behaviour
and headache.

The important point from S of the “Saint
Siluan warning signs” is that a strict follow-up
visit is mandatory for patients with unusual
symptoms. The persistence of these symptoms
requires referral to a specialist centre.

I, Eye: White Spot in the Eye

(Leukocoria), New Squint, New

Blindness, Bulging Eyeball

These signs refer mainly to the most common eye
cancer of childhood which is retinoblastoma.
Leukocoria is probably the most common early
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Fig. 6.1 Leukocoria

Fig. 6.2 Leukocoria

warning sign of retinoblastoma. Leukocoria is an
abnormal white pupillary reflex from the retina of
the eye (Figs. 6.1 and 6.2). The mother often is the
first person to notice this sign and she needs to be
educated to report it to the health care provider.
Retinoblastoma is a disease of young children and
can be unilateral or bilateral in a third of the patients.
The median age of diagnosis of bilateral retinoblas-
toma is 14 months, while for unilateral disease, it is
23 months [14]. In developing countries, a bulging
eyeball due to the mass effect of a retro-orbital mass
is common. New squint and new blindness might
also be early signs of retinoblastoma. Squint at birth
needs to be distinguished from a physiological one.

Fig. 6.3 X-rays (Hodgkin’s disease)

L, Lump: Abdomen and Pelvis, Head

and Neck, Limbs, Testes, Glands

A lump, i.e. a mass, anywhere in the body can be
an early presentation of a childhood cancer.
Visceromegaly, hepatomegaly or splenomegaly
can be early signs of a malignancy.
Lymphadenopathy is often slightly difficult to
interpret especially in a developing country with
an HIV epidemic and high prevalence of TB. It is
accepted that a patient with lymph nodes larger
than 2 cm %2 cm that is not responding to an oral
broad spectrum antibiotic needs to be referred to
a specialist centre. Fine needle aspiration or an
open biopsy is recommended, depending on the
available expertise. It is of note that in developing
countries where the prevalence of TB is high,
patients with adenopathy due to Hodgkin’s
disease have often been treated empirically for
TB prior to the final diagnosis (Fig. 6.3).

An abdominal or pelvic mass—often reported
by a parent—has to be considered as malignant
until it is proven otherwise. The patient needs
immediate referral (Fig. 6.4).

U, Unexplained: Prolonged Fever over

2 Weeks, Loss of Weight, Pallor,

Fatigue, Easy Bruising or Bleeding
Childhood cancer can often present with non-
specific symptoms. Pyrexia of unknown origin
persisting for more than 10-14 days and unex-
plained constitutional symptoms of loss of
weight and loss of appetite can be early signs of
a malignancy.
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Fig. 6.4 Distended abdomen

Evidence of blood loss (active or occult) with
pallor and/or petechiae, gum bleeding, persistent
epistaxis, vaginal or rectal bleeding and easy
bruising might all be evidence of a haematologi-
cal malignancy, but of a solid tumour as well.
A patient with the above symptoms needs to be
referred to a specialist centre even if these symp-
toms are not due to a malignancy.

A, Aching: Bones, Joints and Back

and Easy Fracture

Haematological malignancies (leukaemias and
lymphomas) often present with bone and joint
pain and often with back pain. Primary bone
tumours, e.g. osteosarcoma and Ewing sarcoma,
and other solid tumours with bone metastases can
present with bone pain.

A common problem is the so-called growing
pains of the knee joint or femur in adolescent
children which delays presentation to a specialist
centre. Pain is also often attributed to a traumatic
incident and treated as an injury. Patients with
osteogenic sarcoma often attend physiotherapy
for months or they are managed conservatively
by other practitioners. Sudden onset of limping
or inability to perform usual physical activities
due to bone pain needs to be investigated.

Sometimes the incorrect diagnosis of juvenile
rheumatoid arthritis (JRA) in children with joint
pains leads to a resistant disease of leukaemia or
other haematological malignancy if the patient is
treated with steroids. A patient with suspected
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Fig. 6.5 X-rays (osteosarcoma)

JRA needs to have a bone marrow aspiration for
cytological investigation before being initiated
on steroids (Figs. 6.5 and 6.6).

N, Neurological Signs: Change

or Deterioration in Walk, Balance

or Speech, Regression of Milestones,
Headache for More Than a Week with

or Without Vomiting and Enlarging Head
Any new abnormal neurological symptoms and
signs in children of any age can be due to a brain
tumour, benign or malignant. A brain scan is
always recommended when such symptoms
appear. A common problem with space-
occupying lesions of the brain is that the early
morning vomiting with or without headache is
often attributed to psychological reasons, such as
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Fig. 6.6 Bone scan (osteosarcoma)

school avoidance. Unexplained headaches or
sudden onset of migraines need to be investi-
gated, especially if other symptoms and signs of
raised intracranial pressure, including progres-
sive headache, vomiting (especially early morn-
ing), altered level of consciousness, bulging
fontanelle and an increasing head circumference
are found. Cerebellar signs (ataxia, nystagmus,
etc.) can be the first signs of posterior fossa
tumours. Regression of milestones is often found
in children with brain tumours.

Although the Saint Siluan system is compre-
hensive, it is not all inclusive. In 2007, the “One
World, One Vision” symposium was organized as
a collaboration between developed and develop-
ing countries. Whereas developed countries can
focus on salvaging eye surgery, in the developing
world, the high mortality of retinoblastoma is
still the major issue. The focus of this collabora-
tion was on developing strategies for early diag-
nosis and improved outcome of retinoblastoma in
children [15].

Conclusion

The majority of children with cancer in develop-
ing countries are diagnosed late and subse-
quently their advanced stages of disease
contribute to poor survival rates. One way of
improving the outcome of childhood cancer is
to diagnose the disease as early as possible. This
can be attained by means of far-reaching aware-
ness campaigns among parents and communi-
ties in order to make them aware of when a child
should be taken to a health care facility as cancer
is suspected. The campaigns should also reach
health care providers of all levels in order to
increase the number of cases identified, as well
as to facilitate early recognition of childhood
cancer warning signs.

Early signs and symptoms of childhood can-
cers are not specific to cancer. Each country should
adopt a recognized awareness checklist or design
their own according to local requirements and use
it in awareness campaigns. Once a child with early
warning signs of cancer has been identified, an
effective referral system should be in place to pre-
vent a delay in the confirmation of the diagnosis.
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[2]. In most low- and middle-income countries
(LMICs), childhood cancer treatment is often
suboptimal and survival rates are lower than
those in high-income countries (HIC) [3]. After
access to appropriate anticancer medications,
support to prevent and manage infectious com-
plications is the most important factor to improve
survival of these patients [4]. In this chapter, we
address key points in the care and prevention of
infections during the treatment of children with
cancer. We also share our experience of working
on infection care and prevention with pediatric
cancer care centers in LMICs. In the first section,
we discuss the management of the most frequent
infectious syndromes in children with cancer.
In the second section, we review important con-
cepts in infection prevention in general and in
children with cancer, especially in LMICs.

Infection Care

Fever and neutropenia

Central venous catheter infections
Respiratory infections

Fungal infections

Gastrointestinal infections

ARE ol .

General Concepts

Infections in cancer patients should receive
prompt and adequate treatment to increase sur-
vival. Many pediatric centers in LMICs face
challenges related to infection care. These chal-
lenges fall into five major categories: (1) lack of
qualified healthcare personnel trained in infec-
tion care and prevention of children with cancer;
(2) insufficient or poor infrastructure of health-
care facilities; (3) insufficient or inconsistent
availability of supplies (antimicrobials, catheters,
syringes, antiseptics, bandages, tubing system,
flushes, etc.); (4) suboptimal microbiological
diagnosis due to insufficient supplies, equipment
and trained personnel; and (5) lack of institu-
tional policies and procedures and organizational
structure for quality of care. We address some of
these challenges in the care of the various
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Table 7.1 Common bacterial pathogens in fever and
neutropenia
Common gram-positive pathogens

Coagulase-negative staphylococci

Staphylococcus aureus, including methicillin-resistant
strains

Enterococcus species, including vancomycin-resistant
strains

Viridans group streptococci
Streptococcus pneumoniae
Streptococcus pyogenes
Common gram-negative pathogens
Escherichia coli
Klebsiella spp.
Enterobacter spp.
Pseudomonas aeruginosa
Citrobacter spp.
Acinetobacter spp.
Stenotrophomonas maltophilia

Adapted with permission from Freifeld AG et al. Clin
Infect Dis. 2011;52:e56-93 [5]

infectious syndromes. Ideally, standardized,
evidence-based, institutional guidelines informed
by local infectious epidemiology should be used.
However, the concepts behind the treatment of
infections in cancer patients are universal and
applicable in any setting. In this section, we base
our recommendations in currently published
guidelines and our experiences in caring for sick
children in LMICs.

Fever and Neutropenia

The most common reason for seeking care in
children with cancer is febrile neutropenia (FN).
Fever is defined as a single oral temperature mea-
surement of >38.3 °C (101 °F) or a temperature
of >38.0 °C (100.4 °F) sustained over a period of
1 h. Neutropenia is defined as an absolute neutro-
phil count (ANC) (including band cells) of less
than 0.5x10%L (500 cells/pL) or a count of
1.0x 10°/L (1,000 cells/pL) predicted to decrease
below 0.5x 10%/L [5].

Etiology. Table 7.1 lists the bacterial pathogens that
cause most bloodstream infections in FN. Drug-
resistant organisms such as extended-spectrum
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B-lactamase (ESBL)-producing gram-negative
bacteria and carbapenmase-producing strains are
being increasingly reported as the cause of infec-
tions in FN. Resistant gram-positive organisms,
particularly methicillin-resistant S. aureus (MRSA)
and vancomycin-resistant enterococci (VRE) are
gaining prevalence in some centers [6]. Invasive
fungal disease (IFD) is rarely identified as the cause
of infection early in the course of FN [7].

Initial management. Fever in patients with neu-
tropenia should be considered as a manifestation
of infection, and patients should promptly receive
empirical antibiotic therapy, ideally within an
hour of onset, as infection may progress rapidly.
This may be difficult in many LMCIs, where
access to care may delay initiation of antibiotics.
The management of FN is influenced by patient
characteristics, drug availability and cost, and
local epidemiology. The management principles
presented in this section are based on published
guidelines [5, 7], but institution-specific guide-
lines need to be developed based on the antibiotic
susceptibility pattern of organisms commonly
isolated at a healthcare center.

The current tendency for the treatment of FN
in many pediatric cancer centers (PCC) is the
use of risk-stratification schemas. These sche-
mas are based on factors related to patients
(including age, type of malignancy, disease sta-
tus), the type and timing of chemotherapy, and
both clinical and laboratory characteristics of
the specific FN episode, such as height of fever,
hypotension, mucositis, blood counts, and
C-reactive protein levels [7]. Patients at risk for
invasive bacterial infection and clinical compli-
cations are those with anticipated prolonged and
profound neutropenia (>7 days duration) fol-
lowing chemotherapy (ANC <100 cells/pL),
and important comorbid conditions, including
unstable vital signs, pneumonia, abdominal
pain, and mental status changes [5, 7]. Validated
stratification schemas in pediatrics exist, but
none have been validated across various geo-
graphic locations. However, it is recommended
that each institution use and keep a record of
performance of a validated risk-stratification
schema [7].
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Laboratory and imaging studies. If the patient
has no central venous catheter (CVC), ideally
two sets of peripheral blood cultures should be
obtained. If the patient has a CVC, blood speci-
mens from each lumen should be obtained.
Obtaining a peripheral blood culture in patients
with CVCs is recommended. Chest radiographs
are required only if there are pulmonary signs or
Ssymptoms.

Antibiotic treatment. Empiric antibiotic therapy
for patients with FN needs to provide coverage
for gram-negative organisms, including P. aeru-
ginosa. Monotherapy regimens evaluated in
children include antipseudomonal penicillins
(piperacillin-tazobactam and ticarcillin-
clavulanic acid), antipseudomonal cephalospo-
rins (cefepime), and carbapenems (meropenem
or imipenem). Antipseudomonal penicillins are
an excellent option for initial monotherapy if
cefepime is not available. Carbapenems should
be conserved for broadening antibiotic spectrum
and for intrabdominal process (see section on
typhlitis). Ceftazidime or aminoglycosides are
not sufficient as monotherapy because of intrin-
sic and acquired resistance among gram-negative
organisms [8]. Aminoglycosides and/or fluoro-
quinolones may be added to the initial regimen to
manage complications (evidence of sepsis or
pneumonia) or if antimicrobial resistance is sus-
pected [5]. Vancomycin is not recommended as
part of the initial antibiotic regimen for FN,
unless there are specific clinical indications
(Table 7.2) or the center reports a high rate of
resistant pathogens [5].

Empiric antifungal treatment can be initiated
in children at high risk for IFD who have
persistent fever despite prolonged (>96 h)
broad-spectrum antibiotic therapy. Currently,
caspofungin or liposomal amphotericin B
(L-AmB) is recommended for empiric antifungal
therapy [9]. If these compounds are not available,
amphotericin B (AmB) deoxycholate is equally
effective. Close monitoring of renal and hepatic
function is recommended to avoid toxicity.

Ongoing management. Initial antibacterials
should be modified only if clinical, microbiological,
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Table 7.2 Indications for addition of antibiotics active
against gram-positive organisms to the empirical regimen
for fever and neutropenia

Hemodynamic instability or other evidence of severe
sepsis

Pneumonia documented radiographically

Positive blood culture for gram-positive bacteria, before
final identification and susceptibility testing is available
Clinically suspected serious catheter-related infection
(e.g., chills or rigors with infusion through catheter and
cellulitis around the catheter entry/exit site)

Skin or soft-tissue infection at any site

Colonization with methicillin-resistant Staphylococcus
aureus, vancomycin-resistant enterococcus, or penicillin-
resistant Streptococcus pneumoniae

Severe mucositis, if fluoroquinolone prophylaxis has
been given and ceftazidime is employed as empirical
therapy

Adapted with permission from Freifeld AG et al. Clin
Infect Dis. 2011;52:¢56-93 [5]

or imaging changes indicate a new infection. In
patients who respond to initial empiric antibiotic
therapy, double coverage for gram-negative
infection and glycopeptides can discontinued
after 24-72 h if susceptible bacteria are not
recovered in cultures. In children with persistent
fever who become clinically unstable, the initial
empiric antibacterial regimen can be escalated to
include coverage for resistant gram-negative,
gram-positive, and anaerobic bacteria, particu-
larly if blood culture results are indicative of
resistant bacteria [7].

Duration of antibiotic treatment. Empiric antibi-
otics can be discontinued in patients with nega-
tive blood cultures at 48 h, who have been afebrile
for at least 24 h, and who have evidence of mar-
row recovery (increasing ANC >500 cells/pL).
Empiric antibiotics may be discontinued at 72 h
for low-risk patients who have negative blood
cultures and have been afebrile for at least 24 h,
irrespective of marrow recovery status, only if
close follow up is possible [7].

In patients with clinically or microbiologi-
cally documented infections, the duration of ther-
apy is dictated by the particular organism and
site. Appropriate antibiotics should be continued
for at least the duration of neutropenia (until
ANC is >500 cells/uL) or longer if clinically
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necessary. Alternatively, if an appropriate treatment
course has been completed and all signs and
symptoms of a documented infection have
resolved, oral fluoroquinolone can be adminis-
tered until marrow recovery in patients who
remain neutropenic [5] (Table 7.3).

Central Venous Catheter Infections

Classification. CVC infections are classified
according to the primary site of infection. An
exit-site infection is a superficial infection at the
site of insertion with erythema, tenderness, indu-
ration, or purulence within 2 cm of the exit of the
CVC or edge of the subcutaneous port (SP).
Tunnel tract infections affect the subcutaneous tis-
sue surrounding the CVC or SP at a distance
greater than 2 cm from the skin exit. An infection
of the subcutaneous tissue surrounding a SP is
referred to as a pocket infection. A catheter-related
bloodstream infection (CRBI) is a laboratory-
confirmed bacteremia or fungemia arising from
microbial colonization of a CVC or SP, which
may be associated with systemic symptoms.
Septic thrombosis can occur as a complication of
CVC infections [10].

Etiology. The most frequently isolated organisms
are Gram-positive bacteria, the most common
being coagulase-negative Staphylococcus. Other
organisms include S. aureus, Streptococcus viri-
dans, enterococcus, gram-negative organisms
(E. coli, Klebsiella spp., or Enterobacter spp.),
and Pseudomonas aeruginosa. Bacillus species,
Mycobacterium chelonae, and Mycobacterium
fortuitum are less frequent. Candida spp. are the
most commonly isolated fungal organism [10].

Diagnosis. For exit-site infections, culture of
discharge or wound aspirate is recommended.
A swab specimen from the exit site is acceptable,
but may be contaminated with skin flora. Gram
staining, staining for fungal organisms and acid-
fast bacilli (AFB), and routine bacterial and fun-
gal cultures should be performed. AFB culture
should be ordered if there is no improvement after
48-72 h of therapy. Diagnosis of CRBI is best
made by collecting paired CVC and peripheral
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Table 7.3 Suggested empiric antibiotic therapy for patients with febrile neutropenia

Suggested first line therapy needs to provide coverage for
gram-negative organisms including P. aeruginosa

Fever persists after 48-h of treatment/suspected
Staphylococcal infection

Persistent fever beyond 96-h, add empiric
antifungal treatment

No improvement/suspected hospital-acquired infection/
neutropenic colitis

Piperacillin-tazobactam
or Cefepime
+/- Aminoglycosides*

Vancomycin |

Antifungal treatment
(amphotericin B, echinocandins, triazoles)**

Meropenem®+* |

“Aminoglycosides should be added for severe infections or suspected resistance. Ceftazidime or aminoglycosides

are not sufficient as monotherapy due to resistance

“Empiric antifungal therapy will depend on previous exposure and local epidemiology
“Carbapenems should be conserved for broadening antibiotic spectrum and for intra-abdominal process

vein (PV) blood cultures. All lumens of all
indwelling intravenous catheters should be cul-
tured simultaneously. A diagnosis of CRBI can
be made by comparing the time to detection (TD)
[11] of paired CVC and PV cultures. If the TD of
blood cultures drawn through the suspected CVC
is at least 120 min less than the TD of PV drawn
at the same time, a CRBI is likely [11]. If only
paired cultures from two lumens of a CVC are
available, a CRBI is likely if TD of Lumen 1 is
120 min or more of the TD of Lumen 2 [12].

Indications for removal of catheters. The CVC or
SP should be removed if no longer needed.
Catheters should be also removed if (1) the
patient’s clinical condition deteriorates, (2) there
are signs of sepsis, (3) blood cultures remain pos-
itive after 48—72 h of effective therapy, and (4) if
CRBI relapses. Infections by S. aureus, Candida
spp., and Malassezia spp., also require catheter
removal. Removal should be strongly considered
in bacteremia caused by Bacillus spp., rapidly
growing Mycobacterium spp., and Gram-negative
bacilli, as infection may be very difficult to eradi-
cate without line removal [10]. Catheters should
also be removed if septic thrombosis is present.

Management. Most exit-site infections can be
managed with local care and topical antibiotics in

non-neutropenic patients. Patients with mild to
moderate signs and symptoms, but without fever,
may be treated with oral antibiotics such as
dicloxacillin, amoxicillin/clavulanic acid, or oral
cephalosporin. Clindamycin may be used if
MRSA is suspected. All patients with fever or
rapidly progressing infections should be treated
with parenteral antibiotics. Initial antibiotic ther-
apy should include a broad-spectrum antipseudo-
monal penicillin or cephalosporin  plus
vancomycin. If infection with gram-negative bac-
teria is suspected, an aminoglycoside should be
added. If the patient has severe abdominal pain or
clinical symptoms of sepsis, the antipseudomonal
B-lactams can be substituted with carbapenems.
Definitive antibiotic therapy should be based on
susceptibility testing of isolated pathogens.
Exit-site infections that improve promptly
should be treated for 5-7 days. Infections of the
tunnel tract or pocket of the SP usually require
removal of the CVC or SP and at least 7-10 days
of appropriate antimicrobial therapy. Patients
with CRBI who respond promptly to therapy and
have no complications should receive 10-14 days
of antibiotic therapy. For infections due to yeasts,
antifungals should be given for 14 days after the
last positive blood culture after removal of cath-
eter. In local peripheral vein thrombosis with
purulent collection, surgical debridement might
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be needed. For a central blood vessel thrombosis,
an anticoagulant is recommended in addition to
antibiotics. For septic embolism, antibiotic ther-
apy may be continued for 4-6 weeks. The CVC
or SP should not be reinserted until effective par-
enteral antibiotic therapy is begun and repeat
blood cultures yield negative results [13].
Antibiotic dwell therapy consists in instilling
the lumen of the infected catheter with a high con-
centration (1-5 mg/mL) of an antibiotic surpass-
ing the minimal inhibitory concentration to which
the isolated microorganism is susceptible and
closing the lumen for 8-12 h. In patients with a
single lumen catheter for which sufficient dwell
time cannot be arranged, a peripheral IV to admin-
ister other medications should be considered.
Dwell therapy is recommended for as much of the
10- to 14-day treatment course as possible [13].

Respiratory Infections

Cancer patients are at increased risk for respira-
tory infections. The diagnosis of pulmonary
infections in immunocompromised patients can
be challenging because of atypical presentations
and the absence of localizing signs and symp-
toms, particularly during severe neutropenia.
Most patients present with nonspecific symptoms
such as cough and fever, which may be accompa-
nied by tachypnea and dyspnea in more severe
cases. Local epidemiology, the setting from
which the patient presents (community vs. hospi-
tal), and seasonality of viral infections may also
aid in the etiological diagnosis.

Diagnosis. Nasopharyngeal washings or swabs
are useful to diagnose viral infection. Polymerase
chain reaction methods are currently the gold
standard for diagnosis of respiratory viruses. If
not available, samples may be sent for direct flu-
orescent antibody analysis and viral culture [14].
Serologic studies may be performed to identify
organisms producing atypical pneumonia and
other organisms (cytomegalovirus, Cryptococcus,
Aspergillus). If tuberculosis is suspected, sputum
or gastric aspirates for acid fast stain and culture
should be obtained. A tuberculin skin test (TST)
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may aid in the diagnosis; however, a negative test
does not rule out tuberculosis. Interferon-gamma
release assays (IGRAs) indicate the immune
response to Mycobacterium tuberculosis but
does not differentiate between active and latent
infections. Similarly to TST, a negative result of
IGRA may not rule out active tuberculosis.
Access to this type of study is still limited in
most LMICs. Urinary antigen tests can be used
to diagnose Legionella pneumophila and
Histoplasma capsulatum. Blood cultures should
be obtained from all immunosuppressed patients
with pneumonia [15].

Etiological diagnosis of respiratory infections
may be a challenge in most LMClIs, particularly
if microbiological tests are not available. In this
scenario, imaging studies may provide additional
clues to the etiology of infection. A radiologic
pattern of lobar or segmental pneumonia with
reactive pleural effusion is indicative of bacterial
organisms. In hospital-acquired pneumonia, infil-
trates can be bilateral with diffuse or multilobar
consolidation and pleural effusions. Atypical
pneumonia may present with unilateral or bilat-
eral infiltrates with a segmental distribution or as
a diffuse bilateral reticular nodular infiltrate. In
viral pneumonia, a radiologic pattern of poorly
defined nodules and patchy areas of peribron-
chial ground glass opacity is seen. A diffuse pat-
tern of pulmonary infiltrates may also suggest
infection with Legionella spp., fungi, or para-
sites. The presence of nodules, with or without
cavitations, suggests infection by molds or myco-
bacteria. Miliary lesions suggest tuberculosis,
histoplasmosis, or coccidiomycosis. Radiologic
findings of pneumocystis pneumonia reveal dif-
fuse, bilateral, interstitial, or alveolar infiltrates
[15, 16]. In patients with neutropenia, radio-
graphic evidence of pneumonia may appear only
with immune reconstitution. Computed tomogra-
phy, if available, is more sensitive and specific
than chest radiography in these patients [16].

Bronchoscopy is suggested if persistent infil-
trate, nodules, or masses are present and to
obtain specimens for microbiological analysis.
Patients with an endotracheal tube in place may
require flexible bronchoscopy for bronchoalveo-
lar lavage for cultures. Lung biopsy is used to
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obtain a definitive diagnosis of pneumonia in
immunosuppressed patients with a pulmonary
infiltrate. A previous nondiagnostic bronchos-
copy or the need for larger specimens of tissue
for diagnosis may support the need for thoraco-
scopic or open lung biopsy [15].

Management. Empiric therapy may be guided by
local epidemiology and imaging. If the radio-
graphic image shows focal lesions suggestive of
bacterial infection, broad-spectrum antibiotics
against gram-positive and gram-negative organ-
isms should be given and the response evaluated
after 48—72 h. If there is good response to antibi-
otics, treatment can be continued for at least 2
weeks if etiological diagnosis is not available. If
broad-spectrum antibiotics are not effective,
empiric treatment for organisms such as
Pneumocystis  carinii  (using TMP-SMX),
Legionella spp., or Mycoplasma spp. (using mac-
rolides), and viruses (i.e., influenza virus) should
be initiated. Frequently, susceptibility testing for
influenza is not available in LMICs. Empiric
treatment using oseltamivir may be initiated.
Tuberculosis should be treated with a four-drug
regimen, determined by local epidemiology.
Empiric antifungal treatment can be given to
patients with pulmonary nodules or cavitation or
who develop new pulmonary infiltrates while
receiving broad-spectrum antibiotics. Pulmonary
fungal infections, particularly molds, may require
longer therapy (up to months), which should be
continued through periods of immunosuppres-
sion, until resolution of clinical findings and
improvement of lesions in imaging studies [15].

Fungal Infections

Patients with acute myeloid leukemia or relapsed
acute leukemia, patients receiving highly myelo-
suppressive chemotherapy for other malignan-
cies, and allogeneic HSCT recipients who are
expected to present with prolonged neutropenia
(>10 days) are at high risk for IFD [7].

Candida species can cause bloodstream infec-
tion and disseminated disease such as hepato-
splenic candidiasis. Mold infections, including
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aspergillosis, zygomycosis, and fusariosis, occur
in patients with profound (<100 cells/pL) and
prolonged (>10 days) neutropenia, and may
affect lungs, sinuses, and soft tissues [16].

Early diagnosis is difficult due to nonspecific
signs and symptoms; in early stages, persistent or
recurrent fever may be the only sign of infection.
In advanced infection, organ system involvement
may be evident. Blood cultures are useful for the
diagnosis of yeast infections, but not usually for
mold infections. Galactomannan antigens have
been validated as a surrogate marker for detec-
tion of invasive aspergillosis in patients with
hematological malignancy [16]. Tissue obtained
from lesions should be sent for fungal stains, cul-
ture, and histopathology.

Radiographic imaging such as CT may reveal
abnormalities in either the lungs or sinuses.
Pulmonary macronodules with or without a halo
sign are the most typical findings associated with
invasive aspergillosis and are evident during neu-
tropenia. Other manifestations include nodular,
wedge-shaped, peripheral, multiple, or cavitary
lesions. In hepatosplenic candidemia, ultrasonog-
raphy will reveal characteristic “bull’s-eye” or
“target” lesion with a hypoechoic mass containing
a hyperechoic center. CT images may reveal areas
of low density in the liver, spleen, and, sometimes,
the kidney. A radiologic abnormality is more
obvious after the resolution of neutropenia [16].

Empirical antifungal therapy is indicated in
patients with persistent or recrudescent FN. The
choice of empirical antifungal agent depends
upon the likely fungal pathogens, toxicities, and
cost. Prophylaxis with fluconazole reduces the
incidence of invasive Candida infections but has
no activity against molds. In patients who have
not received antifungal prophylaxis, candidemia
is initially the greatest concern. For patients
receiving prophylaxis, infections by fluconazole-
resistant strains or molds are more likely [9].
AmB desoxycholate has been the standard
empirical choice. Empiric therapy with other
antifungal agents, including alternate formula-
tions of AmB, azoles with mold activity (itracon-
azole or voriconazole), and echinocandins
(caspofungin) have been described. None have
proven to have greater efficacy, but are generally
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less toxic than AmB [16]. For patients already
receiving mold-active prophylaxis, switching to
an IV anti-mold agent within a different antifun-
gal class is recommended. Therapy should be
continued until lesions have resolved (usually
months) and through periods of immunosuppres-
sion (e.g., chemotherapy and transplantation) [9].
If culture of lesions is obtained, susceptibility
testing should guide treatment.

Gastrointestinal Infections

Chemotherapy leads to mucositis, characterized
by atrophy of the gastrointestinal (GI) mucosa,
degeneration of the connective tissue, and ulcer-
ation. It is frequent among patients receiving
high-dose methotrexate, cyclophosphamide and
cytarabine, or anthracyclines.

Oral mucositis. Oral mucositis can be a port of
entry for infectious agents, which may predis-
pose the patient to local and severe systemic
infections. Infections generally reflect the oral
microbiome, such as viridans group of strepto-
cocci. Reactivation of herpetic lesions is com-
mon. Other contributing factors are periodontal
disease, inadequate oral hygiene, xerostomia, and
poor nutritional status. The severity of oral muco-
sitis is assessed by the Common Toxicity Criteria
for Oral Mucositis by the National Cancer
Institute (NCI) and the Oral Toxicity Score of the
World Health Organization (WHO) (Table 7.4).

The management of mild, uncomplicated oral
mucositis is through oral hygiene and antibacte-
rial mouthwashes. No antibiotic therapy is rec-
ommended. For infection associated with fever,
localized ulceration, or lymphadenitis in patients
with neutropenia, broad-spectrum antibiotic ther-
apy is recommended. In patients with grade 3 or
greater mucositis, vancomycin should be added
for coverage against viridans streptococci and
intravenous clindamycin for empiric coverage
against Capnocytophaga spp. [17]. In patients
who have tender cervical lymphadenopathy
while receiving broad-spectrum antibiotics, anti-
fungal agents should be considered for lymphad-
enitis due to Candida spp. [18]. For herpetic
lesions, acyclovir should be given.
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Table 7.4 Scales for assessment of chemotherapy-
induced mucositis
World Health Organization Mucositis Toxicity Scale
0=None
1 =Soreness + erythema
2=Erythema, ulcers, patient can swallow food

3=Ulcers with extensive erythema, patient cannot
swallow solid food

4= Alimentation is not possible

National Cancer Institute Common Toxicity Criteria for Oral
Mucositis

Appearance score
0=None
1 =Erythema of the mucosa
2=Patchy ulcerations or pseudomembranes

3 =Confluent ulcerations or pseudomembranes,
bleeding with minor trauma

4 =Tissue necrosis, significant spontaneous bleeding,

life-threatening consequences
Functional/symptomatic score

1=Ability to eat solids

2=Requires liquid diet

3=Not able to tolerate a solid or liquid diet

4=Symptoms associated with life-threatening
consequences

Source: http://painconsortium.nih.gov/symptomresearch/
chapter_17/sec7/cghs7table71popl.htm

Enteric infections. Enteric infections are common
public health issues in many LMCIs. Infections
in children with cancer can be produced by com-
munity-acquired pathogens, including bacteria,
viruses, and parasites. Other microorganisms
(Aeromonas  spp., Listeria monocytogenes,
Salmonella spp., Clostridium difficile, cytomega-
lovirus, adenovirus, Candida spp., Strongyloides
stercoralis, and Cryptosporidium spp.) are also
known to cause enteric infection in immunocom-
promised hosts [19]. Most enteric pathogens are
transmitted by the oral-fecal route. Risk factors
include contaminated food or water, and contact
with animals. Prolonged hospitalization and
exposure to other infected patients can put cancer
patients at risk for hospital-acquired enteritis.
In patients receiving broad-spectrum antibiotics,
Clostridium difficile may cause watery diarrhea,
pseudomembranous colitis, or toxic megacolon.
For the diagnosis, stool samples should be
sent for white blood cell smear, routine micros-
copy (ova and parasites) modified acid fast stains
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Table 7.5 Treatment of bacterial infections in the child with cancer and infectious diarrhea
Duration
Organism Antibiotic Alternative antibiotic of treatment
Aeromonas spp. Azithromycin (10-12 mg/kg/day TMP-SMZ (8-12 mg/kg/day +2 TMP)  3-5 days
daily)
Ceftriaxone (50 mg/kg/day daily)
Campylobacter jejuni  Azithromycin (10-12 mg/kg/day Ciprofloxacin™ (20 mg/kg/day + 2) 5-7 days
daily)
Erythromycin (40 mg/kg/day + 4)
Clostridium difficile Metronidazole (30 mg/kg//day + 3 Vancomycin (oral) (40 mg/kg/day +4)  10-14 days
IV/oral)
E. coli Ciprofloxacin™ (20 mg/kg/day +2)  Azithromycin (10-12 mg/kg/day daily)  3-5 days
Plesiomonas shigelloides TMP-SMZ (8—12 mg/kg/day + 2 Ciprofloxacin™ (20 mg/kg/day + 2) 3-5 days
TMP)
Salmonella (colitis) Cefotaxime (150 mg/kg/day + 3) Ciprofloxacin™ (20 mg/kg/day + 2) 7-10 days
Ceftriaxone (50 mg/kg/day daily) Azithromycin (10-12 mg/kg/day daily)
Shigella spp. Ceftriaxone (50 mg/kg/day daily) Azithromycin (12 mg/kg/day daily) 5 days
Ciprofloxacin™ (20-30 mg/kg/day + 2)
Vibrio cholerae Doxycycline (2-4 mg/kg/day + 2) Azithromycin (12 mg/kg/day daily) 3 days
Tetracycline” (25-50 mg/kg/day +4)  Ciprofloxacin™ for resistant strains
Vibrio vulnificus Ceftriaxone (50 mg/kg/day daily) TMP-SMX plus aminoglycoside Until
plus clinical
Doxycycline (2-4 mg/kg/day + 2) resolution
Yersinia enterocolitica ~ TMP-SMX (8-12 mg/kg/day + 2 Cefotaxime -
TMP) Aminoglycosides
Fluoroquinolones™

Doxycycline/tetracycline”

Treatment recommendations based on Red Book: 2012 Report of the Committee on Infectious Diseases

TMP-SMX trimethoprim/sulfamethoxazole

“Stains developing teeth; use only in children > 8 years of age
“Use of fluoroquinolones in children is indicated when no safe and effective alternative exists and clinicians should be

cognizant of fluroquinolones specific adverse reactions

(coccidian protozoa), antigen testing (rotavirus),
C. difficile toxins, and cultures for enteric bacte-
ria. If the patient with enteric symptoms has
fever, blood cultures should be obtained.

Patients with enteritis should receive replace-
ment therapy for lost fluids and electrolytes, with
the goal of maintaining appropriate levels of flu-
ids and electrolytes and promptly reintroducing
feeding. Table 7.5 outlines the treatment of com-
mon bacterial processes, and Table 7.6 gives the
treatment of parasitic enteric pathogens [19, 20].
If tests for C. difficile toxins are unavailable,
empiric therapy should be considered in patients
with compatible clinical symptoms and in whom
other etiology has been ruled out.

Esophagitis. Symptoms of esophagitis include ody-
nophagia, dysphagia, retrosternal pain, and upper
GI tract bleeding. Common etiological agents in

immunocompromised patients are Candida spp.,
herpesviruses, and cytomegalovirus [21]. Definitive
diagnosis is established using endoscopy. If not
available, clinical findings may provide etiological
clues for empiric therapy. The presence of oral
thrush in patients with cancer is a reliable clinical
marker of esophageal candidiasis [22]. Patients
with herpes esophagitis typically have an acute
onset of severe odynophagia and lesions in the oral
mucosa. Although less specific, cytomegalovirus
esophagitis can be associated with adenopathy and
an erythematous or ulcerated oropharynx.

Candida and herpes esophagitis can often be
diagnosed on double-contrast studies, obviating
endoscopy. If radiographic findings are equivocal
or if response to treatment is inadequate, endos-
copy should be performed for a more definitive
diagnosis. Material for culture and histological
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Table 7.6 Treatment of selected parasitic enteric pathogens in immunocompromised children with infectious

diarrhea
Organism Antiparasitic

Blastocystis hominis

day + 3x20 days)

Nitazoxanide x 3 days
(1-3 years: 200 mg/day + 2)
(4-11 years: 400 mg/day + 2)

Cryptosporidium parvum

Metronidazole (30-50 mg/kg/day + 3 POx 10
days) followed by Iodoquinol (30—40 mg/kg/

Alternative
Nitazoxanide x 3 days
(1-3 years: 200 mg/day + 2)

(4-11 years: 400 mg/day =+ 2)
(>12 years: 500 mg oral twice daily)
TMP-SMX (160/800) 1 tab BID x 7 days

Paromomycin (25-35 mg/kg/day + 3)
plus
Azithromycin (12 mg/kg/day daily)

(>12 years: 500 mg oral twice daily)

Cyclospora cayetanensis
day + 2 TMPx7-10 days)
Cystoisospora belli
(formerly known as
Isospora)

day + 2 TMPx 10 days)
Entamoeba histolytica
paromomycin (x7 days)

Giardia lamblia
days)

Trimethoprim/Sulfamethoxazole (8—12 mg/kg/

Metronidazole (30-50 mg/kg/day + 3 POx 10
days) followed by iodoquinol (x20 days) or

Metronidazole (15 mg/kg/day + 3POx 5-7

Ciprofloxacin (500 mg PO BID x 7 days)

Trimethoprim/sulfamethoxazole (8—12 mg/kg/

Tinidazole (50 mg/kg/day daily; above 3
years) followed by iodoquinol or
paromomycin

Nitazoxanide
Paromomycinx 5-10 days

Tinidazole (50 mg/kg/day daily, once; above 3

years)
Nitazoxanide x 3 days

Microsporidia Albendazole (15 mg/kg/day + 2 doses, max
400 mg/dose)
Strongyloides Ivermectin (200 pg/kg/day PO x 2 days)

Nitazoxanide

Albendazole (400 mg PO BID x7 days)

Treatment recommendations based on Red Book: 2012 Report of the Committee on Infectious Diseases

examination may be obtained during the endo-
scopic examination.

Candida esophagitis can be treated with
fluconazole in stable patients. Seriously ill
patients should be given an echinocandin or AmB
formulation. Definitive treatment should be
guided by using susceptibility testing. Duration of
treatment is 14-21 days [9]. Esophagitis caused
by herpes simplex virus (HSV) should be treated
with acyclovir for 14-21 days or if resistant with
foscarnet for 7-14 days. Patients with cytome-
galic virus (CMV) esophagitis should receive
ganciclovir or foscarnet for 14-21 days [21].

Typhlitis. Typhlitis (also called neutropenic
enterocolitis, neutropenic colitis, or cecitis) is
characterized by fever and abdominal pain in
cancer patients with neutropenia. Common signs

and symptoms include nausea, vomiting, diar-
rhea (bloody in 54 %), decreased bowel sounds,
abdominal distension, rebound and guarding, and
right lower quadrant fullness or mass. In the early
stages, typhlitis is difficult to differentiate from
the effects of chemotherapy, especially if fever is
absent [23, 24]. In patients with bacteremia, iso-
lates commonly correspond to colonic flora.
Abdominal ultrasound or CT is useful to con-
firm the diagnosis. Radiological findings include
thickening of the intestinal mucosa, decreased
diameter of the intestinal lumen, inflammatory
changes around the cecum, and the presence of
intraperitoneal fluid. Imaging results do not alter
management unless bowel perforation is sus-
pected. In such cases, CT is the preferred imag-
ing modality [24]. All cancer patients with
diarrhea or suspected typhlitis should have a
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stool test for the Clostridium difficile toxin if
available.

Antibiotics need not be given if no specific or
significant signs and symptoms are present. Stable
patients with fever and GI signs and symptoms of
typhlitis can be managed with carbapenem mono-
therapy. In toxic or ill-appearing patients with
clinical evidence of sepsis, vancomycin and an
aminoglycoside should be administered in addi-
tion to carbapenems. Vancomycin can also be
considered in patients who have recently received
high-dose Ara-C or those who received quino-
lones before the onset of symptoms. Narcotics
enhance stasis of bacterial and fungal organism in
the cecum and should be avoided. If the patient
does not improve within 72-96 h or has been on
broad-spectrum antibiotic therapy in the week
before onset, empiric antifungal therapy can be
initiated [23, 24]. Intravenous antimicrobials
should be continued until neutropenia and abdom-
inal symptoms resolve, or until the diagnosis of
typhlitis is excluded. Indications for surgical
treatment are persistent GI bleeding and intestinal
perforation; worsening clinical status suggesting
an uncontrolled sepsis; and the presence of symp-
toms of a surgical intra-abdominal process.

Conclusion

Infections in children with cancer should be
appropriately treated to increase survival.
Although LMCIs are faced with limitations,
some practices are cost-effective and can decrease
morbidity and mortality. These practices are: (1)
expeditious clinical evaluation, including the col-
lection of microbiology samples and initiation of
therapy in children with febrile neutropenia; (2)
adapting published guidelines to local epidemiol-
ogy for initial empiric management of common
infections; (3) reserving local supplies of broad-
spectrum antibiotics for use in patients with
febrile neutropenia and severe infections; and (4)
treating seriously ill children with unstable vital
signs with intravenous broad-spectrum antimi-
crobials effective against pathogens associated
with high morbimortality (e.g., gram-negative or
multidrug resistant pathogens).
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Infection Prevention
General Concepts

Prevention of infection, both in the home envi-
ronment and in the hospital, is very important in
the management of an immunosuppressed child
receiving cancer treatment. In the mid-1970s, the
Study on the Efficacy of Nosocomial Infection
Control (SENIC Project) in hospitals across the
USA found that healthcare-associated infections
(HAI) rates were reduced by 32 % in hospitals
that implemented infection prevention control
(IPC) programs [25]. The main goal of an IPC
program is to establish strategies to protect
patients, staff, and visitors from infection and to
achieve this goal in the most economical manner
possible [26]. A collaborative effort by the St.
Jude Children’s Research Hospital (St. Jude)
focuses on improving the capacity for care and
prevention of infections among children at pedi-
atric cancer centers (PCCs) in Latin America,
Morocco, and the Philippines [27]. Interventions
in the care and prevention of infections at PCCs
are carried out in collaboration with local clini-
cians at partner and non-partner sites.

Challenges to Implementing
Infection Prevention and Control
in Low- and Middle-Income Countries

Structure of IPC programs. Structured institu-
tional programs as recommended by leading
organizations [26, 28-30] do not yet exist in many
hospitals in LMICs. Appropriate legislation of
IPC programs in conjunction with education of
healthcare workers, surveillance of HAI, and con-
sistent implementation of basic IPC measures are
essential elements to sustain such programs [31].
Most Latin American countries [27], by promul-
gating a legislation for IPC programs, have
established a legal accountability of healthcare
institutions in implementing IPC programs.

Competent and certified personnel in IPC pro-
grams. Qualified team members (e.g., infection
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preventionist, program director, and data manager
or statistician) are essential. Despite the presence
of legislation in some Latin American countries
that require the training of preventionists [27],
this requirement is not enforced in most cases.
Individual efforts, such as those by St. Jude [32],
have filled the void of trained preventionists via
structured IPC training since 2005. The require-
ment for qualified preventionists is part of the
core standard for IPC recommended by the
International Joint Commission’s international
accreditation standards for hospitals [33]. Only a
few hospitals outside the USA, including those in
LMICs, have received this accreditation [34, 35].

Role and number of preventionists. The role of
preventionists includes infection prevention, as
well as studying risks for healthcare personnel,
evaluating the physical environment, and laying
out contingency plans [35]. However, in LMICs,
basic concerns such as the number of prevention-
ists and their availability continue to exist. Low
standards of healthcare delivery, lack of institu-
tional resources, insufficient training of health-
care providers (HCP), and limited institutional
support for [PC programs add a burden on pre-
ventionists. Thus the newer recommendations of
1 preventionist per 100 beds continue to be highly
inappropriate for institutions in LMICs.

Administrative and financial support to IPC pro-
grams. Investing in IPC programs by assigning a
budget for essential activities leads to important
cost saving by preventing HAIs and their associ-
ated problems. For a strong IPC program, train-
ing support from experts (e.g., microbiologists),
support for obtaining and managing data, training
of hospital staff, and feedback on their perfor-
mance and participation in purchasing essential
supplies for patient care are recommended [26].
Healthcare institutions at LMICs are beginning
to recognize the impact of the cost savings and
the quality of healthcare provided by the IPC pro-
grams [36].

Human and nonhuman institutional resources.
Scarcity of healthcare personnel and lack of
training are significant obstacles to IPC proce-
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dures. The absence of basic infrastructure (e.g.,
sinks, safe water, physical space), lack of basic
supplies (e.g., antiseptics, cleaning products),
and the lack of standardized procedure can also
impede IPC initiatives [37]. Prioritizing areas for
IPC investment will ensure that the program inte-
grates into the organizational structure, thereby
allowing sustainability. A good example for this
type of investment is hand hygiene and safe vas-
cular access [38, 39].

Monitoring the composition and functioning of
the IPC program. A periodic review of the com-
position and performance of the IPC program is
essential to enforce the standards of quality care
delivery.

Access to data on HAIs for primary healthcare
providers and patients. Surveillance of infections
and their risk factors is scarce in most institutions
in LMICs, and in those where surveillance has
been implemented the quality of the data is poor,
unreliable, and inconsistent. Our experience with
some of the St. Jude international partner sites
shows that surveillance data are not standardized,
definitions are not used consistently, and quality
of data is not checked. To improve IPC programs,
good quality surveillance provides a tool for ini-
tial and ongoing reference for interventions to
improve IPC.

Challenges to Infection Prevention
and Control in Children with Cancer

To protect immunocompromised patients from
infections, a safe environment of care is required
in which infection prevention measures are
enforced.

Diagnosis of HAls in children with cancer and
the source of infecting pathogens. Children with
cancer are susceptible to common community-
acquired pathogens as well as to rarer opportu-
nistic pathogens. The causative microorganisms
can be part of the skin, respiratory, gastrointesti-
nal, or genitourinary flora, and during prolonged
hospital stays some microorganisms can be
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acquired from the hospital environment. Infecting
pathogens acquired either at home or at the hos-
pital can be similar because these microorgan-
isms can become part of the resident microbial
flora in the patients due to multiple hospitaliza-
tions; therefore, ascertaining where the patients
acquired the infection can be difficult. Moreover,
in many cases the standard incubation period
cannot be used to determine the relationship
between the onset of acute infection and the time
of hospital admission because of the lack of pro-
tective immunity. If a patient with cancer shows
signs and symptoms of infection while hospital-
ized, the causative microorganism might have
been acquired before admission, during a previ-
ous hospitalization, or after a current admission
to the hospital.

A complicating factor in ascertaining whether
an infection is hospital acquired is that latent
infections acquired early in life may become acti-
vated during immunosuppression. Reactivation of
those infections must be differentiated from acute
primary infections caused by the same microor-
ganism, which could have been acquired during
or after hospitalization. These infections could
include those from the herpes family group, pneu-
mocystis, mycobacteria, parasites, and fungi.
Thus, the interpretation of pathogens isolated in
an immunocompromised host is different from
that in a healthy host. Also, the recognition of an
infected site may be difficult, as the signs of infec-
tion may be blunted in patients with neutropenia
or anemia because of lack of inflammatory
response. Patients with neutropenia and anemia
might show mild or no clinical evidence of infec-
tions of the skin and subcutaneous tissues, urinary
tract and meninges, or in the case of pneumonia,
radiographic findings might be subtle or absent.

Establishing the source of infection may be
difficult because the patient might have had mul-
tiple hospitalizations or required multiple, often
multidisciplinary, sites for care during a hospital-
ization. When assessing HAIs in cancer patients,
the surveillance must include infection rates
based on the number of patient-days at risk
(defined as a period of neutropenia), antimicro-
bial prophylaxis, and the diagnostic resources to
track potential pathogens.
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Host risk factors. Mucositis, antimicrobials, low
stomach acidity, impaired intestinal motility, pres-
ence of vascular catheters, and deficient humoral
and cellular immunity are risk factors for infec-
tion in children with cancer. Infecting pathogens
can be part of patients’ own flora that translocate
into the blood stream to produce bacteremia and
sepsis. Microorganisms in the blood stream,
unchallenged by phagocytes, can multiply expo-
nentially and quickly kill the host when the bur-
den of the pathogens’ metabolic needs and toxic
waste cannot be borne by the infected host [40].
In LMICs, lack of hygiene can facilitate more fre-
quent exposure to foodborne pathogens, for which
children with cancer are at increased risk. In addi-
tion to these inherent problems in children with
cancer, endemic infections, parasitosis, frequent
insect bites, and malnutrition can be frequently
encountered in low-income countries [41, 42].
These health problems tend to exacerbate when
cancer treatments are administered.

Environment of care. Care of children with can-
cer requires a multispecialty team, and multiple
hospital admissions are often the norm. This
increases the risk for exposure to cross-
transmitted pathogens, especially when compli-
ance with procedures for infection preventions is
suboptimal.

In most LMICs, PCCs function within large
healthcare institutions, most of them public hos-
pitals supported by the government and associ-
ated with teaching institutions. These hospitals
are referral hospitals, and in some countries the
only hospital for specialized pediatric care. As
these hospitals provide care free-of-charge or
with minimum payment, they are overcrowded
with indigent patients and are understaffed.
Frequently, targeted training of HCPs happens
only periodically. This lack of standard is more
pronounced in teaching hospitals, where under-
graduate medical and nursing students and other
health-related professionals care for children with
cancer with limited supervision. In addition, in
many PCCs in LMICs, pediatric residents are the
only care providers for these children after hours
with oncologists usually available only telephoni-
cally. Because of the limited availability of
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pediatric oncologists, exclusive care by them can
rarely be provided round the clock. Furthermore,
pediatric infectious disease (ID) specialists and
preventionists in many PCCs do not actively par-
ticipate in the care of children with cancer. If the
PCC has access to ID physicians, they are con-
sulted only when the child has a severe infection,
a rare pathogen needs to be isolated, or during the
emergence of an infectious outbreak. Most ID
physicians and preventionists are also not well
prepared to care for children with cancer who
have infections. Usually, these professionals have
not had sufficient exposure to cancer care or been
trained in care and prevention of infections in
cancer during their studies. Therefore, they lack
an understanding of the complexity and the
urgency of care during infections. Moreover,
healthcare employees in public hospitals are not
paid well and work in multiple healthcare sites to
supplement their income. Some hospitals func-
tion with minimum personnel and IPC standards
are poor or nonexistent, increasing the risk of
infections in children with cancer during critical
times of immunosuppression.

In most hospitals that have a PCC, the multi-
ple needs of children with other pathologies com-
pete with the needs of children with cancer. The
lack or absence of essential antimicrobials, forc-
ing HPCs to use less optimal treatment, is a major
concern. During times of critical shortage, family
members or NGOs need to purchase antimicrobi-
als and supplies.

Essential Areas of Engagement
to Improve Care and Prevention
of Infections

Patient hygiene and safe food. The mechanical
removal of dirt and bacteria can be achieved
through careful body washing. Recent reports
show that a chlorhexidine wash decreases the
incidence of infections in patients in the intensive
care unit (ICU) [43]. Meticulous and frequent
mouth care during chemotherapy can decrease
the complications of mucositis and ventilator-
associated pneumonias (Joanna Acebo, 2012,
personal communication).

M.A. Caniza and G. Maron

The CDC recommends a low-bacteria diet for
3 months after autologous hematopoietic stem
cell transplantation (HSCT) and until all immuno-
suppressive drugs are discontinued for allogeneic
recipients [44]. In low-bacteria diets, consump-
tion of raw fruits and vegetables is restricted
because of concerns of contamination with Gram-
negative bacilli. Guidelines for safe food prepara-
tion should be followed in the hospital’s kitchen
as well as at home. Strategies for safe food prepa-
ration include good hand hygiene, clean utensils
and food preparation surfaces, and cooking at rec-
ommended temperatures. Other strategies include
choosing packed food, drinking boiled or bottled
water, and avoiding traditional foods that do not
comply with safety regulations. Supplemental
feeding, such as enteral feeding, can become con-
taminated with S. epidermidis, S. aureus, and
Gram-negative bacilli during preparation and
administration of products and systems. Colony
counts in enteral feedings increase with the hang
time of the product and the administration set.
Therefore, it is recommended [35] that high-risk
patients receive ready-to-feed enteral feeding via
closed systems and that administration sets be
changed every 24 h.

Hand hygiene and safe vascular access. The
WHO Clean Care is Safer Care focuses on the
aspects of hand hygiene and safe injections [45].
The first step is to improve hand hygiene by
improving access to essential infrastructure
(sinks) and supplies (soaps, towels, alcohol gel),
awareness (through health education and promo-
tion), policies and procedures, and working on
the institution buy-in by providing feedback on
hand hygiene procedures to hospital leaders [46].
After hand hygiene practices have been instated,
the focus should be on other key practices such as
vascular access. Important components of safe
vascular access include trained HCP, access to all
the supplies at the point of care, careful site loca-
tion, skin asepsis, and catheter securing. After
catheter insertion, careful hand hygiene and fre-
quent site evaluation, cleaning of the catheter
every time it is accessed, and flushing the cathe-
ter after use prevent infections-related complica-
tions and clotting [47].
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Safe blood. The Pan American Health
Organization Blood Transfusion Safety program
encourages four main strategies to manage a safe
blood service: (1) planning and managing a
national integrated system for blood banks, (2)
promoting the voluntary donation of blood, (3)
guaranteeing the quality of blood, and (4) appro-
priately using blood and its components.
Modern chemotherapy relies on highly myelo-
suppressive treatment; thus blood and blood
products are essential for supportive care.
However, blood-transmitted diseases are a major
concern. Therefore, a local institutional or
country-wide program based on careful screen-
ing of donors, safe storage and use of blood can
decrease the risk of transmitting infections.

Safe environment of care. A safe environment
can be provided by closely monitoring the
cleaning and disinfection process and using
appropriate cleaning supplies and methods. The
goal of environmental cleaning is to remove
organisms that survive in the environment and
to prevent dust dispersal [48]. To achieve this
goal, written environmental services policies
must be in place; cleaning must be performed by
trained and reliable personnel; dust accumula-
tion should be prevented by daily cleaning of
frequently touched areas; and damp dusting and
mopping should be done by using hospital high-
grade disinfectants and high-efficiency particu-
late vacuum cleaners in carpeted areas or by
avoiding carpeting all together. Rooms of
patients infected with C. difficile should be
cleaned carefully and disinfected with hypo-
chlorite cleaning solutions [49]. It is important
to de-clutter the patient’s room by providing
lockers to families for storage. Linens must be
handled by standard methods. Linens washed
and dried per standard hospital protocol contain
very few pathogenic organisms, and sterile lin-
ens are therefore not needed. Vase water from
fresh flowers can harbor Gram-negative bacilli
such as Pseudomonas aeruginosa and dried and
fresh flowers and potted plants can harbor fungi
such as Aspergillus and Fusarium spp. Hence,
both fresh and dried plants and flowers should
be avoided in units that house immunocompro-
mised patients.
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The goal of management of air and ventila-
tion is to minimize the risk of transmission of
airborne pathogens such as Aspergillus. Hospital
ventilation systems can facilitate the dissemina-
tion of Aspergillus spores; therefore incoming
air should ideally be high-efficiency particulate
air (HEPA) filtered, which can remove up to
99.97 % of spores as small as 0.3 pm from the
air. Laminar air flow allows air to move through
a bank of HEPA filters, thereby providing opti-
mal airflow with minimal turbulence. Air quality
for immunocompromised patients can be
improved by maintaining positive room air pres-
sure relative to the corridor, well-sealed rooms to
prevent flow of air from the outside, and ventila-
tion to provide more than 12 air changes per
hour. Air sampling needs to be performed when
HEPA filters are changed, before opening areas
that have undergone construction and when
investigating outbreaks of invasive Aspergillus
infection. Construction and renovations require
careful planning to protect patients from the risk
associated with fungal infections, especially
molds. Containment measures include adequate
barriers and negative pressure inside the con-
struction site. Barriers required include plastic
for low-risk areas (offices) and hard-wall barri-
ers with sealed joints in most areas delivering
healthcare adjacent to the demolition and/or
removal of large numbers of ceiling tiles. If
flooding occurs during construction due to bro-
ken pipes or obstructed drains, the source of
water must be identified, the problem fixed as
soon as possible, and patients immediately evac-
uated from the exposed area. If the water is clean
and the structural material can be dried within
72 h, no removal or replacement of contaminated
materials may be necessary. If drying cannot be
accomplished in a timely manner or if dirty
water or sewage is involved in the flooding,
removal of contaminated materials and disinfec-
tion of the area with germicide is required. Water
damage remediation plans must be available to
reference in case such events occur.

Isolation measures to prevent dissemination
of pathogens are a frequent problem, especially
during limited space availability. Maintaining a
minimum distance of at least 1 m between beds;
providing essential needs to each patient and
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educating parents on avoiding sharing; frequent
cleaning of beds and beds rails; access to alcohol
gel at the beds; and categorizing patients by the
type of pathogen infection are some strategies to
reduce the dissemination of pathogens.

Access to diagnostic laboratories and essential
antibiotics and administration supplies. The
expedited initiation of antimicrobials improves
survival and decreases the spread of contagious
pathogens [50]. Access to microbiology labora-
tories can allow pathogens to be identified and
isolated so that timely treatment can be initiated
[51]. Publication and hospital-wide distribution
of the yearly summary of pathogens isolated in
the microbiology laboratories with the corre-
sponding antibiogram will allow the HCP to
make an educated guess while choosing empiric
antimicrobial regimens.

Conclusion

The treatment of children with cancer is expen-
sive and prolonged and requires a broad range of
critical resources in the already overburdened
healthcare institutions in the developing world.
As described herein, investment in an IPC pro-
gram for PCCs is cost-effective, considering the
heavy cost of care of children with cancer
imposed on the institution.

Infections can be prevented by using simple
procedures such as hand hygiene, patient
hygiene, complete and frequent evaluation of
patients to identify the risk for infection or early
infection, safe food preparation, and using barri-
ers during invasive activities. Procedures of
medium complexity require isolation and might
need special infrastructure and supplies, whereas
procedures of high complexity require special
ventilation and other technologies for improving
air quality.

To build onsite infection care prevention
capacity for PCCs in LMICs, it is important to
address the financial aspects and gain support
from medical and administrative leaders. The
long-term support for infection care and preven-
tion programs will depend on demonstrating a

M.A. Caniza and G. Maron

financial benefit of providing better quality
healthcare for children with cancer via the struc-
tured and organized activities of ICP programs.
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Nutritional Assessment
and Intervention

Paul C. Rogers and Judy Schoeman

Introduction

Adequate nutrition is a fundamental necessity to
ensure adequate growth and development during
infancy, childhood and adolescence. Disease pro-
cesses are well described in children who have
inadequate or inappropriate nutrition of calories,
protein, vitamins, essential fatty acids and trace
elements [1]. In the presence of an additional dis-
ease, such as cancer, poor nutrition may exacer-
bate the state of the child’s ill health and increase
the morbidity and mortality associated with the
cancer and malnutrition [2—4].

Malnutrition has two ends of the spectrum, the
one side is undernutrition with protein energy
malnutrition (PEM) and the other end of the
spectrum malnutrition is due to excess calorie
consumption leading to overweight or morbid
obesity. Although undernutrition is far more
common in low income countries (LIC), the
problems of obesity are increasing due to adapta-
tion of a western diet and easy access to fast food
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vendors. The risk for developing PEM depends
on the type of cancer, the stage and treatment
regimens [5—10].

Effects of Malnutrition on Patients

It is reported that 5-50 % of patients are under-
nourished at diagnosis of their cancer and is
definitely more frequently reported in LIC [5, 8, 9].
During treatment patients may become undernour-
ished as well [6]. Cancer cachexia is multifactorial
and can be due to an interaction of the host, the
disease, treatment and psychosocial or central
nervous system factors [4, 7, 10]. Lists of these
interactive causes are noted in Table 8.1. The
pathogenesis of energy imbalance in Table 8.1
shows the relationship between increased needs,
increase losses and decreased intake which will
result in an energy deficit and potential organ
dysfunction.

At the other end of the malnutrition spectrum
is obesity. Obesity has been shown to be related
to increased toxicity of treatment in acute myelo-
blastic leukaemia and an increase relapse rate in
acute lymphoblastic leukaemia [11-13]. It has
been documented that undernutrition, overweight
and obesity are associated with a change in phar-
macokinetics of drugs as seen in Table 8.2, which
may result in inappropriate dosing by either inad-
equate- or overdosing [14-17]. For example,
drugs such as Methotrexate have delayed clear-
ance in the underweight patient, especially when

D.C. Stefan and C. Rodriguez-Galindo (eds.), Pediatric Hematology-Oncology in Countries 91
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Table 8.1 Multifactorial causes of cancer cachexia

Cancer cachexia
Multifactorial
¢ Disease
e Host
¢ Socio-economic
¢ Treatment

Interactive tumour and ¢
host-related effects

Socio-economic,
inadequate supply of
nutrients

¢ Anorexia

* Bowel obstruction

¢ Malabsorption

e Pain

e Metastatic disease

e Metabolic effects
(Paraneoplastic)

e Altered metabolism of
protein, fat and
carbohydrate

¢ Increased resting energy

expenditure (REE)

Multimodal treatments

(chemotherapy, radiation

and surgery)

¢ GI: nausea and vomiting,
mucositis, impaired
digestion, diarrhoea, ileus,
morphological changes to
gut mucosa, decrease
appetite

¢ Infection and antibiotics

e Other drugs

e Other organ toxicities

CNS/psychosocial * Anorexia

¢ Food aversion

e Anticipatory vomiting

e Depression/anxiety

¢ Body image

* Loss of control by the
patient of their
environment

¢ Parental influence and
perceptions

¢ Changes in taste and smell

Therapy related effects ¢

Source: Sala et al. [4]

high doses are being utilised, this may result in
prolonged toxicity such as mucositis or renal
damage [17].

Not only does decreased protein and/or energy
intake result in increased morbidity of cancer but
also deficiency of micronutrients (both vitamins

P.C. Rogers and J. Schoeman

Table 8.2 Alterations of drug disposition in severely
underweight patients

Absorption Decreased rate and possibly extent of

absorption

Distribution Decreased serum proteins (albumin an

a-1 acid glycoprotein)
e May increase free active drug,
but may increase clearance of
some drugs

Metabolism Reduced oxidative and conjunctive

reactions
e Decreases terminal clearance of
metabolised drugs, but may also
increase oral absorption of drugs
with extensive presystemic
metabolism in the gut or liver

Renal excretion Glomerular filtration rate and possibly

tubular secretion are reduced

Source: Krishnaswamy [14], Murry [15]

and trace elements) can exacerbate the
co-morbidities associated with cancer and its
treatment [18, 19]. Some of the co-morbidities
related to vitamin and trace element deficiency
are listed in Table 8.3.

Increased Risk of Infection

It has been well documented in children without
cancer that undernutrition will result in increased
risk of variety of infections [7-9, 20, 21]. These
infections themselves can exacerbate the mal-
nourished state in the cancer patient and is most
apparent in infections such as tuberculosis or HIV.
The presence of parasitic disease is ubiquitous,
especially in African countries, and will also add
to the degree of undernutrition. Bacterial and viral
infections are frequent occurrences during treat-
ment of patients with cancer. The inability to ward
off such infections during treatment is impaired
by the presence of undernutrition [1, 7, 20].

Chronic diarrhoea, due to a multitude of
causes, is a frequent problem in developing coun-
tries. In countries such as Bangladesh, chronic
diarrhoea patients are often zinc depleted and
zinc substitution benefits these patients [22].

An important aspect that needs reiterating is
the need to maintain or improve the quality of life
for our patients that we treat for cancer, the sense
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Table 8.3 Clinical findings associated with nutritional inadequacies

Area of examination  Findings Considered nutritional inadequacy

General Underweight; short stature | Calories
Oedematous; decreased activity level | Protein
Overweight | Calories

Hair Ease of pluckability; sparse, depigmented; lack of curl; |Protein
dull, altered texture; flag sign

Skin (general) Xerosis, follicular keratosis |Vitamin A
Symmetric dermatitis of skin exposed to sunlight, | Niacin
pressure, trauma
Oedema |Protein
Petechiae, purpura | Ascorbic acid
Scrotal, vulval dermatitis IRiboflavin

Erythematous rash around mouth and perianal area |Zinc
Skin (face) Seborrheic dermatitis in nasolabial folds |Riboflavin
Moon face; diffuse depigmentation | Protein
Subcutaneous tissue  Decreased | Calories
Increased JCalories
Nails Spoon-shaped; koilonychia |Iron
Eyes Dry conjunctiva; keratomalacia; Bitot’s spots |Vitamin A
Circumcorneal injection |Riboflavin
Lips Angular stomatitis |Riboflavin, Iron
Cheilosis |B-complex vitamins
Gums Swollen, bleeding 1 Vitamin C
Reddened gingiva |Vitamin A
Teeth Caries |Fluoride
Stained teeth |Iron supplements
Mottled, pitted enamel |Fluoride
Hypoplastic enamel |Vitamins A, D
Tongue Glossitis | Niacin, folate, riboflavin, vitamin
B12
Skeletal Costochondral beading |Vitamins C, D
Craniotabes; frontal bossing; epiphyseal enlargement | Vitamin D
Bone tenderness JVitamin C
Muscles Decreased muscle mass |Protein, calories
Tender calves JThiamin
Neurologic Ophthalmoplegia | Thiamin, Vitamin E
Hyporeflexia |Vitamin E
Ataxia, sensory loss |Vitamins B12, E
Endocrine and other ~ Hypothyroidism |lodine
Glucose intolerance JChromium
Altered taste 1Zinc

Generalised dermatitis

Delayed wound healing

Source: Compliments of AbbottNutritionHealthInstitute.org
With permission from Duggan C, et al. Nutrition in Pediatrics (2008)

|Zinc, essential fatty acids

lVitamin C, zinc

of well-being is definitely improved in those chil-
dren who are receiving adequate nutrition [2, 7,
9, 23]. Published studies in LIC have shown that

malnutrition at cancer diagnosis could cause
delays in cancer treatment, poor adherence to
treatment and a negative impact on outcome [24].
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Table 8.4 Short- and long-term consequences of malnu-

trition on the paediatric cancer survivor

Short-term consequences

Wasting of muscle- and
fat mass

Decreased tolerance of
chemotherapy

Unfavourable response to
chemotherapy

Treatment delays
Fatigue

Biochemical disturbances
(anaemia and
hypoalbuminemia)

Delayed recovery of
normal marrow function
Changes in body
composition

Drug dose alteration

Long-term consequences

Growth impairment, reduced

final height

Decreased long-term survival

in several tumour types

Impact on motor, cognitive
and neurodevelopmental
impairment

Risk for metabolic syndrome

Risk for secondary cancers
Risk for ageing
Increased mortality rate

Retardation of skeletal
maturation

Abnormal bone mineral

density

Decreased quality and Decreased quality of life

productivity of life

Greater levels of
psychological distress
Higher susceptibility to
infections

Source: Bauer et al. [37]

Co-morbidities which are a result of malnutri-
tion or result in malnutrition do need to be evalu-
ated clinically [25]. These include the presence
of infection, both chronic and acute, as well as
organ dysfunction that may have resulted from
infections and/or malnutrition. The lists of these
co-morbidities relevant to poor nutrition are
listed in Table 8.4.

Nutritional Assessment

There are many textbooks and review articles on
nutritional assessment and nutritional require-
ments for paediatric patients which are relevant
to children with cancer and are available for fur-
ther background on the following guidelines in
this chapter [10, 26-30].

Nutritional assessment of Paediatric Oncology
patient’s should commence at diagnosis, con-
tinue whilst on therapy as well as during survi-

P.C. Rogers and J. Schoeman

Table 8.5 Important anthropometric measurements and
assessments in children

e Weight (Wr)

¢ Height/length (Hf)

¢ Head circumference (<3 years)

*  Weight for height/length

e Ideal body weight (IBW=patients actual Wt divided
by the ideal Wt for Htx 100)

e Body mass index (BMI=Wt in kg divided by Ht in
metres squared)

¢ Height and weight Z-score

e Triceps skin fold (fat stores)
Arm circumference (muscle stores)
Waist circumference

¢ Height velocity

Source: Sacks et al. [26]

Table 8.6 Parameters part of biochemical assessment in
high income countries

* Complete blood count, hepatic biochemistry, renal
and fluid biochemistry, sugar
Albumin (half-life 14-21 days)
Transferrin (half-life -9 days)
Pre-albumin (half-life 2-3 days)
Retinol binding protein (half-life 12 h)
» Fat status
Cholesterol
Lipoproteins
e Trace elements: Zn, Cu, Se, Mg
¢ Vitamins: A, C, E, Thiamine, Riboflavin
¢ Global biochemical assessment of antioxidants
Source: Sacks et al. [26]

vorship. The A, B, C, D’s of nutrition assessment
consists of anthropometry-, biochemical-,
clinical- and dietary assessment. Anthropometric
measurements are tabulated in Table 8.5, bio-
chemical indicators in Table 8.6 and current clin-
ical examination as in Table 8.3. Nutritional
assessment is required to identify nutrition-
related health status and help in decision making
for the appropriate nutritional interventions.

Anthropometry Evaluation [26, 27]

The weight and height of the patient needs to
be plotted on relevant WHO growth charts or
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Table 8.7 Summary of categories for Z-scores to determine nutritional status according to WHO standards

Z-score H/A W/H W/A BMI/A

>+3 SD Above normal Obese Possible growth problem Obese

>+2 to +3 Normal height Overweight Possible growth problem Overweight

—1to <+2 Normal height Possible risk of Possible growth problem Possible risk of
overweight overweight

<-1to >-2 Normal height Normal weight Normal weight Normal weight

<-2to >-3 Stunted Wasted Underweight Wasted

<-3SD Severely stunted Severely wasted Severely underweight Severely wasted

Source: WHO

Categories in bold indicate malnutrition and these patients need urgent nutritional intervention [28]

compared with WHO data tables for age and

gender. The corresponding Z-scores must then

be categorised according to Table 8.7 to deter-
mine nutritional status.

e Stunting (low H/A) reflects on a child’s length
or height and is associated with chronic mal-
nutrition or long-term growth faltering, insuf-
ficient food intake and frequently associated
with low socio-economic status.

e Underweight (low W/A) is when a child
weighs less than the corresponding age- and
gender group.

*  Wasting (low W/H) is an indicator of acute or
recent malnutrition. It is a measure of how
skinny a child is when compared to the corre-
sponding height.

* Body mass index for age (BMI/A) is deter-
mined by the following: weight (kg)/length
(m?). BMI growth charts are available from
birth but are more appropriate for children
older than 2 years of age. Low BMI is an indi-
cator of wasting while BMI above the 85th
percentile (+2 Z-score) indicates overweight
and above the 95th percentile (+3 Z-score)
indicates obesity.

* Head circumference should be plotted on
growth charts and compared with previous
readings. This should be done especially for
children under the age of 2 years.

* Triceps skin fold (TSF) is measured by skin
fold callipers.

* Mid upper arm circumference (MUAC) is
measured by reference tape at the position of
the mid upper arm.

The TSF and MUAC values must be evaluated
according to age and gender reference values as

Table 8.8 Categories of Z-scores and percentiles to
determine fat and muscle stores according to WHO
standards

Z-score Percentile TSF/AFA/MUAC
>+3 SD >97th Excess

>+2t0+3 >85 to <97th Above average stores
<+2to<-1 >15 to <85th Average stores
<-2to >-3 >3 to <15th Below average stores
<-3SD <3rd Depleted stores

Source: WHO [28]

on WHO charts or data tables and then catego-
rised as seen in Table 8.8 to determine body
stores. It is the preference that TSF and MUAC
be undertaken by one consistent observer as these
measurements will vary if they are taken by dif-
ferent observers.

It is recommended that patient’s anthropomet-
ric measurements be done on a regular basis and
longitudinal. Guidelines for the time frames of
these measurements are presented in Table 8.9.

Anthropometry of PEM [26, 27, 30]

e Z-score of <=2 SD below the reference median
for all measurements is an indicator of severe
malnutrition

e Decrease in percentile for weight/height or
two major percentiles

* Height for age (H/A) <95 % of the median for
gender and age
- H/A <75 %

malnutrition
— H/A <5th percentile indicates chronic
undernutrition

an indicator of chronic



96

P.C. Rogers and J. Schoeman

Table 8.9 Minimum guideline for assessing anthropometric data

Each subsequent

Out-patient At least every

Parameter Diagnosis in-patient admission clinic review 4 weeks
Weight v v v

Height v 4

Plot on centile chart/BMI v 4

chart

Body mass v v v

index/%weight:height

% Weight loss since diagnosis v v

Mid upper arm circumference v 4

Source: Selwood et al. [30]

* Weight for height (W/H) under 90 % of the
median for gender and age
— W/H <50th percentile
— W/H <10th percentile indicates severe
wasting
*  Weight loss >5 % to pre-illness weight or in 1
month
e BMI <10th percentile for age and gender
e TSF <5th percentile for age and gender
e AFA <5th percentile for age and gender
e AMA <5th percentile for age and gender
* MUAC <5th percentile for age and gender
* PEM can also be seen by a single measure-
ment, such as MUAC, where a low value in
paediatric patients classify them as acute
malnourished:
— <12.5 cm if <5 years
— <13.5 cm if >5 years of age
— In Table 8.10 values are presented to deter-
mine differences in severe malnutrition in
children with cancer

Biochemical Assessment
for PEM [26, 27]

e Serum albumin under 3.2 mg/dL (if no acute
metabolic stress previous 2 weeks) may be
seen as an indicator of a patient’s protein sta-
tus. Careful interpretation of low serum albu-
min values are needed, because other
non-dietary factors are often the cause for
decreased values. Serum albumin half-life is
approximately 2 weeks and and need to be
used in conjunction with other parameters for
nutritional status.

Table 8.10 Assessment of nutritional status—cut-offs

Acute Severe acute
Age group malnutrition malnutrition
6 months to 5 MUAC MUAC
years <125 mm <110 mm
>5 years without Weight for Weight for
tumour mass® height <=2 SD height <=3 SD
>5 years with a MUAC MUAC
tumour mass® <135 mm* <115 mm®

Source: Israels et al. [38]

*For example, ALL

"Clinical assessment is more important, MUAC is more
variable than in younger group especially in pubertal
children

‘Empiric cut-off

e Pre-albumin, when available, can also be used
which has a half-life of only 2 days and there-
fore a better indicator of acute change of pro-
tein status.

Clinical Assessment of PEM
Is Seen as [26, 27]

* Loss of subcutaneous fat.

¢ Presence of muscle wasting.

¢ Resent weight change (weight loss or-gain must
not be related to fluid retention or loss of fluid).

¢ Presence of oedema at ankles, sacrum or face.

* Hair changes.

* Conditions that may affect the nutritional status,
e.g.: inability to chew and swallow; loss of appe-
tite; the presence of vomiting, diarrhoea, consti-
pation, flatulence, belching or indigestion.

e Signs or symptoms suggestive of vitamin and/
or mineral deficiencies. (As seen in Table 8.3).



8 Nutritional Assessment and Intervention

Table 8.11 Patients at high risk for malnutrition

e Patients with advanced disease, e.g. metastatic

e Malnutrition or evidence of cachexia present at
diagnosis

e Patients expected to receive highly emetogenic
regimens

e Patients treated with regimens associated with severe
gastrointestinal complications such as constipation,
diarrhoea, loss of appetite, mucositis, enterocolitis

e Patients with relapse disease
e Patients who are <2 months old

e Patients who are expected to receive radiation to
oropharynx/oesophagus or abdomen

e Chemotherapy treatment protocol with high
occurrence of gastrointestinal or appetite depressing
side effects such as Burkitt’s Lymphoma, Osteogenic
sarcoma and CNS tumours

e Post-surgical gastrointestinal complications such as
prolonged illness or short gut syndrome

e Patients receiving a stem cell transplant

® [Inadequate availability of nutrients due to low
socio-economic status

e Patients with behavioural or eating disorder

Source: Mauer et al. [7]

¢ Medications and their nutrient interactions.
* Gut dysfunction for longer than 5 days in
well-nourished patients.

Dietary Assessment of PEM
Is Seen as [26, 27]

e Food intake of less than 70% of a patient’s
requirements for 5 days.
Table 8.11 indicates cancer patients at high
risk for PEM.

Nutritional Requirements
of Children with Cancer [26, 30-34]

Energy Requirements

The resting energy expenditure (REE) and nutri-
ent requirements should be defined for each can-
cer patient when possible. The recommended
daily allowance (RDA) for energy requirements
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Table 8.12 Recommended daily allowances for calories
and protein for children

Age Protein Calories
Category (years) (g/kg/day) (kcal/kg/day)
Infant 0.0-0.5 22 108

0.5-1.0 1.6 98
Child 1-3 1.2 102

4-6 1.1 90

7-10 1.0 70
Male 11-14 1.0 55

15-18 0.9 45
Female 11-14 1.0 47

15-18 0.8 40

Source: Data from World Health Organization (1985) and
Nutrition Support Services (1995)

Table 8.13 Disease and physical activity factors for
adjustment of resting energy expenditure

REE

factor  Disease and activity factors

X Well-nourished children, sedated on ventilator,

1.0-1.1 extracorporeal membrane oxygenation;
minimal stress

X 1.3 Well-nourished children with decreased
activity, minor surgery, mild-to-moderate
sedation; minimal stress

X 1.5  Ambulatory child with mild-to-moderate stress
Inactive child with sepsis, cancer, trauma,
extensive surgery
Minimally active child with malnutrition and
catch-up growth requirements

X 1.7 Active child with catch-up growth requirements

Active child with severe stress

Source: Magbool et al. [29]
Compliments of AbbottNutritionHealthinstitute.org

of healthy children is seen in Table 8.12. An
appropriate activity factor (AF) as seen in
Table 8.13 can be factored. This is required to
compensate for the increased demands on the
body due to the tumour and other co-morbidities.
Factors such as fever, infection, stress, physical
activity and catecholamine can elevate energy
expenditure [30]. For example, a 4-year-old girl
is admitted in the unit, she weighs 12 kg. RDA is
90 kcal, so 12 kgx90 kcal=1080 kcalx1.5
AF=1575 kcal/day.
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Protein Requirements

Protein requirements would be met by using
the RDA as seen in Table 8.12. It can be multi-
plied by a factor of 1.2 to meet the increased
needs due to increased catabolism caused by
the tumour, infection and other co-morbidities.
If the intake of the patient is sufficient, fat
stores will be restored and muscle mass will
increase during the initial phase of treatment,
otherwise the body’s fat and muscle stores will
be depleted if oral intake does not meet the
required intake.

Vitamin and Trace Elements

It is well documented that patients who have
PEM may also have depleted stores of necessary
vitamins, trace elements and sometime essential
fatty acids [1, 33]. The health care providers
(HCP) caring for these patients should clinically
evaluate for this. Clinical manifestations are
listed in Table 8.3 as discussed earlier (see nutri-
tional assessment).

Nutritional Care During
Cancer Treatment

Nutritional supportive care has been surveyed in
both North America and the UK where both
showed inconsistency of care [30, 35].
Nevertheless, there are excellent expert opinions
on the need for appropriate nutritional support
during cancer treatment on which the following
recommendations are based. Textbook references
and websites are available for additional informa-
tion [10, 26, 32, 36, 37].

The aim of nutritional support in children
with cancer is to reverse and/or prevent mal-
nutrition, promote weight gain, growth and
normal development, improve immune sys-
tem, enhance tolerance to treatment and qual-
ity of life.

P.C. Rogers and J. Schoeman

Table 8.14 Nutritional screening
The following criteria are used to identify children at risk
[33, 34]

¢ Total weight loss of >5 % of the pre-illness body
weight over the past month

¢ Weight <10th or >90th percentile for age

e Height <10th percentile for age

*  Weight for height <10th or >90th percentile

*  Weight <90 % of ideal body weight for height

e Triceps skinfold thickness <10th percentile and
mid-arm circumference <5th percentile (arm
anthropometry appears to be more sensitive measure
of malnutrition than weight for height in children
with large solid tumours [33])

e BMI <5th or >85th percentile for age
e Oral intake <80 % of estimated needs

Children receiving high-dose chemotherapy or
combination therapy for aggressive cancers are at high
risk of developing malnutrition and may need early
nutrition intervention on the basis of their oral intake and
the treatment protocol

Source: Kleinman. Pediatric Nutrition Handbook 6th Ed.
(2009)

Benefits of Nutritional Care Include

* Minimising the catabolic effect of the tumour

e Minimising weight loss during treatment

* Maintaining of body weight and body tissue to
prevent deteriorating of nutritional status to

PEM [7]

* Prevent specific nutrient deficiencies
e Decrease treatment-related side effects.

Children have decreased energy reserves com-
pared to adults. The body consists mainly of water
and a low fat percentage, making paediatric
patients more susceptible to malnutrition. Medical
treatment can lead to deterioration of the nutri-
tional status of the patient if nutritional interven-
tion does not take place [6], therefore regular
nutritional screening of patients’ nutritional status
is needed to prevent the deterioration as seen in
Table 8.14.

It is important to remember that every child is
unique and will tolerate cancer treatment differ-
ently. The challenge lies in maintaining or
improving the child’s nutritional status during
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cancer therapy. Nutritional assessment and inter-
vention should commence at time of diagnosis
and continue during treatment. Figure 8.1 is an
algorithm for a process of nutritional care as
developed by the Children’s Oncology Group.
Other algorithms are available [26].

Patients need to continue, as far as possible,
with their normal life. One way is to ensure eat-
ing familiar food, to improve their morale and
quality of life. Awareness of cultural difference
from the HCP is important for appropriate local
nutritional support [38].

The Side Effects of Treatment

Chemotherapy, radiotherapy and/or surgery can
cause various nutritional side effects as seen in
Table 8.15. The appropriate management thereof
is important to prevent decreased oral intake,
weight loss and eventually PEM.

As observed in Table 8.15, if patients have
anorexia or loss of appetite, one of the best strate-
gies is to increase nutrient density of the food
they eat, as indicated in Table 8.16. Simple high
protein food sources such as peanut butter and/or
eggs are recommended as alternatives to com-
mercial expensive supplements [38]. The use of
high energy and protein diets, nutritional supple-
ments, special diets, nasogastric enteral feeds
(NG) or as a last resort parenteral nutrition (PN)
is suggested.

Oral Intake

High Energy and Protein Diet

A high energy and protein diet can provide
patients with sufficient energy, to meet their
nutritional needs.

A study done on sick children in which feed-
ing them a high energy, high protein diet led to a
mean increase of 1.33 kg in weight and 0.98 cm
in height, with a significant increase in muscle
stores, but not in fat mass. It demonstrated that
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the body first restores the lean tissue or muscle
stores and then the fat stores [39].

Nutritional Supplements

Nutritional supplements are nutrient dense bever-
ages available in different flavours and packaging.
Patients in a South African study received snacks
(muffins, cheese, etc.) and nutritional drinks that
lead to significant weight gain [30, 34].

It is important that patients are monitored to
ensure compliance of intake of the supplements.
A patient’s favourite drink or food can be supple-
mented to improve compliance and tolerance
[30] or freeze the supplements to taste like “slush
puppy” or in the form of ice cubes that they can
be eaten individually [30].

Neutropenic Diet

Neutropenic sepsis is mostly the result of bacteria
in the patient’s flora in his gastrointestinal track
(GIT) and thus a neutropenic diet (low bacterial
diet) has been developed. The diet contains no raw
fruits or vegetables, no aged cheese, no cold meat,
no take-away food, no undercooked meat products
or unpasteurized milk or juice. There is no evi-
dence that a completely sterile food preparation
diminishes the risk of infection [40]. Food safety
guidelines with focus on guidelines for shopping,
storage of food, food preparation, cooking and
serving of food [34] are shown in Table 8.17.

Nasogastric Enteral Feeds
[10, 30, 36, 37]

Children experience periods during their treat-
ment where they do not have an adequate oral
intake. NG feeds are required to provide adequate
nutrients and prevent malnutrition. A number of
reports document the utility and safety of enteral
tube feeding [41-43].

NG feeds should be considered in paediatric
cancer patients in the following situations:
¢ Malnutrition not responding to oral intake.
* Severe oral mucositis, nausea and/or vomiting.
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Identify appropriate category: Age > 2 years choose either BMI (Body Mass Index)or IBW (Ideal Body Weight)
Age < 2 years choose WT/LT (Weight for Length) or IBW (Ideal Body Weight)

Categories for Nutritional Status

Underweight Normal Risk of Overweight / Overweight*
BMI < Mol 5- 85" o4 ile > 8595 %4 ile > 95M o ile
WT/LT < 10" % ile 10 - 90" % ile > 90" v ile
IBW < 70% Severe | > 70-80% Moderate >90-110 % >110-120% >120%
> 80-90% Mild
\ *Evaluate for weight gain or loss

!

5% wt loss from Usual Body Weight (UBW) or during therapy]

or —

Crossing > 2 percentile channels

No

Meeting > 80 % estimated nutritional needs

through oral intake (food and supplements) Yes
Yes No

Encourage oral intake/supplements and

monitor weight/adequacy of diet once a month_

No
\Wm impending treatment adversely affect nutritional status
No and ability to meet needs orally?
Yes

Oncologic prognosis warrants TPN (Total Parenteral Nutrition) or TF (Tube Feeding) m—
Yes

Can patient safely tolerate/absorb nutrients via GI tract?

lNo ly

Is expected need for nutritional Is patient a candidate for tube feeding?
support >5days
No
No lYes
Can intolerance be alleviated by changing
TPN until GI tract formula or using antiemetics/ motility agents

can be safely used

l No Yes Yes

Monitor and intervene as needed  mm———— TPN
High risk of pulmonary aspiration or excessive emesis
No Yes

Gastric feeds Posl-]Ihmc feeds

Tube feeding required for > 3 months
No Yes

Nasoenteric tube feeding Enterostomy tube feeding (PEG vs.G-Tube)
Nasogastric (NG) Gastrostomy (GT)
NI Jej

(ND) T
Nasojejunal (NJ) Gastro-Jejunostomy (G-JT),

Can tolerance be alleviated by changing formula,
method of administration or adding medication?’

Can patient tolerate feedings in strength and
amounts necessary to meet estimated needs?

Yes

Implement necessary changes Provide tube feedings as tolerated and wean
when oral consumption is >50% estimated needs

Fig. 8.1 Algorithm for nutritional intervention in the paediatric oncology
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Table 8.16 Guidelines for increasing nutrient density

Butter, margarine and oils

* Add to soup, mashed and baked potatoes, hot
cereal, grits, rice, noodles and cooked vegetables

» Stir into sauces and gravies
Cream

e Use on deserts, gelatin, pudding, fruit, pancakes,
waffles and mashes potatoes

» Use in soups, sauces, egg dishes, batters, puddings
and custards; put on cereals

* Mix with pasta, mash potatoes and rice

* Substitute for milk in recipes

* Makes cocoa with cream and add marshmallows
Sour cream

e Add to soups, bakes potatoes, vegetables, sauces,
salad dressing, gelatin deserts, bread and muffin
batter

» Use as dip for raw fruits and vegetables

Mayonnaise

e Add to salad dressing

e Spread on sandwiches and crackers

e Use in sauces and gelatin desserts

Honey (use in children over 1 year of age)

e Add to cereal, milk drinks, fruit desserts, smoothies
or yogurt

* Use as a glaze for meats such as chicken

Granola

¢ Use in cookie, muffin and bread batters

e Sprinkle on vegetables, yogurt, ice cream, pudding,
custard and fruit

e Mix with dried fruit and nuts for a snack
e Substitutes for bread or rice in pudding recipes
Dried fruits and nuts

¢ Cook and serve dried fruits for breakfast or as
dessert

¢ Add to muffins, cookies, bread, cakes, rice and
grain dishes, cereals, puddings and stuffing

e Bake in pies and turnovers

¢ Combine with cooked vegetables such as carrots,
sweet potatoes or acorn and butternut squash

Milk and cheese

e Mix one cup dry milk powder in four cups of liquid
milk; use this milk for cooking and baking

e Add milk powder directly to hot or cold cereals,
scrambled eggs, soups, gravies, casserole dishes
and dessert

* Add grated cheese or chunks of cheese to sauces,
vegetables, soups, salads and casseroles

e Spread cream cheese on hot buttered bread

(continued)

P.C. Rogers and J. Schoeman

Table 8.16 (continued)
Eggs
e Add eggs to soup or casseroles

e Slice boiled eggs in sauces and serve over rice,
cooked noodles, buttered toast or hot biscuits

Peanut butter

e Add peanut butter to sauces; use on crackers,
waffles or celery sticks

e Spread peanut butter on hot buttered bread

Source: Medical Nutrition Therapy Services Program,
Seattle Cancer Care Alliance, Seattle, Washington

*  Weight loss of 5 % since date of admission.

* Anticipate weight loss in patients on intensive
treatment protocol.

e Decrease in MUAC of 10 %.

e Oral intake is less than 90 % of the nutritional
requirements for 3-5 days.

e Bone marrow transplant (BMT) patients
with intact guts unable to take adequate oral
nutrition.

The step-by-step procedure with explanations

to insert a NG tube is seen in Table 8.18.

Type of Enteral Feeds [10, 26, 34]

Different formulations of enteral feeds with
unique characteristics are commercially avail-
able for children as seen in Table 8.19 and can
be used for NG feeds. However, if not available
or preferred some local foods can be pureed to
a consistency that can be administered via
NG tube.

Younger children tend to develop diarrhoea
during the first few days of NG feeds which sub-
sequently subsides. The GIT function decreases
after every cycle of chemotherapy received
due to damage to the intestinal mucosa.
Flattening of the epithelial take place, atrophy of
the villi can occur and down-regulation of
enterocytes. Lactose intolerance may also occur.
The digestion and absorption of oral intake is
affected and then changes may have to be made
to a different type of enteral feed used as indi-
cated in Table 8.19 or change other local foods
available.
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Table 8.17 Food safety practices

Food shopping

Food storage

Food
preparation

Cooking

Storage of
cooked foods

Baby food/
infant formula

= A=

N

Check expiry dates on food and do not buy or use if the food is out of date

Do not purchase ready-to-eat food from bulk food bins (Breads, nuts, dried fruits, candies)
Avoid produce that is bruised or damaged

Bag fresh fruits and vegetables separately from meat, poultry and seafood

Store perishable fresh fruits and vegetables (i.e. cucumbers, tomatoes) in a clean refrigerator
at a temperature of 40 °F (4.4° C) or below

Refrigerate all products that is purchased pre-cut or peeled

Beef should be refrigerated at 40 °F (4.4° C) and use within 2 days. Beef can be frozen at 0 °F
(—18° C) and use within 6 months of the purchase date

Wash hands with water and soap for 20 s before and after any food preparation

Wash fruits or vegetables under running water even if you are going to peel them. Do not use
soap, bleach or commercial produce washes to clean fruit

Dry produce with a clean cloth or paper towel. This will reduce the spread of bacteria. Do not
wash meat, poultry or eggs

Defrost all meats in the refrigerator. Do not defrost at room temperature

Food preparation surface must be cleaned first. Wash surface thoroughly with soap and water
and thoroughly dry. As an extra precaution, you can use a solution of one tablespoon of
unscented, liquid chlorine bleach in one gallon of water to sanitise washed surfaces and utensils

Wash cutting boards, dishes, utensils and counter tops with hot, soapy water after preparing
each food item and before you go to the next item

Cook foods immediately after thawing

All raw foods such as meats, poultry and entrees should be cooked until they are well done.
Beef should be cooked to 160 °F (71° C), depending on the cut. Chicken should be cooked to an
internal temperature of 165 °F (74° C). Cold food should be stored at <40° (<4.4° C). Hot foods
at >140° F (>60° C). A home thermometer may help

Store leftovers within 2 h. By dividing leftovers in several clean, shallow containers, you’ll
allow them to chill faster. Discard leftovers that were kept at room temperature for greater than
2h

Perishable foods (fruits, vegetables, meats, dairy) should be put into the fridge or freezer within
2 h. In the summer months, cut this time to 1 h

Do not use leftovers prior to reheating to >165 °F (> 74° C) before serving

Never put baby food in the refrigerator if the baby doesn’t finish it. Do not feed your baby
directly from the jar of the baby food. Instead, put a small serving of food on a clean dish and
refrigerate the remaining food in the jar. If the baby needs more food, use clean spoon to serve
another portion. Throw away ant food in the dish that’s not eaten. If you do feed the baby from
the jar, always discard the remaining food

Prepare safe water for preparing formula. Bring tap water to a rolling boil and boil for 1 min. If
you use bottled water, follow the same process. Cool the water to body temperature before
mixing the formula

Sterilise bottles and nipples before first use. After that, wash them by hand or in a dish washer
Formula can become contaminated during preparation and bacteria can multiply quickly if
formula is improperly stored. Prepare formula in smaller quantities on an as-needed basis to
greatly reduce the possibility of contamination. Always follow the label instructions for mixing
formula

Sanitary food practices for immunocompromised patients

AVOID

¢ Uncooked meats (cook meat until well done)

*  Avoid raw eggs
* Avoid soft French style cheese, pates, uncooked hot dogs and sliced deli meats

* Avoid alfalfa sprouts and unpasteurized juices

Selected recommendations from the Federal Drug Administration’s Clean, separate cook, chill are described above.
Additional information may be found at foodsafety.gov

Source: Adapted from Bechard L. Oncology and bone marrow transplantation. In: Hendricks K, Duggan C, Walker W, eds.
Manual of pediatric nutrition. 3rd ed. Hamilton, Ontario: B.C. Decker, 2000
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Table 8.18 Nasogastric tube insertion

1. IDENTIFY patient and EXPLAIN the procedure to
child (Engage child life therapist as needed)

2. OBTAIN help of second nurse as required

WASH hands

4.  DETERMINE which nostril is most patent. A
penlight may be used to check which nostril is more
patent or occlude/ask child to occlude one nostril at
a time and observe their breathing

5. MEASURE the distance with the gastric tube from
the nares to the earlobe, to a point midway between
the bottom of the sternum and the umbilicus.
Suggestions
(i) #5 Fr for infants <2.5 kg
(i1) #6-8 Fr for newborns—9-year-old
(iii) #10 Fr for 9 years and up
MARK tube with permanent ink. NOTE: With
weighted tubes, measure from the feeding port
openings, not the end of the weight

hed

6. PLACE incontinence pad or towel on patient’s chest
and have emesis basin available
7. PLACE patient in high fowlers or sitting position or
hold infant stabilising the head in the neutral or
“sniffing” position
8. GLOVE and coil the end of the tube around your
index finger to produce a flexible curve
9. LUBRICATE tip of tube 2—4 in.
10. INSERT the tube
(a) Instruct patient to hold head straight up with
neck slightly hyperextended and facing forward
or assist patient to hold this position
(b) Hold the end of the tube above the lubricant and
with the curve pointing downward, carefully
insert the tube along the floor of the nostril, on
the lateral side
(c) Offer the patient sips of water to help move the
tube past the oropharynx. Infants may suck on a
pacifier during the procedure
(d) Advance the tube each time the patient swallows
until tube reaches marked length
(e) Observe patient throughout procedure for signs
of tube mal-positioning (coughing, choking,
inability to talk). Withdraw tube immediately if
changes occur in patient’s respiratory status, if
tube coils in mouth, or if the patient begins to
cough, choke or changes colour
(f) Gently remove guidewire (when used) and retain
at bedside for future use. Never reinsert
guidewire while tube is in situ
11. CONFIRM tube placement
(a) Flush tube with 1-5 mL of air using a 20-50 mL
syringe
(b) Aspirate 1-5 mL of fluid using a 3-5 mL syringe
and note visual characteristics of aspirate
(continued)
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Table 8.18 (continued)
(c) Place a few drops on ph test strip—gastric ph
should be 5.5 or less

(d) Refer to algorithm if unable to obtain aspirate or
if pH is 6 or above

12. Once placement in stomach is confirmed, SECURE
tube

(a) Curve and tape the tube with transparent tape, or
securement device, taped to the child’s cheek (on
same side as nostril with tube) to prevent
unnecessary tugging on the nostrils (Do not tape
to the patient’s forehead as this will put pressure
on the nares)

(b) Wrap a small piece of tape around the tube near
the connection creating a tab and pin to the
patient’s gown/clothing

(c) Measure the length of the tube from nose to hub

13. CLAMP tube or CONNECT to suction or to feeds as
ordered

14. REMOVE equipment and DISPOSE appropriately.
WASH hands

15. DOCUMENT in appropriate record

Source: BC Children’s Hospital Child & Youth Health
Policy and Procedure Manual (2011)

Paediatric cancer patients tolerate elemental
formula, lactose and gluten free, low residue, low
fat and low osmolality feeds via NG tubes better
than other feeds.

Schedule and Feeding Rates

of Enteral Feeds [10, 26, 34, 37]

The feeding schedule and rate of enteral feeds is
determined by the patient’s oral intake, sleep pat-
terns, medical procedures and lifestyle.

NG feeds should be started at 1-2 mL/kg/h
and increased by approximately 1-2 mL/kg/day
until the total volume the patient requires is
reached. It should be increased slowly over a
3-day period to prevent the risk of gastric reten-
tion, nausea, vomiting, abdominal cramping and
diarrhoea. Continuous, constant infusion of NG
feeds with a feeding pump is better tolerated than
bolus feeds and fewer complications occur. NG
feeds can be administered at home depending on
the social circumstances and parent level of com-
petence. Nocturnal NG feeds are optimal for chil-
dren, as they can then lead a more normal life and
are not pressurised to eat at mealtimes.
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Table 8.19 Type of enteral feeds to use

Type of feed Characteristics

Consists of nutrients in
simpler forms like
glucose and amino
acids

Elemental enteral
feeds

Peptide-based
enteral feed

Proteins are digested to
amino acids and small
peptides absorbed via
the dual system on the
membranes of the
enterocytes

‘Whole nutrients,
contains 1 kcal/mL

Standard formula

‘Whole nutrients,
contains 1.5 kal/mL

High energy feeds

Enteral feeds with
fructo-
oligosaccharides

Contains prebiotics that
improve the defence
mechanism of the GIT

Sources: Ward [10] and Schoeman [34]

Enteral feeds have been shown to maintain an
adequate nutritional status in patients and can °
reverse malnutrition. A correlation was found °
between the time periods that patients received
NG feeds and the improvement in their nutri- -

tional status.

Advantages of Enteral Feeds

e Maintain normal digestive and absorption -

functions in the GIT.

e Safe in neutropenic patients and in patients

with low platelet counts.

When to use

Mucositis

After patient was on TPN
Malabsorption

Catabolic patients to
increase absorption

After patient had few cycles
of chemotherapy or risk for
malabsorption

Protein losing enteropathy
Suspected malabsorbtion
After patient was on TPN
Low albumin to improve
absorption

Protein losing enteropathy
Suspect GIT toxicity after
chemo

Normal biochemistry
Patient NOT malnourished,
use as supplementary feeds
due to low oral intake
Patient who is volume
sensitive

To improve nutritional
status of patient (albumin
normal)

Long-term enteral feeds
On high-dose pain
medication

Constipation
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Studies done

Patients with mucositis had low absorption
of nutrients and for them an elemental
feed was chosen to increase absorption
Mucositis did not alter the absorption of
the amino acid leucine

Patients with radiation enteritis received
protein and had a

N-balance of 4.4 g/day for the peptide diet
and 1.5 g/day for the amino acid diet

In critically ill patients the peptide-based
diets increased their mucosal integrity and
liver function

After multiple traumas, no patients
developed diarrhoea and an increase in
pre-albumin, transferrin and albumin
occurred and shorter hospital stay

Group received a standard formula showed
significant improvement up to 4 weeks but
not during the rest of the period

Group on high energy feeds had after 10
weeks significant weight gain, increased
measurements in MUAC and TSF

Enteral feeds with 2 g/LL FOS compared to
a standard feed. After 30 days a significant
increase in number of Bifidiobacteria and
Lactobacilli in the FOS group, decreased
infection markers and improved nutritional
status by measuring Z-scores

Further studies are needed to determine
the dose of FOS children need to induce

a bifidogenic effect

Low risk for infections.

Low risk for liver abnormalities.
GIT-mucosa is
promoted.

Low risk for bacterial translocation.

maintained and growth

— Prevents enterocyte atrophy.
— Increases barrier function and immune
function of the GIT.

Delivers nutrition beyond obstruction areas.

— Delivery of nutrients is slow and GIT has

time for absorption.

* Provided a route to give medication.
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* Reduces the anxiety and pressure to eat.

e Low cost compared to PN.

* Improves the well-being of the child.

e The child can lead a “normal” hospital life and
the dietician and HCP can relax, because
nutritional needs are being met.

Complications of Enteral Nutrition

* Local irritation at nasal site.

e Poor compliance.

* Psychological distress due to body image.

¢ Difficult to maintain tube in site if persistent
vomiting.

* Associated anxiety if frequent replacement
required.

* Local infection at tube site area.

* Aspiration pneumonia.

e Tube dislodgement.

Percutaneous Endoscopic
Gastrostomy Tube [10, 30, 36]

A percutaneous endoscopic gastrostomy (PEG)
tube is a feeding tube inserted into the stom-
ach with a gastroscope and is the preferred
method for gastrostomy feeding. It is a useful
alternative to a NG tube when prolonged tube
feeding is anticipated or NG tubes are difficult
to insert such as patients who have had head and
neck surgery or radiation to oral or oesopha-
geal regions.

The tube is inserted by the pull technique, usu-
ally under general anaesthesia. Indications for
the insertion of a PEG tube are:

e On-going dysphagia due to cancer of the head
and neck.

* Qesophageal stricture.

* A high risk for aspiration, intractable bleeding.

e The patient needs long-term enteral feeds, e.g.
Neuro-oncology patients.

* Head and neck surgery and/or radiation.

PEG Tube Complications

* Local infections at tube site.

* Increased granulation at tube site.
e Localised bleeding.
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Parenteral Nutrition
[10, 26, 30, 36, 44, 45]

Some centres may have the capacity to deliver
pre-prepared IV nutritional support or have it
prepared in the local hospital pharmacy under
sterile conditions. Parenteral nutrition (PN)
should be considered as a last resort when all
efforts to receive adequate oral or tube feeding
have failed or are contraindicated. Total paren-
teral nutrition (TPN) refers only to those patients
who have no enteral intake but is used inter-
changeably with PN.

Indications for PN

e Patients with GIT dysfunction due to tumour,
chemotherapy or graft-versus-host disease
(GVHD) of the GIT after BMT.

e Bowel obstruction.

¢ Neutropenic enterocolitis (typhilitis).

e Continuous vomiting or inability to access the
GIT, chronic diarrhoea and impaired absorp-
tion of nutrients.

* Nutritional requirements that cannot be met
by oral or NG feeding.

Patients with typhilitis, also called neutrope-
nic enterocolitis, present with abdominal pain,
sometimes ascites, diarthoea and vomiting.
Abdominal X-ray may be of use which may show
thickened bowel wall, air in the bowel and some-
times free air if there has been perforation. The
appendix is usually normal, but the caecum
maybe thickened and the colon inflamed that can
lead to perforation. Typhilitis originally referred
to caecum involvement but enterocolitis can
affect the small bowel as well. Perforation is a
major complication of enterocolitis and can
become a surgical emergency. Absolute bowel
rest is needed for patients to heal while receiving
appropriate antibiotics. TPN is prescribed until
the patient’s abdominal tenderness, fever or neu-
tropenia has improved. The TPN can then be
weaned by giving small amounts of enteral nutri-
tion or oral clear fluids.
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Table 8.20 TPN recommendations for children
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Age Energy (kcal/kg/day) Protein (g/kg/day) CHO Fat (g/kg/day)

Baby—1st month 90-100 1.5-3 NPC 60-75 % NPC 25-40% 34
(See separate (0.13-0.17 glkg/h)

2nd month-3 years ~ 90-100, >1 year 75-90  1.5-2.5 table) 3-4(0.13-0.17 glkg/h)

3-5 years 75-90 1-2 (3 critically ill) 2-3(0.08-0.13 glkglh)
6-12 years 60-75 1-2 (3 critically ill) 2-3(0.08-0.13 glkglh
1218 years 30-60 12 2-3(0.08-0.13 glkglh)
Parenteral recommendations for carbohydrates

Weight (kg) Day 1 (g/kg/day) Day 2 (g/kg/day) Day 3 (g/kg/day)  Day 4 (g/kg/day)
Upto3 10 14 16 18

3-10 8 12 14 16-18

10-15 6 8 10 12-14

15-20 4 6 8 10-12

20-30 4 6 8 <12

>30 3 5 8 <10

Maximum infusion rate=1.2 g/kg/h
Source: Koletzko et al. [44]

PN Requirements and Administration

Standard nutritional requirements for PN depend
on the patient’s weight and age as seen in
Table 8.20. Nutrients are fed via the venous route
and the energy from PN must be approximately
the BMR of a patient. A level of 1.5—1.7 times the
BMR is too high and leads to overfeeding. The
parenteral protein requirements are lower than
enteral, as the amino acids do not have to be
digested. Overfeeding of glucose leads to lipo-
genesis and fat deposition and should be avoided.

Administration of PN

Careful planning, administration and monitoring
of PN are required to prevent metabolic compli-
cations. Central venous catheters (CVCs) or
peripheral venous access catheters (PVCs or
PICC) are used to administer TPN. Peripheral
CVCs are placed directly into the large central
vein and may be used to give large volumes of
intravenous fluid to patients, to administer medi-
cation directly into the vein and to measure cen-
tral venous pressure.

Peripheral parenteral nutrition (PPN) is not
used if a CVP is available and can only be given if
the osmolarity of the PN is under 1,000 mOsmol/L.

or dextrose content less than 12.5 %. The problem
with PVCs is that it can cause phlebitis, venous
sclerosis and venous thrombosis.

It is important to prevent essential fatty
acid deficiency in patients receiving only PN.
A patient can experience a deficiency within
only 20 days. Iron is not routinely supplemented
in the PN bags because it can influence the sta-
bility of the nutrients inside the bags. Institutions
that are capable of administering PN should
establish their own specific guidelines for
administration and monitoring for metabolic
complications. Specific comprehensive guide-
lines for PN are available [44]. If possible a
minimal amount of oral or NG feeding should
be administered during PN to help maintain gut
integrity.

The best way to wean a patient from PN is to
start with elemental- or semi-elemental enteral
feed at 1-5 mL/h. If NG feeds is not an option,
the patient needs to be started on a clear fluid diet
with supplements.

Complications of Parenteral Nutrition
e PN is expensive.

e May be harmful in children with PEM due to
increased risk for infections.
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* Complications of central lines.

— Line access is not always possible, fluid
overload, obstruction of catheters usually
due to clots, arterial trauma and/or pneu-
mothorax at the time of insertion.

* Metabolic complications:

e Refeeding syndrome can occur.

e Cholestasis/biliary cirrhosis and parenteral
nutrition associated liver disease (PNALD).
PN serves a purpose in maintaining adequate

nutrition but should only be used as a last resort

when oral and enteral feeding is contraindicated
or failed. A Cochrane review supported the use of

PN in BMT patients but there was little evidence

to support its routine use in other oncology

patients [46, 47]. Patients receiving PN managed

by a multi-disciplinary team have shown a

decreased number of mechanical complications

compared to other patients not managed by a

team.

Cancer Survivors

Nutritional counselling and support should not
end with the completion of the cancer therapy.
Survivors may continue to be underweight and
require supplementation to maintain growth or
help in catch-up growth. Obesity can become a
problem in survivors for a variety of reasons,
such as reduced physical activity or endocrino-
logical side effects of therapy [48—50]. Obesity is
most frequently seen in patients who have has
central nervous system or other head and neck
radiation therapy [50]. Routine nutritional assess-
ment should include a dietary history, basic
anthropometrics and use of growth charts.
Relevant dietary counselling should be part of a
comprehensive long-term follow-up clinic.

Conclusion

Supportive care is an essential component of can-
cer therapy. In LIC the ability to deliver support-
ive care is dependent on resources, infrastructure
and personnel available. It has to be adapted to
the reality of the environment. Some guidelines
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have been published for LIC which include sug-
gestions for nutritional support [38]. This chapter
has expanded on those guidelines.

All paediatric patients with cancer have risk of
malnutrition and it is recommended that they
receive early and on-going nutritional assessment
and intervention to maintain their nutritional sta-
tus. The child’s age, clinical condition and treat-
ment received must be taken into consideration
when the method of nutritional support is chosen.
Institutions need to assess and intervene accord-
ing to their capacity. Use of local foods that are
well tolerated is encouraged. Parent education on
appropriate foods and preparation is required.
Enhanced oral or tube feeding is encouraged in
the underweight patient. Nutritional assessment
and support for children with cancer is an impor-
tant part of his/her treatment regimen that can last
for several months to years. Nutritional support
aims to improve immune competence, tolerance
and adherence to therapy, promote growth, devel-
opment and improve quality of life.
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Oncologic Emergencies

Inam Chitsike and Scott C. Howard

Introduction

Oncologic emergencies are defined as potentially

life-threatening events that are directly or indi-

rectly related to the underlying malignancy or its
treatment or acute toxicities that require immediate
management to minimize morbidity and mortality

[1-3]. If oncologic emergencies are not antici-

pated, quickly recognized, and effectively treated,

they may result in permanent morbidity or death.

In this chapter, we classify emergencies into the

following categories and describe the management

of selected emergencies within each category:

1. Mass effects on vital organs and structures—
superior vena cava (SVC) syndrome, central
airway compression (CAC) syndrome, cardiac
tamponade, pleural effusion, spinal cord com-
pression, raised intracranial pressure

2. Metabolic emergencies—tumor lysis syn-
drome (TLS), hypercalcemia, hyponatremia,
lactic acidosis, adrenal insufficiency
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3. Gastrointestinal emergencies—typhlitis, intes-
tinal obstruction, bowel perforation

4. Hematologic emergencies—hyperleukocyto-
sis, febrile neutropenia, hemorrhage, and
thrombocytopenia

5. Chemotherapy extravasation

Mass Effects

Superior Vena Cava Syndrome
and Central Airway Compression
Syndrome

SVC syndrome and CAC syndrome comprise signs
and symptoms that result when a mediastinal mass
compresses the right ventricular outflow tract, SVC,
or the veins that drain into it leading to venous
obstruction (SVC syndrome) or the trachea or main
stem bronchi leading to airway compromise (CAC
syndrome) [4-7]. Airway obstruction is divided
into proximal or large airway obstruction (upper
airway) or distal (lower) airway obstruction.

Etiology

SVC and CAC syndromes are most commonly
caused by anterior mediastinal masses (Fig. 9.1),
so in children, T-cell leukemias and lymphomas
are the most common causes. However, other
lymphomas, Kaposi sarcoma, Ewing sarcoma
with bone tumor metastasis, teratomas, thyroid
gland tumors, and rhabdomyosarcomas are also
potential causes (Table 9.1). Kaposi sarcoma is
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an increasingly common cause of lower airway
obstruction where HIV infection is common. In
areas endemic for tuberculosis, tuberculous ade-
nitis should be considered, since it can also pres-
ent with mediastinal mass and cause SVC
syndrome and CAC with respiratory distress.

Signs and Symptoms

Symptoms and signs include cough, facial swell-
ing, dyspnea, orthopnea, fatigue, and less frequently
headache, dizziness, visual disturbances, hoarse-
ness, and dysphagia [6, 7]. Symptoms can worsen
abruptly when the patient is supine and improve
when in the prone position. Physical examination
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Fig. 9.1 Mediastinal anatomy. http://en.wikipedia.org/
wiki/Mediastinum

findings can include edema of the head, neck, and
upper extremities; venous distension; laryngeal
edema; stridor; wheezing and anxiety.

Diagnosis

Symptoms and physical examination are suffi-
cient to suspect the diagnosis of SVC or CAC
syndrome, but patients with severe obstruction
may be asymptomatic. Mediastinal masses com-
pressing critical structures constitute an emer-
gency even in patients with no symptoms or
signs, and must be ruled out in any patient with
suspected leukemia or lymphoma. A chest radio-
graph is sufficient to identify clinically important
mediastinal masses, but rarely shows the degree
of obstruction because most masses occur in the
anterior mediastinum so that the tracheal width is
normal. A lateral radiograph can sometimes show
antero-posterior narrowing, but is neither sensi-
tive nor specific. Chest radiography is useful for
newly diagnosed patients because it can also
identify pleural or pericardial effusions that may
necessitate urgent intervention. Chest computed
tomography (CT) allows adequate anatomical
description of the mass and neighboring structures,
and quantifies the degree of tracheal compression,
and thus the risk of complete obstruction and
sudden death. Such evaluation is critical to facili-
tate decisions regarding sedation or anesthesia.

Immediate Management

Great caution must be exercised during every
phase of initial evaluation, since patients with
CAC syndrome are at risk for worsened com-
pression and sudden death. Painful procedures,
or anything that increases patient anxiety, should
be avoided, since rapid inspiration can decrease

Table 9.1 Some potential causes of mediastinal tumors in children

Etiology Anterior mediastinal masses

Malignant Non-Hodgkin lymphomas
Hodgkin lymphoma
Teratoma

Kaposi sarcoma

Benign Tuberculosis

Middle mediastinal masses
Non-Hodgkin lymphomas

Posterior mediastinal masses

Neuroblastoma

Kaposi sarcoma

Tuberculosis
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pressure in the airways and precipitate collapse,
which can be difficult to reverse. When transport-
ing the patients to the radiology department, they
should remain in upright position and the initial
CT should be performed with the patient in the
prone position to avoid worsening compression.

The main aim of management is to secure the
airway of the patient and alleviate respiratory
distress by maintaining an upright or prone
position, or bed rest with elevation of the upper
part of the body. These positions, and sometimes
the left lateral decubitus position, help lift an
anterior mediastinal mass off the airways and
right ventricular outflow tract. Inability to toler-
ate the supine position is an ominous sign, and
the supine position should be avoided. Patients
with respiratory distress may feel better with
oxygen via facemask, but if this increases anxiety
it may be counterproductive.

If the patient experiences distress, he should
be immediately placed in the prone position so
that gravity will pull the mass away from the air-
ways. If complete tracheal compression occurs,
intubation is usually not possible without a rigid
bronchoscope, so patients should be placed prone
during any resuscitation attempt, since prone
positioning itself may sometimes be sufficient to
open the airway. Adequate IV access is impor-
tant, but is not helpful in a resuscitation attempt,
since opening the airway and relieving right ven-
tricular outflow tract obstruction are the only
measures that can reverse cardiac or respiratory
arrest caused by a mediastinal mass.

Definitive Management

Making a correct diagnosis using the least inva-
sive method possible and immediate initiation of
appropriate therapy are the top priorities. A com-
plete blood count and peripheral blood smear is
noninvasive and can often diagnose acute leuke-
mia. Pleural fluid aspiration using local anesthe-
sia is also not very invasive, and cytology of
pleural fluid is sufficient to diagnose T-cell lym-
phomas in many cases. Bone marrow aspiration
or biopsy of a peripheral lymph node or testicular
mass, if present, can also be performed under
local anesthesia, but in some cases the only site
of disease is the mediastinum, and the mass must
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be biopsied by an interventional radiologist or
thoracic surgeon, with the attendant procedural
and anesthetic risks. Empiric therapy (e.g.,
glucocorticoids) can lead to rapid improvement
of symptoms in patients with lymphomas or
acute leukemias, but the mass may shrink rapidly
and make subsequent diagnosis and disease-
specific therapy impossible, so every effort
should be made to obtain a histological diagnosis
prior to starting therapy.

If emergent antineoplastic therapy is needed
to save the life of the child prior to making a
diagnosis, radiotherapy to the central mediasti-
num (if available) using a daily dose of 2-4 Gy
can lead to clinical improvement within 18 h. The
radiation port can be limited so that peripheral
disease is spared and thus available for biopsy
when the patient’s clinical condition has
improved. If radiation-induced edema occurs,
symptoms and signs may worsen and necessitate
glucocorticoid therapy. In life-threatening cases
for whom emergent radiation therapy is not pos-
sible, empiric treatment with intravenous methyl-
prednisolone 50 mg/m?/day in four divided doses
may rapidly reduce the size of the mass and asso-
ciated edema. Chemotherapy with cyclophospha-
mide, an anthracycline, vincristine, and
prednisone (CHOP) can also be considered. Note
that even when a residual mass is present and
available for biopsy, prior glucocorticoids, che-
motherapy or radiotherapy could change the his-
tological findings and make it difficult to establish
a definitive histological diagnosis.

Pericardial Effusion and Cardiac
Tamponade

Although pericardial effusion is often asymptom-
atic, it represents an oncologic emergency when
it causes cardiac tamponade [8, 9].

Pathophysiology

Pericardial effusion is seen with a variety of tumors
including lymphomas and metastatic solid tumors
and results from inflammation of the pericardium,
obstruction of lymphatic drainage from the peri-
cardium, or fluid overload. Malignant involvement
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of the pericardium rarely may be primary, but is
usually secondary to spread from a nearby or
distant focus of malignancy, which can involve
the pericardium by contiguous extension from a
mediastinal mass, nodular tumor deposits from
hematogenous or lymphatic spread, and diffuse
pericardial thickening from tumor infiltration
(with or without effusion). In diffuse pericardial
thickening the heart may be encased by an effusive-
constricted pericarditis, but this is rare in children.

Symptoms, Signs, and Diagnosis
Pericardial effusion is usually asymptomatic, and
most often diagnosed incidentally during evalua-
tion of newly diagnosed cancer, and confirmed
by echocardiogram. When the effusion is caused
by pericarditis, patients often have chest pain and
dyspnea, but otherwise usually effusions are
asymptomatic unless they cause cardiac tampon-
ade, defined as the inability of the ventricle to
maintain cardiac output because of extrinsic
pressure. Note that cardiac tamponade can also
be caused by a mediastinal mass or an intrinsic
mass. Fortunately, tamponade is rare in children
with cancer. Findings in patients with tamponade
resemble those of heart failure, including short-
ness of breath, cough, palpitations, chest pain
improved by sitting, and nonspecific abdominal
pain. Physical examination findings include
tachycardia, low blood pressure, jugular venous
distension, pulsus paradoxus, soft heart sounds,
pericardial rub, and signs of low cardiac output,
such as poor peripheral perfusion.

Investigations

In patients with significant pericardial effusions,
the chest X-ray shows enlargement of cardiac
silhouette, ECG demonstrates low voltage QRS
complexes, and flattened or inverted T waves, and
echocardiography shows the volume of pericar-
dial effusion and whether there is atrial or ventric-
ular collapse with hemodynamic compromise.

Treatment

Most patients can be treated by treating the
underlying malignancy, but in those with refrac-
tory disease or life-threatening tamponade, a
pericardial tap for one-time aspiration of fluid or
percutaneous catheter drainage under echocar-
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diographic guidance or fluoroscopic guidance
may be considered. Fluid should be evaluated for
malignant cells, which may affect treatment and
prognosis of the underlying cancer.

Pleural Effusion

Pleural effusions can occur at diagnosis in chil-
dren with lymphomas, and the effusion is usually
malignant in patients with non-Hodgkin lympho-
mas and nonmalignant in those with Hodgkin lym-
phoma [10-12]. Effusions can also be caused by
fluid overload with congestive cardiac failure, low
albumin, infections (e.g., empyema, tuberculosis),
and toxicity of chemotherapy (e.g., dasatinib,
methotrexate, procarbazine, cyclophosphamide,
bleomycin). Although pleural effusion is rarely
life-threatening, sizeable and rapid accumulation
of fluid can compress lung parenchyma and cause
respiratory insufficiency.

Clinical Presentation and Evaluation
Symptoms are related more to the rate of pleural
fluid accumulation rather than total volume of
fluid, and can include dyspnea, orthopnea, cough,
and pleuritic chest pain. The presence of fever
suggests atelectasis or infection. Diagnosis can
be suspected when basilar breath sounds are
absent and the patient has shifting dullness to per-
cussion [12]. Chest X-ray with lateral decubitus
views can confirm the presence of a pleural effu-
sion and estimate its extent. Ultrasonography and
CT may be useful to differentiate fluid loculations
from pleural masses, and should be performed if
biopsy is planned to assure that the biopsy site is
representative of the pathologic process.

Management

Small or asymptomatic effusions require no treat-
ment and resolve once the underlying cause is
addressed [10, 11]. Large, symptomatic effusions
causing respiratory distress can be drained by
thoracentesis. Initial drainage can be performed
manually using a large bore needle, attached to a
three-way stopcock and a large volume syringe.
This may be followed by insertion of tube for
more complete drainage if the patient is at risk
for re-accumulation.
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Spinal Cord Compression

Epidural spinal cord compression can occur in
patients with a variety of solid tumors and in
approximately 0.4 % of patients with newly diag-
nosed acute leukemia [13]. The spinal cord can
be compromised at any site, but in children the
thoracic vertebral segment is most often affected.
Vertebral collapse resulting from tumor invasion
of the vertebral bodies can also compromise the
spinal cord. Symptoms and signs can include
numbness, tingling, paresthesia, progressive pain
at the level of the epidural lesion, radicular pain,
weakness or paralysis of the upper and lower
extremities, and neurogenic bladder. Deep ten-
don reflexes are hyperactive, and the Babinsky
response is extensor.

Diagnosis and Treatment

Spinal cord compression is a medical emergency
and should be evaluated promptly. Plain films
and CT scans are not sensitive enough to identify
spinal cord compression, so magnetic resonance
imaging should be performed whenever possible.
In patients with newly diagnosed cancers that are
predicted to be chemosensitive, intensive sys-
temic chemotherapy plus high-dose corticoste-
roids should be used. Intravenous dexamethasone
reduces spinal cord edema. Radiotherapy and
laminectomy are reserved for patients with resis-
tant disease or when the diagnosis is unknown
and biopsy is needed anyway.

Raised Intracranial Pressure

Raised intracranial pressure can cause cerebral
herniation and rapidly lead to death or severe
neurologic disability. Causes include intracranial
masses, obstruction of outflow of cerebrospinal
fluid, and obstruction of venous outflow, as can
occur in SVC syndrome [14]. It can also compli-
cate intrathecal chemotherapy administration or
treatment with all-trans retinoic acid [15-17].
Management consists in urgently treating the
underlying cause, though hyperosmolar therapy
with hypertonic saline or mannitol, intubation,
and hyperventilation can be temporizing mea-
sures [18, 19].
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Metabolic Emergencies
Tumor Lysis Syndrome

Patients with TLS can present with nausea, vom-
iting, lethargy, agitation, somnolence, pain, and
hypertension, but are usually asymptomatic and
diagnosed after identification of hyperuricemia,
azotemia, hyperkalemia, hyperphosphatemia,
and hypocalcemia [20]. Hyperkalemia and hypo-
calcemia can cause cardiac dysrhythmia or car-
diacarrest; hyperuricemiaand hyperphosphatemia
can cause acute kidney injury, which in turn leads
to oliguria, fluid overload, pulmonary edema,
respiratory failure, hypoxia, cerebral edema, and
death. In addition, hyperphosphatemia exacer-
bates hypocalcemia and can cause ectopic calcifi-
cation at many sites, including the kidneys [20].
It occurs most commonly in children with acute
leukemia or lymphoma, but can occur in any
bulky tumor that is sensitive to initial therapy and
prone to rapid lysis.

Pathophysiology

Tumor breakdown causes release of potassium,
phosphorus, and DNA, which is metabolized into
uric acid. Hyperphosphatemia occurs frequently
during the first few days of induction chemother-
apy, and hypocalcemia in TLS results from pre-
cipitation of calcium phosphate in tissues
[20-22]. In cases of severe hyperphosphatemia,
despite a compensatory decrease in blood cal-
cium levels, the calcium x phosphorus product
can exceed 60 (mg/dL)?, a level associated with
calcium phosphate precipitation in soft tissues.
Uric acid and calcium phosphate can cause acute
kidney injury that in turn reduces renal excretion
of uric acid, phosphate, and potassium, and puts
the patient at risk for fatal hyperkalemia and
hypocalcemia (secondary to hyperphosphatemia).

Management

The best treatment for TLS is prevention, and
since precipitation of uric acid, phosphates, and
xanthine causes acute kidney injury in TLS, rapid
volume expansion to achieve normal blood pres-
sure and adequate urine output remains the most
effective strategy [20]. Hydration with normal
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saline boluses until the patient is euvolemic then
slightly hypotonic IV fluids at 2,500-3,000 mL/
m?/day optimizes renal perfusion and urine
output. Fluid input and output should be moni-
tored closely, and a urethral catheter is helpful in
patients at high risk. Maintaining adequate urine
output may require administration of mannitol,
furosemide, or both, but diuretics should not be
used until the patient has adequate intravascular
volume. Urine output should be kept above
100 mL/m%h.

Uric acid is much more soluble in alkaline
conditions, but calcium phosphate is more solu-
ble in acidic conditions; thus, calcium phosphate
crystallizes more readily in alkaline urine and
excessive alkalinization may do more harm than
good in patients at risk for TLS [20]. Patients
with hyperuricemia should be treated with rasbu-
ricase when it is available or with urinary alka-
linization and allopurinol when it is not. If the
phosphorus increases, alkalinization should be
discontinued to reduce the risk of calcium phos-
phate precipitation.

Hyperkalemia can occur suddenly and cause
cardiac dysrhythmia and sudden death, so all
patients with TLS should be hospitalized, have
continuous cardiac monitoring, and frequent
electrolyte measurement [20]. Patients at risk for
TLS should not receive potassium-containing
intravenous fluids and their dietary potassium
intake should be restricted. Symptomatic hyper-
kalemia or serum potassium levels near 6 mEq/L
are indications for the use of potassium exchange
resins such as sodium polystyrene sulfate
(Kayexalate), at a dosage of 0.25-0.5 g/kg every
6 h (orally or as a retention enema in a 20 % sor-
bitol solution). If associated electrocardiographic
abnormalities occur or if the serum potassium
level exceeds 6.5 mEq/L, patients should imme-
diately receive cardioprotective agents: NaHCO;
at a dose of 0.5 mEq/kg over 10—15 min, fol-
lowed by a 10 % calcium gluconate solution at a
dose of 0.5 mL/kg over 5-10 min. These agents
should be administered separately to avoid pre-
cipitation. These measures shift potassium into
the intracellular compartment, but are temporary
in effect and should be used until body potassium
can be reduced by sodium polystyrene sulfate,
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forced diuresis with hyperhydration and furose-
mide, or dialysis.

Hyperphosphatemia

and Hypocalcemia

Administering aluminum hydroxide, lanthanum,
or sevelamer hydrochloride orally or through a
nasogastric tube can control hyperphosphatemia.
Asymptomatic patients with hypocalcemia are
treated with oral calcium carbonate, but symp-
tomatic patients should be treated with intrave-
nous 10 % calcium gluconate at a dose of 0.5 mL/
kg administered over 5-10 min. If intravenously
administered calcium solutions extravasate, or if
the local concentration of calcium x phosphate
exceeds 60 (mg/dL)?, soft-tissue calcification can
occur. In cases of hypocalcemia unrelated to
TLS, in addition to calcium supplementation,
vitamin D should also be provided, especially in
breast-fed infants or dark-skinned patients with a
low-calcium diet.

Hypercalcemia

Mild hypercalcemia is defined as a total serum
calcium <12 mg/dL, moderate hypercalcemia
as 12.0-13.5 mg/dL, and severe hypercalcemia
is >13.5 mg/dL. Hypercalcemia is a common
life-threatening metabolic complication of
malignancy in adults, but is rare in children
[23]. It has been reported in leukemias, lym-
phomas, and solid tumors [24]. It can present
at the initial diagnosis of the cancer as, for
example, in ALL or it can occur during treat-
ment or during relapse.

Mechanism

The mechanism is related to increased local
release of skeletal calcium caused by direct ero-
sion of bone plus the release of local and systemic
endocrine factors that interfere with bone metab-
olism, renal calcium clearance, and intestinal
absorption of calcium.

Symptoms and Signs
Symptoms of hypercalcemia depend on the
serum level of serum calcium and its rate of rise.
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Patients with mild hypercalcemia are usually
asymptomatic. Those with moderate hypercal-
cemia may have weakness, anorexia, constipation,
polyuria, and polydipsia. Severe hypercalcemia
can manifest as a life-threatening metabolic
emergency with cardiac and central nervous
system effects including encephalopathy, sei-
zure, and coma.

Treatment

Treatment of hypercalcemia includes vigorous
hydration with normal saline (3,000 mL/m?/day)
until the patient is euvolemic with good urine
flow, cardiac and electrolyte monitoring, and
specific therapy to reduce calcium levels: furose-
mide 1-2 mg/kg IV TID or QID to increase
urinary calcium secretion by blocking reabsorp-
tion of calcium in the ascending limb of Henle
[24]. Calcitonin, bisphosphonates, or dialysis can
be used in refractory cases, but are rarely neces-
sary in children [25].

Lactic Acidosis

Lactic acidosis, a clinical condition with blood
pH <7.35 and serum lactate level >5 mEq/L [26],
is rare, occurs in patients with lymphoma and
leukemia, and carries a poor prognosis. The
pathogenesis of lactic acidosis is poorly under-
stood but in one case series neoplastic involve-
ment of the liver was observed in 24 of the 28
cases of lymphoma and 18 of 24 cases of leuke-
mia, which suggests that hepatic underutilization
of lactate may contribute [27].

Signs, Symptoms, and Treatment

Lactic acidosis may be associated with weak-
ness, weight loss, low-grade fever, tachypnea,
tachycardia, somnolence, and an altered mental
state. Since it usually occurs in the setting of
rapidly progressive, refractory hematologic can-
cer, many other symptoms may be present
related to the underlying malignancy. Control of
the underlying cancer is the only definitive treat-
ment, but alkalinization with bicarbonate may
reduce the severity of acidosis while awaiting
response to therapy.
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Hyponatremia and the Syndrome
of Inappropriate Diuresis

Hyponatremia, defined as serum sodium below the
lower limit of normal, can result from administra-
tion of excess hypotonic intravenous fluids or syn-
drome of inappropriate diuresis (SIAD),
characterized by sustained release of excessive
vasopressin, or antidiuretic hormone (ADH), from
the posterior pituitary gland [28]. Vincristine is the
most common cause of SIAD in cancer patients,
but many other drugs can cause the syndrome.
Azole antifungal drugs, such as itraconazole, flu-
conazole, ketoconazole, and voriconazole, inhibit
the activity of the cytochrome p450 enzymes that
metabolize vincristine and potentiate its toxicity.

Symptoms and Signs

Lethargy, weakness, headache, oliguria, and weight
gain are early symptoms of SIAD, which can
progress to confusion, seizures, coma, and death
[29]. However, many patients with hyponatremia
are asymptomatic, especially if it develops slowly.

Treatment of SIAD

SIAD is treated with fluid restriction, close moni-
toring (urine output, serum sodium concentra-
tion, neurologic status), and discontinuation of
vincristine therapy until the episode has resolved
[28]. Furosemide should be given if fluid over-
load is present. Hospitalization is indicated for
patients with oliguria or neurologic symptoms.
Hyponatremic seizures require emergent inter-
vention, including anticonvulsants and, if neces-
sary, 3 % sodium chloride solution intravenously
(3-5 mL per kg of body weight given over 2-3 h)
[30-32]. If such aggressive therapy is necessary,
the patient should be monitored in the intensive
care unit, and serum sodium measured every
1-2 h. Correction of sodium should be no faster
than 0.5 mEg/dL/h to reduce the risk of central
pontine myelinolysis [33].

Adrenal Insufficiency

Clinically important adrenocortical insufficiency,
including the inability to mount a response to
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metabolic stress, is common after prolonged
courses (4 weeks or more) of corticosteroid ther-
apy and can last for weeks to months after they are
discontinued [34]. Symptoms include malaise,
fatigue, weakness, anorexia, nausea, vomiting,
weight loss, abdominal pain, diarrhea, hypothermia
or hyperthermia, hypotension, altered mental sta-
tus, and coma. Hyponatremia, hypoglycemia,
hyperkalemia, metabolic acidosis, and prerenal
azotemia may occur [35-37].

Management

Whenever patients with prior glucocorticoid
therapy develop a metabolic stress, such as infec-
tion, chemotherapy-induced toxicity, or surgery,
clinicians should be vigilant for symptoms of
adrenal insufficiency. Empiric treatment with IV
hydrocortisone 30 mg/m?%day (moderate stress)
or 100 mg/m?*/day (severe stress) in three or four
divided doses should be initiated whenever the
degree of hemodynamic or neurologic compromise
is out of proportion to the severity of the inciting
illness, because untreated adrenal insufficiency
in patients undergoing severe infection, surgery,
or other physiologic stress can be fatal [38].

Gastrointestinal Emergencies
Typhlitis

Typhlitis, or neutropenic enterocolitis that affects
the cecum, comes from the Greek word typhlon,
or cecum. The triad of neutropenia, abdominal
pain, and fever with compatible diagnostic imag-
ing findings of a thickened bowel wall defines it
clinically [39-41].

Pathogenesis

Typhlitis occurs most commonly in patients with
prolonged and severe myelosuppression, espe-
cially when treatment includes anthracyclines or
high-dose methotrexate, which can damage the
gut mucosa. There is inflammation and some-
times necrosis of the bowel wall. Neutropenic
colitis frequently involves the cecum (typhlitis)
but often extends into the ascending colon and
terminal ileum as well. The inflamed bowel wall
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can be infiltrated by pathogens including gram-
negative and -positive bacteria, anaerobes (e.g.,
Clostridium septicum), and Candida, which can
enter the bloodstream.

Signs and Symptoms

Typical symptoms include the following: watery
or bloody diarrhea, fever, nausea, vomiting, and
abdominal pain which may be localized to the
right lower quadrant. There could be shock sec-
ondary to septicemia or colonic perforation. The
symptoms often appear 10-14 days after cyto-
toxic drugs at a time when neutropenia is most
profound.

Physical Examination

Abdominal distension, absence of bowel sounds,
tympany, tenderness in the right lower quadrant,
and occasionally a palpable mass can mark the
presence of typhlitis. Diffuse direct and rebound
tenderness suggest colonic perforation and
peritonitis.

Differential Diagnosis and Evaluation
Typhlitis should be considered in the differential
diagnosis of any profoundly neutropenic patient
(absolute neutrophil count <500 cells/pL) with
abdominal pain. Conditions that mimic typhlitis
include appendicitis, pseudomembranous colitis,
ischemic colitis, and amoebic typhlitis (in
endemic areas). The method of choice for inves-
tigating typhlitis is by computed tomography
(CT) or ultrasound [41, 42]. The hallmark of
typhlitis is diffuse cecal wall thickening.
Abdominal radiography is not generally useful,
and barium enema and colonoscopy are relatively
contraindicated due to risk of perforation. Other
investigations include blood and stool cultures
and assays for Clostridium difficile toxin.

Management

Patients with severe typhlitis uncomplicated by
peritonitis, perforation, or severe bleeding are
managed with broad-spectrum antibiotics that
cover Clostridium difficile, bowel rest and naso-
gastric suction if vomiting, intravenous fluids,
and nutritional support [43]. Empiric antifungal
therapy should be considered if fever persists
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>72 h despite broad-spectrum antibiotics and
GCSF administered if neutrophil recovery is
expected to be delayed. Anticholinergic, antidiar-
rheal, and opioid agents should be avoided, since
they may aggravate ileus.

In patients with typhlitis complicated by per-
foration or life-threatening bleeding, a two-stage
hemicolectomy may be considered with com-
plete removal of all necrotic tissue. However, it
should be noted that surgery is rarely needed to
manage typhlitis, since the goal is to support the
patient until neutrophil recovery and resolution
of bowel inflammation. Typhlitis may recur with
subsequent chemotherapy, so complete gut healing
is necessary prior to resuming chemotherapy
with agents that can cause toxicity to the gut,
such as anthracyclines or methotrexate.

Bowel Perforation and Intestinal
Obstruction

Solid tumors and Burkitt lymphoma can cause
intestinal obstruction, intussusception, and bowel
perforation, which are managed similarly to these
conditions when they occur in patients without
cancer.

Hematological Complications
(Leukocytosis, Febrile Neutropenia,
Thrombocytopenia, Severe Anemia)

Hyperleukocytosis

Patients with leukemia and hyperleukocytosis
can develop leukostasis syndrome: progressive
neurologic or respiratory symptoms or signs
caused by small blood vessel infiltration and
occlusion by leukemic blast cells that can cause
intracranial bleeding or pulmonary insufficiency
[44]. In acute leukemia in children with leukocyte
counts that exceed 100x10°L, symptomatic
pulmonary leukostasis occurred in 6 of 73
patients with myeloid leukemia and in none of
161 patients with lymphoid leukemia [45].

Pathophysiology

Leukostasis is a function of the number, deform-
ability, size, surface markers, and tissue invasive-
ness of the leukemic cells, as well as the volume
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fraction of white blood cells (leukocrit), so it is
much more common in AML than ALL or CML
[46]. Adaptive mechanisms mitigate the effect of
hyperleukocytosis on blood viscosity, such that
patients with a high leukocrit usually have signifi-
cant anemia (low erythrocrit), thus maintaining
blood viscosity within normal limits [47].
Leukostasis most commonly damages the lungs
and CNS.

Presenting Features and Evaluation
Symptoms and signs include shortness of breath,
tachypnea, dyspnea on exertion, hypoxia, confu-
sion, somnolence, delirium, and coma [46].
Interpretation of laboratory data from patients
with hyperleukocytosis may produce spurious
values for arterial oxygen tension (due to oxygen
consumption in vitro by the white blood cells);
serum potassium concentrations can be falsely
elevated if excessive cytolysis occurs in vitro.
Therefore, blood samples from such patients
should be placed on ice and immediately hand-
carried to the laboratory for expeditious analysis
[48]. The differential diagnosis of pulmonary
leukostasis includes pneumonia, pneumonitis,
pulmonary edema, pulmonary hemorrhage, and
pulmonary embolism, all of which occur with
greater frequency among children with newly
diagnosed leukemia who have elevated WBC
counts, sometimes with fatal results [45, 49].
If pulmonary embolism is suspected, a spiral CT
or angiogram should be performed, since imme-
diate anticoagulation can be life-saving.

Management

Rapid treatment of the leukemia and implementa-
tion of supportive care measures reduce morbidity
in hyperleukocytosis. Hydration by administra-
tion of intravenous fluids at a rate of 2,500—
3,000 mL/m?day and careful monitoring of urine
output to achieve and maintain a euvolemic state
reduce blood viscosity to the extent possible prior
to cytoreduction. Prophylactic transfusion of red
blood cells should be avoided, because any eleva-
tion in hematocrit is accompanied by an increase
in blood viscosity. Anesthesia complications are
common among patients with hyperleukocytosis,
so procedures that require anesthesia should be
deferred when possible. The diagnostic lumbar
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puncture should be deferred until the patient is
stable to reduce the risk of a traumatic LP with
blasts, which can worsen the patient’s prognosis.

Leukapheresis and exchange transfusion are
not necessary in most patients, and have not been
shown to reduce the risk of complications associ-
ated with hyperleukocytosis [49]. The WBC
count can usually be reduced gradually without
complications using glucocorticoids (in ALL) or
by initiating remission induction therapy or
hydroxyurea (in AML) [50].

Febrile Neutropenia

When fever occurs in patients with neutropenia
(ANC <1,000 and falling or <500), it represents
an emergency. In 10-20 % of patients it is caused
by bacteremia, and fever may be the only warn-
ing sign before septic shock occurs [51, 52]. The
definition of fever used for cancer patients differs
across centers, but the hospital should have a
written policy for cancer patients well known to
doctors, nurses, and patients so that there is no
question at the time of the emergency [53]. If
there is any doubt, the patient should be treated
for febrile neutropenia, especially if taking glu-
cocorticoids, which can mask fever [53]. We
favor a threshold of 38.3 °C (oral or tympanic
membrane) as the definition of fever. Some gram-
negative bacteria can double every 30 min in a
neutropenic host, such that a delay of 2 h in deliv-
ery of the first dose of antibiotic permits a 16-fold
increase in bacterial burden, and development of
sepsis (Fig. 9.2). Another 2 h and the patient will
develop septic shock, and 2 more hours will lead
to inevitable death due to overwhelming endo-
toxin production.

Management

Immediate administration of broad-spectrum
antibiotics is the cornerstone of febrile neutrope-
nia management, and reduces morbidity and
mortality. Written policies and procedures, a
readily available supply of the preferred antibi-
otic on the inpatient wards and in the emergency
department, and a rigorous quality control proce-
dure can help achieve the standard of 30 min or
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Bacterial growth and clinical
manifestations in neutropenic patients

Clinical
Manifestations

Time
(hours)

Organisms
permL

1 None

2 None

4 None
16 None
256 None

4096 Fever
65,536 Sepsis
1,048,576 Septic shock

Fig. 9.2 Bacterial growth and clinical manifestations in
neutropenic patients. Used with permission of St. Jude
Children’s Research Hospital (www.Cure4Kids.org)

less between onset of fever and the first dose of
antibiotics. Ideally, blood cultures should be
obtained prior to the first dose of antibiotic, but if
this will delay the first dose of antibiotic, then
culture may have to be delayed to protect the
patient from an increased bacterial burden.
Immediate administration of antibiotics is para-
mount. An important study in El Salvador docu-
mented delays for parents to decide to bring their
child to the hospital when fever developed
(median of 10 h), delays in transport to the hospi-
tal (1.8 h), and delays in administration of the
first dose of antibiotic once the patient arrived
(3.5 h, Fig. 9.3) [54]. Each of these components
of the overall delay requires specific interven-
tions, and every pediatric cancer center should
identify these time intervals and develop strate-
gies to minimize them.

Hemorrhage and Thrombocytopenia

Hematologic malignancies account for almost
40 % of all cancers in children, and hemorrhage
is a common cause of early death in children with
leukemia in low- and middle-income countries.

Causes of Hemorrhage

Causes of hemorrhage include thrombocytopenia
and coagulopathy. Thrombocytopenia occurs at
the time of diagnosis when the bone marrow is
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Outpatients

Fever
onset
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Antibiotic
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A

T 3.5 hours |
Arrival to

the hospital

1.8 hours

Antiblotic
administered

- Prescription Preparation Administration

Antiblotic time subcomponents (Outpatients)

Fig. 9.3 Components of delay in administration of the
first dose of antibiotic in children with cancer and febrile
neutropenia in El Salvador. Information from Gavidia

infiltrated by leukemia or solid tumors (e.g.,
neuroblastoma, rhabdomyosarcoma), which
displace normal hematopoietic precursor cells
leading to cytopenias. Myelosuppression by che-
motherapy is a common cause of thrombocytope-
nia during therapy. The nadir of platelets count is
usually reached by 7—10 days except in carboplatin/
cisplatin where there is prolonged thrombocytope-
nia. Radiotherapy when involves a large field
(including craniospinal radiation in young chil-
dren) can cause bone marrow suppression includ-
ing thrombocytopenia.

Coagulopathies include disseminated intra-
vascular coagulation (DIC), which occurs fre-
quently in acute promyelocytic leukemia (AML
M3) since promyelocytes contain a high number
of granules whose release causes intravascular
coagulation [55, 56]. Sepsis and hyperleukocyto-
sis can also be associated with DIC. Other acute
leukemias can cause coagulopathy at diagnosis
by releasing cytokines and causing inflammation.
During therapy, L-asparaginase can cause coagu-
lopathy by decreasing synthesis of coagulation
factors, including antithrombin, protein C, pro-
tein S, and fibrinogen. However, the net result of

et al. [54]. Figure used with permission of St. Jude
Children’s Research Hospital (www.Cure4Kids.org)

asparaginase therapy is almost always to produce
a hypercoagulable state, rather than hemorrhage,
and bleeding is rare in patients who are receiving
asparaginase.

Management of Hemorrhage

Platelet transfusion is warranted for any throm-
bocytopenic patient who is actively bleeding, but
indications for prophylactic platelet transfusions
depend on the risk of major hemorrhage, the
patient’s distance to reach the hospital should
bleeding occur, the availability of platelets and
time needed to transfuse them at the particular
center, and other logistical factors [57].
Guidelines developed in high-income countries
must be adapted to each center based on these
factors, and should be written and provided to cli-
nicians and the family to assure appropriate
locally adapted, personally applied management
of thrombocytopenia. Bleeding due to thrombo-
cytopenia that is refractory to random donor
platelets may respond to cross-matched compati-
ble platelets. In patients with coagulopathy caused
by DIC, treatment of the underlying cause is key,
but fresh frozen plasma can be administered in
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the meantime, and cryoprecipitate is preferred if
the fibrinogen level is low.

Severe Anemia

Patients with severe, longstanding anemia can
develop high-output cardiac failure that can be
exacerbated by overly rapid red blood cell trans-
fusion or hyperhydration, which both commonly
occur soon after a cancer diagnosis. Patients who
present with hemoglobin <6 g/dL (not due to
bleeding) should be transfused slowly (5 mL/kg
of packed red cells over 4 h) with careful moni-
toring of cardiorespiratory status. Hyperhydration
is appropriate until the patient is euvolemic, but
then fluid intake must be kept close to urine output
to avoid decompensated heart failure [58, 59].

Chemotherapy Extravasation

Chemotherapy extravasation refers to the acciden-
tal leakage of the cancer drug from the vein into
surrounding tissues with resulting injury that can
range from a mild skin reaction to severe necrosis
depending on the drug category and amount of
extravasation [60]. Cancer drugs can be grouped
into three categories based on their potential to
cause tissue damage upon extravasation: non-
irritants rarely produce an acute reaction if extrav-
asated (all medications that can be given
intramuscularly or subcutaneously); irritants cause
pain, phlebitis, or local hypersensitivity reactions
but not tissue necrosis; and vesicants cause pain,
tissue damage, and extensive necrosis at the site of
extravasation. Vesicants can be further sub-catego-
rized into those with moderate potential to cause
damage (dactinomycin, fluorouracil, mitoxan-
trone, and paclitaxel) and those with high potential
to cause damage (anthracyclines, mitomycin C,
vinca alkaloids [vincristine, vinblastine], etopo-
side if highly concentrated, and cisplatin).
Vesicants with high potential to cause damage

4

Fig. 9.4 Extravasation of vincristine in a child with acute
lymphoblastic leukemia. Figure used with permission of St.
Jude Children’s Research Hospital (www.Cure4Kids.org)

enter the cells at the site of extravasation, bind to
nucleic acids, and initiate tissue necrosis and
progressive ulceration that can persist for weeks or
months. Significant levels of doxorubicin can be
detected in surrounding tissues weeks and months
after extravasation. The continuing release of drug
from necrotic cells damages surrounding tissues
(Fig. 9.4). Furthermore, extravasation in immuno-
compromised patients predisposes them to local
infections and bacteremia.

Signs and Symptoms

The initial symptoms of extravasation occur
immediately after the blood vessel has been
breached. There may be discomfort or pain which
ranges from mild to intense and permanent tissue
damage and necrosis is common after vesicant
extravasation.

Management

Vesicant extravasation must be recognized and
managed promptly to minimize tissue damage,
which can become so severe that surgical debride-
ment and plastic surgery are required (Fig. 9.4)
[60]. Treatment is summarized in Table 9.2. All
incidents of extravasation should be documented
and reported to senior staff.
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Table 9.2 Treatment of extravasation of non-vesicant irritant drugs

Initial steps in the management of all types of extravasation:

1. Stop the administration of the drug

2. Disconnect the infusion, but do not remove the cannula/needle

3. With the cannula/needle in place, aspirate as much of the drug as possible with a 10 mL syringe

Drug category and selected examples
Vesicants, DNA binding
Alkylating agents (mechlorethamine,
Bendamustine), anthracyclines
(doxorubicin, daunorubicin, epirubicin,
idarubicin); antibiotics (dactinomycin,
mitomycin C, mitoxantrone)

Vesicants, non-DNA binding
Vinca alkaloids (vincristine, vinblastine,
vindesine, vinorelbine); taxanes (docetaxel,
paclitaxel)

Irritants
Alkylating agents (ifosfamide, melphalan,
dacarbazine), fluorouracil, liposomal
anthracyclines, platinum agents (carboplatin,
cisplatin, oxaliplatin), topoisomerase
I inhibitors (irinotecan, topotecan),
topoisomerase II inhibitors
(etoposide, teniposide)

Non-vesicants

Any medication that can be administered IM
or SQ plus bleomycin, bortezomib, cladribine,
etoposide phosphate, gemcitabine, fludarabine,
monoclonal antibodies, thiotepa,
cyclophosphamide

Management of extravasation
1-3. Initial steps for all types of extravasation
4. Avoid corticosteroid injections, which may worsen tissue
damage. Specific antidotes when available:
¢ Anthracyclines—IV dexrazoxane within 6 h, if
dexrazoxane not available apply topical
dimethylsulphoxide (DMSO) to an area twice the size of
the extravasation immediately then bid x 14 days
¢ Mechlorethamine (sodium thiosulfate 10 %) SQ
immediately
5. Remove the cannula/needle
6. Apply a cold pack to the affected area for 20 min 4 times
daily for 1-2 days and elevate the limb
1-3. Initial steps for all types of extravasation
4. Immediately inject hyaluronidase SQ 150-1,500 IU diluted
in 1 mL sterile water around the extravasated area to allow
wider dispersion of the extravasated vinca
5. Remove cannula/needle
6. Apply a warm compress after hyaluronidase to the affected
area for 20 min 4 times daily for 1-2 days and elevate the
limb
7. Apply 1 % hydrocortisone cream and sterile dressing 3
times per day if skin is persistently red and inflamed
. Avoid corticosteroid injections or cold compresses, since
they may exacerbate tissue injury

[ee]

1-3. Initial steps for all types of extravasation

4. Remove the cannula/needle

5. Apply a loose dry dressing

6. Apply cold compresses or elevate the limb to limit swelling

1-3. Initial steps for all types of extravasation

4. Remove the cannula/needle

5. Apply a loose dry dressing

6. Apply cold compresses or elevate the limb to limit swelling

IM intramuscularly, SO subcutaneously, /V intravenously
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Introduction

It is estimated that more than 80 % of children in
the world live in low- and middle income coun-
tries (LMICs) where they carry a disproportion-
ate burden of cancer-related morbidity and
mortality [1, 2], and this is unlikely to change
without significant interventions at national and
regional levels. Indeed, deaths from cancer at all
ages in LMICs now exceed deaths from malaria,
tuberculosis, and HIV/AIDS (diseases prevalent
in LMICs) combined [3] The last half century has
witnessed remarkable progress in pediatric
oncology, at least in resource-rich countries in
which cure rates for children with cancer approx-
imate 80 % [4]. The major goal now is to provide
children living in LMICs a similar opportunity to
be cured.

In 1999 the World Health Organization
(WHO) declared “Some relatively rare but cur-
able cancers require highly specialized facilities
for optimal care, such as the acute leukemias and
pediatric tumors” [5]; a laudable goal and one
that is beginning to bear fruit through the efforts
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of numerous international outreach initiatives
and the work of groups such as the Société
Internationale d’Oncologie Pédiatrique (SIOP)
which have established mechanisms specifically
to address the challenges of Pediatric Oncology
in Developing Countries (PODC). As a result, it
is quite clear that diseases such as Burkitt lym-
phoma and acute lymphoblastic leukemia (ALL),
and certain cancers more prevalent in adults
(e.g., Breast Ca), can be treated effectively in
resource-poor countries [6-9]. The opportunity
to maximize pediatric cancer outcomes for a par-
ticular countries development index is being
enhanced further through the efforts of the PODC
Committee of SIOP and others through the estab-
lishment of “adapted” protocols/treatment guide-
lines for a number of malignancies prevalent in
LMICs [10-14]. However, these successes are
limited to a few centers of evolving expertise and
not uniform across LMICs, and as such for ALL;
cure rates in high income countries are on the
order of 80-90 % but remain around 10 % in
LMICs [15].

Financial and Other Barriers

While not the sole contributor, the lack of consis-
tent, timely, and affordable access to antineoplas-
tic and other drugs is a significant ongoing barrier
to governments, non-governmental organizations
(NGOs), and individual citizens who must pay
for drugs out of pocket in providing health care,
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and this financial barrier contributes to the dis-
parity in cancer (and other disease)-related out-
comes in LMICs. Recent estimates indicate that
drug expenditures in LMICs can range from 20 to
60 % of total health care expenditures [16] com-
pared to less than 20 % in resource-rich countries
[17], and that up to 90 % of those living in LMICs
must pay for drugs out of pocket, making this the
next biggest expense after food [18]. Indeed, in
some low income countries; upwards of 60 % of
children diagnosed with malignant disease will
not even have treatment initiated due to the oner-
ous costs to the family [19, 20]. While newer bio-
logics and oral cytotoxics are prohibitively
expensive, the majority of childhood cancers can
be effectively treated with off-patent generic
drugs; yet despite this, there remains significant
price variance of 5-10-fold for arguably “staple”
antineoplastics such as doxorubicin and cis-plati-
num [21]. Given that drugs are often curative
(e.g., antimicrobials), or can lead to significant
prolongation and quality of life (HIV/AIDS) or
effect palliation when cure is not possible, they
cannot be regarded as ordinary commodities.

In resource-rich countries drugs are now
showing the most rapid increase in cost on a line
item basis, yet the pharmaceutical industry
remains one of the most profitable industries in
the USA [18]. An exhaustive examination of fac-
tors affecting the pricing of pharmaceuticals is
beyond the scope of this chapter. One important
aspect of pricing that affects developing coun-
tries is the World Trade Organization (WTO).
Trade-Related Aspects of Intellectual Property
Rights (TRIPS) agreement, first ratified in 1994
then clarified in 2001 in the Doha Accord with
respect to issues in public health. The agreement
strengthened intellectual property law, proce-
dures, and remedies. For resource-rich countries
with established patent laws, the TRIPS agree-
ment meant next to no change; however, in
LMICs, especially those with well established
and thriving generic drug industries such as India,
it meant a significant curtailing in the activities of
those companies. The TRIPS agreement has gen-
erated considerable debate with respect to its ulti-
mate impact on the cost of drugs and access to
medications by the poor in LMICs. A number of
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solutions have been proposed to mitigate the
perceived or real negative impact of the TRIPS
agreement. These include intensified loans/grants
from organizations such as the World Bank to
developing countries to purchase essential drugs
that are still covered by patents; debt cancellation
for poor nations to free up capital to purchase
essential medicines; the purchasing of patents by
a bank or an NGO; and providing licenses for
patented drugs to generic manufacturers in
LMICs. The favored solution currently is for the
establishment of a global equity-based pricing
system for high-, middle-, and low income coun-
tries [22-24] and should be relatively easy to
implement given estimates for aggregate cost of
drugs to treat ALL in LMICs to be around
US$150 million per year; a tawdry amount given
annual figures for international commerce [21].
Access to pharmaceuticals has been viewed as
a fundamental human right and the focus of inter-
national policy development for several decades,
starting with the WHO Model List of Essential
Medicines that was first generated in 1977 [25].
Criticized initially by the pharmaceutical indus-
try, it has been embraced since by governments,
NGOs, and academia as a truly “workable” docu-
ment upon which to base local/regional policy ini-
tiatives on access to drugs in LMICs. A number of
newer initiatives have been put forward recently
that are beginning to bear fruit also. The
Millennium Declaration: “In co-operation with
pharmaceutical companies, provide access to
affordable essential drugs in developing countries”
was one of several development goals established
for LMICs. In conjunction with the World Health
Assembly’s resolution on “Better Medicines for
Children” [26], which encourages the WHO and
its member states to undertake activities to pro-
mote training and research in pediatric clinical
pharmacology, improve drug regulation, access
and rational use, such initiatives are bringing these
issues to the forefront globally. Courtesy of a
US$9.7 million grant from the Gates Foundation
to the WHO and UNICEF, a Model List of
Essential Medicines for children (EMLc) has been
generated and has gone through several iterations
already [27], and a follow-up document “The Model
Formulary for Children” [28] has been produced.
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Table 10.1 List of medications for the treatment of children with cancer in low and middle income countries

Antineoplastics Section Antimicrobials
Asparaginase 8.2 Acyclovir
Bleomycin 8.2 Amikacin
Carboplatin 8.2 Amphotericin B
Cisplatin 8.2 Cefotaxime
Cyclophosphamide 8.2 Ceftazidime
Cytarabine 8.2 Ceftriaxone
Dacarbazine 8.2 Clindamycin
Dactinomycin 8.2 Fluconazole
Daunarubicin 8.2 Gentamycin
Dexamethasone 8.3 Meropenem
Doxorubicin 8.2 Metronidazole
Etoposide 8.2 Septra
Hydrocortisone 8.3 Vancomycin
Hydroxyurea 8.2

Ifosfamide 8.2

Mercaptopurine 8.2

Methotrexate 8.2

Methylprednisolone 8.3

Prednisolone 8.3

Thioguanine 8.2

Vinblastine 8.2

Vincristine 8.2

Section Supportive care agents Section
6.4.1 Allopurinol 8.2
6.2.4 Amitriptyline 24.2.1
6.3 Codeine 2.2
6.2.1 Diazepam 5
6.2.1 Docusate 8.4
6.2.1 Folinic acid 8.2
6.2.2 Heparin 10.2
6.3 Lactulose 8.4
6.2.2 MESNA 8.2
6.2.1 Midazolam 8.4
6.2.2 Morphine 8.4
6.2.2 Ondansetron 8.4
6.2.1 Senna 8.4

Section numbers refer to the WHO Model List of Essential Medicines

These were created to address the valid criticism
that the original Essential Medicines List was too
adult-focused. Drugs relevant to the care of chil-
dren with cancer from the EMLc and their rele-
vant sections are summarized in Table 10.1. The
grant from the Gates Foundation is funding addi-
tional work that will impact children living in
LMICs to develop methods for estimating body
weight easily and accurately (when no scale is
available) to dose drugs reliably; and the devel-
opment of flexible, solid oral dosage forms as the
formulation of choice [29].

In order to promote the development of drugs
with pediatric indications and to provide more
pediatric dosing, labeling, and safety data; regu-
lators such as the United States Food and Drug
administration (FDA) and the European
Medicines Agency (EMA) have enacted legisla-
tion to mandate basic pediatric data for new
drug submissions and financial incentives for
drugs already licensed or “off-patent” [30-32].

The impact of this legislation is currently debat-
able, since all of the additional data provided by
manufacturers have been for drugs that are still
“on-patent”; and in Europe, of 29 new antican-
cer drugs licensed by 2009 only 6 had a pediat-
ric indication. Furthermore, the new pediatric
information (dosing, safety, labeling) generated
by manufacturers as a result of these initiatives
is not being filed in other jurisdictions because
there is no financial gain to be had from doing
so [33-35].

Infrastructure and Logistical Issues

Regulatory agencies in high income countries
such as the FDA, the Health Protection Branch
(Canada), and the EMA, undertake reviews of
data submitted by drug manufacturers with
respect to efficacy, safety, and quality, as well as
performing cost-effectiveness analyses before
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Fig. 10.1 Potential framework for policy development for medications in low and middle income countries

granting a notice of compliance (NOC) with their
respective regulations and issuing a license to
manufacture and/or sell the product within the
respective  country/jurisdiction.  Developing
countries may not have such agencies in place
and, if they do, likely these will not have the
capacity or expertise to adjudicate such submis-
sions properly. These countries rely on interna-
tional agencies such as the WHO for guidance
and programs that can assist with drug evalua-
tions. One of the fundamental guiding documents
is the WHO Model List of Essential Medicines
(adult and pediatric) [27, 28] which health minis-
tries in LMICs can access and tailor to the needs
of their populations. This is done best in conjunc-
tion with published evidence-based treatment
guidelines that now exist for many medical con-
ditions. A proposed framework is shown in
Fig. 10.1 [36].

The quality of drugs available in developing
countries is also of increasing concern [29, 37,
38]; since many chemotherapeutic agents are clear
colorless solutions and, beyond emesis with cer-
tain agents (e.g., cis-platinum), have no immediate
clinical/laboratory value correlates for “fraud,”

making them easy prey for counterfeiters, with
estimates that up to 30 % of drugs in certain set-
tings may be counterfeit or substandard [39].
Using the adage of “you get what you pay for”
attempts have been made to use “low-price”
together with “brand vs. generic” and “appear-
ance” of the selling pharmacy as indicators of
poor quality drug product in LMICs; with low
price for a “brand” drug being somewhat useful,
but none of these factors is highly helpful [40].
Due to the high cost of imported brand name
drugs, some governments in LMICs have fos-
tered the development of generic pharmaceutical
industry capacity within their own borders (e.g.,
India), or import generic versions of drugs pref-
erentially. This is sound policy and can result in
significant cost savings [41]; however, no strat-
egy is perfect and tragedies have occurred
[42, 43]. To address the issue of access to high
quality pharmaceutical products, the WHO
developed a “Prequalification Program” in 2004
for manufacturers of drugs. The program encom-
passes all major aspects of drug manufacture and
quality assurance and provides for inspections as
well as employing quality control laboratories.
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Drugs that pass quality control are published on
the WHO prequalification website for reference
by governments and NGOs purchasing drugs for
LMICs [44].

Additional factors that impact on drug avail-
ability and access in developing countries are
infrastructure issues. Due to lack of local produc-
tion, many drugs in the developing world have to
be imported. Once imported, distribution of such
drugs to health care providers in hospitals, clinics,
or other medical facilities may be problematic.
Roads may be in poor states of repair; some drugs
require storage under controlled temperature/
humidity conditions or refrigeration, which may
be problematic during transport; or, at the destina-
tion, if there is no refrigerator or provision of con-
sistent electrical supply.

The social and economic conditions in devel-
oping countries often make them fertile breeding
grounds for corruption. Life saving/prolonging
drugs such as antineoplastics and antiretrovirals
are often stolen and resold on the black market.
Narcotic analgesics have high resale value and,
coupled with concerns about addiction, many
governments in LMICs have adopted overly
restrictive drug control policies at the national
level [45, 46]. This is particularly tragic as it
results in pain being the most undertreated symp-
tom in patients in the developing world; and, for
the child (or adult) with cancer whose chances of
cure are low, effective palliation is virtually
impossible.

While the lack of child-friendly formulations
is true for most drugs, it is particularly true for
antineoplastics. Injectable drugs are available
almost universally in sizes geared towards adult
patients; this is problematic globally and not
unique to LMICs. However, given the cost of
these agents, and potential lack of proper storage
facilities (e.g., refrigeration), enormous waste
occurs if a second or third child cannot benefit
from a dose of drug that has been reconstituted.
In some cases, the provision of cancer care (adult
and pediatric) is undertaken at a single center;
this may be a preferable scenario in LMICs as it
provides the opportunity to realize cost savings
through minimization of waste. Indeed, in some
settings, doses of chemotherapy for adults are

133

rounded to the nearest vial size for this reason.
Oral agents are equally problematic in the lack of
appropriate dosage forms for children, necessi-
tating the handling of antineoplastics to split tab-
lets or open capsules by health care personnel or
parents/caregivers without the availability of
proper personal protective equipment.

The Role of Pharmacists
in Cancer Care

Pharmacists are society’s experts on medicines.
They work at the interface between the vast
global drug development and marketing appara-
tus, and the patients who are prescribed these
drugs or consume “over the counter” prepara-
tions. Their primary role in today’s health care
environment is to promote and support the safe,
effective, and rational use of medications.
Globally however, there remains significant vari-
ability in how pharmacists actually practice. In
many resource-rich countries, pharmacy practice
has and continues to evolve with pharmacists
now being more engaged in direct patient care,
working together with physicians and nurses to
ensure the best outcomes for patients in both
hospitals and the community. Occurring in par-
allel with this evolution has been the develop-
ment of credentialing bodies such as the Board
of Pharmacy Specialties [47] in the United States
which establishes criteria for specialty practice
areas and standards for credentialing of phar-
macy specialists; with oncology pharmacy prac-
tice being a specialty. Indeed, some of the
fundamental dispensing functions performed by
pharmacists are now being devolved to properly
trained pharmacy technicians, freeing up phar-
macists’ time to devote to patients. Given the
complexity of caring for patients with cancer,
requiring multidisciplinary teams [48], the costs
of antineoplastic drugs, the potential for severe
drug toxicity in the event of a medication error,
and requirements for the safe preparation,
administration, and disposal of cytotoxics, phar-
macists are critical members to include in the
health care team. This is no less true in LMICs
than it is in resource-rich countries; although it
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must be acknowledged that in some settings,
access to a pharmacist is not possible, and the
role of chemotherapy preparation and adminis-
tration falls to a nurse. It can be argued that hav-
ing pharmacists involved in the care of patients
with cancer in LMICs is as (or more) vital than
in a high income country. Given the risks for
inadvertent exposure to antineoplastic drugs by
health care personnel, establishing a dedicated
oncology pharmacy and having a trained phar-
macist (or pharmacy technician, depending on
the setting) to prepare chemotherapy (ideally uti-
lizing appropriate personal protective equipment
and a biological safety cabinet or laminar flow
hood) and properly dispose of used administra-
tion sets afterwards is of prime importance.
Additional benefits of having a dedicated oncol-
ogy pharmacist and pharmacy service relate to
establishment of standard operating procedures
and documentation of workload leading to better
inventory control. By establishing and projecting
drug needs, it may be possible to purchase drugs
in bulk and realize additional cost savings.
Additionally, having a secure central storage
facility may prevent loss due to theft. The key
elements in establishing an effective oncology
pharmacy in an LMIC (Kenya) are listed in
Table 10.2 and a core curriculum for pharma-
cists’ training (Table 10.3) have been described
recently by Strother et al. [49]. While there are
no distinct standards of practice for oncology
pharmacy in LMICs, the International Society of
Oncology Pharmacy Practitioners (ISOPP) has
developed and published Standards of Oncology
Pharmacy Practice that take into account reali-
ties from both resource-rich and resource-poor
settings. These standards address key issues for
pharmacists and nursing personnel preparing
and administering chemotherapy with respect to
sterile preparation, personal protective equip-
ment, waste and spill management as well as
management of drugs and checking procedures
to prevent medication errors [50]. A second edi-
tion of the standards is to be published in 2013.
Beyond their primary functions described above,
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Table 10.2 Recommendations for development of an
oncology pharmacy in a resource-limited setting

Procurement e Bulk purchasing to reduce costs
* Identification of reputable
suppliers, particularly in areas at
high risk of counterfeit
e Placement of personnel on the
procurement boards of hospital
Physical security of storage
location
¢ Establish policy and procedures
to buttress physical security
measures

Storage .

Preparation .
and dispensing

Fixed dosing rounded to vial size
to reduce waste and minimize
potential for error
* Pre-printed order sheets
* Defined treatment protocols
* Physical infrastructures to limit
exposures (i.e., use of PPE and
Class I laminar flow hood)
Defined disposal protocols
for chemotherapy waste
¢ A functional incinerator capable
of safety destroying
chemotherapeutics or a plan
for long-term storage
Safe handling of
chemotherapeutics
» Safe disposal of
chemotherapeutics
* Emergency procedures for events
such as chemotherapy spills
* Safe administration of
chemotherapeutics (nursing)
* Management of complications
(e.g., extravasation)
Cost containment * Bulk purchasing
* Fixed dosing to minimize waste
* Defined cost-effective treatment
protocols
¢ Disease guidelines and priorities

Disposal .

Personnel training ¢

pharmacists in LMICs can participate in addi-
tional initiatives such as establishing pharmaco-
vigilance programs [51] and contribute to patient
care through the use of standardized assessment
tools for toxicity and adherence, and in patient/
parent education [52-55].
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Table 10.3 Competency-based training elements for
pharmacists in LMICs

Chemotherapy basics

e Mechanisms of cancer and chemotherapy

e Side effects of chemotherapy

* Risks of hazardous drug exposure

Appropriate and safe ordering of chemotherapy

e Body surface area and dose calculation

* Dose adjustment for organ function

* Laboratory value evaluation

Personal protective equipment

* Required personal protective equipment for
preparation, administration and disposal of hazardous
drugs

e Chemotherapy preparation area (glove box, laminar
flow hood, etc.)

Preparation and administration of chemotherapy

e Sterile preparation techniques

* Negative pressure reconstitution(vs. venting vials)

* Use of chemotherapy compendium(diluent selection,
fluid selection, infusion time/drip rate expiration
dating)

* Vein assessment and selection

* Administration of vesicants

Disposal of chemotherapy

* Disposal of bulk hazardous waste, trace contaminated
waste and sharps

¢ Chemotherapy spill clean up

Chemotherapy supportive care measures

¢ Chemotherapy requiring pre- and/or post-hydration

e Antiemetic selection

e Management of allergic and anaphylactic reactions

* Management of extravasation

Certification to handle hazardous drugs

e Completion of 2-day training course of the above
topics

* Successful completion of chemotherapy competency
exam

References

1. Barr R, Antillon F, Agarwal B, Mehta PS, Ribeiro R.
Pediatric oncology in countries with limited resources.
In: Pizzo PA, Poplack DG, editors. Principles and
practice of pediatric oncology. 6th ed. Philadelphia:
Lippincott Williams and Wilkins; 2011. p. 1463-73.

2. Kellie SJ, Howard SC. Global child health priorities;
what role for paediatric oncologists? Eur J Cancer.
2008;44:2388-96.

3. Lingwood R, Boyle P, Milburn A, et al. The challenge
of cancer control in Africa. Nat Rev Cancer. 2008;8:
398-403.

10.

11.

12.

13.

15.

16.

17.

18.

19.

. Gatta G, Zigon G, Capocaccia R, et al. Survival of

European children and young adults with cancer diag-
nosed 1995-2002. Eur J Cancer. 2009;45:992—-1005.

. Sikora K, Advani S, Koroltchouk V, et al. Essential

drugs for cancer therapy: a World Health Organization
consultation. Ann Oncol. 1999;10:385-90.

. Hesseling PB, Molyneux E, Tchintseme F, et al.

Treating Burkitt’s lymphoma in Malawi, Cameroon
and Ghana. Lancet Oncol. 2008;9:512-3.

. Dedicoat M, Newton R. Treatment of Kaposi’s sar-

coma in resource-poor settings. Trop Doct. 2005;35:60.

. Howard SC, Pedrosa M, Lins M, et al. Establishment

of a pediatric oncology program and outcomes of
childhood acute lymphoblastic leukemia in a
resource-poor area. JAMA. 2004;291:2471-5.

. Omar S. The Fakous experience: meeting the chal-

lenge of cancer in a low resource setting. Breast J.
2007;13:318-9.

Molyneux E, Davidson A, Orem J, et al. The manage-
ment of children with Kaposi sarcoma in resource
limited settings. Pediatr Blood Cancer. 2013;60(4):
538-42.

Hesseling P, Israels T, Harif M, et al. Practical recom-
mendations for the management of children with
endemic Burkitt lymphoma (BL) in a resource limited
setting. Pediatr Blood Cancer. 2013;60(3):357-62.
Israels T, Moreira C, Scanlan T, et al. SIOP PODC:
clinical guidelines for the management of children
with Wilms tumour in a low income setting. Pediatr
Blood Cancer. 2013;60(1):5-11.

Chantada G, Luna-Fineman S, Sitorus RS, et al.
SIOP-PODC  recommendations for graduated-
intensity treatment of retinoblastoma in developing
countries. Pediatr Blood Cancer. 2013;60(5):719-27.

. Hunger SP, Sung L, Howard SC. Treatment strategies

and regimens of graduated intensity for childhood
acute lymphoblastic leukemia in low-income countries:
a proposal. Pediatr Blood Cancer. 2009;52(5):559-65.

Knaul F, Arreola-Ornelas H, Méndez O. Cancer sur-
vival need not be determined by income: lessons from
developing countries and focusing on children. In:
42nd Congress of the International Society of
Paediatric Oncology, Boston, MA; 22 Oct 2010. Data
from Globocan 2010 and WHO Global Health
Observatory. http://Apps.who.int/ghodata.

WHO. The world medicines situation. Geneva: World
Health Organization; 2004.

Organization for Economic Co-operation and
Development. Drug spending in OECD countries up by
nearly a third since 1998, according to new OECD data.
http://www.oecd.org/document/25/0,2340
,en_2649_37407_34967193_1_1_1_37407,00.html.
Accessed 30 Jan 2013.

WHO. Equitable access to essential medicines: a
framework for collective action. Geneva: World
Health Organization; 2004.

Mannan MA, Islam A, Gosh NK. Acute lymphoblas-
tic leukemia—outcome of treatment with a “hybrid”
protocol. Indian J Pediatr. 2002;69:51 (abstract).


http://apps.who.int/ghodata
http://www.oecd.org/document/25/0,2340,en_2649_37407_34967193_1_1_1_37407,00.html
http://www.oecd.org/document/25/0,2340,en_2649_37407_34967193_1_1_1_37407,00.html

136

J.T. Wiernikowski and R.D. Barr

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Bonilla M, Rossell N, Salaveria C, et al. Prevalence
and predictors of abandonment of therapy among
children with cancer in El Salvador. Int J Cancer.
2009;125:2144-6.

Knaul FM, Gralow JR, Atun R, Bhadelia A, editors.
Closing the cancer divide: an equity imperative.
Cambridge: Harvard University Press; 2012.

Angell M. The pharmaceutical industry: to whom is it
accountable? N Engl J Med. 2000;324:1902—4.
Ashcroft RE. Access to essential medicines: a
Hobbesian social contract approach. Devel World
Bioeth. 2005;5:121-41.

Cohen-Kohler JC. The morally uncomfortable global
drug gap. Ethics. 2007;82:610-4.

Cohen-Kohler JC, Forman L, Lipkus N. Addressing
legal and political barriers to global pharmaceutical
access: options for remedying the impact of the
Agreement on Trade-Related aspects of Intellectual
Property Rights (TRIPS) and the imposition of
TRIPS-plus standards. Health Econ Policy Law.
2008;3:229-56.

Laing R, Waning B, Gary A, et al. 25 years of the
WHO essential medicines lists: progress and chal-
lenges. Lancet. 2003;361:1723-9.

Hoppu K. Pediatric clinical pharmacology: at the
beginning of a new era. Eur J Clin Pharmacol. 2008;
64:201-5.

World Health Organization. The selection and use of
essential medicines. Report of the WHO Expert com-
mittee, 2009 (including the 16th WHO Model list of
Essential Medicines and the second WHO Model list
of Essential Medicines for Children), Technical report
series, Vol. 958. WHO, Geneva; 2009.

WHO. WHO Model formulary for children 2010.
Geneva: WHO:; 2010.

WHO. WHO report of the informal expert meeting
on better medicines for children (Geneva, October
2010); 2008. http://www.who.int/childmedicines/
progress/Dosage_form_reportDEC2008.pdf.
Accessed 30 Jan 2013.

Ward RM, Kauffman R. Future of pediatric therapeu-
tics: reauthorization of BPCA and PREA. Clin
Pharmacol Ther. 2007;81:477-9.

US FDA. Pediatric Research Equity Act; 2003. http://
www.fda.gov/downloads/Drugs/
DevelopmentApprovalProcess/
DevelopmentResources/lUCMO077853.pdf. Accessed
30 Jan 2013.

European Commission. Regulation (EC) n0o1901/2006
of the European parliament and of the Council on
medicinal products for paediatric use and amending
Regulation (EEC) no 1768/92, Directive 2001/20/EC,
Directive 2001/83/EC and Regulation (EC) No
726/2004.  2006.  http://ec.europa.eu/health/files/
eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.
pdf. Accessed 30 Jan 2013.

Baker-Smith CM, Benjamin Jr DK, Grabowski HG,
et al. The economic returns of pediatric clinical trials
of anti-hypertensive drugs. Am Heart J. 2008;156:
682-8.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Olski TM, Lampus SF, Gherarducci G, et al. Three
years of paediatric regulation in the European Union.
Eur J Clin Pharmacol. 2011;67:245-52.

Vassal G. Will children with cancer benefit from the
new European Paediatric Medicines Regulation. Eur J
Cancer. 2009;45:1535-46.

Hoppu K, Hogerzeil HV. Global aspects of drug
development. In: Seyberth HW et al., editors. Pediatric
clinical pharmacology. Berlin: Springer; 2011.
Caudron JM, Ford N, Henkens M, et al. Substandard
medicines in resource-poor settings: a problem that
can no longer be ignored. Trop Med Int Health.
2008;13:162-72.

Gautem CS, Utreja A, Singal GL. Spurious and coun-
terfeit drugs: a growing industry in the developing
world. Postgrad Med J. 2009;85:251-6.

WHO. Counterfeit medicines. http://www.who.int/
medicines/services/counterfeit/impact/ImpactF_S/en/
index1.html. Accessed 30 Jan 2013.

Bate R, Zhe Jin G, Mathur A. Does price reveal poor
quality drugs? Evidence from 17 countries. J Health
Econ. 2011;30:1150-63.

Cameron A, Mantel-Teeuwisse AK, Leufkens HGM,
et al. Switching from originator brand medicines to
generic equivalents in selected developing countries:
how much could be saved? Value Health. 2012;15:
664-73.

Sengaloundeth S, Green MD, Fernandez FM, et al.
A stratified random survey of the proportion of poor
quality oral artesunate sold at medicine outlets in the
Lao PDR. Implications for therapeutic failure and
drug resistance. Malar J. 2009;8:172.

Obaid A. Quality of ceftriaxone in Pakistan: reality
and resonance. Pak J Pharm Sci. 2009;22:22-9.
WHO Prequalification program. http://apps.who.int/
prequal/default.htm. Accessed 30 Jan 2013.

Board INC. Report of the International Narcotics
Control Board on the availability of internationally
controlled drugs: ensuring adequate access for medi-
cal and scientific purposes. New York: United
Nations; 2011.

WHO. Access to Controlled Medications Programme.
Quality assurance and safety: medicines. Department
of Medicines Policy and Standards, WHO Briefing
Note. Geneva: WHO; 2007.

American Board of Pharmacy Specialties. http://
www.bpsweb.org/about/history.cfm. Accessed 30
Jan 2013.

American Society of Clinical Oncology, European
Society for Medical Oncology. ASCO-ESMO consen-
sus statement on quality cancer care. Ann Oncol
2006;17:1063—-4.

Strother RM, Rao KV, Gregory KM, et al. The oncol-
ogy pharmacy in cancer care delivery in a resource-
constrained setting in western Kenya. J Oncol Pharm
Pract. 2012;18:406-16.

International ~ Society of Oncology Pharmacy
Practicioners Standards Committee. ISOPP standards
of practice for oncology pharmacy. J. Oncol Pharm
Pract 2007;13(Suppl.):1-81.


http://www.who.int/childmedicines/progress/Dosage_form_reportDEC2008.pdf
http://www.who.int/childmedicines/progress/Dosage_form_reportDEC2008.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM077853.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM077853.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM077853.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM077853.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://www.who.int/medicines/services/counterfeit/impact/ImpactF_S/en/index1.html
http://www.who.int/medicines/services/counterfeit/impact/ImpactF_S/en/index1.html
http://www.who.int/medicines/services/counterfeit/impact/ImpactF_S/en/index1.html
http://apps.who.int/prequal/default.htm
http://apps.who.int/prequal/default.htm
http://www.bpsweb.org/about/history.cfm
http://www.bpsweb.org/about/history.cfm

10 Essential Medicines and Pharmacy Services 137

52. Olsson S, Shanthi NP, Stergachis A, et al. 54.PastakiaSD, Schellhase EM, Jakait B. Collaborative
Pharmacovigilance activities in 55 low and middle partnership for clinical pharmacy services in
income countries. A questionnaire-based analysis. Kenya. Am J Health Syst Pharm. 2009;66:
Drug Saf. 2010;33:689-703. 1386-90.

53. Mancini R. Implementing a standardized pharmacist  55. Tuffaha HW, Abdelhadi O, Al OS. Clinical pharmacy

assessment and evaluating the role of a pharmacist in
a multidisciplinary supportive oncology clinic.
J Support Oncol. 2012;10:99-106.

services in the outpatient pediatric oncology clinics at
a comprehensive cancer center. Int J Clin Pharm.
2012;34:27-31.



Palliative and Supportive Care
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Jan Du Plessis and David N. Korones

There is music everywhere—In a child’s laugh or the wind in the trees—
And to survive, you must learn to dance to it.

What Is Paediatric Palliative Care

Paediatric palliative care is a holistic and active
approach to care, with the aim to improve quality
of life [1-3]. The World Health Organization
(WHO) defines it as the active and total care of
the child’s body, mind and spirit, which also
involves the family [2, 4]. Paediatric palliative
care considers the child and family as a unique
entity whose members require care throughout
the course of an illness, and if the child dies, at
and beyond the time of death [1]. It is child- and
family-centred care that is based on shared deci-
sion making and sensitivity to the family’s
cultural and spiritual beliefs, values and
practises. It complements curative and life-pro-
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longing interventions from the time of diagnosis
onwards and can be provided in the home or hos-
pital [5-8].

In paediatric oncology palliative care addresses
the needs of children who suffer from their dis-
ease and the toxicity of therapy as well as the
needs of children for whom cure is no longer pos-
sible [5]. Good palliative care affirms life and
regards dying as a profoundly personal experi-
ence for each child and family [5, 6]. Paediatric
palliative care is multidisciplinary. It is delivered
collaboratively with other professionals (e.g.
nurses, nurse practitioners, child life specialists,
social workers, chaplains, teachers, ethicists),
because no one person has the expertise to address
all the care needs of the child and family. It can be
delivered together with measures aimed to cure or
reduce illness or it may be the only focus of care.
The actual mix will vary for each child/family,
based on their expectations and needs, goals of
care and treatment priorities. Figure 11.1 demon-
strates the relative focus of care over time; how-
ever, the balance of palliative versus curative care
may change over time (not necessarily in a linear
fashion). Both palliative and cancer-directed care
play important roles throughout a child’s illness,
although the child’s care may focus more on
palliation as the disease progresses [5]. Regardless
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Fig. 11.1 The integration of disease-targeted and paediatric palliative care [2]

of the clinical situation, palliative care recognizes
that there is always care to provide, such as reliev-
ing physical or emotional distress [6].

There is a tremendous need for the integra-
tion of palliative care into paediatric oncology
services in developing countries. This is in
large part due to the relatively high mortality of
children with cancer in these countries, and the
frequent association of cancer and its treatment
with pain and other symptoms [9]. While pal-
liative care teams have expertise in symptom
management, communication and end-of-life
care, such services often are not available in
developing countries, and it therefore falls to
the paediatric oncology team to provide these
services.

Communication and Palliative Care

Communication with seriously ill children and
their families is a central part of providing good
palliative care. While palliative care physicians
have expertise in this realm, it is incumbent upon
paediatric oncologists to develop some level of
comfort and expertise as well, because they are
usually the physicians directing care of the child

with cancer, and families look to them for infor-
mation and guidance. Communication can be a
daunting challenge, because paediatric oncolo-
gists must often communicate difficult news
(new diagnosis of cancer, recurrence, limits of
treatment options), and must discuss goals and
limits of care. It is important to reach out to the
parents and child, and explore their hopes, con-
cerns and goals of ongoing care. Information
should be shared adjusting the style of
communication to the family’s level of knowl-
edge and prior understanding/misunderstand-
ings. Families rarely hear or understand all that is
said to them, even after much repetition. They
often find it difficult to formulate questions in
context of an emotional interview carried out in a
hospital [10]. Perhaps the two most common and
challenging areas of communication are deliver-
ing bad news and discussing goals and limits of
care (e.g. resuscitation), each of which are dis-
cussed below.

Sharing bad news. Paediatric oncologists are
frequently required to share difficult news with
children and families, whether it be the initial
diagnosis of cancer, recurrence of disease or
that the child’s disease is no longer curable.
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Regardless, communication at this point needs to
be handled sensitively [4]. The news must be
given clearly and should respect the family’s
coping strategies. Many physicians follow a six-
step protocol, described by Buckman et al. [11]:
(1) Prepare. Find a quiet place, turn beepers off
or on silent, making sure that one has the time
needed to devote to a family, and that the family
has the people they want/need present at the
meeting. (2) Find out what the patient/family
knows. Ask them what they already know, under-
stand and perceive. This gives insight into their
factual knowledge as well as their understanding
of what is happening. (3) Find out what the
patient/family wants to know. Allowing families
to assist in “setting the agenda” can transform the
“bad news” discussion into an opportunity to
reassure and support. (4) Share the information.
Information should be given to families at a level,
pace and amount they can assimilate easily and
accurately. The message they receive is not
always the message that is given. For example,
families may know that multiple metastases have
developed, but may not know that means cure is
impossible [12]. Check in with them along the
way, saying things such as “Does this make sense
so far?” or “Do you want to ask me anything
about what I have just said?” It is not uncommon
for families to misinterpret or not remember what
is said. It is not because the oncologist failed to
speak clearly, but because they find it hard to take
everything in. (5) Respond to emotions. Perhaps
the most important aspect of a “bad news” con-
versation, this is a time to listen, support and
allow periods of silence for parents who are too
emotionally overwhelmed to process what they
have just been told. (6) Provide a follow-up plan.
Families may leave a difficult conversation like
this stunned and lost. It is vital to have a specific
follow-up plan so they know they are not being
abandoned and so they can ask questions they
might not have had the presence of mind to ask at
the initial meeting. Table 11.1 outlines a few key
points in “How to deliver bad news”, similar to
the approach taken by Buckman et al. [11].
Regardless of the precise protocol followed, the
key to effective communication is to be sensitive,
listen, have empathy for the child and family’s
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Table 11.1 The “how to” of sharing bad news [12]

Set the scene * Find a private and quiet place

¢ Invite relevant others—child,
social worker, ward staff, etc.

* Ensure eye-contact on the
same level (ideally all sit)

e Speak in an unhurried way

* Never look at clock or watch

* No interruptions (give bleep to

someone else)

What does the family already

know?

¢ What does the family
understand?

Alignment (let the  *
family talk)

*  What are they expecting from
you in this interview?
Exchanging .
information

Acknowledge what is already

known and understood

» Use it as basis for giving new
information—use the family’s
vocabulary

* Prioritize: what are most
important and/or immediate
concerns?

* Repeat and summarize as often

as necessary

What has the family

understood?

Checking back .

¢ Did they receive the message
you intended to give?

¢ Have you answered what they
needed to hear?

* Go back to step 3 as often as

necessary

Closing ¢ Reassure the family that they

are not expected to remember

everything

e Invite further questions (go
back to step 3 if necessary)

e “Permit” further questions in the
future—of you, ward staff, etc.

* Make arrangements to meet
again
* Summarize once again

concerns, respect their cultural and spiritual
beliefs and do not be judgemental [2].

Talking to children. Many parents and profes-
sionals find it difficult to involve children in
discussions about a diagnosis of cancer, particu-
larly if their prognosis is poor. It is the instinct of
parents and professionals alike to protect children
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from “badness”. However, there is a wealth of
evidence that suggests most children know when
they are dying, feel isolated when such informa-
tion is withheld and fare better when they are told
what is happening [13]. Much of this evidence
comes from the United States and western
Europe and may not hold true for other parts of
the world where cultural norms regarding shar-
ing information may differ. As for who and how
to talk to children, it need not be the physician,
and in fact, for older children it is best to explore
their hopes and fears with whomever they feel
comfortable and have a connection. That might
be their parents, a chaplain, a nurse, psychologist
or social worker [10]. For younger children,
child life therapists are particularly skilful in
helping children express themselves through
play therapy.

Siblings. Just as it is difficult to involve children
with cancer in discussions of poor prognosis, so,
too, is it difficult to have these discussions with
their siblings. There are data which suggest that
siblings, too, fare better when they are fully
informed about their brother’s or sister’s illness.
SIOP has issued suggested guidelines for helping
siblings cope with their siblings’ illness and/or
impending death [14].

Challenges regarding communication in develop-
ing countries. The approach to sharing bad news
directly with patients, be they adults, parents or
children, is highly variable from country to coun-
try and culture to culture (even within the same
country) [15]. In the United States and western
Europe only a minority of physicians disclosed a
diagnosis of cancer or a poor prognosis as
recently as the 1950s and 1960s. But since that
time, there has been a trend toward full disclo-
sure to the point that now full and open commu-
nication with patients (even children) is standard
practice. However, this approach does not hold
true in many parts of the world where full disclo-
sure of diagnosis and prognosis is often withheld
from the patient (although shared with the fam-
ily) [15, 16]. With such cultural variability in
how difficult news is approached, it is essential
for the paediatric oncologist to ask parents how
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much detail they want about their child’s illness,
and how to approach these issues with their ill
child and his/her siblings.

Goals of care. When a child with cancer is not
doing well, when treatment options are limited or
when it appears that the child’s disease is not cur-
able, it is important for the physician to commu-
nicate this to the parents and the child (if
appropriate). At this point the paediatric oncolo-
gist must work with the family to decide what
sort of medical interventions make sense to do
and which ones do not. For example, will it really
help the child with refractory leukaemia to
receive one more round of chemotherapy, or will
this most likely have significant toxicity and little
efficacy. Or does it make sense to give a child
artificial nutrition or hydration if it does not
enable the child to live longer and does not pro-
vide comfort. In a developing country where
resources may not be available for curative treat-
ment, these conversations may need to take place
early in children’s course, even at presentation.

Do not resuscitate orders. Perhaps one of the
most emotionally charged aspects of goals-of-care
discussions is cardiopulmonary resuscitation
(CPR). For children who have relapsed and who
have incurable disease, the benefits of CPR are
questionable, and the potential toxicity consider-
able. Whenever possible, discussion of CPR
should be done in advance to allow parents and
children to make decisions that would fit with
their values and goals of care.

When having such a discussion, it is important
to honestly assess the likelihood of benefit versus
harm performing CPR. It should be handled as
any other medical recommendation: the physi-
cian should take responsibility for the process
and not put undue responsibility for any decision
on the parents. It should be a process of shared
decision making with the medical team taking
the lead, guiding the family, but also listening to
and including them. It should be pointed out to
the parents that it would be the uncontrolled can-
cer causing the death and not their decision not to
resuscitate. In addition they should be reminded
that “Do not resuscitate” (DNR) status does not
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mean “do nothing”. It simply means that one
does not proceed with this intervention because it
is unlikely to work and is likely to cause harm.
Even if parents are unable to make a decision, it
is helpful for them to have heard that they may
have to face such a decision in the future [2, 6].

The appropriateness of DNR discussion may
also depend on the resources available in a given
country. For example, in some resource-poor
countries a child with ALL might have a very
poor prognosis. In such a case, DNR might be dis-
cussed early in the child’s course. In other coun-
tries resources for conducting advanced CPR
might not be available so such a discussion is not
relevant. In addition, laws may vary from country
to country regarding the legal requirement to dis-
cuss resuscitation status with families [17].

Location of Care for the Dying Child

Whether a child dies at home or the hospital,
early discussion and planning of location of death
is highly recommended. When such early discus-
sion takes place, families and children fare better
at end of life and children are more likely to die
in their preferred location [18].

If families opt for home care, the paediatric
oncology team is obligated to ensure that good
palliative care is provided in the child’s home
and/or community. For many families the paedi-
atric oncologist will still remain their key medi-
cal professional. Most of the time the key team
members in the community will be the commu-
nity nurse, general practitioner (GP), paediatri-
cian, etc., with the paediatric oncologist simply
providing occasional guidance and support.
Some children and families require input from
psychologists, chaplains and, if available, pain
specialists and child life specialists. Where avail-
able an outreach nurse and/or children’s hospice
are valuable resources to provide effective pallia-
tive care [12].

Although the inpatient paediatric oncology
unit may not seem to be the ideal place for end-
of-life care, for some families that may be where
they are most comfortable. In addition, some-
times hospital admission is unavoidable (due to
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pain control, the need for transfusions, etc.). In
this instance, the goal should be to create a home-
like environment. If available a single room
should be set aside and allow the family to deco-
rate it with toys and home furnishings, etc. as
they see fit. It is important for team members to
take time to talk to the family members each day,
even though there is no active treatment of the
cancer. Generally, this does not take as long as
one might expect and a great deal can be said in a
5- or 10-min encounter [12].

Symptom Management

Management of symptoms is a very big part of pae-
diatric palliative care. Children with cancer experi-
ence a myriad of symptoms (physical and
psychologic) from the tumour and the therapy from
the time of diagnosis until the time of cure or death.
A good working knowledge of the most common
symptoms experienced by children with cancer,
how to assess these symptoms and how to treat them
is a cornerstone of good paediatric palliative care.

Pain

Pain is one of the most common and most debili-
tating of symptoms. While there are many defini-
tions of pain, perhaps the most compelling one
was written by a nurse over 40 years ago: “Pain is
whatever the experiencing person says it is, exist-
ing whenever the experiencing person says it
does” [19]. In the United States, pain is now con-
sidered “the 5th vital sign”, and is assessed regu-
larly in US hospitals and clinics along with pulse,
blood pressure, respiratory rate and temperature.
Optimal pain management begins with a good
assessment including biological, psychological,
social, cultural and spiritual factors that influence
the way a child perceives pain. Such assessment
is simple, takes little time and is feasible in
resource-limited settings [12].

Pain assessment
The purpose of pain assessment is to determine
the severity and nature of pain. The assessment
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Table 11.2 The following aspects of pain should be
recorded and is summarized by the useful mnemonic
“PQRST” [4]

Precipitating or .
relieving factors

Abdominal pain relieved by

defecation suggests that

constipation is the cause

¢ A pathological fracture can be
suggested by pain on movement
of the affected limb

e Also pay attention to

medications that have been

effective in the past

Children can be surprisingly

clear in their descriptions of

what the pain feels like

Quality .

e Anintense, well-localized pain
can suggest bone pain
* Neuropathic pain can be
described as numbness, burning,
paraesthesia or hyperaesthesia
(change of sensation)
Radiation * Neuropathic pain is typically
distributed in a recognizably
dermatome pattern
Use age-appropriate pain
measurement tools

Severity .

¢ Record the measurements in the
child’s clinical charts or journal
(kept by the child or his/her
parents)

Neuropathic and bone pain are
usually constant in nature

Timing .

e Causes of intermittent pain:

— Cause is episodic in nature,
e.g. intestinal colic due to
constipation, stimulant
laxatives, or pathological
fracture that is only painful
when it is moved

* Management of these differ and
it is important to distinguish
between them

should include a detailed pain history (see
Table 11.2 which highlights the PQRST mne-
monic) and a physical examination. Further
investigation of the underlying cause of the pain
depends on where a child is in the course of his/
her illness. For example, evaluation of abdominal
pain in a child who has just started chemotherapy
for a newly diagnosed malignancy might be
extensive, whereas exhaustive evaluation of the
cause of bone pain in a child with end-stage leu-
kaemia is not necessary [12].
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A challenge in assessing pain in children is
that many children are non-verbal and therefore
cannot directly report their pain. Even young
children, who are verbal, might not understand
the standard 0—10 numeric scale used in adults.
A number of pain assessment scales have been
developed for young children and non-verbal
children. These include the CRIES scale for
infants (Crying, Requires oxygen, Increased vital
signs, Expression, Sleeplessness), the FLACC
scale for very young and non-verbal children
(Face, Legs, Activity, Cry Consolability), the
Faces Pain Scale-Revised for children 3-8 years
old and the standard numeric scale for older chil-
dren and adolescents [20]. Figure 11.2 illustrates
the Faces Pain Scale-Revised (Bieri Faces scale),
one of the most frequently used measures of pain
in young children.

Pain management. Like all aspects of medical
care pain management requires a systematic and
analytical approach. The approach must be sensi-
ble and realistic, with careful attention to the prin-
ciples and evidence that support our understanding
of the pathophysiology of pain [12]. Optimal pain
management requires a comprehensive approach
comprising judicious use of non-opioid, opioid
analgesics, adjuvants and non-pharmacological
strategies. Such an approach is possible in
resource-limited settings [8].

The World Health Organization (WHO)
guidelines on the pharmacological treatment of
persistent pain in children with medical illnesses
have become the gold standard in the pharmaco-
logical treatment of persistent pain, including
cancer pain. In the new guidelines (2012) the
WHO recommends using analgesic treatments in
two steps (see Table 11.3) [4].

This simple guideline is straightforward. For
mild pain (1-3 on a scale of 10) non-opioids such
as paracetamol (acetaminophen) and/or ibupro-
fen should be used. For moderate pain (4-6), a
low dose of an opioid should be considered, and
for more severe pain (7-10) opioids are defini-
tively indicated. For children with persistent or
frequent moderate to severe pain, opioid dosing
should be scheduled at regular intervals (e.g.
morphine every 4 h) to insure continuous control
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Fig.11.2 The Faces Pain Scale-Revised [21]

Table 11.3 WHO guidelines [4]

Step Pain severity Medications

1 Mild Non-opioid analgesics, e.g.
paracetamol (acetaminophen)
and ibuprofen

2 Moderate to severe Opioid, e.g. morphine

of the pain. In addition, provision should be made
for additional doses to be given on an as-needed
basis for breakthrough pain.

Adjuvants should always be considered for a
child in pain. An adjuvant is a medication that
targets a specific type of pain. Hence an accurate
diagnosis of the likely nature of pain should be
made in order to select the appropriate adjuvant.
For example, non-steroidal anti-inflammatory
drugs (NSAIDs) are effective adjuvants against
bone pain; gabapentin is an effective adjuvant for
neuropathic pain. Adjuvants may be used in addi-
tion to opioids or as an alternative to them.

Specific Analgesics

A detailed description of all the available analge-
sics and appropriate doses is beyond the scope of
this book. Frequently used analgesics are
described below.

Simple  analgesics/non-opioids.  Paracetamol
(acetaminophen) and NSAIDs are the analgesics
of choice as initial therapy for mild pain.
Paracetamol (acetaminophen) is a safe and effec-
tive analgesic in children and is also antipyretic.
NSAIDs (e.g. ibuprofen and diclofenac) are useful
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Provide only limited analgesia
Fixed maximum dosage

Use a weight appropriate starting dose

Lower doses for moderate pain than
severe pain. Increase by increments of
not more than 50 % per 24 h if pain is
not controlled

for mild pain, and as adjuvants in the management
of cancer-related bone pain, joint and inflamma-
tory pains. NSAIDs should be avoided if the plate-
let count is less than 20,000/pL and used with
caution in patients with impaired renal function.
Both ibuprofen and paracetamol (acetaminophen)
are inexpensive and widely available [9, 12].

Opioids. There are many available opioids.
Although they differ in formulation, mode of
delivery, half-life and range of toxicities, they are
fairly similar and there is seldom a compelling
reason to start one specific type of opioid over
another.

Morphine. Morphine is generally acknowledged
as the gold standard of opioid management, and
therefore it is the opioid of choice in the man-
agement of moderate to severe pain in children
with cancer [3, 4, 10, 12]. It comes in many for-
mulations: an immediate release (short acting)
form in liquid (inexpensive) and tablets (expen-
sive) and a sustained release form. In addition it
can be infused intravenously and subcutane-
ously. Morphine is very safe and usually well
tolerated in children [9]. It can cause drowsiness
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Table 11.4 A practical guideline for the use of morphine
for children with moderate—severe pain [9]

1. Start with 0.2-0.5 mg/kg/dose orally immediate
release morphine given scheduled every 4 h (start with
lower doses, e.g. 0.1-0.2 mg/kg/dose in opioid naive
children. For infants use 0.1-0.2 mg/kg/dose and give
every 6 h)

2. Provide dosing for breakthrough pain (same dose as
above) every 2 h as needed

3. The dose can be increased 30-50 % every 24—48 h
based on the child’s previous daily morphine dose
(scheduled + breakthrough doses) and level of pain

4. Start a laxative when starting the morphine

5. If sustained release morphine is available, start it
2448 h after starting the above immediate release
morphine. Sustained release morphine is given twice
daily, and the total dose should be equivalent to the
child’s 24-h requirement of immediate release
morphine

6. If sustained release morphine is available, the child
should also continue to receive immediate release
morphine for breakthrough pain. Typically this dose is
about 10 % of the 24-h morphine dose and is given as
often as every 2 h

and nausea, but tolerance to these side effects
usually develops within 48 h, without requiring
dose-adjustment [10]. The immediate release
formulation should be used initially and given
every 4 h (or every 6-8 h in infants) with break-
through doses given as necessary in between
scheduled doses [9, 12]. Even in low-income
countries, with morphine alone, effective control
of pain can be achieved in the majority of chil-
dren. See Table 11.4 for a practical guideline for
starting morphine in a child in moderate to
severe pain.

Other opioids used for children with pain
include fentanyl, diamorphine, buprenorphen,
oxycodone, hydromorphone and methadone. The
WHO recommends that codeine and tramadol
should no longer be used for children.

Methadone. Methadone deserves special men-
tion. It is unique among opioids in that it also
blocks NMDA receptors, resulting in an adju-
vant effect against neuropathic pain and poten-
tially in bone pain [12]. It is also less sedating
than morphine, has a long (but variable) half-
life and in contrast to most other opioids is not
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renally cleared. It is available as tablets and
liquid and can be given intravenously [4]. Many
case series have been published in children
[10]. The pharmacokinetics of methadone is
variable from child to child. Consultation by a
pain specialist or palliative care specialist is
recommended if one is contemplating using
methadone.

Adverse effects of morphine (and other opioids).
Like any drug morphine (and other opioids) does
have side effects. Constipation is the most com-
mon toxicity. Tolerance to constipation does not
develop. Laxatives should always be prescribed
when a child is started on an opioid. This should
be a combination of a stimulant and a softener
such as co-danthrusate. Other possible side
effects include nausea, vomiting, pruritus, uri-
nary retention, lethargy, myoclonus and delirium
[10]. Morphine is not recommended for children
with renal insufficiency because it is cleared
through the kidney. Some of the most feared tox-
icities such as respiratory depression and addic-
tion do occur but are uncommon.

Opioid equivalence and conversions. Sometimes
it is necessary to convert from one opioid to
another (e.g. due to toxicity), or from one route of
administration to another (e.g. oral to intravenous
for a child who has emesis). In these instances
opioid conversion charts serve as a useful refer-
ence [21, 22].

Unique challenges of pain control in lower-
Unfortunately access to
opioids, even inexpensive ones, remains a chal-
lenge in low-income countries. For example, the
worldwide consumption of morphine is 5.98 mg
per capita compared to only 0.33 mg per capita in
Africa [23]. Some of the obstacles include over-
inflated fears of addiction, lack of healthcare
practitioner experience prescribing opioids,
crushing government regulation for manufacture
and distribution as well as requirements for pre-
scribing and concerns about theft. Paediatric
oncologists can be advocates in their institutions
and countries for the safety and effectiveness of
opioids for children with cancer.

income countries.
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Adjuvant Drug Therapies

Adjuvants are medications that target specific
types of pain. For example, somatic pain (pain
due to bone and soft tissue injury) can be effec-
tively treated with NSAIDs or glucocorticoids
[13, 14]. Neuropathic pain is pain due to nerve
injury, and is often described as shooting, burn-
ing, tingling, prickly or like pins and needles. The
most commonly used medications for neuro-
pathic pain include gabapentin and amitriptyline.
Methadone is unique among opioids in its ability
to control neuropathic pain. Visceral pain is due
to distension of viscera. While visceral pain is
effectively treated with opioids, glucocorticoids
can also be effective (e.g. a child with malignant
bowel obstruction). Glucocorticoids are also
effective for headaches due to brain tumours or
metastases. It is important to note that adjuvant
drug therapies need not be given alone. More
often than not, they are given in addition to opi-
oids for moderate to severe pain.

Cancer-Directed Therapy

Although one does not typically consider cancer-
directed therapy as a means of pain relief or other
symptom management, it very definitely can
have such a role. Many chemotherapy agents are
relatively non-toxic and can cause significant
symptom relief when used properly. For exam-
ple, for the child with relapsed leukaemia and
bone pain, vincristine and prednisone might pro-
vide significant pain relief. Radiation therapy
plays a similar role. Radiation can provide sig-
nificant relief of pain due to bone metastases.
Larger fractions can be given over a short period
of time since late-arising complications are not a
concern in the terminally ill child [2]. In these
contexts, radiation or chemotherapy is an exam-
ple of “palliative therapy” the primary purpose of
which is to relieve pain, not prolong life.
However, this is a distinction that a family might
find difficult to grasp, and might hope for as life-
prolonging therapy as well. It is imperative to
explain that while such therapies might prolong
life, that is not their primary purpose and that is
not what typically happens [12].
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Psychological and Other Non-
pharmacologic Interventions for Pain

Depression is an understandable response to termi-
nal cancer and intractable pain. Whenever possible
the child’s understanding of pain and its causes
should be explored, because fear, anger, guilt,
grieving, sadness and lack of understanding are all
part of the pain experience. Child psychologists
and play therapists are particularly skilled in elicit-
ing the source of a child’s worry. In some children
depression, anxiety, issues of guilt or anger may
coexist and may be under-diagnosed in children.
Uncontrolled pain can cause depression and if the
depression is untreated it may make the pain expe-
rience worse. Doctors should be prepared to offer
counselling and, if indicated, medications in man-
aging depression in children [12]. Other non-phar-
macologic interventions for pain include
acupuncture, reiki therapy, massage, guided imag-
ery and biofeedback. While there is not a strong
evidence base for the effectiveness of many of
these therapies, they are safe and inexpensive.

Gastrointestinal Problems

Nausea and Vomiting. Nausea and vomiting are
significant symptoms in children with cancer
throughout their course of illness. The patho-
physiology of vomiting is complex and can be
triggered by the stimulation of receptors in the
gastrointestinal tract, chemotherapy trigger zone
(located at the floor of the fourth ventricle), and
the vestibular apparatus. Emesis is triggered by
impulses from these areas, which in turn travel to
the emesis centre and induce vomiting. Each of
these areas has receptors, which can be block-
aded by medications that bind to and block these
receptors and decrease the likelihood of emesis.
For example, 5-hydroxytryptamine receptors
(5-HT3) are located in the chemotherapy trigger
zone and can be blocked by a SHT3 receptor
blocker such as ondansetron [24]. In order to treat
nausea and vomiting effectively, it is necessary to
have a systematic approach to diagnosis of the
cause. This is the basis for rational prescribing of
antiemetic therapy [3, 10, 12].
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Table 11.5 Drugs (and receptor targets) commonly used in management of nausea and vomiting

Drug Receptor blocker Dosage Frequency Route
Metoclopramide D, dopamine 0.1-0.2 mg/kg/dose Every 6 h PO/SC/IV
Haloperidol D, dopamine 0.05-0.15 mg/kg/day BD/TDS PO/SC/IV
Ranitidine (if gastritis) 24 mg/kg (max 8 mg/dose) BD PO
Ondansetron SHTS3 serotonin 0.15 mg/kg/dose Every 8 h v
Dexamethasone Wide range 0.25 mg/kg/dose BD PO/SC/IV

The most commonly used anti-emetics include
ondansetron, metoclopromide, promethazine and
hydroxyzine (Table 11.5). A typical starting regi-
men might be metoclopramide or ondansetron
given on a scheduled basis. Glucocorticoids are
also helpful adjuvants in the management of nau-
sea and vomiting. Although not blocking recep-
tors directly, they are synergistic with ondansetron
and other SHT3 receptor blockers and can reduce
emesis with their anti-inflammatory effect.
Lorazepam can also be effective when anxiety
contributes to the nausea.

Constipation. Constipation iS common among
children with cancer and is defined as the infre-
quent and difficult passage of hard stools [12].
Causes include medication (opioids, vincristine),
poor oral intake, dehydration, electrolyte imbal-
ances, immobility and emotional distress.
Prevention is the most important part of treat-
ment and where appropriate increased fluid
intake and exercise should be encouraged [9].
As with any symptom, a history and physical
exam to determine the aetiology of the constipa-
tion is an essential first step. Constipation, in
addition to infrequent stooling, may manifest as
irritability, abdominal pain or generalized dis-
comfort. Health care practitioners use many dif-
ferent regimens. It is important to have a stepwise
plan of interventions that is coordinated with the
parents and the healthcare team. The initial
choice of medication for constipation is largely
empiric. Many recommend starting with a laxa-
tive such as senna because it stimulates bowel
motility, along with bisacodyl that softens stool.
If these are not available as liquid formulations,

another effective option is polyethylene glycol,
an osmotic laxative powder that can be dissolved
in most liquids. Suppositories can provide more
immediate relief. Mobility and hydration are
important when feasible. It is also important to
remember that any child on an opioid should also
be receiving a laxative.

Dyspnoea

Dyspnoea is a very common symptom, frighten-
ing to the child and not easy to treat. It is defined
as the unpleasant subjective sensation of the
inability to breathe adequately. The pathophysiol-
ogy of dyspnoea is complex and not completely
understood. There is a strong cerebral component
to dyspnoea, and the higher cortical centres which
process anxiety and fear and the respiratory cen-
tre are mutually influential. Because of this a
vicious cycle could be established when anxiety
exacerbates dyspnoea and vice versa [3, 10].
Management of dyspnoea should start with
simple investigation of underlying correctible
causes. For example, reactive airways might
respond to albuterol inhalers, or congestive heart
failure might respond to furosemide. Other pos-
sible causes include anaemia, effusion and infec-
tion. When there is no known underlying
correctable cause, it is best to start with non-
pharmacologic approaches such as repositioning,
reassuring the child and ensuring some airflow
across the child’s face by using a fan or placing
the child near an open window. Oxygen may or
may not be helpful [3]. Regarding pharmacologic
therapies, opioids are the treatment of choice.
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The dose required is about half of that required
for pain relief. While morphine is the standard
opioid used, dyspnoea can be relieved by other
opioids. Benzodiazepines are also helpful in
relieving the anxiety associated with dyspnoea.

Fatigue

Fatigue is a very common and distressing symptom
for children with cancer [2, 6]. Unfortunately, it is
also the symptom that is the least likely to be
addressed by health care teams. The cause is usu-
ally multifactorial including anaemia, infection,
pain, poor nutrition, deconditioning, depression and
medications. Treatment should be focused on treat-
ing the underlying cause/s (e.g. depression, anae-
mia). Non-pharmacological approaches include
modifying the child’s social/play activities, and
encouraging the child to rest and take naps as
appropriate [6]. Pharmacologic approaches are few.
Methylphenidate has been shown to be effective in
small clinical trials in adults and older children [2].

Other Symptoms

Delirium. Delirium is an altered state of con-
sciousness characterized by sudden onset, wax-
ing and waning, periods of inattention and
periods of confusion. The most common cause is
medications (e.g. opioids, benzodiazepines),
electrolyte abnormalities and lack of change of
environment. Haloperidol is the treatment of
choice for delirium. Also adequate hydration
(when appropriate) will ensure renal excretion of
toxic metabolites [3, 12].

Convulsions. Convulsions are relatively common
in children with brain tumours and brain metasta-
ses, and can also occur in children with other
malignancies during therapy and at the end of
life. They can be extremely frightening to the
family. When convulsions are likely (for exam-
ple, a child with multiple brain metastases or lep-
tomeningeal disease), prophylactic
anticonvulsant therapy should be considered.
Frequently used agents include leviteracetam,
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benzodiazepines, phenytoin, valproate, carbam-
azepine and phenobarbital. It is important to
inform the parents about the possibility of con-
vulsions, and to guide them on what a convulsion
might look like. They will also need a practical
management plan. Strategies include positioning
of the child in a safe place and not to place
objects in the child’s mouth. Parents should be
trained on how to administer benzodiazepine rec-
tally, or buccal application of lorazepam or
injectable midazolam [3].

Anaemia and bleeding. In the advanced stages of
many cancers suppression of red cell and platelet
production is common, specifically in lympho-
proliferative disorders such as leukaemia [12].
A red blood cell transfusion may relieve symp-
toms such as weakness, fatigue, breathlessness
and drowsiness when the child is anaemic. As the
cancer progresses, the symptomatic benefit from a
transfusion may decrease [6]. Deciding whether to
transfuse or not can be very challenging. Although
there may be benefits, transfusions can also be bur-
densome (trips to the hospital, insertion of a needle
and taking of blood for cross-matching, need or
the presence of an indwelling central venous cath-
eter, transfusion reactions). The pros and cons
must be carefully weighed with the family.

Platelet transfusions should be considered to
prevent bleeding, or if spontaneous bleeding is
occurring. For less severe bleeding the anti-
fibrinolytic drug tranexamic acid can be used [9].
When the bleeding is localized to the oral mucosa,
use a 5 % solution mouthwash by dissolving a
500 mg tablet of the tranexamic acid in 5 mL of
water. To prevent clot breakdown in more wide-
spread bleeding use tranexamic acid 20 mg/kg
every 8 h, enterally or intravenously (it can be
given as often as hourly if needed) [9]. Epistaxis
can be managed with nasal plugs or ribbon gauze.
Topical applications of 1:1,000 epinephrine [12]
can be used for bleeding cutaneous ulcers. A wet
tea bag can be pressed onto bleeding gums at
home; the tannins in black tea can also help to
stop the bleeding [6].

Massive bleeding. Families should be counselled
and adequately prepared if sudden massive
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bleeding is a possibility. Massive bleeding can be
extremely frightening for a child and family. In
order to relieve a child’s anxiety associated with
massive bleeding, the use of benzodiazepines
may be indicated. To mask the colour and quan-
tity of blood, practical measures include using
dark-coloured sheets and towels [3, 12].

End-of-Life Care

For some children, cure is not possible and the
goals of care shift from disease-targeted treat-
ment to primarily comfort measures. Care at the
end of life is focused on comfort and minimizing
suffering for both the child and family. Common
symptoms include pain, fatigue, nausea, consti-
pation, anxiety and depression (management of
these symptoms is detailed above). But care of
the dying child goes far beyond symptom man-
agement; it requires understanding and anticipat-
ing the needs of the child and family and
supporting any social, spiritual and emotional
needs of the child and family [6]. When a child
dies the psychological and physical wellbeing of
the family members (particularly parents, sib-
lings and grandparents) are affected for the rest
of their lives. Positive and negative events that
occur around the time of death are highly impor-
tant to the family members. There are some basic
needs regarding the end-of-life care which are
important to attend to: honest communication
and complete information are needed; basic
symptom control; good access to staff; emotional
expression and support by the staff; coordination
of services; the integrity of the parent—child rela-
tionship, faith and meaningfulness should be pre-
served [25].

Final Days

The final days can be particularly physically and
emotionally demanding for a child and family.
Symptoms particularly prominent in the last few
days of a child’s life include fatigue, weakness,
loss of appetite and pain. A few simple medica-
tions can provide a lot of comfort for a child as
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death nears: morphine for pain and shortness of
breath, a benzodiazepine (e.g. lorazepam) for
anxiety and haloperidol for delirium. Of these
medications, morphine is most important because
it can effectively relieve pain and dyspnoea. Some
children develop rattling respirations as death
nears. Although this is not thought to be uncom-
fortable, it can be very difficult for a family to
listen to. Such rattling can be relieved with glyco-
pyrrolate or a scopolamine patch. Although there
may be little in the way of medical management
for the paediatric oncology team, the presence of
the oncologist and his/her team can be a tremen-
dous source of comfort to the child and family.

Bereavement

The death of a child is an unimaginably stressful
event, producing a crisis of meaning in which
parents search for cognitive mastery and renewed
purpose. Grief is a lifelong process; parents typi-
cally never get over the loss of a child but rather
learn to adjust and to integrate the loss into their
lives [1]. During this period of mourning and
reorganization, parents and siblings can be sup-
ported in many ways [12]. Resumption of every-
day function, derivation of pleasure from life and
establishment of new relationships are all signs
of healing from grief [1]. In most cases families
are able to mourn and find meaning and purpose
in life again.

Siblings are similarly bereaved. They may
experience social isolation and withdrawal since
much of the sadness is focused on their ill or
deceased sibling. Families should be encouraged
to involve siblings throughout the illness trajec-
tory, allowing them to have safe outlets for their
feelings and creating opportunities for their needs
to be identified and met [6]. As they grow up they
will probably find it helpful to reprocess the death
in light of their newfound knowledge and emo-
tional capabilities.

It is a challenge for paediatric oncologists to
maintain contact with bereaved families, since
their training and focus is traditionally on the
treatment of children with cancer, and not bereave-
ment. However, even brief periodic contact can
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Table 11.6 Resources to help grieving families [3, 6, 12]

Resources to help grieving families include:

» Continued contact with the care team. Many families
value the chance to meet with the paediatric
oncologist. For some it may simply be an opportunity
to say thank-yous and goodbyes to members of the
team. Other families continue to have medical
questions or misconceptions following the death,
which a trusted team member can address

e Support groups. Invite parents and siblings to receive
support from others. It is well known that parents who
have access to psychosocial support prior to the child’s
death are better able to work through their grief

e Offer educational materials about the process of grief
and mourning. There are resources that are written
for both adults and children

* Grief counselling with therapists and/or clergy

» Establish memorial services and organized
opportunities for families of deceased children. They
provide both a power reaffirmation of the importance of
the deceased child and a time when parents and siblings
can reunite with those who cared for their child

have real meaning for families. In addition, it is
the responsibility of the paediatric oncologist and
his/her team to ensure that bereaved families
receive ongoing support, whether it is informal or
professional [3]. Table 11.6 lists some specific
ways to support bereaved families.

Support for Staff

Paediatric oncology remains a field with high emo-
tional casualties, despite improvements in cure
rates [12]. There is little doubt that repeated losses
become a significant source of personal stress for
staff. They may find it difficult to talk to parents or
distance themselves from difficult emotional situa-
tions in an effort to cope with the many losses they
experience. Some physicians and staff may ques-
tion the meaning of their work or even their own
skills, when treatment fails and death is imminent.
Relatively high rates of burnout (emotional
exhaustion, depersonalization and diminished
feelings of personal accomplishment) have been
reported among paediatric oncologists [26].

Yet despite the sadness involved, dying children
seem to find a way to live in the “precious moment”
and through them and their families’ caregivers
have the rare opportunity to find meaning and ful-
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filment in their work. So much can be learned from
the family and the child by simply acknowledging
the burdens they face, communicating honestly
and sensitively and by simply listening [6].

Providing support for the team can minimize
compassion fatigue and burnout. This can be
done through regular input from “skilled” super-
visors and also by encouraging the team through
helping them feel confident in their own skills.
Adequate education in aspects such as listening,
communication and symptom control can lead to
such confidence [12]. Mindfulness-based stress
reduction (a technique which teaches people to
be in the present) is simple and inexpensive, and
has been shown to reduce physician burnout [27].

‘We need to take care not only of ourselves, but also

of one another.

When we strengthen ourselves, we nurture the
strength to help others—Numfundo Wasala

Summary

The paediatric oncology team has a unique role
in supporting a child and family throughout the
course of his/her illness, whether it ends in cure
or death. Part of that support is providing pallia-
tive care, relief of physical, emotional, social and
spiritual suffering. Communication and symptom
management are cornerstones of good palliative
care. To provide such care, the team may often
need to call upon the expertise of others, includ-
ing psychologists, bereavement counsellors,
chaplains, child life specialists and social work-
ers, as well as paediatric palliative care special-
ists (if available), GPs, children’s hospices and
adult palliative medicine teams [12].
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Psycho-Social Aspects/Parent
Support Groups
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Kenneth Dollman, Wondu Bekele,
and Kazuyo Watanabe

Why should I belong to and how can a parent
group help me?

Cancer Facts: Realities

The vast majority of children, and 80 % of those
who get cancer, live in developing countries [1]
where the survival rate is much lower than those
in developed countries. Childhood cancer is
highly curable when diagnosed early and ade-
quate access to treatment and care is available,
yet most children living in countries with limited
resources will not be saved as these conditions do
not exist in their countries. As a starting point, in
order to be able to tackle this challenge successfully,
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the realities and needs based on the resources
currently available in these resource-limited
countries needs to be carefully researched and
accurately recorded. Cancer impacts on all
aspects of the life of a child with cancer and his
or her family. In this chapter, psycho-socio-
economic and cultural aspects are addressed so
that both medical and nonmedical support can be
provided as part of a holistic approach to cancer
care for the child and family.

Circumstances: Information,
Materials, Finances, and Human
Resources

Even among countries with limited resources, the
situation at local and national level differs from
country to country; therefore, what needs to be
considered is what factors are common among all
resource-poor countries. Some of these are high-
lighted under the categories: “Human,” “Material,”
“Financial,” and “Information” resources.

Information Resources

The management of childhood cancer care is
often impeded by prevailing myths regarding
childhood cancers. Such myths would include:
(1) cancer is just a healthy life-style issue; (2) cancer
is a disease of the wealthy, elderly, and is more
common in developed countries; (3) cancer is a

153

with Limited Resources: A Practical Manual, DOI 10.1007/978-1-4614-3891-5_12,

© Springer Science+Business Media New York 2014



154

death sentence; and (4) cancer is one’s fate [2].
The mistaken belief that childhood cancer is a
deadly illness or too difficult to cure can result in
parents abandoning treatment or not seeking treat-
ment at all. Stigma and misconceptions abound
among cancer patients and their families which
makes the provision of accurate information to
parents and patients by medical staff so vitally
important. Sadly, such misbeliefs are still accepted
as fact, even in the medical profession [3].

Materials Resources

Material resources are crucial to and play a
significant role in the provision of adequate treat-
ment. Often medical centers that offer diagnosis
and treatment cannot provide adequate access to
care. Due to the lack of beds in these hospitals,
parents of in-patient children face a particularly
difficult challenge in that when in between treat-
ments, the lack of beds does not allow them to
keep their children in hospital for long periods of
time and they have to find accommodation out-
side of the hospital environment. Some of the
parents are not able to return to rural areas due to
lack of transport and they are forced to endure
hardship and some are often homeless during
these times. Often the over utilization of avail-
able space leads to issues with infection control.
It is here that the provision of a “family house”
becomes an important consideration as a place
where such families can stay during these rela-
tively short periods between treatments.

Critical shortages of basic diagnostic and treat-
ment equipment is common at treatment centers
in resource-limited countries despite the fact that
such equipment has proven instrumental in dra-
matically changing treatment outcomes. Although
such basic equipment can be sourced from
resource-rich countries, the logistics and paper-
work involved often discourages overworked
medical staff from exploring these options. It is
here that support groups from resource-rich coun-
tries can play an important role.

Across low- and middle-income countries,
access to essential medicines is often limited [4].
Treatment may fail due to the shortage and/or the
unavailability of drugs. To this must be added:
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insufficient dosages given, counterfeit branded
drugs, and the timing of the medications during
treatment which may lead to the ultimate
termination of treatment and the death of the
child. Expanding sustainable access to safe,
affordable, and effective essential medicines is
one of the keys to increased survival and improved
outcomes in childhood cancer [4].

Financial Resources

Financial issues often form a major part of fami-
lies’ problems and anxieties and can cause much
distress at the time of diagnosis and throughout
the treatment process. The question arises
whether or not medical costs, which include
among others, hospital fees, costs for examina-
tions, medicines, blood products, and medical
materials, can be afforded by families from
resource-poor countries and where families have
no or minimal social health insurance and often
live a subsistence lifestyle. During hospitaliza-
tion, families are faced with loss of income as
often either the mother or father or both lose their
jobs because they wish to be with their ill child.
In addition, there are many ‘“hidden costs” of
treatment [5], for example, traveling, accommo-
dation away from home, meals, additional nutri-
tional requirements of the ill child, and so on.
Abandonment of treatment is one of the signifi-
cant issues that countries with limited resources
are facing and often one of the reasons cited is the
financial burden on the family, especially in cases
of lengthy treatment.

Human Resources

Without quality medical care by specifically
trained professionals, many children cannot ben-
efit from advances in the field of pediatric oncol-
ogy in terms of diagnostic techniques, treatment
methods, and comprehensive support such as sup-
portive and palliative care. The number of perma-
nent medical specialists, including doctors,
nurses, and laboratory staff who have undergone
specialized training in the field of pediatric oncol-
ogy, is very small when compared to the number
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of pediatric cancer patients in the world. A lack of
sufficiently qualified staff negatively impacts on
the quality of treatment and care currently given
in low- to middle-income countries—this is men-
tioned not to distract from the invaluable interven-
tions that those hospitals and the staff qualified in
other fields have had in the lives of many children
with cancer. The lack of physicians, nurses, and
social workers is a factor which is one of the top
five challenges, as reported by sites in countries
with limited resources [6]. The many examples of
twinning that exists between resource-rich treat-
ment centers and resource-poor treatment centers
in developing countries is a very positive step in
the right direction [7]. However, in order to avoid
late detection, incorrect diagnosis, and inappro-
priate treatment and care, well-trained medical
staff is essential in the long term.

Creating Partnership
and Communication

The effective management of resources is vital to
achieving one’s objectives and goals success-
fully. Specifically, “people” are the most impor-
tance resource. In the pediatric oncology field
too, creating a good partnership with patients and
families may bring about a cooperative atmo-
sphere that contributes positively to the overall
outcome of the disease.

The diagnosis of cancer in a child is a shocking
and terrifying experience for families. Many of
the parents in countries with limited resources
think that childhood cancer is a deadly disease
and that there is no hope whatsoever. Therefore,
ensuring adequate knowledge of both the disease
and its treatment at the time of diagnosis is crucial
to ensuring mutual understanding of the process
that needs to be followed. In addition, further edu-
cation, which would include hygiene, infection
control, nutrition, and highlighting certain behav-
iors that should be avoided, would need to be
shared with families so that any additional factors
that could impact on a successful outcome can be
kept to a minimum. Assessment of families,
including the level of education, lifestyle,
strengths, and weaknesses, is necessary so that the
appropriate psycho-social care and interventions
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can be provided according to the needs of the
family. Decisions involving treatment and
care often are not made alone and members of the
extended family, especially grandparents, are
often included in conversations prior to critical
decisions being made by the parents of the ill
child. Therefore, detailed information, such as
procedures to be followed, diagnosis, prognosis,
and treatment protocols, should be shared with
the extended family wherever possible.

Understanding each other and close coopera-
tion reduces numerous emotional burdens such
as stress, disruptions, anxiety, depression, and
bewilderment. Hope is heightened, and abandon-
ment and/or nonadherence to the treatment pro-
cess can be avoided.

The cornerstone of good care is good commu-
nication. Effective, open communication among
health-care providers, patients, and families, is
essential and should form a part of any treatment
regime, no matter from where the patient and
family comes. Sharing information about the
child’s condition makes it possible for the family
to weather the hardships and plan effectively for
all future outcomes.

Unfortunately, pain in children with cancer is
often treated inadequately, and unrelieved pain
during treatment places enormous emotional
stress on children and their families [4]. In 1998,
the World Health Organization (WHO) issued a
comprehensive guide to the relief of pain and
other symptoms in children suffering from can-
cer [8]. Frank communication among physicians
and families is a nonnegotiable must where pain
care management is involved.

Coping: Connection to Parents/
Family Groups

What is an organization for parents/family support?

These are groups that are formed by like-
minded individuals who wish to improve condi-
tions in their countries as regards the total care of
children with cancer and their families. The type
of groups that can be formed will differ accord-
ing to the objectives, skills available, laws, and
conditions in the countries where they are formed.
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The composition of such groups differ as well,
and whereas some are run and have as members
only parents of children with cancer, others have
no parent involvement at all, but share the same
drive to help families of children with cancer.

Support beyond medical interventions plays
an important role in alleviating the distress expe-
rienced by patients and their families. Such sup-
port can be made available through parent/family
support groups and peer support [9].

The experience of a child undergoing cancer
treatment is traumatic, distressing, and can also iso-
late parents, siblings, and patients from friends and
society. The impact of treatment on the whole fam-
ily has been well understood by health profession-
als for many years, as have the medical needs of the
child. Lately, the necessity to provide services
which look after the emotional and social needs of
the family of the child has now also become gener-
ally accepted as part of the therapeutic process.
Parent support groups have been formed over the
past 30 years that now provide a wide range of sup-
port to enable patients and families to cope with the
difficulties associated with lengthy treatment, such
services include, among others but not limited to,
information; practical, emotional, and financial
support for families; homes away from home;
sourcing and supply of drugs where these are not
supplied by the treatment center; advocacy on
behalf of patients and their families; on-going sup-
port for bereaved families; and long-term support
of survivors [I[CCCPO Web] [10].

The step-by-step guide, Your Group is Not
Alone [3] which ICCCPO (The International
Confederation of Childhood Cancer Parent
Organizations) compiled is a very practical tool
intended to be of value to all those involved in the
establishment and development of support groups
involved with childhood cancer, especially in
developing countries [3]. As the title states, patients
and families are not alone. By joining parent/fam-
ily support groups, families can not only share their
feelings and gain hope, courage, and resilience but
also learn how to cope with the disease and result-
ing stress, and obtain the information and knowl-
edge necessary for the journey ahead.

Parent/family groups organize activities that
provide opportunities for recreation, learning
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new skills, a respite from the rigors of ward life
and contribute to a welcoming, warm atmosphere
that contributes significantly towards a more pos-
itive experience. Families who have already gone
through the cancer journey become mentors to
newly diagnosed families to help them cope bet-
ter and make their cancer journey a little easier.

Parents, siblings, and other close family mem-
bers should always be encouraged to play an
active role in the discussion of future plans and in
the design and implementation of psycho-social
interventions. In addition, survivors and parents
have an important role to play by sharing infor-
mation and life skills, helping to empower other
survivors and parents, and in the design and
implementation of future services. Parents and
advocacy groups should be included as active
members in the multidisciplinary health-care
team [11].

Parent/family groups also play a role in open-
ing a path for health-care professionals wishing
to embark on short- to long-term education and
training as they progress towards becoming dedi-
cated and skilled specialists in the treatment of
childhood cancers and blood disorders.

Parent/family groups will need to rise to the
challenges of often not having the manpower to
deliver the services they wish to offer, the scar-
city of required volunteers, and insufficient
funds. However, it is encouraging that despite the
many challenges, parent support groups and sim-
ilar organizations in countries with limited
resources still manage to provide support ser-
vices to patients and their families. Networking
and collaboration with other similar and related
organizations does and must always form part of
any parent support group’s activities that wish to
source support and resources elsewhere in order
to provide a better quality of life for their patients
and families.

Community Involvement: Society
and Global Initiatives

Childhood cancers in developing countries do
not receive sufficient attention and are almost
always low down on the health priority list



12 Psycho-Social Aspects/Parent Support Groups

where the burden of childhood cancer is not
recognized. However, this should not be a rea-
son for silence and inaction; there is much that
can be done to improve the situation of chil-
dren and their families, even in such con-
strained circumstances it is still possible to
make a real difference [3].

By bringing people, i.e., medical profession-
als, patients, survivors, and families, and volun-
teers together locally and internationally, and
through all working together, such groups can
become powerful advocates to help improve the
care and cure of childhood cancer patients glob-
ally, and specifically in countries with limited
resources. In addition, in order to make child-
hood cancer medicine available and accessible,
mobilization and collaboration with multi-
sectoral stakeholders to ensure the presence of
policies, programs, and resources for improved
availability and accessibility to safe, affordable,
effective, essential medicines, and easy access to
information as well as the availability and prices
of childhood cancer drugs across countries [4],
must form part of global advocacy.

Even from a purely economic standpoint,
investment in childhood cancer treatment makes
sense as the number of life years saved by survi-
vors of childhood cancers is very high as these
children will go on to become productive mem-
bers of society contributing to the well-being of
their communities and their own families. Having
community and government involvement in pro-
moting positive changes will increase the chances
of optimal care and cure rates for children with
cancer.

Raising awareness and providing education
about childhood cancer in the community and
among health professionals helps towards remov-
ing the stigma and discrimination, such as par-
ents’ guilt reactions [12] associated with
childhood cancer, especially in rural areas.
Furthermore, it will not only increase early detec-
tion, referral and diagnosis, the prevention of dis-
continuance of treatment, fund-raising activities,
favorable legislative and policy making, but
many other positive outcomes as well.

International activities, such as World Cancer
Day (WWC) [13] and especially International
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Childhood Cancer Day (ICCD) [14], aim to raise
awareness of childhood cancer and to help create
a commitment to improving access to the best
possible treatment and care of all children with
cancer no matter where they may live. Attempts
to place children with cancer on the global Non-
Communicable Diseases (NCD) agenda has
alerted the world to childhood cancer and is a
step forward in drawing the attention of health
ministers globally to the plight of childhood can-
cer and to the resultant implementation of practi-
cal steps to improve conditions for childhood
cancer patients in their countries.

Challenges: Combined Efforts
and Care

Every child with cancer, no matter where,
deserves adequate treatment and care and a
chance to survive. Continued psycho-socio-
economic and cultural support interventions with
comprehensive medical and palliative care, from
diagnosis and continuing throughout treatment
and recovery, makes a significant difference to
the lives of children with cancer and their fami-
lies. Appropriate care from when further treat-
ment is no longer a viable option to the grief
stage must not be neglected or forgotten.

Care and support services based on psycho-
socio-economic and cultural aspects needs to be
integrated with medical care at all stages of the
disease and the treatment thereof. Such services
should be effective, accessible, cost-efficient,
high-quality, and be managed within a multidis-
ciplinary approach [15].

Concluding Remarks

Combining the wisdom, experience, and
resources of all stake-holders involved with
childhood cancer and working together as a team
is the only way that this devastating disease will
be beaten. What will result is a renewed spirit of
hope and determination to bring to each child in
the world affected by the disease, the effective
care they so richly deserve.
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Lisa Morrissey, Julia M. Challinor, Eleanor De Beer,

and Colleen Nixon

Pediatric Oncology Nursing
in Resource-Limited Settings

Overview

Childhood cancer care requires a multidisci-
plinary team of highly trained professionals to
ensure safe and effective care along the treatment
continuum. Nurses represent the largest work-
force in health care, and are uniquely positioned
to evaluate patient and family response to disease
and treatment in the context of the social and cul-
tural environment [1].

In low-and mid-income countries (LMIC),
high nurse—patient ratios and the absence of spe-
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cialized oncology nurse training programs are
factors that contribute to suboptimal outcomes
[2, 3]. Multiple robust studies have shown that
low nurse staffing is associated with increased
mortality and adverse patient outcomes, high-
lighting the need to match staffing with patient
needs for nursing care [4]. Increasing the num-
bers of specialized nurses has also been shown to
contribute to increased survival rates [5].
However, local schools of nursing or hospitals in
LMIC often do not recognize the need for pediat-
ric oncology specialization [6]. Nurses in LMIC
must rely on short-term visiting teaching pro-
grams, or establish partnerships with expert
nurses through twinning programs, to compen-
sate for the lack of formalized training.
Collaborative relationships, or twinning,
between nurses in resource-rich centers and
those in resource poor settings is a successful
model for providing education and mentoring to
pediatric oncology nurses. St. Jude Children’s
Research Hospital developed a twinning
approach which has been successful in many
resource poor countries; this model has been
replicated by cancer institutes and foundations
throughout the world [7, 8]. Twinning for nurs-
ing involves the selection of a nurse educator in
the resource-limited setting who collaborates
with a nurse leader from the partnering site.
Nurses in partnerships must prioritize the reten-
tion of specialized nurses and the development
of pediatric oncology nursing specialty pro-
grams in local nursing schools or hospitals,
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where the culture and priorities of the country
are embedded into the program [3, 9, 10].
Cost-effective, local innovations built into
educational programs have been found to be
effective in LMIC [11].

Along with shortages of technology and suf-
ficient supplies to carry out nursing responsibili-
ties [12, 13], lack of respect and low prestige for
nurses within health care teams are also substan-
tial obstacles to optimal nursing care in LMIC
[14-16]. Opportunities for nursing leadership
and networking on an international level are few
for nurses in LMIC. However, Steward and Usher
noted, “Empowerment of nursing leaders and
managers, increased focus on the patient....
exploring conditions for frontline nurses and the
direct relationship between improved nursing
conditions and increased patient safety [in devel-
oping countries] mirrors literature from devel-
oped countries” [17].

Pediatric oncology nurses are involved in all
aspects of cancer care, including early detection,
physical and psychosocial care throughout treat-
ment, management of disease and treatment-
related side effects, long-term survival, and
palliative therapy. Although cancer care settings
vary in the availability of resources and technol-
ogy, pediatric oncology-specific education and
training for nurses is necessary to ensure the pro-
vision of quality patient care. This chapter will
outline the essential elements of pediatric oncol-
ogy nursing which are applicable in low-, mid-
dle-, and high-income settings.

Standards of Care

To ensure the delivery of safe, effective, and
family-centered nursing care, standards for
nursing practice are essential. The Association
of Pediatric Hematology/Oncology Nurses
(APHON) published the updated ‘Pediatric
Oncology Nursing: Scope & Standards of Nursing
Practice” in 2007 [18]. APHON defines the high-
est standards for care, education, and professional
practice. Joint Commission International stan-
dards have also been successfully adapted to
guide pediatric oncology nursing standards in
resource-limited settings [19]. Nursing leadership
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must be involved in decision-making around the
appropriate standards for pediatric oncology
nursing in a given setting, taking into account the
availability of resources and the nature of the care
environment.

Effective pediatric oncology care incorporates
guidelines for nursing assessment, diagnosis,
outcomes identification, planning, and imple-
mentation. Principles for communication and
coordination of care, along with guidelines for
patient and family teaching and health promo-
tion, are essential. Nurses are expected to evalu-
ate the child and family’s progress toward optimal
health outcomes (Table 13.1).

Standards for Professional
Performance

Professional performance standards address
competency, promotion of quality practice, and
collaboration with patients, families, and the
medical team. Inherent in professional
performance is recognition of the rights of chil-
dren and families to participate in decision-mak-
ing in accordance with ethical principles, the
integration of research into clinical practice, and
management of a safe, effective care environ-
ment that it is mindful of resource utilization.
Nurses also serve as leaders, mentors, and educa-
tors through modeling professional performance
in nursing practice (Table 13.2).

Standards for Nursing Education

Ideally, nurses new to pediatric oncology will
receive formal training to develop a sufficient
knowledge base and clinical skills, and ongoing
education will be provided. Although the needs
will vary depending on the availability of
resources and technology, basic content should
include an overview of growth and development,
review of common pediatric cancers, safe han-
dling and administration of chemotherapy,
assessment and management of pain and distress-
ing symptoms, venous access management,
nutritional assessment and management, and
infection control and prevention. Nurses should
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Table 13.1 Pediatric oncology nursing standards of
practice

Nursing process Standards of practice

Assessment The pediatric oncology nurse
collects and documents data
regarding the child and family
to guide the development of an
appropriate plan of care

The pediatric oncology nurse
uses assessment data from
nursing and other disciplines to
identify problems and
determine diagnoses and
appropriate interventions

The pediatric oncology nurse
identifies expected and desired
outcomes specific to the patient
and family. These include
adequate education, optimal
growth and development,
physical and emotional health,
minimal suffering and distress
due to symptoms of disease and
treatment, and optimal quality
of life for dying children

Diagnosis

Outcomes
identification

Planning The pediatric oncology nurse
develops an individualized plan
that prescribes interventions to

attain expected outcomes

Implementation The pediatric oncology nurse
implements the plan of care to
achieve the expected outcomes
for the child and family, with
the goal of improving the
child’s health, promoting
quality of life, and facilitating
optimal family functioning

Coordination of care The pediatric oncology nurse
coordinates the delivery of care
to support transition across the
continuum of care and
promotes optimal
communication among
caregivers

Health teaching and
health promotion

The pediatric oncology nurse
employs strategies to educate
families about maintaining
health and providing a safe
environment of care

Evaluation The pediatric oncology nurse
evaluates the child and family’s
progress toward attainment of

expected outcomes

From Association of Pediatric Oncology Nurses,
American Nurses Association. Scope and Standards of
Pediatric Oncology Nursing Practice. Glenview, IL, 2007
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Table 13.2 Pediatric oncology nursing: standards of
professional performance

Standard

of practice Description

Quality of practice  The nurse participates in activities
that improve the quality, safety,
and effectiveness of nursing care in

all settings

Education The pediatric oncology nurse
demonstrates competency in
pediatric oncology nursing practice
and maintains current knowledge
gained from publications, research

findings, and professional activities
The pediatric oncology nurse
evaluates own nursing practice in
relation to professional practice
standards, relevant statutes, and
regulations

Professional
practice evaluation

Collegiality The pediatric oncology nurse
interacts with and contributes to
professional development of peers,

colleagues, and others

The pediatric oncology nurse
collaborates with children,
families, and multidisciplinary
team members in providing care
The pediatric oncology nurse
respects the rights of all children
and families and makes decisions
and designs interventions that are
in agreement with ethical
principles

Collaboration

Ethics

Research The pediatric oncology nurse

contributes to nursing through
participation, review, and
integration of research

From Association of Pediatric Oncology Nurses,
American Nurses Association. Scope and Standards of
Pediatric Oncology Nursing Practice. Glenview, IL, 2007

also learn to recognize the early signs of sepsis
and other oncologic emergencies. Instruction in
assessing and managing the psychosocial, emo-
tional, and spiritual aspects of cancer care,
including supporting patients and families at end
of life, helps to provide nurses with skills to man-
age the myriad of emotions that families experi-
ence during the cancer journey. If the creation of
a nurse education program is not possible, the
presence of standard policies and procedures that
are available to nurses on the ward should be pri-
oritized to promote safe, consistent patient care.
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Pediatric oncology nursing involves caring for
children with cancer across a continuum, from
diagnosis to cure or a peaceful death. Nurses
orchestrate multiple aspects of care and advocate
for effective patient and family education, com-
munication, and quality care. Nurses may also
act to increase early diagnosis of cancer through
public awareness, by promoting local cancer
treatment options and partnering with parent
groups and other nonprofit organizations in their
countries to spread the message that childhood
cancer is treatable and often curable [20].

Symptom Management
and Supportive Care

Bone Marrow Suppression

Bone marrow suppression, or myelosuppression,
is a common and potentially life-threatening
complication of cancer and cancer treatment in
children and adolescents. Bone marrow function
may be impaired both by the disease process and
chemotherapy, interfering with healthy produc-
tion of white blood cells (WBCs), red blood cells
(RBCs), and platelets. Complications include the
increased risk of infection due to a reduction in
the circulating number of neutrophils, anemia
from decreased RBCs necessary for tissue and
organ oxygenation, and an increased risk of
bleeding due to diminished platelets that are
required for blood clotting. Recognition and
prompt response to the complications of myelo-
suppression is essential [21].

Anemia and Thrombocytopenia
Packed RBC transfusions at 10-15 mL/kg of
body weight may be given if symptoms of ane-
mia are present, such as pallor, tachycardia,
fatigue, or shortness of breath. Platelet transfu-
sions may be needed for patients who are severely
thrombocytopenic or who are at high risk for
bleeding due to infection, surgical procedures, or
the presence of intracranial tumors.

Assurance that the donor blood supply has
been appropriately screened for pathogens such
as hepatitis, HI'V, cytomegalovirus, and bacteria
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is essential to minimize transfusion risks. Nurses
are responsible for monitoring complications of
blood product support such as transfusion reac-
tion or hypersensitivity and to monitor symptoms
such as fever, chills, rigors, urticaria, hemolytic
reactions, and volume overload [21]. A transfu-
sion policy which provides guidelines for safe
verification and administration of blood prod-
ucts, including vital sign parameters and standard
procedures for transfusion reactions, is essential
in patient care settings where transfusions are
administered.

Fever and Neutropenia (F&N)

There are numerous causes of fever in neutrope-
nic patients, yet the risk of severe bacterial infec-
tion makes rapid detection and urgent intervention
essential [22]. The Infectious Diseases Society of
America defines fever as a single oral tempera-
ture of >38.3 °C (101 °F) or a temperature of
>38.0°C (100 °F) over a 1-h period [23]. Axillary
temperatures are not considered as an accurate
measure of core temperature and rectal tempera-
tures are discouraged to prevent colonizing gut
organisms from entering the surrounding mucosa
and soft tissues. Neutropenia is defined as a neu-
trophil count of less than 500 cells/mm? or a
count of 1,000 cells/mm?® with a predicted
decrease to 500 cells/mm? in the next 48 h. The
risk of serious bacterial infection increases when
the ANC is <500 cells/mm? [24]. Management
includes prompt, thorough evaluation for evi-
dence of infection, initiation of broad-spectrum
intravenous antibiotics, and hospitalization until
the neutrophil count has sufficiently recovered.
The risk for infection and infection-related mor-
tality increases with the duration and severity of
neutropenia. Other risk factors include the pres-
ence of central venous access devices, impaired
skin or mucosal integrity, active disease with
bone marrow involvement, use of corticosteroids,
and asplenia [25].

Nursing management: A thorough nursing his-
tory is completed upon admission and a complete
assessment is conducted daily throughout the
course of hospitalization. A nursing physical
exam should include assessment of the skin, oral
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mucosa, lungs, and perineum. Signs of infection
include fever, oral lesions, redness at the site of
tubes and lines (i.e., central venous access
devices, gastrostomy tubes, and chest tubes), skin
lesions, perirectal irritation or abscess, cough,
rhinorrhea, ear or throat pain, and diarrhea [26].
Timely communication to the medical team of
new or persistent fever or other infectious symp-
toms is essential.

Patient and family education: Caregivers must
demonstrate understanding that fever in the set-
ting of neutropenia is an emergency and can sig-
nal a life-threatening infection. Upon discharge
from the hospital, they must provide reliable
contact information and confirm that transporta-
tion to an emergency room is available. Written
information with instructions on when and how
to contact the doctor is recommended. Caregivers
should be instructed to call the doctor before
administering any fever-reducing medicine at
home, and to be aware of the signs and symptoms
of infection, including fever, fatigue, body aches,
shaking chills, cough or shortness of breath, red-
ness or swelling at the site of an injury or tube
site, belly pain, mouth sores, diarrhea or rectal
pain, and dizziness [27]. Special consideration
must be given to children who live in rural areas
or who do not have access to transportation to a
local hospital or emergency room. Alternate
arrangements should be considered during pre-
dicted episodes of neutropenia to ensure that
access to medical care is available in the event of
a fever.

Infection Control

The nurse is responsible for promotion of good
hand washing and serves as a role model for
infection control by thorough demonstration of
hand sanitation techniques for the patients, fami-
lies, visitors, and other health care personnel on
the unit. If water, soap, and a disposable towel are
not available, the use of alcohol-based hand sani-
tizer is recommended [28]. It is essential that
nurses demonstrate and observe good hand wash-
ing with newly diagnosed patients and families
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so the crucial role of hand washing in preventing
the spread of infection is understood [29]. The
nurse must also be vigilant about the presence of
an adequate supply of hand washing/sanitizing
materials in the patient care area to promote
proper hand hygiene by clinicians, family mem-
bers, and visitors [27]. Children and adolescents
may arrive on the unit with contagious infections.
Adequate measures must be taken to isolate
patients who potentially contagious, particularly
in crowded settings where bathrooms are shared
or plumbing are suboptimal. In addition, visitors
should be screened for symptoms of infections
conditions, such as fever, cough, runny nose, sore
throat, diarrhea, skin rashes, or open wounds.
Other preventative strategies include prohibiting
the use of rectal thermometers or suppositories,
educating the patient and family to avoid contact
with people who are ill, and encouraging good
mouth care and daily hygiene.

Gastrointestinal Complications

Gastrointestinal (GI) disruption is a common
complication of cancer therapy. Mucosal cells
divide rapidly, so are particularly sensitive to
chemotherapy and radiation. Compromise of the
mucosal barriers increases the risk of infection,
dehydration, pain, bleeding, and malnutrition.

Mucositis is the inflammation of the mucous
membranes and is a common side effect of che-
motherapy. It can be mild to severe, and may be
dose-limiting, particularly in children receiving
high dose, intensive chemotherapy, radiation of
the head and neck, or undergoing bone marrow
transplant. Stomatitis refers specifically to an
inflammation of the oral mucosa. Clinical mani-
festations include redness, edema, and ulceration
of the mucus membranes, gums, and tongue.
Symptoms include pain, changes in taste, cracked
lips, and sore throat.

Nursing interventions include assessment of
the oral cavity at least daily, pain assessment,
promotion of good oral hygiene (including use
of a soft toothbrush and toothpaste), and evalua-
tion of oral intake and hydration status [29].
Topical agents or systemic analgesics ranging
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from acetaminophen to continuous intravenous
narcotics are often prescribed to minimize pain
until mucositis resolves. In some studies, the use
of topically applied vitamin E has been found to
be helpful to reduce or prevent mucositis [30].
Coconut water, applied topically, has also
been reported to relieve mucositis as it promotes
wound healing [31].

Constipation is noted as a decrease in the
frequency of bowel movements, or hard, dry stools,
often accompanied by abdominal discomfort,
straining, rectal pain, or cramping. Constipation
is often related to decreased gastric motility due
to medications (especially vinca alkaloids and
narcotics) or may also be caused by tumor
compression, electrolyte imbalance, decreased
physical activity, changes in appetite, and disrup-
tion of normal routine due to hospitalization.
Laxatives and stool softeners are often used as
prophylaxis against constipation. Drinking warm
tea or prune juice and increasing dietary fiber
(beans, cereals, and whole-grain crackers) can
also help address constipation [32]. It is also
important to stay well hydrated by drinking fluids
and water throughout the day.

Nursing assessment includes close monitoring of
frequency, volume, and consistency of stool output.
Report any abnormal signs, such as bleeding or
perirectal pain or fissure to the medical team.
Interventions include promotion of adequate
hydration and a rigorous bowel regime, such as a
diet high in fiber and administration of preventa-
tive stool softeners or laxatives if constipation is
expected before chemotherapy, such as with
repeated doses of vincristine [33].

Nausea and vomiting are common and highly
distressing side effects of chemotherapy. Acute
nausea and vomiting typically begins within sev-
eral hours of chemotherapy administration and
resolves within 24-48 h. However, delayed
symptoms can last up to 2 weeks. Poorly con-
trolled nausea may result in complications such
as dehydration, poor nutritional intake, electro-
lyte imbalance, and severe discomfort. Once the
cycle of nausea and vomiting has begun, it is dif-
ficult to manage. Therefore, prevention before
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symptoms begin is the most effective approach.
Premedication for children who either have a his-
tory of nausea or vomiting or who will receive
known highly emetic chemotherapy is highly
recommended.

Several drug classes of antiemetics are effec-
tive. Serotonin receptor antagonists, such as
ondansetron and granisetron are highly effective,
yet may be limited in availability due to cost.
Dopamine antagonists, such as prochlorperazine
(Compazine), and glucocorticoids such as dexa-
methasone, may also be useful in preventing
symptoms before chemotherapy is administered.
Metaclopramide with diphenhydramine is an
effective combination that is often readily avail-
able, yet requires monitoring for the risk of dys-
tonic reaction. Nurses are responsible to know the
action and side effects of antiemetics and to moni-
tor patients for hyperemesis and dehydration,
reporting symptoms to the medical team [33].

Diarrhea is an increase in the quantity,
frequency, or fluid content of stool that differs
from the usual bowel pattern. Chemotherapy,
bowel surgery, radiation therapy, and infection
may all be causes of diarrhea [33]. Complications
include dehydration, malnutrition, intestinal
infection, electrolyte imbalance, and social with-
drawal due to disrupted daily routines. Children
with severe diarrhea must be closely monitored
for signs and symptoms of dehydration and elec-
trolyte imbalance. Nurses must track intake and
output carefully and report imbalances to the
medical team. Daily weights and careful monitor-
ing of abdominal symptoms and perirectal break-
down are usually indicated. Patients with diarrhea
should be isolated until infectious causes can be
ruled out. Dietary measures to control diarrhea
include eating small frequent low fat snacks,
limiting milk products, and eating food at room
temperature [32].

Nutritional Support

Providing children with food and nourishment is
a fundamental parental task. In the hospital set-
ting, nourishment may become a difficult issue.
Children and adolescents may refuse to eat
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unfamiliar foods; in addition, chemotherapy and
other treatments may change a child’s taste sen-
sations turning formerly favorite foods to
unpleasant or unusual tasting. Many treatment-
related factors may impact the child/adolescent’s
nutritional status, such as type of tumor, nausea/
vomiting, constipation, and oral and gastrointes-
tinal toxicities of medications [34].

Children in countries with limited resources
may already be malnourished when diagnosed
with cancer, although obesity is on the rise and
may also impact nutritional status [35]. Poor oral
intake increases the risk of dehydration, infec-
tion, and gastrointestinal symptoms such as con-
stipation. In settings where food is scarce, the
nurse must be particularly observant about what
the patient is eating since parents and visitors
may also have limited food supplies. Careful
evaluation, monitoring, and documentation of the
patient’s nutritional status are important upon
admission and throughout treatment. It may be
necessary to consider supplementing the child’s
diet, particularly during induction therapy or in
malnourished children with insufficient protein
intake. Options may include oral intake of a high-
calorie diet with additional protein (such as add-
ing one egg a day or supplements such as Plumpy
Nut), nasogastric enteral feeds, or total parenteral
nutrition [36, 37].

Parents must be educated about safe storage
and handling of foods during cancer treatment,
such as washing fruits and vegetables before eat-
ing. They should be advised to avoid bringing
food prepared under potentially unhygienic con-
ditions into the hospital. Food preparation areas
on the pediatric oncology unit stocked with
snacks, juice, and bottled water are helpful to
parents who want to supplement the child’s hos-
pital diet. Parents are the experts on their child’s
food preferences; partnering with parents to
address nutritional issues in the hospital will
enhance the child’s dietary health [38].

Pain Management

Pain is one of the most frightening and debilitating
consequences of childhood cancer. Uncontrolled
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pain can result in decreased physical activity,
poor appetite, fear, loneliness, depression, isolation,
and mistrust of the medical team [38]. Pediatric
oncology nurses are critical in the assessment,
treatment, and evaluation of pain in children with
cancer.

Clinical Presentation

Pain can be acute or chronic, or both, and may be
the result of tissue damage or nerve injury. Pain
originating in the bones, joints, muscles, skin, tis-
sue, or viscera is usually receptive to pain medi-
cation, such as non-opioids and opioids.
Neuropathic pain is the result of nerve injury and
is often described as burning or shooting pain.
Neuropathic pain is usually more difficult to
manage, as it is less responsive to opioids and
non-opioids [39].

Nursing Assessment and Intervention

Pain assessment must take into consideration the
patient’s developmental level and ability to
express pain (Table 13.3). Pain evaluation ideally
is completed routinely by nursing as the “fifth
vital sign,” using a validated pain scale such as
the Wong-Baker faces scale for younger children
(Fig. 13.1), the numeric scale for older children,
or the FLACC scale for nonverbal children.

Pain location, quality, and intensity, along
with medications or non-pharmacological inter-
ventions and subsequent response must be com-
municated to the medical team and documented
appropriately by the nurse. Ongoing evaluation
of pain and symptom relief is essential to quality
patient care.

Chemotherapy Administration
Chemotherapy Safety

Safe administration of chemotherapy is an essen-
tial aspect of caring for children, adolescents, and
young adults with cancer. The health care team
shares responsibility in assuring patient safety by
adhering to error prevention practices throughout
the chemotherapy process. Pediatric oncology
nurses have an important and active role in the
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patient’s pretreatment evaluation, the administration
of chemotherapy and supportive care, as well as
post-chemotherapy monitoring. The complexity
of chemotherapy and the risk of adverse effects
make a process for safe and effective administra-
tion of chemotherapeutic agents essential [40].
Ideally, a pharmacist should prepare all chemo-
therapy under a chemical hood with ventilation

Table 13.3 Pain assessment by developmental level

Developmental Expression of pain

level

Infant Intense crying, inconsolable, draws
his or her knees to the chest,
hypersensitivity or irritability,
unable to eat or sleep

Toddler Verbally aggressive, regressive
behavior or withdrawal, guarding of
painful areas

Preschooler May verbalize the intensity of the

pain, view the pain as a punishment,
and understand that there can be a
secondary gain associated with the
pain

Verbalizes pain, can use an objective
measurement of pain, resists
movement. Can be influenced by
cultural beliefs and can experience
nightmares associated with pain

School-age child

Adolescent Can verbalize pain but may not
request pain medications or may
deny pain in the presence of peers.
May experience changes in sleep
patterns and in appetite or may
display regressive behavior in the

presence of family members

Reprinted with permission from “Essentials of Pediatric
Hematology/Oncology Nurses: A Core Curriculum” (3rd
edition), p. 151. Association of Pediatric Hematology/
Oncology Nurses, Glenview, IL, 2008

Fig. 13.1 Wong-Baker Faces Pain Rating Scale
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systems designed to reduce exposure and protect
against toxic fumes. Awareness of the need for
trained pharmacists is growing and should be
strongly advocated for by pediatric oncology
care teams [41].

When a nurse is responsible for preparing che-
motherapy, training in chemotherapy preparation
and personal safety is necessary. Along with a
properly installed, ventilated biosafety hood,
adequate personal protection equipment (PPE),
which includes chemo safe gowns, disposable
gloves, and protective eye gear are critical to
minimize personal risk [42]. Adequate staffing of
nurses per shift when chemotherapy is being pre-
pared and administered is also essential for
patient and nurse safety [43]. The allocation of a
designated chemotherapy preparation nurse has
been found to improve efficiency, reduce costs,
minimize the risk of medication errors, and pro-
mote safety for both patients and nurses. The
nurse preparing the chemotherapy can serve as
the double check to the nurse administering the
chemotherapy by verifying the patient name,
route, dose, date, and time of chemotherapy med-
ications [44].

Chemotherapeutic agents are administered
in a variety of settings, including inpatient
units, ambulatory clinics, and in the home. All
nurses who administer chemotherapy must
be educated about chemotherapeutic agents, the
route of administration, side effects, and safe
handling practices. A process for assessing the
nurses’ knowledge and competency of chemo-
therapy administration is imperative before
they are allowed to administer chemotherapy to
a patient.
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Table 13.4 Components of the pre-chemotherapy treatment assessment

Components Comments

Obtain and document baseline
vital signs and pain assessment

Evaluate past medical history (PMH)
Evaluate current health history .

Use validated pain tool for assessment

Recent illnesses

¢ Current medications

* Use of complementary and alternative therapies

* Allergies (drugs, foods, products [i.e., latex])
¢ Immunization status

¢ Nutritional status

Obtain height and weight

For initial chemotherapy treatment, obtain two unique heights and weights

Remeasure height and weight before each chemotherapy cycle

Notify physician if >5-10 % difference since previous measurement

Assess need for rehydration

Dependent on chemo agents to be administered, yet twice maintenance is

the standard used [51]
Review orders, consult with prescribing MD

Calculate maintenance fluid using .
body weight method .

4 mL/kg for the first 10 kg of a patient’s weight
2 mL/kg for the next 10 kg of a patient’s weight

¢ 1 mL/kg for the rest of the patient’s weight
Example: Maintenance for 32 kg patient:
4mL for first 10kg =40mL
+2mL for second 10kg =20mL
+1mL for remainder =12mL
=72mL/h

Review patient’s previous chemotherapy
experience (if any)

Ensure adequate fluid status by
evaluating patient’s ability to tolerate .
oral fluids or receive IV hydration. .

Focus on side effects and effectiveness of the supportive care regime.

Monitor fluid status by assessing:
Skin turgor
Fluid intake and urine output

Families must be instructed to save urine in urinals or bottles to ensure
that urine output is at 1-2 mL/kg/h

Chemotherapy Administration
Process

Pretreatment assessment of the chemotherapy
administration process starts with a patient assess-
ment (Table 13.4) including past medical history,
allergies, hospitalizations, and current medica-
tions. If the patient has received chemotherapy or
radiation therapy in the past, it is important to
assess for previous use and effectiveness of anti-
emetics, presence of side effects, and overall tol-
erability of treatment. This allows the nurse to
determine if adjustments should be made for the
current chemotherapy administration.

Chemotherapy Orders and Treatment
Plan Review
Chemotherapeutic agents have a narrow thera-
peutic index and are considered high-risk medi-
cations, meaning there is a small difference
between the desired treatment dose and a dose
that can cause severe or fatal complications. For
high-risk medications, an independent dose cal-
culation by each chemotherapy competent clini-
cian who prescribes, dispenses, and administers
chemotherapy has been shown to reduce and pre-
vent errors [45].

The administration of chemotherapy requires
two clinicians to independently verify the correct
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patient and medication. When checking the
medication, confirm the dose, route, scheduled
administration time, correct fluid/volume, and
compatibility. Ensure informed consent for treat-
ment has been obtained and is available for
review. The essential elements of chemotherapy

orders include the following [5]:

e Patient name and unique patient identifiers
(such as birth date and medical record
number)

e Date and time order is written with the
intended start date

» Patient diagnosis

e Protocol name and number (if applicable),
treatment regimen, cycle, week, and day

e Criteria based on treatment and specific
patient information

* Height (documented in centimeters), weight
(documented in kilograms), body surface area
(BSA), or other variables (age) necessary to
determine dosage

e The generic name of the drug (abbreviations
are not acceptable)

e Dosage of all agents in the regimen are
clearly written (i.e., milligrams or grams, or
units) as well as dosing parameters (i.e., ___
mg/m’*=___mg)

— Leading zeros are acceptable (i.e., 0.4

rather than 0.4)

* Chemotherapy diluent, volume, and rate

e Number of doses to be administered, treat-
ment duration, including start and stop date,
total amount of drug administered per course
and if applicable, cumulative doses

e Supportive care medications necessary for
treatment

* Monitoring parameters (i.e., vital signs, intake
and output requirement, when to notify the
physician)

Other safety measures to incorporate into che-
motherapy orders include prohibiting verbal che-
motherapy orders, avoiding hand written orders,
and requiring written documentation for any
adjustment(s) to the order.

Chemotherapy Dosing Considerations
Pediatric chemotherapy drug doses are determined
based on BSA in milligrams per meter square
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(mg/m?) or milligrams per kilogram (mg/kg).
The formula to calculate BSA is:

Weight (kg)x Height (cm)
BSA (m*)= \/ 3,600

Children under 12 months or less than 6 kg are
often dosed using mg/kg formula [46]. Dose per
m?%30 is typically used, unless otherwise speci-
fied in the protocol or treatment plan. The dosing
for intrathecal and intra-Ommaya chemotherapy
is determined by the patient’s age [47].

Dose reductions may be made based on organ
toxicity or toxicity from prior therapy. Agents,
such as doxorubicin, (Adriamycin), dactinomy-
cin (Actinomycin-D), the taxanes, docetaxel and
paclitaxel, and gemcitabine (an antimetabolite),
are dose-reduced or stopped during radiation
therapy to prevent radiation recall. Symptoms
of radiation recall may range from a mild rash or
desquamation to painful, edematous vesicles or
papules. Delaying the time between completion
of radiotherapy and the start of chemotherapy can
decrease the risk of radiation recall [48]. Lack of
evidence exists supporting the need for adjusted
dosing in obese patients compared with non-obese
patients [49]. Dose escalation maybe protocol-
specific or made if the absolute neutrophil count
or platelet count does not decrease as expected.

Chemotherapy Administration

To safely administer chemotherapy, a desig-
nated chemotherapy preparation area away from
any food or beverages must be identified. The
chemotherapy drugs are brought to this area in a
sealed plastic bag with a sticker labeled as
“cytotoxic” in order to ensure proper handling
by others [45]. This area must be equipped with
PPE, chemotherapy hazardous waste container,
and a chemotherapy spill kit. Ideally, all chemo-
therapy infusions are administered via an infu-
sion pump with Luer Lock tubing connections
[50]. Before administering chemotherapy and/
or supportive care medications, review the
medication label for the name of the drug, dose,
and expiration date. Inspect the medications for
discoloration and particulate matter. The last step
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is for two chemotherapy-competent clinicians to
compare the chemotherapy product to the che-
motherapy order, checking patient identifica-
tion, name of the drug, route, dose, and correct
infusion rate [51].

Routes of Administration

Chemotherapy may be given by mouth or by

injection (i.e., intramuscularly, intravenously,

intrathecally, or subcutaneously). Special consid-
erations apply for each route.

Oral chemotherapy can be given as a liquid,
tablet, or capsule. It is essential to evaluate the
patient’s ability to swallow pills before oral med-
ication are prescribed, as pediatric patients often
are unable to swallow pills or tablets. Guidelines
with instructions for how and when to repeat a
dose of oral chemotherapy if the patient vomits
are helpful. For patients who cannot tolerate oral
medications, a nasogastric tube or gastrostomy
tube may be necessary. Successful oral chemo-
therapy administration contributes to a sense of
control for the patient and family.

Health care providers must wear PPE when
administering oral chemotherapy. Pills and/or
tablets are to be crushed and/or dissolved under a
biological safety hood. Prescriptions need a
double-check process to verify accuracy [50].

Subcutaneous (SC) chemotherapy is an injec-
tion that is given into any area with sufficient
subcutaneous tissue, inserting the smallest gauge
needle for the child’s size (typically a 26-30-
gauge needle) at a 45° or 90° angle. Sites that are
frequently used are the center third of the lateral
aspect of the upper arm, the center third of the
anterior thigh and the abdomen.

Intramuscular (IM) chemotherapy is an injection
that is given into the muscle. The age of the child is
often what determines the site chosen [52, 53].

Recommended sites based on age include the
following:

* Vastus lateralis (anterior, lateral aspect, mid-
dle third of thigh); desired site for children
less than 2 years of age, as well as small or
sick children

e Deltoid (lateral aspect of upper arm, begins
about two finger breaths below the lower edge

169

of the acromion process); desired site for

children greater than 2 years of age, who have

sufficient muscle mass

* Ventrogluteal: place palm of hand over greater
trochanter [thumb facing toward patient’s
groin], index finger over anterior superior iliac
spine and the middle finger stretched toward
but below the iliac crest. The “V” formed by
the second and third finger is the injection site,
desired site of adult administration. The length
and gauge of the needle is dependent on vis-
cosity of the medication to be administered
and age and size of the child

* Volume for a single intramuscular (IM) injec-
tion is dependent on the site of injection and
the amount of muscle tissue. The pharmacist
should prepare drugs in the minimum allowed
volume of diluent. If two injections are
needed, administer the injections simultane-
ously. Maximum volumes are:

— Deltoid: 0.5-1 mL (children/adolescents)

— Vastus lateralis: 0.5 mL (infants), 2 mL

(children/adolescents)
— Ventrogluteal: 0.5 mL (infants), 2 mL
(children/adolescents)

— Dorsogluteal: 2 mL (children/adolescents)

Always rotate sites and avoid giving an injec-
tion into an area of preexisting tenderness and/
or an ecchymotic area. When administering an
IM injection, be cognizant of the patient’s plate-
let count. Patients who are thrombocytopenic
should have pressure directly applied to the
injection site to prevent the hematoma forma-
tion. Document the injection site, needle size,
medication, and patient response. Provide patient
education as needed.

Use of PPE, safety needles, and chemotherapy
waste disposal in accordance with regulatory and
institutional policies are essential when adminis-
tering SC or IM chemotherapy. Vesicant and irri-
tant chemotherapy agents are not administered
subcutaneously or intramuscularly [52].

Intrathecal (IT) chemotherapy is adminis-
tered into the cerebrospinal fluid (CSF) via a
lumbar puncture (LP) or a ventricular reservoir
(i.e., Ommaya reservoir). The sterile procedure
should be limited to the operating or treatment
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room. Other parenteral chemotherapy must not
be brought into the area until the IT procedure
is complete [45]. Most notably, it is imperative
that vincristine is never brought to the location
where an IT procedure is being performed.
Vincristine administered intrathecally is
100 % fatal. Safety measures must be built into
chemotherapy practices to ensure that this event
never occurs.

The optional site for IT injections is at the
point of intersection on the spinal column between
the tops of bilateral iliac crests at lumbar verte-
brae L3-L5. The length and gauge of the spinal
needle depends on the size of the child and amount
of tissue the needle needs to get through to reach
the spinal space. Patient positioning is very impor-
tant when LPs are performed. The side lying posi-
tion has the patients on their side with their spine
flexed and hips aligned one on top of the other to
maximize access to spinal space. Support the
patients in a curled position by helping them to
bring their knees up into the abdomen and while
flexing their neck toward their chest. For older or
larger patients, a sitting position is an alternate
option. The patients sit upright, leaning forward
to open the spinal space [52].

Be aware of the patient’s platelet count before
administration of an IT injection, typically the
platelet count should be at 50,000. To help mini-
mize injection pain, apply ice or a topical anes-
thetic to the injection site before administration.
Sedation and/or pain medications are adminis-
tered as prescribed. Monitor patient as specified
per institutional policies and guidelines. There is
little evidence that supports lying flat after lum-
bar puncture prevents post-lumbar puncture
headache (PLPH), but for some patients this may
help minimize PLPH [54].

Wear appropriate PPE and dispose of chemo-
therapy waste in accordance with regulatory and
institutional guidelines for IT medication han-
dling and administration.

Intravenous (IV) access must be established
via a peripheral IV (PIV) or a central venous
catheter (CVC) prior to administration of paren-
teral chemotherapy. Before administering any
chemotherapy, the vein and catheter patency is
assessed by flushing and checking for blood
return [55].
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Management of Venous Access
Devices

Central Venous Catheter

Vascular access devices are vital to the deliv-
ery of cancer treatment to children. There are
three types of CVC’s typically used during
pediatric cancer treatment; they are external
tunneled catheters (e.g., Groshong, Broviac,
and Hickman), implanted ports (e.g., Port-a-
Cath and Mediport), and peripherally inserted
central catheters (PICCs). PICCs are consid-
ered a temporary line although they can be
used throughout treatment [50].

While CVCs have greatly improved the
quality of pediatric oncology care, the potential
for serious complications exist, including infec-
tion, occlusion, pneumothorax, and air embo-
lism. Catheter-associated bloodstream infections
(CLABSI) are a serious and potentially life-
threatening complication of CVCs. Nurses play
an important role in the care and maintenance of
CVCs, including prevention of infections.
O’Grady et al. [56] describe that the following
indicators are effective in reducing the incidence
of CLABSI:
¢ Implementation of educational programs for

those who insert and care for CVCs
e Use of maximal sterile barrier precautions

during catheter placement
* Use of chlorhexidine for skin antisepsis at the
time of insertion and during maintenance care
¢ Removal of the catheter when it is no longer
required for treatment

Nursing policies and procedures for care of
central lines, including flushing, dressing changes,
and cap changes, promote consistent and safe
practice. If a child is discharged from the hospital
with a CVC, teaching for the caregiver at home
will be necessary. Standardization of line care
between hospital and home will reduce confusion
and minimize the risk of complications. Many
resources for the care and maintenance of central
lines are available via the Internet, such as on the
Center for Disease Control website (www.cdc.
gov) the St. Jude’s Curedkids website (Www.
cure4kids.org).


http://www.cdc.gov/
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http://www.cure4kids.org/
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PIV access for chemotherapy administration
is dependent on expert venipuncture technique
[57]. When choosing the IV site, the following
considerations are important:

* The optimal site for a PIV is the lower forearm
sites.

* Avoid sites distal to any recent venipuncture,
as integrity of the vein may be compromised
and lead to leakage of medications and fluids
into the surrounding tissue.

e Avoid areas of joint flexion. If there are no
other PIV placement options, secure the site
with an arm board to reduce the risk of throm-
bosis and infiltration [55, 58].

* A new IV should be restarted if any site(s)
that has signs of redness, pain, or inflamma-
tion or if there is concern about the integrity
of the IV [50].

e Warming the child’s arm may make the veins
easier to view. A transilluminator or an ultra-
sound when available can be useful to help
visualize the veins of children.

* To minimize needle pain, apply ice or a topi-
cal anesthetic to the IV site.

» Site is covered with a transparent dressing, if
available, to allow visualization and to
promptly identify signs of infiltration [57].

* Aninstitutional policy with criteria for new IV
placement is highly recommended.
1V infusions of chemotherapy may be admin-

istered as IV push, intermittent infusion, or

continuous infusion. Irrespective of the infusion
method, the following safeguards must be in
place:

e Use safety needles when available to mini-
mize accidental needle exposure.

* Don appropriate PPE in accordance with
regulatory and institutional guidelines during
medication administration and disposal of
contaminated materials.

e Secure all IV tubing with Luer Lock
connections.

* To minimize exposure to the patient’s skin,
use gauze and/or a plastic-backed drape
beneath the CVC and tubing/syringe connec-
tions during access or de-access procedures.

e Flush CVC per institutional standards.
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— 10 mL syringes must be used to flusha CVC
to decrease pressure on the catheter [50].
* Chemotherapy waste is disposed in accordance
with regulatory and institutional guidelines.
¢ Document the injection site, needle size, med-
ication, patient response, and other pertinent
information, including blood return before,
during, and after medication administration.
e Document the appearance of the catheter or

IV site.

* Ensure discharge teaching is completed with
patient and family.

Extravasation refers to the infiltration of fluid
or drug, which can cause tissue damage if it leaks
outside of the vein. The class, concentration, and
the amount of drug determine the extent of tissue
damage when extravasation occurs. Symptoms
such as tingling, burning, pain, swelling around
the catheter site, redness at the catheter site and/or
lack of blood return are signs that require immedi-
ate evaluation [45]. If extravasation occurs or is
suspected, follow the acronym-SLAPP:
¢ S=stop the infusion
* L=leave the needle
e A=aspirate
e P=pull the needle
* P=notify the provider

The management of an extravasation includes
hot or cold packs as indicated. Some chemothera-
peutic agents have specific antidotes. An extrava-
sation kit should be available if needed. If a
blister develops, this should remain intact and
covered if possible. Evaluate the site at regular
intervals, i.e., 24, 48, 72 h, as some agents can
cause more damage as tissue invasion progresses
[51]. Document the event noting the agent, size
of needle, site, amount of drug that infiltrated,
who was notified of the event, nursing, and medi-
cal interventions. The complications that can
develop from extravasation include infection, tis-
sue necrosis, and a loss of function.

The importance of educating the patient and
family about extravasation cannot be underesti-
mated. It is important for patients to understand
that any pain, redness, swelling, or abnormal sen-
sation at the infusion site should be reported
immediately.
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Psychosocial Care of the Child
and Family

Overview

A diagnosis of childhood cancer is a life-changing
event for the entire family. The patient, parents,
caregivers, siblings, extended family, and friends
are all affected and may react quite differently.
Disrupted school, home and work routines, finan-
cial stress, and delegation of responsibilities such
as care of siblings and other family members are
just a few of the concerns that families face. An
evaluation of the family’s support system and
coping strategies by the health care team is essen-
tial. Partnering with families along the treatment
continuum is the most effective means to pro-
mote adaptation to “the new normal.”

Family-centered care is defined as “An
approach to... health care that is grounded in
mutually beneficial partnerships among health
care providers, patients, and families” [59].
Patient and family involvement in decision-
making is critical to the delivery of effective can-
cer care.

Communication with Patients
and Families

Diagnosis

Childhood cancer is rare and symptoms often
look similar to common childhood diseases,
such as fever, pain, or swelling [60]. The parents
are usually the first to recognize that something
is wrong. The anticipation with which they wait
for a diagnosis is a very stressful period. When
families are receiving news of a new diagnosis or
recurrence of cancer, it is important to show
empathy, respect, and compassion for the family.
The age and developmental level of the child are
important considerations. For example, adoles-
cents are often treated on adult oncology units,
yet they have unique developmental needs that
should be acknowledged by nurses who care for
them [61, 62]. A nurse should be present when
the family first learns about the child/adolescent’s
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diagnosis to ensure a clear understanding of
what the patient and the family has been told.
This avoids the dilemma of the family misinter-
preting the information and the nurse being
unaware of what the physician actually said [63].
Nurses can facilitate a meeting that promotes
effective communication [64]. The meeting
should be at a time that is convenient for the
family, and held in a quiet, private, comfortable
setting, with a minimum or no interruptions [65].
Language, cultural and religious beliefs, as well
as the family’s previous experience with cancer
and knowledge about their child’s illness are
important factors to consider. Ideally, informa-
tion will be shared in clear, understandable
terms at a pace that is determined by the family.
Reassurance that nothing they did or failed to do
has led to the diagnosis of cancer is very impor-
tant [66]. The goals of treatment and plan of care
will often need to be repeated several times after
the initial meeting to ensure clear understanding
among family members.

Stigma and Isolation

In many countries, significant stigma is associ-
ated with a cancer diagnosis [67, 68]. Families
can be ostracized or feel isolated from their com-
munity during their child’s treatment. Patients,
particularly adolescents, may experience dimin-
ished social contact with friends and their com-
munity during long hospitalizations or periods of
recovery at home [69]. Communicating and
working with families and communities to
decrease stigma through education and role mod-
eling is an important nursing task.

Relapse

Children and adolescents who relapse need extra
support when facing a second round of treatment
and may react differently than during their first
treatment [70]. The patient and family members
may be angry that they are back in the hospital or
feel hopeless since the first treatment failed and a
cure is less likely [71]. In a study in Australia, De
Graves et al. found that “The most significant find-
ing...was the profound impact of uncertainty. The
families fluctuated between two states of reality—
hoping for a cure and contemplating death—as
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they faced the uncertainty that surrounded their
child’s prognosis” [72]. Sensitive exploration of
these issues with the families can help to identify
issues that may require attention from a social
worker or psychologist. If professional experts are
not an option, the health care team can work to
develop specific strategies to help these patients
and families. After a relapse, families may have
increased interest in exploring the use of alterna-
tive therapies [73].

Patient and Family Education

Clear and consistent communication with chil-
dren, adolescents, parents, and siblings is essen-
tial. Families in low- and middle-income
countries may not have experience with tertiary
health care centers and formal medical treat-
ments. The use of medical jargon and unfamiliar
regimens can be quite difficult for families with a
newly diagnosed child or adolescent [69]. Strict
hospital policies for visitation, infection control,
meal times, and medication administration can be
threatening to the family’s normal routine of car-
ing for an ill member [74]. It is critical that nurses
diligently explain and re-explain treatment and
medical information. When giving instructions,
the nurse evaluates the patient and family’s
understanding, especially when giving the fami-
lies discharge instructions for care at home.
Techniques to ensure that the information has
been well understood include asking the family
to repeat the instructions or information in their
own words. Re-demonstration of a procedure
(e.g., dressing change) by the parent or caregiver
to the nurse is also an effective strategy. Home
visits by nurses can ensure continuity in care and
will confirm whether educational information has
been clearly communicated and is being carried
out appropriately. This is an effective strategy to
minimize complications and unplanned hospital
admissions [75].

Extended family members, such as grandpar-
ents, aunts, and uncles (whether blood relations
or connected through social ties), can offer criti-
cal support to the child/adolescent with cancer
and their parents [76]. Acknowledging the
extended family’s role and including them in
teaching sessions can help reinforce learning.
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Low level of education or language issues: A lan-
guage barrier may interfere with effective patient
and family education. Migrants, indigenous pop-
ulations, or ethnic minorities who do not speak
the local language may experience significant
stress when trying to negotiate their child’s treat-
ment and side effects [77]. The use of profes-
sional interpreters or health care professionals
within the hospital to translate can significantly
reduce the sense of powerlessness and depen-
dence that families may have and improve trust-
ing relationships in the care of the patient [78].
Families who do not have formal education can
also experience stress trying to learn about their
child’s cancer and treatment [79]. Simple and
clear language should be used; metaphors may be
helpful. For example, describing chemotherapy
as a medicine that kills cancer cells just as weed-
killer removes the unwanted plants from a crop,
or describing the position of the sun for timing
medication administration when the child is at
home may make explanations more meaningful.
The health care team is responsible for ensuring
that the family has a good understanding of their
child’s cancer so they are able to make informed
care decisions [80]. Nurses who commit to work-
ing with the patient and family over time, provid-
ing clear and consistent educational support and
ensuring active family inclusion and collabora-
tion in the child/adolescent’s care will maximize
the caregiver’s ability to succeed [81].

Traditional medicine: Families who have consulted
traditional healers and practice traditional cures
during their child/adolescent’s cancer treatment
may need nursing support to share their practices
with the medical team, in order to prevent conflict-
ing treatments [82]. Open and ongoing communi-
cation that includes active listening about cultural
issues combined with education for the patient,
parents, siblings, and extended family members is
key to a successful treatment experience [83].

Multidisciplinary Communication

Nurses must communicate clearly among them-
selves, particularly during clinical hand-offs
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between shifts. Nurses review and document
clinical information in the patient’s medical
record, including nursing assessments, observa-
tion of abnormalities, disease or treatment
symptoms or side effects, and changes to the
plan of care [84]. Consistent documentation of
teaching and issues that have been raised by the
family promotes continuity of education and
communication.

Effective communication among the multidis-
ciplinary team is essential to quality care and
patient safety. Nursing presence at daily rounds
promotes team cohesiveness in carrying out the
plan of care. For complex or private information
that cannot be discussed in rounds, multidisci-
plinary team meetings are a valuable mechanism
to ensure consistency and team consensus in the
communication of information to families [65].

Psychosocial Support

The cancer journey evokes powerful feelings and
emotions for families that are important to recog-
nize and acknowledge. Age, gender, cultural and
socioeconomic factors will influence how people
express, define, describe, or recognize their emo-
tions [85]. The news of a cancer diagnosis is
overwhelming, and the initial reaction will differ
from person to person. Some react with disbelief
or the possibility of a wrong diagnosis, while oth-
ers will initially revert to “How long do I have to
live?” The nurse encourages the patient to venti-
late his or her feelings, and may guide the patient
toward positive thinking, such as things to be
thankful for [84, 86].

The first treatment is often anticipated with
doubt and trepidation, due to fear of the
unknown. Numerous people involved in the
patient’s treatment, along with other cancer
patients and families, may tell various stories of
their own experiences, often leaving families
bewildered and unable to remember much of
what was said. Advise the patient and the family
to ask for explanations to be repeated until they
are satisfied [84, 87]. Guilt feelings may often
be foremost; the parent’s natural reaction is to
protect and nurture the child who is facing the
reality of cancer [88]. Although the child has a
life-threatening disease, he or she is still growing
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and developing and has needs similar to those of
healthy siblings and peers. Each family member
will develop methods of coping; adjustments
will be made that in turn affect the others. Even
the well-adjusted families will experience sig-
nificant emotional stress.

Although each age group expresses emotions
in distinct ways, secrecy tends to isolate children
of all ages, increasing their fears. The young
child may not be able to express his or her con-
cerns verbally, but is still in need of reassurance
and support. Caregivers of children must create
an atmosphere where the child can express his or
her worries and emotions [88].

Hospitalization and treatment can be very dif-
ficult for the parents and the siblings of the
patient. When parents spend a great deal of time
in the hospital with the sick child, siblings may
develop feelings of jealousy, guilt, and fear
toward the ill child. Encourage siblings to attend
the hospital for visits if possible, so that they may
have an idea of what is happening. Parent and
sibling support groups can play a significant role
to help family members cope. Reassurance that
“you are not alone” on the cancer journey often
provides comfort. Likewise, it is helpful to alert
parents that behavior problems in siblings often
arise at home or at school when the family rou-
tine is disrupted by a hospitalization [86].

Pediatric Palliative Care

Palliative care practices are now common
around the world. The concept of palliative care
“includes physical, psychological, educational,
social, and spiritual goals and is provided
concurrently with disease-modifying therapies
or as the main goal of care. This care aims to
enhance life, decrease suffering, optimize func-
tion, and provide opportunities for personal and
spiritual growth” [71]. The age and develop-
mental stage of the dying child are important
considerations when developing palliative care
strategies.

Infants work to develop a sense of trust, estab-
lished when their needs for food, comfort, and
caring are met. Allow the caregiver to stay with
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the baby, and provide support as he or she attends
to the basic needs of the infant. Nursing staff can
take over the infant’s care for periods of time to
allow parents to visit with relatives and family, or
to go home and rest. Suggest this option to the
caregiver, but refrain from forcing a caregiver to
leave the hospital.

Toddlers work to develop a sense of indepen-
dence and self-mastery. Explain procedures in
very simple terms to the toddler. When possible,
allow the toddler to handle any apparatus that
will be used in his or her care. It can be helpful to
provide consistent nurses with whom the toddler
has established a trusting relationship to tend to
his or her needs [19].

Preschoolers develop mastery over physical
skills and tasks. They experience guilt if they
overstep the limits of their behavior. Encourage
children to voice their fears about illness and
death, so they can be reassured. Young children
may demonstrate regressive behavior and find
comfort in resuming old habits that they have
outgrown, such as sleeping with a teddy bear or a
night lamp. Ensure that all procedures are fully
explained to the child. Preschoolers have a strong
ego and may regard the procedures (or even the
illness) as punishment for previous behavior.
Ease guilt feelings by allowing the child to
participate in his or her treatment. Encourage
parents to spend as much time as possible with
the child as they are capable of the most reassur-
ance and comfort [89].

School-age children are becoming increas-
ingly independent of their parents. They may
feel inadequate if they are unable to perform
social, physical, and academic tasks. Encourage
the children to set short-term goals for as long as
possible, providing the opportunity to maintain
interest in their personal lives, such as friends,
families, and activities, even at the end of
life. School is an essential part of a child’s life,
representing normal routines and continued rela-
tionships with peers, which is essential for
appropriate behavioral, social, and emotional
growth and development. Staying in contact with
friends and peers helps the school-age child to
strengthen his or her self-image and have faith in
the future.
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Allow school-age children to do things for
themselves to gain skills and maintain self-
respect. Answer their questions about their dis-
ease and treatment honestly to reinforce their
confidence throughout this period. Signs of anxi-
ety should be stilled with the assurance that the
nurse or the parent will stay with the child at all
times [89, 90].

Adolescents are often treated on adult oncol-
ogy units, yet they have specific needs that
should be acknowledged by nurses who care for
them [61, 62]. Self-image is very important to
the adolescent, so body changes such as hair
loss, weight gain due to steroids, or scars from
surgical procedures should be addressed.
Encourage contact with friends, since adoles-
cents identify strongly with friends and peers
and rely on their acceptance. If appropriate,
offer adolescents the service of a religious
worker, since their understanding of death
approaches that of an adult. However, do not
force religious counseling. Allow adolescents
to indicate when they are ready to address the
issues at hand [86, 90, 91].

Healthy adolescents are experiencing issues
of independence from their parents or caregivers.
This can be problematic during cancer therapy
since adolescents have limited choices and sig-
nificantly restricted activities and social experi-
ences. Nurses should be sensitive to the specific
challenges that adolescents face when they are
receiving cancer treatment [61, 62].

Spirituality

Often when families are faced with a difficult
situation or health problems, they draw strength
from their religious beliefs and practices [92].
Religious beliefs and practices can help families
manage emotions of helplessness and restore
meaning and order to their lives while also pro-
moting a sense of control. For some families,
spirituality can be a powerful source of strength
for facing life’s challenges [93]. It is important
to differentiate between religion and spirituality.
A religion is a set of strongly held beliefs, values,
and attitudes that one lives by. Spirituality refers to
the inner experience and is not bound to religious
tradition [90].
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During the tumultuous cancer journey, the
patient’s emotions can be labile. It is normal to
ask “Why is this happening to me?” or “Why
does God allow this to happen to me?” [8§7] When
coming to terms with bad news, it is not uncom-
mon to have thoughts that challenge beliefs and
faith. Suffering brings certain spiritual needs to
the fore. Spiritual care is part of the nurse’s core
role in holistic nursing care. Preparing nurses to
provide spiritual care in a palliative care setting
allows them to support patients and families
while acting as a resource to other clinicians [94].

Prayer is considered one of the most common
forms of intervention to promote healing and
well-being [87, 95]. The patient’s spiritual needs
during hospitalization may include a desire to be
visited by a minister or religious worker, eating a
special diet, receiving a sacrament, or listening to
or participating in religious ceremonies. The
patient’s religious preferences should be obtained
on admission. When appropriate, allow time for
devotion during which the patient should not be
disturbed [94].

When offering spiritual care to their patients,
nurses must base their actions on sensitivity,
compassion, and respect, acknowledging that
cultural beliefs of others may differ from one’s
own standards. For example, when a patient or
family chooses not to proceed with chemother-
apy, it may be difficult for the health care team to
accept. However, it is important to honor and
respect the beliefs of the patient and family [94].
Abandonment of care is a complex issue and cur-
rently being studied in many low- and middle-
income countries [96].

Death, Dying, and Bereavement

Although death and dying are natural compo-
nents of the life process, the thought of dying is
an uncomfortable concept to many people.
According to Kiibler-Ross, the emotional
responses of a person facing death can be traced
through five stages: denial and isolation, anger,
bargaining, depression, and acceptance [97].
A patient’s response to death and dying has been
learned from his or her family or the culture from
which he or she has come. It can also reflect the
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family’s response to their pending loss [97].
Nurses are better able to provide care and support
to dying patients and their families when
equipped with specialized training in palliative
care [98]. This training is an essential component
of a pediatric oncology nursing curriculum.

The nurse strives to build a trusting relation-
ship with the patient and family. When trust has
been established, the patient and his or her family
will be more comfortable sharing their beliefs
and disclosing feelings to the nurse. Feelings the
family may experience include sadness, anger,
fear, relief, and acceptance of death [98]. Nurses
provide comfort by acknowledging that people
experience their feelings differently. There are no
right or wrong feelings or patterns that a person
must follow in respect to the end of life [99].

Nurses may also help families to maintain
bonds through “legacy-making” activities before
a child dies, such as creating handprints or mem-
ory boxes. Completing unfinished business may
be important for the child or teen for whom a cure
is not possible. As in treatment, hope remains for
most children and adolescents throughout the end
of life period [100]. With adolescents, awareness
that cure is not the only hope may facilitate the
efforts of the clinical to help the teen share his or
her wishes. A well-tested clinical prompt to facil-
itate a discussion about hopefulness and the
hoped-for object is, “please share with me what
you are hoping for now” [71].

Bereavement: The goal of nursing is not “cure”
but “care.” For families whose children do not
survive bereavement rituals can be comforting
and meaningful. Nurses are important to this pro-
cess since they are commonly acutely aware of
cultural norms for the patients in their care.
Nurses who attend bereavement services can be
quite powerful in their support of the family at
this time. The family recognizes that their child is
not forgotten. In addition, nurses also need a time
and space for remembrance since they are also
affected by the loss of the child [101].

Survivorship: The number of children surviving
cancer in countries with rich resources approaches
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81 % [102], which contrasts dramatically with
rates in resource-poor countries where survival
rates may be as low as 10 % [103]. Nevertheless,
children who have survived cancer bring happi-
ness and satisfaction to all who participated in
their treatment. Having a survivors’ day celebra-
tion at the hospital can bring hope to families
whose children are still receiving treatment and
reinforces all hospital personnel’s commitment to
curing children with cancer. It is also essential to
remain cognizant that a child or adolescent who
has survived cancer will require long-term sur-
veillance by a health care professional who is
familiar with pediatric cancer treatment and long-
term effects such as neurologic squeal [104],
infertility [105], secondary neoplasms [106], and
abnormal cardiac function [107] to maximize his
or her health throughout adulthood.

Summary

The role of nursing in the care of children and
adolescents with cancer cannot be underesti-
mated. Specialized education and training for
nurses is essential to ensure optimal care for this
vulnerable patient population. Nurses who are
well integrated in the health care team and have
clear lines of communication with their profes-
sional colleagues are able to provide consistent
and coordinated nursing care. This level of care
supports patients, their families, and extended
families through the complicated and stressful
experience of cancer therapy. Thus, the expert
pediatric oncology nurse “has confidence in his
or her knowledge, provides high-quality care,
and is given opportunities for professional
growth” [108].
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Introduction
General

Availability of Radiotherapy (RT)

Services in Africa

Radiotherapy is an essential part of oncology
treatment. It is frequently used together with
surgery and/or chemotherapy as curative treat-
ment for cancer, and its use in the palliative set-
ting is vital for relieving symptoms. In the
paediatric setting, its use is vital to many treatment
protocols [1].

RT may be delivered via external beam, such
as Cobalt units and linear accelerators (Linacs),
or via brachytherapy (internal use of radioactive
sources). Providing safe, reliable, and effective
RT is complex and extremely expensive.
It requires specialised building structures for
radiation protection, investment in expensive
machinery, trained staff capable of using and
maintaining such equipment, and a budget for
doing so. It also requires ongoing quality assur-
ance and training programs for such staff.

For all of these reasons, RT infrastructure in
general, is very poor in low- and middle-income
countries (LICs and MICs), with many such
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countries not having any services at all. Africa is
the continent with the poorest radiotherapy ser-
vices of all, with about 28 out of 48 countries
having no services at all, and several countries
having non-operational units due to lack of funds
for maintenance of machines or lack of skilled
staff to run them [2].

Currently, Africa is home to approximately
one seventh of the world’s seven billion popula-
tion, and 40 % of Sub-Saharan Africans are under
15 years of age. However, only four countries in
Africa treat more than 100 children per year with
RT, due to lack of infrastructure and services [3].

Challenges Facing Paediatric RT
Services in Developing Countries
Allied Services
Imaging is one of the greatest challenges in man-
aging oncology patients in poorly resourced
countries. Many intra-abdominal and head and
neck tumours may be diagnosed by clinical
examination and confirmed using the relatively
inexpensive modality of ultrasound. Chest
tumours are often visible on plain X-ray. However
accurately diagnosing brain tumours requires CT
scan availability and this requires infrastructure.
Furthermore, once a diagnosis has been made,
CT is needed for RT localisation of tumours
unless only simple parallel opposed/2D planning
is done.

Pathology services are also frequently prob-
lematic. Increasingly, LICs and MICs are send-
ing clinicians for training in better-resourced
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countries, but on returning home, they find that
they are unable to confidently diagnose tumours
because of lack of trained pathologists, and/or
lack of funding for complicated immunohisto-
chemical staining to aid diagnosis. In some
instances, twinning programs with well-resourced
countries can partly overcome this problem, by
providing expert opinions, or by reviewing slides.

Medical physicists and technical engineers
are in short supply internationally. All RT pro-
grams require these trained staff to maintain
their machines and to provide quality assurance
of the treatment machines and planning pro-
grams. Radiation therapy technicians (RTTs) are
also highly trained staff, responsible for plan-
ning RT treatment and for operating the machines
which administer it. Unfortunately skilled staff
is frequently attracted away to better-resourced
countries that are able to provide superior indi-
vidual payment packages for these sought-after
individuals.

Basic Health Care Availability

In LICs and MICs it is not only the oncology pro-
grams which are poorly resourced. In general,
access to all aspects of tertiary health care in
these countries is challenging, with patients hav-
ing to travel vast distances, at great personal
expense, to seek medical opinion. As a result,
many cancers are diagnosed late and only pallia-
tive treatment is appropriate. The cost of such
treatment may have to be borne, at least partly, by
the patient and his or her family. Thus, many
families may choose not to investigate or to treat
obvious tumours.

For patients who do access oncology services,
treatment may be hampered by poor general
health; with coexisting malnutrition and infec-
tions such as HIV and tuberculosis prevalent.
Side effects of oncology treatment may be
extreme in these cases and supportive supple-
ments and drugs are frequently not available.
Oncology treatment protocols have to take these
factors into account when offering treatment.
Protocols available in a first world setting may be
inappropriate and dangerous in under-resourced
countries.
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Practical Problems

For RT treatments in particular, radical courses of
radiotherapy usually involve daily treatments for
5 or more weeks. Accommodation for the patient
and accompanying adult is frequently problem-
atic. In some countries, different charity organ-
isations have been able to help with
accommodation and transport for these patients.
But in many countries, where RT services are
many miles away, and families are large, it may
not be practical for one parent to stay with the
child for the duration of the treatment.
Abandonment is a problem as parents are not
readily contactable [2].

Where travelling distances are large, follow-
up is also a problem. Personnel at local clinics are
usually excellent at primary health care, but may
be ignorant about the potential for post-
radiotherapy (and post-chemotherapy) problems.
Detailed referral letters back to local clinics, out-
lining potential side-effects as well as the types
of follow-up tests and the appropriate interval
between such tests does much to help this.

Technical Challenges in Treating

Children with RT in Poorly Resourced

Settings

The Time Challenge!

The biggest challenge that staff face when doing

paediatric RT in any department is the length of

time that is required. Children (and their parents)

are far more likely to be co-operative when they

are not being rushed, and when the team takes the

time to explain everything in detail, and is patient

and accommodating of their fears and anxieties.
For younger children, susceptibility to oral

sedation is individual and quite variable, so that

the team has to be ready to proceed as soon as the

child is asleep!
In general it is essential to:

1. Allocate sufficient time and experienced staff
on mark-up day.

2. Have all the required clinical information at
hand, so that the process is not held up.

3. Get the patient’s sedation history from other
departments (e.g. Paediatric Oncology, Radi-
ology, Surgery), so that it is known before-
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hand whether the child is likely to co-operate,
and how easily they can be sedated. A half-
sedated child is harder to deal with than an
unsedated child.

4. Ttis always helpful to get the child in for a “play”
appointment prior to mark-up day, so that they
familiarise themselves with staff and the
machines. However, this is not always practical.

5. Children of 6 years and older, will generally
co-operate without sedation, especially if the
parents help to prepare them. They should
always be told the precise steps of what will
happen to them during the process; especially
if any discomfort or pain is anticipated (e.g.
tattoos/drip needles etc.).

6. Children under 5 years of age almost always
need sedation. Between 5 and 6 years is
variable.

7. Obtaining an anaesthetist on a daily basis for
radiotherapy treatments is very difficult in
many institutions. We resort to this only after
several attempts at sedation have been tried.

Sedation for RT [4]
This may be oral or intravenous. The American
Society of Anesthesiologists has proposed a

grading system for sedation use by non-
anaesthesiologists. The following categories
are used:

1. Minimal sedation/anxiolysis: A drug-induced
state during which patients respond normally to
verbal commands. Cognitive and co-ordination
function may be impaired but ventilator and
cardiovascular functions are unaffected.

2. Moderate sedationlanalgesia: A drug-induced
depression of consciousness during which
patients respond purposefully to verbal com-
mands, either alone or accompanied by light
tactile stimulation. No interventions are
required to maintain a patent airway, and spon-
taneous ventilation is adequate. Cardiovascular
function is usually maintained.

3. Deep sedation/analgesia: A drug-induced
depression of consciousness during which
patients cannot easily be aroused but respond
purposefully following repeated or painful
stimulation. Ability to independently maintain
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ventilator function may be impaired. Patients

may require assistance in maintaining a patent

airway and spontaneous ventilation may be
inadequate. Cardiovascular function is usually
maintained.

4. General anaesthesia: A drug-induced loss of
consciousness during which patients are not
rousable, even by painful stimulation. Ability
to maintain adequate ventilatory function is
often impaired. Patients often require assis-
tance in maintaining a patent airway, and
positive pressure ventilation may be required
because of depressed spontaneous ventila-
tion or drug-induced depression of neuro-
muscular function. Cardiovascular function
may be impaired.

For RT planning, the mark-up, cast, and plan-
ning scan appointment can take up to an hour,
and immobilisation and correct positioning is
essential. Proper sedation is therefore essential.

Treatment visits are far shorter, and sedation is
typically required only for about 10—15 minutes.
Lighter sedation may be possible for these visits.
Agents used for RT sedation:

(a) Clonidine is used as an anxiolytic and mild
sedative. This is given orally about an hour (h)
prior to the procedure. In older children, this
may be all that is required (Category 1
sedation).

(b) Oral agents such as a combination of
Droperidol (0.2 mg/kg) and Trimeprazine
(24 mg/kg) are convenient and work well
for mild to moderate sedation, but cause a
long acting sedation which can be a problem
if given for a protracted period, as children
are not awake long enough during the day to
take in adequate food. However, no monitor-
ing equipment is required. The drugs must be
administered 2 h prior to the procedure. Top
up sedation at 2 h, with Chloral hydrate
(50 mg/kg) can be given if sedation is inade-
quate. Caution must be taken when sedating
children with brainstem dysfunction, as
maintaining an adequate airway, and normal
ventilation may already be impaired. For
these children, electronic monitoring is
recommended.
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(c) Chloral hydrate is a cheap oral medication
that works well as a top-up sedation after
Droperidol/Trimeprazine or on its own at
higher doses and has a shorter period of
action than (b) above. It should be given
approximately half an hour prior to the pro-
cedure. Doses from 50 mg/kg can be used for
simple simulation with a supine -child.
However, when a face cast is required, doses
of 100 mg/kg are needed. Use of this agent
also does not require electronic monitoring.
However it tastes terrible and may need to be
delivered via nasogastric tube as many small
children will spit it out!
Shorter-acting agents such as IV Midazolam
have become popular. At sedation dose
(0.05 mg/kg) an anaesthetist is not required.
However IV access is required, and electronic
monitoring by an anaesthetic nurse or junior
doctor is recommended, which makes it more
labour-intensive. A repeat dose may be given
if required, up to a maximum of 0.2 mg/kg.
(e) Ketamine may also be used intravenously. A
single initial dose of 0.5-0.75 mg/kg is usu-
ally enough for short daily treatments. For
longer procedures, an infusion may be used or
an additional bolus of 0.25 mg/kg given. This
has been safely and effectively used at many
institutions without an anaesthetist, but with
either an anaesthetic nurse or a junior doctor
present. Electronic monitoring (e.g. pulse
oximeter) is recommended. In older children
Ketamine should be combined with a benzo-
diazepine to prevent post-procedure delirium.
Tolerance may develop requiring higher doses
for adequate sedation as the weeks go by.
Intramuscular Ketamine is also effective, but
when required daily, can cause severe antici-
patory distress and therefore is seldom used.
(f) If anaesthesia is required, it must be remem-
bered that anaesthetists are extremely infre-
quent visitors to the radiotherapy suite and
frequently feel extremely vulnerable without
the usual access to monitors, etc. The entire
procedure needs to be discussed in advance
and planned on site so that they are aware of
the procedure, length of anaesthesia required,
and possible cast covering the face. A deci-
sion regarding the type of anaesthetic will

(d)
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need to be made. Usually IV drugs, e.g.
Propofol, Dexmedetomidine, or Ketamine
are used. Inhalation anaesthesia may also be
appropriate for some children. It is preferable
to have the same anaesthetist available daily,
so that the process becomes expedited, pre-
venting delays on a busy RT machine unit [5].

Radiotherapy for Wilms Tumour

The development of protocols for the treatment
of Wilms tumour has been extremely successful
in the developed world. This has occurred mainly
through research initiatives and clinical trials run
by the SIOP (Societe Internationale d’Oncologie
Paediatrique) in Europe and COG (Children’s
Oncology Group) and its precursors in the USA.
Most centres treating Wilms tumours should
attempt to follow the guidelines and treatment
principles of one of these groups [6].

RT is an integral part of the management of
Wilms tumour for selected individuals. However,
only about 15-20 % of non-metastatic Wilms
tumour patients will require RT. In general, the
doses required for radiotherapy the in treatment
of Wilms tumour are quite low, and the volumes
are large. This means that sophisticated RT
equipment is not a prerequisite and adequate
therapy can be planned using fluoroscopy or a
simulator, and delivered by Cobalt-60 machines.

Indications for RT for Wilms Tumour

Although direct outcome comparison of SIOP
and COG protocols is not possible due to differing
staging principles and timing of treatment, it is
generally considered that in terms of outcome,
they are equivalent. In LICs/MICs the decision of
which protocol to follow usually lies with logisti-
cal considerations: In SIOP protocols, chemother-
apy is administered first, and this is followed by
surgery and staging. The decision for RT is based
on findings at surgery. In COG protocols, surgery
is done first, unless the tumour is deemed irresect-
able. Surgical staging then provides the basis for
staging and further management. Either way, RT
is done post-operatively. In some centres, it is
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Table 14.1 COG radiation therapy guidelines—Wilms
tumour

Tumour stage/histology Radiotherapy (RT) dose and fields
1/FH and/2 FH No RT

3/FH, 1-3/FA 10.8 Gy flank RT

1-2/DA

1-3/CCSK

Ascites (cytology 10.50 Gy whole abdomen RT
+ve) (WART)

If residual tumour, boost with
further 10.50 Gy

Pre-op tumour rupture
Diffuse surgical
spillage

Peritoneal seeding

3/DA 19.8 Gy (infant 10.8 Gy)

1-3/RTK

4 (Lung, FH) 12 Gy whole lung irradiation
(WLI) if no complete remission
(CR) at week of 6 triple chemo

4 (Lung, UH) 12 Gy WLI regardless of (CR)
or not

4 (Brain) 21.6 Gy whole brain+10.8 Gy
boost <16-year-old

4 (Bone) 25.2 Gy (tumour+3 cm)

4 (Liver) 19.8 Gy to focal metastases
if unresectable

Unresected LN 19.8 Gy

Resected LN 10.8 Gy

Abdominal relapse 12-18 Gy (>12 m)

RT radiotherapy, FH favourable histology, FA focal anapla-
sia, DA diffuse anaplasia, CCSK clear cell sarcoma of the
kidney, RTK rhabdoid tumour of the kidney, WLI whole
lung irradiation, UH unfavourable histology, CR complete
remission, LN lymph node

convenient to biopsy, stage, and do the adminis-
tration of chemotherapy first at a satellite centre
and refer patients to large centres for planned sur-
gery and possible RT. In other centres, children
are referred to a large centre for diagnosis and
immediate surgery and any necessary RT is per-
formed immediately, and they are then sent closer
to home for ongoing chemotherapy [7].

The radiotherapy method used for either pro-
tocol is the same, although doses differ slightly.

Indications for RT

1. COG Radiation therapy guidelines [8]

In COG protocols, the decision for RT is based
on post-surgical histological sub-type and stag-
ing (Table 14.1).
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Table 14.2 Radiotherapy guidelines SIOP and risk

assessment [8, 9]

Tumour stage/histology
2 HR except blastemal
3,1R

2,3,HR

3 with diffuse spillage

Peritoneal metastases

4 (Lung) persistent at 9
weeks, any histology

4, Any HR tumour
regardless of whether
lung metastases present

New lung metastases
4, Brain
4, Liver

Radiotherapy dose and fields
Flank 14.1 Gy

Flank 14.4 Gy +boost 10.8 Gy
Flank 25.2 Gy/14#

WART 14.1 Gy =boost for
gross disease up to 21 Gy

Max 12 Gy for <1 year
WART 14.4 Gy =boost
WLI 15 Gy/10#

WLI 15 Gy/10#
WLI 15 Gy/10#

25.5 Gy xboost of 4.5 Gy
20.05 Gy

HR high risk, IR intermediate risk, WART whole abdomen
radiotherapy, WLI whole lung irradiation, # fractions

2. SIOP radiotherapy guidelines [8]
For SIOP, the decision for RT is also based on

post-operative risk assessment,

post-chemotherapy:
* Risk assessment

but this is

e Low risk (LR): Mesoblastic nephroma, cystic
partially differentiated nephroblastoma and
completely necrotic nephroblastoma.

o Intermediate risk (IR): Epithelial, stromal,
mixed, regressive, or focal anaplasia type

nephroblastoma.

* High risk (HR): Blastemal, diffuse anaplasia
(DA), clear cell sarcoma of the kidney
(CCSK), rhabdoid tumour (Table 14.2).

Timing and Technique
of Radiotherapy

For non-metastatic Wilms tumour, tumour bed
RT, when required, should be commenced within
10 days of surgery.

Flank RT

Volumes
These are the same for COG and SIOP. They may
be defined using simulator or image intensifier;
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however, CT-based planning allows superior
definition of volumetric doses to organs at risk.
e Tumour bed (TB)=outline of kidney + tumour
as defined from pre-operative imaging
e C(linical target volume (CTV)=TB+1-2 cm
margin taking into account:
— Pretreatment tumour size
— Surgical findings and clips
— Pathology report
e Planning target volume (PTV)=CTV +mar-
gin for movement and set-up error (about
1 cm) as well as:
— Must include full width and length of ver-
tebral bodies included in the radiation field
(in order to prevent growth asymmetry
later in life).
— Must include the lateral abdominal wall.
e AP/PA parallel opposed fields are used and
prescription is to a central dose (Fig. 14.1).

Whole Abdomen Radiotherapy
(WART)

Volumes

The entire abdominal contents with all peritoneal
surfaces are included. Care must be taken to include
the entire dome of the diaphragm, and extend down
to the peritoneal reflection at the obturator foram-
ina. The heads of femur are blocked. Anterior and
posterior fields are used. Note that a margin of
2 cm is required if Cobalt-60 is used (Fig. 14.2).

Whole Lung Irradiation (WLI)

This includes both entire lung fields and is treated
with anterior and posterior fields. Care must be
taken to extend fields to adequately cover both
lung apices and inferior recesses. Posterior lung
recesses are best seen on a lateral simulation
view. If Cobalt-60 radiation is used, a margin of
2 cm on the target is required (Fig. 14.3).

If both lung and flank RT are required, these
should be simulated and treated simultaneously as
a single field. If whole lung and whole abdomen
RT are required, these can be treated simultane-
ously, but in a child with any co-existing problem
such as TB or malnutrition, it is advisable to plan
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Fig. 14.1 Left flank radiotherapy for left-sided Wilms
tumour. Gross tumour volume (GTV) shown in green.
Opposite kidney shown in blue. From Halperin et al. [8]

Fig. 14.2 Whole abdomen radiotherapy (WART) for
diffuse spillage of a left-sided Wilms tumour. From
Halperin et al. [8]

the fields simultaneously but treat them sequen-
tially with a 2 week gap between courses. Ideally,
the lower half of the field is blocked for lung RT
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Fig. 14.3 Field for whole lung irradiation (WLI). Lung
volumes indicated in yellow. Note that inferior recesses
are best seen on a lateral view. From Halperin et al. [8]

and the upper for the abdomen RT. However, on
Cobalt machines, this means very large and heavy
lead blocks which are difficult for radiographers
to lift. It may therefore be necessary to use two
separate fields which require matching. Care must
be taken not to overlap fields over the liver.

Boost Volumes

For boost volumes, or treatment volumes requir-
ing higher doses, it is always preferable to use
3-D CT-based planning in order to adequately
protect surrounding organs at risk, e.g. single
residual kidney or lung. This allows the use of
oblique treatment fields, if necessary.

If CT-planning is not available, then simula-
tion or intensifier-based planning is used. This
means parallel-opposed fields. Careful plotting
of organs at risk is necessary using CT pictures
and/or IVP.

Organs at Risk
There is very little literature available on toler-

ance doses of RT in children. Table 14.3 incorpo-
rates information from COG protocols.

187

Table 14.3 Paediatric radiotherapy tolerance doses
(based on COG protocols)

Organ Dose (cGy)
Single organs

Bladder 4,500
Heart 3,000
Liver-whole 2,340
Liver-partial (50 %) 3,060
Spinal cord 4,500
Rectum 4,500
Peritoneum (whole abdomen pelvis) 2,400
Small bowel 4,500
Paired organs

Kidney-whole 1,440
Kidney-partial (50 %) 1,980
Lung—whole 1,200
Lung (when PTV >1/2 bilateral lung volume) 1,500
Lung (when PTV <1/2 bilateral lung volume) 1,800

e When the whole abdomen or liver dose
exceeds 1,440 cGy, the renal dose should be
limited to 1,440 cGy by using appropriate
renal shielding.

e Several techniques may be used for renal
shielding when the whole abdomen irradia-
tion (WAI) dose is >1,440 cGy. The use of
posterior partial transmission kidney blocks
for the entire course of treatment is
recommended.

e The thickness of the block will be determined
by the treatment plan. The dimensions of the
block should be 0.5 cm wider than the projec-
tion of the kidney on a PA digitally recon-
structed radiograph.

RT for Medulloblastoma

A prerequisite for radical treatment of medullo-

blastoma is the availability of a fairly sophisti-

cated health system, including all of the items
listed below:

e Adequate imaging (at least a CT scan) for
diagnosis and planning, as well as portal field
verification for quality assurance.

e Adequate surgery (trained surgeons, anaesthe-
tist, and ICU services).

» Pathology services.

e Ability to plan craniospinal RT and to treat at
least four fractions per week.
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Table 14.4 Staging post-surgery in medulloblastoma—
Tait and Evans stratification [8]

High risk <3 years
Leptomeningeal disease
Residual tumour >1.5 cc
Average risk >3 years

MO on staging investigations

Gross total resection

e Availability of mould room services to manu-
facture blocks and/or compensators, as well as
immobilisation devices adequate for repro-
ducible and accurate field matching.
Craniospinal irradiation (CSI) is one of the

most difficult techniques for any radiotherapy

planning department or treatment floor. It requires
advanced planning techniques in order to limit
toxicity and these have evolved considerably over
the past 15 years. It also requires reproducibility,

and accurate set-up, in order to match fields [10].
Although CSI can be planned using an image

intensifier or simulator together with a 2D plan-

ning system alone, this is extremely challenging
and is associated with increased side effects.

CT-based three-dimensional (3D) planning is

easier and less time-consuming; however, it

requires specialised equipment and software
which is expensive and therefore is not available
in many LICs. Similarly, although it is possible to
administer CSI from a Cobalt-60 machine as
opposed to a linear accelerator (Linac), it is much
more difficult to achieve an acceptable plan and
toxicity is greater.

General principles of treatment:

 Patients usually present acutely to neurosurgery
with hydrocephalus. Initial diagnosis is made on
imaging and then confirmed by histology after
resection. Ideally spinal staging using MRI is
done preoperatively, but in LICs and MICs this
is frequently not feasible. Staging CSF sam-
pling is done by lumbar CSF tap at least 2 weeks
post-surgery. Immediate cytospin and micros-
copy of CSF may show tumour cells.

e Staging is done post-surgery (Table 14.4) [11]

e All children with medulloblastoma require
CSI if cure is the aim.

e It is arguable that radical surgery should not
be attempted in situations where CSI is not
available, as no cure is possible. In this event,
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Table 14.5 Dose of craniospinal irradiation (CSI) in
medulloblastoma

Craniospinal Posterior

axis fossa boost
Full dose CSI 36 Gy/20# 19.8 Gy/11#
(high risk) (5x per week) (5% per week)
Reduced dose 23.4 Gy/13# 30.6 Gy/17#
CSI (average (5x per week) (5% per week)
risk)—given with
chemotherapy

hydrocephalus should be shunted to relieve
symptoms, and the child palliated.

e Children under 3 years of age require chemo-
therapy and surveillance until they are over 3
years of age, when they should receive CSI.
They are classified as high risk. In many LICs
and MICs, this may not be feasible. In such
cases, these children should be palliated.

Dose of CSI
1. The dose used for CSI depends on several
factors:

(a) Ability to accurately stratify patients
into average risk and high risk groups.
(This requires MRI spinal imaging and/
or CSF cytology.)

(b) Availability of chemotherapy.

(c) The ability of the family to bring the
child for 6 cycles of adjuvant chemo-
therapy after CSIL.

If the answer to any of the above is “no”, then
full dose CSI is given regardless of risk assess-
ment. For patients who receive full dose CSI for
logistical/practical ~reasons, no concurrent
chemotherapy is administered (Table 14.5).

e For patients assessed as “average risk”, and
who are able to get chemotherapy, reduced
dose CSI is given, together with weekly
Vincristine during CSI and 6 cycles of adju-
vant chemotherapy thereafter [12].

» For patients who are assessed as “high risk”,
they should receive full-dose craniospinal RT
as well as 6 cycles of adjuvant chemotherapy.

Timing of RT

¢ RT treatment should be commenced within 40
days of surgery, and preferably within 28 days
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of surgery. Delays may lead to a worse
prognosis.

e If delays are expected due to the patient’s condi-
tion or planning delays, 1-2 cycles of chemother-
apy can be given prior to starting radiotherapy.

During RT

e All patients require weekly full blood count *
(FBC) testing as a significant amount of bone
marrow is in the field and pancytopenia may
result. Delays are reserved for the unusual
cases of extreme cytopenias and are avoided if
at all possible.
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inserts. In this instance, prone treatment is
mandatory and a custom-made body foam/
shell and prone head cast are required for
patient positioning and immobilisation. For
supine treatment, an orfit cast can be used and
is extended to below the shoulders.
CT-planning is preferable, although several
techniques for simulation and 2D planning
have been widely used [10].

The patient MUST be positioned straight with
the help of lasers.

The head should be placed in a slightly
extended position and such that the cervical
spine is as flattened as possible.

* Many patients require anti-emetics during the Beam Arrangement

CSI as a significant amount of small bowel *
and stomach is in the field and nausea/anorexia

is a common side-effect. Treatment checks are
done weekly and should include weekly FBC

to look for bone marrow suppression due to
treatment.

e Skin reaction around the pinna and neck is
treated with 1 % hydrocortisone cream.

* Food and fluid intake and a weekly weight
should be monitored in children, as many
don’t eat due to anorexia, nausea, or prolonged
sedation.

e All patients require long-term follow-up for
late toxicity of treatment including:

— Neuro-cognitive problems

— Psychosocial problems

— Pituitary and thyroid hypofunction
— Osteoporosis

— Cardiovascular problems

— Second malignancy

Technique for CSI

e Patients may be treated prone or supine for
CSI. Supine treatment has many advantages
[13], but requires that the beams are treated
through the treatment couch and head rest.
The treatment planning system must therefore
have the ability to account for transmission
through the couch or immobilisation devices
that are in the posterior fields. This is not pos-
sible for older couches which have metal

CSI is composed of two lateral head fields and
a contiguous spinal posterior spinal field
(Figs. 14.4 and 14.5).

— The lateral head fields have a collimator
rotation to match the superior beam edge of
the spinal field. The head fields must be
positioned to clear the shoulders.

— Face shielding is accomplished by custom-
made lead blocks if MLC (multi-leaf colli-
mator) is not available.

o The superior edge of the block should be
situated 0.5 cm below the cribriform
plate. It is important not to underdose
the cribriform plate as this is bathed in
CSF and is a site for recurrence in
medulloblastoma.

o The block should be placed 1 cm anteri-
orly to the middle cranial fossa, 1 cm
inferiorly to the base of skull and extend
posteriorly down the posterior pharyn-
geal wall. These bony structures should
be identified when placing the block
(Fig. 14.6).

— The spinal fields, if not 3D planned, are
simulated with a daily small couch rota-
tion, alternately clockwise and anticlock-
wise, to match the beam divergence of the
lateral head fields.

— The junction between head and spine fields
should be “feathered”” by moving the junction
by 1 cm at least twice during the course of
CSI in order to minimise cold or hot spots
caused by the junction/set-up error, etc.
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Fig. 14.4 Beams for prone craniospinal irradiation. From Halperin, 5th ed. [8]

SPINE FIELD
Y1 SET TO INF LIMIT

BRAIN FIELD
Y1=0CM

Fig. 14.5 A simple technique for supine craniospinal irradiation. From Parker et al. [13]
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Fig.14.6 Customised face
block for lateral head fields

e The boost field can be treated as two parallel
opposed lateral fields, with the posterior fossa
field defined on a lateral skull X-ray, OR by a
more conformal 3D planned volume (tumour
bed+margin of 2 cm), defined on CT and
planned with 3-5 fields [14].

 Ideally all fields should be summed and a total
Gy plan produced.

Treatment

e It is critical to check the position of the fields
prior to treatment. This is done on the simula-
tor prior to starting treatment, or by portal
imaging on the machine.

» The position of the axes as well as the position
of the block relative to bony structures is
checked. This is accomplished in the head
fields, by a double exposure with and without
the block, in order to visualise the bony anat-
omy behind the block.

e It is often helpful to see the projected light
beams on the face at set-up.
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e Lens doses may be measured using TLDs
(thermo luminescence dosimetry) placed on
the lateral canthus of the eye at the first or sec-
ond treatment. This is not done in many first
world centres where access to surgery for cat-
aracts is easy. However in LICs and MICs, this
may be less available and so keeping lens dose
below 10 Gy is desirable.

The difficulty of treating medulloblastoma in
LICs and MICs is that many countries do not
have CT for RT planning even though it is avail-
able for diagnosis. Some do not have a working
simulator although they may have competent sur-
geons and working cobalt machines. It could be
argued that CSI should not be attempted in such a
situation, as late effects of CSI are increased with
2D planning due to wider volumes and poorer
dose homogeneity. It is preferable to refer these
patients to centres where 3D planning and Linac-
based RT is available.

Hair loss, growth and hormonal problems,
coupled with poor learning ability make many of
these children dependent on their families and the
health care system for the rest of their lives.
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RT for Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) comprises about
3.5 % of cases of malignant disease in child-
hood. In a questionnaire sent to radiotherapy
units in Africa in 2011, RMS was quoted as one
of the four commonest indications for paediatric
RT in African countries [2]; the others being
Wilms tumour, medulloblastoma, and retino-
blastoma, followed closely by lymphoma and
palliation.

Principles of Management

Current COG studies stratify children with RMS
into three risk groups according to prognostic
factors [8].

Prognostic factors taken into account:

* Histology: Favourable (embryonal, botryoid,
spindle cell) vs. unfavourable (alveolar,
undifferentiated).

e Stage: Using site, invasiveness, tumour size,
lymph node status, and presence/absence of
metastases.

— Stage I: Localised or regional lymphatic
spread in patients with orbit, head and neck
(excluding parameningeal), genito-urinary
(excluding bladder and prostate), biliary
tract tumours.

— Stage 2: Localised bladder or prostate,
extremity, parameningeal head and neck,
other.

— Stage 3: As for Stage 2 but with lymphatic
spread.

— Stage 4: Any patient with distant metastases.

e Clinical group: IRS grouping system based on
resectability.

— Group I: Localised disease, completely
resected.

— Group 2: Gross total resection with micro-
scopic residual and/or resected regional
lymphatic spread.

— Group 3: Biopsy only or incomplete resec-
tion with gross residual disease.

— Group 4: Distant metastases present at
onset (Table 14.6).
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Table 14.6 Risk groups in rhabdomyosarcoma [15]

Localised AND embryonal AND
favourable site

OR

Group 1 or Group 2 occurring at an
unfavourable site

Low risk

Intermediate Embryonal at unfavourable site AND

risk Group 3
OR
Non-metastatic alveolar histology at any
site
High risk Metastatic disease, i.e. Group 4 or Stage 4
Treatment

Curative treatment almost always requires multi-
disciplinary therapy with combinations of che-
motherapy, surgery and/or radiotherapy. Only RT
treatment is discussed here, but comprehensive
management is essential for these cases.

Radiotherapy

¢ Radiotherapy, together with surgery, is used in
RMS to provide local and regional control.

¢ Chemotherapy is always used as part of the
treatment protocol. Multi-modality treatment
has the capacity to cause profound normal tis-
sue damage, and ongoing COG study proto-
cols have therefore been designed to try to
minimise treatment for patients with low risk
disease, while adequately treating patients
with high risk disease.

e Current COG treatment protocols omit radio-
therapy only for patients with Group 1, favour-
able histology disease [8].

Technique of RT

Because RMS can occur at any site in the body, and

because it is critical that damage to normal tissue is

minimised, it is highly recommended that RT is

volume based (i.e. CT planning is preferable).
Minimum requirements:

¢ Immobilisation device

e CT scan for planning purposes
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Table 14.7 Volumes and doses used in COG protocols
ARST 0331 and ARST 0531 (rhabdomyosarcoma) [8]

GTV (gross Pre-chemotherapy visible tumour
tumour volume)
CTV (clinical GTV +1 cm. Include all proven nodal

disease

CTV+ITV (margin for organ
motion) +institutional margin for
set-up error

target volume)

PTV (planning
target volume)

Table 14.8 Doses for planning in rhabdomyosarcoma

FH with microscopic residual 36 Gy/20#
(Group 1)

FH with nodal disease 41.4 Gy/23#
Group 3 orbital tumours 45 Gy/25#
All other Group 3 tumours 50.4 Gy/28#

FH favourable histology

e 3D planning system
e Linac treatment preferable but Cobalt-60
adequate

Volumes used in Planning

The volumes and doses used as specified in cur-
rent COG protocols ARST 0331 and ARST 0531
are summarised in Table 14.7.

A volume reduction after 36 Gy may be used
for patients receiving 50.4 Gy who have had a
substantial reduction in tumour size after sur-
gery/chemotherapy (Table 14.8).

RT at Specific Sites

Bladder and Prostate

This represents about half of genito-urinary
RMS and the exact origin of the tumour may be
difficult to determine. Many of these children
are also very young (<5 years of age).
Therapeutic approaches have changed over
time with these children. Aggressive surgery
often led to good survival but terrible morbid-
ity. More recent treatment protocols have been
aimed at cure with preservation of bladder
function. This is achieved with up-front che-
motherapy and often preoperative RT, followed
by conservative surgery.
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Special considerations for RT technique:

* 3D planning is preferred for better target and
normal structure delineation.

e Gross tumour volume (GTV) is defined as
pretreatment tumour extent, but accounts for
shifting structures, e.g. no need to cover area
where previously displaced bowel has shifted
to occupy area after chemotherapy or surgery.

e Depending on tumour position, better normal
sparing may be obtained with either empty or
full bladder, but this should be constant
through treatment and is best managed with an
in-situ catheter which may be clamped for
treatment.

e Critical structures for delineation include
bladder, rectum, bowel, pelvic and femoral
growth plates, penile bulb, and testes.

e AP/PA or parallel opposed slightly oblique
fields often give best shielding of femoral
growth plates (tolerance is 10-20 Gy in young
children).

Paratesticular RMS
This type of RMS is almost always of embryonal
sub-type but has a relatively high rate of lym-
phatic spread to para-aortic nodes. CT of the
abdomen is therefore an essential staging tool.
This may however fail to demonstrate small
involved nodes. The risk is higher for children
over 10 years of age and therefore current prac-
tice is for any child with suspicious lymph nodes
on CT AND all children >10 years to undergo
ipsilateral retroperitoneal lymph node dissec-
tion. Any child who has had a scrotal biopsy is
deemed to have group 2 disease and should be
considered for hemi-scrotectomy or radiother-
apy to the scrotum.

The commonest indication for RT is nodal dis-
ease and all patients with nodal disease should
receive RT irrespective of response to
chemotherapy.

Special considerations for RT technique:

e CT-planning is advised.

e Lymph nodes usually follow vessels and are
found within 2 cm of vessels. Vessels and any
involved lymph nodes should be contoured.

* AP/PA opposed fields are usually used.

e Critical structures include bowel, kidneys,
bladder, femoral growth plates.
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Vaginal/Vulval RMS
This is a rare tumour of very young girls (usually
<2 years). Nodal involvement is uncommon.
They are almost always embryonal and often bot-
ryoid. Current COG protocols aim to preserve
organ function and therefore surgery in the pri-
mary setting is very conservative. Treatment is
usually chemotherapy followed by non-
mutilating surgery or RT.
Special considerations for RT technique:
e These tumours may be suitable for intracavi-
tary brachytherapy if available.
e For external beam radiotherapy, CT-planning
should be used.
* Doses are low (see guideline above).
 Critical structures include uterus, ovaries, rec-
tum, bladder, bowel, bones.
e Consider ovary transposition prior to radio-
therapy as doses >2—4 Gy may cause sterility.

Extremity RMS

This comprises 20 % of paediatric RMS and

tends to have a poorer prognosis than other RMS

because most of these tumours are of alveolar

subtype, and there is a high incidence or

lymphatic and distant metastases at presentation.
Special considerations for RT technique:

e Amputation should be considered in patients
where limited excision and radiotherapy
would have unacceptable functional results.

e Current COG studies require regional lymph
node sampling as part of staging.

e CTV includes tumour or tumour bed with a
1.5 cm margin and includes involved regional
lymph nodes only.

e A strip of soft tissue along the extremity
should be spared from any dose to avoid future
lymphoedema.

* CT planning with 3D conformal radiotherapy
should be used. Fields are usually AP/PA or
oblique parallel opposed fields.

Parameningeal RMS

These account for about half of the head and neck
RMS tumours in children. They arise in areas
where intracranial spread is a risk. The main areas
are middle ear, nasal cavity, nasopharynx, infra-
temporal fossa, pterygopalatine fossa, and the
parapharyngeal area. Many of these tumours
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invade through the base of skull, and these patients

should be assessed for leptomeningeal seeding.

Resection of these tumours is not usually feasible.
Special considerations for RT technique:

e CTV is defined as the pre-chemotherapy
tumour volume+ 1 cm margin.

e Thereisacone-down to the post-chemotherapy
volume + 1 cm after 36 Gy.

e Planning is complex and CT-planning is
required.

e There is some evidence that earlier initiation of
RT may improve results in patients with clear
evidence of intracranial extension; however, if
there is likely to be any delay in the start of
radiotherapy due to planning constraints/wait-
ing lists, then chemotherapy should be initi-
ated. Furthermore, where tumours cause
profound contour irregularities that may change
with chemotherapy due to tumour shrinkage, it
is not practical to replan, and RT is best delayed
until after 1-2 courses of chemotherapy.

* Craniospinal radiotherapy is not indicated.

e Critical structures include eyes, lenses, chi-
asm, optic nerve and tracts, brain, temporal
lobes, pituitary gland, cochleas, brainstem,
parotid glands, and spinal cord.

Orbital RMS

This tumour comprises about 10 % of RMS and

is often diagnosed early. It may be of embryonal

or alveolar histology. Many of these patients are

Group 3 at diagnosis and treatment consists of

biopsy, chemotherapy, and RT [8].

Special considerations for RT technique:

¢ CT-planning should always be utilised because
of the close proximity of normal structures.
Advanced techniques may vastly improve late
effects.

* Dose is 45 Gy in 28 fractions to both histo-
logical sub-types, although chemotherapy
may differ.

¢ Critical structures include lens, lacrimal gland,
cornea, retina, optic nerve, optic chiasm and
brain.

e Treatment with the eyelids open may be pre-
ferred to limit the bolus effect.

¢ Brachytherapy should be considered for small
localised tumours, or proton therapy if
available.
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Radiotherapy for Retinoblastoma
Introduction

Retinoblastoma is the commonest intra-ocular
malignancy in childhood and is one of the com-
monest malignancies diagnosed in the first year
of life. The incidence of retinoblastoma is quoted
as approximately 1 in 18,000 live births. However,
recent population-based studies have shown an
apparently higher incidence of retinoblastoma in
some developing countries compared to Western
Europe. Decreased intake of fruit and vegetables
during pregnancy and exposure to HPV have
been suggested but not proven to play a role.

In developed countries retinoblastoma is usu-
ally diagnosed at an early stage and the disease-
free survival is >80-90 %. In these countries a
range of technologically advanced treatments are
often used to conserve affected eyes with useful
vision—but these techniques are not the reason
for the high disease-free survival figures—simple
enucleation of the diseased eye is curative.
Whatever treatment is applied, the key to survival
is early detection.

In developing countries the diagnosis of retino-
blastoma is often made when the disease is already
advanced and there is extra ocular extension. When
retinoblastoma has spread outside the globe, it is
difficult to cure. As a consequence the survival rates
are correspondingly lower. In developing countries
families are also more likely to withdraw from treat-
ment. In some African or Asian countries the sur-
vival is almost zero because patients do not complete
treatment or are lost to follow-up [16, 17].

Treatment Options
for Retinoblastoma

Radiotherapy for retinoblastoma may take the
form of external beam RT or brachytherapy.
Brachytherapy is complex to plan and requires
specialised expertise and equipment to execute
accurately. It is therefore only performed in a few
centres in the world and patients may require
referral to other countries for treatment.
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The advantages of brachytherapy are the rela-
tive sparing of normal tissue and the consequent
reduction in the cosmetic side-effects of external
beam radiotherapy as well as the risk of develop-
ing second malignancies in later life.

The retinoblastoma gene predisposes the car-
rier to the development of sarcomas—especially
osteosarcomas—and this risk is significantly
increased by exposure to radiation: 35 % of
patients with retinoblastoma who undergo exter-
nal beam RT will die of second malignancies
within 40 years. For this reason, these children
should be followed up for life [16, 18].

External beam RT is more readily available in
LICs and MICs. Relatively simple planning tech-
niques—using either Linacs or Cobalt
machines—can be useful in both the radical and
palliative settings. In LICs and MICs, retinoblas-
toma most commonly presents as advanced dis-
ease and consequently the non-availability of
brachytherapy is less important the therapy is a
value in this situation.

It must be mentioned that new localised treat-
ment options for retinoblastoma have come into
use recently. These include intra-arterial
Melphalan (administered directly into the
ophthalmic artery) and intra-vitreal Methotrexate.
In several specialised centres these are being
used—sometimes in combination with cryo-
therapy and/or laser therapy—in the place of
brachytherapy. These two therapies are used for
different presentations of the disease and are not
interchangeable as treatment options [19].

Systemic chemotherapy also plays a vital role
in the treatment of this disease and is incorpo-
rated into the management of almost all stages of
retinoblastoma. The most commonly used che-
motherapy drugs are Vincristine, Etoposide and
Carboplatin (VEC). Detailed discussion of the
used of chemotherapy in retinoblastoma is
beyond the scope of this chapter [19].

Indications for RT for Retinoblastoma
The treatment protocols for retinoblastoma—

including the application of radiotherapy—are
dependent on the staging (and grouping) of the
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Table 14.9 Retinoblastoma staging system according to the New Group Classification and the International

Retinoblastoma Classification

Stage 0 (disease localised
to the eye)

Group A
Group B

Group C
Group D

Group E

Stage I (eye enucleated, COo
completely removed Cl1
histologically) oy
SO
S1
NO
N1
N2

Stage II (eye enucleated, S2
microscopic residual tumour) N3

NX

Stage III (laco regional (a) Overt orbital disease

extension) (b) Pre-auricular/cervical
node metastases

Stage IV (metastatic disease)  (a) Haematogenous

metastases (no CNS
involvement)

(b) CNS extension
(xother metastatic
disease)

disease. Many staging systems have been devel-
oped and used over the years. The current staging
systems used world wide, the New Group
Classification [20] and the International
Retinoblastoma Classification [21]
marised in Table 14.9. Note that in bilateral retino-
blastoma each eye is grouped separately but staged
according to the worse eye.

arec  sum-

Stage 0

In Stage 0 disease the affected eye(s) often has use-
ful vision and in specialised centres a combination
of focal therapies are used in an attempt to salvage
the eye(s). Focal therapies include brachytherapy,
cryotherapy and trans-pupillary thermotherapy
(laser)—with/without systemic chemotherapy.

Tumour <3 mm; at least 3 mm from fovea; >1.5 mm
from disc

Tumour >3 mm at any site, no vitreous seeds =<5 mm
sub-retinal fluid

Focal vitreous seeds and/or <1 quadrant sub-retinal fluid

Extensive vitreous/sub-retinal seeds and/or massive
non-discrete tumour

Destruction of the eye—requires enucleation—therefore
Stage |

No choroidal infiltration

Minimal choroidal infiltration (<3 mm in any diameter)
Extensive choroidal infiltration (>3 mm in any diameter)
No scleral infiltration

Microscopic scleral infiltration

No involvement of optic nerve

Invasion of nerve up to/into the lamina cribros

Invasion of nerve beyond lamina cribros

Microscopic extra-scleral extension

Involvement of the cut end of optic nerve and/or
subarachnoid invasion

Unknown

1. Single lesion
2. Multiple lesions—includes bone marrow involvement

1. Pre-chiasmatic lesion
2. CNS mass
3. Leptomeningeal and CSF disease

In LICs and MICs this type of treatment is
usually not available. If possible, patients should
be referred to a specialised centre, but if this is
not feasible then the options are: (a) simple enu-
cleation if unilateral disease or, in the case of
bilateral disease, (b) external beam radiation to
both eyes, or (¢) enucleation of worst affected eye
with external beam radiation to the other eye.

Brachytherapy for Stage 0

(a) A custom-built plaque (gold loaded with
1-125 seeds) is used to deliver 35-40 Gy to
the apex of the tumour over 4 days. (Note:
ready-made plaques in various sizes/shapes,
e.g. Ruthenium plaques are also available.)
The plaque must be inserted and removed
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under general anaesthetic by a specially

trained opthalmologist. The radiotherapy

planning requires specialised medical physics

input. Eye plaques are used:

e As focal therapy for tumours too large to
be treated with cryo-/laser therapy only.

e For treatment failures after cryotherapy
or laser therapy [19, 22, 23].

(b) Whole-eye irradiation uses an I-125 applica-
tor (“claws”) to deliver 3540 Gy to the
whole eye over 4 days. The “claws” applica-
tor was developed at Goore Schuur Hospital
[24]. It is made of gold and consists of a peri-
corneal ring and four arms (claws) loaded
with I-125 seeds. The ring is sutured to the 4
extraocular muscles and the 4 claws are
inserted arived the eye between each of the
extraocular muscles and sutured to the ring.
The procedure is done under anaesthetic by
an opthalmologist. Whole-eye radiation is
indicated for:

e Consolidation of Group D eyes after
chemotherapy

e Multiple tumours too large to treat with
an I-125 plaque

» Posterior pole tumours—Groups B, C
(these are difficult to cover with an ade-
quate margin using a plaque); proton
therapy would also be an option for these
tumours [4].

External Beam RT for Stage 0

In LICs and MICs, retinoblastoma most com-
monly presents as advanced disease and conse-
quently the unavailability of brachytherapy is
less important. The availability of external beam
RT (and chemotherapy) is of value in this
setting.

The Schipper technique has long been associ-
ated with external beam RT treatment for retino-
blastoma in an intact eye [26]. But the specialised
equipment and need for general anaesthesia for
each treatment makes it impractical for use in
LICs and MICs. Alternative external beam
techniques are more practical although the dose
coverage of the eye is not as food.

For all external beam RT techniques, immo-
bilisation in a thermoplastic/Perspex cast is
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essential to protect adjacent vital structures. The
child is positioned supine—with the neck in a
neutral or slightly flexed position.

Unilateral Disease

In some cases enucleation may be recommended—

the aim being to cure the disease with one proce-

dure. In instances where this is not deemed
appropriate, and brachytherapy is not an option,
or if the family refuse enucleation, external beam

RT may be useful.

(a) Single lateral field with half-beam blocking:
In unilateral disease a single lateral field may
be used to treat tumours in the posterior part
of the eye [25, 27, 28]. There are some limi-
tations to this technique—these are discussed
below.

If a Cobalt machine is to be used for treat-
ment, then the smallest field size available is
usually 5 x5 cm. Half-beam blocking is used
to shield the anterior half of the field to create
a sharp beam edge—thus treating as much of
the involved eye as possible—while simulta-
neously protecting the lenses of both eyes.
However, because the smallest field size is
5x%5 cm, even the half-beam blocked field
will extend further posteriorly than is neces-
sary to treat intra ocular retinoblastoma. The
only way to prevent this is for the machine to
be calibrated for smaller fields—which may
not be possible in most centres. A fixed SSD
technique is used. In order to get coverage of
as much of the eye as possible—while mini-
mising dose to the lens—the field is posi-
tioned so that the 10 % isodose passes
through the lens and the 20 % isodose passes
just behind the lens. The prescription is
40-45 Gy in 1.8-2 Gy per fractor as a given
dose. However, because of the lower energy
of Cobalt-60, only the 70 % isodose will
cover most of the posterior part of the eye.
The 50 % isodose will extend into the contra-
lateral eye and orbit. If the dose is then pre-
scribed to a depth or a specific isodose (to
obtain better coverage), correspondingly, the
dose to the lens as well as to the contralateral
eye will also increase. Dose to the contralat-
eral eye may compromise treatment to that
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eye/orbit in the future which must be taken
into consideration if the patient has known
bilateral retinoblastoma—or a high risk for
developing contralateral disease in the future
(Fig. 14.7).

If 3D conformal RT planning is available,
the beam dimensions and positions are deter-
mined using the measurements from the
planning CT scan.

If 3D conformal RT is not available, it is
possible to mark up the patient at the simula-
tor. A clinical mark-up potentially does not

Fig. 14.7 Cobalt-60 single lateral beam with half-beam blocking

have the same accuracy as can be achieved
with CT-guided planning but is sufficiently
accurate to be a safe and useful technique.
When marking up a patient at the simulator,
the middle of the field should be positioned
approximately 3 mm behind the limbus (the
posterior edge of the half-beam block will lie
along this middle line). This will result in an
isodose distribution as close as possible to that
described above for CT-guided planning.

The two advantages of using a 6 MV
beam in place of Cobalt-60 in this situation
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Fig. 14.8 Single lateral 6 MV beam with half-beam blocking

are (i) the higher energy beam gives much
better dose coverage of the eye (although at
the expense of a higher dose to the contralat-
eral eye) and (ii) the availability of a smaller
field size (4x4 cm) means that less tissue
behind the eye is unnecessarily included in
the treatment field. The field set-up is the
same as that described above for Cobalt-60
(Fig. 14.8) except that the SSD is not fixed.

(b) Single lateral field angled 5° posteriorly:

If half-beam blocking is not available, then
this technique can be wused to treat
tumours in the posterior part of the eye. By
angling the lateral field 5° posteriorly the
dose to the contralateral lens is reduced [27,
28]. A fixed SSD technique is used with no
wedge in the field. Similar to the half-beam
blocked field described above, the beam is
positioned so that the 10 % isodose passes
through the lens and the 20 % isodose is just
behind the lens. In a small child the 90 % iso-
dose will cover the back of the eye. The
smaller available field size of the 6 MV beam
makes this the only beam option for this
technique—but more normal tissue is treated
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than with the half-beam blocked technique
described above. Cobalt-60 should not be
used as the smallest available field (5x5 cm)
when angled 5° covers too large an area of
normal tissue posteriorly see Figure (X).
Note: tumours in the anterior part of the
eye will not be adequately treated using a sin-
gle lateral field—anterior tumours should be
treated with cryotherapy and/or laser therapy
(if small enough) with/without chemotherapy,
or alternatively, by means of enucleation if too
large for these treatment modalities.

Bilateral Disease
(a) Parallel-opposed lateral fields with half-

beam blocking:

In bilateral disease two parallel-opposed
lateral fields may be used to treat tumours in
the posterior part of the eye [25, 28].

If a Cobalt machine is to be used for treat-
ment, then the smallest field size available is
usually 5 x5 cm. Half-beam blocking is used
to shield the anterior half of the field to create
a sharp beam edge—thus treating as much
of the involved eyes as possible—while
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simultaneously  protecting the lenses.
However, because the smallest field size is
5%5 cm, even the half-beam blocked field
will extend further posteriorly than is neces-
sary to treat intra ocular retinoblastoma.
A fixed SSD technique is used. A central
dose of 40-45 Gy in 1.8-2 Gy fractions is
prescribed. The dose is normalised at the
centre of the volume. In order to get coverage
of as much of the eye as possible, the field is
positioned so that the 10 % isodose passes
through the lenses and the 20 % isodose
passes just behind the lenses of both eyes.
The 90 % isodose will cover most of the pos-

Fig. 14.9 Cobalt-60 parallel-opposed lateral beams with half-beam blocking

terior part of both eyes (as well as the supe-
rior nasal cavity/ethmoid sinus between the
eyes) (Fig. 14.9).

The main advantage of using 6 MV beams
in place of Cobalt-60 in this situation is the
availability of a smaller field size (4x4 cm)
which means that less tissue behind the eyes is
unnecessarily included in the treatment field.
The dose distribution is also more homoge-
nous. The field set-up is the same as that
described above for Cobalt-60 except that an
isocentric technique is used (if available) and
the dose (4045 Gy in 1.8-2 Gy fractions) is
prescribed to the ICRU point (Fig. 14.10).
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Fig. 14.10 6 MV parallel-opposed lateral beams with half-beam blocking

If 3D conformal RT planning is available,
the beam dimensions and positions are deter-
mined using the measurements from the
planning CT scan.

If 3D conformal RT is not available, it is
possible to mark up the patient at the simula-
tor. A clinical mark-up potentially does not
have the same accuracy as can be achieved
with CT-guided planning but is sufficiently
accurate to be a safe and useful technique.
When marking up a patient at the simulator,
the middle of the field should be positioned
approximately 3 mm behind the limbus (the
posterior edge of the half-beam block will lie
along this middle line). This will result in an
isodose distribution as close as possible to that
described above for CT-guided planning.

(b) Parallel-opposed lateral fields angled 5°
posteriorly:
If half-beam blocking is not available, then this
technique can be used to treat tumours in the
posterior part of both eyes. By angling the lat-
eral fields 5° posteriorly the dose to the lenses
is reduced [28]. A fixed SSD or an isocentric
technique with 30° wedges is used. Similar to
the half-beam blocked fields described above,

the beams are positioned so that the 10 % iso-
dose passes through the lenses and the 20 %
isodose is just behind the lenses. In a small
child the 90 % isodose will cover the back of
the eyes. The smaller available field size of the
6 MV beam makes this the only beam option
for this technique—but more normal tissue is
treated than with the half-beam blocked tech-
nique described above. Cobalt-60 should not
be used as the smallest available field (5 x5 cm)
when angled 5° covers too large an area of nor-
mal tissue posteriorly see Figure (Y).

Stage |

The enucleated eye is examined histologically
and if NO, N1, CO or Cl1 disease then no further
treatment is needed. If there is C2 or S1 disease
then systemic chemotherapy 1is warranted.
In addition to chemotherapy, orbital RT is neces-
sary for S1. Orbital radiotherapy is also indicated
for N2 disease if there is tumour <4 mm from the
resection line [4]. It is preferable to administer
orbital RT by means of brachytherapy but if this
is not available, then external beam RT is suit-
able. These two radiotherapy techniques are
described below under “Stage 1I”.
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Stagelll

Systemic chemotherapy and orbital radiation is
indicated in all patients. Intrathecal chemother-
apy may be necessary for N3 disease. Orbital RT
is preferably given by means of brachytherapy
but external beam RT is a suitable alternative [4].

Orbital Brachytherapy for Stage | and II

The availability of brachytherapy for Stage I and
Il disease although ideal, is not essential. The
technique used at Goore Schuur Hospital (Cape
Town) is described briefly here for completeness
only. Six plastic tubes loaded with 1-125 seeds,
each opproximately 3 cm long, are inserted ante-
riorly through the eyelid towards the apex of the
orbit posterionty under general anaesthetic. They
are positioned at equal intervals around the rim of
the orbited cavity. If there is no prosthetic implant
attached to the extra ocular muscles, then a
slightly shorter train is also inserted into the cen-
tre of the orbit. A 1.5 cm lead disc loaded with
I-125 seeds on its posterior surface is sutured
behind the eyelids to complete the implant [29].
The positioning of the tubes is checked in theatre
using radiographic screening. A dose of 35-40 Gy
is given over approximately 4 days whereafter
the implant is removed (again under general
anaesthetic). The technique requires the special-
ised expertise of a Madical Physicist and rould
Room technician for preparation and planning.

External Beam RT to the Orbit for Stage

land i

Once the orbit has healed after enucleation—
approximately 3 weeks—orbital radiotherapy
can commence [27, 28]. Two wedged fields give
adequate coverage of the orbit in a small child
whether using a Cobalt-60 or a 6 MV beam. The
medial edge of the field is parallel to the medial
wall of the orbit. Dose to the optic chiasm and the
pituitary area is kept as low as possible. With the
beam arrangement as shown below, the 10 % iso-
dose passes behind the contralateral eye. This
means that the opposite eye/orbit could still be
treated with radiation in the future—should it
ever become necessary. A fixed SSD technique is

J. Parkes and J. Wetter

used when treating with Cobalt-60 and an isocen-
tric technique when treating with a 6 MV beam
(Linac) (Figs. 14.11 and 14.12). A dose of 35-40
Gy in 1.8-2 Gy fractions is given.

Stage lll

In the case of Stage Illa (overt extra ocular
disease), the treatment of choice is enucleation.
One/two cycles of chemotherapy may be neces-
sary first to make surgery easier (the course of 6
cycles chemotherapy is completed post-enucle-
ation). External beam RT to the orbital contents
(£10 Gy) can be used in addition to or instead of
chemotherapy to facilitate enucleation. CT plan-
ning is the easier way to determine the ideal beam
arrangement but it is also possible to mark the
patient up at the simulator. The technique is simi-
lar to that used for orbital external beam RT post-
enucleation about the dose increased to 45 Gy.

If it is confirmed after enucleation that no
tumour extended into/beyond the orbital apex or
into bone, then orbital radiotherapy in the form of
either brachytherapy or external beam RT is
given. If there is bony involvement or extension
of tumour into/beyond the orbital apex, then only
external beam RT is appropriate.

Extenteration is rarely indicated. Orbital
radiotherapy can also be used to palliate inoper-
able disease.

The techniques for orbital RT (brachytherapy
and external beam RT) for Stage Illa are as
described above for Stage I and II.

Stage IIIb disease requires loco regional treat-
ment of pre-auricular and/or cervical lymph
nodes—in addition to treatment of the orbit.
Enucleation is indicated (as for Stage IIla) but a
neck dissection is contraindicated. Systemic che-
motherapy is given and the orbit and involved
nodal areas are treated with external beam radio-
therapy. The technique for irradiating the pre-
auricular and cervical nodes is similar to that for
tumours/nodes in the parotid gland with associ-
ated nodes in the neck and is not described here.
Radiation to the orbit is described above (for
Stage I and II retinoblastoma). Palliative radiation
to the orbit is described below under Stage I'V.
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Stage IV

These patients have metastatic disease. The treat-
ment approach is palliative and in addition to
chemotherapy, RT can be used to relieve the
symptoms associated with bone and/or CNS
metastases. The RT techniques used will depend
on the site(s) involved and are not described here.

Palliative External Beam RT to the
Orbit and Surrounding Tissues

If there is gross orbital disease but surgery (enu-
cleation) is deemed inappropriate or impossible,
palliative external beam RT to the orbit and sur-
rounding tissues to relieve symptoms is an option.

CT-guided planning is the easier way of plan-
ning radiotherapy to the orbit but it is possible to
mark the patient up clinically at the simulator. The
technique described below was originally devel-
oped to deliver palliative RT to patients with
advanced tumours of the maxillary antrum but it
can be adapted to treat the orbit. This particular
technique is only applicable if one orbit is to be
treated. A fixed SSD technique is used and either
Cobalt-60 or 6 MV beams are appropriate for
administering treatment. An anterior field is marked
up to encompass all gross disease (preferably deter-
mined from a diagnostic CT scan if available—but
otherwise from clinical examination) with a 1-2 cm
margin. If necessary, the ipsilateral intra-parotid
nodes and cervical nodes can be treated at the same
time as the orbit using this technique (by extending
the treatment volume laterally and inferiorly to
cover these areas). If the medial border of the field
crosses the midline, the contralateral eye should be
shielded (using simple lead blocks). The gantry is
rotated 90° and a smaller lateral (“boost”) field is
marked out: the superior and inferior borders are
the same as for the anterior field and the posterior
border is determined by the posterior extent of the
disease within the skull. The anterior border is
placed 4 cm behind the most anterior part of the
tumour. The majority of the treatment is given by
the anterior field 100 % weighting the smaller lat-
eral field is used to boost the dose as it tapers off in
the posterior part of the treatment volume 30 %
weighting. A given dose is prescribed to the 85 %
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isodose and a manual dose calculation is done. The
usual prescription is 4 Gy x5 fractions or 3 Gy x 10
fractions at 85 % [30].

Palliative RT in Paediatric Oncology

In MICs and LICs, palliative RT is extremely

important as many more children present late in

the course of their disease and will not be ame-

nable to cure. The cure rates seen in paediatric

cancers in the developed world do not apply.

Because of this, paediatric palliative RT is

required relatively frequently. The commonest

indications for this are:

e Pain due to bone metastases or bone marrow
infiltration

e Large masses restricting function

¢ Nodal masses causing pain and/or oedema

* Control of neurological symptoms

Palliation is frequently achieved with a single
fraction of 8 Gy or a course of 4-5 fractions
(total=20 Gy) [13]. Single fractions work well
for pain, and relief can be almost immediate. This
can be repeated later if necessary, if pain recurs at
the same site. For masses restricting function, it
is preferable to use several fractions so that a lon-
ger lasting effect is obtained. In these cases, max-
imum response is usually seen 1-2 weeks
following treatment.

Side effects, although temporary, may be dis-
tressing and should be avoided if possible. For
example, if the field covers the chest, the patient
and parents must be warned about oesophagitis.
For abdominal fields, nausea or vomiting should
be prevented with anti-emetics. Head or neck
radiotherapy can cause mucositis, dry mouth and
loss of taste. Field shaping using simple lead
blocks may help prevent some side effects.

Special Situations

e Spinal cord compression: If prompt, treatment
can cause reversal of symptoms. This is espe-
cially true if RT is started within 48 h of onset
of symptoms. This indication constitutes a
radiotherapy emergency.
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Whole lung RT: Usually used in osteosarcoma/
Ewing sarcoma when chemo has failed.
12-15 Gy in 1.5 Gy per fraction, given to the
whole lung fields can give excellent palliation.
Parallel opposed radiotherapy for brainstem
glioma: Tt gives good temporary symptom
relief. The diagnosis is usually a radiological
one made on CT scan. There is a dose response
for treatment, but outcome is almost always
fatal within 2 years. A cast should be used for
this and lateral fields encompassing the brain-
stem and extending down to the C2 vertebra
are used. Doses may vary from 30 Gy/10# to
full fractionation of 54 Gy as a dose response
is observed for this disease. For full fraction-
ation, CT-planning is preferred. Sedation
should be used cautiously in these children.

Conclusion

The availability of RT services in developing
countries is extremely varied.

Accessibility of specialised paediatric RT ser-
vices is virtually non-existent and most paedi-
atric patients are treated in large general
radiotherapy referral centres.

The setting up of multidisciplinary paediatric
oncology meetings is essential in order to cre-
ate centre-specific protocols for patients.

For certain diseases requiring high levels of
sophistication with respect to planning and
delivery of RT (e.g. medulloblastoma, RMS), it
may be appropriate to allocate regional centres
of excellence to treat these paediatric patients.
Twinning with regular meetings with interna-
tional centres of excellence can help to over-
come some of the problems with access to
expertise; however, it MUST be remembered
that not all first world protocols are necessar-
ily applicable to patients in MICs and LICs
where resources are limited, and back-up ser-
vices are frequently non-existent.
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Furgan Shaikh, Kalid Asrat, and Chifumbe Chintu

Introduction

The procedures used in the diagnosis and
management of children with cancer are:
Lumbar puncture

Bone marrow aspiration and trephine biopsy
Pleural tap thoracentesis

Abdominal paracentesis

Intravenous lines

M

The Lumbar Puncture
Indications

Lumbar punctures (LPs) are used to diagnose the
presence of central nervous system (CNS) infiltra-
tion in acute lymphoblastic leukemia (ALL),
acute myeloid leukemia (AML), brain tumors,
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non-Hodgkin lymphomas, and some solid tumors
[1]. In addition, LPs are utilized to deliver intra-
thecal (IT) chemotherapy directly into the sub-
arachnoid space as either treatment or prophylaxis
of CNS disease [2]. In a child with cancer, an LP
may also be performed for general indications,
e.g., to diagnose meningitis, subarachnoid hemor-
rhage, or idiopathic intracranial hypertension [3].

Precautions

Increased Intracranial Pressure

In cases of increased intracranial pressure (ICP),
an LP can cause a sudden drop in intraspinal
pressure due to the rapid release of CSF and lead
to fatal cerebral herniation [4]. However, routine
neuroimaging to rule out increased ICP is not
indicated. Rather, the clinical examination can
guide the clinician as to whether increased ICP
should be suspected. In the absence of headache,
vomiting, any focal neurological findings, altered
mental status, papilledema, or recent seizures,
increased ICP is unlikely and the LP can be per-
formed without first performing neuroimaging
[5-7]. In the presence of these findings, an LP
should not be performed.

Local Infection

Infection at the intended puncture site is a contra-
indication. To avoid infectious complications, a
sterile technique should be used and gloves, a
gown, and facemask should be worn [8, 9].
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Coagulopathy

Although spinal hematomas are rare, their sig-
nificant morbidity warrants proper attention to
minimize the risk of hemorrhagic complication.
Hematomas are associated with the presence of
an underlying coagulopathy or the use of antico-
agulation [10-13]. A coagulation profile, i.e.,
international normalized ratio (INR) and acti-
vated partial thromboplastin time (aPTT), should
always be performed prior to an LP in children
with a cancer diagnosis. If a coagulopathy is
detected, an LP should not be performed until
the coagulopathy has been reversed with appro-
priate therapy such as fresh frozen plasma trans-
fusion or factor replacement [14, 15]. After the
initial presentation, however, for a child in whom
a normal coagulation profile has been docu-
mented and there is no new suspicion of a bleed-
ing diathesis, coagulation testing prior to each
LP is not warranted.

Anticoagulation

Approximately 5 % of children with ALL will
experience a thrombotic complication and will
require the use of anticoagulation at either thera-
peutic or prophylactic doses [16]. An LP is con-
traindicated for patients on anticoagulation.
Therefore, a practice of suspending anticoagula-
tion for a certain time period prior to an LP
should be adopted. The American Society of
Regional Anesthesia and Pain Medicine (ASRA)
guidelines, though written for anesthesiologists
performing neuro-axial procedures, may be a rea-
sonable guide for this context as well. These
guidelines state that a spinal procedure should be
performed more than 24 h after the last treatment
dose, or 12 h after the last prophylactic dose of
low-molecular weight heparin (LMWH). Post-
procedure, the first LMWH dose should be
administered 6-8 h after the procedure and the
second dose 24 h following that [13].

Thrombocytopenia

Severe thrombocytopenia is also associated with
an increased risk of hemorrhagic complications.
However, the exact platelet count below which an
LP is contraindicated is controversial. A study by
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Howard et al. examined 5,223 LPs, including 941
with a platelet count less than 50x 10°/L, and
found no serious hemorrhagic complications.
The authors concluded that a prophylactic plate-
let transfusion was not necessary in children with
platelet counts higher than 10x 10°/L (except for
first LPs in newly diagnosed ALL; see below)
[17]. The C17 Guideline for platelet transfusion
thresholds for pediatric hematology/oncology
patients [18] recommends that, for stable patients
requiring an LP, the threshold to receive prophy-
lactic platelet transfusions is 20x10%/L.
Transfusions at higher levels may be required for
patients with concomitant bleeding disorders.

First LPs in ALL

The performance of a first LP in a child with
newly diagnosed ALL is a special situation with
unique considerations. In this setting, a traumatic
lumbar puncture with blasts (TLP+, defined as
>10 red blood cells (RBCs) per microliter of
CSF together with visible leukemic blasts in the
cytospin) is an undesirable event. The presence
of RBCs and blasts in the CSF can obscure the
diagnostic information sought from the proce-
dure and make it difficult to accurately classify
the child’s true CNS status. Secondly, multiple
studies have shown that the presence of a TLP+ is
a risk factor for leukemia relapse [19-22]. These
studies observed a 7-17 % decrease in event-free
survival (EFS) in children who had a TLP+ com-
pared to those who had CNSI1 status. Lastly,
according to many current treatment protocols,
children with TLP+ receive additional therapy [2].
For all these reasons, the first LP in a child
with newly diagnosed ALL should be performed
only with strict optimization of all procedural
conditions.

A study by Howard et al. [23] investigated
risk factors for traumatic lumbar punctures in
children with ALL and found that the risk was
increased for LPs performed in an earlier era
when sedation was not used, if the platelet count
was less than 100 x 10°/L and if the operator was
inexperienced. The authors of the study
described their institutional practice for first
LPs as using sedation or general anesthesia,
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transfusing patients for platelet counts less than
100x 10°/L, administering IT treatment immedi-
ately after CSF collection, and having the most
experienced clinicians perform the procedure [1].

Methods

Before the Procedure

Patient Assessment

The procedure and its risks should be explained
to the patient and/or family. The patient’s identity
must be verified, known allergies reviewed, and
the presence of contraindications should be con-
sidered. In particular, any allergies to antiseptic
solutions or local anesthetics such as lidocaine
should be noted. The protocol should be checked
to ensure the indication for the procedure, and the
chemotherapy agent and dose should be double-
checked against the order with a second health
care provider.

Sedation

Where resources are available, the use of seda-
tion or general anesthesia should be strongly con-
sidered for all procedures on pediatric oncology
patients. Sedation reduces discomfort, anxiety,
and movement during the procedure [24-29].
Because children with cancer will undergo mul-
tiple LPs, sedation may also reduce anticipatory
anxiety. If sedation is not used, local anesthesia
such as EMLA® or intradermal lidocaine should
be utilized. See Table 15.1 for a list of common
sedatives and anesthetics and their doses.

Chemotherapy Safety

The inadvertent administration of vincristine as IT
chemotherapy is a catastrophic event. From 1968
to 2007, this error was reported 55 times in several
international settings, resulting in death in nearly
all cases. Therefore, every pediatric oncology
institution must ensure that maximal structural and
procedural safeguards are in place to prevent this
error. In 2007, the World Health Organization
(WHO) issued an alert on this topic and recom-
mended that syringes should not be used for vin-
cristine administration, that where possible this
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Table 15.1 Guide to procedural analgesia and sedation

Sedatives

Benzodiazepams

Diazepam 0.2-0.3 mg/kg (maximum 10 mg)
orally 45-60 min before the
procedure

Midazolam 0.2-0.4 mg/kg (maximum 15 mg)
orally 30-45 min or 0.05 mg/kg
IV 3 min before the procedure

Ketamine 1-2 mg/kg given 3 min before
procedure

Opioids

Morphine sulfate 0.05-0.1 mg/kg IV over 1-2 min

given 5 min before the procedure

Fentanyl 1-2 pg/kg IV 3 min before the
procedure
Meperidine 0.5-1 mg/kg IV over 1-2 min

given 2-5 min before the
procedure

Local anesthetics

Lidocaine 1 % 1-3 mg/kg infiltrate skin and
(without epinephrine) periosteum; wait 4—5 min

drug should be prepared by dilution in small volume
intravenous bags (“minibags”), and that labeling
should include a clear warning [30].

Equipment

The equipment to be collected for procedures are
shown in Table 15.2. The operator should ensure
that the required equipment is available and prop-
erly set up prior to the procedure. For LPs, a large
body of literature has focused on determining the
ideal needle to be used, mainly from the perspec-
tive of reducing the risk of post-dural puncture
headache (PDPH), which is the most common
complication.

Needle Length

The following needle lengths are widely avail-
able: 1.5, 2.5, or 3.5 in. A longer needle is more
challenging to use, as it is more likely to bend
upon insertion. Therefore, the shortest needle
that is likely to reach the target space should be
selected. Generally, a 1.5 in. needle can be used
for most patients weighing less than 35 kg, a
2.5 in. needle can be used for patients 35-70 kg,
and a 3.5 in. needle is usually required for patients
weighing more than 70 kg.
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Table 15.2 Equipment required for procedures in pedi-
atric oncology

For all procedures Sterile tray

Skin prep (chlorhexidine or
iodine)

Requisitions, consent forms,
procedure notes

Labels

Specimen bags or containers

Mask, gown, sterile gloves,
sterile towels or drapes

Sharps bin or container
LP tray and extra needles
Chemotherapy, orders, protocol

For lumbar punctures

20 mL syringe for chemotherapy
Sterile gauze

For bone marrow
aspirations

Two 18-gauge drawing needles
and one 25-gauge injecting
needle

Local anesthetic and heparin
vials

Many 5 or 10 mL syringes (to
draw samples)

BMA needle(s)

Slides, slide tray, pencil

EDTA tubes, heparinized tubes,
research tubes if indicated

For bone marrow
trephine biopsies

Bone marrow biopsy needle(s)
Formalin specimen jar

For thoracentesis and ~ 21-Gauge needle and 50 mL

paracentesis syringe

Cannula

3-Way tap

Tubes and containers
Needle Type

Most practitioners are familiar with the tradi-
tional cutting tip LP needles (Quincke or bevel-tip)
which are commonly available. Nevertheless,
the atraumatic needle (Whitacre, Sprotte, or
pencil point) has been shown in multiple random-
ized control trials to reduce the rates of PDPH.
Using an atraumatic needle requires some learning
for practitioners who are more used to cutting
needles. An introducer may be required to pass
the atraumatic needle through the skin, and the
tactile feedback from subcutaneous tissues is
different.
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Needle Size

LP needles can be found in 20, 22, and 26 gauge
(smallest size). As expected, a smaller sized nee-
dle is associated with lower rates of PDPH, likely
because the smaller dural hole causes less CSF
leakage. Switching to atraumatic needles or
smaller gauge needles (or both) for patients who
have experienced a moderate to severe PDPH
after a prior LP is strongly advised. However,
smaller gauge needles can bend upon insertion,
decrease the rate of CSF flow, and increase the
resistance felt when injecting chemotherapy.
Therefore, a 22-gauge needle may be the optimal
needle size for most LPs.

During the Procedure

Like most procedures, the LP is a practical skill
that is best learned by observation and practice.
Institutions should develop best practices to impart
education and training on new staff members.

Positioning the Patient

While LPs can be performed in the sitting posi-
tion, the lateral decubitus position is used when
the patient is to be sedated. Furthermore, this
position allows better distribution of injected
chemotherapy through the CSF. The patient’s
legs are flexed toward the chest, and the shoul-
ders and pelvis are square and perpendicular to
the bed, as shown in Fig. 15.1 [31]. In this posi-
tion, an imaginary vertical line drawn between
the posterior superior iliac crest would approxi-
mately cross the L4 spinous process. LPs can be
done in the L3-L4, L4-L5, or L5-S1 interspace.
LPs should be avoided at higher interspaces, as
this risk injuring the conus medullaris.
Conversely, LPs performed at lower interspaces
increase the difficulty of palpating the spinous
processes.

Performing the LP

Wearing sterile gloves and a mask, the operator

should cleanse the puncture site with an anti-

septic solution. Sterile drapes should be applied,

leaving the intended puncture site exposed.
The stylet should be in place within the needle.

The needle should only be advanced with the
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Fig. 15.1 A lumbar puncture needle being inserted

stylet in place, or else the needle bore can become
obstructed with a core of tissue and increase the
risk of developing an epidermoid cyst.

The tip of the spinous process superior to the
chosen interspace should be palpated. The needle
should be inserted inferior to this tip, midway
between two spinous processes.

If a traditional Quincke or bevel-tip needle is
used, the bevel face should be oriented parallel to
the long axis of the spine, so as to separate the lon-
gitudinal fibers of the dura rather than transect
them. Thus, in a child lying in a left lateral decubi-
tus position, the bevel should face up toward the
ceiling. Several studies have shown that this bevel
orientation helps reduce the rate of PDPH [32, 33].

The needle should be advanced slowly at a
slight cephalic angle so as to move parallel to the
angle of the spinous processes and avoid bony
contact [34]. In most patients, this angle can be
approximately achieved by advancing the needle
as though aiming for the umbilicus. If bony con-
tact occurs or resistance is felt, the needle should
be withdrawn to the subcutaneous position and
reinserted at a slightly different angle.

Usually, a pop is felt when the needle pene-
trates the ligamentum flavum. However, in young
children or in patients who have had repeated
LPs, the pop may not be a reliable sign. Therefore,
once the needle has reached close to the estimated

depth of insertion, the stylet should be removed
to check for CSF flow. If there is no fluid, reinsert
the stylet and advance the needle slightly, with-
drawing the stylet and checking for fluid after
each movement.

If a bloody tap occurs, it is advisable to remove
the needle, obtain a new needle, and reattempt
the LP at a different interspace. If the LP fails a
second time, a different person should attempt it,
especially if a more experienced operator is avail-
able. After a bloody tap, however, the presence of
a small hematoma may make a successful proce-
dure more difficult in spite of the operator’s pro-
ficiency. In such cases, the LP should be attempted
again after a few days, allowing time for the
hematoma to resolve.

Pressure Measurements

ICP can be measured by connecting a manometer
to the needle or via a stopcock, and allowing CSF
to flow into the manometer until the fluid level
ceases to rise. This procedure is not often used in
practice, but may be performed in cases of sus-
pected ICP. There will be normal variation in the
fluid level with respiration. After the measure-
ment is obtained, the CSF in the manometer
should be released into a collection tube using the
stopcock rather than be wasted.

ICP should be measured with the patient in the
lateral decubitus position. It can be falsely ele-
vated if the patient is in the sitting position [35]
or if the head is elevated above the level of the
needle. The range of normal opening pressure is
11.5-28 cm of water [36].

Collecting Samples

CSF should be allowed to drip into the collecting
tubes. It should never be aspirated into a syringe
as this could result in significant negative pres-
sure. For most LPs performed for delivery of
intrathecal chemotherapy, a tube is collected for
cytospin and another for biochemistry (protein
and glucose). With LPs done for patients with
brain tumors or solid tumors, a tube for cytology
should also be obtained. In the case of suspected
meningitis, additional tubes for bacterial studies
(gram stain, culture, and sensitivity) and/or viral
studies should be obtained.
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Fig. 15.2 Intrathecal chemotherapy being injected
through a lumbar puncture needle

Volume of CSF

For a diagnostic LP, only the minimal required
CSF volume should be collected. Excess CSF
removal will increase the risk of a PDPH.
Conversely, where intrathecal chemotherapy is to
be administered, it is advisable to remove a CSF
volume equal to the volume of drug that will be
administered. Theoretically, a large net positive
infusion volume may increase the risk of intra-
cranial hypertension. Recognizing the limitations
of time in the procedure room, some leukemia
protocols recommend that clinicians should aim
to remove at least 50 % of the volume of drug to
be injected.

Injecting

Once CSF collection is completed, the needle
hub should be connected to the chemotherapy
syringe and a tight seal obtained. The needle
should be stabilized with the non-dominant hand
to ensure that its position is not altered during
this maneuver, as seen in Fig. 15.2. Slowly inject
the chemotherapy. Resistance usually increases
as the injection proceeds. However, if excessive
resistance is felt, cease administration and
remove the syringe to ensure that CSF is still free
flowing.

Reinserting the Stylet

One study [37] found that reinserting the stylet
after a diagnostic LP was associated with reduced
rates of PDPH. The authors hypothesized that
strands of dura may enter the needle bore during
CSF sampling and be threaded back during removal
of the needle, producing a larger dural defect and
allowing longer leakage of CSF. Replacing the sty-
let may allow the strands to be pushed out, reduc-
ing the risk of prolonged leakage.

If this postulated mechanism is correct, then it
is reasonable to assume that injecting medication
through the needle may achieve the same desired
effect. Therefore, if IT chemotherapy was
injected, the needle and syringe can be removed
as a unit without reinserting the stylet. However,
if the LP was done for diagnostic sampling only,
the stylet should always be reinserted prior to
removing the needle [38].

After withdrawing the needle, manual pres-
sure using gauze should be applied for a few min-
utes, with longer times preferred in those with
lower platelet counts or traumatic procedures.

After the Procedure

Bed Rest

In patients who have received intrathecal chemo-
therapy, lying supine for 1-2 h is advisable as it
facilitates distribution of chemotherapy through-
out the CSF. However, in patients who have
received a diagnostic LP only no specific bed rest
is required and patients may ambulate once they
have recovered from the effects of sedation [39].

Documentation
As for all procedures, proper documentation of
consent, orders, and the procedure details should
be carefully documented. The operator should
properly document any problems encountered, the
number of attempts, and chemotherapy adminis-
tration. Standardized procedure forms or templates
can be useful to allow efficiency in this regard.
Figures 15.3, 15.4, 15.5, and 15.6 show sam-
ples of standardized documentation used at our
institution for LPs and bone marrow aspirates/
biopsies. Figure 15.3 is a standardized consent
form; Fig. 15.4 is a preprinted orderset for intra-
thecal chemotherapy; Fig. 15.5 is a procedure



15 Procedures in Pediatric Oncology 213

SickKids S

THE HOSPITAL FOR
SICK CHILDREN

Haematology/Oncology/BMT
CONSENT TO TREATMENT FORM

Patients and their families
If you want help reading this form, or have questions, please
ask your doctor or nurse. When we use the word treatment on

this form, we mean treatment, test or operation. IMPRINT OR ENTER DETAILS BY HAND
Please complete all appropriate sections on page 1 & 2.

Name of the Patient (pl print)

1 agree to the treatment Check all that apply: QLumbar Puncture, OLumbar Puncture with intrathecal chemotherapy
O Bone Marrow Aspirate, JBone Marrow Biopsy, QUnilateral OBilateral

I agree that

(Name of doctor or health care practitioner [HCP])
And I have talked about why this treatment is necessary and what will happen during the treatment. He / she has
explained the chances of the treatment not working and the medical problems that might happen with the treatment.
I also agree to other treatments that may be needed while the doctor or HCP is doing this treatment. [ understand that
my doctor or HCP may ask other doctors, residents, fellows or HCPs to do all or part of this treatment. [ understand
the information on this form and have had the opportunity to ask the doctor or HCP questions about the treatment.

Signature of Parent or substitute decision maker Date/Time

Name of substitute decision maker (if signature above) Relationship to the patient

(A) PHYSICIAN’S, SURGEON’S OR HEALTH CARE PRACTITIONER’S STATEMENT

I certify that I have explained the nature of this treatment, its associated risks and benefits and the possible alternatives,
including the likely consequences of not having the treatment, to the patient or substitute decision maker, or both.

Signature of physician, surgeon or HCP Date/Time

Name of physician, surgeon or HCP (please print)

Summary of Risks:

Please check applicable risks:

B Local pain or discomfort

& Bleeding

O Headache These additional risks to be discussed for lumbar punctures only
O Neurological complications

Form #### (Rev. 2012/01) Chart Copy Page 1 of 1

Fig.15.3 Sample consent to treatment form for lumbar punctures and bone marrow procedures (used with permission
from The Hospital for Sick Children © 2012)



214

F. Shaikh et al.

SickKids

THE HOSPITAL FOR
SICK CHILDREN

Haematology/Oncology
Medical Orders

Allergies:

G120 ‘“

Is the patient on anticoagulants?
Procedure & Intrathecal Chemotherapy Orders

O No Allergies Known
0O Yes 0O No

Protocol: Diagnosis:
(Cycle/Phase and Day #): Date of procedure:
(YYYY/MM/DD)
Procedure & Laboratory Orders
0 Lumbar puncture (diagnostic)
O Lumbar puncture with Intrathecal Chemotherapy
PROCEDURE 0 Opening pressure: cm H,O Initials:
O Bone Marrow Aspirate O Unilateral
O Bone Marrow Biopsy O Bilateral
O CSF Chemistry O BM Smears 0 BM molecular studies
LABORATORY O CSF Cell count 0O BM Flow
O CSF Cytology 0O BM Cytogenetics O Other:
0 Bone Marrow Aspirate O Notify CRA to
RESEARCH 0 CSF collect specimen
0O comments:
Ondansetron
O ondansetron 5 rng.r‘m2 IV prior to IT chemotherapy mg

0O See separate order for other chemotherapy

Intrathecal (IT) Chemotherapy Order O N/A
Age: yrs (on date of IT administration)
0 Single IT O Double IT O Triple IT
INTRATHECAL O methotrexate: mg intrathecally x 1 dose
b O hydrocortisone: myg intrathecally x 1 dose
O cytarabine: mg intrathecally x 1 dose
MEDICATION Date
i TS R Time Dose & Volume Checked by Administered by
RECORD
Date Ordered Time Signature Print Name
(YYYY-MM-DD) {hh:mm)
Procedure & IT ppo  Last Revised: 2012/08/21 White to: Chart; Yellow to: Pharmacy; Pink to: Procedure Nurse Page 1 of 1

Fig. 15.4 Sample preprinted orderset for procedure and intrathecal chemotherapy orders (used with permission from
The Hospital for Sick Children © 2012)
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- - L]
SickKids
THE HOSPITAL FOR
SICK CHILDREN

Haematology /Oncology
Procedure Documentation Record

IMPRINT OR ENTER DETAILS BY HAND

Date of Procedure: (YYYY-MM-DD)

A. Patient Verification Patient Verified by:
O Patient O Parent/Substitute O Other:
Time Out conducted at : By:

B. Procedure Documentation:
O 1) Lumbar puncture (diagnostic):

The patient was prepped and draped in the usual sterile fashion. A gauge inch spinal needle was
inserted at the level of L ;
mL of (clear/blood tinged/bloody) fluid was obtained on the attempt. The needle was removed.

O 2) Lumbar puncture with Intrathecal (IT) chemotherapy:
The patient was prepped and draped in the usual sterile fashion. A ___gauge ____inch spinal needle was
inserted at the levelof L ____.

mL of (clear/blood tinged/bloody) fluid was obtained on the
administered. The needle was removed.

attempt. IT chemotherapy

O 3) Bone marrow aspirate:
The patient was prepped and draped in the usual sterile fashion. A __ gauge cm bone marrow aspirate
needle was inserted in the (right posterior iliac crest/ other ). mL of bone marrow was obtained
with placements of the needle. The needle was removed.

O The procedure was repeated on the contralateral side).

O 4) Bone marrow biopsy:
Patient was prepped and draped in the usual sterile fashion. A___gauge cm bone marrow biopsy needle
was inserted in the (right posterior iliac crest/other ). A core of bone marrow tissue was removed on
the attempt. The needle was removed.

O The procedure was repeated on the contralateral side.

Additional notes:

Print Name Signature Date Time (YYYY-MM-DD hh:mm)

Form # 55909(Rev. 2012/05) Chart Copy Page 10of 1

Fig.15.5 Sample procedure documentation form (used with permission from The Hospital for Sick Children © 2012)
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Cujo's Room Patient and Medication Verification and Time-Out

Fig. 15.6 Sample wall poster for patient and medication safety reminders
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documentation form; and Fig. 15.6 is a wall
poster used for “time-out” safety checking. The
use of such template documentation instruments
can help facilitate the efficiency and quality of
care in the procedure room.

Complications

Headache

The most common complication of an LP is
PDPH. It can be defined as any headache after an
LP that worsens within 15 min of sitting or stand-
ing and is relieved within 15 min of lying down.
Most PDPHs occur within 3 days of the proce-
dure. They are believed to be caused by a punc-
ture in the dura that allows CSF leakage. The
reported rate of PDPH varies across studies from
2 to 60 %, depending on the setting [2]. As men-
tioned, the rates of PDPH have been shown to
decrease with atraumatic needles, smaller gauge
needles, maintaining the needle bevel direction
parallel to the dural fibers, and reinserting the
stylet in diagnostic LPs. Bed rest and fluid sup-
plementation do not prevent PDPH [40]. For the
management of PDPH, the reader is referred to
recent Cochrane systematic reviews [41, 42].

Other Complications

The most significant complications include cere-
bral herniation, spinal hematomas, and inadver-
tent administration of incorrect IT chemotherapy.
Other complications include backache, subdural
fluid collections, epidermoid cysts, and infec-
tious complications such as cellulitis, skin
abscess, discitis [43], and epidural abscess [44].

Bone Marrow Aspiration
and Trephine Biopsy

Indications

Bone marrow aspirations (BMA) are used for the
diagnostic investigation or monitoring of patients
with abnormal blood counts, hematologic disor-
ders, suspected malignancies, or metabolic, infil-
trative, or infectious diseases that can involve the
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bone marrow. Additionally, bone marrow trephine
biopsies (BMB) are performed when an assess-
ment of bone marrow cellularity, architecture, or
focal lesions is required, when there is inadequate
marrow aspiration, and for the staging of lympho-
mas and small round blue cell tumors of child-
hood [45]. The bone marrow aspirate and trephine
biopsy are complementary procedures and are
usually performed together (BMAT).

Contraindications

When performed by a trained operator, BMATSs
are generally safe procedures and adverse events
are uncommon [46]. The most frequent compli-
cations are bleeding and pain. Rare cases of
severe bleeding with large hematomas [47], ane-
mia, and death [48] have been reported.
Hemorrhagic disorders, severe thrombocytope-
nia, and anticoagulation may be considered rela-
tive contraindications and their correction should
be considered before the procedure whenever
feasible [49]. Local skin or bone infections
should exclude the use of that particular site for
the procedure.

Methods

Before the Procedure

Many of the principles of preparing for the
BMAT are similar to those outlined above for
LPs. A full patient assessment and informed con-
sent should be performed and documented. The
patient’s identity, indications, and contraindica-
tions for the procedure and allergies should be
reviewed. The BMAT is a painful procedure and
conscious sedation or general anesthesia should
always be used when it is performed on children.
In addition, infiltration of local anesthestic such
as lidocaine into the periosteum should be used,
as it can help reduce post-procedure pain.

Ensure all equipment is prepared (see Table 15.2).
BMA needles are generally available in 18 gauge or
15 gauge. BMB or Jamshidi needles are generally
available in adult (11 gauge, 4 in.), pediatric (13
gauge, 3.5 in.), or infant (13 gauge, 2 in.) sizes.
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Fig. 15.7 Insertion of a bone marrow aspirate needle into
the anterior iliac crest

Ensure that all slides and tubes needed for the various
required samples are available.

During the Procedure

The optimal site for the procedure should be pal-
pated and identified. The posterior superior iliac
crest is a common site of this procedure for most
children [50]. It can be accessed with the patient
in the lateral decubitus position. The anterior
iliac crest may also be used and, in obese patients,
may be easier to palpate. In infants, the tibial
tuberosity can also be used. The sternum is gen-
erally best avoided.

Wearing sterile gloves, gown, and mask, the
operator should cleanse the puncture site and
apply sterile drapes. The iliac crest is palpated to
locate the desired site for the procedure. Local
anesthetic, such as 1 or 2 % lidocaine, is injected
intradermally and into the periosteum.

The skin is punctured with the BMA needle
and advanced to the bone. Then a twisting motion
with firm pressure is applied to penetrate the
bone, and the needle is advanced until it is firmly
anchored (see Fig. 15.7). The stylet is removed, a
syringe is connected, and strong suction is
applied to obtain a few drops of bone marrow
aspirate. Excess aspiration should be avoided as
it will result in dilute smears. Smears from the

Fig. 15.8 Aspiration of bone marrow

aspirate should immediately be made (the sample
will clot within a few seconds) and the presence
of particles must be ensured.

Thereafter, using a new syringe, additional
samples are aspirated as needed (see Fig. 15.8).
For suspected leukemia, >2 mL each is col-
lected in EDTA tubes for flow cytometry and
molecular studies. The needle is relocated; then
>3 mL is collected for cytogenetic studies (in a
heparinized tube). Additionally, any samples for
infectious, metabolic, or research studies can be
obtained as needed.

The BMB is generally performed after the
BMA. While the sequence is probably unim-
portant, the two procedures should be performed
at slightly different sites along the bone and
using separate needles. Obtaining a biopsy
from the same spot as the aspirate can result
in a denuded or distorted biopsy sample [51].
However, although the bone entry site is
changed, all the needle insertions and reloca-
tions should be carried out through the same
single skin incision.

With the obturator locked securely in place,
the biopsy needle is held with the hub in the
palm and the index finger close to the tip to
allow control. With steady pressure and a rota-
tory motion, the needle is advanced through the
soft tissues, the cortical bone, and into the marrow
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Fig. 15.9 Insertion of a bone marrow biopsy needle into
the anterior iliac crest

cavity (see Fig. 15.9). When the needle is firmly
anchored, the obturator is removed and the nee-
dle is advanced another 1-2 cm. The biopsy
specimen in the needle core should be broken
from the surrounding bone by vigorously rotat-
ing the needle several times in both directions
[50]. The needle should be withdrawn slowly.
Using a probe inserted from the distal end of the
needle, the biopsy specimen is dropped into a
formalin specimen bottle. Manual pressure is
held until bleeding stops, and a pressure bandage
is applied.

After the Procedure

The operator should again document the details
of the procedure. Adequate analgesics should
be provided and the patient should be instructed
to remove the bandage the next day. No specific
bed rest is required; patients may ambulate
once they have recovered from the effects of
sedation.

Thoracentesis (Pleural Tap)

This invasive procedure is used to obtain fluid
from the pleural space.

Indications

In conditions such as pneumonia, tuberculosis,
congestive cardiac failure, and malignancies such
as lymphoma and Kaposi sarcoma, a pleural effu-
sion may be present. In some instances a pneumo-
thorax or haemothorax may develop. The pleural
tap can be used for diagnosis of malignant disease
as well as for therapeutic purposes. The fluid
removed should be sent for cytology, microscopy,
culture and sensitivity, and biochemistry.

Contraindications

The contraindications to a pleural tap include an
uncorrected bleeding disorder and local infection
such as cellulitis. Relative contraindications
include mechanical ventilation or the presence of
only one functioning lung [52].

Methods

A chest X-ray or ultrasound may be performed to
confirm the clinical suspicion of a pleural effu-
sion. The level of the fluid as seen on sonar
should be marked on the patient’s chest. The pro-
cedure must be explained to the child and his/her
caregivers. The equipment required for a pleural
tap is shown in Table 15.2.

The pleural tap can be performed at the bed-
side. The patient should be in a sitting position
with his or her back toward the person perform-
ing the tap. The patient should lean forward on a
hospital table or pillow with arms folded and
neck flexed forward. The chest should be per-
cussed to determine the upper level of fluid (if not
already marked by the sonographer). Make a
mark along the sixth or seventh rib interspace
along the posterior axillary line [52, 53]. Clean
the area with either iodine or chlorhexidine.
When the skin is dry, infiltrate the skin and sub-
cutaneous tissue with 2-5 mL lidocaine 1 %
using a 25 gauge needle. The entry point of the
needle should be just above the upper border of
the rib to avoid the artery and nerve which run
below the rib. A 21-gauge needle attached to a
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50 mL syringe should then be inserted in the
same spot. Aspirate slowly while advancing the
needle. The aspirate should be sent for microbiol-
ogy, biochemistry, lactate dehydrogenase, and
cytology.

Monitor the patient carefully during the pro-
cedure. If the patient experiences discomfort, it
may be due to a vasovagal reaction [54]. If cough
occurs, this may be due to needle contact with
the visceral pleura and aspiration should be
stopped. A small amount of blood in the aspirate
could be from the cutaneous blood vessels
while introducing the needle. However, if the
aspirate continues to be bloody this could suggest
a haemothorax. Aspirate due to haemothorax
does not clot. If the aspirate clots, stop the proce-
dure as this may mean that the liver or spleen has
been punctured. Monitor the patient for signs of
internal hemorrhage.

In the majority of patients there is no need for
a chest X-ray after thoracentesis. In a study of
231 thoracenteses performed in 199 patients,
complications were suspected in 30 patients and
only 9 were confirmed by a chest X-ray [55]. A
small amount of air need not be aspirated but a
significant pneumothorax necessitates chest tube
insertion.

Complications

These include pneumothorax, bleeding at the site
of entry, haemothorax, internal hemorrhage, and
hypotension.

Abdominal Paracentesis

Abdominal paracentesis is used to drain ascitic
fluid from the abdominal cavity.

Indications

A paracentesis is performed in children whose
cardiorespiratory and/or gastrointestinal func-

tions are compromised by ascites, and to ascer-
tain the etiology of ascites.
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Contraindications

Include an uncorrected coagulopathy and preg-
nancy (second and third trimesters).

Methods

The patient and caregivers should be informed
about the procedure. The bladder must be emp-
tied. In children, sedation may be needed.
Ultrasonography of the abdomen must be per-
formed to exclude abdominal mass(es). The radi-
ologist may mark a suitable point for paracentesis,
usually in the midline. The patient should lie in a
lateral position if there is a smaller of fluid or
supine if there is substantial ascites.

Sterilize the area with antiseptic solution and
use a sterile drape. Once the area is dry, infiltrate
the area of the skin with lidocaine 1 %. Insert an
18-gauge needle/cannula at 90° to the skin at the
designated point slowly until the ascitic fluid
starts to flow. Collect samples for microbiology,
cytology, and biochemistry. Thereafter connect
the cannula to a tube to drain the rest of the asci-
tes into a container. When the ascitic fluid has
stopped flowing, remove the cannula, clean the
area, and apply gauze and adhesive tape.

Complications

Hypotension can develop if too much ascitic fluid
is removed. Fluid may leak from the puncture site.
Pulling the skin downwards from the aspiration
site and releasing the skin when the needle is in the
peritoneal cavity—the “Z technique”—can mini-
mize this. The leak can be closed with a suture.
Using aseptic technique can prevent infection.

Intravenous Lines

Venous cannulas or catheters are widely used for
the administration of medications, chemotherapy,
fluids, and blood products. Children with cancer
also undergo various investigative procedures
which also require venous access.
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In all procedures for intravenous cannulation,
strict antiseptic methods should be employed.
As before, the operator should have the necessary
skills and knowledge. Extra care should be exer-
cised when carrying out the procedure in patients
with a bleeding diathesis.

Peripheral Vein Catheterization

Additional equipment required for this proce-
dure are tourniquet, tape, and 18- to 25-gauge
cannulas.

The following veins are commonly used:
cephalic, median basilica, median antecubital,
fifth interdigital, saphenous, and the veins of the
dorsalateral aspect of the foot. An assistant
should preferably be available to hold and stabi-
lize the extremity. The site of cannulation should
be cleaned with antiseptic solution such as alco-
hol or chlorhexidine. A tourniquet is applied to
the limb above the site of puncture. The vein is
punctured at an angle of 15-45°. Once blood is
seen, advance a further 1-2 mm. While holding
the needle still, thread the cannula into the vein.
Release the tourniquet and remove the needle.
Attach the cannula to the IV line. Apply adhesive
tape to hold the cannula in place. The intravenous
fluid should run freely if the IV is in a proper
position.

Scalp Vein Catheterization

This procedure will require a razor, a 25- to
27-gauge butterfly needle, 2-5 mL syringe with
sterile normal saline, and alcohol swabs.

Identify the visible veins on the scalp such
as the superficial temporal, posterior auricu-
lar, or occipital veins. Shave the selected area
and clean with alcohol. Attach the butterfly
needle to a 2 ml syringe with normal saline
and flush to remove air. Puncture the vein at
15-30° until blood is seen in the butterfly tub-
ing. Then advance the needle into the vein.
Secure the butterfly needle with tape and push
normal saline in the syringe to test the patency
of the vein.

External Jugular Cannulation

A 21- to 22-gauge cannula, intravenous line
flushed with normal saline, iodine or alcohol
swabs, sterile gauze, and an assistant are required
for this procedure. Turn the head of the patient to
the left so that the head touches the left shoulder.
Insert the needle into the external jugular vein.
When blood is seen, advance the cannula and
remove the needle. Attach the cannula to the
intravenous line [53].

Venous cannulation may cause phlebitis at the
insertion site, catheter-related blood stream
infection, and endocarditis. The risk of infection
is markedly reduced when the lines are inserted
in the upper limbs rather than the lower limbs.

Central Venous Catheter Insertion

A central venous catheter (CVC, see Fig. 15.10) is
inserted into the central veins and the tip is situated
in the superior vena cava. CVCs can be described
by the way they are introduced into the patient.
They can be described by the site of insertion
(e.g., subclavian, internal jugular, or femoral).
A peripherally inserted central catheter (PICC) is

Fig. 15.10 A central venous catheter being used to draw
blood
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a CVC that is inserted via the antecubital vein [56].
CVCs can also be classified as tunneled or non-
tunneled catheters. A tunneled catheter is a long-
term device that is buried in a subcutaneous tunnel
before it enters the central vein [57]. An implanted
catheter is a tunneled catheter that ends in a subcu-
taneously implanted port. Catheters are made of
various materials and may be impregnated with
antimicrobial or anticoagulant agents. Some cath-
eters may have more than one lumen.

If long-term venous access is planned then a
tunneled or implanted device should be used.
Multi-lumen catheters are associated with
increased risk of infection compared to single
lumen catheters, so should be used only when the
use of multiple lumens is a necessity.

Indications

CVCs are indicated in children with cancer who
have limited accessible veins, particularly after
prolonged use of peripheral veins, and who require
long-term chemotherapy, blood products, antibi-
otics, fluids, and frequent phlebotomy.

Methods

The indication for a CVC, the insertion proce-
dure, potential complications, and care should be
explained to the patient and caregivers. Informed
consent must be obtained.

The insertion of a CVC must be performed
by a skilled health professional in an operating
theatre, intensive care unit, or radiology unit.
Before insertion the coagulation status of the
patient should be ascertained. Aseptic methods
should be employed to avoid infection. These
include hand washing, sterile gloves and gowns,
a cap mask, and a sterile drape with a fenestra-
tion. The insertion site should be cleaned with
an antiseptic such as chlorhexidine and allowed
to dry. Insertion can be guided by ultrasound.
As CVC insertion is an advanced technique, the
details of the insertion or tunneling procedures
are beyond the scope of this chapter. Once
inserted, the catheter should be firmly anchored
with sutures to prevent movement. Before use,
the position of the tip should be confirmed by
X-ray or echocardiogram.
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Complications

Early complications include bleeding, malposi-
tioning of the catheter, pneumothorax, and air
embolism. Late complications include infections,
thrombosis, and malfunctioning of the catheter [58].

Studies have noted that cancer patients with
implanted port systems [55] have a median of 0.2
infections per 1,000 catheter days, while those
with subcutaneous tunneled CVCs have a range of
1.4-2.2 infections per 1,000 catheter days [59, 60].

The type of catheter and whether it is impreg-
nated with antibiotics and/or anticoagulants play
a role in the risk of infection. Infections can also
occur during routine use or care of the catheter
such as during flushing with saline/heparin and
injection of drugs.

The catheter-related incidence of thrombosis
in children, both symptomatic and asymptomatic,
can be as high as 50 %. The incidence varies
depending upon methods of diagnosis of throm-
bosis by ultrasonography or venogram. With
improvements in the design of catheters, the inci-
dence is likely to decrease.
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Overview

Acute lymphoblastic leukemia (ALL) is the most
common form of cancer in children in high
income countries (HIC). The incidence rate of
ALL in the United States is about 35 cases/mil-
lion among children <15 years old and 13 cases/
million among adolescents 15-19 years old, and
these rates increased steadily between 1975 and
2006 at a rate of 0.8 % average annual percentage
change [1, 2]. In the United States, ALL accounts
for 25 % of cancers occurring at age 0-14.99
years and 20 % of cases that occur before 20
years [1]. Due to the lack of tumor registries, data
regarding the incidence of pediatric ALL in low
income countries (LIC) is much less robust than
data available from HIC, but the available data
suggest that incidence rates for childhood leuke-
mia in LIC are about half those reported in mid-
dle income countries (MIC) and HIC [3].
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There are several reasons that might explain
the apparently lower incidence of ALL in LIC as
opposed to MIC and HIC. There likely are true
differences in incidence rate. In HIC there is a
dramatic peak in ALL incidence rates (~80 cases/
million) at 2-3 years of age [1]. This peak is not
seen in LIC and emerges in countries as they
industrialize [4]. Several explanations have been
proposed to explain this peak, including popula-
tion mixing and an abnormal immune response to
a common infection that is delayed in HIC due to
lack of exposure in early life [S]. It is also highly
likely that many cases of ALL are not diagnosed
in LIC, particularly the lowest income countries,
due to the similarity in symptoms to those of
infectious diseases with rapid onset of symptoms
and frequent death from infectious complica-
tions. Supporting this, childhood leukemia inci-
dence is lowest in the countries with the lowest
gross national income and the highest under
5-year mortality rates [3].

Childhood ALL is universally and rapidly
fatal without effective therapy. Treatment of this
disease in HIC is one of the major success stories
in modern medicine. The first cures of childhood
ALL occurred about 50 years ago; today over
85 % of children that develop ALL in HIC will be
cured and recent reports show 5-year survival
rates exceeding 90 % [6-9]. Treatment of
relapsed ALL is much less effective than treat-
ment of newly diagnosed ALL, and the chance of
cure following relapse is related to site of relapse,
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ALL genetic features, and time between initial
diagnosis and relapse [10].

However, most children that develop ALL
don’t live in the HIC of North America and
Western Europe, but in rapidly developing coun-
tries such as India and China and in LIC and MIC
(LMIC) in Africa, Asia, and Central and South
America with large populations of children less
than 20 years old. Although the estimates are
imperfect, if one projects US incidence rates onto
these countries China and India are predicted to
have 4-5 times as many pediatric ALL cases as
the United States, and Indonesia, Pakistan, and
Nigeria to have about the same number of cases
as the United States. Because of this, it is essen-
tial to develop ways to improve the diagnosis and
treatment of childhood ALL in LMIC throughout
the world.

Twinning Between HIC and LMIC

While this seems a daunting task, there is a clear
pathway to success. There are multiple examples
of partnerships (twinning) between centers in
LMIC and those in HIC that have led to major
improvements in ALL survival rates in LMIC
within 5-10 years [11-13]. In many instances this
has involved adoption of intact or modified HIC
treatment regimens in LMIC, which requires
health care systems that can provide relatively
intensive chemotherapy and supportive care.
A prime example of this approach is provided by
the AHOPCA (Central American Association of
Pediatric Hematology Oncology) group in Central
America. Beginning 15-20 years ago collabora-
tions were established between pediatric cancer
programs in Nicaragua, El Salvador, and
Guatemala and those in Monza and Milan, Italy
and St. Jude Children’s Research Hospital in the
United States. Treatment plans were implemented
in dedicated units in Nicaragua, El Salvador, and
Guatemala with intensive training and provision
of financial resources by the HIC centers, leading
to rapid improvements in survival. These efforts
expanded to include other Central American
countries and AHOPCA now conducts their own
clinical trials. In Guatemala, survival rates for
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pediatric ALL now range from 50 % (high risk) to
90 % (low risk) [14]. This strategy is possible in
countries with reasonably well-developed health
care systems, with infant mortality rates less than
40-50/1,000 live births serving as a good surro-
gate marker. In HIC, a substantial majority of
ALL treatment failures are due to relapse and/or
disease resistance. In contrast, the major causes of
treatment failure in LMIC, particularly when
treatment programs are first established, are aban-
donment of therapy (almost unheard of in HIC)
and treatment-related mortality (TRM) [15]. High
rates of TRM can be a major problem associated
with implementing intensive HIC ALL regimens
in LMIC [16]. In HIC, contemporary ALL treat-
ment regimens are typically associated with TRM
rates less than 5 %, but TRM can be 5-10 times
higher with the same regimens in LIC, particu-
larly those with infant mortality rates greater than
50/1,000 live births.

One potential way to address treatment of
pediatric ALL in countries not able to deliver
intensive therapy safety is to first implement
less intensive treatment regimens similar to
those used in HIC in North America and Western
Europe in the 1970s and 1980s and increase
treatment intensity only when these therapies
are shown to be safe and effective in the LIC
center [17]. This strategy also has advantages,
particularly when health care resources are lim-
ited, as it starts with treatments that are less
costly, less toxic, and do not require sophisti-
cated diagnostic tests, but has the potential to
cure 40-50 % of children with ALL if TRM can
be kept low and abandonment minimized. While
this cure rate may seem low, it is likely at least
4-5 times as high as current cure rates in many
LIC and successful implementation of this strat-
egy sets the stage for further improvements in
cure rates through use of more effective contem-
porary HIC ALL therapies.

Diagnosis of ALL
Children with ALL are commonly brought to

medical attention for symptoms caused by inef-
fective production of normal blood cells due to
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Table 16.1 Common symptoms seen in children with ALL

Symptom/exam finding
Hematological

Pallor

Fatigue

Bruising

Bleeding (nose, GI tract, CNS)

Petechiae (tiny red spots that don’t
blanch with pressure)

Fever

Infection
Non-hematological

Bone pain

Joint pain or swelling

Hepatomegaly and/or splenomegaly
Lymphadenopathy

Testicular enlargement

Somnolence

Headache and/or neck pain
Vomiting

Cranial nerve palsies

Seizures

Respiratory and/or cardiac
compromise

Elevated LDH

Renal dysfunction

Rash (raised blue lesions)

Laboratory finding and/or cause

Anemia due to decreased red blood cells

Anemia due to decreased red blood cells
Thrombocytopenia due to decreased platelets
Thrombocytopenia due to decreased platelets

Pinpoint hemorrhages in the skin due to decreased platelets

Infectious or noninfectious; often resolves quickly with onset of ALL therapy
Decreased neutrophils and/or impaired neutrophil function

Expansion of marrow space due to replacement by leukemia; may manifest
as irritability and refusal to walk in young children

Infiltration with leukemia cells; may lead to misdiagnosis as juvenile
rheumatoid arthritis and/or rheumatic fever

Infiltration with leukemia cells

Infiltration with leukemia cells

Infiltration with leukemia cells; typically rock-hard, painless, lumpy

CNS involvement and increased ICP

CNS involvement and increased ICP

CNS involvement and increased ICP

CNS involvement

CNS involvement

Mediastinal mass obstructing airway and/or pleural or pericardial effusions;
most common with T-cell ALL

Rapidly proliferative leukemia; seen especially with high WBC count, infant
ALL, T-cell ALL, or Burkitt’s leukemia

Kidney injury due to tumor lysis and/or infiltration of kidney with leukemia
cells; seen especially with high WBC count, infant ALL, T-cell ALL, or
Burkitt’s leukemia

Skin infiltrations; seen particularly in young infants where may be confused
with congenital cytomegalovirus infection

Gl gastrointestinal, CNS central nervous system, /CP intracranial pressure, WBC white blood cell

replacement of the bone marrow (BM) by leukemia,
and leukemic involvement of other organs
(Table 16.1). A high index of suspicion is required
to diagnose ALL because most of these symp-
toms are nonspecific, and can also be seen with a
variety of other disorders, especially infectious
diseases that are quite prevalent in many LMIC
such as Dengue fever. Because of this, the dif-
ferential diagnosis is quite broad (Table 16.2).
Simple laboratory tests readily available at
most hospitals are needed to establish a diagnosis
of ALL including a complete blood cell count
with microscopic examination of a peripheral
blood smear. In most cases a bone marrow (BM)
aspirate/biopsy with microscopic examination is

performed to establish the diagnosis. The peripheral
blood or BM smear, or biopsy touch preparation
is generally stained with Wright’s stain (or a vari-
ant such as the Wright-Giemsa stain) to identify
the different types of blood cells. In some cases
additional cytochemical stains are used to distin-
guish ALL from acute myeloid leukemia (AML),
including Sudan black, myeloperoxidase, and
nonspecific esterase. In HIC flow cytometry is
almost always used to definitively establish the
diagnosis of leukemia, the subtype (ALL vs.
AML), and immunophenotype (B-cell precursor
vs. T-cell ALL). While this information is very
useful, particularly when therapy may be tailored
to immunophenotype in HIC, it is not required
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Table 16.2 Differential diagnosis of ALL

Disease(s)
Hematologic and oncologic disorders
Acute myeloid leukemia (AML)

Non-Hodgkin’s lymphoma (NHL)

Metastatic solid tumors

Idiopathic thrombocytopenic purpura (ITP)

Severe aplastic anemia (SAA)

Myelodysplastic (MDS) and/or
myeloproliferative (MPD) disorders

Hemophagocytic lymphohistiocytosis (HLH)

Non-hematological disorders
Juvenile rheumatoid arthritis (JRA)

B, or folate deficiency

Infections
Viral infections EBV, CMYV, etc.)

Dengue fever
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Important distinctions

Symptoms similar; morphology of blasts in PB and/or BM is
different; cytochemical staining of PB/BM samples may be
required to differentiate ALL and AML blasts

T-NHL and T-ALL may have very similar symptoms and findings;
usually treated in same manner

May see marrow replacement with small round blue cell tumors
such as neuroblastoma, rhabdomyosarcoma, or Ewing sarcoma;
primary solid tumor usually, but not always, present on physical
exam or X-rays studies; special stains of BMA/Bx may be required
Isolated thrombocytopenia in ITP; typically otherwise healthy with
sudden onset of bruising/bleeding; BM morphology shows
abundant megakaryocytes and normal other cells in ITP
Pancytopenia may be seen in both ALL and SAA; BMA/Bx is
severely hypocellular/empty in SAA but packed in ALL. ALL
sometimes presents with pancytopenic phase and serial BMA/Bx
may be needed to establish diagnosis

Pancytopenia may be seen in both ALL and MDS/MPD; BMA/Bx
+/— special stains needed to establish distinction

HLH can present with fever, systemic illness, pancytopenia,
hepatosplenomegaly, and lymphadenopathy. BMA/Bx may be
required to establish correct diagnosis

Small percentage of ALL cases present with prominent joint
symptoms and fever and can be confused with JRA; BMA/Bx
should establish correct diagnosis

B, and folate deficiency primarily cause anemia with characteristic
red blood cell morphology; B, deficiency may be associated with
neurological symptoms

Can present with fever, hepatosplenomegaly, generalized
lymphadenopathy, and elevated white blood cell count with marked
lymphocytosis; lymphocyte morphology can help distinguish from
ALL but BMA/Bx may be needed to establish diagnosis

Dengue associated with fever, headache, muscle and joint pains,
and frequently with measles-like rash. Some cases have low white
blood cell and platelet counts with bleeding; Dengue endemic in
many areas of tropics and subtropics; may need BMA/Bx to
establish correct diagnosis

PB peripheral blood, BMA/Bx bone marrow aspirate/biopsy, EBV Epstein Barr virus, CMV cytomegalovirus

for the diagnosis and effective treatment of ALL.
The flow cytometry machines and reagents are
typically very expensive and not usually avail-
able in resource-limited settings present in many
LMIC. However, if present, simplified algorithms
have been established that can facilitate diagnosis
and monitoring of ALL treatment response (min-
imal residual disease) at relatively low cost [18].

There are several systems that have been
used to classify ALL based on morphology and/

or immunophenotype. For many years the
French—American—British (FAB) system that
classified cases as L1, L2, or L3 based on mor-
phology was used [19]. This classification is
useful mainly for the recognition of the distinc-
tive L3 morphology of Burkitt’s leukemia. This
subtype comprises only 1-2 % of childhood
ALL cases in HIC, but requires very different
treatment, similar or identical to that used for
advanced stage Burkitt’s lymphoma, than other
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ALL cases [20]. Other than this, the FAB
classification of ALL does not provide significant
clinical utility and has been supplanted by the
2008 World Health Organization (WHO) classifi-
cation [21]. However, neither WHO nor FAB
classification is needed to treat ALL in LMIC.

Important Issues in the Initial
Medical Management of Children
with ALL

The specific approaches to ALL treatment are
discussed below. Induction chemotherapy typi-
cally lasts 4 weeks and consists of three or four
drugs administered orally, intramuscularly, or
intravenously including a corticosteroid (predni-
sone [PRED] or dexamethasone [DEX]), vincris-
tine (VCR), and an asparaginase (ASNase)
preparation with or without an anthracycline.
A simple 2-drug 4-week PRED/VCR regimen
with or without intrathecal chemotherapy will
induce complete remission in about 85 % of chil-
dren with ALL, and this rate can be increased to
95 % or higher with the addition of ASNase [22].
Even this simple regimen produced TRM rates of
3-5 9% when first introduced in HIC in the 1970s.
Thus, vigorous supportive care is essential.

Metabolic derangements and supportive care:
Children with ALL can present with high white
blood cell (WBC) counts and lymphoblasts can
undergo lysis either spontaneously or after
treatment is begun. Dying WBC release intracel-
lular contents including potassium, phosphorus,
and DNA that is metabolized via the uric acid
pathway [23]. Acute tumor lysis syndrome (TLS)
is characterized by hyperkalemia, hyperuricemia,
hyperphosphatemia, and secondary hypocalce-
mia. It is classified as laboratory TLS if only
metabolic abnormalities are present and clinical
TLS when this is accompanied by clinical symp-
toms including renal dysfunction manifested as
increased creatinine, cardiac rhythm disturbances
(due to hyperkalemia), seizures, or death. The
risk of TLS is highest in children with high and/
or rapidly increasing WBC and/or bulky extra-
medullary disease; thus, major risk factors for
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TLS include WBC >100,000/pL, infant ALL,
T-cell ALL, and Burkitt’s leukemia. The risk can
be exacerbated by dehydration and/or malnutri-
tion, and delayed diagnosis, all of which are com-
mon in LMIC.

Symptoms of TLS are caused by the meta-
bolic derangements listed above. The problems
are often exacerbated by formation of calcium
phosphate and/or uric acid crystals in the kidney
that cause acute renal injury leading to further
impairment in urine output and increased meta-
bolic abnormalities. Measures used to prevent
TLS include vigorous intravenous hydration
where possible, usually at twice maintenance
fluid requirement rates or 3,000 mL/m?day.
Urine output should be at least 2 cc/kg/h and
preferably 3-5 cc/kg/h. Loop diuretics such as
furosemide may be needed to insure adequate
urine output and to make sure that fluid input and
urine output are matched. Because higher urine
pH increases the solubility of uric acid, bicarbon-
ate (40-80 mEq/L) is usually added to intrave-
nous fluids to prevent uric acid precipitation in
renal tubules. However, higher urine pH pro-
motes calcium phosphate crystallization, so cau-
tion must be used. Allopurinol, which inhibits the
enzyme xanthine oxidase needed for uric acid
formation, is administered 50-100 mg orally
three times/day to prevent TLS. Ideally hydra-
tion, urinary alkalinization, and allopurinol
should be given for 1248 h prior to the start of
chemotherapy and continued for the first 3-7
days of treatment. This may not be possible in
patients that present with very high WBC and
signs/symptoms due to leukostasis.

In the worst cases, TLS can be fatal due to renal
failure and/or cardiac dysrhythmias. However,
clinically significant TLS can be prevented or
managed successfully in the overwhelming major-
ity of children with ALL using the measures dis-
cussed above, even with oral hydration when
necessary due to local conditions.

Transfusion support. Children with ALL fre-
quently present with or develop symptomatic
anemia and/or thrombocytopenia. Prior to the
advent of effective ALL therapy, death due to
anemia and/or bleeding was common, and this
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remains a major concern in LMIC. In HIC that
almost always have well-established blood
banks and ready access to red blood cells and
platelets for transfusion, this problem is rela-
tively simple to manage and transfusions are
typically provided to treat symptoms of anemia
or thrombocytopenia, or prophylactically when
blood values fall below certain levels (typically
7-8 g/dL of hemoglobin or hematocrit <20 %,
and platelet count <10-20,000/uL). In contrast,
access to and the safety of blood components
for transfusion are major problems in LMIC.
Even when transfusions are feasible, they are
often very expensive and available only if the
family is able to pay. In the absence of a volun-
teer blood banking system as present in most
HIC, family members and friends may need to
be recruited to provide blood for transfusion to
children with ALL and testing for blood-borne
infectious agents such as Hepatitis B and C and
HIV may not be readily available. Development
of an effective blood banking system is often a
major barrier that must be overcome as ALL
treatment programs are established at LMIC
centers. When possible, blood products should
be irradiated to decrease the risk of transfusion-
acquired graft versus host disease.

Treatment and prevention of infections: Another
major cause of morbidity and mortality in chil-
dren with ALL is infections. Bacterial and fungal
infections are particularly problematic during
induction therapy or during intensive phases of
post-induction therapy. Because prolonged corti-
costeroid use is associated with oral and vaginal
yeast infections, especially candida albicans or
other candida species, most children with ALL
receive oral nystatin (or similar agents) during
induction or other periods of prolonged cortico-
steroid use. Fluconazole and itraconazole may be
more effective than nystatin, but are much more
expensive, can be associated with hepatotoxicty,
and alter the pharmacokinetics of vincristine.
Bacterial infections occur commonly in chil-
dren with ALL, particularly in association with
neutropenia. Intravenous antibiotics should be
given when fever develops and the absolute neu-
trophil count (ANC) is <500/uL or if there is con-
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cern about systemic infection based on other
clinical considerations. The choice of antibiotics
will vary based upon the local experience regard-
ing the type of organisms that are prevalent in the
population and the pattern of local antibiotic resis-
tance. In general, treatment should include cover-
age for enteric gram negative organisms such as E.
coli and Pseudomonas aeruginosa and gram posi-
tive organisms such as Staphylococcus aureus.

A unique problem for children with ALL is
the risk of Pneumocystis carinii (now termed
Preumocystis jiroveci) pneumonia (PCP). Prior
to the advent of effective prophylaxis, 20-25 %
of children treated for ALL developed PCP, often
with fatal consequences [24]. Prophylaxis with
trimethoprim-sulfamethoxazole (TMP/SMX) is
highly effective [24, 25], and children with ALL
should receive PCP prophylaxis with TMP/SMX
at a dose of TMP 5 mg/kg/day in two divided
doses given on 2-3 consecutive days each week
starting soon after diagnosis and continuing until
3 months after ALL therapy is completed. Those
unable to tolerate TMP/SMX can be treated with
Dapsone (1-2 mg/kg/day; maximum dose
100 mg/day) or atovaquone (30—45 mg/kg/day).
Aerosolized pentamidine given every 4 weeks is
also an option, but this is less likely to be avail-
able in LMIC.

Venous access: Because ALL treatment involves
multiple doses of intravenous chemotherapy with
drugs that are vesicants (vincristine, anthracy-
clines) and can cause significant injury to the skin
and tissue if they extravasate, almost all children
with ALL in HIC have an indwelling central
venous catheter. These are almost never available
in LIC and variably available in MIC. Hence,
most children will receive ALL chemotherapy
through peripheral intravenous catheters (IVs)
inserted specifically to administer the chemother-
apy. Significant care must be taken to insure
proper IV placement before administration of
vesicant agents.

Varicella: Another significant concern in children
with ALL is development of a primary varicella
infection or reactivation of the varicella-zoster
virus (VZV) causing shingles. In the United States,
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primary varicella infection in children with ALL
is now rare due to near universal vaccination
against VZV. However, VZV vaccination is
uncommon in LMIC and primary varicella infec-
tion occurs frequently and can cause significant
morbidity including visceral and CNS involve-
ment, secondary bacterial infection, and post-
VZV inflammatory complications [26]. Without
effective antiviral therapy and supportive care,
primary VZV infection during ALL treatment is
associated with a 5-10 % risk of mortality [27].
With effective therapy, death is uncommon; a
recent review of primary varicella infection in
HIC showed only 20 deaths among over 35,000
children with ALL, with 14 of these 20 deaths
occurring in the first year of therapy [27].
Following a documented exposure to VZV in a
nonimmune patient varicella-zoster immune
globulin (VZIG) can be given if available. It is
essential to isolate exposed patients from other
patients for 21 days following exposure (28 days
if VZIG is administered) to prevent nosocomial
outbreaks. If clinical varicella develops, treat-
ment with intravenous acyclovir 500 mg/m*dose
three times daily (or related antivirals) should be
given immediately and therapy should be contin-
ued until all lesions are scabbed and no new
lesions have developed for 24 h. Renal dysfunc-
tion can develop with IV acyclovir treatment, so
patients should receive IV fluids and creatinine
levels should be monitored closely. It is reason-
able to transition to oral therapy after 3 days of
IV therapy if the patient is responding well.
Chemotherapy, particularly corticosteroids, is
generally suspended during treatment of active
infection, but this may not be possible if a patient
develops varicella in the first few months of ther-
apy. Good data do not exist regarding acyclovir
treatment at the time of exposure, but this prac-
tice is common in many LMIC. For example, in
Guatemala, if a patient has been exposed and has
had no varicella in the past, acyclovir is given
orally at 30 mg/kg/day for 7 days, starting 10
days after the exposure. Results are good with
this approach (Melgar M, Antillon F, personal
communication). Development of shingles dur-
ing ALL therapy can also be associated with sig-
nificant complications and treatment with an
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appropriate antiviral is indicated (IV acyclovir is
usually given at half the dose used for treatment
of primary VZV). Because immunocompromised
patients can have viremia and shed virus via
aerosol routes, ALL patients with shingles should
be isolated until the infection is resolved.

Nutritional assessment and support. The inci-
dence of malnutrition in LMIC children can be as
high as 50 % and the presence of malnutrition
can have a major impact on the tolerance, effec-
tiveness, and safety of ALL treatment [28].
Simple anthropomorphic measurements, includ-
ing triceps skin fold thickness (TSFT) and mid
upper arm circumference (MUAC), can be used
to assess nutritional status. Antillon and col-
leagues recently reported that more than 50 % of
children diagnosed with ALL in Guatemala had
moderate or severe nutritional deprivation at the
time of initial diagnosis, that severe nutritional
deprivation was associated with an increased risk
of treatment abandonment and relapse, but that
the risk of death was decreased significantly in
children that improved their nutritional status in
the first 6 months of therapy [28]. Algorithms
have been developed to guide nutritional inter-
ventions in AHOPCA that should be widely
applicable to other LMIC [29]. A major focus of
support efforts for the families of children with
ALL in LMIC is often the provision of food bas-
kets that can provide nutritional support to the
patient, siblings, and other family members,
thereby decreasing financial pressures that may
lead to abandonment.

Antiemetic therapy: Nausea and vomiting sec-
ondary to chemotherapy can be prevented in most
cases. Every effort should be made to prevent this
side effect and to provide adequate antiemetic
drugs. Preventive treatment should start before
chemotherapy is given and should continue as
long as nausea and vomiting are likely to be pro-
duced. Scheduled antiemetic doses should be
given regardless of symptoms. Nevertheless,
drug costs for 5-HT3 receptor agonists may be a
limiting factor in LMIC. If cost is an issue the use
of metoclopramide, diphenhydramine, and dexa-
methasone is useful if chemotherapy has a mild
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or moderately emetogenic potential. If the emeto-
genic potential is high, 5-HT3 receptor agonists
should be used if possible.

Abandonment of therapy: Abandonment of ther-
apy is a major cause of treatment failure in most
LMIC affecting 40-60 % cases [30, 31]. The
AHOPCA group defines abandonment as an
interruption of 4 or more weeks of scheduled
therapy; this has been suggested as a uniform
definition by the SIOP Abandonment Working
Group [32]. Successful interventions have been
used to prevent abandonment in different coun-
tries. At the National Pediatric Cancer Unit in
Guatemala, abandonment has decreased from the
historic 42 % before opening of the cancer center
to less than 2 % in 2011 for all types of pediatric
cancer through the establishment of a psychoso-
cial team including both social workers and psy-
chologists whose aim is to support families
throughout the cancer experience, and provide
funds for transportation, lodging, and food bas-
kets when necessary (Silvia Rivas F and Antillon
F, unpublished observations). In Recife, Brazil,
through the provision of lodging, social work,
transportation, and food subsidies, and the estab-
lishment of a parent group, a fundraising founda-
tion, and a patient tracking system, abandonment
among children with ALL decreased from 16 %
in 1980 to 1 % in 2002 [12].

S.P.Hunger and F.G. Antillon

General Concepts of Pediatric
ALL Treatment

Treatment for ALL in HIC consists of complex
combination chemotherapy regimens that last
about 2.5-3 years, with 6—8 months of relatively
intensive therapy followed by 1.5-2 years of low
intensity maintenance therapy during which
most children can resume normal activities and
attend school. A core set of chemotherapy drugs
needed for treatment of childhood ALL has been
defined (Table 16.3) with additional information
available regarding drugs needed for pediatric
oncology treatment in LMIC [33, 34]. These
drugs have been widely available in HIC for
many years; most are readily available in LMIC
and relatively inexpensive, with the exception of
asparaginase preparations, which can be
extremely expensive in both LMIC and HIC.
When remissions of childhood ALL first
began to be achieved consistently in the 1960s, a
major cause of treatment failure was isolated
central nervous system (CNS) relapse. Aur and
colleagues showed that the rate of CNS relapse
could be decreased substantially and survival
increased by adding prophylactic or presymp-
tomatic cranial irradiation (2,400 cGy) plus five
doses of intrathecal methotrexate [35]. Later
studies showed that cranial irradiation could be
eliminated for most good risk patients with

Table 16.3 Drugs used to treat pediatric acute lymphoblastic leukemia

Class
Corticosteroids

Specific drugs

Prednisone, dexamethasone
Vinca alkaloids Vincristine
Asparaginase preparations  E. coli asparaginase,

PEG-asparaginase, erwinia

asparaginase
Anthracyclines Doxorubicin, daunorubicin
Alkylating agents Cyclophosphamide
Antimetabolites Cytarabine

Methotrexate

6-Mercaptopurine,
6-thioguanine

Phase of therapy Route of administration
Induction, reinduction, PO, IV
maintenance

Throughout therapy v

Induction, reinduction M, IV
Induction, reinduction v
Consolidation, v
reconsolidation

Consolidation, 1V, SC, IT
reconsolidation

Intensification, maintenance 1V, IM, PO, IT
Consolidation, PO

reconsolidation, and
maintenance

PO oral, IV intravenous, /M intramuscular, SC subcutaneous, /T intrathecal
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intensive intrathecal chemotherapy and better
systemic therapy [36, 37]. The use of cranial
irradiation has been greatly reduced in most
contemporary HIC regimens, and some have
completely eliminated this treatment modality
[38—40].

As discussed earlier, over 80-85 % of children
diagnosed with ALL in HIC can be cured. The
development of large cooperative treatment
groups that conduct clinical trials, which often
include 70 % or more of children with ALL in a
given country, has been critical to improvements
in survival for pediatric ALL in HIC [9]. There is
near universal access to effective treatments for
pediatric ALL in most HIC and widespread avail-
ability of knowledge about the specifics of effec-
tive treatment regimens. Although children with
ALL have a significant risk of short- and long-
term toxicity, most children that are cured will go
on to lead healthy and productive lives. Thus it is
essential to develop ways to deliver appropriate
therapy to children with ALL in LMIC.

Specifics of Pediatric ALL Treatment
Regimens and Their
Implementation in LMIC

One strategy that has been very effective in some
MIC is twinning partnerships that implement
contemporary HIC treatment regimens. This
approach is resource-intensive, both in terms of
costs and the need for substantial investment of
time from the HIC partner. Oncologists from both
the MIC and HIC play a key role in this process,
but it is critical not to overlook or underestimate
the importance of education and assistance of
MIC nurses, social workers, data managers, and
physicians that provide diagnostic support and
supportive care such as pathologists and special-
ists in pediatric surgery, infectious disease, and
intensive care medicine. With this approach, sub-
stantial improvements in cure rates can be
obtained in a relatively short time [12].

It is very important not to despair if sufficient
resources are not available to pursue this
approach. Many children with ALL can be cured
with less intensive and less expensive treatment
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Table 16.4 A simple ALL treatment regimen
Agent Dose/route Days
Induction (4 weeks)
Prednisone 60 mg/m*day PO in 1-28
three divided doses
Vincristine 1.5 mg/m? IV (max 1,8, 15,
dose 2 mg) 22
Methotrexate Age-specific® given IT Days 1,
15
Consolidation (4 weeks); start when ANC >1,000/ul
and platelets >100,000/uL
6-Mercaptopurine  50-75 mg/m?*day PO 1-28
Vincristine 1.5 mg/m? IV (max 1
dose 2 mg)
Methotrexate Age-specific® given IT Days 1,
8,15,22

Maintenance (continue for 3 years from diagnosis); start
when ANC >1,000/uL and platelets >100,000/uL. Adjust
doses of 6-MP and MTX to maintain ANC >1,000/uL
and platelets >100,000/uL

Repeat 12 weeks cycles

6-Mercaptopurine  50-75 mg/m?*day PO 1-84
(6-MP)
Methotrexate 20 mg/m? PO or IM/ 8, 15,22,
(MTX) v 29, 36,
43, 50,
57, 64,
71,78
Vincristine 1.5 mg/m? IV (max 1,8, 15
dose 2 mg)
Prednisone 40 mg/m?/day PO in 1-21
three divided doses
Methotrexate Age-specific® given IT Day 1

Perform bone marrow aspirate at end induction, start
maintenance, and periodically during maintenance
Cranial irradiation (2,400 cGy given as 200 cGy/day
Monday through Friday for 12 days) should be given
between consolidation and maintenance if possible

PO oral, IV intravenous, IM intramuscular, /T intrathecal,
ANC absolute neutrophil count

1Age-specific intrathecal methotrexate: 1-2 years 8 mg;
2-3 years 10 mg; 3+ years 12 mg

regimens similar to those used in HIC in the
1970s and 1980s [36, 41, 42], and some can be
cured with even less therapy especially if cranial
irradiation can be given. A very simple regimen
that includes only induction and maintenance
should be feasible in most LIC (Table 16.4). The
rate of CNS relapse will be high with this regi-
men, and cranial irradiation should be adminis-
tered if possible. This regimen is similar to that
used in many HIC in the 1960s and 1970s and
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Table 16.5 Modified CCG 105 standard treatment regimen

S.P.Hunger and F.G. Antillon

Agent Dose/route Days
Induction (4 weeks)
Prednisone 40 mg/m*/day PO in three 1-28
divided doses
Vincristine 1.5 mg/m? IV (max dose 2 mg) 1,8, 15,22

E. coli asparaginase 6,000 units/m? IM

3 times/week (Mon, Wed, Fri)
starting at day 3; weeks 1, 2, and 3

Methotrexate Age-specific® given IT Days 1, 15
Consolidation (4 weeks); start when ANC >1,000/uL and platelets >100,000/uL

6-Mercaptopurine 50-75 mg/m?/day PO 1-28

Vincristine 1.5 mg/m? IV (max dose 2 mg) 1

Methotrexate Age-specific® given IT Days 1, 8, 15, 22

Maintenance (continued for 2 years for girls and 3 years for boys from day 1 of phase); start when ANC
>1,000/uL and platelets >100,000/uL. Adjust doses of 6-MP and MTX to maintain ANC >1,000/uL and

platelets >100,000/uL
Repeat 12 weeks cycles

6-Mercaptopurine (6-MP) 50-75 mg/m?*day PO 1-84
Methotrexate (MTX) 20 mg/m? PO or IM/IV 8, 15,22, 29, 36, 43, 50, 57, 64,
71,78
Vincristine 1.5 mg/m? IV (max dose 2 mg) 1,29, 57
Prednisone 40 mg/m*/day PO in three 1-5,29-33, 57-61
divided doses
Methotrexate Age-specific® given IT Day 1

Perform bone marrow aspirate at end induction, start maintenance, and periodically during maintenance
Possible substitutions: replace prednisone with dexamethasone 6 mg/m*day PO in three divided doses; add a predni-
sone prophase (60 mg/m?day PO in three divided doses on days 1-7 with IT MTX on day 1) prior to starting induction

therapy
PO oral, IV intravenous, /M intramuscular, /T intrathecal

1A ge-specific intrathecal methotrexate: 1-2 years 8 mg; 2-3 years 10 mg; 3+ years 12 mg

can cure 20-30 % of children with ALL (fewer
without cranial irradiation) if rates of TRM and
abandonment can be minimized.

Several regimens exist that can be imple-
mented in most settings and should be able to
cure about 50 % of children with ALL if TRM
can be kept low and abandonment minimized,
once these are implemented successfully, treat-
ment intensity can be increased gradually with
careful monitoring of TRM [17]. A modified ver-
sion of the baseline treatment regimen used by
the Children’s Cancer Group (CCG 105) for low
and intermediate risk ALL patients until the late
1980s is shown in Table 16.5 [41]. This regimen
produced a 16-year event-free survival (EFS) rate
of 59 % [43]. Without cranial irradiation, the rate
of CNS relapse with this regimen was 20-25 %
[37]. The subsequent CCG 1922 study showed
that substitution of dexamethasone for predni-

sone significantly improved EFS and decreased
CNS relapse rate [44]. Based on this, it would be
very reasonable to modify the regimen shown in
Table 16.5 to use dexamethasone during induc-
tion and maintenance rather than prednisone.
The Berlin—Frankfurt—-Muenster (BFM) group
adopted a 1-week prednisone prophase consist-
ing of 7 days of prednisone 60 mg/m*day with a
dose of IT methotrexate on day 1 in the early
1980s [45]. This phase was introduced to give
time to stabilize the patient and minimize the risk
of TLS before multi-agent therapy began, and it
would also be reasonable to modify this regimen
to include a prophase.

A key finding of the CCG 105 study was
that outcomes were improved by either adop-
tion of the intensive induction/consolidation
regimen pioneered by the BFM group or addition
of a delayed intensification (DI) reinduction/
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reconsolidation phase [41, 43, 45, 46]. Because
introducing intensive phases of treatment after
remission is achieved is safer, once the
Table 16.5 regimen is implemented success-
fully with low TRM, a DI phase can be intro-
duced [17]. If dexamethasone is used, this
regimen would mimic that used in CCG 1922
which achieved an 85 % 6-year EFS rate in
children with standard risk (see below) ALL
(Table 16.6) [44]. A prednisone prophase could
also be used with this regimen, but addition of
the DI phase obviates the need for cranial irra-
diation in most patients.

Additional treatment intensifications that are
commonly used in HIC ALL protocols include a
4-drug induction that includes an anthracycline
and intensive consolidation (the BFM Ia and Ib
phases), and use of escalating dose IV methotrex-
ate without leucovorin rescue or high dose IV
methotrexate plus leucovorin rescue during the
interim maintenance phase. Once these are
implemented the regimen starts to recapitulate a
HIC regimen, as has been shown to be effective
in AHOPCA [14, 47].

As is true for HIC, treatment of relapsed ALL
is less effective than treatment of newly diag-
nosed ALL in LMIC. However, data from the
AHOPCA group show that 20-30 % of children
with ALL that relapse in MIC can survive at least
3 years following treatment with chemotherapy
(without stem cell transplantation) and that this
rate is about 50 % in good risk subsets [48]. Thus,
relapse should not be viewed as hopeless and
rational treatment strategies can be developed
guided by simple clinical prognostic factors.

Prognostic Factors

Simple factors predictive of outcome include
age (younger is better, except for infants less
than 1 year) and initial WBC count (lower is
better). They are combined in the NCI/Rome
risk classification syndrome that divides non-
infant ALL patients (B-cell precursor only) into
standard (SR; age 1.00-9.99 years and initial
WBC <50,000/pL) and high-risk subsets (HR;
age >10 years or initial WBC >50,000/pL) [49].
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Immunophenotying to determine cell lineage is
performed in most HIC, but is not readily avail-
able in most LMIC and is not essential. About
80-85 % of children with ALL have B-cell pre-
cursor (BCP; previously termed common) ALL,
10-15 % have T-cell ALL, and 1-2 % have
mature B-cell ALL or Burkitt’s leukemia.
Children with T-ALL have an inferior outcome
to those with BCP ALL [9]. Because T-ALL is
more common in blacks, the frequency of
T-ALL will vary according to the racial compo-
sition of the population. As noted -earlier,
Burkitt’s leukemia is treated completely differ-
ently than ALL.

Other more sophisticated and often very
expensive diagnostic tests readily available in
HIC include cytogenetic or molecular genetic
studies to define sentinel abnormalities, many of
which have important prognostic implications.
These tests are generally not available in LMIC,
and are not essential to delivering effective ther-
apy. A major prognostic factor is the rapidity of
response to single agent or multi-agent therapy,
which can be measured simply and inexpensively
by peripheral blood or bone marrow morphology,
or in a complicated and expensive manner using
advanced flow cytometry and/or molecular
genetic techniques. The response to the predni-
sone prophase is perhaps the easiest prognostic
factor. In HIC, about 90 % are good responders
(<1,000 lymphoblasts/pL at the end of the pro-
phase) and have a dramatically better outcome
than 10 % of patients with a poor response
(>1,000 lymphoblasts/pL at the end of the pro-
phase) [50]. The CCG showed the BM morphol-
ogy after 7-14 days of multi-agent chemotherapy
was a very strong prognostic factor, with patients
that have >25 % marrow blasts after 7-14 days of
therapy having a particularly poor outcome [51].

Summary

ALL is the most common pediatric cancer.
Five-year survival rates exceed 90 % in HIC, and,
through twinning, centers in LIC with infant
mortality rates less than 40-50/1,000 live
births have attained cure rates of 50-70 %.
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Table 16.6 Modified CCG 1922 treatment regimen

Agent Dose/route Days
Induction (4 weeks)
Dexamethasone 6 mg/m?/day PO in three 1-28
divided doses
Vincristine 1.5 mg/m? IV (max dose 2 mg) 1,8, 15,22
E. coli asparaginase 6,000 units/m? IM 3 times/week (Mon, Wed, Fri) starting
at day 3; weeks 1, 2, and 3
Methotrexate Age-specific® given IT Days 1, 15
Consolidation (4 weeks); start when ANC >1,000/uL and platelets >100,000/uL
6-Mercaptopurine 50-75 mg/m?/day PO 1-28
Vincristine 1.5 mg/m? IV (max dose 2 mg) 1
Methotrexate Age-specific® given IT Days 1, 8, 15, 22
Interim maintenance (8 weeks), start when ANC >1,000/uL and platelets >100,000/uL
6-Mercaptopurine 50-75 mg/m?/day PO 1-49
Methotrexate 20 mg/m? PO or IM/TV 1, 8,15, 22, 29, 36, 43, 50
Vincristine 1.5 mg/m? IV (max dose 2 mg) 1,29
Dexamethasone 6 mg/m*/day PO in three 1-5,29-33
divided doses
Methotrexate Age-specific® given IT Day 29

Delayed intensification (8 weeks); start when ANC >1,000/uL and platelets >100,000/uL; use same
parameters to start day 29 therapy

Dexamethasone 10 mg/m?/day PO in three 1-7 and 15-21
divided doses
Vincristine 1.5 mg/m? IV (max dose 2 mg) 1,8, 15
E. coli asparaginase 6,000 units/m? IM 3 times/week (Mon, Wed, Fri) starting
at day 3; weeks 1 and 2
Doxorubicin 25 mg/m? IV 1,8, 15
Cyclophosphamide 1,000 mg/m? IV 29
6-Thioguanine 60 mg/m*day PO 29-42
Cytarabine 75 mg/m? IV or SQ 29-32 and 36-39
Methotrexate Age-specific* given IT Days 1, 29

Maintenance (continued for 2 years for girls and 3 years for boys from day 1 of phase); start when ANC
>1,000/uL and platelets >100,000/uL. Adjust doses of 6-MP and MTX to maintain ANC >1,000/uL and
platelets >100,000/uL

Repeat 12 weeks cycles

6-Mercaptopurine (6-MP) 50-75 mg/m?/day PO 1-84
Methotrexate (MTX) 20 mg/m? PO or IM/IV 8, 15,22, 29, 36, 43, 50, 57, 64, 71, 78
Vincristine 1.5 mg/m? IV (max dose 2 mg) 1,29, 57
Dexamethasone 6 mg/m*/day PO in three 1-5, 29-33, 57-61
divided doses
Methotrexate Age-specific® given IT Day 1

Perform bone marrow aspirate at end induction, start maintenance, and periodically during maintenance

Possible substitution: add a prednisone prophase (60 mg/m?*day PO in three divided doses on days 1-7 with IT MTX
on day 1) prior to starting induction therapy

2Age-specific intrathecal methotrexate: 1-2 years 8 mg; 2-3 years 10 mg; 3+ years 12 mg

PO oral, IV intravenous, IM intramuscular, SC subcutaneous, I7 intrathecal

Outcomes for relapsed ALL are much worse, promise to decrease TRM and improve survival and
stressing the need for effective therapy at initial may be particularly effective in LIC with infant
diagnosis. Graduated intensity regimens have the —mortality rates greater than 50/1,000 live births.
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PETHEMA ProgramaEspafiol de Tratamientos
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TMD Transient myeloproliferative
disorder

TRM Treatment-related mortality

VP-16 Etoposide

WBC White blood cells

WHO World Health Organization

Introduction

In low-income countries (LIC), the treatment of
children with cancer is influenced by unique cir-
cumstances that restrict improvement in cure
rates. The management of acute myeloid leuke-
mia (AML) demands a multidisciplinary team-
work approach as the treatment intensity required
to decrease the disease-associated mortality may
actually contribute to increased mortality because
of toxicity. Assuring rapid access to medical
facilities, providing appropriate medications and
blood products, developing a core of trained
health care professionals and laboratory person-
nel, improving diagnostic methods, and balanc-
ing the intensity of treatment and the quality of
supportive care are all necessary for improved
treatment results.

This chapter describes some of the important
features of the commonly used therapeutic strate-
gies that have been proved effective in treating
children with AML in high-income countries
(HIC). Included are approaches for particular
subtypes, such as acute promyelocytic leukemia
(APL) and myeloid leukemia of Down syndrome
(ML-DS). Strategies to adapt effective treatment
for use in LIC are also described.

Furthermore, this chapter highlights the
importance of improved supportive care mea-
sures and the barriers to and challenges in imple-
menting them in LIC.

Acute Myeloid Leukemia
in Children: Overview

AML represents approximately 15-20 % of acute
leukemias in children; a similar incidence has
been reported in LIC [1, 2].
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Table 17.1 Frequent signs and symptoms of AML

¢ Anemia, manifested by pallor and weakness

* Fever, resulting from infection or leukemia itself

e Hepatosplenomegaly

e Adenopathy

* Petechiae, ecchymosis, epistaxis, gingival bleeding

¢ Severe hemorrhage or disseminated intravascular
coagulation, most common in APL

¢ Gum infiltration
¢ Leukemic skin infiltration

¢ Granulocytic sarcoma or chloroma found in orbital,
paranasal sinuses, or paraspinal areas

The signs and symptoms of AML result from
the diffuse leukemic infiltration of the bone
marrow and extramedullary sites (Table 17.1).
Pallor, petechiae, and fever are the most com-
mon presenting signs and symptoms. Fever can
result from leukemia itself or an associated
infection. Hepatosplenomegaly and generalized
adenopathy can be present in AML but are less
common than in acute lymphoblastic leukemia.
Skin involvement and subcutaneous involvement
are relatively common, and deposits of myeloid
cells (chloroma, myeloblastoma) can occur in
any organ or tissue. Gingival swelling typically
is seen in cases of monoblastic leukemia. Anemia
and thrombocytopenia reflect the suppression of
normal hematopoiesis by leukemia-induced
bone marrow suppression. The white blood cell
(WBC) count is variable and depends on the
proliferative capacity of the leukemic cells.
Coagulopathy, a hallmark of APL, can occur in
other AML subtypes, particularly in those with
hyperleukocytosis. Hemorrhage and thrombosis
may occur and represent final events of a combi-
nation of thrombocytopenia, hypofibrinogen-
emia, infection, inflammation, and prothrombotic
substances released by the leukemic cells.

Diagnosis and Classification

The diagnosis and classification of AML relies
on morphologic, cytochemical, immunopheno-
typic, cytogenetic, and molecular features of
the leukemic cells. The presence of Auer rods
is a specific but not sensitive marker of AML.
Arrangement of Auer rods in bundles (faggot cells)
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Table 17.2 Comparison of FAB and WHO classifica-
tions of AML

FAB — Classifies into 8 subtypes, from

classification MO to M7, determined by
morphologic,
immunophenotypic, and
cytogenetic features

WHO — Incorporates genetic,

classification morphologic/cytochemical, and

immunophenotypic information
into subtypes of AML with
clinical and prognostic relevance

— Allows the AML diagnosis to be
made regardless of the blast cell
count in cases associated with
specific genetic abnormalities

is very suggestive of APL. Cytochemical studies
(myeloperoxidase, Sudan Black, nonspecific
esterase), immunophenotyping, cytogenetic
studies, and molecular studies provide further
evidence of the AML subtype and yield informa-
tion critical to prognosis and selection of risk-
adapted therapies.

In LIC, the diagnosis of AML is commonly
based on morphology and variably supported by
cytochemical and immunophenotypic analysis.
For this reason, AML is classified according to
the French-American-British (FAB) criteria.
Only highly specialized cancer units can perform
cytogenetics and molecular biology studies.
Lacking the information such studies can offer,
many LIC institutions are prevented from imple-
menting optimized therapy based on an accurate
characterization of AML subtypes.

The current World Health Organization
(WHO) classification of the myeloid neoplasms
incorporates morphologic, immunophenotypic,
cytogenetic, molecular, and clinical information
to reach a final classification (Table 17.2) [3].
The WHO scheme is the standard for uniform
characterization of AML and should be used for
treatment comparisons among different collab-
orative groups (Table 17.3).

Treatment of Pediatric AML

Modern treatment of pediatric of AML is similar
to that proposed in adult AML protocols.
Treatment guidelines have been established for
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Table 17.3 Frequent subtypes of pediatric AML in the
WHO classification

e Acute myeloid leukemia with recurrent genetic
abnormalities

—  AML with t(8;21)

— AML with abnormal bone marrow eosinophils and
inv(16)

— APL with t(15;17) (PML/RAR) and variants

—  AML with t(9;11)

— AML (megakaryoblastic) with t(1;22)

¢ Therapy-related myeloid neoplasms

¢ Acute myeloid leukemia, not otherwise specified
— Acute myelomonocytic leukemia
— Acute monoblastic/monocytic leukemia
— Acute erythroid leukemia
— Acute megakaryoblastic leukemia

¢ Myeloid sarcoma (Previously known as granulocytic
sarcoma or chloroma, it should be considered as
AML)

e Mpyeloid proliferation related to Down syndrome
— Transient abnormal myelopoiesis
— Mpyeloid leukemia associated with Down syndrome

(Comprising: transient abnormal myelopoiesis,
myelodysplastic syndrome, and myeloid leukemia
associated with Down syndrome)

more than 3 decades. Attempts to treat pediatric
AML using ALL guidelines were unsuccessful.
Improvement in pediatric AML outcome has
been essentially a result of improved supportive
care, risk-stratification, and effective manage-
ment of infections, particularly fungal infection.
Clinical trials that incorporated these elements,
including judicious indications for hematopoietic
stem cell transplantation (HSCT), have yielded
the best results [4, 5].

In general, complete remission (CR) rates of
around 95 % and overall survival (OS) rates of up
to 70 % are reported in HIC (Table 17.4) [6-9].
Treatment failures are mainly due to AML
relapse and, to a lesser extent, treatment-related
mortality (TRM).

In contrast with the progress made in pedi-
atric AML in HIC, the outcomes in LIC have
not improved significantly [10, 11]. Lack of
expeditious access to tertiary care centers for
opportune diagnosis and treatment, scarcity of
resources needed for diagnosis and treatment,
disparities between the increase in chemotherapy
intensity and the quality of supportive care,
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Table 17.4 Examples of treatment regimens used in AML

Induction: AIE (ARAC+IDA+VP-16)

AML-BFM Study
Group

AML-BFM 93 [26] Consolidation:

M. Bonilla and R.C. Ribeiro

High-risk patients: HD-ARAC+ MTZ (HAM) + 6-week consolidation
with 6-TG + prednisone + vincristine + doxorubicin + ARAC +

cyclophosphamide

Standard-risk patients: 6-week consolidation (see above) without HAM
Intensification: HD-ARAC + VP-16 (HAE)
CNS prophylaxis: Intrathecal ARAC +cranial irradiation
HSCT: allogeneic HSCT in high-risk patients if matched related donor is available
Maintenance: 6-TG daily + ARAC monthly for a total of 12 months

CR 82 %, 5-year OS 57 %
Medical Research

Induction I. ARAC+DAUNO+VP-16 (ADE) versus MTZ+ARAC+VP-16 (MAE)

Induction II: same as induction I but with ARAC shortened from 10 to 8 days

HSCT: allogeneic HSCT in standard or poor risk patients with matched related donor available

Council
MRC AMLI12
Trial [8] Consolidation 1: Amsacrine+ARAC+VP-16
Consolidation 2: HD-ARAC+ L-asparaginase
Consolidation 3—4: HD-ARAC+MTZ
CNS prophylaxis: Triple intrathecal methotrexate + ARAC+ hydrocortisone
CR 90 %, 10-year OS 61 %
NOPHO- Induction I ARAC+ 6-TG+VP-16+DOXO
AML 93 [7]

Consolidation 3: HD-ARAC

Consolidation 4: HD-ARAC+VP-16

Induction II: same as induction I for good responders, or ARAC+MTZ for poor responders
Consolidation 1: HD-ARAC+MTZ
Consolidation 2: HD-ARAC+VP-16

CNS prophylaxis: Intrathecal methotrexate

HSCT: allogeneic HSCT recommended to all patients with matched family donor

CR 92 %, 5-year OS 65 %

6-TG 6-thioguanine, ARAC cytarabine, CNS central nervous system, DAUNO daunorubicin, DOXO doxorubicin,
HD-ARAC high-dose cytarabine, HSCT hematopoietic stem cell transplantation, /DA idarubicin, MTZ mitoxantrone,

VP-16 etoposide

and a high prevalence of abandonment of
treatment hamper the outcomes (Table 17.5)
[10, 12—14]. Furthermore, high mortality rates
before or during induction reaching 18 %,
with overall TRM higher than 20 %, and
relapse reaching 35 % impose additional
obstacles to better cure rates [10, 15-17]. All
of these factors come together in a scenario
where malnutrition is present in more than
half of children with cancer [12, 18, 19]. These
circumstances along with the high prevalence
of severe acute and chronic infections at the
time of diagnosis constitute major issues that

Table 17.5 Principal barriers in treating AML in LIC

* Scant development of local multidisciplinary team
and laboratory facilities

» Insufficient financial support for pediatric oncology
units

e Lack of rapid access to medical facilities

e Scarce development of supportive care measures,
which results in inadequate balance between intensity
of chemotherapy and supportive care

e High rate of abandonment of treatment

e Lack of information that hinders learning from
treatment strategies in LIC that have either succeeded
or failed. Few published reports from LIC’s
experiences
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negatively influence the outcomes of children
with AML in LIC [20].

For APL, the introduction of therapy with all-
trans-retinoic acid (ATRA) and arsenic trioxide
(ATO) has been an important breakthrough in
reducing the risk of early mortality related to
coagulopathy, increasing CR rate, and reducing
relapse, thereby improving the outcomes of this
subtype of myeloid leukemia. Overall survival in
APL is greater than 90 % in HIC, but in LIC the
difficulties noted above limit the overall survival
of patients [14, 21-23].

Induction Therapy

The main objective in AML treatment is to achieve
a complete remission. Complete morphological
remission is defined as less than 5 % blast cells in
bone marrow (BM) with evidence of normal
myelopoiesis recovery, and without extramedul-
lary disease. The use of molecular and immuno-
phenotypic markers has revealed that meaningful
remission is achieved after the leukemia burden is
less than 0.1 % [24, 25]. An intensive induction
schedule is instrumental in achieving the treatment
objective.

Currently, the combination of cytarabine and
anthracycline with etoposide or thioguanine is
considered the mainstay of induction treatment in
AML, inducing remission rates of up to 90 % in
pediatric patients [8, 26].

Various strategies have been implemented to
intensify the induction treatment and are intended
to increase the CR rates and positively affect the
outcomes. Some examples are increasing cytara-
bine dosage, utilizing diverse anthracycline
drugs, and shortening the intervals between ini-
tial cycles of chemotherapy (i.e., intensive tim-
ing). However, in some trials higher intensity
negatively affected the CR rate because of an
increased number of deaths related to toxicity
[4], corroborating the importance of an optimal
balance between intensive chemotherapy and a
supportive care.

Results from earlier studies demonstrated that
cytarabine and anthracycline, both used as single
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agents, were effective in inducing initial CR in at
least one third of the patients.

Improvements in CR rates were achieved by
increasing the total dosage of chemotherapy
drugs during induction, or by shortening the time
between the initial blocks of treatment (intensive
timing) without increasing the cumulative dose
of chemotherapy.

The intensification of cytarabine therapy
achieved by increasing the number of cytarabine
days resulted in an improvement in CR rate [27—
29]. It has been demonstrated that increasing the
doses of cytarabine overcomes some resistance
mechanisms of leukemic cells [30, 31]. The com-
bination of cytarabine with daunorubicin
(DAUNO) (7 days of cytarabine+3 days of
DAUNO) in induction therapy resulted in
improved CR and OS rates [27, 29, 32].

An alternative strategy to intensify the induc-
tion therapy is the addition of a third drug such as
etoposide or purine analogs to the 7+ 3 regimen.
This addition resulted in better CR and OS rates;
however, no significant evidence of superiority
was found when etoposide versus purine analog
regimens were compared [33].

Likewise, anthracyclines at higher doses have
improved the outcomes in patients with AML,
with optimal results related to a cumulative dose
of 375-550 mg/m?, when administered in the
context of treatment with high-dose cytarabine as
postremission therapy [34, 35]. Nevertheless, use
of this dose intensification has been limited
because of its cardiotoxicity, associated with
either high peak serum concentrations or cumula-
tive dosages >300 mg/m? [36]. To reduce cardio-
toxicity it has been proposed to split the daily
dose or prolong the infusion of anthracyclines;
other options are the use of liposomal anthracy-
clines or cardioprotectant agents. However, there
is concern about a possible higher rate of second-
ary malignancies in pediatric cancer patients
treated with a cardioprotectant [37].

Several different anthracycline drugs have
been prospectively evaluated. Idarubicin (IDA),
mitoxantrone (MTZ) (an anthracenedione), and
other agents have been studied as substitutes for
DAUNO, but it appears that no anthracycline
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agent has any advantage over another in terms of
improving the outcome [35, 38].

The Medical Research Council (MRC) AML12
trial compared the efficacy and toxicity during
induction therapy of DAUNO and MTZ, each
agent in a combination with similar doses of cyta-
rabine and etoposide (ADE regimen versus MAE
regimen, respectively). With an approximate dose
ratio of 4:1 for daunorubicin:mitoxantrone, no sig-
nificant difference in CR rate or event-free survival
(EFS) was found; additionally, MTZ was associ-
ated with increased myelosuppression [8].

IDA is frequently used as part of the induction
treatment with a dose ratio of 5:1 for
daunorubicin:idarubicin  [26]. The Berlin/
Frankfurt/Muenster (BFM) Study Group com-
pared the induction with cytarabine, idarubicin,
and etoposide (AIE) versus ADE. With the AIE
regimen there was better reduction of blast cells
in the bone marrow at day 15 in high-risk patients.
However, both treatment groups had a similar OS
[26]. An additional advantage of IDA is its main
metabolite idarubicinol, which has a prolonged
plasma half-life and exerts antileukemic activity
in the cerebrospinal fluid (CSF) [39].

Doxorubicin appears to increase the incidence
of moderate and severe mucosal toxicity: stoma-
titis and typhlitis were more frequent in patients
treated with doxorubicin than with DAUNO [40].

Purine nucleoside analogs such as clofarabine,
cladribine, and fludarabine, which were initially
tested and found effective in relapsed AML [41-
43], have been also incorporated in induction
treatment of de novo AML, but their impact on
CR rates and OS have not been determined.

The most common induction regimens include
cytarabine and anthracycline. A third agent, usu-
ally etoposide or purine analogs, is sometimes
added to the cytarabine/anthracycline regimen. In
settings with limited resources, two courses of
induction with cytarabine, an anthracycline, and
a third drug, usually etoposide, are used to induce
remission. Seven days of cytarabine with 3 days
of anthracycline seem to be an adequate and
practical schedule in settings with high early
mortality rates. For patients with leukocytosis,
cytarabine (usually 100 mg/m?* every 12 h for
48-72 h administered intravenously via bolus
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injection or continuous infusion) can reduce the
WBC count and allow for support measures to
stabilize patients with concurrent infectious,
hemorrhagic, or metabolic complications.
Alternatively, hydroxyurea (25-50 mg/kg/day)
can be used for the same purpose.

Considering its therapeutic advantages and
toxicity profile, DAUNO seems to be better
suited for induction in LIC because it is associ-
ated with less mucosal toxicity, including muco-
sitis and typhlitis, than doxorubicin.

In LIC, the lack of the optimal supportive care
found in HIC prevents the delivery of the second
induction treatment in a shorter time interval
(i.e., use of an intensive timing strategy). For this
reason, the rapid clearance of blasts exerted by
IDA likely does not represent a practical advan-
tage that can outweigh the risks associated with
intensive timing that are encountered in LIC.

Implementing a three-drug induction strategy
(ADE or DAT: DAUNO, cytarabine,
6-thioguanine) requires a careful evaluation of
the actual supportive resources that are available
locally to assure an optimal balance between
intensity of treatment and supportive care. Key
issues to define this optimal balance are the mag-
nitude of the early mortality rate and the duration
of myelosuppression. High TRM rates represent
a negative impact on survival that surpasses the
advantages of a three-drug induction regimen.

Postremission: Consolidation
Therapy

Postremission therapy is necessary to eradicate
any residual disease and prevent relapse in
patients with AML. In this regard, different
AML cooperative groups have implemented
several strategies. Evidence from AML trials
has demonstrated that intensification of pos-
tremission therapy, with or without HSCT, is an
effective strategy to improve outcomes [4, 5, 26,
44]. A number of trials in children and adults
demonstrated that postremission therapy with
high-dose cytarabine (<1 g/m?dose) played a
key role in improving the outcome in children
with AML [45].
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Currently, in most of the pediatric AML trials,
the standard consolidation treatment is based on
a total of two to five courses of high-dose cytara-
bine, combined with non-cross-resistant agents
similar to what was previously given during the
induction [7, 46—48]. However, there is no clear
evidence that more than three consolidation
courses after two courses of induction leads to
better outcomes [8, 49].

The combination of high-dose cytarabine with
mitoxantrone (HAM) when given as a consolida-
tion block may provide the advantage of enhanc-
ing the cytotoxic activity by introducing a
non-cross-resistant agent (mitoxantrone) [26].

The use of etoposide as part of the postremis-
sion intensification strategy has contributed to
the improvement of outcomes in AML [50].
Treatment with HSCT as a consolidation strat-
egy has been studied, but recommendations for
HSCT in first CR remain controversial [34, 51].
There is evidence that HSCT improves the out-
comes in children with high-risk AML but not in
those with favorable cytogenetic findings [25,
26, 52-54].

A meta-analysis found no benefit in relapse
rate and OS for autologous HSCT versus chemo-
therapy alone. Additionally, it appears that there
is an increased risk of death during first remission
for patients treated with autologous HSCT.
Consequently, autologous HSCT should not be
recommended as the first-line postremission ther-
apy for AML children in first CR (CR1) [55].

Data from MRC showed that allogeneic HSCT
in CRI1 failed to show a survival advantage
because of an increase in procedure-related
deaths. Furthermore, autologous HSCT did not
improve the long-term survival, not because of
increased procedure-related deaths, but because
of inferior survival after relapse [8]. Therefore,
accurately diagnosing patients who have predic-
tors of poor response to chemotherapy can be
benefited by allogeneic HSCT in CRI.

With the exception of APL, a maintenance
therapy has not proved to be effective for AML
patients when treated with intensified therapy
[32, 46, 56]. Therefore, the prolonged mainte-
nance treatment has been omitted in most of the
contemporary clinical trials [8, 46-48].
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CNS-Directed Therapy

The incidence of central nervous system (CNS)
leukemia in pediatric AML at the time of diag-
nosis ranges from 3 to 30 % [35, 51, 57]. CNS
leukemia is associated with young age, hyper-
leukocytosis/leukostasis, monocytic leukemia
(FAB M4 or M5) including acute myelomono-
cytic leukemia with bone marrow eosinophilia
(M4eo) with inv(16), and MLL gene rearrange-
ment [51, 57].

Previously, for AML patients without CNS
involvement, the CNS prophylaxis was either sin-
gle or triple intrathecal drug delivery, given alone
or combined with cranial irradiation. Currently,
there is evidence that treatment with repeated
courses of intensive chemotherapy combined with
intrathecal therapy, even omitting cranial irradia-
tion, may prevent CNS relapse [51]. Furthermore,
in the context of intensive treatment comprising
high-dose cytarabine, which crosses the blood—
brain barrier, CNS leukemic infiltration at diagno-
sis is not an adverse prognostic factor, and these
patients can be cured without cranial irradiation
[51, 58, 59]. Therefore, at present, most clinical
trials have abandoned the cranial irradiation, even
for patients who presented with CNS involvement
[47, 48, 60]. An additional reason to omit cranial
irradiation is its late sequelae, including second-
ary malignancies [61, 62]. The BEM Study Group,
however, continues using cranial irradiation
because of the reduction in systemic relapses
observed in patients receiving CNS irradiation in
their studies [26].

At relapse, the incidence of CNS involvement
appeared to be less in patients who received CNS
prophylaxis as part of the initial treatment than in
those who did not [63].

There are no data comparing the efficacy of
single drug (either methotrexate or cytarabine)
versus triple drug (methotrexate, cytarabine, and
hydrocortisone) intrathecal therapy. However,
evidence from clinical trials revealed that the tri-
ple intrathecal regimen is associated with low
rates of CNS leukemia relapse [8, 51, 60].
Currently, CNS prophylaxis with single or triple
intrathecal chemotherapy at age-adjusted doses is
commonly used for most pediatric clinical trials.
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Total doses range from 4 to 12, but the optimal
number remains unknown [4, 57].

It appears that in pediatric AML a small num-
ber of blasts in the CSF (CNS-2 status) do not
represent a risk factor for CNS relapse in patients
treated with intensive chemotherapy [58, 59].
Moreover, there is evidence that in the context of
intensive chemotherapy combined with intrathe-
cal treatment, CNS positive status (CNS-3 status)
at the time of diagnosis does not affect OS [58,
59]. Patients with CNS3 status require intensified
CNS-directed therapy. The accepted treatment
approach is to administer weekly intrathecal ther-
apy until the CSF is clear of leukemic cells, not
less than four doses, and then monthly doses until
the end of therapy, without cranial irradiation [8,
57, 59, 60].

Acute Promyelocytic Leukemia
in Children

APL is a particular subtype of AML with distinct
clinical features, genetic abnormality, and excel-
lent outcomes when treated appropriately. In
many series, APL constitutes 5-10 % of child-
hood AML [8, 46, 48] with a higher incidence in
some ethnic groups as reported in Hispanic and
Mediterranean populations [2, 64-67].

APL is characterized by an increased risk of
life-threatening hemorrhagic complications, an
abnormal promyelocytes morphology (M3 FAB)
strongly associated with the t(15;17), and a high
sensitivity to ATRA and ATO that leads to favor-
able outcomes.

APL is a medical emergency because of the
increased risk of life-threatening hemorrhagic
complications occurring at the time of diagnosis or
during the initial treatment. The risk of early hem-
orrhagic death, mainly intracranial hemorrhage, is
higher in patients with WBC count >10x 10°/L
and with the M3 variant morphology [4].

Commonly, the diagnosis of APL has been
based on the leukemic cells morphology comple-
mented with the confirmatory demonstration of
the t(15;17).

The FAB morphological classification
describes two subtypes of APL: the classical M3
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form (M3-AML) and the hypogranular or
microgranular variant form (M3v-AML). The
M3-AML form is characterized by hypergranular
promyelocytes with heavy azurophilic granules,
bundles of Auer rods (faggot cells), and bilobed
nuclei. By contrast, in the M3v-AML form, the
majority of blast cells have bilobed, multilobed,
or reniform nuclei, with few or no azurophilic
granules; still, in M3v-AML at least a few cells
with features of classical M3-AML morphology
can be found [4, 68].

A characteristic, but not diagnostic, immuno-
phenotypic profile has been described, namely, the
consistent expression of CD117 and the lack of
CD34 and HLA-DR expression. The presence of
these findings, in the context of myeloperoxidase-
positive blast cells, and myeloid antigen expres-
sion as CD13 and/or CD33 make APL diagnosis
possible [69].

Cytogenetics and molecular analysis identify
either APL with the classical t(15;17) or the vari-
ant forms; also molecular methods allow subse-
quent molecular minimal residual disease (MRD)
monitoring.

In the current WHO classification, APL is
classified in the subgroup of AML with recurrent
genetic abnormalities (see Table 17.3). According
to this classification, the demonstration of the
t(15;17) is sufficient for the diagnosis of AML,
regardless of the blast cell percentage in periph-
eral blood (PB) or BM [3]. The WHO classifica-
tion also recognizes three RARalpha variant
translocations, two of them with t(11;17), and
one with t(5;17). Each of these variants has a dif-
ferent response to ATRA, with t(11;17) being the
most resistant to this treatment [3, 70].

The therapy with ATRA should be initiated
immediately in children with leukemia present-
ing with peripheral blood blasts with APL cell
morphology.

Currently, up to 80 % of children with APL
are cured when their treatment protocol com-
bines ATRA and anthracycline (Table 17.6) [71-
74]. The unique sensitivity of APL blast cells to
ATRA and to ATO has contributed to the achieve-
ment of CR rates around 95 % by reducing the
risk of early mortality related to hemorrhagic dis-
orders. ATRA induces the differentiation of the
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Table 17.6 Examples of treatment regimens used in APL

Induction: ATRA+IDA (AIDA regimen)
Consolidation: 3 monthly courses

GIMEMA
APL-AIDA 2000 [99]
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High-risk patients: HD-ARAC+IDA+ATRA (course 1); MTZ+VP-16+ATRA
(course 2); ARAC+IDA+6-TG+ATRA (course 3)

Low-/intermediate-risk patients: omitting ARAC from courses 1 and 3, and
omitting VP-16 from course 2

CNS prophylaxis: methotrexate + methylprednisolone before each consolidation cycle

Maintenance: low-dose chemotherapy with 6-MP+methotrexate; alternating with
ATRA for 15 days every 3 months, during 2 years

CR 94 %, 6-year OS 87 %
Induction: ATRA+IDA (AIDA regimen)
Consolidation: 3 monthly courses

PETHEMA
LPA 2005 [21]

High-risk patients: HD-ARAC+IDA+ATRA (course 1); MTZ+ATRA (course 2);
ARAC+IDA+ATRA (course 3)

Low-/intermediate-risk patients: omitting ARAC from courses 1 and 3, and

reducing dose of MTZ

CNS prophylaxis: not given

Maintenance: low-dose chemotherapy with 6-MP+methotrexate; alternating with
ATRA for 15 days every 3 months, during 2 years

CR 92 %, 4-year OS 88 %
Induction: ATRA+AIE (ARAC+IDA+VP-16)

Consolidation: 3 courses: intermediate-dose ARAC+IDA (course 1); intermediate
dose ARAC+MTZ (course 2); HD-ARAC+VP-16 (course 3)

AML-BFM Study Group

AML-BFM 2004 for APL
(791

CNS prophylaxis: Intrathecal ARAC (in a total of 11)+cranial irradiation

Maintenance: low-dose chemotherapy with 6-TG+ARAC; alternating with ATRA for
15 days every 3 months during 18 months

CR 94 %, 5-year OS 94 %

6-MP 6-mercaptopurine, 6-TG 6-thioguanine, ARAC cytarabine, ATRA all-trans retinoic acid, CNS central nervous
system, DAUNO daunorubicin, GIMEMA Gruppo Italiano Malattie Ematologiche dellAdulto, HD-ARAC high-dose
cytarabine, /DA idarubicin, MTZ mitoxantrone, PETHEMA Programa Espafiol de Tratamientos en Hematologia, VP-16

etoposide

leukemic blasts into mature granulocytes and
consequently induces apoptosis without acute
lyses of the leukemic blasts, thus preventing the
release of fibrinolytic and procoagulant factors
from the cytoplasmic granules of the leukemic
promyelocytes.

Despite this beneficial action, ATRA can
cause considerable, but manageable toxicity by
producing severe complications by inducing and
increasing the WBC count and in some cases
causing APL-differentiation syndrome (APL-DS)
[75, 76]. The pathogenesis of APL-DS appears to
be related with an excessive inflammatory
response; it is characterized by fever, weight
gain, respiratory distress, pulmonary infiltrates,
pleural or pericardial effusion, and renal failure
[57,75,76].

As a single agent, ATRA was shown to be
highly effective in inducing CR, but with a high
rate of relapse [72, 77]. ATRA combined with
chemotherapy  improved the  outcomes.
Additionally, the combined use of ATRA and
chemotherapy decreased the incidence of the
APL-DS in patients with WBC counts greater
than 10x 10°/L [78].

Currently, the concomitant use of ATRA and
anthracycline is considered the optimal induction
treatment [4, 72, 74, 78]. An ATRA dose of
25 mg/m?*/day appears to produce outcomes
similar to that achieved with the higher dose of
45 mg/m?*day commonly used in adults [72, 74,
78]. For patients with non-ATRA-sensitive AML-
M3, the therapeutic approach must be based on a
standard intensive AML protocol.
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Anthracyclines are commonly used to obtain
better results in APL treatment, but the cardio-
toxicity associated with a high cumulative dose
limits their use. Alternatively, it appears that it
can be equally effective to combine reduced
doses of anthracycline with cytarabine and ATRA
during consolidation treatment [79].

APL is the only subtype of AML in which
maintenance therapy has proven benefit.
Treatment with 6-mercaptopurine and metho-
trexate, combined with intermittent courses of
ATRA (15 days every 3 months) has improved
the results [74]. Additionally, HSCT in CRI1 is
not indicated because of the good results obtained
with chemotherapy alone.

In countries with limited resources, treating
children with APL can be challenging but could
yield encouraging results, since the outcomes can
be positively influenced by better supportive
measures [23, 66].

The risk of fatal hemorrhage is higher in cen-
ters with difficulties in maintaining adequate sup-
plies of blood components for transfusion
support. Therefore, the early recognition of the
diagnosis may prompt the adoption of immediate
actions: initiation of treatment with ATRA at
25 mg/m?, early onset of intense plasma and
platelet transfusional support, and avoidance of
procedures with an intrinsic risk of bleeding, e.g.,
spinal taps, placement of central venous cathe-
ters, leukapheresis.

In settings with suboptimal availability of
blood products, prophylactic/preemptive transfu-
sion of platelet and plasma products, rather than
therapeutic transfusion, can increase the CR rate
and lead to better outcomes. Therefore, increas-
ing the threshold for platelet transfusion in order
to maintain platelet counts >50x 10°/L. emerges
as a mandatory practice in centers with inade-
quate supplies of products for transfusion sup-
port. Similarly, fibrinogen levels should be
maintained above 1.5-2 g/l with fresh frozen
plasma or cryoprecipitate [72, 73, 78, 80].
Additionally, because of its rapid impact on both
fibrinolytic and procoagulant aspects of the coag-
ulopathy, adequate access to ATRA is critical to
pediatric oncology units in LIC.
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Leukocytosis is associated with an increased
incidence of APL-DS. Therefore, anthracycline
should be started with ATRA therapy on the first
day of induction for patients with high WBC
counts (>10x 10°/L). Patients with high WBC are
also at high risk of developing APL-DS. For this
reason, dexamethasone (0.5-1.0 mg/kg every
12 h), should also be given to these patients at the
beginning of therapy. If patients progress to
severe APL-DS, ATRA should be discontinued
for 72 h and carefully reintroduced [72, 78].
Similarly, the reduction of ATRA dose (from 45
to 25 mg/m?) can reduce the incidence of APL-DS
and pseudo tumor cerebri [66, 72, 78].

Down Syndrome: Transient
Myeloproliferative Disorder
and Myeloid Leukemia

Myeloid leukemia (ML) in Down syndrome (DS)
is a unique form of leukemia because of distinc-
tive clinical and biological features. DS-associated
AML is very responsive to standard AML che-
motherapy regimens [81].

Down Syndrome: Transient
Myeloproliferative Disorder

Infants with DS are also at risk of developing a
transient myeloproliferative disorder (TMD), a
condition with a presentation often indistinguish-
able from leukemia.

TMD may be diagnosed in 5-10 % of new-
borns with DS. It is characterized by the presence
of circulating megakaryoblasts in the PB with
various degrees of leukocytosis, abnormal plate-
let count, and hepatomegaly/splenomegaly in a
newborn with DS [4, 82—-84]. Most of the patients
with TMD will have spontaneous remission
within 3—6 months. About 25 % of TMD patients
will develop myeloid leukemia 1-3 years after
the resolution of the TMD phase. In addition, this
transient disorder can occur in phenotypically
normal newborns with mosaic DS. Almost all
cases of TMD have megakaryoblasts with a
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mutation in the GATAI gene located on chromo-
some X. The same mutation is found in mega-
karyoblastic leukemia occurring in children with
DS younger than 4 years. There is evidence that
the GATAI mutation occurs in utero, in hemato-
poietic cells in the fetal liver, having spontaneous
resolution when hematopoiesis in fetal liver
ceases [4, 85, 86].

Unless complications occur, no chemotherapy
is indicated for TMD. A short course of low-dose
cytarabine, e.g., 1-1.5 mg/kg/day for 3—12 days,
is usually indicated in patients with hepatic or
pulmonary dysfunction, hemorrhagic disorder, or
hyperleukocytosis [4, 83, 87, 88].

In patients with TMD, the causes of death are
related to organ failure secondary to hyperviscos-
ity affecting the liver, heart, lungs, and kidney,
and causing bowel ischemia with necrotizing
enterocolitis.

In countries with limited resources, the oppor-
tune identification of TMD and its appropriate
treatment is a feasible option, given that the diag-
nosis can be reliably based on clinical and hema-
tological findings in infants with DS. Therefore,
to define the criteria for the initiation of an early
chemotherapeutic treatment may be of significant
benefit for the outcomes.

Currently, the early onset of treatment with
low-dose cytarabine is recommended for patients
with WBC count >100x10°/L, progressive
organomegaly, evidence of liver dysfunction,
bleeding diatheses, multiple effusions (pleural,
pericardial ascites or hydrops), preterm delivery,
low birth weight (<3 kg), or failure of spontane-
ous remission [83, 87, 88].

Close monitoring in the next 4 years, given the
increased risk for the development of leukemia
during this period, would allow for opportune
diagnosis of myeloid leukemia with megakaryo-
blastic features and consequently improve the
outcomes. Thus, DS patients with persistent
thrombocytopenia, or any other blood count
abnormality, whether or not previously treated
for TMD, should be evaluated to rule out myeloid
leukemia.
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Down Syndrome: Myeloid Leukemia

Children with DS younger than 4 years have a
500-fold higher incidence of acute megakaryo-
blastic leukemia (AMKL) than non-DS chil-
dren [82, 89]. Furthermore, AMKL represents
the predominant AML subtype in children with
DS [89], although other morphological subtypes
can occur.

According to the current WHO classification
scheme, the diagnosis of myeloid leukemia in
children with DS should be made regardless of
the blast count in BM or PB (see Table 17.3) [3,
57]. It has been proposed that in DS patients,
myelodysplasia and ML-DS be considered as
successive stages of a single entity named
myeloid leukemia associated with Down syn-
drome [3, 90]. Both entities share similar biologi-
cal features and high sensitivity to chemotherapy;
additionally, about 20 % of patients with ML-DS
had a variable period of myelodysplasia before
their diagnosis [89].

With reduced treatment regimens and pro-
longed intervals of recovery between each course
of therapy, younger children with ML-DS
respond well, with long-term survival rates of
about 80 % [81, 83, 91, 92]. Regardless of the
reduction in treatment intensity, the relapse rates
have stayed low at about 5 % [81, 91, 92]. Older
pediatric patients, particularly those older than 4
years, with ML-DS tend to have inferior out-
comes with increasing age at diagnosis [81], and
they should be treated on the same pediatric
AML regimens for non-DS.

The increased risk for severe cardiotoxicity
related to anthracycline in children with AML-DS
appears to be related to the augmented quantity
of genes located on chromosome 21, which pre-
disposes to anthracycline-related cardiomyopa-
thy [4, 93]. Consequently, the recommended
cumulative dose of anthracycline in children with
DS is 220-240 mg/m? [81].

Because of the increased risk of severe toxic-
ity without therapeutic benefit, HSCT is not indi-
cated as frontline therapy in DS with AML [81].
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Supportive Care

Implementing more intensive AML treatment
protocols in LIC requires synchronously advanc-
ing key supportive care components such as pre-
vention and treatment of infectious complications,
accessibility to intensive care units (ICU), and
efficient transfusional and nutritional support.
The disparity in cure rates between HIC and
LIC can be reasonably attributed in part to the
scarce development of supportive care measures
together with a high rate of abandonment of ther-
apy. Therefore, strategies to improve cure rates
should focus on those factors, considering that
these interventions must be designed based on
understanding of the characteristic settings in LIC.

Treatment of Infection: Overview

Bacterial and fungal infections during neutrope-
nia after chemotherapy are the main cause of
mortality during treatment in developing coun-
tries [10, 14—-16, 94]. The strategies for managing
and preventing infectious diseases occurring dur-
ing leukemia treatment have helped increase the
cure rate. Patients with febrile neutropenia or
with clinically/microbiologically documented
infections should be hospitalized and treated with
broad-spectrum antibiotics and antifungal agents.
The diagnostic workup and therapeutic decisions
should be based on guidelines with clearly
defined timely decisions.

Antibiotic Prophylaxis

Antibiotic prophylaxis is defined as the use of
antimicrobial agents at the onset of neutropenia
without fever or any sign of infection.

It is cost-effective to implement antibiotic pro-
phylaxis strategies in LIC for two key reasons:
first, its potential impact on reducing the compli-
cations and mortality rate commonly encountered
when treating rather than preventing infections
and, second, the lower cost of prophylaxis com-
pared with the cost of the therapeutic treatment,
which often requires ICU support [95].
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The intensity of the chemotherapy and the
prolonged severe neutropenia are factors directly
associated with severe infections and treatment-
related death. Additionally, patients with AML
are more susceptible to severe infections due to
the utilization of chemotherapy regimens associ-
ated with higher mucosal injury. The impact of
these factors can be exacerbated in settings where
the time of initiation of antibiotics is usually
delayed because of the lack of immediate access
to hospital beds, including access to ICU, along
with the scarcity of antimicrobial and antifungal
supplies that often occurs in LIC.

In HIC, antimicrobial prophylaxis has been
shown to reduce the incidence of severe infec-
tion. Given the limitations on care of patients
with AML in LIC, antimicrobial prophylaxis
may provide a benefit thereby reducing the rate
of severe infection and consequently decreasing
the high mortality rate.

Recent studies from the AHOPCA group
(Central America Pediatric Hematology Oncology
Association) reported an increased risk of micro-
biologically documented infections associated
with a longer length of time between the last che-
motherapy and the initial sign or symptom of
infection. This situation can be a reflection of the
prolonged neutropenia, which is well known to be
associated with adverse outcome in children with
cancer [96]. Furthermore, parental illiteracy was
found to be associated with delay in the decision
to seek care after the onset of fever; also, more
deaths occurred in patients with a long travel time
to the hospital and in families with a low annual
household income [97].

In such circumstances, antimicrobial prophy-
laxis seems to be a reasonable approach to reduce
the impact of infectious complications. Its advan-
tage may come either from the benefit provided
by antimicrobial agents in preventing severe
infections or the simple gain added by maintain-
ing the patient under close surveillance (a short-
time travel away from the cancer unit), thus
facilitating prompt attention to any complication,
including noninfectious complications such as
hemorrhagic events.

The design of the prophylactic regimen should
be based on knowledge and evidence from centers
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at developed countries, but adapted to the local
epidemiology of infectious diseases and accessi-
bility to antimicrobial agents. There is a recog-
nized benefit of prophylaxis with cefepime or
vancomycin-containing regimen in patients with
AML treated with high-dose cytarabine who are at
increased risk of developing sepsis and pneumonia
for viridians group streptococci [95]. The same
recognition of benefit applies to fluoroquinolone
prophylaxis in reducing the risk of infection-
related mortality, trimethoprim-sulfamethoxazole
in patients with prolonged periods of neutropenia
who are at increased risk of Pneumocystis jirovecii
infection, and voriconazole for antifungal pro-
phylaxis [98].

Transfusional Support

In AML, hemorrhage can occur at the time of
diagnosis or during treatment; this complication
can be related to thrombocytopenia and/or defi-
ciency of coagulation factors. Particularly in
APL, bleeding in the CNS is the leading cause of
early death. The risk of death related to coagu-
lopathy can be reduced with intensive fresh fro-
zen plasma and platelet transfusion [80].

Shortage of blood product supply is a recur-
rent situation in blood banks in LIC. A practical
approach to this situation would be the adoption
of defined guidelines for transfusion, e.g., setting
the threshold for platelet transfusion at a higher
value in anticipation of the blood bank’s delay in
meeting the patient’s requirements. In addition,
as described in the APL section, intensive pro-
phylactic (instead of therapeutic) transfusion
support with platelet and fresh-frozen plasma
may increase the CR rate by preventing the early
mortality related to hemorrhagic events.

Beside treatment and prevention of infectious
complications and transfusional support, safety
of indwelling venous catheters, early dental inter-
vention to restore oral health, and improvement
of nutritional status, among others, are areas of
care where improvement is feasible and would
have great effectiveness in reducing the risk of
severe complications.
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In summary, various significant factors
influence survival: some are associated with the
medical field per se, while others are related to
the patient’s social, cultural, and economic set-
ting. Although efforts to address the sociodemo-
graphic factors are necessarily multidisciplinary
and require an extended time for their implemen-
tation, measures to address the medical issues
can be implemented in a shorter time within the
clinical setting.
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Introduction

Hodgkin lymphoma (HL) in children and adoles-
cents is one of the success stories in the quest to
cure childhood cancer, and, at least in high
income countries (HIC), has excellent outcomes.
This success, however, has not translated to all
low and middle income countries (LMIC), where
patients present with a long history of symptoms,
in poor clinical condition with malnutrition,
infections, signs of chronic illness, and advanced
stages. Survival in LMIC is also hampered by
lack of adequate diagnosis, staging, drug short-
ages, inadequate access to radiotherapy, delays in
therapy, and social hardship leading to abandon-
ment of therapy. The cost of HL therapy is largely
driven by pathology evaluation, radiation ther-
apy, and diagnostic imaging studies; chemother-
apy and supportive care comprise only a smaller
portion of the costs. The minimum necessary
supportive care consists of antibiotics and anti-
emetics; blood products are rarely needed, and
therapy can be administered in the outpatient set-
ting without the need for growth factor support.
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In a study evaluating the cost of therapy in Africa
for a child with stage II disease and followed for
2 years the cost was above USD 6,500 in a conti-
nent where the annual gross domestic product per
inhabitant is usually less than USD 2,000 [1].
These costs can possibly be reduced by carefully
choosing the minimal necessary diagnostic imag-
ing studies required for staging, and chemother-
apy regimens that will permit omitting
radiotherapy. Another hidden cost of therapy
though is the loss of income parents have to incur
while visiting the pediatric oncology unit for
their child to receive therapy, or even worse, their
child is admitted to the hospital due to toxicity of
therapy. Families with multiple kids need to also
consider the cost of investment to cure a child
with cancer in view of other healthy children at
home. However, because HL is curable, easily
diagnosed, and comprises an important portion of
children with cancer, every child presenting to
medical attention with suspected diagnosis of HL
should be given a chance of cure. The cost of
relapse should be avoided upfront, and the cost to
society of loosing a child to cancer ought to be
avoided altogether.

Epidemiology

In HIC, HL has a bimodal distribution with the
first prominent peak in young adult and the sec-
ond peak after the age of 50. In most reported
studies in LMIC HL occurs in younger age
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with a peak incidence at 5-9 years of age [2, 3].
This is considered to be due to poor socioeco-
nomic conditions with earlier exposure to
infectious agents. Histopathology distribution
is also different with mixed cellularity subtype
being the most frequent histology in this set-
ting while in HIC nodular sclerosis HL is the
most common subtype of HL.

Epstein-Barr virus (EBV) seems to play an
important role in HL, particularly in LMIC where
it has been shown that more than 90 % of tumors
have EBV markers. In HIC it is found in only
about 50 % of the tumors. It has been shown that
EBV-infected B cells are transformed into lym-
phoblastoid cell lines that are considered as a pre-
requisite for malignant transformation [4]. The
main markers of EBV-infected cells are the
nuclear antigens EBNA and latent membrane
proteins (LMP). LMP1 and EBNA1 which are
expressed in most EBV-infected cells are a good
marker of chronic infection. EBV markers are
mainly found in mixed cellularity subtype and in
children less than 10 years old [5].

Pathology

Clinical presentation is most frequently a painless
cervical or supraclavicular lymphadenopathy.
Mediastinal lymphadenopathies are usually
discovered at chest X-ray or CT scan. They are
rarely compressive, associated with nonproductive
cough, dyspnea, or superior vena cava syndrome.
Infradiaphragmatic HL is very rare (less than 5 %)
as initial symptoms [6]. In about 30 % of patients
cytokine production is responsible for nonspecific
systemic symptoms including fever, weight loss,
or drenching night sweats. These symptoms are
usually associated with more aggressive disease.
Pathology confirmation is mandatory to estab-
lish the diagnosis of HL. It is best done when a
good lymph node biopsy is made. The biopsy
should be done on the most representative
enlarged lymph node since sometimes satellite
reactive lymph nodes can be misleading. HL is a
lymphoid neoplasm composed of Hodgkin and
multinucleated cells called Reed-Sternberg
(HRS) cells surrounded by immuno-reactive

M. Metzger and M. Harif

cells (lymphocytes, plasmocytes, eosinophiles,
etc.) and various amount of fibrosis. WHO recog-
nizes two major subtypes of Hodgkin lymphoma,
classical HL and nodular lymphocyte predomi-
nant HL. Histopathology classification of HL is
based on proportion of HRS and the pattern of
reactive background (Table 18.1).

Immunophenotyping is recommended as a
routine diagnostic tool. In LMIC where this tech-
nique is not available for all patients, it should be
done when clinical and/or pathological morpho-
logical findings are not clearly consistent with
HL. The most common phenotype of HRS cells
is expression of CD30 and CD15 and negativity
of CD45. CD30 is the most frankly expressed
marker but is not specific as it may also be
expressed in anaplastic large cell lymphoma;
CD15 is less frequently and less intensely
expressed. EBV marker LMP1 may also be help-
ful in establishing the diagnosis [7].

Staging and Response Evaluation

Staging of Hodgkin lymphoma is performed
according to the Ann Arbor staging classifica-
tion as detailed in Table 18.2 [8]. It is desirable
to carefully document signs and symptoms at
presentation as well as all sites of involvement
at diagnosis in order to better follow up response
to therapy. Furthermore, a proper staging is
important in determining adequate risk category
of the patient to help decide on the appropriate
management. Table 18.3 lists all evaluations for
presenting new patients. A thorough medical
history focusing on unexplained fevers, drench-
ing night sweats, or more than 10 % uninten-
tional weight loss in the last 6 months will
confirm the presence of B symptoms, an impor-
tant prognostic factor and indicator of more
advanced disease. In countries with prevalent
malnutrition and endemic malaria, these symp-
toms may often be difficult to attribute to the
lymphoma versus general health conditions, but
given the often late presentation and bulk of the
disease, it is best to err on the side of caution
and attribute them to the lymphoma. Signs of
superior vena cava syndrome (dyspnea, facial
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Table 18.1 Histopathology subtype of Hodgkin lymphoma (RS: Reed-Sternberg)

Pathology classification
Classical Hodgkin lymphoma
Nodular sclerosis

Mixed cellularity

Lymphocyte-rich
Fine sclerosis

Lymphocyte-depleted
few reactive lymphocytes

Nodular lymphocyte predominant Hodgkin lymphoma

Table 18.2 Ann Arbor staging system with Cotswold
modifications for Hodgkin lymphoma [8]

Stage

I Involvement of a single lymph node region or
lymphoid structure, e.g., spleen, thymus, or
Waldeyer’s ring

II  Involvement of two or more lymph node regions on
the same side of the diaphragm

I Involvement of lymph node regions on both sides of
the diaphragm (III), which may be accompanied by
involvement of the spleen (IIls)

IV Diffuse or disseminated involvement of one or more
extranodal organs or tissues, with or without
associated lymph node involvement

Symptoms

A Absence of B symptoms

B  Fever (temperature >38 °C), drenching night
sweats, unexplained loss of >10 % of body weight
within the preceding 6 months

Disease bulk and extension

X  Bulky disease (a widening of the mediastinum by
more than one-third or the presence of a nodal mass
with a maximal dimension >6 cm)

E Involvement of a single extranodal site that is
contiguous from a known nodal site

RS cells set in a background

of reactive lymphocytes, eosinophils,
and plasma cells with varying degrees
of collagen fibrosis/sclerosis

RS cells admixed with numerous
inflammatory cells including
lymphocytes, histiocytes, eosinophils,
and plasma cells without sclerosis

Few RS cells. Many B cells.

Pleomorphic RS cells with only

Clinical features

Most frequent in adolescent
and young adult

Slight female predominance
Mediastinal involvement (80 %)
EBYV association (75 %)

Male predominant

Young age

Peripheral lymph node involvement
Advanced stage

Rare

Localized stages

Good prognostic

Rare

Advanced stages (bone marrow,
retroperitoneal, and abdominal
organ involvement)

Sometime HIV-associated

Very rare
Young age
Good prognostic

swelling, cough, orthopnea, and headache) or of
tracheal and/or bronchial compression (cough,
dyspnea, and orthopnea) should immediately
alert the medical practitioner of a possible large
mediastinal mass and prompt a chest radiograph
for evaluation. Careful physical examination of
all peripheral lymph node groups, documenting
site and size, as well as evaluation for hepato-
splenomegaly should be part of the initial stag-
ing work-up. While laboratory tests are desirable
to determine adequate organ function prior to
starting therapy, and can also contribute to
inform on the prognosis, these are not required
for risk classification and unavailability should
not be an obstacle to therapy. In regard to diag-
nostic imaging, chest radiographs can inform
about bulk of a chest mass (mediastinal to tho-
racic ratio greater than 33 %), as well as the
presence of obvious pulmonary nodules. When
CT or MRI is not available for a full anatomic
localization of disease, an abdominal ultrasound
can be used to evaluate infradiaphragmatic
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Table 18.3 Diagnostic evaluation for newly diagnosed Hodgkin lymphoma

Diagnostic evaluation
Medical history

Physical examination

Laboratory tests

Diagnostic imaging,
anatomic

Diagnostic imaging,
functional

Biopsy

Important elements
“B” symptoms

Symptoms of a
mediastinal mass

Lymph nodes

Tonsils

Lung auscultation

Liver and spleen

Blood pressure and cardiac
auscultation

Complete blood count

Biochemistry profile

Erythrocyte sedimentation
rate, C-reactive protein

Chest radiograph

Skeletal survey

US abdomen and pelvis
CT of neck, chest

CT or MRI of abdomen,
and pelvis

Gallium-67 scintigraphy

T bone scintigraphy

SFDG-PET

Lymph node

Bone marrow

Comments

Unexplained fever with temperatures above 38.0 °C
orally, unexplained weight loss >10 % within 6 months
preceding diagnosis, and drenching night sweats
Superior vena cava syndrome: dyspnea, facial swelling,
cough, orthopena, and headache

Tracheal or bronchial compression: cough, dyspnea, and
orthopnea

Location and size of all abnormal lymph nodes should
be documented

Symmetry, size, and nodular infiltration

Stridor is heard when tracheal compression is significant
and wheezing when smaller airways are compressed by
hilar lymphadenopathy

Hepatomegaly splenomegaly is common, even if the
spleen does not have macroscopic lymphoma infiltration
A friction rub indicates pericardial effusion; pulsus
paradoxus implies cardiac tamponade

Anemia and leukocytosis have been associated with a
poor prognosis

Lactate dehydrogenase and low albumin have been
associated with a poor prognosis. Creatinine and
bilirubin measurement are necessary prior to
chemotherapy administration to determine whether dose
adjustments are needed. Elevated alkaline phosphatase
is associated with bone involvement, and a bone scan or
skeletal survey is warranted if it is significantly elevated
Elevation of these and other markers of inflammation
have been associated with a poor prognosis and can be
followed for response

To determine mediastinal to thoracic ratio and evaluate
tracheal compression, look for obvious pulmonary
nodules

To evaluate suspected sites of bony involvement for
patients with localized symptoms and/or elevated
alkaline phosphatase

Useful to assess infradiaphragmatic disease when CT or
MRI is not available

Lymph node size and location, and to evaluate for
pulmonary involvement and extranodal extension
Lymph node size and location, lymphomatous
involvement of the spleen and/or liver

Metabolic activity of involved nodes and organs. Lower
sensitivity than PET, but helpful in assessing response in
residual masses

Useful to detect bone lesions in patients with an elevated
alkaline phosphatase when PET/CT is not available
Metabolic activity of involved nodes and organs.
Requires expertise due to high sensitivity but low
specificity

Excisional, not fine needle, in order to confirm the
diagnosis prior to initiation of therapy

In patients that are not already high risk and in whom
involvement would change risk assignment and therapy
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disease like liver and spleen involvement as
well as inform about para-aortic and iliac
nodal involvement. Currently, the gold standard
as far as functional imaging is the '|Fluoro-
deoxyglucose positron emission tomography
(PET scan) which can reveal metabolic activity
in involved nodal groups and extralymphatic
organs, as well as indicate bone and bone marrow
involvement. In the absence of this modality, a
“Technetium bone scan can be performed in
patients with suspected bony disease due to
localized pain or elevated alkaline phosphatase;
however, a localized skeletal radiograph of the
involved bones showing destruction will also
suffice. Bone marrow biopsies are painful and
expensive, so that unless the information gained
by this procedure will change the patient’s therapy,
it shall be omitted [9].

Response assessment after the first two cycles
of therapy should include the same modalities
utilized at the time of diagnosis and should be
performed according to the guidelines of the
adopted treatment regimen. At the off-therapy
evaluation all extranodal disease should have dis-
appeared; most lymph nodes will have returned
to a normal size (<1 cm) and be soft and mobile.
In case of nodular sclerosing HL, a large medias-
tinal mass may not have completely involuted at
the end of therapy, given the nature of the pathol-
ogy, but should be followed by regular chest
radiographs to make sure it continues to regress
over time. Frequent imaging is not required for
follow-up; careful physical examination and
evaluation will be more informative in raising
concern of relapse [10].

Frontline Therapy

As previously discussed in the staging section a
correct risk classification is very important when
selecting the right treatment approach. Every
protocol or treatment guideline will have its own
risk classification so that the medical practitioner
choosing a treatment approach needs to carefully
review the risk definitions prior to deciding on
therapy (Tables 18.4 and 18.5). In most places the
choice of regimen (Table 18.6) will be dictated
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by drug availability and the experience of the
treating physician, as well as supportive care
resources. As has recently and dramatically been
shown, drug substitutions need to be carefully
evaluated [11]. In Central America, AHOPCA
(Central American Association of Pediatric
Hematology-Oncology), a modified Stanford V
regimen, was used for high risk patients in whom
they substituted mechlorethamine by cyclophos-
phamide given that the former was not available.
The disappointing result of only 55 % 3-year
event-free survival was originally attributed to
the bulky and advanced stages at presentation
[12]; however, this may not be a sufficient expla-
nation, as the same substitution carried out by the
St Jude-Stanford-Dana-Farber consortium during
a National shortage also led to poorer outcomes
[11]. It is therefore best to choose a proven regi-
men that utilizes available drugs than to assume
one can substitute an unavailable drug. The
choice of whether or not to choose a regimen that
includes radiotherapy will be determined by the
available infrastructure, but also the experience
and willingness of often adult radiation oncolo-
gists in treating children.

The more sophisticated the staging evaluation
can be performed, the more fine-tuned a treat-
ment can be chosen. A risk-stratified approach
can only be given if one has complete confidence
on the accurate disease evaluation at presenta-
tion. This is particularly true in case of a response-
adapted regimen in which early response
evaluation will dictate escalation or de-escalation
of therapy. Furthermore, in case of only gross
disease staging, where not all sites can be
excluded confidently, the medical practitioner
has to rely more on the intensity of the chemo-
therapy to eliminate all disease. In view of lim-
ited access to a complete staging work-up, it
makes more sense to only risk-stratify into local-
ized versus advanced disease, or treat all children
the same as shown in Table 18.4, whereas when
radiotherapy is also incorporated into treatment,
as seen in Table 18.5, a risk classification into
three risk groups is more often performed and
radiotherapy often chosen according to response
to chemotherapy. In a setting with very limited
resources, 4—6 cycles of ABVD could be given to
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Table 18.4 Treatment results for pediatric Hodgkin lymphoma of chemotherapy only trials in middle and low income

countries

Chemotherapy
AHOPCA [24]
6 COPP

8 COPP/ABV

Argentina
(GATLA) [25]

3 CVPP

6 CVPP

Chennai, India [26]
6 COPP/ABV
Egypt [27]

8 OAP

8 COMP

Jordan [28]

4-6 MOPP

6-8 MOPP
Nicaragua [29]

6 COPP

8-10 COPP/ABV
Madras, India [30]
6 COPP/ABV

6 COPP/ABV
Mali (GFAOP) [31]
4-6 COPP/ABV
6-10 COPP/ABV

New Delhi, India [32]

6 COPP

New Delhi, India [33]

8 COPP/ABVD

Saudi Arabia [34]
4-6 ABVD
MOPP

Uganda [35]
6 MOPP
6 MOPP

Outcome (years)

Stage No. of patients
L IIA, IIIA }
B, IIIB, IV 216
1A, TIA 10
1B, IIB 16
All stages 129
All stages 60
All stages 59
I 1I 14
1L v 16
I, IIA 14
B, 111, IV 34
I-1IA 10
[IB-IVB 43
I, ITA 0
1IB, II1, IV 7
All stages 34
All stages 148
All stages 35
All stages 20
I-1ITA 38
IIB-1V 10

Event-free
survival

63 (5)
60 (5)

86 (7)
87 (7)

]» 92 (3)

100 (3)
75 (3)

89 (5)
90 (5)

88 (5)
81 (5)

Disease-free
survival

87 (5)

53(6)
70 (6)

75 (5)
60 (5)

Overall
Survival

93 (5)

60 (6)
76 (6)

100 (3)

100 (3)

5/7 alive

92 (5)
86 (5)

GATLA grupo Argentino del tratamiento de la leucemia; ABVD doxorubicin (Adriamycin), bleomycin, vinblastine,
dacarbazine; COPP cyclophosphamide, vincristine (Oncovin), procarbazine, prednisone; CVPP cyclophosphamide,
vincristine, procarbazine, prednisone; MOPP mechlorethamine (Mustargen), vincristine (Oncovin), procarbazine,

prednisone



18 Hodgkin Lymphoma

263

Table 18.5 Treatment results for pediatric Hodgkin lymphoma of combined modality trials in middle and low income

countries

Chemotherapy

AHOPCA [12, 36]

4 ABVD

6 ABVD

Stanford V*

Brazil (IMIP) [37]
4 VAMP+

6 VAMP/COP

Brazil [38]

6 MOPP/ABV
6 ABVD
China [39]

4 COMP/ABV

6 COMP/ABV
3 COMP/ABV—
EA—CHOP
Egypt [40]

2 O(E/P)PA

2 O(E/P)PA
+2 COPP

2 O(E/P)PA
+4 COPP

Iran [41]

2-4 O(E/P)PA

2 OPPA +4 COPDac

Morocco [42]
4 VBVP
Morocco [43]
VAMP

2 OPPA/4 COPP

New Delhi, India [43]

4 ABVD
6-8 ABVD

Saudi Arabia [34]
ABVD

Radiation

None or 25

Gy IFRT
20-25 Gy IFRT
20-25 Gy IFRT
15-20 Gy IFRT
15-20 Gy IFRT
+EFRT

+[FRT

+[FRT

+]FRT
+]FRT

30 Gy IFRT
25 Gy IFRT
20 Gy IFRT
+20-25 Gy
IFRT

+20-15 Gy
IFRT

20 Gy IFRT

25.5 Gy IFRT
25.5 Gy IFRT
25-40 Gy IFRT
25-40 Gy

to bulk

15-30 Gy IFRT

Stage

1A, IIA

1A, 1A
(>4 nodal sites,
bulk)

1IB, IIIB, IV
IA, ITA

IB, IIB,

I, IV

All stages
All stages

I, ITA (no

bulk, no hila, <4

sites)
I-11T
1\Y%

1A, ITA
1IB, ITITIA

1B, IV

1A, TIA

1IB, IIL, IV

All stages
IA, IIA (no
bulk, no E)
I, 1L, 111, IV
I-1IA

1B, III, IV

All stages

Outcome (years)

No. of patients

80

162

206

28
34

71
115

8

32
16

121

12

28

114

22

138

79
183

12

Event-free
survival

91 (3)

85(3)

55()

96 (5)
60 (5)

100 (4)

80 (4)
63 (4)

:|»79 (5)

43 (7)
69 (5)

74 (5)

Disease-
free survival

82 (5)
86 (5)

92 (5)
81 (5)

80 (5)

91 (5)
73 (5)

91 (5)

Overall
Survival

100 (3)

94 (3)

75 (3)

100 (5)
72 (5)

90 (5)
94 (5)

100 (4)

97 (4)
69 (4)

96 (5)
96 (5)

93 (5)

:|>94 (5)

88 (5)

L 86 (5)

100 (5)
(continued)
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Table 18.5 (continued)

Chemotherapy
Turkey [44]

6 COPP
Turkey [46]

3 COPP

3 ABVD

6 COPP

Radiation

30-40 Gy IFRT
20-25 Gy IFRT
20-25 Gy IFRT

15-25 Gy IFRT

Stage

All stages

I, II (nLP and
MC)

I, I (NS and
LD)

11, IV

Outcome (years)

No. of patients

148

132

78

Event-free
survival

82(5)

55 (5)

Disease- Overall

free survival ~ Survival

- 66 (10)
94 (5)
86 (5)

ABVD doxorubicin (Adriamycin), bleomycin, vinblastine, dacarbazine; COPP cyclophosphamide, vincristine
(Oncovin), procarbazine, prednisone; CVPP cyclophosphamide, vincristine, procarbazine, prednisone; MOPP mech-
lorethamine (Mustargen), vincristine (Oncovin), procarbazine, prednisone

Table 18.6 Selected frontline chemotherapy regimens

Agent (cycle length)
ABVD (28 days)
Doxorubicin
Bleomycin
Vinblastine
Dacarbazine
COPP/ABVD (57 days)
Cyclophosphamide
Vincristine
Procarbazine
Prednisone
Doxorubicin
Bleomycin
Vinblastine
Dacarbazine
COP(P/Dac)" (28 days)
Cyclophosphamide
Vincristine
Prednisone
Procarbazine®
Dacarbazine®
MOPP (28 days)
Mechlorethamine
Vincristine
Procarbazine
Prednisone

Dose (mg/m?)

25
10
6
375

650
1.4
100
40
25
10

375

500
1.5
40
100
250

1.4
100
40

Route

v
v
v
v

v
v
PO
PO
v
v
v
v

v
v
PO
PO
v

1A%
v
PO
PO

Schedule

Days 1 and 15
Days 1 and 15
Days 1 and 15
Days 1 and 15

Days 1 and 8

Days 1 and 8

Days 1 through
Days 1 through
Days 29 and 43
Days 29 and 43
Days 29 and 43
Days 29 and 43

Days 1 and 8
Days 1 and 8
Days 1 through
Days 1 through
Days 1 through

Days 1 and 8
Days 1 and 8
Days 1 through
Days 1 through

Maximum
dose
2 mg
14
14
2 mg
15
15
3
2 mg
15
15

(continued)
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Table 18.6 (continued)

Agent (cycle length) Dose (mg/m?)
O(E/P)PA*® (28 days)

Vincristine 1.5
Etoposide* 125
Procarbazine® 100
Prednisone 60
Doxorubicin 40
VAMP (28 days)

Vinblastine 6
Doxorubicin 25
Methotrexate 20
Prednisone 40

265

Maximum

Route Schedule dose

v Days 1, 8, and 15 2 mg

v Days 1 through 5

PO Days 1 through 15

PO Days 1 through 15

v Days 1 and 15

v Days 1 and 15

v Days 1 and 15

v Days 1 and 15

PO Days 1 through 14 20 mg
TID

2Choose either etoposide or procarbazine, both regimens effective (etoposide more toxic)
®Choose either procarbazine or dacarbazine, both regimens effective

patients with localized disease and 6-8 cycles of
COPP/ABVD to patients with advanced disease
with or without consolidative radiotherapy.
Particularly if chemotherapy is given two cycles
beyond remission, radiotherapy can be omitted.

Finally, it is very important to instruct patients
and families upfront about the curability of the
disease and give as much support as necessary to
prevent abandonment of therapy. Timely admin-
istration of therapy without undue delays is very
important to prevent relapses. Most chemother-
apy regimens can be given in an ambulatory set-
ting and will not require hospitalization, though
in cases of patients with an already compromised
general clinical status, significant anemia, and
infections due to neutropenia will require careful
attention and treatment.

Refractory or Relapsed Disease

Before a relapse can be declared all effort must
be made to rebiopsy the suspected site of disease.
This is very important, especially where PET
scans are not available to evaluate metabolic
activity, as residual masses can represent residual
scar tissue, or a reactive lymph node or transfor-
mation into a non-Hodgkin lymphoma. Adverse
prognostic factors after relapse include inadequate

response to initial second-line therapy [13],
the presence of B symptoms [14], and early
relapse [15, 16] (occurring between 3 and 12
months from the end of therapy). In HIC, more
than 50 % of patients can still be cured after
relapse with intensive cytoreduction, and con-
solidative radiotherapy with or without autolo-
gous stem cell transplant [13, 16]. Many patients
in LMIC often only have one opportunity at
being cured from their disease and this is at pre-
sentation. As can be seen in Tables 18.4 and 18.5,
there are no significant differences between dis-
ease- or event-free survival and overall survival,
since once a patient has relapsed cure is rarely
possible in those settings. Most patients in LMIC
will have received a rather intensive frontline
regimen given the questionable adequacy of stag-
ing upfront and often would require intensive
chemo-radiotherapy with or without autologous
stem cell transplant for cure in a setting where
this is not possible. There are no data in the litera-
ture on salvage regimens utilized successfully in
LMIC. In Central America, AHOPCA has used
ICE (ifosfamide, carboplatinum, and etoposide)
or a “modified ICE” for two cycles beyond
complete response followed by radiotherapy with
moderate success (data not published). Table 18.7
depicts the doses and routes of administration for
effective regimens in relapsed pediatric Hodgkin
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Agent (variable) Dose (mg/m?) Route Schedule

ICE

Ifosfamide* 1670 v Days 1,2, and 3
Carboplatin AUC=5 v Day 2

Etoposide 100 v Days 1, 2, and 3
Modified ICE

Cyclophosphamide 440 v Days 1 through 5
Etoposide 100 v Days 1 through 5
Alternating after count recovery with

Carboplatinum 500 v Day 1

Etoposide 100 Days 1 through 3
v

Ifosfamide® 3000 v Days 1 through 4
Vinorelbine 25 v Days 1 and 5
IGV

Ifosfamide* 2000 v Days 1 through 4
Gemcitabine 800 v Days I and 4
Vinorelbine 20 v Day 1
Prednisone 50 PO Days 1 through 4
GV

Gemcitabine 1200 v Days 1 and 8
Vinorelbine 25 v Days 1 and 8

“MESNA given every time ifosfamide is given according to institutional guidelines and experience

lymphoma, as well as the other very effective and
less toxic regimens and combinations including
gemcitabine and vinorelbine [17-20] but which
are often, unfortunately, not available in LMIC.

Long-Term Follow-up

As the survival rates are exceeding 90 % in HIC
and are increasing significantly in the rest of the
world, treatment-related late effects are becom-
ing an important issue. Preventive approaches
are designed in order to reduce those late effects.
Long-term follow-up is aiming at evaluating and
treating side effects when possible at due time.
Adverse effects are variable according to the
dose and field of radiation therapy and to chemo-
therapy regimen and also according to the age of
exposure. The main issues are fertility, heart
problems and secondary cancers (Table 18.8).

Maximum dose

800 mg

Table 18.8 Main long-term side effects and their causes

Involved
organ
Cardiac

Pulmonary

Gonadal

Bone

Second
malignancies

Thyroid

Agents
Anthracyclines
Radiotherapy

Bleomycin
Radiotherapy
Alkylating agents
Radiotherapy

Steroids
Radiotherapy

Alkylating agents
Topoisomerase 11
inhibitors

Radiotherapy
Radiotherapy

Side effects
Cardiomyopathy
Arythmias
Pericarditis
Coronaropathy
Fibrosis

Delayed puberty
Azoospermia
Hypogonadism
Osteopenia
Osteonecrosis
Hypoplasia
Leukemia
Sarcomas

Breast cancer
Hypothyroidism
Thyroid cancer
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One of the objectives of multimodality treatment
is to reduce cummulative doses of each drug and
radiation therapy in order to reduce toxicity with-
out losing efficacy [21, 22].

However, in LMIC follow-up is a real prob-
lem since most patients cannot afford the cost of
follow-up and sometimes are not aware of its
importance. Lost to follow-up can reach up to
50 % of patients. It is important to have the par-
ents and the patients aware of the importance of
long-term follow-up. Optimal guidelines have
been recommended by the Children’s Oncology
Group [23].

Summary

Proper education of primary health care provid-
ers into signs and symptoms of cancer, in this
particular case of chronic enlarged cervical, axil-
lary, or inguinal lymph nodes, as well as medias-
tinal mass is fundamental. Diagnosis of HL can
be confirmed with basic histology; a simple stag-
ing work-up is all that is necessary prior to start-
ing live-saving chemotherapy that can mostly be
given in an outpatient setting. The incidence of
HL across geographic regions varies, but it is cur-
able even in countries with very limited resources
with outcomes varying between 60 and 90 %
survival. Outcomes for relapsed HL in LMIC are
much worse than in HIC given the limitations of
intensive cytoreduction and unavailability of
autologous stem cell transplant and therefore the
aim should be to achieve cure with frontline ther-
apy. As more children become cancer survivors
also in LMIC, awareness of long-term effects of
therapy becomes more and more important.
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Introduction

Non-Hodgkin lymphoma (NHL) is a malignant
disease that arises from the lymphocytic lineage.
It is a group of diverse diseases and essentially
includes all lymphomas that are not classified as
Hodgkin lymphoma. As the cells of the immune
system are diverse and malignant transformation
can occur in any of these cells line at any stage,
there is a wide diversity of types of NHL. They
all differ in their aetiologies, pathogenesis, genet-
ics, clinical manifestations, patterns of spread as
well as response to treatment and survival.
Although they generally arise in the lymph nodes
and the spleen they have a high propensity to be
wide spread at diagnosis. The extent at diagnosis,
rate and manner of progression and response to
chemotherapy and radiotherapy is very different
to that of Hodgkin lymphoma. Childhood NHL is
a very different disease to the NHL in adults and
the sites, staging and treatment as well as the sub-
types of disease are different. This group of dis-
eases has a propensity to progress rapidly and most
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children have extensive disease at presentation
and this is probably due to the fact that the
lymphoid cells traffic throughout the body.
This makes them very much like the leukemia in
certain aspects of presentation and disease extent
as well as treatment options. In the 1970s the sur-
vival rate was <20 % and practically all these
were localized stage disease; long-term survival
of widespread disease was poor with most demis-
ing in the first 2 years after diagnosis. The prog-
nosis in general is now very good and in the
developed world almost 80 % will become long-
term survivors with the rate slightly lower in the
adolescents [1, 2]. These advances in survival
rates have come about because of better under-
standing of the disease entity, more rational stag-
ing systems, marked improvements in supportive
care for the complications of NHL as well as the
therapy-related toxicities. New drug regimens
have been developed using old drugs that have
been available for many years.

Incidence and Epidemiology

The NHL is classified essentially into T and B
cell NHL based on the histological characteris-
tics and then further classified according to the
clinical features.

In adults most common type seen is diffuse
large B cell which has an incidence between 30
and 40 % followed by the follicular T cell with an
incidence of 20-30 % [3].
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Table 19.1 Incidence and age distribution of specific types of NHL*

Incidence of NHL per million person-years

Males
Age (years) <5 5-9 10-14
Burkitt 32 6 6.1
Lymphoblastic 1.6 22 2.8
DLBCL 0.5 1.2 2.5
Other (mostly ALCL) 2.3 33 4.3

Females
15-19 <5 5-9 10-14 15-19
2.8 0.8 1.1 0.8 1.2
22 0.9 1.0 0.7 0.9
6.1 0.6 0.7 14 4.9
7.8° 1.5 1.6 2.8 3.4°

ALCL anaplastic large cell lymphoma, DLBCL diffuse large B-cell lymphoma, NHL non-Hodgkin lymphoma

3Source: Adapted from Percy et al. [3]

"In older adolescents, indolent and aggressive histologies (more commonly seen in adult patients) are beginning to be

found

In children the incidence and subtypes are
very different. It is the third most common malig-
nancy seen in the developed world and accounts
for 15 % of cancers in children less than 20 years
of age with an incidence of about ten cases per
million [1, 2]. The incidence in certain areas of
the world, especially in Uganda and Nigeria in
Africa, is much higher and figures of 150 per mil-
lion are seen in children between 5 and 10 years
of age [4].

NHL is more common in children under 10
years of age, but as the adolescent peak of
Hodgkin disease (HD) commences, the incidence
of NHL becomes less.

The incidence in children depends on the age,
histology, gender and race. There is no specific
age peak but it is seldom seen in children below 3
years of age. There is some evidence that the
incidence is slowly increasing especially in chil-
dren over the age of 15 but below this age the
incidence has remained constant [1]. NHL is
more common in males than females except for
the primary mediastinal B-cell lymphoma
(PBML) in which the sex ratio is almost equal.
The incidence and age distribution of the specific
types of NHL according to the gender is described
in Table 19.1.

The incidence of the NHL also varies accord-
ing to the histological subtype and there are very
definite subgroups of patients who develop spe-
cific types on NHL. NHL is much more common
in males in all age groups as well as the subtypes.
Burkitt lymphoma (BL) is more prevalent in
children between 5 and 15 years of age while

lymphoblastic lymphoma (LL) is spread evenly
over all the age groups. The other subtypes, ana-
plastic large cell lymphoma (ALCL) and diffuse
large B-cell lymphoma (DLBCL), tend to occur
in older patients and are seldom seen in younger
children.

The incidence of lymphoma also varies in dif-
ferent areas of the world and in Africa there is a
high incidence of BL and in Nairobi almost 52 %
of childhood cancers are lymphoma with BL
making up 34 % of these cases [5]. Similar high
incidences are also seen in Uganda.

A paper from Pakistan [6] showed that median
age for their patients with NHL was just over 8
years of age; there was a male predominance of
3:1 and 78 % of their children had BL.

A similar study from Baghdad [7] showed that
NHL accounted for 19 % of all their childhood
cancer cases: 90 % were non-lymphoblastic and
treated on B-cell protocols. Again there was a
male predominance of 2:1 while their age was
lower between 5 and 7 years. More than 90 % of
their patients had stage 3 or 4 disease.

In South America [8] it was shown that they
also had a male predominance while they had a
lower incidence of BL, 50 %, while LL accounted
for 30 % of the cases. The majority of their
patients had high-stage disease.

The aetiology of NHL is largely unknown but
certain agents have been implicated in the aetiol-
ogy. The best known is the link between Epstein—
Barr virus (EBV), malaria and climate and BL
that was elucidated by Denis Burkitt and Anthony
Epstein who then discovered the EBV virus
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which bears his name. Other suggested agents
have included toxins, pesticides and previous
chemotherapy. The human deficiency virus
(HIV) is associated with an increased incidence
of lymphoma and a 100-fold increase in NHL is
seen in HIV-infected persons [2].

Immunodeficiency, whether on a genetic basis
or post transplant, has also been associated with
an increase in NHL.

In Africa most of the cases are due to endemic
BL and a high incidence is seen in equatorial
areas of Africa.

Pathological Classification

The 2008 World Health Organization (WHO)
Classification of Tumours of Haematopoietic and
Lymphoid Tissues is shown in Table 19.2 [6].
However, NHL in childhood is usually classified
based on morphologic, immunophenotypic,
genetic features and clinical presentation. The
main histological subtypes in pediatric patients
are Burkitt and Burkitt-like lymphoma, DLBCL,
lymphoblastic lymphoma and ALCL [10-12].
Their distribution in the United Kingdom is as
follows:

Burkitt and Burkitt-like lymphoma/leukemia ~ 42.2 %
Lymphoblastic lymphoma 272 %
ALCL 15 %

Others 15.6 %

Most of the other NHLSs in the various classi-
fications are not common in Pediatrics. The most
recent WHO classification has identified pediat-
ric follicular lymphoma and pediatric nodal mar-
ginal zone lymphoma as unique entities.

Burkitt Lymphoma

Microscopically, BL is characterized by a diffuse
infiltrative pattern, and the medium- to small-sized
cells are homogenous with round to ovoid nuclei,
1-3 prominent basophilic nucleoli and basophilic
cytoplasm that usually contain fat vacuoles.
BL is histologically characterized by a “starry sky”
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Table 19.2 WHO classification of lymphoid neoplasms
(2008)

Precursor lymphoid neoplasms

B lymphoblastic leukemia/lymphoma

B lymphoblastic leukemia/lymphoma, NOS

B lymphoblastic leukemia/lymphoma with recurrent
genetic abnormalities

B lymphoblastic leukemia/lymphoma with t (9; 22)
(q34;q11.2); BCR-ABLI1

B lymphoblastic leukemia/lymphoma with t (v; 11g23);
MLL rearranged

B lymphoblastic leukemia/lymphoma with t (12:21)

(p13:q22); TEL-AML1 (ETV6-RUNX1

B lymphoblastic leukemia/lymphoma with hyperploidy

B lymphoblastic leukemia/lymphoma with hypodiploidy

(hypodiploidy ALL)

B lymphoblastic leukemia/lymphoma with t (5; 14)

(q31;q32); IL3-IGH

B lymphoblastic leukemia/lymphoma with t (1; 19)

(q23;p13.3); E2A-PBX1 (TCF3-PBX1)

B lymphoblastic leukemia/lymphoma

T lymphoblastic leukemia/lymphoma

Mature B-cell neoplasms

Chronic lymphocytic leukemia/small lymphocytic

lymphoma

B-cell prolymphocytic leukemia

Splenic marginal zone lymphoma

Hairy cell leukemia
Splenic lymphoma/leukemia, unclassifiable
Splenic diffuse red pulp small B-cell lymphoma®
Hairy cell leukemia-variant*

Lymphoplasmacytic lymphoma

Waldenstrom macroglobulinemia

Heavy chain diseases

Alpha heavy chain disease

Gamma heavy chain disease

Mu heavy chain disease

Plasma cell myeloma

Solitary plasmacytoma of bone

Extraosseous plasmacytoma

Extranodal marginal zone B-cell lymphoma of
mucosa-associated

lymphoid tissue (MALT lymphoma)
Nodal marginal zone B-cell lymphoma (MZL)
Pediatric type nodal MZL
Follicular lymphoma
Pediatric type follicular lymphoma
Primary cutaneous follicle centre lymphoma
Mantle cell lymphoma

Diffuse large B-cell lymphoma (DLBCL), not otherwise
specified

(continued)
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Table 19.2 (continued)

T cell/histiocyte-rich large B-cell lymphoma
DLBCL associated with chronic inflammation
Epstein—Barr virus (EBV)+DLBCL of the elderly

Lymphomatoid granulomatosis

Primary mediastinal (thymic) large B-cell lymphoma

Intravascular large B-cell lymphoma
Primary cutaneous DLBCL, leg type

ALK+ large B-cell lymphoma

Plasmablastic lymphoma

Primary effusion lymphoma

Large B-cell lymphoma arising in HHV8-associated
multicentric

Castleman disease
Burkitt lymphoma

B-cell lymphoma, unclassifiable, with features
intermediate between diffuse large B-cell lymphoma
and Burkitt lymphoma

B-cell lymphoma, unclassifiable, with features
intermediate between

diffuse large B-cell lymphoma and classical Hodgkin
lymphoma

Hodgkin lymphoma

Nodular lymphocyte-predominant Hodgkin lymphoma
Classical Hodgkin lymphoma

Nodular sclerosis classical Hodgkin lymphoma
Lymphocyte-rich classical Hodgkin lymphoma
Mixed cellularity classical Hodgkin lymphoma
Lymphocyte-depleted classical Hodgkin lymphoma
The mature T-cell and NK-cell neoplasms

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Chronic lymphoproliferative disorder of NK-cells*
Aggressive NK-cell leukemia

Systemic EBV+ T-cell lymphoproliferative disease of
childhood (associated with chronic active EBV infection)

Hydroa vacciniforme-like lymphoma
Adult T-cell leukemia/lymphoma
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-associated T-cell lymphoma
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides
Sézary syndrome

Primary cutaneous CD30+ T-cell lymphoproliferative
disorder

Lymphomatoid papulosis
Primary cutaneous anaplastic large cell lymphoma

Primary cutaneous aggressive epidermotropic CD8+
cytotoxic

T-cell lymphoma?
(continued)
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Table 19.2 (continued)

Primary cutaneous gamma-delta T-cell lymphoma
Primary cutaneous small/medium CD4+ T-cell
lymphoma?®
Peripheral T-cell lymphoma, not otherwise specified
Angioimmunoblastic T-cell lymphoma
Anaplastic large cell lymphoma (ALCL), ALK+
Anaplastic large cell lymphoma (ALCL), ALK
Source: Swerdlow SH, Campo E, Harris NL, et al. WHO
Classification of Tumours of Haematopoietic and
Lymphoid Tissues. Lyon, France: IARC Press; 2008
Diseases shown in italics are newly included in the 2008
WHO classification
*These represent provisional entities or provisional sub-
types of other neoplasms

appearance, representing scattered macrophages
that have phagocytosed cell debris among prolifer-
ating lymphoma cells. The malignant cells show a
mature B-cell phenotype and are negative for the
enzyme deoxy nucleotidyl transferase (TdT). The
cells express surface immunoglobulin, most bear-
ing surface immunoglobulin M with either kappa
or lambda light chains. Cell markers that are usu-
ally present include CD20+, BCL6+, CD10+ and
BCL2-. Expression of the proliferation antigen
Ki-67 is observed in virtually all the tumour cells.
BL/leukemia expresses a characteristic chromo-
somal translocation, usually t(8:14) or t(8:22) or
t(2;8) [10]. Each of these translocations juxtaposes
the c-myc oncogene and immunoglobulin locus
regulatory elements, resulting in the inappropriate
expression of c-myc, a gene involved in cellular
proliferation. Cytogenetic evidence of c-myc rear-
rangement is the gold standard for diagnosis of
BL. The 2008 WHO classification eliminated the
variant category of “atypical BL,” which had been
included in the 2001 classification. Thus, a case
with the typical BL phenotype (CD20+, BCL6+,
CD10+, BCL2-) and genotype (so-called MYC-
simple or MYC/IG in the absence of other major
cytogenetic anomalies) may be classified as BL,
even if there is some cytological variability in the
morphology of the neoplastic cells [6, 9]. For cases
in which cytogenetic analysis is not available, the
WHO has recommended that the Burkitt-like diag-
nosis be reserved for lymphoma resembling BL or
with more pleomorphism, large cells and a prolif-
eration fraction (i.e. Ki-67[+] of >99 %) [11].
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Table 19.3 Common clinical features of childhood non-Hodgkin’s lymphoma

Clinical feature
General features
Fever

Weight loss

Peripheral lymphadenopathy
Abdomen

Abdominal pain and swelling
Nausea, vomiting, constipation
Hepatosplenomegaly

Chest

Respiratory distress/cough

Swelling of the neck, face and arms
Skin and soft tissue infiltration
Jaw

Jaw swelling with intra-oral extension,
“dental anarchy” (misalignment)

Proptosis

Nervous system
Paraplegia—usually flaccid
Cranial nerve palsies

Diffuse Large B-Cell Lymphoma

These are proliferations of large lymphoid cells
of B-cell lineage with nuclei at least twice the
size of small lymphocytes [14]. The normal
architecture of the nodal or extranodal tissue is
diffusely replaced with frequent extension into
perinodal soft tissues. The malignant cells
express pan-B markers including CD19, CD20,
CD22 and CD79a with surface immunoglobulin
expression in more than half of the cases [14].
The vast majority of pediatric diffuse large B-cell
lymphoma cases have a germinal centre B-cell
phenotype, as assessed by immunohistochemical
analysis of selected proteins found in normal ger-
minal centre B cells, such as the BCL6 gene
product and CD10 [15]. About 20 % of pediatric
diffuse large B-cell lymphoma presents as pri-
mary mediastinal disease (primary mediastinal
B-cell lymphoma.

Lymphoblastic Lymphoma

In lymphoblastic lymphomas, the cells are homog-
enous with scant cytoplasm, round to oval nuclei,

Cause

Release of cytokines, infections

Inflammatory cytokine production,
acute phase protein response, anorexia
Malignant transformation, metastasis

Ovarian, retroperitoneal, kidney and intestinal masses
Intussusception, infections

Mediastinal masses with airway compression, pleural
effusion

Superior vena obstruction by masses
Tumour infiltration

Maxilla more affected than mandible in Burkitt lymphoma

Orbital tumour

Spinal cord invasion
Central nervous system involvement

with finely stippled chromatin and inconspicuous
nucleoli. Lymphoblastic lymphomas are usually
positive for TdT, with more than 75 % having a
T-cell immunophenotype and the remainder hav-
ing a precursor B-cell phenotype [10, 16].

Anaplastic Large Cell Lymphoma

The tumours appear as a proliferation of cohesive
large, bizarre, pleomorphic cells with abundant
cytoplasm (more than most lymphomas) with
eccentric horseshoe-shaped nuclei with multiple
or single prominent nucleoli [14]. While the pre-
dominant immunophenotype of ALCL is mature
T-cell, null-cell disease (i.e. no T-cell, B-cell or
NK-cell surface antigen expression) does occur.
All ALCL cases are CD30+ and more than 90 %
of pediatric ALCL cases have a chromosomal
rearrangement involving the ALK gene [17].
The category of ALCL in the 2001 WHO classi-
fication included both ALK+ and ALK- tumours
and excluded primary cutaneous-ALCL. The
2008 classification concluded that current evi-
dence warranted delineation of ALK+ ALCL as a
distinct entity. ALK+ ALCL occurs mainly in
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pediatric and young age groups, has a better
prognosis than ALK— ALCL, and exhibits differ-
ences in genetics [18].

Clinical Features

The clinical features of NHL depend on the site
affected and the histological subtype. Although,
low- and intermediate-grade malignant tumours
predominate in adults, more than 90 % of chil-
dren with NHL have high-grade malignant
tumours with a propensity for malignant dissemi-
nation [19]. At least 60 % of children have
advanced disease (stage III or IV) at diagnosis
(Table 19.3) [10, 19]. Childhood NHL is predom-
inantly an extranodal disease with primary sites
involving the abdomen in 31 % of cases, medias-
tinum in 26 % of cases, head and neck region
(including Waldeyer’s ring and cervical nodes) in
29 % of cases. Only 6.5 % present with periph-
eral nodes outside the neck [20]. While most of
the abdominal tumours are B-cell lymphomas,
most mediastinal tumours are T-cell lymphomas
[19]. Manifestations of abdominal tumour
include pain, abdominal masses, nausea and
vomiting resulting from intestinal obstruction
caused by direct compression of the bowel lumen
or by intussusceptions. NHL is the commonest
cause of intussusceptions in children older than 6
years of age. Patients with large abdominal
masses are at risk for the tumour lysis syndrome
on initiation of chemotherapy [10]. Common
clinical features of non-Hodgkin’s lymphoma are
shown in Table 19.3.

Lymphoblastic Lymphoma

This is mostly of a T-cell immunophenotype and
typically presents as a mediastinal mass, often
with an associated pleural effusion. Large medi-
astinal masses may manifest as severe respira-
tory distress resulting from airway compression
or swelling of the neck, face and arms due to
obstruction of the superior vena cava [10].
Lymphoblastic lymphoma may also affect the
liver and spleen although isolated primary
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involvement of the abdomen is rare [10].
Patients may also present with peripheral
lymphadenopathy and infiltration of the skin
and soft tissues [13].

Anaplastic Large Cell Lymphoma

ALCL may affect nodal as well as extranodal
sites. As much as 70 % of patients present with
peripheral lymphadenopathy, the commonest site
being cervical. Other sites involved include
bones, soft tissue or skin, mediastinum or lungs
[13]. The skin is the commonest extranodal site
[21]. B symptoms such as fever and weight loss
are also common in ALCL but relatively uncom-
mon in other forms of NHL.

Burkitt Lymphoma

Burkitt lymphoma (BL) is characterized by a
very short doubling time of 24 h and the interval
from initiating or promoting events to diagnosis
may be comparatively short. There are three
clinico-epidemiologic forms of BL namely
endemic, sporadic and HIV-associated types.

The jaw is the most commonly affected site in
endemic BL; in high-incidence areas up to 90 %
of patients may have clinical or subclinical jaw
(radiographic abnormalities) involvement [22].
After the jaw the abdomen is the second com-
monest site of involvement of endemic BL; intra-
abdominal structures are involved in 50-60 % of
cases. Some parts of Nigeria like Ibadan have
however reported a predominance of abdominal
sites above jaw in endemic BL [23]. Other sites
affected in the endemic tumour include the orbit,
ovaries, retroperitoneal structures, kidneys,
omentum, bowel wall and the central nervous
system. CNS involvement includes cranial nerve
palsies, paraplegia (usually flaccid) and malig-
nant CSF pleocytosis. Only 25 % of patients with
cranial nerve palsies have CSF pleocytosis.
Invasion of the brain parenchyma is rare. Other
sites that may be affected in endemic BL are
pleura, endocrine and salivary glands, testes,
bone and skin [22].
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Unlike endemic BL which peaks at 7 years, a
recent study on sporadic BL in the United States
has showed two separate peaks among males and
females, around the ages 10 and 75 years, and a
3rd peak around the age 40 years among males
[24]. Previous reports had indicated that the pre-
dominant primary site of sporadic BL. was the
abdomen [20, 22]. A study in the United States
that covered the period 1992-2005 revealed that
BL tumours most frequently arose in the lymph
nodes (56 %); the abdomen (21 %, primarily in
the small or large intestine) is now the second
most common site [25]. Other sites of involve-
ment of sporadic BL are bone marrow (14 %,
also called Burkitt cell leukemia), the oral cavity
and the oropharynx [25]. While central nervous
system involvement tends to be more common in
endemic BL, bone marrow involvement is more
common in the sporadic form.

In Uganda where BL is endemic, the fre-
quency of jaw tumours in HIV-positive children
is similar to that in HIV-negative children at pre-
sentation [26]. However in addition HIV-positive
children presented significantly more often with
extra-facial disease (lymphadenopathy 67 %,
hepatic masses 51 % and thoracic masses 10 %).
HIV-associated BL also present more frequently
with advanced stage disease than HIV-negative
cases [26].

Diffuse Large B-Cell Lymphoma

DLBCL presents similarly to BL with abdominal
presentation being common. However, compared
to BL patients, children with DLBCL more fre-
quently present with localized disease, focal
lesions in liver, spleen, lung and a mediastinal
mass. Bone marrow and central nervous system
involvement is also less common in DLBCL
compared with other NHL entities [27].

Staging

The most widely used staging scheme for child-
hood non-Hodgkin lymphoma is that of the St.
Jude Children’s Research Hospital also known as
Murphy Staging [19].
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Bone marrow involvement has been defined as
5 % malignant cells in an otherwise normal bone
marrow with normal peripheral blood counts and
smears. Patients with lymphoblastic lymphoma with
more than 25 % malignant cells in the bone marrow
are usually considered to have leukemia and may be
appropriately treated on leukemia protocols.

CNS disease in lymphoblastic lymphoma is
defined by criteria similar to that used for acute
lymphocytic leukemia (i.e. white blood cell count
of at least 5/pL and malignant cells in the cere-
brospinal fluid [CSF]). For any other NHL, the
definition of CNS disease is any malignant cell
present in the CSF regardless of cell count.

However, the St. Jude’s staging classification
is unclear on the definition of extensive primary
disease and considers all primary abdominal and
thoracic tumours as extensive stage III disease,
despite original surgical debulking, which may
occur at diagnosis. Subsequently, a new French,
American and British (FAB) staging classifica-
tion was developed (Table 19.4) that better
defines the staging of childhood B large cell and
BL of childhood [28]. This system recognizes the
common dissemination to either the central ner-
vous system or bone marrow and the fact that this
is indicative of a poor prognosis (Table 19.5).

BL constitutes the majority of NHL in equato-
rial Africa. BL in Africa is frequently staged
according to a staging system previously
described by Magrath et al. [29] based on sur-
vival in patients with BL at the Lymphoma
Treatment Centre (LTC) in Uganda. This system
has recently been used in a multicentre study of
African BL by the International Network for
Cancer treatment and Research (INCTR) and
renamed the LTC system (Table 19.6) [30]. It is
useful in resource-constrained places like Africa
where the Murphy system cannot be applied due
to lack of expertise and facilities for performance
of bone marrow aspiration cytology and cerebro-
spinal fluid examination.

Differential Diagnosis
A number of childhood conditions including infec-

tions like tuberculosis might mimic non-Hodgkin
lymphoma in their presentation (Table 19.7).
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Table 19.4 Murphy staging of childhood non-Hodgkin
lymphoma

Stage 1

A single tumour (extranodal) or single nodal area is
involved, with the exclusion of the abdomen and
mediastinum

Stage Il

A single tumour with regional node involvement

Two or more nodal areas involved on same side of the
diaphragm

Two single (extranodal) tumours with or without regional
node involvement on same side of diaphragm

A primary gastrointestinal tract tumour (completely
resected) with or without regional node involvement
Stage 111

Two single tumours (extranodal) on both sides of the
diaphragm

Two or more nodal areas on both sides of the diaphragm
All primary intrathoracic (mediastinal, pleural or thymic)
disease, extensive primary intra-abdominal disease, or
any paraspinal or epidural tumours, regardless of other
tumour site(s).

Stage IV

Any of the above with initial involvement of the bone
marrow and/or central nervous system (CNS)

Source: Murphy SB, Fairclough DL, Hutchison RE,
et al.: Non-Hodgkin’s lymphomas of childhood: an anal-
ysis of the histology, staging, and response to treatment

of 338 cases at a single institution. J Clin Oncol 7 (2):
186-93, 1989

Table 19.5 FAB® staging system for childhood B large
and Burkitt lymphoma

Group A

Completely resected Stage I (St. Jude)

Completely resected abdominal Stage II (St. Jude)
Group B

All patients not eligible for Group A or Group C

Group C

Any CNS involvement® and/or bone marrow involvement
(=25 % blasts)

Source: Cairo MS, Gerrard M, Patte C. A new protocol for
treatment of mature B-cell lymphoma/leukaemia (BCLL):
FAB LMB 96, a SFOP LMB 96/CCG-5961/UKCCSG
NHL 9600 international cooperative study. Med Pediatr
Oncol 1997;29:320a

“FAB French, American, British

"CNS: Any L3 blast, cranial nerve palsy or compression,
intracerebral mass and/or parameningeal compression
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Table 19.6 LTC staging system for Burkitt lymphoma

Stage A: a single extra-abdominal tumour

Stage B: multiple extra-abdominal tumours (including
CNS involvement, i.e. CSF pleocytosis or cranial nerve
palsies)

Stage C: abdominal tumour with or without facial
tumours

Stage D: abdominal tumour with tumour at any other site
or sites, except the face alone

Source: Ngoma T, et al. Treatment of Burkitt lymphoma
in equatoria