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Foreword

THE MULTIDISCIPLINARY CANCER
CARE TEAM

It is timely that the European Society of Surgical Oncology
(ESSO) gathers highly recognized cancer care professionals
to write this outstanding book on surgical oncology with
a focus on multidisciplinary practice. Personalized cancer
care does involve several different disciplines, and surgery
has a central role in both curative and palliative treatment.
At early stages of a cancer disease curative surgery is often
enough, but at later stages multimodality treatments are
mostly preferred and must be considered.

A prerequisite for optimal decision making at the
multidisciplinary tumour board is high-quality pretreat-
ment diagnostics. Here as well as for optimal treatment the
competence by different cancer specialities is crucial. The
radiologists and pathologists have important roles to pro-
vide relevant diagnostic information. The surgeon must
understand the strengths of other treatment options, and
radiation oncologists, medical oncologists and interven-
tionists must know the strengths and weaknesses of the
surgical procedures. Only then can a multidisciplinary
team deliver quality decisions to benefit patients.

Surgical Oncology: Theory and Multidisciplinary Practice,
Second Edition, provides not only residents and specialists
in surgery but also other cancer specialities and professions the
fundamental knowledge necessary for optimal cancer care.

s N N PO ¥

Peter Naredi
ECCO President

I was delighted to be invited, as a medical oncologist,
to provide a foreword to Surgical Oncology: Theory and
Multidisciplinary Practice, Second Edition, as this rein-
forces the true spirit of collaboration and multidiscipli-
narity that is now the cornerstone of excellent cancer care
across Europe.

As the treatment and care of cancer patients becomes
more complex, their optimal management requires the
expertise of specialists from many different disciplines,
including, but not limited to, surgery, radiation therapy,
medical oncology, cancer nursing, pathology and imaging.

This has inevitably led to the development of both a multi-
disciplinary approach and multidisciplinary teams (MDTs).
The advantages of working in an MDT environment include
management consistency, coordination and communica-
tion, educational opportunities and, potentially, improved
outcomes. Despite the fact that cancer treatment given
through an MDT is logical and has become the ‘standard of
care’ in many leading cancer centres in the world, it is disap-
pointing to find only scarce evidence showing that such an
approach is imperative [1,2].

One of the first studies that clearly showed that the MDT
may improve patient outcome was a retrospective study
from Scotland [3]. This study was performed following the
observation of large differences in the survival outcome
of patients with ovarian cancer and showed that manage-
ment by an MDT at a joint clinic improved patient survival,
even after adjustment for other clinical and pathological
parameters (p<0.001).

Later, other studies suggested that there is an outcome
and survival advantage across the various settings of differ-
ent cancer sub-specialities, ranging from primary surgery
to the palliative treatment of stage IV cancers. However,
most of these studies were observational and retrospective
in nature [4-8]. In reality, the practical implementation
of the MDT demonstrates a paradox in cancer treatment:
we demand evidence-based medicine for the individual,
but not for general cancer care platforms [6]. Prospective
studies demonstrating the already broadly accepted added
value of the MDT are desirable, especially in a challenging
economic environment.

Breast cancer is one example where the MDT has become
imperative, especially for primary early stage treatment.
Since the time when the ‘Halsted procedure’ - involving
removal of the entire breast, axillary nodes and chest mus-
cles — was considered the standard and the only treatment
modality for breast cancer, major advances have been made.

First, it was shown that adding radiation therapy (RT) to
lumpectomy was as effective as a mastectomy and far less
disfiguring [9]. Later, the sentinel node biopsy (SNB) proce-
dure, which can spare patients without nodal involvement
from axillary lymph node dissection (ALND), was intro-
duced [10]. Recently it has even been shown that patients
with a positive SNB can — in some clinical situations — be
spared ALND, as long as they receive radiation [11,12].

Xi
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Radiation treatment has also evolved over time. While
post-lumpectomy radiation is standard, the exact indica-
tions of post-mastectomy RT are still a matter of contro-
versy. Given the emergence of new RT techniques, current
efforts focus on minimizing RT. New techniques such as
intense modulation radiotherapy (IMRT), partial breast
irradiation (PBI) and intraoperative RT or brachytherapy
have become available. However, it is crucial to select the
right patients for these modern treatments [13,14].

Systemic treatment decisions for breast cancer are clearly
influenced by data gathered from pathology, imaging and
surgical procedures. Hormonal therapy is generally pro-
vided to treat estrogen receptor (ER) positive tumours, while
trastuzumab is given only for HER2 positive tumours [15,17].
Neoadjuvant or adjuvant chemotherapy treatment decisions
are also directly influenced by clinical and pathological data
gathered by MDT.

Because the various treatment modalities are influenced
by each other in the treatment of breast cancer, it is undis-
puted that all personnel involved in the care of one specific
individual should discuss and treat the person in an MDT
setting. For example, if the surgeon considers sparing ALND
in a patient whose SNB is positive, this will result in a lack of
formal nodal staging, which may in turn impact decisions
on hormonal and chemotherapy treatment. Moreover, it
will require post-surgical RT, which may lead to changes in
the timing or modality of reconstructive plastic surgeries.

After MDT discussions, the treating physician can
go back to the patient with more solid options to discuss,
leading to more confidence in the patient-doctor relation-
ship. Interestingly, in a recent survey, 63% of the investi-
gators from western Europe declared that the MDT was a
mandatory part of breast cancer care in their country [18].
Similar conclusions are likely to be reached for the treat-
ment and care of all other cancer types.

Lastly, the MDT is likely to expand in the following years,
given the gradual implementation in the clinic of powerful
diagnostic technologies such as next-generation sequenc-
ing designed to move from ‘precision medicine’ to ‘person-
alized medicine’. These technologies will call for additional
experts — such as geneticists and bioinformaticians - to enrich
the MDT. The human being residing within the patient will
need to be remembered in all treatment decisions.

Marine Piccart
ECCO Past-President
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It is with great pleasure that I have agreed to write a fore-
word for this textbook, which is the work of the most pres-
tigious group of authors in the field with experience and
expertise which are second to none.

This textbook is a must read for any colleague
involved in the field of surgical oncology for the follow-
ing reasons:

e The entire width and depth of the field are covered
comprehensively; each chapter has a wealth of scientific
and clinical information provided in a clear, robust and
fluent way.

e Each topic is covered holistically from the relevant
elements of basic science to complex and innovative
clinical practice, always enriched with most help-
ful examples reflecting the experience of the authors
and aiming to stimulate the critical thinking of the
readers.

e The textbook really focuses on a sound multidisci-
plinary approach reflecting the overall philosophy of
the authors regarding the character of modern practice
in surgical oncology. I am confident that the education-
ally superb way with which this approach is presented
in the book will be ‘game changing’ even for those who
still believe that they can practice within the narrow
boundaries of their own specialty.

e The authors give emphasis to patient-centred care; this
is of course of paramount importance for all patients,
but even more so for cancer patients. A thorough

17. Romond EH, Perez EA, Bryant J, Suman VJ,
Geyer CE Jr, Davidson NE, et al. Trastuzumab
plus adjuvant chemotherapy for operable
HER2-positive breast cancer. N Engl J Med
2005;353(16):1673-84.
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multidisciplinary team in breast cancer management:
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39 countries. Ann Oncol Off J Eur Soc Med Oncol
ESMO 2012;23(4):853-9.

analysis of issues related to quality of care, quality of
outcomes, and above all, quality of life is clearly evident
in the whole book.

The overall content of the book mirrors the syllabus
and core curriculum of the European training require-
ments in surgical oncology as they have been developed
by the Division of Surgical Oncology of the Section of
Surgery of the European Union of Medical Specialists
(UEMS) and the European Society of Surgical
Oncology (ESSO). The textbook is an invaluable tool
for the preparation of the relevant European exam in
surgical oncology.

As president of the UEMS Section of Surgery, I feel
particularly proud that this truly excellent textbook
reflects the superb work that has been done over the last
few years by the executive and all the members of the
UEMS Division of Surgical Oncology in collaboration
with ESSO; they have our grateful thanks and most
sincere congratulations.

I am sure that all colleagues who are involved in the
truly challenging and ever-changing field of surgical
oncology will find this textbook a most helpful compan-
ion and powerful ally in their day-to-day practice.

Enjoy reading it!
o
Vagadet

Vassilios Papalois
Imperial College Healthcare NHS Trust
European Union of Medical Specialists
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Preface

Surgery is the oldest form of effective cancer treatment and
60% of people cured of cancer are cured by surgery alone [1].
The diagnosis and treatment of cancer has rapidly evolved
over the past quarter of a century, with advances in screen-
ing and surveillance, diagnostic accuracy, effective systemic
therapies and accuracy of radiation therapies, in addition to
those in surgical oncology. Furthermore, for those whose
cancer remains incurable, these advances significantly con-
tribute to prolonged good quality of life that can now be
frequently measured in years, rather than months. Lastly,
the morbidity and mortality risks of these treatments have
markedly improved, in particular those associated with the
more complex cancer operations.

The advances in cancer surgery over the last 25 years
(minimal access surgery, enhanced recovery, anaesthesia
and intensive care), associated with better use of periop-
erative (neoadjuvant, adjuvant and conversion) therapies
(systemic and radiation), have led to ever-improving out-
comes in terms of both disease-free and overall survival.
Furthermore, other medical disciplines allied to surgery,
such as interventional radiology and nuclear medicine,
now allow us to effectively treat patients previously thought
beyond the scope of standard care [2]. This observation is
especially true for the elderly, a group in which the majority
of cancers occur in western society.

These advances are encapsulated in the application of
multidisciplinarity: the principle that all disciplines are
now essential in the management of patients suffering from
cancer. All are equally important, and none pre-eminent.
Multidisciplinary team working is now the standard of care
in most countries, and a legal requirement in many.

Clinical trials in surgical oncology remain challenging [3].
However, advances in cancer surgery need surgeons who can
conduct careful prospective evaluations of new operative
techniques and technologies, in addition to the application
of new adjunctive therapies to improve operative outcomes.
It is, however, essential that surgeons pay meticulous attention

to quality assurance, in particular operative technique, when
conducting such studies.

Lastly, the most significant recent advances relate to
greater understanding of molecular medicine, in par-
ticular the genetic mutational markers of better or worse
prognosis, so allowing more appropriate uses of increas-
ingly scarcer resources targeted at those whose potential
benefit is greater: the age of precision medicine. We would
hope that the next 10 years will see the application of pre-
cision surgery to the ever-increasing benefit of our cancer
patients.

Lynda Wyld
University of Sheffield Medical School
Sheffield, UK

Riccardo A Audisio
University of Liverpool
St Helens, UK

Graeme ] Poston
University of Liverpool
Liverpool, UK
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INTRODUCTION

Epidemiology is the branch of medicine that studies how
and why different groups of people have different risks of
developing disease and the factors that are responsible for
these differences. It is the cornerstone of public health and,
by identifying risk factors and targets for disease preven-
tion, it provides the basis for policy decisions and evidence-
based disease control and prevention. Epidemiological data
on changes in disease rates over time can also be used to
monitor the impact of primary prevention strategies.

CANCER IN THE UK

More than 327,000 people in the UK were newly diagnosed
with cancer of one type or another in 2012, and more than
157,000 died of the disease [1]. The most common cancers
to be diagnosed are breast cancer in women and prostate
cancer in men (see Figure 1.1) [1], while the most common
type of cancer to cause death is lung cancer in both men
and women. The different types of cancer that predomi-
nate vary with age. Leukaemia and brain cancer are by far
the most common in both boys and girls (see Figure 1.2).
Among teenagers and young adults, lymphomas continue
to be common in both sexes, while testicular cancer and
other germ-cell tumours are relatively common in young
men, and breast cancer and other carcinomas in young
women. Among men aged 25-49, testicular cancer is the
most common cancer, while at older ages prostate, lung and
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bowel cancer predominate. Breast cancer is the most com-
mon cancer in women in all age groups beyond 25, while at
ages 50 and above lung and bowel cancers also contribute
substantially to the numbers of new cases of cancer. Further
information on the numbers of cancers diagnosed in the
UK is given in [2].

Overall, cancer is much rarer in childhood than in
adults and, after childhood, the numbers of new cases of
cancer diagnosed annually increase with age up to about
60 in women and 70 in men (see Figure 1.3). Beyond these
ages the numbers level off in women and start to decrease
in men. This reflects the decreasing number of people in
the population at older ages, due principally to the effect of
mortality, but also to changes in migration and the birth
rate. The effect of variation in the numbers of people in
different age groups in a population on the number of can-
cer cases diagnosed in each age group can be taken into
account by considering annual incidence rates, i.e. the
number of cases occurring each year divided by the num-
ber of people in the relevant age group of the population.
Incidence rates for all types of cancer combined continue
to increase throughout life in both men and women.
When comparing cancer levels in different populations,
and within the same population at different time peri-
ods, it is usually more appropriate to consider rates rather
than numbers of cancers. It is also necessary to take into
account the different age structures of different popula-
tions by using an appropriate form of age standardization
(see ‘Cancer Worldwide’ section on page 6).
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United Kingdom
Male Female
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Figure 1.1 Numbers of new cases of cancer and deaths occurring each year in the UK in 2012. (Reproduced from
Ferlay J, et al., GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet].
Lyon, France: International Agency for Research on Cancer; 2013, available from: http://globocan.iarc.fr, accessed

16 October 2014.)
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Figure 1.2 The distribution of cancer types by age group among males (a) in the UK for the years 2009-2011. (Reproduced
from Cancer Research UK, Cancer incidence by age, London: Cancer Research UK; 2014, available from http:/www.
cancerresearchuk.org/cancer-info/cancerstats/incidence/age, accessed March 2016.) (Continued)
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Females

Teenagers and
young adults
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Figure 1.2 (Continued) The distribution of cancer types by age group among females (b) in the UK for the years 2009-
2011. (Reproduced from Cancer Research UK, Cancer incidence by age, London: Cancer Research UK; 2014, available from

http://www.cancerresearchuk.org/cancer-info/cancerstats/incidence/age, accessed March 2016).
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Figure 1.3 Numbers of new cases of cancer of all types occurring each year in the UK by age, and annual age-specific

incidence rates per 100,000 population, for males and females in 2009-2011. (Reproduced from Cancer Research UK,

Cancer incidence by age, London: Cancer Research UK; 2014, available from http://www.cancerresearchuk.org/cancer-
info/cancerstats/incidence/age, accessed 5 January 2014.)
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CANCER WORLDWIDE

At present, more than 14 million new cases of cancer occur
each year worldwide and more than 8 million deaths are
attributable to cancer annually [1]. For some cancers
incidence rates are increasing, and for others they are
decreasing. The number of new cases occurring overall is,
however, increasing year on year, due mainly to increases
in population size and longevity but also to the increasing
effect of tobacco consumption in middle- and low-income
countries (see below). If current trends continue, then

°® °
Most common cancer, male
Lung (91) Leukaemia (3)
Prostate (42) Non-Hodgkin lymphoma (2) )
Liver (23) Oesophagus (2)
Stomach (13) Colorectum (1)
Kaposi's sarcoma (11) Lip, oral cavity (1)

Most common cancer, female

Breast (103) Liver (3)

Cervix uteri (44) Colorectum (2)
Lung (26) Oesophagus (1)
Stomach (5) Not applicable
No data

there will be around 22 million new cancer cases globally
in 2030 [3].

Cancer imposes a substantial burden of morbidity
and mortality in every country worldwide, but the types
of cancer that are common differ between countries
(Figure 1.4). In men, lung cancer is the most important
fatal cancer in much of the world, although prostate can-
cer predominates in sub-Saharan Africa and parts of
Latin America. Leukaemia, Kaposi’s sarcoma and can-
cers of the liver, oesophagus, lip and oral cavity are each
the most common fatal cancer in men in a few countries.

(b)

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status
of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines for which there
may not yet be full agreement.

Figure 1.4 Most common fatal cancer by country in males (a) and females (b). Values shown are age-standardized rates,
i.e. summary measures of the rates that would have occurred if the population in each country had the same standard
age structure. (Reproduced from Ferlay J, et al., GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC
CancerBase No. 11 [Internet]. Lyon, France: International Agency for Research on Cancer 2013.)
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In women, lung cancer is the most common fatal cancer
in North America, northern Europe, China and Australia.
Breast cancer mortality exceeds that of lung cancer in
North Africa, southern Europe, Russia, the Middle East,
much of Latin America and parts of Australasia, while
cervical cancer predominates in sub-Saharan Africa and
parts of Latin America. Further information on the num-
bers of cancers in different countries around the world is
given in [1].

For many types of cancer, incidence rates vary by more
than a factor of 10 between different countries. In some
cases, substantial differences also occur between popula-
tions with similar ethnic and genetic compositions, and
between men and women in the same population, even for
cancers of organs that are common to both men and women.
These observations suggest that the environment plays a
major role in the causation of cancer and also that differ-
ent cancers may well have different causes. Confirmation of
the role of the environment in cancer causation has come
from studies of migrant populations, among whom cancer
rates tend to change from those of the country that they
have left toward those of the country to which they have
migrated [4,5].

EPIDEMIOLOGICAL STUDIES

Studies comparing cancer rates in different populations are
termed ‘descriptive studies’. Although such studies have
been useful in suggesting that different environmental
causes predominate in different places, their role in iden-
tifying specific causes of cancer is usually limited. Other
types of descriptive study focus on individuals and include
case reports and case series. Studies such as these may pro-
vide the initial pointers as to the specific factors involved
in causing a particular type of cancer, but the strength of
the evidence that they provide is usually weak, in that it is
not usually possible to rule out other explanations for the
observations.

More detailed studies, known as ‘analytical studies’, in
which the extent to which different individuals within a
population have been differently exposed to specific fac-
tors is documented and then related to the subsequent
rate at which the cancer in question occurs, can provide
stronger evidence. The design of such studies usually falls
into one of two basic categories: a ‘cohort study’ or a ‘case-
control study’. In a cohort study, a population of individ-
uals who have not yet developed the disease in question
is identified, and the extent to which each individual
has been exposed to the agent in question is ascertained.
The individuals in the population are then followed up over
time, occurrences of the disease in question are identified
and the association between the disease rates in those with
different levels of exposure to the putative cause is stud-
ied. Where the follow-up starts from the time the study
is initiated and is carried out prospectively, it is clear that
the study may take many years to complete. Sometimes,

however, a cohort study can make use of information that
has already been collected, such as employment or medical
records, in which case the study may be carried out within
a shorter timescale.

In a case-control study, individuals in a population
who have already developed the disease in question - the
cases — are identified, as are individuals who have not yet
developed the disease - the controls. The extent to which
both cases and controls had previously been exposed to
the agent in question is then ascertained and, once again,
the association between disease rates and exposure levels
studied. By sampling only a proportion of the individuals
who are eligible to be controls, case-control studies involve
studying a smaller number of individuals than cohort stud-
ies, which may result in a cheaper study. However, if the
exposure histories are collected retrospectively, for example
by administering questionnaires to the study participants,
care must be taken to avoid recall bias arising from the
fact that the cases may be more likely than the controls to
remember exposures to factors thought to be harmful.

Irrespective of the study design, it is clear that the
associations revealed in the data will be informative
only if the study has been able to take into account all
the other variables that are strongly associated with
both the disease under study and the exposure of inter-
est. Otherwise the association will be distorted or
‘confounded’. In a cohort study, the effect of potential
confounders is often removed during the analysis using
statistical techniques such as regression or stratifica-
tion. These techniques may also be used in the analysis of
case-control studies, but in such studies there is the addi-
tional possibility of removing at least some of the poten-
tial confounders during the design phase of the study, by
choosing controls whose distribution across the potential
confounding variables is matched to that of the cases.
Further information about different types of epidemio-
logical study is given in [6,7].

ASSESSMENT OF CAUSATION

Irrespective of the excellence of the design, data collec-
tion and statistical analysis, or the striking nature of the
results, a single epidemiological study is unlikely to pro-
vide conclusive evidence as to whether or not an asso-
ciation between exposure and disease is causal. This is
because such studies are observational in nature, and the
investigator has not determined the allocation of the study
subjects to putative risk factors. Rather it is determined by
a variety of factors, many of which may be unknown to
the investigator and which cannot, therefore, be taken into
account. This is in contrast to trials and other experimen-
tal studies, where the investigator can use randomization
to ensure that individuals allocated to different exposure
levels are unlikely to differ systematically from each other,
and where single studies can often provide strong evidence
of causality.
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Determining causation from observational studies is
a crucial component of epidemiology. In 1965, Austin
Bradford Hill proposed nine criteria to help assess the cau-
sality of associations between environmental exposures
and diseases such as cancer [8]. These criteria are listed in
Table 1.1, together with an illustration of how they could be
used in considering the information on smoking and lung
cancer available at the time. As Bradford Hill pointed out,
the criteria are guidelines, rather than hard and fast rules.

Table 1.1 Bradford Hill criteria

Criterion
1. Strength

2. Consistency

3. Specificity

4. Temporality

5. Biological
gradient

6. Plausibility

7. Coherence

8. Experiment

9. Analogy

Description

The larger the impact of the exposure
on the outcome, the stronger is the
evidence for a causal link.

There is strong evidence for causality
when similar results are found in
studies that use different designs.

There is stronger evidence for causality
if a particular exposure is associated
just with a specific type of cancer.

The exposure needs to come before the
disease for it to be a causal agent.

A dose-response relationship between
the exposure and the outcome
suggests causality.

It is helpful if the causal association is
biologically plausible, according to
contemporary scientific knowledge.

The cause-and-effect interpretation of
the data should not conflict with the
generally known facts of the biology
and natural history of the disease.

Experimental evidence, when available,
strongly suggests causality.

If inhaling one substance can be shown
to cause lung cancer, then it is easier
to believe that inhaling another
substance may do so as well.

In fact, one criterion - that of specificity — does not apply in
the case of smoking and lung cancer. Reaching a consensus
as to whether the evidence regarding causality is conclusive
can be difficult. Although by 1965 many people judged the
evidence of a causal relation to be overwhelming, several
eminent scientists still did not find the relationship biologi-
cally plausible (see Table 1.1).

The International Agency for Research on Cancer (IARC)
has a process to facilitate the reaching of a consensus as to

Example from lung cancer and smoking, based on
evidence in 1965

Tobacco smoking was associated with a more than
tenfold increase in lung cancer mortality.

In 1964, the US Surgeon General found 29 retrospective
and 7 prospective studies reporting a positive
association between smoking and lung cancer.

Tobacco smoking increased the risk of lung cancer, but it
also increased the risks of many other cancers and
many non-neoplastic diseases. Thus lung cancer and
smoking did not — and still do not — meet this criterion.

The increase in lung cancer mortality in men in the UK
came several decades after an increase in cigarette
smoking by men in the armed services in World War I.

The lung cancer death rate rose linearly with number of
cigarettes smoked per day in the studies available to
Bradford Hill in 1965. In some more recent studies this
linear relationship has been less clear, as many
smokers have smoked variable numbers of cigarettes
at different time periods.

What is biologically plausible depends on the biological
knowledge of the day. In 1965, several eminent
scientists, including J Berkson, J Neyman and RA Fisher,
were still not convinced that the relationship between
cigarette smoking and lung cancer was causal [47]. They
did not find such a relationship plausible.

Factors carcinogenic to the skin of animals had been
identified in cigarette smoke.

True experimental evidence on the relationship between
smoking and lung cancer in humans is unlikely ever to
become available. However, the fact that cessation of
tobacco smoking had a clear effect on lung cancer—
related mortality provided ‘semi-experimental’ evidence.

The fact that inhaling cigarette smoke caused lung
cancer made it easier to believe that inhaling asbestos
fibres or the progeny of radon gas also caused lung
cancer.

Note: Nine criteria proposed in 1965 by Bradford Hill to help assess whether associations between environmental exposures and diseases
such as cancer are causal [8], together with examples as to how they could be used in considering the information available on
smoking and lung cancer that was available in 1965.
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whether an agent is a human carcinogen [9]. It assembles
groups of expert scientists from a variety of disciplines to
examine the evidence relating to various factors. The factors
include chemicals, complex mixtures, occupational expo-
sures, physical agents, biological agents and lifestyle factors.
Since 1971, more than 900 agents have been evaluated, of
which more than 400 have been identified either as carci-
nogenic or as probably or possibly carcinogenic. The IARC
reviews provide an authoritative and up-to-date resource for
environmental causes of cancer, and many national health
agencies use them as scientific support for strategies to
prevent exposure to factors that cause cancer. Some of these
factors are discussed below. More detailed information is
given in [10].

CAUSES OF CANCER

Tobacco

Tobacco smoke contains a multitude of harmful substances,
including more than 70 different carcinogens. Lung can-
cer is the cancer most often caused by tobacco, but it also
causes cancers of the oral cavity, naso-, oro- and hypophar-
ynx, nasal cavity and paranasal sinuses, larynx, oesopha-
gus, stomach, pancreas, liver, colorectum, kidney (body
and pelvis), ureter, urinary bladder, uterine cervix, ovary
(mucinous) and myeloid leukaemia [11]. Parental tobacco
smoking is also an established cause of hepatoblastoma
in children, while tobacco chewing causes cancers of the
mouth, oesophagus, pancreas and bladder [12,13].
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Tobacco is by far the most important preventable
cause of cancer and accounts for around 20% of cancer
deaths worldwide, as well as causing large numbers of
deaths from many other diseases [14,15]. There are more
than 1.3 billion smokers worldwide, and tobacco use is
currently responsible for the death of approximately
6 million people annually [16]. Use is still increasing in
many places, especially in low- and middle-income coun-
tries, and if current trends continue, then tobacco use
may be responsible for an estimated 1 billion deaths dur-
ing the twenty-first century.

Preventive measures can reduce tobacco-related mortal-
ity, and a striking example is provided by data from the UK
(Figure 1.5). The causal relationship between tobacco and
lung cancer was established in the 1960s, at which time
mortality from tobacco-related cancer was increasing rap-
idly among men in the UK. Following the introduction
of preventive strategies, particularly by encouraging cur-
rent smokers to quit, smoking-related mortality started to
decrease from about 1970. By 2010 tobacco-related cancer
mortality in men was down to around one-third of its value
in 1970. Among women, tobacco-related cancer mortality
has been lower than in men but continued to increase until
around 1990.

Hormonal and reproductive factors

Reproductive and menstrual factors are important in the
aetiology of breast, endometrial and ovarian cancers [17].
Their role was suspected as early as the eighteenth century
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*The mortality rates have been age standardized by taking the means of the 7 annual death rates

in the component 5-year age ranges.

Figure 1.5 Total cancer mortality rates at ages 35-69 in the United Kingdom and 35-year cumulative risks of death, subdi-
vided into the contributions attributable and not attributable to smoking in males (a) and females (b). (Reproduced from
Peto R, et al., in Stewart BW, Wild CP, eds., World Cancer Report 2014, Lyon, France: International Agency for Research on

Cancer, World Health Organization; 2014, pp. 839-51.)
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by theItalian physician Bernardino Ramazzini, who noted,
‘Cancerous tumours are very often generated in wom-
en’s breasts, and tumours of this sort are found in nuns
more than in any other women’ [18]. It is now accepted
that multiparous women have a lower risk of develop-
ing breast cancer than their nulliparous counterparts.
However, other hormonal factors are also associated with
an increased risk of breast cancer, including early age of
menarche, late age of first full-term pregnancy, late age of
menopause and use of hormone replacement therapy [17].
Breast feeding, on the other hand, is a protective factor
and is associated with a reduced risk of breast cancer.
Although these associations are thought to be causal, the
hormonal mechanisms underlying them are not yet fully
understood. It is clear, however, that increased exposure
to endogenous oestrogen levels increases the risk of breast
cancer and can also drive disease progression. The prin-
cipal sources of endogenous oestrogen in premenopausal
women are the ovaries. Consequently, clinicians used
surgical, radiotherapeutic and medical ovarian ablative
and suppressive techniques as an adjuvant treatment in
breast cancer for many years prior to the development
of modern chemotherapy, radiotherapy and endocrine
treatments.

The reproductive risk factors for endometrial and ovar-
ian cancer are similar to those for breast cancer. Obesity
(see below) is another factor that increases the risk of both
endometrial and ovarian cancer [17], and its role is thought
to be mediated through hormonal mechanisms. Obesity
also influences breast cancer risk, and here the relationship
is complicated, as it is associated with a small reduction in
risk in premenopausal women but, following menopause,
this relationship reverses and obesity increases breast can-
cer risk. The role of the combined oestrogen—progestogen
contraceptive pill also differs between breast cancer and the
other reproductive cancers, conferring a slightly higher risk
of breast cancer but a substantially lower long-term risk of
endometrial and ovarian cancers. The fact that the same
exogenous hormone exerts such a variety of effects suggests
independent and complex mechanisms underlying these
types of cancers.

Cervical cancer differs from the other main female repro-
ductive cancers in that the vast majority of cervical cancers
are due to human papillomavirus infection (see below), but
there is also some evidence for a role of hormonal factors in
cervical cancer [19]. The role of hormonal factors in the aeti-
ology of testicular, prostate and some other cancers in men
is being revealed, although clear risk relationships remain
to be identified [17,20].

Alcohol

The link between the consumption of alcohol and the risk
of cancer has been established since the beginning of the
twentieth century [21]. Alcohol causes cancer of the liver,
oral cavity, pharynx, larynx, oesophagus, colorectum and

female breast [22,23]. Alcohol consumption is increasing
in many countries worldwide, and alcohol-related cancers
were estimated to be the cause of 337,400 deaths globally
in 2010 [10,24]. Most of these deaths were from liver cancer
in men. The process underlying the carcinogenic proper-
ties of alcohol consumption is multifaceted and not fully
understood, but is likely to involve different mechanisms for
different cancers. For instance, prolonged alcohol consump-
tion results in liver cirrhosis, and this is likely the primary
reason for the increased risk of liver cancer from alcohol
abuse [25].

The main metabolite of alcohol is acetaldehyde, which
is highly toxic and mutagenic. A large body of evidence
from laboratory, animal and genetic linkage studies sup-
ports the finding that acetaldehyde is the major factor
responsible for alcohol-related cancers in the gastrointes-
tinal tract [21]. Alcohol also acts as a solvent for tobacco
carcinogens, which may partly explain the very large risks
of cancers of the mouth, pharynx, oesophagus and larynx
cancer when alcohol consumption is combined with smok-
ing, compared to the risk from alcohol consumption in
lifelong non-smokers [14,24]. Alcohol has a role in folate
metabolism and in the production of reactive oxygen and
nitrogen species which may also play a role in carcinogenic
pathways [24]. Alcohol also increases endogenous oes-
trogen levels, and this may explain why the risk of breast
cancer is increased in women with high alcohol consump-
tion [26]. It is clear that heavy alcohol consumption has a
complex role in cancer induction, and also that even light
alcohol consumption contributes to the burden of cancer in
many countries worldwide.

Obesity, diet and physical activity

In 2012, approximately 3.6% (481,000 persons) of all can-
cers diagnosed in adults aged at least 30 years were attrib-
utable to high body mass index [26]. Obesity increases
the risk of cancers of the kidney, oesophagus, pan-
creas, colon and female reproductive system, as well as
postmenopausal breast cancer (see above) [10]. The under-
lying mechanism between obesity and the increased risk
of reproductive cancers is uncertain; it may result from
the increased conversion of androgens into circulating
oestrogens in adipose tissue. Other endocrine factors
from increased adiposity may also have synergistic effects
in increasing this risk, but these are poorly understood
at present [27]. It is clear, however, that regular exercise
and limiting caloric intake help to reduce the risk of many
cancers, both by preventing obesity and by more complex
processes.

The impact of specific dietary and related lifestyle fac-
tors has been notoriously difficult to determine. There are
problems with recall bias in case-control studies, while
cohort studies often suffer from short-term follow-up
as well as imperfect quantification of dietary intake and
exercise [28]. High consumption of red meat, especially
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processed meat, is associated with an increased risk of
colorectal cancer, while high salt intake increases the risk
of gastric cancer [29,30]. There is also evidence that regu-
lar physical activity reduces the risks of multiple cancers
by contributing to weight control and may reduce the risks
of colorectal and breast cancer by additional mechanisms.
Higher intakes of fruit, vegetables and dietary fibre may
be protective against various cancers, with the strongest
evidence for a protective role of dietary fibre in relation to
colorectal cancer.

Overall, trials of vitamin and mineral supplementation to
prevent cancer have been largely null, with evidence of ben-
efitin cancer risk reduction only in populations with dietary
deficiencies, and evidence for adverse effect of some supple-
ments in generally well-nourished populations [10,31].
Although recommendations about specific dietary fac-
tors to reduce cancer risk are unlikely to do much harm,
this is not true of all dietary factors related to cancer [14].
For instance, calcium is required for bone growth and many
other processes and it is beneficial in reducing the risk of
colorectal cancer. However, high calcium intake, and to a
lesser degree high consumption of dairy products, has been
associated with prostate cancer [32]. This illustrates the
intricate mechanisms underlying dietary correlations with
disease, which can make clinically meaningful guidance
difficult to formulate.

Occupation, radiation and pollution

Epidemiological studies of workers in specific occupa-
tions have played a major role in cancer epidemiology
and have enabled the identification of a number of car-
cinogens. Examples include bladder cancer in workers
in dye factories, lung cancer in metal workers, meso-
thelioma in craftsmen working with asbestos and scro-
tal cancer in chimney sweeps. To date, 32 occupational
agents have been definitively identified as carcinogenic to
humans [33]. Exposure to many other occupational fac-
tors is thought to increase the risk of cancer, but at present
sufficient evidence to confirm or refute a causal relation-
ship is lacking.

Exposure to ionizing radiation is an established cause of
most types of cancer [34] and, as the dose-response relation-
ship is approximately linear at low doses, exposures even at
low levels are likely to incur some risk. Until recently, the
largest source of exposure to ionizing radiation in the gen-
eral population both in the UK and in many other coun-
tries was the natural radioactive gas radon, which emanates
from the ground and can reach appreciable concentrations
in houses and other small buildings. Exposure to ionizing
radiation from diagnostic medical procedures - especially
computerized-tomography scans - has increased rapidly in
many countries and now exceeds exposure from radon in
several countries.

Ultraviolet radiation, whether from direct sunlight in
the absence of sun protection or from tanning machines,

is established as the main cause of cutaneous malignant
melanoma, basal cell carcinoma and squamous cell car-
cinoma [35,36]. Some studies have suggested that expo-
sure to radiofrequency electromagnetic radiation from
mobile phones may cause glioma or acoustic neuromas,
and these are at present classified by IARC as possibly
carcinogenic.

Many known, probable and possible carcinogens pol-
lute the environment. Air pollution from vehicle emissions,
power generation, household combustion of solid fuels and
a range of industries contain known carcinogens including
diesel emissions, polycyclic aromatic hydrocarbons, ben-
zene and 1,3-butadiene, together with inorganic carcino-
gens such as asbestos, arsenic and chromium compounds.
Exposure to particulate matter in outdoor air pollution
causes lung cancer. In drinking water, inorganic arsenic is a
recognized carcinogen [37].

Exposure to occupational carcinogens, to ionizing
and ultraviolet radiation and to environmental pollut-
ants is regulated in many countries [38]. Unfortunately,
however, exposures in many low- and middle-income
countries are often poorly controlled, and substantial
exposure levels continue to occur in many parts of the
world.

Infections

Infection with certain viruses, bacteria or parasites can
cause cancer. A list of the infectious agents classified as
carcinogenic by the IARC is given in Table 1.2 [39,40].
Most of these agents increase the risk for an infected indi-
vidual by more than a factor of 10. It has been estimated
that, in 2008, a few chronic infections were responsible
for more than 2 million new cancer cases worldwide, i.e.
16% of all new cancer cases [40]. This percentage varies
substantially by continent and country. The fraction of
cancer attributable to infections is largest in sub-Saharan
Africa (33%) and smallest in Australia, New Zealand and
North America (<4%), while for Europe it was estimated
to be 7%. Table 1.2 includes only agents with sufficient
data for a definitive causative link to be established. There
are many more infectious agents which may be carcino-
genic, but there are limited or only correlational data at
present [41].

GENETIC EPIDEMIOLOGY

In recent years there have been rapid advances in genetic
techniques and molecular analysis allowing the iden-
tification of genetic causes of cancer. An example is the
discovery that mutations in BRCAI and BRCA2 genes
are associated with an increased lifetime risk of breast
and ovarian cancers [42]. This field is discussed further
in Chapter 2. By assessing the genetic and molecular pro-
files in large-scale populations and combining them with
exposure data, the field of genetic cancer epidemiology
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Table 1.2 Major cancer sites where infections are an established cause and estimated number of attributable cases in 2008

Cancer site Pathogen (type of pathogen) Number®
Stomach Helicobacter pylori (Gram-negative bacterium) 650,000
Liver Hepatitis B virus (DNA virus), hepatitis C virus (HCV) (RNA virus), 580,000
Southeast Asian liver fluke: Opisthorchis viverrini
(Trematode), Chinese liver fluke: Clonorchis sinensis
(Trematode)
Cervix uteri Human papillomavirus (HPV) (DNA virus) with or without HIV2 530,000
Anogenital (penis, HPV with or without HIV2 56,000
vulva, vagina, anus)
Nasopharynx Epstein—Barr virus (EBV) (human herpes virus 4) 72,000
Oropharynx HPV with or without tobacco or alcohol consumption 22,000
Kaposi's sarcoma Human herpes virus type 8 with or without HIV2 43,000
Non-Hodgkin lymphoma  Helicobacter pylori, EBV with or without HIV,2 HCV, human T-cell 49,000
lymphotropic virus type 1
Hodgkin lymphoma EBV with or without HIV? 33,000
Bladder Schistosoma haematobium (Trematode) 6000
Total number of cancers attributable worldwide to infectious agents in 2008 2,000,000

(i.e. 16% of all
new cancer
cases worldwide)

Source: Adapted from de Martel C, et al., Lancet Oncol 2012;13(6):607-15.
2 Infection with human immunodeficiency virus (HIV) type 1 (RNA retrovirus) greatly increases the risk.
b Number of new cases attributable each year to infection (% of total cancers caused by infective agents).

is also beginning to increase knowledge of why the same
exposure causes some people to develop cancer and not
others.

MONITORING AND PREVENTING
CANCER IN THE UK

In most populations, the rates of many cancers have var-
ied over time in response to changes to exposures to the
relevant carcinogens and also to preventive measures.
In the UK, both incidence and mortality rates for liver can-
cer and malignant melanoma have been increasing in recent
years in both males and females, as a result of increases in
alcohol consumption and exposure to sunlight, respectively
(Figure 1.6). In contrast, stomach cancer incidence and mor-
tality rates have been decreasing in both males and females,
due to a reduction in the prevalence of Helicobacter pylori
infection and from changes in diet. For lung cancer, inci-
dence and mortality rates are currently decreasing in men,
following the implementation of measures to reduce smok-
ing (see above), although preventive measures have not yet
resulted in a clear reduction in lung cancer rates for women
in the UK. For some cancers incidence rates have increased
recently, while mortality rates have decreased over the same
time period. For myeloma and non-Hodgkin lymphoma,
this is likely to be due principally to more effective treat-
ment, while for others, such as cancers of the breast, bowel
and cervix, nationwide screening programmes are likely
to have played a role by increasing the number of cases

diagnosed. This has the effect of making incidence rates
appear to have increased. At the same time screening leads
to cases being diagnosed at an earlier stage, resulting in lon-
ger survival and lower mortality rates.

In order to estimate the extent to which cancer could,
in principle, be prevented, Parkin et al. have estimated the
fraction of cancers occurring in the UK in 2010 that can be
attributed to suboptimal past exposures of 14 major lifestyle
and environmental risk factors: tobacco, alcohol, four ele-
ments of diet (consumption of meat, fruit and vegetables,
fibre and salt), overweight, lack of physical exercise, occupa-
tion, infections, ionizing and solar radiation, use of exoge-
nous hormones and breast feeding (Table 1.3) [43]. Exposure
to each of these factors is potentially modifiable. Tobacco
smoking was by far the most important factor, responsible
for 60,000 cases (19.4% of all new cancer cases) in 2010. The
relative importance of other exposures differed by sex. In
men, deficient intake of fruits and vegetables (6.1%), occu-
pational exposures (4.9%) and alcohol consumption (4.6%)
were next in importance, while in women, overweight and
obesity were responsible for 6.9% of cancers, through their
effect on breast cancer, followed by infectious agents (3.7%).
Overall, exposure to less than optimum levels of the 14 fac-
tors considered was responsible for 42.7% of cancers in the
UK - a total of about 134,000 cases in 2010. Calculations
such as these illustrate the extent to which cancer could, in
principle, be prevented. They are also helpful in prioritizing
cancer control strategies, including the formulation of real-
istically achievable targets.
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Figure 1.6 Recent changes in incidence and mortality rates of the 20 most common cancers in the UK for males (a, b)
and females (¢, d). In each panel cancers are listed in descending order of incidence (or mortality) rate. Percentages are
changes in the age-standardized rate, using the European standard population. (Reproduced from Cancer Research
UK, Cancer stats report — Cancer incidence for common cancers 2014, London: Cancer Research UK, available from
http://www.cancerresearchuk.org/cancer-info/cancerstats/incidence/commoncancers/uk-cancer-incidence-statistics-for-
common-cancers, accessed March 2016.)
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Table 1.3 Percentages and numbers of cases of cancer in the United Kingdom in 2010 attributable to suboptimal past

exposure to preventable factors

Incident cancers in the UK in 2010 attributable to suboptimal

past exposures

Percentage of all new cancer cases

Total number of cases (males

Factor Optimal exposure Males
Tobacco Nil 23.0
Diet
Fruit and vegetables >5 servings per day 6.1
Red and preserved meat  Nil 3.5
Fibre >23 g per day 1.4
Salt <6 g per day 0.9
Overweight and obesity Body mass index 4.1
<25 kg m2
Alcohol Nil 4.6
Occupational exposures Nil 4.9
Ultraviolet solar radiation As in 1903 cohort 3.5
Infections Nil 2.5
lonizing radiation Nil 1.7
Physical exercise >30 min 5 times 0.4
per week
Breast feeding Minimum of —
6 months
Postmenopausal Nil —
hormones
Total due to suboptimal past exposures 45.3

Females Persons and females combined)
15.6 19.4 60,837
3.4 4.7 14,902
1.9 2.7 8411
1.7 1.5 4856
0.2 0.5 1694
6.9 5.5 17,294
3.3 4.0 12,458
2.4 3.7 11,494
3.6 3.5 11,097
3.7 3.1 9745
2.0 1.8 5807
1.7 1.0 3275
1.7 0.9 2699
1.1 0.5 1675
40.1 42.7 134,000

Source: Data from Parkin DM, et al., Br J Cancer 2011;105(Suppl 2):S77-81.
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INTRODUCTION

In recent years there has been a burgeoning increase in the
evidence for familial predisposition to cancer. This has gath-
ered pace since the classic model of hereditary retinoblastoma
was outlined in 1971 [1]. The supposition that some cancers
were inherited has long been held by more than just a fringe
community. The earliest report of cancer running in families
dates back almost 200 years to a large cluster of breast cancer
in the wife and family of a French physician named Broca, and
clustering of gastric cancer in Napoleon’s family [2]. The pio-
neering work of clinicians and researchers, including Henry
Lynch and Mary-Claire King in the US in the 1960s to 1980s,
provided anecdotal and some epidemiological evidence of
the hereditary nature of a proportion of cancers (breast and
colonic). However, the hereditary element was not proven
until the advent of molecular biology, when mutations were
identified in cancer-predisposing genes. It is, therefore, only
in the last 25 years that molecular science has not only proven
the strong hereditary nature of a small proportion of cer-
tain common cancers, but also demonstrated that polygenic
inheritance of common genetic alterations (polymorphisms)
accounts for a substantial further proportion.

MOLECULAR BASIS OF CANCER

That cancer is ‘genetic’ at the cellular level has been
beyond dispute for some time. All tumours result from a
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combination of inactivating and promoting mutations/
disruptions of two types of gene: tumour suppressor genes,
which require inactivation to enable growth, and onco-
genes, which require activation to promote cell division
and proliferation. The great majority of these molecular
events are acquired either through simple replication error
(copying of DNA during cell division) or due to external
DNA-damaging agents (radiation, chemicals and viruses)
or by epigenetic factors such as ageing, which increase epi-
genetic gene silencing through methylation. Nevertheless,
recent evidence has confirmed that predisposition to cancer
involves a polygenic pattern with multiple common gene
variations associated with small elevations in risk.

HEREDITARY CANCER

Occasionally, mutations in tumour suppressor genes can be
inherited rather than acquired. Identifying the genes which
cause hereditary tumour predisposition has given a major
insight into many cancers. The role of cancer-predisposing
genes in the aetiology of sporadic cancer has been the subject
of a great deal of research, and much can still be learned from
some of the more obscure cancer-prone syndromes. Broadly,
tumour predisposition can be divided into rare genetic tumour-
predisposing syndromes, where malignancy is a high-risk side
effect, and a larger group which cannot be easily identified
clinically from features in an individual, where there may be
a strong family history of one or more common malignancies.

17
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RETINOBLASTOMA

From epidemiological and genetic segregation work on
retinoblastoma, a rare childhood malignancy of the eye, it
became the model for much of our current knowledge of
tumour suppressor genes. This often newborn or infancy
eye malignancy was recognized as having a familial compo-
nent as early as the nineteenth century. Approximately 50%
of cases are due to inheritance of a mutation/deletion in one
copy of the retinoblastoma gene (RB) (Table 2.1), and >90%
of individuals who carry a mutation will develop retinoblas-
toma, usually bilaterally and often multifocally in the same
retina. In 1971, Knudson proposed that the condition was
caused by mutational events in both copies of the RB gene
[1,3]. Those children that inherited a mutated copy required
only one further mutational event in the other copy of RB
and were far more likely to develop the malignancy, caus-
ing it to occur at a younger age and usually bilaterally.
Sporadic cases required two mutations (‘hits’) in a retinal
cell, as opposed to one in the familial situation (Figure 2.1),
and thus bilateral tumours are incredibly unlikely to occur

and the unilateral tumours present later. This hypothesis,
which has since been validated in a number of other con-
ditions including type 2 neurofibromatosis [4] and BRCAI
[5]-related breast and ovarian cancer, now bears the con-
ceiver’s name: the Knudson ‘two-hit” hypothesis.

ROUTE TO DISCOVERING CANCER GENES

The discovery that bilateral retinoblastoma cases had con-
stitutional deletions of chromosome 13 visible at the micro-
scopic level concentrated research on that region [3]. One of
the genes removed by the deletion in these cases, esterase D,
then acted as a polymorphic genetic linkage marker for
further studies. The RB gene, the first hereditary cancer
gene, was finally localized and cloned using this gene link-
age analysis in 1986 [6].

The same research approaches using chromosome and
genetic linkage studies of individuals, their tumours and
families have led to the discovery of nearly all the high-risk
genes that cause cancer predisposition (Table 2.1). Indeed
the majority of these genes were identified along with their

Table 2.1 Examples of autosomal dominant, recessive and X-linked syndromes
predisposing to tumours and cancer, with their chromosomal location and

protein product

Name of condition

Autosomal dominant

Chromosomal location

Protein product/gene

Familial polyposis (FAP) 5q APC
NF1 179 Neurofibromin
NF2 22q Merlin/Schwannomin
von Hippel-Lindau 3p pVHL
MEN1 11q Menin
MEN2 10q RET
Tuberous sclerosis 99 PTCH

(TSC1) 119 Hamartin

(TSC2) 16q Tuberin
Juvenile polyposis 18q and others pBMPR1a, SMAD4
Peutz—Jeghers 19p and others pSTK11/LKB1
Cowden 10q PTEN
Tylosis 17q Not found
Autosomal recessive
Fanconi anaemia 14 loci Many, including BRCA2
Bloom syndrome 159 pBLM
Ataxia telangiectasia 11q pATM
Xeroderma pigmentosum 7 types 2 types
Chediak-Higashi 1q pLYST
Albinism 11q OCA1, OCA2
Familial polyposis 2 1p MUTYH1

Turcot syndrome

X-Linked
Bruton
Wiskott—Aldrich

Several; see Lynch

Xq
Xp

PMS2, MLH1, MSH2, MSHé

BLk
CD43
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Inherited Sporadic
Normal copy Normal copy Normal copy
of gene Mutated  of gene of gene
Normal copy
Chromosome 8 @ of gene @ @ Mutated
deletion (loss
of heterozygosity)
Chromosome
deletion (loss Mutated
of heterozygosity)

Figure 2.1 Knudson'’s two-hit hypothesis for retinoblastoma. The first hit, including the germline one, is usually a point
mutation, with the second lost by large deletions often of the chromosome arm.

gene products (proteins) in a heady 6-year period between
1989 and 1995. The last 20 years has seen steady prog-
ress toward the understanding of how these genes func-
tion through their protein products and the development
of the first line of gene-based therapies, such as trastu-
zumab, imatinib and a new group of synthetic lethal drugs,
poly (ADP-ribose) polymerase (PARP) inhibitors to treat
BRCA1/2-deficient cancers. However, much of the remain-
ing inherited components have been unpicked in the last
4 years by genome-wide association studies (GWAS) to find
the lower-risk genetic components [7,8].

CANCER-PREDISPOSING SYNDROMES

Cancer/tumour-predisposing syndromes are usually readily
identifiable from a clinical phenotype (group of associated
features) or by laboratory tests. The syndromes can be auto-
somal dominant, autosomal recessive or X-linked (Tables 2.1
and 2.2). It is the autosomal dominant disorders that have
been of most interest as they are likely to represent the inheri-
tance of a mutated copy of a tumour suppressor gene, which
also predisposes the individual to common cancers. Although
these conditions are generally uncommon, the tumour sup-
pressor genes involved often play a fundamental role in the
causation and initiation of sporadic cancers, which affect
35-40% of humans in the developed world in their lifetime.
The identification of the genes causing genetic syndromes
is still likely to lead to more bespoke treatments using gene-
based therapies, as well as earlier identification, monitoring
and, most ideally of all, prevention of common cancers.

FAMILIAL ADENOMATOUS POLYPOSIS

Familial adenomatous polyposis (FAP) is the para-
digm condition by which translational researchers have

hoped to transpose knowledge of rare genetic disorders
to a commonly occurring cancer. FAP is an autosomal
dominant condition characterized by the development
of hundreds to thousands of benign adenomatous polyps
in the colorectum usually by 30 years of age [10]. If left
without intervention this leads to the almost inevitable
development of a colorectal cancer by 60 years of age. The
condition may also be associated with osteomas, desmoid
tumours and epidermal cysts, as well as an increased risk
of other malignancies such as duodenal cancer, hepato-
blastoma, glioma, medulloblastoma and thyroid cancer.
The APC gene which causes autosomal dominant FAP
was localized to chromosome 5q21-q22 by genetic link-
age and cloned in 1991. FAP was one of the first condi-
tions in which a clear genotype-phenotype correlation
(connection between the genetic change in APC and the
clinical picture) emerged. Patients with mutations in the
5’ exons 2-5 (early part of the gene reading frame) had
a very mild clinical picture with late onset of polyps,
whereas those with mutations from exon 9 to codon 1450
of exon 15 had a classical disease course with nearly all
patients manifesting the typical congenital retinal pig-
mentation [11]. However, those with mutations beyond
codon 1450 showed typical Gardner syndrome features
(osteomas, cysts and desmoid disease) without congeni-
tal hypertrophy of the retinal pigment epithelium, but
also had milder polyp disease [11]. The APC gene is fun-
damentally important in the initiation of the majority
of ‘sporadic’ colorectal cancer, although the loss of both
functioning copies of the gene is then acquired, rather
than one inherited and one acquired, as seen in FAP. Use
of genetic registers and genetic testing to target screening
along with appropriately timed removal of the colon has
led to an improvement in life expectancy in FAP of 15-30
years [12].
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Table 2.2 Chromosomal location and implications of various dominant cancer syndromes

Disease Location Tumours/cancers

FAP 5q Adenomas, bowel cancer,
thyroid cancer

NF1 179 Neurofibroma, glioma, sarcoma,
malignant peripheral nerve
sheath tumour

NF2 22q Schwannomas, meningiomas,
ependymoma

VHL 3p Haemangioblastoma, renal
carcinoma,
phaeochromocytoma

MEN 1 11q Parathyroid, insulinoma,
gastrinoma

MEN 2a 10q Medullary thyroid cancer,
parathyroid,
phaeochromocytoma

MEN 2b 10q As in MEN 2a, except
parathyroid

Gorlin 99 Basal cell carcinoma,
medulloblastoma

Cowden 109 Breast, thyroid

LFS 17p Sarcoma (bone/soft tissue),
adrenal, breast cancer,
gliomas

BRCA1 179 Breast/ovary/colon/prostate
carcinoma

BRCA2 139 Breast/ovary/prostate
carcinoma, male breast

Lynch 2p, 3p, Colorectum, ovary, endometrium,

syndrome 2q, 79 ureter, gastric, pancreas

Lifetime risk Life
Probable without Start of  expectancy
earliest tumour  intervention  screening years [24]
First year? 100%, 99% 10-16 63-70
4 years, 7 years
First year, first 100%, 12% Birth 54-72
year
First year, first 100%, 60%, Birth 62-69
year, first year 10%
1-2 years, 90%, 70% 5 years, 49-53
20 years, 15 years
10 years
5 years 95% 5 years Close to
normal
3 years 80% 3-4 years  Reduced
1 year 100% Birth Reduced
5 years, 1 year 90%, 5% Birth 73.4
30 years, 30% 35 years Reduced in
teenage women
First year 95% First year Severely
reduced
>16 years 80-90% 30 years 62in
women
>16 years 80-90%, 10% 30 years 68 in
women
>16 years 80% 25 years Reduced

OTHER AUTOSOMAL DOMINANT
TUMOUR SYNDROMES

A number of other important dominantly inherited condi-
tions are now well described both clinically and genetically.
von Hippel-Lindau (VHL) predisposes to the development
of retinal angiomas, haemangioblastomas of the cerebel-
lum, renal cell carcinoma, phaeochromocytoma and renal,
pancreatic and epididymal cysts [13,14]. Mutations in the
VHL gene also play an important part in sporadic clear
cell carcinoma of the kidney [15]. The neurofibromatoses
consist of at least three separate disorders, NF1, NF2 and
schwannomatosis, which give rise to an increased risk of
mainly benign tumours of the nervous system and par-
ticularly the nerve sheath (schwanomas, neurofibromas).
The main risk of malignancy occurs in NF1 where the pre-
dominant tumour, the neurofibroma, is associated with a
10-13% lifetime risk to each NFl-affected individual of
developing malignant peripheral nerve sheath tumours

which have very poor survival [16]. NF2, the second type of
neurofibromatosis, is largely associated with schwannomas
and meningiomas of the neuro-axis, with most individuals
being deafened by bilateral eighth nerve involvement [17].
Gorlin syndrome is characterized by the development
of multiple jaw keratocysts and basal cell carcinomas as
well as a 2-5% risk of childhood medulloblastoma [18].
Recently a second gene (SUFU) in addition to PTCH has
been identified as a cause of Gorlin syndrome with a higher
risk of medulloblastoma of around 25% [19]. Indeed SUFU
is frequently involved in desmoplastic medulloblastoma.
The multiple endocrine neoplasias are further conditions
which predispose to benign tumours and at least one
malignancy. In MENT1 the organs affected are the parathy-
roid glands, pituitary and pancreas and can lead to early
death [20]. In MEN2 there is an association between med-
ullary thyroid carcinoma and phaeochromocytoma [21].
MEN?2 is unusual for the germline involvement of activat-
ing mutations in an oncogene (RET) which involves just
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one amino acid for the more severe infancy-onset MEN2b.
Another example of inherited dominant involvement of an
oncogene is with MET mutations that cause papillary renal
carcinoma in Birt-Hogg-Dubé syndrome [22]. Additional
important dominant conditions include Peutz-Jeghers [23]
and juvenile polyposis, [24] both of which have a substan-
tial risk of gastrointestinal tract malignancy. All of these
cancer-predisposing syndromes have benefited from the
identification of the causative gene and the targeted use
of screening which in most of the conditions improves
life expectancy [25]. This may mean intervention in child-
hood, particularly in MEN2 to remove the thyroid gland
preventatively.

The rarer autosomal recessive and X-linked disorders
are largely associated with immunodeficiency-related
cancer risk or with loss of a DNA repair mechanism. The
most notable from a surgical oncology perspective is the
recessive form of Lynch syndrome caused by homozygous
mutations in PMS2, MSH2, MLH]I or MSH6, which gives an
extremely high risk of childhood malignancy in addition
to the typical Lynch syndrome cancers of the colorectum
and endometrium. PMS2, which is least penetrant of the
Lynch syndrome genes in its dominant form, is frequently
involved at the recessive level and the resultant condition
with multiple café au lait patches may be what was origi-
nally described as Turcot syndrome [26]. The second that
also gives a high risk of colorectal cancer is MUTYH reces-
sive polyposis. This should be investigated in families with
multiple adenomatous polyps that do not follow a clear
autosomal dominant inheritance and where APC testing is
negative [27].

COMMON CANCER NON-'SYNDROMIC’
CANCER PREDISPOSITION

There has been an enormous improvement in our under-
standing of the mechanisms of carcinogenesis in the
last 25 years. Most cancers require a number of genetic
mutations in a progenitor cell before an invasive tumour
results. Virtually none will be caused solely by the loss of
two copies of a single tumour suppressor gene as in reti-
noblastoma, and the number of driver mutations prob-
ably varies between 4 and 10 (many more are present on
genome sequencing but most are bystanders). A combina-
tion of loss of function of tumour suppressor genes and
activation of oncogenes is normally involved. The combi-
nation and order in which these mutations occur may alter
the histological as well as invasive nature of the cancer, as
seen with BRCAI mutations for breast and ovarian cancer
[28,29]. There is clear epidemiological [30] and now genetic
evidence that a minority of people who develop common
cancers have inherited a dominantly inherited mutated
gene, which puts them at high risk of malignancy, but this
is usually not recognized as a syndrome apart from in the
family history. Adenocarcinomas are more likely than car-
cinomas of squamous epithelium to have a strong heredi-
tary component with 4-16% of all breast, ovarian and colon

cancer resulting from an inherited high-risk gene defect,
although twin studies show that this figure rises to around
30% for any inherited component [31]. In addition to fam-
ily history, cancers are more likely to be hereditary if they
are early onset, bilateral, multifocal or are associated with
other related primaries (such as breast with ovarian can-
cer or colorectal and endometrial). The germline inher-
ited mutations in the TP53 gene [32] (possibly the most
important gene in cancer - often called the caretaker of the
genome) in rare families with an often horrendous pattern
of malignancy were the first major discovery in this area.
Li-Fraumeni syndrome (LFS) links predisposition to sar-
comas of the soft tissue, muscle and bone often in child-
hood with very early onset breast cancer, glioma, adrenal
tumours and other tumours in children and adults. The
risk of cancer approaches 100% for female mutation carri-
ers by 50 years of age. While the condition is rare, affecting
around 1 in 40,000 people, it is as common as BRCAI and
BRCA2 combined in very early onset apparently isolated
breast cancer [33]. The breast cancers are predominantly
HER2 overexpressed [34] and with a relatively high de
novo mutation rate, women with HER2 positive invasive or
high-grade comedo ductal carcinoma in situ under 30 years
of age should be considered for TP53 testing regardless of
family history [33,35].

BREAST/OVARIAN CANCER

Breast cancer can occur as part of high-penetrance predis-
position such as LFS, and also BRCAI/2, but may also be
contributed to by mutations in other high-risk genes such
as PTEN, STK11 and CDHI and moderate risk genes such as
ATM, CHEK2, PALB2 and possibly BRIPI, the latter four giv-
ing lifetime risks of 20-40% (Table 2.3). Unsurprisingly, the
greatest interest has focused on BRCAI and BRCA2, muta-
tions which are carried by approximately 0.1% of the popu-
lation each (this rises to 2.5% combined for three founder
mutations in the Ashkenazi Jewish). This is because of the
high lifetime risk of 40-85% of breast cancer with an asso-
ciated 20-60% risk of ovarian cancer. Many women testing
positive for mutations are now opting for risk-reducing sur-
gery, with great publicity surrounding the actress Angelina
Jolie’s decision in 2013 [36]. Risk-reducing surgery can reduce
risks of both cancers by more than 90%, with oophorectomy
conferring protection against ovarian cancer and breast
cancer [37-39]. Recently survival advantages have been pub-
lished for those undergoing contralateral mastectomy after
breast cancer [40] as well as for primary prevention [41]. The
advent of more sensitive surveillance with MRI [42] with
now a proven improvement in survival [43] and better treat-
ments may reduce the use of risk-reducing mastectomy in
the future. In the last few years much better risk prediction is
possible, even within BRCA families, using information from
mammographic density and multiple validated common sin-
gle nucleotide polymorphisms (SNPs) [8,9,44]. There is also
huge promise of improved outcomes from the use of PARP
inhibitors in BRCA1/2-related tumours [45].
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Table 2.3 Genes and SNPs predisposing to breast cancer

Population

Other tumour frequency
Gene susceptibility (%)
BRCA1 Ovary/prostate 0.1
BRCA2 Ovary/prostate, pancreas 0.1
TP53 LFS Sarcoma, glioma, adrenal 0.0025
PTEN Cowden’s  Thyroid, colorectal 0.0005
CDH1 Gastric cancer 0.0005
CHEK2 Colorectal, prostate 0.5
ATM HoZ (AR) lymphoma, 0.5

leukaemia

STK11 Colorectal 0.001
BRIP1 HoZ-Fanconi (AR) 0.1
PALB2 HoZ-Fanconi (AR) 0.1
RAD51C HoZ-Fanconi (AR) 0.001
77 SNPs [7-9] 5-46
Totals 100 for any

Proportion Proportion Proportion of Lifetime risk in
of breast of HPHBC  familial breast women (%),
cancer (%) (%) cancer risk (%) (RR)
1.5 40 5-10 50-85
1.5 40 5-10 40-85
0.02 2 0.1 80-90
0.004 0.3 0.02 25-50
0.004 0.3 0.02 30-60
0.5 0 2 18-20 (2.0)
0.5 0 2 20
0.001 0.6 0.04 40-60
0.1 0 0.4 20 (2.0)
0.1 0 0.4 20-40 (2.0-4.0)
0.1 0 0.2 15-20
0.5 0 20 11-13(1.1-1.4)
20 83 40

Note: AR, autosomal recessive; HoZ, homozygous; HPHBC, highly penetrant hereditary breast cancer (e.g. >3 affected relatives).

PANEL GENE TESTING

Genetic testing for breast cancer predisposition until recently
mainly involved testing BRCAI and BRCA2 and occasionally
targeted testing of TP53 [46]. However, since 2013 many com-
mercial companies and health services have moved to testing
panels of known cancer-predisposing genes, which may not
even target the organs indicated from the family history [47,48],
for example testing colorectal cancer genes in a breast cancer
family. In a study of 198 women referred for BRCA1/2 testing,
57 (29%) harboured pathogenic mutations in BRCA1/2 [47].
A further 16 had what were classified as pathogenic muta-
tions in the extended panel of 42 genes. However, the concept
of what were ‘actionable’ mutations is debateable. The authors
concluded that 15 women (11% of the non-BRCA1/2) had
mutations that were actionable. However, four of these were
MUTYHI heterozygous mutations that do not even confer a
twofold risk of colorectal cancer [49]. Many of the remainder
were genes that still have an unknown breast cancer risk that
almost certainly does not reach a high-risk definition (>40%
lifetime risk) - NBN, BLM, SLX4, PRSSI and ATM. Only three
in fact met high-risk criteria, and two of these were for other
cancers - CDKN2a (melanoma, pancreas) and MLHI (colorec-
tal, endometrial) — with only CDHI meeting high-risk defini-
tion for breast cancer (Table 2.3). However, nearly all subjects
carried a variant of ‘uncertain significance’ in at least one gene
with an average of two per woman. Therefore in broader terms,
only three women (2%) had a really useful result from the
extended panel test with the problem of how to counsel nearly
all of them on an uncertain result.

COLORECTAL CANCER

The other main organ in which high-risk dominant genes play
an important role is the colorectum. Approximately 2-3% of

colorectal cancer is due to inherited mutations in one of four
DNA mismatch repair (MMR) genes (MLH1, MSH2, MSH6,
PMS2) (Table 2.2) (a similar proportion to BRCA1/2 in breast
cancer) that cause Lynch syndrome, previously known as
hereditary non-polyposis colorectal cancer (HNPCC). MMR
genes are important in the causation of about 13% of colorec-
tal cancer that shows microsatellite instability. Inheriting a
germline mutation confers about a 30-80% lifetime colorec-
tal cancer risk without colonoscopy [50]. However, mutations
also enhance risks of endometrial, ovarian, gastric and upper
urinary tract cancers [51]. Identifying high-risk individuals
can also save lives because bowel cancer can be prevented by
regular colonoscopy.

OTHER COMMON CANCERS

High-risk predisposition to other cancers does occur but makes
up less than 10% of a clinical genetics departments workload
[52]. Endometrial cancer clearly has a strong hereditary com-
ponent due to Lynch syndrome, and mutations in MLH]I,
MSH?2 and MSH6 confer lifetime risks in excess of 40% [51].
Hereditary diffuse gastric cancer due to CDHI mutations is
rare but requires radical management with the recommenda-
tion for risk-reducing gastrectomy in mutation carriers due to
the inefficacy of gastroscopy screening for early detection [53].
Hereditary melanoma due to CDKN2a, CDK4 or MITF muta-
tions [54] is problematic because providing risk estimates to
mutation carriers depends not only on the mutation but also
on skin type, sun exposure and presence of moles, and in par-
ticular atypical moles that are not specifically linked to having
the mutation. Although there is a strong inherited component
to prostate cancer, no single gene clearly meets a high-risk cat-
egory, although mutations in BRCA2 and HOXBI3 [55] come
very close and with screening in families with HOXB13 muta-
tions [55] almost certainly does exceed a 40% lifetime risk.
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Figure 2.2 Proportion of the hereditary component of breast cancer identified.

GENETIC POLYMORPHISMS AND CANCER

The advent of GWAS has provided very strong evidence
for the existence of polygenic risk for many common cancers.
The first major breakthrough occurred with breast can-
cer in 2007 [7] with five loci being identified with validated
increases in risk of 1.1- to 1.4-fold. Individually these SNPs
are very common, usually with population frequencies of
5-49% for the minor allele. They also provide on an indi-
vidual basis only a slight increase. However, evidence sug-
gests that their effects are multiplicative even in the context
of BRCAI and BRCA2 [56]. By 2013, 77 validated SNPs had
been published [57] and their use in combination potentially
greatly improves risk stratification and prediction in the gen-
eral population [58]. GWAS have been very successful also
for colorectal cancer [59], prostate [60] and some other can-
cers, hastening more accurate risk prediction in these organs
also. However, despite these major advances, only around
50% (Figure 2.2) of the hereditary component of the most
well-elucidated cancer (breast) has so far been identified [57].
There is still much to do before family history of cancers can
be discounted from any risk prediction process, and it still
remains to be seen how family history and SNPs can be used
together in risk prediction. As such SNPs may have the most
to add in the population setting [61] and in very well-defined
high-risk situations such as with BRCA2 mutations in par-
ticular [40,56].

WHERE ARE THE REMAINING GENES?

While the lion’s share of the high-risk predisposition to can-
cer has been elucidated, there remains a need to discover the
remaining moderate risk and polygenic element. It is likely
to be a few more years before ‘generic’ genetic tests for cancer
which identify in excess of 70% of the familial component are
developed. These are likely to test in excess of 200 genes and
SNPs. In the meantime, there is still benefit to families from
identifying the single high-risk genes. Indications on how to
assess risks and who to refer for screening and genetic testing
are available in more detailed texts [2,46,61].

CONCLUSION

The last 25 years has seen an enormous advance in under-
standing of cancer and its familial component. Genetic tests

are now available for most high-risk conditions and generic
tests may soon also be developed for all common cancers.
Our increasing knowledge will also give rise to better tar-
geting of surveillance and hopefully more gene-based
treatments.
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INTRODUCTION

Applying strict research methodology to clinical research
in surgery is difficult, and many obstacles to trial design
and execution are inherent to surgery [1]. The complexities
of the disease and heterogeneity of surgical patients make
them a more difficult group to study than non-surgical
patients [2]. As a result, compared with other medical spe-
cialties, the quality of reporting in the surgical literature is
low [3], and relevant research methodologies somewhere
on the continuum between retrospective studies and ran-
domized controlled trials (RCTs) are seriously underused.
Surgical oncology, as for other local treatments, is no excep-
tion [4]. In this chapter, we will look at the specificities of
clinical research in surgical oncology, with a particular
focus on overcoming inherent barriers and improving the
level of evidence-based research and reporting. The aim of
this chapter is to convince young surgical oncologists that
increasing the rate of prospective works is a major issue for
their generation and, while the randomized trial is always
beneficial, there are a lot of prospective studies of different
natures which could dramatically enhance the quality of
scientific knowledge in surgery.

WHY IS CONDUCTING CLINICAL TRIALS
IN SURGERY DIFFERENT FROM OTHER
MEDICAL DOMAINS?

The application of evidence-based care in surgery has
improved over the past decade, but surgical treatments are
still less likely to be investigated using full-scale and well-
designed RCTs [1,5]. Various obstacles to RCTs and other
forms of clinical research in surgery can be put forward.
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First, difficulties in the standardization of the procedures
and quality control may hinder reproducibility and exter-
nal validity. Surgery comes from the Greek word kheir-
ourgia, meaning manual activities. In contrast to drug trials
where the intervention tested can be controlled down to
the minutest dosage and timing detail, surgery is not a pill
containing a precise quantity of specific molecules but a set
of acts performed under the same denomination to treat a
patient. Many studies outline the fact that one of the main
prognostic factors regarding success of a surgical inter-
vention is in fact the choice of the individual surgeon [6].
Achieving a surgical procedure is consequently something
which cannot be standardized: it depends on the skill of
the surgeon, decisions that will be made intraoperatively, as
well as patient’s characteristics like body mass index. Each
surgical procedure is thus unique. Moreover, the definition
and the execution of a procedure may vary between cen-
tres: the examples of the D1 and D2 lymphadenectomies in
the Dutch trial is famous; a quality control review of the
procedures by a Japanese expert surgeon revealed that some
so-called D2 procedures were actually closer to those of a
D1 procedure [7].

Achieving good quality control for a procedure for
a surgical study is consequently a real challenge which
greatly impacts the quality of the conclusions to be drawn.
A famous example is the MacDonald trial [8] in gastric
cancer where it was concluded that postoperative chemo-
radiotherapy after gastrectomy gave better results than gas-
trectomy alone. Actually the quality of the surgery was so
poor (DO and D1 lymphadenectomies) that postoperative
chemoradiotherapy just had a catch-up role. Today, if a real
radical gastrectomy is performed, no postoperative chemo-
radiotherapy is required.

27
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A further barrier to clinical research in surgery is
accrual difficulties, with one in five surgical RCTs discon-
tinued early, mostly due to poor recruitment [9]. Accrual
in surgical series is more difficult than for medical special-
ties. Surgeons’ reputations are difficult to establish and can
be challenged by randomization. Most of the time, surgical
trials address specific questions: the more specific the ques-
tion, the more restrictive the criteria for inclusion and the
less patients are eligible to be recruited to the study. The
purity of the issue addressed inversely affects the feasibil-
ity of the study. This can mean that clinical trials never get
underway due to foreseen accrual difficulties, or the dif-
ficulties can be encountered during the study, with trials
being stopped early, or in the case of a recent [10] intended
RCT, more than 500 patients being downgraded to ‘pilot’
randomized trials with 100 patients. Another example
is the conversion into a randomized phase II trial of the
CLOCC trial (Chemotherapy + Local Ablation Versus
Chemotherapy) which was initially designed as a phase III
trial [11].

A further obstacle to randomization can be lack of
clinical equipoise. Surgeons are known to be stubborn
and are often convinced that what they do is the best for
their patients when it is not the only manner to proceed.
Travelling abroad will help the young surgeon to under-
stand that various techniques and strategies can be used
to treat the same patients with the same pathologies.
Being aware of this is the beginning of surgical equipoise.
However, the lack of equipoise may also come from the
patient who comes with his or her own ideas about the best
technique and who can refuse randomization. As such,
prospective evaluation of emergent techniques should take
place early in the process of clinical research before any
popularization by the media [12].

Finally, funding issues often confound research objectives.
Surgical endeavours in modern medicine are often not suf-
ficiently recognized by funding agencies [2]. The proportion

of public funding devoted to surgically oriented clinical
research is very small compared to medical trials.

With study design in surgical intervention RCTs insuf-
ficiently described in more than 60% of published arti-
cles [13], efforts are required to improve the study designs
used, as well as reporting methods.

PRAGMATIC APPROACH TO CLINICAL
RESEARCH IN SURGICAL ONCOLOGY:
RECONCILING THE LEVEL OF EVIDENCE
AND FEASIBILITY

Various classification hierarchies of levels of evidence have
been proposed, with the best evidence derived from the
highest levels leading to enhanced care for patients and
improved standards for surgeons and health care insti-
tutions. The Canadian Task Force on the Periodic Health
Examination proposed a classification system from I to III
in 1979 [14]. This level of evidence system was further devel-
oped and expanded upon by Sackett in 1989 for antithrom-
botic agents [15] (Table 3.1).

Both classifications agree that for therapeutic studies,
only RCTs can provide level I evidence. However, some of
the most important published surgical research is based
on retrospective studies even in high-impact-factor jour-
nals [16-18], often because of the impossibility of random-
izing patients between two very diverse treatment arms,
although this is not always explicitly stated as the reason
for not undertaking a RCT [17,19].

The IDEAL recommendations [12,20,21] for the assess-
ment of surgery based on a five-stage description of sur-
gical development are a good inventory of the difficulties
of managing and organizing clinical research in surgery,
and knowledge of these proposals is highly recommended.
However, their scope remains fairly theoretical and the
principles are difficult to apply within the time and fund-
ing constraints of actual surgical research. In the following

Table 3.1 Levels of evidence from the canadian task force on the periodic

health examination and from Sackett

Level Type of evidence

Canadian task force on the periodic health examination
I At least 1 RCT with proper randomization

1.1 Well-designed cohort or case-control study

1.2 Time series comparisons or dramatic results from uncontrolled studies

0 Expert opinions

Sackett levels of evidence

I Large RCTs with clear-cut results
Il Small RCTs with unclear results
1 Cohort and case-control studies

v Historical cohort or case-control studies

\% Case series, studies with no controls

Source: Adapted from Canadian Task Force on the Periodic Health Examination, Can Med
Assoc J 1979;121(9):1193-254 and Sackett DL, Chest 1989;95(2 Suppl):2S-4S.
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section, we propose a pragmatic critique of the various
phases of clinical research in surgery, beginning with the
inescapable phase III trial, before discussing alternative
prospective designs.

Critique of randomized trials in surgery

Sometimes surgical innovations, initially reported mainly
through case studies or small retrospective series, seem to
be so modern and relevant that they are adopted into rou-
tine practice with loud acclamation, before finally being
dethroned years later by a randomized trial, like for coro-
nary artery stenting for stable coronary artery disease [22].
Surgical phase III trials are rare, representing only 8% of
publications in 2006 [20]. Consequently, surgical journals
place a lot of emphasis on encouraging surgeons to carry
out and publish RCTs. While retrospective studies which
are cheaper, faster and easier to carry out have a role in
clinical research in surgery, RCTs are required, and clear
and accurate reporting of RCT results is needed to provide
evidence-based medicine. Despite being the gold standard,
the RCT is not the only valid method to evaluate a new
treatment. Some experimental studies comparing estima-
tions of treatment effects by RCTs and non-randomized tri-
als have not shown a definitive superiority of RCTs [23,24].
Schematically, RCTs have a major lack of generalizability
as they require strict criteria of inclusion and exclusion.
Indeed, as previously discussed, major accrual difficulties
hinder surgical RCTs due to the rarity of patients meeting
inclusion criteria. This highlights the issue of a lack of rep-
resentativeness between RCT patients and those looking
for real care in the real world. While RCTs are necessary,
they should be preceded by other trial phases, in particular,
to firmly establish criteria for sample size calculation and
expected outcomes.

The Consolidated Standards of Reporting Trials
(CONSORT) statement [25,26] was extended in 2008 to ran-
domized trials of non-pharmacologic treatment (CONSORT
NPT) [27], involving specificities such as the complexity of
the intervention, expertise of the care provider and diffi-
culties of blinding. Nagendran and colleagues [28] report
worse adherence to the CONSORT NPT extension than to
the original general CONSORT recommendations, possibly
because there has been less time to adapt reporting prac-
tices and journal policy to the CONSORT NPT guidelines
published in 2008, more than 10 years after the original
CONSORT statement. They report limited awareness of
the CONSORT NPT statement by authors, peer reviewers
and editors. In a recent effort to increase adherence to these
guidelines, the checklist was simplified to a 10-item reduced
checklist [29].

The major risk of having few and poor-quality surgi-
cal RCTs is to produce counterfeit scientific money. An
example is given by an article in the Lancet in 2002 [30]
on a randomized trial on laparoscopy-assisted colectomy
(LAC) versus open colectomy (OC) for treatment of non-
metastatic colon cancer. The article concluded that LAC

was more effective than OC for treatment of colon cancer
in terms of morbidity, hospital stay, tumour recurrence and
cancer-related survival. This trial was the first random-
ized work ever published on this topic; the place of LAC at
this time was a pressing issue and the result was breaking
news. All requirements of publishing in the Lancet were
met except one, the quality of the methodology. Briefly, the
paper was underpowered, multi-biased and it is not clear
if the randomization design was written before or after
patient accrual completion [31]. To prevent this issue, a trial
should be considered to be prospective only if it is regis-
tered before starting the first inclusion. These results were
never confirmed in further publication, and the two routes
are nowadays considered to be equivalent [32]. It is easy to
understand the danger of publishing such a so-called ran-
domized trial not matching the CONSORT criteria. As ran-
domized surgical trials are rare, they have a real prestige
when undertaken and consequently, rigorous control of
their quality is mandatory. That said, the reason why surgi-
cal RCTs often do not match CONSORT criteria is mainly
because phase III frameworks are not designed for non-
drug evaluation - a snake that bites its own tail. Indeed, all
the reasons why clinical research is more difficult in surgery
than in medicine are present and exacerbated in the phase
III trial: lack of equipoise, difficulty in patient accrual, stan-
dardization and control of quality of the procedures, and
finally the cost and the years required.

Moreover, as surgical randomized trials have difficul-
ties in adhering to the CONSORT criteria, the risk is that,
after several years of efforts, on publication, they will be
criticized, considered biased and finally discarded. A good
example of this ‘trial bashing’ can be observed in the
ASTEC (eflicacy of systematic pelvic lymphadenectomy in
endometrial cancer) surgical trial investigating whether
pelvic lymphadenectomy could improve survival of women
with grade 1 endometrial cancer. Eighty-five centres in four
countries and 1408 women participated. The results showed
no evidence of benefit in terms of overall or recurrence-free
survival. Six authors wrote letters to the editors to criti-
cize the trial, outlining that the number of the retrieved
lymph nodes was too small, the rate of low-risk patients
was too high and peri-aortic lymph nodes were left in place.
However, in the end, all authors concluded, more or less,
that they will continue to undertake lymphadenectomies
for such women. A similar controversy has ensued follow-
ing the publication of the New EPOC trial in the Journal of
Clinical Oncology [33].

In conclusion, there are two major potential drawbacks
for surgical phase III trials: the first is the risk of a high
level of investment of time and effort required in a study
which several years later will be judged as having failed to
demonstrate anything; the second one is the more serious
risk of establishing a flawed hypothesis as the truth. Other
alternative prospective designs are often more feasible, and
compliance with statistical principles such as minimum
sample size is more likely. They play a crucial role in clinical
research in surgical oncology.
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Critique and contribution of the alternative
prospective trials applied to surgical
oncology

PHASE O

Phase 0 trials are also called exploratory investigational
new drug studies or exploratory trials. The aim of these
very early phase trials is to demonstrate biological efficacy
of the molecule before the first phase I trial. They are gener-
ally used to help speed up and streamline the drug approval
process by establishing very early on whether the drug or
agent behaves in human subjects as was expected from pre-
clinical studies. The principle is to give a small quantity of
a new drug (1/100 of the effective dose) to a small group of
patients (less than 10) over a short period (less than 7 days).

These studies are relatively difficult to organize as they
have no individual benefit and require invasive biopsies. That
is precisely why surgeons can play a major role in such trials.
The idea is to take advantage of routine surgery to provide
tumour tissue to assess drug response without the need for
additional invasive biopsies. For example, early stage colon
cancer just confirmed by a colonoscopy is treated by primary
surgical removal usually after a short interval of 2-3 weeks
during which a new pharmacological agent can be adminis-
tered and its effect on the tumour thereby evaluated. A new
preoperative colonoscopic biopsy may be required and can
be refused by the patient, but the second specimen after a
week of treatment will be the colectomy specimen. A phase 0
trial is consequently an excellent approach to link surgeons
and biologists on a translational project. It is up to the sur-
geon to take the initiative of identifying suitable procedures
(a standard surgery which can be organized without being
disturbed by a short period of drug administration) and to
enrol a biologist in the adventure of testing a new drug out-
side of an animal model for the first time.

PHASE |

Phase I trials designed to assess the safety of a new treat-
ment in a small group of patients do not exist for surgical
procedures. No framework exists for surgical innovation. For
example, mandatory Conforme aux Exigences (CE) marking
for a new surgical device can attest to the quality and safety
of the device production and compliance with industry stan-
dards. It cannot, however, guarantee the legitimacy of indica-
tions for use and the role of use in humans. All of this has to
be established after the device has been put on the market.
For example, when the first generators of radiofrequencies for
liver surgery appeared on the market at the end of the twen-
tieth century, there were no recognized guidelines on how
to use radiofrequency for this indication, for which lesions,
which size, etc., and the first prospective evaluations were
published around the same time in 2012 [34,35]. As such,
health authorities need to establish a methodological frame-
work for evaluating new surgical devices and techniques
and their indications before widespread use, as for market
approval of new drugs.

PHASE I

A phase II trial is carried out to establish the efficacy of a
new treatment. The phase II framework is quite easily adapt-
able for surgery and is a largely untapped methodology in
surgical trials. The principle is to define a priori a thresh-
old for efficacy and non-efficacy. As short-term efficacy is
focused on, the primary endpoint will favour the response
rate rather than overall survival. If a response rate cannot
be used, it can be replaced by progression-free survival. The
number of patients to be included is calculated based on
power calculations and is generally around 30-50, with the
possibility of using several optimal designs and potentially
reducing the required number of patients by introducing an
intermediate level of analysis [36].

A phase II trial can be planned for one treatment alone
or for two treatments. Two phase II trials can be run in
parallel like for the Cascador study involving delayed
coloanal anastomosis for medium and lower rectal cancer
treatment (ID RCB no. 2010-A00299-30) or by random-
ization, like for the CLOCC trial [35]. In these two situa-
tions, comparisons between the two arms are not possible,
but this type of trial enables one to assess the treatment
effect in the same way in both groups at the same time.
Randomized phase II trials are gaining more and more
acceptance as they are cheaper and quicker to carry out
than large phase III trials.

Imaging diagnostics is often a concern for surgeons.
Phase II trials based on the model of an ‘add-on’ study are
appropriate to evaluate such additional diagnostic measures
in terms of modifications of the surgery. In the ULIIS study
(Ultrasound Liver Intraoperative Imaging with SonoVue®,
NCT01880554), the adjunct of a contrast agent to intraop-
erative ultrasound (IOUS) to track and treat colorectal liver
metastases is being evaluated in comparison to IOUS alone,
which is itself being compared to preoperative serial imag-
ing. A rate of 15% was expected in the calculation when
drawing the design.

PHASE IV

Phase I'V trials are designed as post-marketing surveillance
trials to monitor the risks, benefits and optimal use of a
treatment once it has been approved for use. The previous
phases (0-III) are assumed to have produced enough evi-
dence to authorize the practice. The problem with respect
to surgical practice is that preliminary phases are often
skipped and phase I'V studies become the first step of a reg-
ular methodological evaluation. As an example, colorec-
tal liver metastases have been routinely resected all over
the world for more than 30 years using one- or two-stage
procedures, with or without portal vein obliteration and
ablation, etc., without any prospective evaluation before
2012 when two phase II trials were published to evaluate
the use of combined resection and ablation for advanced
diseases [34,35].

When a practice has been accepted into clinical routines,
and it is too late for a phase IT or III trial, it is always possible
to carry out a phase IV. There is indeed a lot to learn from
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outcome studies in surgical oncology. A recent strategic
collaboration has been established between the European
Society of Surgical Oncology (ESSO) and the European
Organization for Research and Treatment of Cancer on out-
come studies. The first of them is the CLIMB (Colorectal
Liver Metastasis Database) study (NCT02218801) with a
prospective multicentre database recording advanced cases
of colorectal liver metastases which are initially unresect-
able and require chemoconversion or are operable up front
(by combined resection and ablation). Morbidity and sur-
vival will be the endpoints, but a program to improve the
quality of surgery is also scheduled. After the first hundred
cases, some parameters will be chosen to become targets of
a policy of improvement. Other projects are presently dis-
cussed for the future in colorectal liver metastases imaging
such as the DREAM project (Diffusion-Weighted Magnetic
Resonance Imaging Assessment of Liver Metastasis), in the
breast or in oncogeriatrics.

CONCLUSIONS

There is no ideal design for optimal clinical research in
surgery. Trade-offs between the exigency of a high level of
scientific evidence and the dictatorship of feasibility are
inevitable. Young generations of surgical oncologists must
be convinced of the necessity to run a lot of trials or stud-
ies of different types depending on the issue addressed
and providing that they have chosen a prospective design,
accepting that in many cases randomization will not be
possible. In parallel, journal editors and peer reviewers
have a responsibility to endorse guidelines for the scien-
tific quality of surgical research such as the CONSORT
NPT statement or the IDEAL guidelines to increase the
amount of evidence-based medicine in surgical oncol-
ogy. Publication criteria should also be broadened to
include other prospective research methodologies and to
end the monopoly of the RCT in surgical oncology. If this
condition is respected, major advancements in surgical
knowledge can be expected in the future. The ESSO will
accompany them.
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INTRODUCTION

Screening differs from the treatment of cancer in funda-
mental ways. While screening for some types of cancer
clearly causes more good than harm, at a reasonable cost,
screening can also harm healthy individuals, people that
would not have been affected by the disease in the absence
of screening. A balanced, evidence-based view is required,
which is complex, as screening data are subject to a range of
inherent biases which may make interpretation of benefits
and harms difficult.

Screening differs from the treatment of symptom-
atic cancer in terms of the proportion of those subjected
that can benefit. An effect on disease-specific mortality
is only documented for four types of cancer screening
(breast, colon, lung and cervical), but an effect on overall
mortality is not shown for any type of cancer screening,
despite hundreds of thousands of participants in the tri-
als [1]. Even cancers that are perceived as common, such
as breast and colon cancer, have a lifetime risk of causing
death of 3% to 4%. A reduction of this risk of 10% to 25%
thus affects very few, especially as a limited age range is
invited.

Small effects place high demands on the quality of the
evidence, as they are particularly susceptible to being
erased or created by bias. Indeed, the harms of screen-
ing, such as radiation from computed tomography (CT),
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perforations during colonoscopy, invasive diagnostic work-
up of false positive findings and harms of overtreatment of
cancer lesions that would not cause mortality or morbid-
ity, will inevitably increase the risk of dying from other
causes, which counters some of the benefit. Although the
major benefit of screening, avoiding death from the cancer
screened for, is immensely important, the harms can also be
substantial, sometimes even lethal, and often affect many
more individuals.

This causes an ethical dilemma. We have to weigh the
benefit of avoiding a cancer death in one individual against
harm inflicted by screening in completely different, healthy
individuals who cannot benefit. It requires a value judg-
ment to decide whether the benefits outweigh the harms
and whether screening is justifiable. This dilemma is further
complicated by an overarching, deontological principle:
primum non nocere (above all, do no harm).

While science can inform value judgments by quanti-
fying the benefits and harms, it cannot make these choices
for us and there are no scientifically ‘correct’ answers. But
screening for some types of cancer clearly causes more
good than harm, at a reasonable cost, others have been
abandoned, either because they did not offer the benefits
hoped for or because the harms were found to outweigh
them. Yet others are currently being debated as the bal-
ance between benefits and harms is delicate and divides
opinion.
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HOW CANCER SCREENING WORKS

There are two ways in which cancer screening may work:
earlier detection of cancer (secondary prevention) and
detection of the precursors of cancer (primary preven-
tion). Sometimes, both mechanisms are at play. Cervical
cancer screening is primary prevention, as it relies on
removal of cellular changes that have not yet developed
into cancer and it can therefore reduce both incidence and
mortality. Breast screening is generally regarded as sec-
ondary prevention, as it aims to detect cancer earlier and
cannot reduce incidence. Detection of ductal carcinoma
in situ (DCIS) is by some regarded as primary preven-
tion but has not resulted in a decline in rates of invasive
breast disease, and so does not appear to be effective in this
regard. The nomenclature here is somewhat contradictory
and certainly confusing, because if one regards DCIS as
a carcinoma, its detection through screening cannot also
be primary prevention, as cancer is not prevented from
occurring.

To be effective, earlier detection requires that
screen detection can happen prior to metastases occur-
ring. Some tumours metastasize when they are under
the threshold for detection and the difference in
size between screen-detected and clinically detected
tumours is sometimes small. The value of earlier detec-
tion may therefore have been overstated, at least for
some cancers. In addition, earlier detection often leads
to the discovery of cancers that would never have pro-
gressed to become symptomatic or lethal (overdiagnosis).
Secondary prevention therefore often leads to increased
population incidence, as indeed it has in the case of
breast cancer.

BIAS IN OBSERVATIONAL
SCREENING STUDIES

Selection bias

It is tempting to compare disease-specific mortality in
attendees versus non-attendees in screening, or in screen-
detected versus clinically detected cancers. But the
temptation should generally be resisted. Attendees and
non-attendees are not immediately comparable, as attend-
ees are predominantly the ‘healthy, well-educated, affluent,
physically fit, fruit and vegetable-eating non-smokers with
long-lived parents’ [2]. Attendees are therefore more likely
to survive many kinds of disease, including cancer. This
has been called the ‘healthy screenee effect’, a selection
bias, similar to the healthy worker effect, and it is difficult
to compensate reliably for, as its impact varies between set-
tings and over time. Such studies are therefore expected
to come out in favour of screening, even when screening
has no benefit. The healthy screenee effect also means that
screening is likely to increase social inequality in health, as
attendees are those resourceful enough to worry about their
future health.

Length bias

Screening selectively picks up cancers with a favourable
prognosis because there is more time to detect a slow-
growing cancer than a fast-growing one and studies that
compare screen-detected with clinically detected cancers
suffer from what is called length bias. These studies there-
fore also fail to compare like with like and predictably come
out in favour of screening. Accurately correcting for length
bias is impossible, especially when some of the screen-
detected lesions are overdiagnosed cases that would never
have caused symptoms or death, as such cases invariably
have an excellent prognosis.

Lead time bias

A third bias also affects studies of screening effects: lead
time bias. If screening successfully moves forward the time
of diagnosis, patients will live longer with the diagnosis,
regardless of whether they live to an older age. This bias
means that the commonly used measure of effect in cancer
treatment, survival time from diagnosis, becomes mislead-
ing and should not be used when assessing the efficacy of
screening. Lead time bias is also important in studies that
assess overdiagnosis. Screening is meant to increase inci-
dence when it is introduced, as cancers that would have
been detected at a later date are now detected earlier. In
fact, if an incidence increase does not occur, screening has
likely failed. But some of the incidence increase is caused by
very slow-growing tumours that would never have caused
problems, tumours that do not grow at all and sometimes
tumours that regress [3]. Lead time estimates could in the-
ory be used to calculate what proportion of the incidence
increase that is due to the desired advancement of diagnosis
and what proportion is due to overdiagnosis. The problem
is that lead time is difficult to quantify and it has often been
overestimated, which causes underestimates of overdiagno-
sis [4]. It may be further complicated by the fact that lead
time may vary with the age cohort screened, as may be the
case with breast cancer.

These biases are part of the reason that randomized
trials are required prior to the implementation of cancer
screening.

INFORMED CHOICE IN
CANCER SCREENING

The information provided with an invitation to screening
is often sparse. The benefits are exaggerated and harms
either downplayed or not mentioned [5]. In addition,
invitations often contain recommendations to attend, a
pre-specified date of appointment, and invitations seem
designed to make more people attend [5]. This practice may
be based on good intentions, but it is paternalistic. After
much criticism, the UK leaflet informing women about
the benefits and harms of breast screening was revised
in 2012. While the new leaflet was an improvement as it
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mentions overdiagnosis, it has important shortcomings
and a pre-specified date of appointment is still included.
This short-circuits the decision process, as it sends the
message that breast screening is important, supported
by a public authority, and that one is expected to attend.
It also increases the risk that those who decline are left
with a feeling of guilt, particularly if they are later diag-
nosed, which is an underappreciated harm of screen-
ing. Informed decisions in breast screening require that
it is made explicitly clear that a genuine choice has to be
made, that harms may outweigh benefits and that there are
important, avoidable harms. These concerns are becoming
more pressing in breast screening because, as we will see, it
seems less attractive today than was initially hoped.

True informed choice is exceedingly hard to obtain.
Providing thorough information on benefits and harms,
quantified in absolute numbers so that they can be com-
pared, is both necessary and an ethical prerequisite for
screening, but requires time and resources and does not
guarantee informed decisions. Most invitees will choose
based on ‘what they feel is right’, rather than on facts and
figures [6]. Providing the information does not free those
who offer screening from responsibility.

CANCER SCREENING THAT MAY REDUCE
BOTH INCIDENCE AND MORTALITY
(PRIMARY PREVENTION)

Cervical cancer screening

Forty years ago, Archie Cochrane, after whom the Cochrane
Collaboration is named, eloquently described the problems
with cervical cancer screening [7]. He criticized that the
programme began without evidence from randomized tri-
als. The underlying hypothesis was simply assumed to be
correct, and trials were considered ‘unethical’. He described
how mortality from cervical cancer was declining in many
countries before screening and continued to decline largely
unchanged after implementation. This makes it impossible
to accurately quantify benefits and harms, both of which
he believed existed. He also called into question whether
the strategy of spending millions of pounds on a relatively
rare though severe disease was an optimal one.

Cervical cancer screening was instrumental in prompt-
ing the WHO to commission the report in which Wilson
and Jungner formulated 10 classic criteria for screening
implementation, shown in Table 4.1. In 1968, they wrote:
‘In theory, screening is an admirable method of combat-
ing disease ... [but] in practice, there are snags. The central
idea of early disease detection and treatment is essentially
simple. However, the path to its successful achievement ...
is far from simple though sometimes it may appear decep-
tively easy’ [8].

The situation in Denmark is similar to that in many
other countries in the Western world. Screening began
in the late 1960s, but mortality from cervical cancer had
peaked 10 years earlier [9]. Incidence, however, increased

Table 4.1 Wilson and Jungner classic screening criteria

1. The condition sought should be an important health
problem.

2. There should be an accepted treatment for patients
with recognized disease.

w

. Facilities for diagnosis and treatment should be available.

4. There should be a recognizable latent or early
symptomatic stage.

5. There should be a suitable test or examination.

. The test should be acceptable to the population.

7. The natural history of the condition, including

o~

development from latent to declared disease, should
be adequately understood.

8. There should be an agreed policy on whom to treat as
patients.

9. The cost of case-finding (including diagnosis and
treatment of patients diagnosed) should be
economically balanced in relation to possible
expenditure on medical care as a whole.

10. Case-finding should be a continuing process and not a
‘once and for all’ project.

Source: From Wilson JMG, Jungner G, Principles and Practice of
Screening for Disease, Geneva: World Health
Organization, 1968, available from http://www.who.int/
bulletin/volumes/86/4/07-050112BP.pdf

until the introduction of screening, culminating at 34
cases per 100,000 women, after which a sharp declined
commenced [9]. It is tempting to attribute this decline to
screening, but to reduce cancer incidence, screening must
detect cervical intraepithelial neoplasia (CIN) and prevent
its development into invasive cancer. With a 20-year latency
period from infection to cancer [9], other factors than
screening must have contributed as they did for mortality,
and one cannot simply ascribe the reductions entirely to
screening. Similar declines were also seen in stomach can-
cer (which is also of infectious origin but has no screening
programme in the Western world), well before the advent of
antibiotic therapy for ulcer disease. Separating the effect of
screening from environmental factors and improved ther-
apy is a common challenge in cancer screening.

Randomized trials in India have compared screening
for cervical cancer with no screening and shown a benefit,
though not as large as reductions observed in the popula-
tion in general. Screening was offered to 224,929 women,
while 138,624 served as controls [10]. Two-hundred fifty-
four in the control arm and 327 in the intervention arm
died from cervical cancer, a 21% reduction (95% confi-
dence interval [CI] -23% to -7%; author’s calculation) [10].
Transferring this result to other settings and screening
methods is challenging, but the main problem was ethical
concerns regarding whether it was acceptable for the US
National Cancer Institute and the Bill and Melinda Gates
Foundation to fund such trials, given that the intervention
was known to reduce mortality [10,11].

Quantification of the benefit is important, because there
are important harms, which are increasing with more
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sensitive tests, while vaccinations against human papilloma
virus (HPV) may reduce the benefit over coming decades
as the incidence of the disease falls. Many screened women
will be recalled for further testing because results were
inadequate, unclear or abnormalities were found. The vast
majority will not have cancer, but recalls cause psycho-
logical stress. Based on an expected 60% mortality reduc-
tion with screening in the UK, it has been estimated that
1000 women should be screened for 35 years to avoid one
death, requiring 7700 tests to be performed, resulting in 152
women with abnormal results at repeat testing, 53 biopsies
confirming abnormalities, of which 17 would persist and
lead to unnecessary cone excisions [12].

Overtreatment is inevitable as more than 80% of
abnormalities would never develop into life-threatening
disease [12]. Cone excisions negatively affect fertility and
weaken the cervix, increasing the risk of premature deliv-
ery, and they may cause pain and sexual problems, as well
as psychological harms [13].

Cervical cancer is a comparatively rare cause of death,
with 75 fatalities among 5.6 million Danes in 2011, down
from 344 in 1966 [9], and the costs and harms of initia-
tives to bring down mortality further must be considered.
Liquid-based cytology has increased the referral and col-
poscopy rate [9], and while randomized trials that compared
cytology-based screening with the addition of HPV testing
have shown a reduction of 40% (95% CI -60% to -11%) in
the incidence of invasive cervical cancer [14], HPV test-
ing may increase overtreatment [15]. A 40% reduction in
incidence seems impressive but translates into 25 fewer
cases over 6.5 years in about half of the 176,464 included
women [14] (author’s calculation). The mortality reduction
is unknown, but some avoided cancers would also have
been treatable in the absence of HPV testing.

Invited age ranges and screening intervals vary and
should be continuously re-evaluated; e.g. the recommen-
dation from the US Preventive Services Task Force in 2012
extended screening intervals and raised the age at first
screen to 21 years [13]. Perhaps the most pressing question
is whether those vaccinated for HPV at a young age should
be screened, and if so, at which interval and ages. However,
a reduction in cervical cancer mortality with the vaccine
has not been shown and will take 20-30 years to appear.
Hopefully, the disease will become so rare that subjecting
all women to the harms of screening, and society to the
costs (£198 million per year in the UK [16]), will not be feasi-
ble. Establishing optimal screening intervals and age ranges
is best done through randomized trials within established
screening programmes.

Colorectal cancer screening

Colonoscopy and sigmoidoscopy screening is intended as
primary prevention to find and remove polyps before they
develop into cancer. Faecal occult blood testing (FOBT) is
secondary prevention intended to find invasive cancers at
an earlier stage. Polyps do not commonly bleed as cancers

do and are therefore mostly incidental findings with FOBT,
and reduced incidence is not expected.

While sigmoidoscopy screening and FOBT have not
been tested directly against each other, they have been
tested individually against no screening. Screening with sig-
moidoscopy has been tested in five randomized trials (414,747
participants) and FOBT in four (329,614 participants) [17].
The reduction in disease-specific mortality with FOBT was
14% (95% CI -20% to -8%) and 28% (95% CI -35% to —21%)
with sigmoidoscopy [17]. A Cochrane review indirectly com-
pared the interventions in a network meta-analysis and the
difference was slightly too small to be statistically significant,
but results published since then have confirmed the differ-
ence [18]. Additionally, sigmoidoscopy reduced the incidence
of cancer by 18% (95% CI -27% to -10%) while FOBT did
not (-5%, 95% CI -12% to 2%) [17]. Again, the difference was
not statistically significant, but updated results have con-
firmed it [18]. A further benefit with sigmoidoscopy is that
only one test is needed, while FOBT requires 10-12 tests over
20-25 years. Sigmoidoscopy, however, is arguably even less
appealing than stool sampling, which may affect uptake out-
side the setting of the randomized trials.

Many would likely prefer a test that reduces the risk of
getting cancer, rather than ‘only’ reducing the risk of dying
from it, especially when the risk of dying is further reduced
as well. Regardless, FOBT is widely used in Europe. One
possible explanation is that sigmoidoscopy screening was
tested only after the decision to introduce FOBT in many
countries. Since the trials, more sensitive FOBT tests have
become available, but increased sensitivity may lead to a
less favourable balance between the benefits and harms, as
it may increase unnecessary testing more than it reduces
disease-specific mortality [19].

Despite including several hundred thousand individu-
als, the trials of neither FOBT (relative risk 1.00, 95% CI
0.99-1.01) nor sigmoidoscopy screening (relative risk 0.98,
95% CI0.95-1.01) influenced total mortality [17]. The effect
of FOBT translates into 1 avoided death from colorectal
cancer per 1000 subjects invited, while total mortality in
the study period was 250 per 1000 [17]. Participation in
most cancer screening will not measurably extend life for
the average-risk person. In individuals with familial ade-
nomatous polyposis (FAP) and hereditary non-polyposis
colorectal cancer (HNPCC), where the underlying risk is
much higher, it does.

As for cancer screening in general [20], harms were
poorly documented in the trials and the psychologi-
cal harms were particularly poorly investigated [17].
Overtreatment of polyps is likely less problematic than
overdetection and overtreatment of invasive cancers, such
as in breast and prostate cancer screening. But bleeding or
death due to follow-up investigations with colonoscopy has
implications for screening using this modality, common
in North America. The US Preventive Services Task Force
recommends screening with colonoscopy every 10 years
between ages 50 and 75, although there are no random-
ized trials. The task force notes that serious harms occur



Cancer screening that may reduce mortality but increase incidence (secondary prevention) 37

in 2.8 per 1000 colonoscopies and that this risk is 10 times
smaller with sigmoidoscopy [19]. An indirect comparison
of observational studies of colonoscopy with randomized
trials of sigmoidoscopy indicated that colonoscopy reduces
mortality from proximal colorectal cancers, as well as from
distal cancers [21], but observational studies have poor reli-
ability in screening. Randomized trials that directly com-
pare sigmoidoscopy with colonoscopy screening would be
highly desirable.

CANCER SCREENING THAT MAY REDUCE
MORTALITY BUT INCREASE INCIDENCE
(SECONDARY PREVENTION)

Prostate cancer screening

Recommendations for prostate cancer screening with
prostate-specific antigen (PSA) vary between countries and
have changed considerably in recent years. The PSA test
was intended to monitor growth and recurrence of prostate
cancer, and its use for screening purposes was described by
the discoverer, Richard J. Ablin, as a ‘hugely expensive pub-
lic health disaster’, costing $3 billion per year in the United
States [22].

Prostate cancer is the most common cancer in men.
Autopsy studies indicate that if a man lives 100 years, he has
a 100% risk of harbouring changes in his prostate that fulfil
the pathological criteria for cancer [23]. Yet, the lifetime risk
of being diagnosed is closely related to the use of PSA screen-
ing and is highest in the US, at about 16% [23], while the
lifetime risk of dying from prostate cancer is about 3% [24].
Evidently, there is a large reservoir of cancer pathology that
can be detected with screening, and incidence in the US and
elsewhere has risen sharply with more testing and decreas-
ing thresholds for PSA levels [23]. The test has caused mas-
sive overdiagnosis and overtreatment of lesions that would
never have led to symptoms or death, which has diminished
enthusiasm. Also, PSA can be elevated for a number of
benign reasons, leading to false positive tests. Cancer must
be excluded, often through biopsy, causing anxiety, pain and
infections, apart from being genuinely unpleasant and hav-
ing no benefit.

Two randomized trials were published in 2009 and
summarized in a Cochrane review. One was performed in
North America and showed no reduction in prostate can-
cer mortality (relative risk 1.13, 95% CI 0.75-1.70), but had
contamination of the control group [25]. The second study
was performed in Europe [26] and showed a 20% (relative
risk 0.80%, 95% CI 0.65-0.98) reduction in prostate cancer
mortality, but with widely varying results between contrib-
uting centres, from a large benefit in Sweden to no effect
in Finland. For each man who avoided dying from prostate
cancer, 47 men were diagnosed with a prostate cancer that
would never have harmed them or come to attention with-
out screening (overdiagnosis) [27]. Practically all of them
received treatment, which include prostatectomy, radio-
therapy and chemotherapy. This is painful and more than

half become incontinent, impotent or suffer other sexual
problems such as anorgasmia, with no benefit. Reduced
mortality rates in the US with widespread screening could
indicate some benefit, but improved therapy and increased
disease awareness make interpretation difficult [23].

Screening for prostate cancer may be relevant in high-
risk groups, such as men of African origin who have first-
degree relatives with prostate cancer diagnosed at a young
age. However, the test should only be offered after a thor-
ough discussion of the uncertainties, benefits and harms,
which should be disclosed in full, including that screening
of high-risk men has not been tested in randomized trials.
The PSA test is currently not justified for screening average-
risk men at any age as standard practice.

Breast cancer screening

The debate around breast screening is heated and long-
running. The benefits have been questioned and overdi-
agnosis has surfaced as a major concern. In 2009, the US
Preventive Services Task Force recommended that the
interval between screening rounds should be extended
from 1 to 2 years and that women in their forties should
no longer routinely be screened [28]. This is in line with
European practice over decades, but the Task Force was
met with fierce criticism in the US [29]. In the UK, sus-
tained criticism and concerns about overdiagnosis led to
the establishment of a panel of experts in various relevant
topics who had not previously worked in the field of screen-
ing, in an attempt to avoid conflict of interest. Their review
was published in 2012 and has been important in recogniz-
ing overdiagnosis as a serious harm. The authors estimated
that screening causes three women to receive an unneces-
sary breast cancer diagnosis for every one woman who
avoids a breast cancer death, but still considered the pro-
gramme justified and recommended its continuation [30].
The estimated benefit was based on data from a Cochrane
review [31], but unlike the Cochrane review, the authors of
the Marmot report assumed that all trials that had contrib-
uted data were equally reliable [30]. While their estimated
20% reduction in disease-specific mortality is lower than
that which formed the basis for the introduction of breast
screening, it is still more optimistic than the estimate from
the Cochrane review that 10 women are overdiagnosed for
each woman who avoids dying from breast cancer [31].
Like all Cochrane reviews, the review on breast screen-
ing used standardized, empirically based quality criteria
to assess the risk of bias in each trial (the Cochrane risk
of bias tool) and found important differences, which was
expected, as some trials showed large benefits and others
none (Figure 4.1) [31]. When trials were assessed in sensitiv-
ity analyses, those with a low risk of bias showed little or
no benefit, whereas trials with a high risk of bias showed
large effects. The standardized approach to dealing with
such a situation is clearly stated in the GRADE handbook;
one should exclude the results of the trials at high risk of
bias and consider only the results from the trials of low



38 A critical overview of screening for cancer

Screening No screening Risk ratio Risk ratio Risk of bias
Study or subgroup Events  Total  Events Total  Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl ABCDEFG
1.2.1 Adequately randomized trials
Canada 1980a 105 25214 108 25216  86%  0.97[0.74,1.27) B
Canada 1980b 107 19,711 105 19,694 8.3% 1.02[0.78, 1.33] ]
Malmé 1976 87 20,695 108 20,783 8.5% 0.81[0.61,1.07] T
UK age trial 1991 105 53,884 251 106,956 13.3% 0.83[0.66, 1.04] —
Subtotal (95% Cl) 119,504 172,649 38.7% 0.90[0.79, 1.02] ’
Total events 404 572
Heterogeneity: Chi? = 2.16, df =3 (P = 0.54); I> = 0%
Test for overall effect: Z = 1.64 (P = 0.10)
1.2.2 Suboptimally randomized trials
Goteborg 1982 88 21,650 162 29,961 10.8% 0.75[0.58,0.97] —
Kopparberg 1977 126 38,589 104 18,582 11.1% 0.58 [0.45, 0.76] —_—
New York 1963 218 31,000 262 31,000 20.7% 0.83[0.70, 1.00] -
Stockholm 1981 66 40,318 45 19,943 4.8% 0.73[0.50, 1.06] L
Ostergétland 1978 135 38,491 173 37,403  13.9% 0.76 [0.61, 0.95]
Subtotal (95% Cl) 170,048 136,889 61.3% 0.75[0.67,0.83]
Total events 633 746 <
Heterogeneity: Chi? = 4.94, df =4 (P = 0.29); > = 19%
Test for overall effect: Z = 5.34 (P < 0.00001)
Total (95% Cl) 289,552 309,538 100.0% 0.81[0.74,0.87]

Total events 1037 1318
Heterogeneity: Chi? = 11.82, df =8 (P =0.16); I’=32%

Test for overall effect: Z=5.15 (P < 0.00001)

Test for subgroup differences: Chi? = 4.55, df = 1 (P = 0.03), I> = 78.0%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personal (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

0.2 0.5 1 2 5
Favours screening

Favours no screening

Figure 4.1 Forest plot and Cochrane Risk of Bias table for randomized trials of breast screening. (From Ggtzsche PC and

Jorgensen KJ, Cochrane Database Syst Rev, 2013, 6, CD001877.)

risk of bias, as including studies of high risk of bias in the
meta-analysis will lower the confidence in the estimated
effect [32]. This is a cause for concern, and empirical evi-
dence from ongoing breast screening programmes has
added to this. For breast screening to be effective, it must
reduce the rate of late stage cancers, but this seems not to
be happening to any appreciable extent [33]. Observational
studies with a ‘control group’ due to the staggered introduc-
tion of screening within countries [34-36], or comparisons
of breast cancer mortality in similar countries that have
introduced screening early or late [37], indicate that breast
screening has contributed little to the substantial reduc-
tions in breast cancer mortality seen over the past decades.
In Europe, the risk of dying from breast cancer has declined
by about 50% in age groups below the screening age, while a
35% reduction in breast cancer-specific mortality was seen
in the age group commonly invited for screening [38]. This
means that factors other than screening, such as improved
medical therapy, which has been more commonly used in
younger age groups than older ones, can explain much of
the observed reduction.

Screening has caused significant increases in the inci-
dence of breast cancer wherever it has been introduced,
which have not been compensated by later declines in inci-
dence, despite decades with screening [39] (Figure 4.2). This
is a hallmark of interventions that cause overdiagnosis.
In addition to overtreatment with surgery, radiotherapy
and chemotherapy, which can increase mortality from
other causes, breast screening causes psychological harm in
many women who experience false positive results. After 10
screening rounds, one-third of invited women will experi-
ence a false positive test [40].

Taking the quality of the individual trials into account
and including information from observational studies, an
expert panel under the Swiss Medical Board concluded in
2014 that breast screening was not justified as the harms
outweighed the benefits, and that it should therefore not
be introduced on a national basis [41]. Contrary to the
UK, there is no national breast screening programme in
Switzerland, where some cantons have organized screening
and others not. Cantons with breast screening were recom-
mended to end it [41].
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Figure 4.2 Incidence of invasive breast cancer and ductal carcinoma in situ combined in the UK. The vertical dotted lines
indicate the introduction of breast screening in women aged 50 to 64 (green) and the extension to include women aged
65 to 70 (purple). (Data from Cancer Research UK: http://www.cancerresearchuk.org/health-professional/cancer-statistics/
statistics-by-cancer-type/breast-cancer/incidence-invasive and http://www.cancerresearchuk.org/health-professional/
cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-in-situ [accessed September 2015].)

Compared with the randomized trials 30 to 40 years ago,
improved treatment has substantially reduced the absolute
benefit of breast screening and the higher sensitivity of digi-
tal mammography, extending the age range to older women,
and computer-assisted detection has increased the rate of
overdiagnosis. Over the coming years, the acknowledgment
of smaller benefits and greater harms than originally hoped
for may change recommendations for breast screening, as it
has in prostate cancer screening.

Lung cancer screening

Lung cancer has the highest mortality of almost any cancer
and screening can be focused on a high-risk group: smok-
ers. It therefore appears to be an obvious target disease for
screening.

Despite this, screening for lung cancer using chest X-rays
does more harm than good [42]. It did not reduce mortal-
ity from lung cancer but caused morbidity and mortality
through diagnostic work-up of suspicious findings, many
of which were harmless, and overdiagnosis of cancers that
would not have caused morbidity and mortality. Smoking
substantially increases morbidity and mortality from
many other causes, which means that slow-growing can-
cers can be overdiagnosed, as attendees are more likely to

die prematurely. They are also more vulnerable to complica-
tions from surgery.

Based on four randomized trials, the US Preventive
Services Task Force recommended annual screening for lung
cancer with low-dose computed tomography (LDCT) [43].
The largest trial was the National Lung Screening Trial
(NLST), which compared screening with LDCT to screen-
ing with chest X-rays in >50,000 people. It found a reduction
in lung cancer mortality of 20% (95% CI -26.7% to —6.8%)
after being stopped early at 6.5 years [43]. One of the main
problems with this type of screening is the identification of
incidental abnormalities which cause concern and may trig-
ger further tests but result in no benefit. The ethical justifica-
tion for the choice of comparator in the NLST trials can be
questioned, especially as it makes a quantification of overdi-
agnosis impossible, but also as an intervention known not to
be beneficial where used as a comparator. A Cochrane review
recommended better quantification of harms and costs
before introduction [42].

The costs are considerable and may be used more effec-
tively on interventions with fewer harms. Smoking causes
many more deaths from cardiovascular diseases, chronic
obstructive pulmonary disease and other causes than lung
cancer. Efforts to reduce tobacco use through increased
prices are an effective means to obtain this.
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CANCER SCREENING THAT DOES
NOT REDUCE MORTALITY OR
INCIDENCE

Ovarian cancer screening and screening for neuroblas-
toma in children illustrate the importance of doing ran-
domized trials prior to the implementation of cancer
screening, regardless of how appealing the theory and
motivation to ‘do something’ may be. Screening for neu-
roblastoma was introduced in Japan prior to randomized
trials. It is a solid abdominal tumour in children that can
be detected with a urine test. Subsequently, two random-
ized trials showed no reduction in disease-specific mor-
tality, but that twice as many children were diagnosed
with cancer in the screened group [44,45]. The extra can-
cers would have spontaneously regressed, which is known
to happen for this cancer. However, the ensuing overtreat-
ment was harmful. Three of 149 diagnosed children in one
of the studies died from complications to treatment, and
screening caused substantial unnecessary worry. It is not
known how many children in Japan were harmed by the
programme.

A randomized trial was performed prior to introduc-
tion of ovarian cancer screening. This has likely avoided
much harm and expense, at little or no cost in terms of
avoided ovarian cancer deaths. The trial screened average-
risk women with transvaginal ultrasound and the tumour
marker CA-125 and showed a relative risk of ovarian can-
cer death of 1.18 (95% CI 0.82-1.71) [46]. After a median of
12.4 years following randomization, the trial was stopped
as it had reached its ‘boundary of futility’. There was no
reduction in late stage tumours, but 3285 of the 34,253
women randomized to screening had a false positive
result, for which 1080 had surgery and 15% of whom had
at least one major complication, such as infection or car-
diac or pulmonary complications. The UK Collaborative
Trial of Ovarian Cancer Screening has randomized more
than 200,000 women and results are expected in 2015 [46].

CONCLUSION

The value of earlier detection of cancer through screen-
ing is easily overestimated, but the desirable effect is
small and the intuitive appeal is deceptive. Screening
should not be undertaken without solid evidence that
benefits outweigh harms, at a reasonable cost. It rarely
saves resources, as those who avoid dying from the dis-
ease screened for will invariably die from another disease
later on, the treatment of which also requires resources.
The high cost of screening is not necessarily an argu-
ment against it, but even when benefits outweigh harms,
screening should be compared to other interventions.
Distributive justice and the harms that screening inflicts
in healthy attendees should be at the forefront of consid-
erations to spend resources most effectively, and on those
who need them the most.
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INTRODUCTION

Radiation oncology is an important treatment modal-
ity in the multimodality management of cancer patients.
About half of all oncological patients will be treated
with radiation at some point during the course of their
disease. Basic knowledge of radiation oncology can
assist the oncologic surgeon in multidisciplinary deci-
sion making and patient referral. In this chapter an over-
view is given of the general principles, technical aspects,
side effects and specific indications for clinical radiation
therapy.

The aim of radiation therapy is to effectively treat the
tumour-bearing area while at the same time minimizing
the effect of radiation on the surrounding normal tissues.
For this purpose, it is of paramount importance to identify
exactly the region where a precise dose of radiation should
be delivered. It is indeed the sensitivity of the normal tis-
sues that limits the amount of radiation that can be deliv-
ered without excessive early or significant late toxicity. To
limit treatment-related toxicity, apart from the proper iden-
tification of the target volume, radiation will be delivered
in a course of several small fractions of the total dose over
a predetermined period of time to obtain tumour control
with a low risk of serious side effects.
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We typically recognize three major groups of indications
for radiation therapy in the management of cancer:

1. A course of radical or curative radiation therapy is
planned where the probability of long-term survival after
adequate local or locoregional therapy is high, and some
normal tissue side effects of therapy, although undesir-
able, may be acceptable in this setting. The main advan-
tage of primary non-surgical management of cancer is
organ preservation with good functional or cosmetic
outcome, with, in some cases, the scope for subsequent
surgical salvage in the event of local disease recurrence.

Radiation therapy as a single-modality treatment
is effective for the cure of several types of cancer, for
example early stage laryngeal cancer, skin cancer and
prostate cancer [1-3]. In many cases a systemic modality
(most often chemotherapy) is concomitantly admin-
istered to improve response rates and outcome, for
example in head and neck, anal, rectal, oesophageal,
lung and cervical cancer [4-6]. Chemoradiation has
especially been demonstrated to improve locoregional
control, for example in anal cancer [6]. In cervical
cancer, it increases both local and systemic control [4],
over radiation therapy alone. This might be explained
by the radiosensitizing effect of chemotherapy resulting
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in increased locoregional control and subsequently less
systemic progression, or could reflect the systemic cyto-
toxic effects of chemotherapy.

2. A course of preoperative or postoperative radiation
therapy is delivered as an adjunct to the primary man-
agement modality to improve overall treatment efficacy.
In this setting, radiation treatment is usually planned
with a curative intention. In early breast cancer for
instance, lumpectomy followed by postoperative radia-
tion therapy is a valid alternative to mastectomy, with at
least equivalent overall survival rates [7].

Preoperative radiation therapy is used to downsize
the primary tumour, thereby making some irresectable
tumours resectable, and to reduce local disease recur-
rences, for example in rectal cancer [8]. In general, when
radiation treatment is combined with surgery, a lower
dose suffices compared to radiation as the sole treat-
ment. In addition, in some cases, like in breast cancer,
less extensive surgery can be performed when combined
with radiation therapy.

3. Palliative radiation therapy is given for control of symp-
toms such as pain, cough or haemoptysis, for prevention
of symptoms such as impending paralysis, or for tempo-
rary arrest of tumour growth. Palliative radiation therapy
does not aim to improve survival. In contrast to radical
or postoperative radiation therapy, where treatment
schedules usually last a few weeks, palliative treatment
schedules are of a short duration to minimize the burden
for the patient. The treatment schedule is primarily dic-
tated by the patient’s life expectancy, the site (influencing
the possible short-term side effects) and the volume of the
tumour to be irradiated.

The optimal radiation therapy schedule in all three situa-
tions depends on the goal of the treatment, the tumour type,
the expected acute and late normal tissue toxicity and the
patient’s condition.

GENERAL PRINCIPLES OF
RADIATION THERAPY

Mechanism of action

The most commonly used type of ionizing radiation in a
clinical setting is high-energy electromagnetic or photon
radiation. A linear accelerator can produce photon beams
with energies varying from 4 to 25 MV. Interaction of
these photons with tissue leads to ionizations by liberat-
ing electrons. Subsequently, the released electrons can
cause clusters of ionizations in the DNA, disrupting the
structure of the DNA and leading to mitotic cell kill if the
DNA double-strand breaks are not repaired adequately.
The presence of oxygen enhances the effect of radiation
by fixating the DNA damage, thereby preventing the DNA
repair process (the oxygen effect) [9].

Following irradiation, a number of cells are likely to
remain metabolically functional and may proliferate for

several generations before they eventually die. Radiation is
considered to have achieved its goal, if the capacity to pro-
duce a continuously expanding progeny (or colony forma-
tion; clonogenicity) of cancer cells is abolished.

The dose is prescribed in units of gray (1 Gy = the absorp-
tion of 1 J/kg of matter), which is the radiation dose absorbed
by the tissue.

Factors influencing local tumour control

The most important biological factors influencing tumour
and normal tissue response to fractionated radiation therapy
are known as the 5R’s: redistribution, reoxygenation, repair,
repopulation and intrinsic cell radiosensitivity [10,11].

The radiosensitivity of cells varies throughout the differ-
ent phases of the cell cycle, with cells in the S phase being
the most resistant and cells in the late G2 and M phases
the most sensitive. The progression of cells that survive
radiation from a radioresistant phase of the cell cycle to
a radiation-sensitive phase (redistribution) a few hours after
irradiation enhances the response of tumours to radiation
therapy. Similarly, the improvement in oxygenation (reoxy-
genation) of hypoxic cancer cells that survive radiation also
increases tumour sensitivity to radiation therapy. Hypoxia
is a well-known mechanism of radiation resistance, and
hypoxic areas are present in many solid tumours [12]. The
combination of hypoxia-modifying agents with radiation
therapy has resulted in an enhancement of the therapeutic
index of radiation therapy in certain tumours and is an area
of considerable interest and research [13,14].

Cellular repair of radiation damage and repopulation are
pivotal processes in the normal tissue as a response to radia-
tion to prevent serious damage. In the tumour most of the
DNA damage is repaired as well, although repair capacity
is often altered, as for example in BRCA-mutated tumours,
compared to normal cells.

Certain types of rapidly proliferating cancers also
demonstrate a marked increase in growth rate (15-20
times faster) after the start of the radiation course. This
‘accelerated repopulation’ becomes apparent about 3-5
weeks (depending on the tissue) after the start of treat-
ment [15,16]. Consequently, prolongation of a planned
course of irradiation beyond a certain period may have a
negative impact on local control of disease. For example,
with squamous cell carcinoma of head and neck treated
with primary radiation therapy, it has been estimated that
an extra 0.6 Gy per day is required to counterbalance the
effects of accelerated repopulation, when the overall treat-
ment time exceeds 28 days [16]. The last R represents the
inherent difference in radiation sensitivity between cells
from different tumours, which makes some tumours more
radioresponsive than others. For example, seminomas and
lymphomas, which have a high intrinsic radiosensitivity,
require smaller doses of radiation to achieve local tumour
control or palliation [17-19]. Intrinsic radiosensitivity is
most likely related to the extent to which cell types differ
in their capacity to repair DNA damage.
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Finally, tumour volume is an important factor deter-
mining local control. Several explanations can be found
for this observation. First, a larger tumour volume contains
more clonogenic stem cells, requiring a higher radiation
dose. Second, hypoxia is often more pronounced in large
tumours. Last, surrounding normal tissue will limit the
dose of radiation that can be delivered safely with a large
radiation volume.

Rationale of fractionation

A course of radiation therapy usually consists of multiple
fractions per week over several weeks. The fractionation
of a radiation treatment is important to minimize adverse
effects and is based on the difference in shape of the radia-
tion cell survival curve between normal tissue and malig-
nant tumours. The radiation cell survival curve depicts the
fraction of surviving cells as a function of the absorbed
dose. The model that is widely used to describe the radia-
tion cell survival curve in vitro is the linear-quadratic (LQ)
model (20). Mathematically it is represented by the formula
S = exp (oD - BD?). The shape of the cell survival curve
in vitro differs per cell line studied. In vitro, the o/ ratio
is defined as the dose at which the linear and quadratic
components of the curve are equal. For normal tissues and
tumours the o/p value is calculated from adverse effects
(normal tissues) or tumour control (tumours) reported in
clinical trials. In general, tumours have a higher o/p value
than normal tissue. The spinal cord for example has an
o./B value of 2, and is therefore highly sensitive to changes
in radiation therapy fraction size. In clinical practice this
means for the spinal cord that when a lower dose per frac-
tion is used, a higher total dose can be administered safely.
Most tumours and acute radiation reactions have an o/
value >6 and are less sensitive to changes in fraction size
and more sensitive to shortening of the overall treatment
time. Exceptions to this general rule are melanoma and
breast and prostate tumours.

This difference in fractionation sensitivity between
tumour and normal tissue late effects explains the benefi-
cial effect of fractionation. Figure 5.1 shows for normal tis-
sue fibrosis (0t/B = 2 Gy) and tumour control (o./f = 10) the
equivalent dose in fractions of 2 Gy for different doses per
fraction with equal total dose. A larger dose per fraction has
a more pronounced effect on fibrosis (tissues with low o/,
steeper curve) than on tumour control probability (TCP)
(tissues with high o/f, flatter curve) [21].

With the LQ model different fractionation regimens can
be compared in terms of effectiveness and risk of late toxic-
ity. In this respect it is important to realize that the con-
sequences of changing the fractionation schedule differ per
tissue.

Dose-response relationships

TCP curves are often used to relate the radiation dose
with clinical outcome. TCP curves approximate a sigmoid
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Figure 5.1 The equivalent dose in 2 Gy fractions for
different doses per fraction, calculated with the linear-
quadratic model for a total dose of 50 Gy. The dotted

line represents tumour control with an o/p value of 10

Gy, and the solid line fibrosis with an o/p value of 2 Gy.

A higher dose per fraction is detrimental for normal tissue
complications.

shape (Figure 5.2), with a steep relationship between
dose and TCP between 10% and 90% [22]. The shape
and steepness of the TCP curve is affected by a number
of factors, such as intrinsic radiosensitivity and hetero-
geneity in tumour cell kinetics [22,23]. The normal tis-
sue complication probability (NTCP) curves are sigmoid
shaped as well, depicting the relationship between radia-
tion dose and probability of complications. To obtain a
maximal therapeutic gain, the radiation therapy dose
should result in maximal probability of tumour con-
trol combined with a minimal (or reasonably accept-
able) likelihood of complications. In the ideal situation
the TCP and NTCP curves are widely apart and tumour
control can be achieved without complications. The sep-
aration between both curves is called the ‘therapeutic
window’ [24].

A leftward shift of the TCP curve, resulting in a larger
separation between the TCP and NTCP curves and a
larger therapeutic gain, may result from factors such as
smaller tumour burden or higher inherent tumour radio-
sensitivity. As illustrated in Figure 5.2, a worsening of the
therapeutic index is seen with increase in tumour bur-
den. In such situations, where the radiation dose needed
to obtain tumour control is associated with a high prob-
ability of normal tissue toxicity, patients would be ideally
managed with combination therapy, for example surgery
followed by radiation therapy. In the situation of postop-
erative radiation therapy, when only subclinical disease
is present, a lower radiation dose is required to eradicate
the disease.
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Time factor in radiation therapy

In radiation therapy treatment time is a crucial factor deter-
mining outcome. A prolongation of the overall treatment
time is detrimental for tumour control rate (see also ‘repop-
ulation’ in the ‘Factors Influencing Local Tumour Control’
section) [25] and shortening of the radiation course is
applied to improve treatment results [26,27]. That is the rea-
son that interruption of a radiation treatment should always
be avoided. However, shortening of overall treatment time
is associated with increased acute reactions and extreme
acceleration is limited by acute toxicity [28].

Not only the duration of the radiation course is impor-
tant, but also the total treatment time including surgery or
chemotherapy should be kept as short as possible. In small
cell lung cancer for example, overall survival is influenced
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Figure 5.2 Theoretical curves showing the relationship
between dose and tumour control probability in three
situations: gross, microscopic and subclinical disease
(dotted lines). The distance to the normal tissue com-
plication rate curve (solid line) is called the therapeutic
window.

by the time between start of chemotherapy and the end of
radiation therapy [29]. The same principle applies to the
time interval between surgery and radiation therapy, which
should be kept as short as possible. Indirect evidence sug-
gests that micrometastases grow at a faster rate than mac-
roscopic disease [30]. Modelling studies based on clinical
data have demonstrated that a delay in initiating postopera-
tive treatment introduces a threshold in the dose-response
curve of subclinical metastasis because existing subclinical
cancer deposits continue to grow [30,31].

Clinical studies in squamous cell carcinoma of the head
and neck have demonstrated that prolonging the interval
between surgery and radiation therapy has an adverse effect
on local control [32-34]. However, 1 day of interruption
during postoperative radiation therapy has, most likely, a
larger negative impact on TCP than 1 day of extension of
the interval between surgery and radiation therapy [30,35].
These gaps in radiation therapy for subclinical disease may
be detrimental from the first days of irradiation. Therefore,
it is imperative that subsequent radiation therapy should be
given as close as possible to the primary treatment and, even
more important, that there is no prolongation of treatment,
once it is initiated.

RADIATION DELIVERY

External beam irradiation

External beam irradiation is the most applied technique of
radiation delivery. Photon radiation produced by a linear
accelerator is the most widespread type of external beam
radiation therapy (EBRT). Photons can penetrate deeply
into the patient and make all tumour locations accessible
to irradiation. The higher the beam energy, the deeper is the
penetration of the tissue. Each photon beam continues on
its path beyond the tumour, so usually photon beams from
different beam angles are directed to the target volume
for more conformal treatment. This enables treatment of
deeper-seated tumours with relative sparing of the skin and
the surrounding normal tissue (Figure 5.3a). With mod-
ern techniques like intensity-modulated radiation therapy
(IMRT), beam energies higher than 10 MV have no addi-
tional value and carry a few practical disadvantages in treat-
ment planning and radiation shielding.

Figure 5.3 Examples of external beam radiation planning: (a) 3D-conformal radiation therapy, (b) intensity-modulated
radiation therapy (IMRT) and (c) stereotactic radiation therapy. Colours represent the various isodose levels. The 95%
isodose (yellow) encompasses the planning target volume (red line).
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Superficial tumours can benefit from electron beam irra-
diation. An electron beam has a steeper fall-off in penetra-
tion depth than photon beam irradiation, relatively sparing
the normal tissue behind the target volume. The depth of
penetration can be controlled very well by the energy of the
beam.

More recently proton irradiation, a form of particle
therapy, has raised interest. The advantage of proton beam
irradiation is the high dose peak (Bragg peak) at a certain
depth with a steep dose fall-off behind the peak. The energy
of the particle beam defines the depth of penetration, and
hence the location of the maximum energy deposition.
The normal tissue behind the target volume receives only a
small percentage of the total dose, in theory enabling dose
escalation while reducing side effects. The uncertainties
regarding the exact localization of the steep dose peak in
the patient make the planning and delivery of proton irra-
diation complex. Most applied methods in proton beam
delivery are passive scattering and pencil beam scanning
from one direction. Intensity-modulated proton therapy
(IMPT) with multiple fields, which results in a superior
dose distribution, is a complex technique that is not imple-
mented in routine clinical practice yet. The uncertainties
of dose deposition combined with the small day-to-day
variations in setup in the patient are the main obstacles.

Well-established indications for proton treatment are
skull base and paraspinal tumours, like chordoma and
chondrosarcoma, paediatric neoplasms and uveal mela-
noma. Other applications, e.g. prostate, head and neck and
lung, are under investigation. However, no clinical benefit
over photon radiation treatment has been established yet,
notwithstanding the considerably higher costs [36,37].

Brachytherapy

With brachytherapy a small radioactive source is placed
into or close to the tumour, delivering a high radiation
dose to the tumour with the possibility of sparing the
surrounding normal tissue. In some superficially located
tumours and a number of accessible tumours brachy-
therapy can have advantages. In the curative setting it
is applied e.g. as a single-modality treatment in limited
stage prostate cancer, involving the placement of radio-
active iodine seeds into the prostate gland. The planned
RT dose is emitted over several months with excellent
results [38]. Another application in the curative setting is
combination with EBRT in patients with cervical cancer.
The applicator to position the radioactive source is placed
into the uterus or vagina with the patient under seda-
tion. Preferably MRI-based dose planning is performed,
accounting for the location and sensitivity of the close-
by organs at risk. The hollow guides of the applicator are
then loaded for a short time with the radioactive source
and the dose is administered in a few large dose fractions.
In a palliative setting brachytherapy can be used to treat
dysphagia in oesophageal cancer with subsequent good
relief of symptoms [39].

Intra-operative radiation therapy

In selected cases intra-operative radiation therapy (IORT)
is applied. Tumour sites can be exposed during an opera-
tion and radiation therapy can be delivered directly to the
tumour bed. In recurrent rectal cancer [40] and in pri-
mary breast cancer [41] promising results are obtained
with this technique. However, the dose delivered in a
single fraction with IORT is rarely sufficient for definitive
tumour control, and therefore IORT is usually combined
with EBRT.

Treatment planning

Over the last 20 years the technical advances in radiation
therapy planning have been huge, enabling more precise
radiation delivery with fewer complications. In the past the
target volume was assessed on an X-ray, while nowadays
most radiation departments have a computed tomography
(CT)-based planning system. On the planning CT both the
target volume and the organs at risk can be visualized and
delineated accurately to optimize dose delivery.

Irradiation beams can be chosen manually for a rela-
tively simple planning, usually a limited number of beams
from different directions (Figure 5.3a). A more complex
planning can be calculated with several beams that are sub-
divided into multiple segments (IMRT) for a more homo-
geneous and conformal dose distribution (Figure 5.3b).
With IMRT, a greater sparing of the organs at risk is pos-
sible, with fewer acute and late side effects [42,43]. A more
sophisticated form of IMRT is volumetric arc therapy
(VMAT). Radiation is delivered during the rotation of the
machine, while varying the shape and intensity of the radi-
ation beam, enabling irradiation from an infinite number
of beam angles. The main advantage is a more conformal
and homogeneous dose distribution and shorter treatment
time [44].

Current developments

Stereotactic radiation therapy delivers a high dose of radi-
ation to a small well-defined tumour volume, always with
the aim to obtain definitive local tumour control often
with curative intent. With this technique side effects are
limited by minimizing the safety margins surrounding the
tumour; i.e. side effects are not reduced by fractionation
effects but by limiting the volume of normal tissue that is
irradiated. If this treatment is given in a single fraction,
it is often referred to as radiosurgery. Most often it will
be given in a limited number of fractions, typically 1-8.
A steep dose decline outside the treatment target can be
achieved (Figure 5.3¢). Position verification with a cone
beam CT (CBCT) before each fraction is mandatory to
safely deliver this type of radiation treatment. Clinical
applications are expanding and comprise brain metasta-
ses, early stage lung cancer, liver tumours and bone metas-
tases with high local control rates [45,46].
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The main focus in the development of radiation treatment
delivery is on image-guided radiation therapy (IGRT) and
adaptive radiation therapy (ART). Frequent imaging during
a course of image-guided radiation treatment enhances posi-
tioning accuracy and can reduce the margins required for
setup uncertainties, consequently reducing the normal tissue
dose. Imaging can be performed with two-dimensional kilo-
or megavolt images or three-dimensional CBCT. A high dose
close to delicate organs, like the optic nerve or brainstem, can
be safely delivered, thanks to the use of CBCT.

Based on the imaging during treatment, the radiation
plan can be adapted during the radiation course to account
for changes in tumour mass or anatomy. Another possible
approach is to make a collection of multiple radiation plans
and choose each fraction of the optimal plan based on
CBCT imaging.

The MRI-guided linear accelerator or cobalt machines
that are currently being tested before clinical implementa-
tion theoretically have a great potential to combine IGRT with
ART, increasing treatment accuracy, potentially reducing side
effects and enabling increases in the therapeutic dose [47].

SIDE EFFECTS

The potential benefit of treatment has to be carefully bal-
anced against radiation therapy-induced side effects in all
situations. Radiation therapy-induced side effects can be

Table 5.1 Early and late side effects of radiotherapy

broadly classified as early (acute) or late, based on the time
frame of their manifestation. Early toxicities (Table 5.1)
tend to arise during or shortly (days to weeks) after the
start of radiation and can last from 6 weeks to 3 months
after conclusion of the treatment. These acute reactions
are usually due to direct damage to the parenchymal
tissue cells that are sensitive to irradiation by depletion
of stem cells that take care of repopulation and thereby
recovery. Late toxicities can become apparent from
3 months after completion of radiation therapy (Table 5.1)
and are attributed to damage to the microvasculature
and mesenchymal cells. However, the exact aetiology is
unknown and given the differences of the extent of toxici-
ties observed between patients, inherent radiosensitivity
of patients is likely to contribute to the development of
late effects [48,49]. Long-term morbidity such as cardio-
vascular mortality [50] and the induction of secondary
cancers [51] may occur as late as 10-20 years after comple-
tion of radiation therapy. It is therefore imperative to take
into account all possible treatment-induced side effects
that may have an overall impact on patient morbidity and
mortality, prior to planning of radiation therapy. As the
severity of side effects is dependent on the dose of radia-
tion therapy and the volume of the organ that is irradiated
(volume effect) [52], it is possible to limit the side effects
by reducing the amount of normal tissue being irradiated
using modern techniques. Advances in imaging and their

Organ
Skin

Subcutaneous tissue
Oral mucosa
Bone/cartilage
Spinal cord

Salivary glands
Oesophagus
Kidney

Lung

Liver

Stomach

Small bowel

Rectum
Bladder

Gonads
Systemic
Hemapoietic

Early (acute) effects

Erythema, pruritus, dry desquamation,
moist desquamation, oedema
Mucositis — pain

Dryness, altered taste
Oesophagitis — dysphagia

Cough, dyspnea

Radiation hepatitis — nausea, vomiting,
raised hepatic transaminases

Gastritis — indigestion, heartburn, excess
wind

Enteritis — abdominal cramps, nausea,
vomiting, diarrhea

Proctitis — tenesmus, diarrhea

Radiation cystitis — frequency, urgency,
dysuria

Lethargy, anorexia

Anemia, leucopenia, thrombocytopenia

Late effects

Fibrosis, atrophy, pigmentation,
telangiectasia, alopecia, ulceration

Fibrosis

Fibrosis, atrophy, dryness

Growth retardation, radionecrosis

L'Hermitte syndrome, neurological
symptoms

Xerostomia

Stricture, fistula

Renal failure, hypertension

Radiation pneumonitis, fibrosis, diminished
lung function

Diminished liver function

Bleeding
Diarrhea, bleeding, fistula

Tenesmus, bleeding

Hemorrhagic cystitis, contracted bladder
(capacity <100 cc)

Sterility, genetic mutations

Myelofibrosis
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integration in radiation therapy planning, and radiation
delivery techniques, e.g. CT planning, integration of PET
in planning, conformal radiation therapy, IMRT and
IGRT, may allow full coverage of the target volume while
appropriately reducing the volume of normal tissue that
is irradiated during treatment [53-55], eventually mini-
mizing the toxicities associated with radiation therapy.
Treatment options of adverse late effects are limited. For
late skin toxicity hyperbaric oxygen can be applied.

SPECIFIC APPLICATIONS

Although radiation therapy is a valuable treatment in many
types of cancer, a few specific indications that illustrate the
joint effort of surgeons and radiation oncologists are high-
lighted below. In these tumour types a combination of sur-
gery and radiation therapy (and chemotherapy) is applied in
the curative setting.

Breast cancer

Breast cancer is an excellent example of radiation ther-
apy being used in the framework of an organ-sparing
approach. In the 1980s breast-conserving therapy, com-
bining surgery with postoperative whole breast radia-
tion therapy, was introduced and is the standard of care
for most patients with breast cancer nowadays. Radiation
therapy successfully eliminates subclinical disease in the
breast tissue surrounding the lumpectomy cavity. The
results of mastectomy and breast-conserving therapy are
similar with no difference in overall survival [56-58]. The
addition of a higher radiation dose to the tumour bed even
further reduces the risk of local recurrence [59]. Age is
no contraindication for breast-conserving therapy; nei-
ther is a family history of breast cancer. A relative con-
traindication is the presence of a connective tissue disease
like scleroderma or systemic lupus erythematosus (SLE).
Numerous case reports suggest an increased risk of acute
and late radiation toxicity in these patients. However, the
results of several large retrospective series remain incon-
clusive and treatment decision should be made on an indi-
vidual basis [60].

Although fibrosis is a frequent late toxicity of breast
irradiation [61], good cosmetic outcome can be achieved in
most patients with modern radiation therapy techniques by
delivering a homogeneous dose distribution [62].

After mastectomy, tumour characteristics define the risk
of local or regional recurrence and determine the need for
postmastectomy radiation therapy [63]. The indications for
locoregional radiation therapy, including any remaining
regional lymph nodes, are based on the presence of axillary
lymph nodes in the sentinel node or axillary lymph node
dissection. Lymphoedema and limitation of shoulder move-
ments are relevant late complications of axillary radiation
therapy, although the rate of lymphoedema after radiation
therapy is lower than the rate after axillary lymph node dis-
section [64].

Rectal cancer

Although surgery is the mainstay of treatment, preopera-
tive radiation therapy has an established role in rectal can-
cer. Long-course preoperative chemoradiation is offered
to patients with advanced local disease, as it increases the
likelihood of achieving clinically relevant downsizing of the
primary tumour and thereby the chance to obtain tumour-
free resection margins and reduce the rate of local recur-
rences [65]. Postoperative radiation therapy has been proven
to be less effective and associated with a higher complica-
tion rate [65] and no longer has a role in the treatment of
rectal cancer.

The results of the Dutch TME trial and the MRCO7 trial
show a reduction in the relative risk of local recurrence
in patients with resectable rectal cancer receiving short-
course radiation therapy prior to total mesorectal excision
[66,67]. The additive value of radiation therapy in low-risk
patients can be questioned, as the absolute risk reduction
in these patients is small [68]. The presence of lymph nodes
on the preoperative MRI or the proximity of the tumour to
the mesorectal fascia can be the factors to consider when
deciding whether to offer preoperative radiation therapy
to the patient [69]. These decisions should always be dis-
cussed in a multidisciplinary tumour board and the bene-
fits and side effects, like anorectal and sexual dysfunction,
have to be balanced. Short-course radiation therapy con-
sisting of 25 Gy in five fractions can be applied to reduce
the local recurrence rate in rectal cancer that requires no
downstaging [8,67,70]. The total treatment time includ-
ing radiation therapy and surgery should be restricted to
10 days to minimize the complication risk.

Symptoms like pain, bleeding or obstruction can be
effectively palliated with short-course radiation therapy in
patients with recurrent or metastatic disease.

Oesophageal cancer

Despite advances in multimodality treatment the outcome
of oesophageal cancer remains poor.

In patients with resectable thoracic disease surgery is
preceded by chemoradiaton (or chemotherapy alone) to
the primary tumour and regional lymph nodes to improve
overall survival [71,72]. In patients with irresectable dis-
ease chemoradiation without surgery can be administered
with a cure rate of around 25% [73]. A higher radiation
dose does not increase survival or locoregional control
in one prematurely closed study [74], so whether a higher
radiation dose is more effective remains unsure. For can-
cer arising in the cervical oesophagus radiation combined
with chemotherapy is the preferred treatment over surgery
alone, since survival appears to be the same, and major
morbidity is avoided in most with chemoradiation [75].

Palliative radiation with EBRT, single-dose brachy-
therapy or a combination of both can be administered to
diminish obstruction or bleeding of the primary tumour
[39,76,77].
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Dysphagia improves more rapidly after stent placement
than after brachytherapy, but long-term relief of dysphagia
is better after brachytherapy and stent placement has more
complications [39].

Sarcoma

In the treatment of extremity soft-tissue sarcomas (STSs)
radiation therapy has a role in improving local control in
limb-sparing treatment, without improvement in overall
survival [78,79]. Radiation therapy can effectively eradi-
cate microscopic disease and achieve local control rates of
85-90% in high-grade extremity STS.

Radiation therapy can be applied pre- or postoperatively,
depending on the tumour location, size of the tumour and
institutional preference.

Surgical resections are more challenging in a previ-
ously irradiated field and a higher incidence of acute
wound complications is seen with preoperative radia-
tion therapy, particularly for lower-extremity lesions
[80,81]. However, compared to postoperative radiation
therapy, lower doses and smaller field sizes can be used
with a reduced risk of irreversible late complications, like
fibrosis, oedema and joint stiffness [82]. The use of IMRT
seems beneficial with high local control rates and a dose
reduction to the surrounding normal tissue compared to
3D-conformal radiation therapy [83,84]. Accurate delin-
eation of the target volume can be achieved by matching
with a diagnostic MRI, preferably made in the same posi-
tion as used for radiation therapy.

CONCLUSION

Radiation therapy is and will remain for the foresee-
able future an invaluable part of the multimodality
approach in many types of cancer. The combination of
surgery with a relatively low dose of radiation therapy
can achieve high local control rates with acceptable mor-
bidity. Higher radiation doses or a combination with
radiosensitizing agents is needed in patients with mac-
roscopic disease with a related higher risk of late radia-
tion side effects. As individualization of cancer treatment
is more frequent, a multidisciplinary approach is espe-
cially important, with input from specialists trained in
oncology, radiologists and pathologists, so that the opti-
mal management decision is made before embarking on
treatment.
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PRINCIPLES OF IORT

Intraoperative radiotherapy (IORT) refers to the delivery
of a large single fraction of radiation at the time of surgery
to a surgically defined area, usually after resection of all, or
most, macroscopic disease, with the aim of eradicating any
residual microscopic foci of disease. Recent biological data
suggest that such radiation may also impact upon disease
recurrence through various, as yet ill-understood, effects on
the tumour microenvironment. The use of IORT as a single
dose of radiation also minimizes the treatment duration,
which in itself may increase its effectiveness, as is also the
case with the timing of its delivery, being given immediately
after surgical resection, when the postulated effects on the
tumour microenvironment are likely to be greatest. IORT
is currently used in various techniques that show important
differences in dose delivery: (1) high-dose-rate brachytherapy
(HDR-IORT), (2) electron-beam radiation with dedicated
fixed or mobile linear accelerators (intraoperative electron
radiotherapy [IOERT]) and (3) orthovoltage (low-kilovolt
X-ray beams) with dedicated mobile units (IO[X]RT). The
mobile radiation therapy devices generate either megavolt-
age electrons (Mobetron and Novac-7/11) or kilovoltage pho-
tons (Intrabeam™ and Xoft) [1]. While megavoltage IOERT
systems (cylindrical applicators) may be used either after
removal of the tumour or for irradiation of unresectable
(pancreatic) malignancies, kilovoltage systems with spherical
applicators are mostly used directly on the tumour bed after
excision. The use of different IORT techniques and devices
varies with institutional preferences and target populations.

Advantages of IORT compared to EBRT

The surgically defined target for IORT is usually the tumour
bed, with uninvolved and dose-limiting structures shielded
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or displaced from the immediate radiation field. IORT may
be used when resection margins are narrow or involved
by tumour and can be applied very specifically to an area
at risk, under direct visual control, and with the ability to
shield the surrounding structures from radiation.

IORT boost advantages in comparison to an exter-
nal boost include, at least theoretically, smaller field sizes
(because safety margins for daily positioning errors can be
eliminated), the possibility to exclude organs at risk (like
major nerves or skin) from the irradiation field and the
reduction of overall treatment time.

In institutions that choose to have the availability of
IORT as a component of treatment, a carefully constructed
multidisciplinary team (MDT) needs to exist. This team
should include a surgical oncologist, radiation oncologist,
anaesthesiologist, operating nurse and radiation physicist.
IORT demands close cooperation of radiation and surgical
oncologists before and at the time surgery, thus creating an
optimal MDT in one therapeutic session. This dramatically
shortens time of hospitalization and therapy, compared
to traditional fractionated external beam radiotherapy
(EBRT). Additionally, the synergistic action of both local
therapies, surgery and irradiation, increases the potential of
local control, minimizes irradiation side effects by shielding
of neighbouring and susceptible organs, and eliminates so-
called geographical error.

The final goal of IORT is to enhance loco-regional
tumour control. IORT can be safely used to increase the
dose due to disease, because the tissues are properly moved
away from the path of the radiation beam. IORT can also be
used as a boost for EBRT by administration of a single high
dose at the time of surgery.

Currently, IORT is mainly used to improve the therapeu-
tic index. Many studies have suggested that the technique of
IORT in patients with advanced or recurrent cancers may
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improve treatment results compared with conventional
radiotherapy.

Disadvantages of IORT are prolongation of the surgical
procedure and complex logistics. However, the usual irra-
diation time of the surgical field is 3-20 minutes, whereas
simultaneous coordination of many specialists at one time
of surgery is a matter of teamwork abilities. Therefore, these
theoretical disadvantages should not pose major practical
difficulties.

The best evidence of the advantages of IORT, as reflected
by patient preferences regarding radiotherapy, comes from
breast cancer treatment [2]. Time required for conventional
EBRT is 3-6 weeks, whereas IORT adds about 30 minutes
to breast-conserving surgery (BCS). This implies substantial
gains in overall use of health service resources. Moreover,
EBRT may damage ribs, intercostal nerves, heart or lungs
and cause radiation-induced cancers, and IORT can achieve
much lower doses to these organs, although late toxicity
of IORT is currently unknown. A small increase in local
recurrence rates, but no impairment of survival rates, has
been seen following IORT, in certain populations [3].

EVIDENCE BEHIND THE USE OF IORT
IN SURGICAL ONCOLOGY

For the last decade IORT has become an increasingly attrac-
tive method of local cancer treatment. It can be used for
different cancer primaries, but most commonly it has been
used for breast carcinoma, followed by (colo)rectal, prostate
and pancreatic carcinomas and sarcomas [4]. For the treat-
ment of early breast carcinoma, IORT alone may be used as
an accelerated partial breast irradiation (APBI), or prior to
EBRT of the whole breast or as a boost in order to increase a
dose applied to the tumour bed.

Breast carcinoma

IORT ALONE RANDOMIZED CONTROLLED TRIALS:
TARGIT-A AND ELIOT

In a proportion of patients with good prognostic factors,
partial breast irradiation may be a risk-adapted strategy
in radiotherapy following BCS. Recently updated results
from an international, multicentre, randomized clinical
trial (TARGIT-A) proved that for selected patients with a
favourable prognosis, targeted IORT with low-energy pho-
tons (Figure 6.1) may be an acceptable alternative to conven-
tional EBRT [5]. Although this form of IORT is presumed
to be well tolerated, it may have deleterious effects on the
early and late aesthetic outcomes. Application of the IORT
by means of mobile linear accelerators makes the BCS even
more demanding and complicated, especially in cases where
expertise in oncoplastic techniques is required.

Two recently published randomized IORT trials for
early stage breast cancer demonstrate acceptable recur-
rence rates for IORT, although worse than those achieved
by whole breast irradiation (WBI) [3,5]. The ELIOT trial

Figure 6.1 Intrabeam: the spherical applicator is tempo-
rarily sutured into the surgical cavity, to achieve a tight fit;
the X-ray tube is introduced so that the X-ray source lies
at the geometric centre of the sphere.

used electrons (IOERT), and the TARGIT-A trial used
50 kV X-rays (IOXRT). With a median follow-up of 5.8
years, the 5-year recurrence rates for ELIOT versus EBRT
patients were 4.4% and 0.4%, respectively (p = 0.0001).
A low-risk ELIOT group was identified with a 5-year
recurrence rate of 1.5%. With a median follow-up of 29
months, the 5-year recurrence rates for the TARGIT-A
versus EBRT patients were 3.3% and 1.3%, respectively
(p = 0.042). Critical analysis of both trials has led to the
conclusion that with 5.8 years of median follow-up, IOERT
appears to have a subset of low-risk women for whom
IOERT is acceptable. With 29 months of median follow-up
the results of IORT with 50 kV devices are promising, but
longer follow-up data are required. At the current time,
single-fraction IOERT or IORT patients should be treated
under strict institutional protocols [6,7]. However, there
is evidence that early adoption of the TARGIT-A trial
results would lead to minimal adverse impact, and sub-
stantially less resource use [8]. Although the follow-up in
the TARGIT-A trial is immature and loco-regional recur-
rences occur after 5 years and even continue to rise beyond
10 years, the effects of all radiotherapy against local recur-
rences are predominantly concentrated within the first
5 years of follow-up. IORT of the tumour bed in combi-
nation with wide local excision applied in a risk-adapted
manner seems appropriate local therapy for postmeno-
pausal women (in particular women over the age of 70)
with low-risk hormone receptor-positive tumours [9,10].
Individual patients’ views should always be taken into
account on this matter.

In 2009, the American Society for Radiation Oncology
(ASTRO) and the Groupe Européen de Curiethérapie—
European Society for Therapeutic Radiology and Oncology
(GEC-ESTRO) separately formulated consensus definitions
to classify patients into three risk groups toward the option
of APBI outside a clinical trial, and both bodies produced
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similar categorizations [11,12]. Both these consensus docu-
ments defined three patient groups in terms of applicability
of ABPT alone: (1) a suitable group, for whom ABPI outside
of a clinical trial is acceptable; (2) a cautionary group, for
whom caution and concern should be applied when consid-
ering ABPI outside of a clinical trial; and (3) an unsuitable
group, for whom ABPI outside of a clinical trial is not gener-
ally considered warranted. Patients who choose treatment
with IORT alone should be informed that WBI by means
of EBRT is an established treatment with a much longer
track record that has documented long-term effectiveness
and safety. Concise characteristics of the three groups stated
by the ASTRO/GEC-ESTRO statement are depicted in
Table 6.1. It must be acknowledged that when these guide-
lines were written, they specifically excluded IORT from
consideration among the types of APBIL. It is a matter of
contention whether the subsequent publication of two large
randomized trials of IORT should necessitate expansion of
the guidelines to include it: it is notable that retrospective
analysis of the two trials has suggested that excellent results
are obtained with IORT in patients who would be classified
as ‘suitable’ by ASTRO and GEC-ESTRO.

The appropriateness of the division into the three groups
was subsequently confirmed by secondary analysis of the
ELIOT trial results, where ipsilateral in-breast recurrence,
distant metastases and cause-specific survival, but not
regional nodal failure, were significantly better in the suit-
able patients [13]. Outside the context of a clinical trial, and

before large-scale randomized clinical trial outcome data
with mature follow-up, better characterization of aesthetic
and late toxicity results become available, a very favourable
subgroup of patients may be identified to have an acceptable
recurrence rate after IORT alone, especially if adjuvant hor-
monal therapy is given [14].

BOOST = STANDARD

Boost irradiation with 16 Gy improves local control in breast
cancer and is considered the standard of care in breast can-
cer treatment for younger patients [15]. Patients can benefit
(lower rates of recurrences) from IORT when it is delivered as
a boost, replacing the external boost at the end of EBRT [16].
The intraoperative boost at the time of surgery reduces the
subsequent dose of EBRT, thus shortening the time required
for the EBRT, albeit at the expense of time of BCS and opera-
tive field manipulation in the preserved breast.

The largest evidence for boost IORT preceding WBI orig-
inates from intraoperative electron treatments (Figure 6.2)
with single doses around 10 Gy, providing outstandingly
low local recurrence (LR) rates in any risk constellation also
at long-term analyses. Compared to other boost methods,
an intraoperative treatment has evident advantages [17].

Other sites

Whereas for breast cancer the use of IORT has mainly been
as a way of reducing the burden of treatment (primarily

Table 6.1 Characteristics of the three patients groups stated by the ASTRO/GEC-ESTRO

consensus for IORT alone outside of a clinical trial

Suitable

Patient factors
Age (years) >60
BRCA 1/2 No
Pathological features
T size <2cm
T stage T
Margins Negative
Lympho-vascular No

invasion
ER Positive
Multicentric Unicentric
Multifocal Clinically unifocal

Histology of invasive
carcinoma

Ductal carcinoma
in situ (DCIS),

extensive intraductal

component (EIC)

Lymph nodes
N status
Nodal surgery

Ductal

No, no

pNO+-)
Yes

Cautionary Unsuitable
50-59 <50
No Yes
2.1-3 cm >3 cm
TO-T2 T3-T4
Close (<2 mm) Positive
Limited, focal Extensive
Negative —
Unicentric Present

Clinically unifocal
Lobular

Yes, yes (<3 cm)

Yes

Clinically multifocal

Yes, yes (>3 cm)

pN1, N2-3
No
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Figure 6.2 Electron-beam IORT: the tissues are onco-
plastically rearranged to bring all excision margins into

a ‘block’, against which an appropriately-sized electron
applicator is placed, then attached to a small linac.
(Courtesy of Dr Dawid Murawa from the Department of
Surgical Oncology of the Greater Poland Cancer Centre in
Poznan, Poland.)

for the patient, but also in health service resource usage),
its use in other sites has very largely been in an attempt
to achieve improved local control in circumstances where
even radical surgery entails a high risk of failure. The per-
ceived possible advantages of IORT in these circumstances
have been alluded to earlier; the clinical situations in which
these possibilities have been explored are numerous, but so
far it remains impossible to ascertain whether the perceived
potential of IORT can be translated into real clinical benefit
in these circumstances. Outside the field of breast cancer, no
randomized trials of IORT have been undertaken so high-
level evidence, upon which decision making can be based,
is lacking, even though thousands of patients have been so
treated by now. Many large series have been published, as
well as ‘pooled’ data and ‘meta-analyses’, but these cannot
be accepted as high-level evidence in the absence of ran-
domized comparison, particularly given the complexity of
the patient population.

Series comprising more than a hundred patients
have been published on recurrent colorectal cancer by
Hahnloser et al. [18] and Haddock et al. [19], and on pan-
creatic cancer, both post-resection and unresectable, by
Ogawa et al. [20,21], Morganti et al. [22], Nagai et al. [23]
and Cai et al. [24]. Results are certainly encouraging, but
again it must be said that their value is limited by the
absence of a randomized comparator group.

CONCLUSION

Level 1 evidence on the use of IORT in surgical oncology
has only been generated for breast cancer, so it cannot be
considered to have been adequately evaluated for use at

other sites, where it should still be regarded as a clinical
option for use only under strict trial-based protocols. The
low-level evidence that so far exists suggests that IORT
performed after (or instead of) surgical resection is a safe
and feasible procedure with a good therapeutic index that
can improve treatment results by increasing local tumour
control. Where IORT is used as an adjunct to surgical
resection, it does not compensate for non-radical sur-
gery in loco-regionally advanced cases, but may have real
advantages over EBRT as surgical adjuvant treatment.
Even in breast cancer, the high-level evidence that does
exist remains subject to differing interpretations: the view
has been expressed by some authors that IORT is now a
good ethical option for women with ‘low-risk’ breast can-
cer, for whom omission of radiotherapy altogether might
be considered [25]. One exception might be boost delivery
during BCS for early breast carcinoma, where a substantial
body of evidence suggests its safe clinical practice, and a
randomized clinical trial is currently testing this.
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INTRODUCTION

Most cancers are managed as part of a multidisciplinary
team approach and it is essential that surgical oncologists
are aware of the role played by non-surgical therapies in
holistic cancer care. Knowledge of systemic therapies and
radiotherapy techniques and how they may complement
or even replace surgery is vital. In many cases, early stage
tumors may be treated with a single modality of treatment,
mainly surgery or radiotherapy, with curative results.
However, sequential or concomitant multimodality treat-
ments may enhance locoregional and systemic disease con-
trol. Multimodality strategies are constantly evolving as
new drugs, new radiotherapy regimens and new surgical
techniques are developed. Close collaboration with experts
in each discipline is essential to keep abreast of the latest
advances and every newly diagnosed cancer case must be
reviewed by a properly constituted multidisciplinary team
before any therapeutic decision is taken.

Systemic anticancer therapies have evolved rapidly over
the last few decades with new, more effective chemotherapy
drugs and regimens, and the advent of several new classes of
agents forming molecularly targeted therapies comprising
monoclonal antibodies, small molecular inhibitors, immu-
notherapy and cancer vaccines. Their mechanisms of action
and side effect profiles differ significantly from classical che-
motherapy agents. Targeted therapies allow individualized
treatment according to the molecular characteristics of the
tumor cells. This is increasingly being understood as tumor

Targeted agents and tailored medicine 69
Anti-HER agents 69
BRAF inhibitors 70
Antiangiogenic agents 70
mTOR inhibitors 72
ALK inhibitors 72
Immunotherapy 72
Summary 73
References 73

heterogeneity is better appreciated and new technologies
to determine molecular subtypes (immunohistochemistry,
gene arrays, FISH and DNA sequencing and array technol-
ogy) move into the more affordable mainstream of clinical
practice.

Selection of the best agent or multi-agent regimen must
be individualized based not only on tumor immunophe-
notype but also on likely patient tolerance. It is well estab-
lished in oncology to determine performance status (PS),
according to the Eastern Cooperative Oncology Group
(ECOQ) system, and the impact of PS on tolerance of cer-
tain regimens is well characterized. Moreover tumor site
histology, biological characteristics and stage at diagnosis
are elements that need to be evaluated before planning each
patient’s individualized treatment schedule.

In this chapter we aim to define the different modalities
of treatment ranging from preventive and curative to the
management of incurable disease. There is a description of
the most frequently used chemotherapy drugs with their
characteristics and indications, with a special focus on new
treatments such as monoclonal antibodies, small molecular
therapies and immunotherapy.

MODALITIES OF SYSTEMIC THERAPY

Adjuvant chemotherapy is delivered after the known tumor
is removed with surgery to treat patients with a high risk
of recurrence. The goal of adjuvant treatment with cura-
tive intent is to prevent a possible cancer recurrence by
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eliminating microscopic residual tumor cells that may be
present. Therapeutic endpoints in the adjuvant clinical set-
ting are relapse-free and overall survival since there is no
primary tumor response to measure. As an example, in the
CONKO-001 phase III trial patients with complete resec-
tion of pancreatic cancer were randomly assigned either
to adjuvant treatment with gemcitabine or to observation
alone [1]. Patients randomized to adjuvant gemcitabine
treatment had a prolonged overall survival compared with
those randomized to observation alone (HR 0.76, p=0.01).
The trial showed a statistically significant absolute 10.3%
improvement in the 5-year overall survival rate (20.7% vs.
10.4%) and a 4.5% improvement in the 10-year survival rate
(12.2% vs. 7.7%), compared with observation alone.

Neoadjuvant or primary chemotherapy is given after a
histologic diagnosis, but prior to the surgical procedure. The
background of neoadjuvant therapy is the early exposure of
disease to an effective treatment, avoiding the delay intro-
duced by surgery and recovery from the operation. It allows
in vivo assessment of the chemotherapy responsiveness of
the primary tumor, and therefore of possible recurrent dis-
ease. Neoadjuvant chemotherapy enables direct and early
observation of the response to treatment, which could
lead to the offer of alternative effective salvage therapy in
poor or non-responders. Moreover, the reduction of local
disease extent may permit a less extensive surgical proce-
dure (such as breast conservation rather than mastectomy
for example) or, render initially inoperable disease oper-
able. Other advantages are that preoperative treatment may
also be better tolerated than postoperative treatment and
pathologic complete response is an important prognostic
factor in neoadjuvant chemotherapy trials. For example, in
patients with resectable rectal cancer with high-risk factors
defined by MRI, the recommended approach is preoperative
short-course radiotherapy or long-course chemoradiother-
apy (CRT) followed by total mesorectal excision surgery.
Superiority of preoperative versus postoperative CRT has
been demonstrated in several trials with lower local recur-
rence rates in the preoperatively irradiated group (7.1% vs.
10.1%, p = 0.048) [2]. Preoperative therapy is not only more
efficient for rectal cancer patients, but also less toxic than
postoperative treatment.

Chemotherapy given in initially unresectable metastatic
disease with the purpose of achieving shrinkage of the
tumor burden and facilitating a curative surgery is known
as conversion chemotherapy. In selected cases of metastatic
colorectal cancer (CRC) with initially unresectable disease,
combination chemotherapy may favour a major response
and a complete resection of the metastasis thereafter. This
differs from the palliative treatment of extensive metastatic
disease without options of curative surgery.

Palliative chemotherapy is given specifically to improve
symptoms associated with incurable cancer. Despite improve-
ments in treatment options, survival benefits tend to be mod-
est. Chemotherapy may be helpful to provide some reduction
in metastatic disease burden, relieving pain, cough, bleeding
and other tumor-related symptoms.

In the adjuvant, neoadjuvant or metastatic setting,
chemotherapy drugs may be used as single agents or in
combination. Response rates achieved in the metastatic set-
ting with single-agent therapy might be around 15-20%
depending on cancer type, metastatic involvement and char-
acteristics. Combination chemotherapy generally improves
response rates with some increase in toxicity. In advanced
disease, where the aim generally is not cure, it is very impor-
tant to balance the possible advantage related to a specific
drug and its toxic effects on overall quality of life and length
of survival.

CHEMOTHERAPY

The history of chemotherapy for solid tumors began in
1940 when experiments with nitrogen mustard for the war
effort were noted to inhibit white cell counts leading to
their trial in the treatment of lymphomas and leukemias.
Many pharmacologic agents have been developed since
then to try to inhibit cancer cell’s growth and metastatiza-
tion. Chemotherapy drugs are traditionally classified into
different groups according to either their principal mecha-
nism of action or their biochemical properties (Table 7.1).
Chemotherapy agents exert their effects by inhibiting pro-
liferating cells, interfering with DNA, RNA or cell divi-
sion, causing necrosis or hyperactivation of the apoptotic
pathway.

Alkylating agents

The first drugs used in oncology were the alkylating agents,
such as cyclophosphamide, ifosfamide, procarbazine, temo-
zolomide, dacarbazine and streptozotocin. These drugs are
able to induce cell death through the production of DNA
strand breaks. The alkylation process results in the forma-
tion of covalent bonds between two nucleophilic molecules
causing interstrand or intrastrand cross-links on different
DNA bases between a carbon atom and the nitrogen, oxy-
gen or sulfur of another compound. This process induces
reactions of substitution of nucleic bases, DNA alterations
and finally DNA damage and subsequent cell death [3].

Platinum derivatives

The platinum compounds, widely used in clinical oncol-
ogy, bind DNA with covalent adducts, causing irreversible
alteration and subsequent cell death. Three different drugs
belong to this class: cisplatin, carboplatin and oxaliplatin.
Their use as single agents or in combination is very diffuse
in clinical oncology, for instance in both non-small and
small cell lung cancer, mesothelioma, ovarian cancer, CRC,
pancreatic cancer, bladder cancer and germinal carcinoma.
Comparative trials have revealed a substantial equivalent
activity of these compounds, but despite such data, each
one has a specific clinical indication. Moreover despite the
similar mechanisms of action each one of them is charac-
terized by peculiar pharmacokinetic activity and different
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Table 7.1 Most frequently used chemotherapy agents

Family Drug
Alkylating agents  Cyclophosphamide

Ifosfamide

Dacarbazine

Temozolomide

Platinum agents Cisplatin

Indications

Breast, Hodgkin’s
lymphoma (HL), non-
Hodgkin's lymphoma
(NHL), leukemia, ovarian,
sarcoma, neuroblastoma,
Wilm’s tumor, multiple
myeloma

Sarcomas, ovarian,
testicular, NHL, lung,
breast, cervix, bladder

Melanoma, HL, sarcomas

Brain tumors, melanoma

Lung, ovarian, bladder,
testicular, germinal
carcinoma, head and
neck, cervix, esophageal,
gastric

Toxicity

Gastrointestinal (Gl): Nausea
and vomiting

Hematologic toxicity

Urologic: Hemorrhagic cystitis

Dermatologic: Alopecia, skin
hyperpigmentation

Cardiac: With high-dose
therapy

Other: Syndrome of
inappropriate antidiuretic
hormone (SIADH) secretion,
lung fibrosis, amenorrhea/
testicular atrophy, liver
toxicity

Gl: Nausea and vomiting, liver
toxicity

Hematologic toxicity

Urologic: Hemorrhagic cystitis,
renal failure

Dermatologic: Alopecia

Other: Encephalopathy

Gl: Nausea, vomiting, liver
toxicity

Hematologic toxicity

Flu-like syndrome

Skin: Photosensitivity, alopecia

Neurologic: Neuropathy,
ataxia, lethargy, seizures

Other: Carcinogenesis,
teratogenesis

Gl: Nausea, vomiting, liver
toxicity

Hematologic toxicity

Other: Rash, constipation,
headache, asthenia,
photosensitivity

Gl: Nausea, vomiting, anorexia,
diarrhea, liver toxicity

Hematologic toxicity

Renal: Nephrotoxicity,
electrolytic abnormalities

Neurologic: Peripheral sensory
neuropathy, seizures,
encephalopathy, ototoxicity

Hypersensitivity reactions

Other: Alopecia, myalgia,
fertility reduction, vascular
events, SIADH secretion

(Continued)
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Table 7.1 (Continued) Most frequently used chemotherapy agents

Family
Carboplatin
Oxaliplatin
Antimetabolites Methotrexate
Pemetrexed

5-Fluorouracil

Drug

Indications

Ovarian, NSCLC,
esophageal, head and
neck, bladder,
endometrial

Colorectal, gastric,
pancreatic

Leukemia, breast,
carcinomatous meningitis,
head and neck, bladder,
NHL, gestational
trophoblastic cancer,
osteosarcoma

NSCLC, mesothelioma

Breast, colorectal,
esophageal, gastric,
pancreatic, anal
carcinoma, head and neck

Toxicity

Gl: Nausea, vomiting, liver
toxicity

Hematologic toxicity

Renal: Electrolytic
abnormalities

Neurologic: Peripheral
neuropathy, ototoxicity

Hypersensitivity reactions

Gl: Nausea, vomiting, diarrhea

Hematologic toxicity

Neurologic: Peripheral sensory
neuropathy,
laryngopharyngeal
dysesthesia

Hypersensitivity reactions

Other: Renal toxicity,
ototoxicity

Gl: Mucositis, nausea, vomiting,
liver toxicity

Hematologic toxicity

Renal: Acute renal failure

Lung: Pneumonitis

Neurologic: Aphasia,
behavioral abnormalities,
acute chemical arachnoiditis
after intrathecal
administration

Skin: Rash, photosensitivity,
radiation recall

Other: Osteoporosis,
anaphylaxis

Gl: Nausea, vomiting,
mucositis, diarrhea, liver
toxicity

Hematologic toxicity

Skin: Hand—foot syndrome

Gl: Nausea, vomiting,
mucositis, diarrhea

Hematologic toxicity

Skin: Hand—foot syndrome,
photosensitivity

Neurologic: Headache,
somnolence, ataxia

Cardiac: Chest pain, ECG
changes, cardiac enzyme
elevation

Other: Conjunctivitis

(Continued)



Chemotherapy 65

Table 7.1 (Continued) Most frequently used chemotherapy agents

Family
Capecitabine

Gemcitabine

Topoisomerase | Irinotecan
inhibitors

Topotecan

Topoisomerase Il Etoposide

inhibitors

Anthracyclines

Drug

Indications

Breast, colorectal, gastric

NSCLC, pancreatic, bladder,
breast, ovarian, sarcoma

Colorectal (CRC), NSCLC,
gastric, pancreatic,
ovarian

Squamous cell lung cancer
(SCLC), cervix, ovarian

SCLC, germinal cancer, HL,
NHL, Kaposi's sarcoma

Doxorubicin Breast cancer, sarcomas, HL,
NHL, gastric, ovarian,

liver, thyroid, leukemia

Toxicity

Gl: Nausea, vomiting, diarrhea,
mucositis, liver toxicity

Hematologic toxicity

Skin: Hand—foot syndrome

Cardiac: Chest pain, ECG
changes, cardiac enzyme
elevation

Other: Neurotoxicity,
ophthalmologic disorders

Gl: Nausea, vomiting, diarrhea,
mucositis, liver toxicity

Hematologic toxicity

Flu-like syndrome

Skin: Maculopapular skin rash

Lung: Pneumonitis

Renal: Proteinuria, hematuria,
hemolytic-uremic syndrome

Infusional reaction

Gl: Early-form diarrhea
(cholinergic syndrome),
late-onset diarrhea, nausea,
vomiting, liver toxicity

Hematologic toxicity

Other: Alopecia, asthenia

Hematologic toxicity

Gl: Nausea, vomiting, diarrhea,
liver toxicity

Other: Headache, arthralgias,
myalgias, hematuria, alopecia

Hematologic toxicity

Gl: Nausea, vomiting, anorexia,
diarrhea, mucositis

Skin: Alopecia, skin
hyperpigmentation, radiation
recall

Hypersensitivity reaction with
chills, fever, bronchospasm

Gl: Nausea, vomiting, diarrhea,
mucositis

Hematologic toxicity

Acute cardiotoxicity:
Arrhythmias, ECG changes

Chronic cardiotoxicity: Dilated
cardiomyopathy, dose
dependent

Skin: Alopecia,
hyperpigmentation nails,
radiation recall

(Continued)
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Table 7.1 (Continued) Most frequently used chemotherapy agents

Family Drug

Epirubicin

Liposomal
doxorubicin
(Myocet)

Liposomal
doxorubicin
(Doxil, Caelyx)

Vinka alkaloids Vinorelbine

Vinflunine

Taxanes Paclitaxel

Indications

Breast, gastric

Breast

Sarcomas, ovarian, breast,
multiple myeloma, liver

NSCLC, breast, ovarian, HL

Urothelial tract carcinoma

Breast, ovarian, NSCLC,
esophageal, prostate,
AIDS-related Kaposi's
sarcoma

Toxicity

Gl: Nausea, vomiting, diarrhea,
mucositis

Cardiotoxicity: Same as
doxorubicin but less severe

Hematologic toxicity

Skin: Alopecia,
hyperpigmentation, radiation
recall

Hematologic toxicity

Gl: Nausea, vomiting, diarrhea,
mucositis

Cardiotoxicity: Same as
doxorubicin but less severe

Hematologic toxicity

Gl: Nausea, vomiting, diarrhea,
mucositis

Cardiotoxicity: Same as
doxorubicin but less severe

Skin: Hand—foot syndrome,
alopecia, hyperpigmentation

Infusion reactions

Gl: Nausea, vomiting,
stomatitis, constipation,
diarrhea, liver toxicity

Hematologic toxicity

Neurotoxicity

Other: Hypersensitivity
reactions, SIADH secretion

Hematologic toxicity

Gl: Constipation, nausea,
vomiting

Cardiotoxicity: QT
prolongation, ischemic
cardiac events

Other: Encephalopathy, SIADH
secretion

Gl: Nausea, vomiting, diarrhea,
mucositis, liver toxicity

Hematologic toxicity

Neurologic: Peripheral sensory
neuropathy

Hypersensitivity reaction:
Dyspnea, rash, hypotension

Cardiac: Bradycardia,
arrhythmias

Skin: Alopecia, onycholysis

(Continued)
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Table 7.1 (Continued) Most frequently used chemotherapy agents

Family Drug

Docetaxel

Nab-paclitaxel

Cabazitaxel

Miscellaneous

Bleomycin

Mitomycin C

Eribulin

Breast, ovarian, NSCLC,

Pancreatic, breast

Prostate

NHL, HL, germ cell tumors,

Anal carcinoma, gastric,

Breast

Indications Toxicity

Hematologic toxicity

Gl: Mucositis, diarrhea, liver
toxicity

Hypersensitivity reactions

Fluid retention syndrome

Skin: Alopecia, maculopapular
rash, discoloration nails

Neurologic: Peripheral sensory
neuropathy

prostate, gastric, head
and neck, bladder,
sarcomas

Hematologic toxicity

Gl: Nausea, vomiting, diarrhea,
liver toxicity

Neurologic: Peripheral sensory
neuropathy

Skin: Alopecia, photosensitivity

Other: Arthralgia, myalgia, sore
mouth

Hematologic toxicity

Gl: Diarrhea, nausea, vomiting,
constipation

Hypersensitivity reactions

Gl: Nausea, vomiting, mucositis

Lung: Interstitial pneumonia

Skin: Erythema,
hyperpigmentation, alopecia

Hypersensitivity reaction with
fever, chills

skin, cervix, vulva,
sclerosing agent for
malignant pleural effusion

Gl: Nausea, vomiting, mucositis

Hematologic toxicity

Other: Hemolytic-uremic
syndrome, interstitial
pneumonitis, hepatic
veno-occlusive disease

pancreatic

Hematologic toxicity

Skin: Alopecia

Neurologic: Peripheral
neuropathy

Gl: Nausea, vomiting, diarrhea,
constipation

Other: Arthralgia, myalgia,
asthenia

toxicity profiles. Generally these drugs are used as part of
combination regimens, but they represent a cornerstone of
medical oncology even as single agents or in combination
with radiotherapy [4].

Antimetabolites

Another strategy adopted in oncology is trying to induce
cell death using drugs that substitute normal metabolites.
Antifolates, purine and pyrimidine analogues act like

false metabolites blocking normal cellular function. Folate
metabolism is essential for cellular activity, and alterations
to this system are responsible for causing cell death.
Antifolate agents include methotrexate and pemetrexed.
Pemetrexed has demonstrated great activity in lung adeno-
carcinoma. This cancer has a low expression of thymidylate
synthase, the main target of pemetrexed. Because of these
biological features, the use of pemetrexed in combination
with cisplatin is able to prolong overall and progression-free
survival in advanced lung adenocarcinoma [5,6].
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Both purine and pyrimidine analogues, such as
5-fluorouracil (5FU), gemcitabine and capecitabine,
are useful drugs in daily clinical practice in oncology.
Fluoropyrimidines are the cornerstone of most treatments
in GI tumors. 5FU as a single agent or 5FU-based combi-
nations represent a very helpful tool in the neoadjuvant,
adjuvant or metastatic setting and may even be useful as
a radiosensitizing drug. Most of the antimetabolites act
during the S phase of the cell cycle when proliferation is
prominent, but they can also act in phase G1, G2 or M [7].

Topoisomerase inhibitors

Another strategy to induce cell death is by inhibiting cellular
DNA replication by damaging topoisomerase I or II. DNA
topoisomerases are enzymes that regulate the topological
state of DNA during all cell processes such as replication,
transcription, recombination and chromatin remodelling.

Topoisomerase I is a ubiquitous nuclear enzyme which
catalyzes the reaction of superhelical DNA generating a
transient single-strand break in double-stranded DNA. Its
function is to preserve the three-dimensional conforma-
tion of DNA by removing torsional stress generated during
replication and transcription. Inhibition of topoisomerase I
activities is lethal and leads to cell death. The topoisomer-
ase II enzyme mediates the ATP-dependent induction of
nicks in the double-stranded DNA, allowing relaxation of
superhelical DNA during replication and transcription.
These agents interfere with enzyme functions by stabilizing
a reaction intermediate in which DNA strands are cut and
covalently linked to tyrosine residues of the protein form-
ing a cleavable complex. Topoisomerase I inhibitors include
irinotecan and topotecan. Irinotecan is widely used in gas-
trointestinal malignancies as a single agent or in combina-
tion. The association with 5FU improves notably overall
and progression-free survival in metastatic CRC. Recently
its activity has been underlined in gastric cancer.

Topoisomerase II inhibitors include etoposide and
anthracyclines. Anthracyclines such as doxorubicin and
epirubicin, and products like pegylated liposomal doxoru-
bicin are commonly used in oncology and their activity is
related to their capacity to induce many biological reactions,
but mainly topoisomerase II inhibition, DNA intercalation,
helicase inhibition and production of reactive oxygen spe-
cies damaging DNA and membranes. They represent one of
the cornerstones of breast cancer treatment, but also have
activity in ovarian cancer and sarcomas [8].

Anti-tubulin agents

Another potential mechanism to attack cancer cells is
by damaging the microtubules which regulate mitosis.
Microtubules are polymeric filaments composed of alpha-
tubulin and beta-tubulin heterodimers. Microtubules have
crucial roles in cell division and growth. Two different
mechanisms of action are used by microtubules targeting
agents: First, by binding tubulin they prevent the formation

of the microtubule, which is important during mitosis. This
is the mechanism of action of the vinka alkaloids such as
vincristine, vinblastine, vinorelbine and vinflunine. The
second mechanism by which chemotherapy agents may
attach microtubules is that of the taxane group (paclitaxel,
docetaxel, cabazitaxel, nab-paclitaxel), which prevents the
disassembly of microtubules, so inhibiting normal func-
tion. Both taxanes and vinka alkaloids are used in many
tumors as single agents or in combination. Notably vin-
flunine represents the only active drug usable as a second
line in patients with metastatic bladder carcinoma. Taxanes
are indispensable drugs in clinical practice with signifi-
cant antitumor activity in ovarian, lung, breast, gastro-
esophageal and pancreatic malignancies [9].

SYSTEMIC HORMONAL THERAPIES

In hormone-sensitive cancers, such as breast or prostate
cancer, inhibition of the hormonal stimulus is an essential
therapeutic strategy. In breast cancer, the expression of
oestrogen and progesterone receptors characterizes a par-
ticular subtype of cancer known as luminal type, which
is very sensitive to hormonal therapies. High oestrogen
receptor expression is also usually associated with reduced
chemotherapy sensitivity. Many antioestrogen drugs have
been developed and they are widely used in the metastatic,
adjuvant and neoadjuvant settings. One of the oldest and
most widely used is tamoxifen, a selective oestrogen
receptor modulator (SERM), which binds to the oestrogen
receptor and either antagonizes its effects on breast tissue
or acts as an agonist at other sites such as bone and endo-
metrium. It binds to the ER on the nuclear membrane and
inhibits intranuclear transduction. Tamoxifen is indi-
cated in adjuvant and metastatic settings. In the adjuvant
setting treatment is usually reserved for premenopausal
women. Another antioestrogens currently used in clini-
cal practice include fulvestrant, a pure oestrogen receptor
antagonist able to competitively bind the oestrogen recep-
tor with high affinity inducing its downregulation. This
drug is indicated for metastatic hormone receptor positive
breast cancer where it is able to prolong both progression-
free survival and overall survival [10,11]. In all settings
the drug is relatively safe and well tolerated with the main
side effect being hot flashes, but it is also associated with
a slightly increased risk of venous thromboembolism and
endometrial cancer [12].

In postmenopausal women ovarian-derived oestrogen
levels are very low and the peripheral process of aromati-
zation whereby adrenal androgens are converted to oes-
trogens becomes the most relevant source of endogenous
production. In women with hormone-dependent tumors
developing postmenopausally, aromatase inhibitors have
a greater efficacy and enhanced side effect profile than
tamoxifen [13]. These agents might be divided according to
the biochemical structure into steroidal and non-steroidal
and into reversible and irreversible. Classically they can
be used in the adjuvant, neoadjuvant or metastatic setting.
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Unlike tamoxifen which has a bone density protective effect,
aromatase inhibitors may cause osteoporosis, which should
be monitored for [14].

Recently these drugs have been used in combination with
other target agents such as everolimus, an mTOR inhibitor,
in order to overcome hormone resistance [15]. Sometimes
in specific situations complete hormonal blockade is
needed. Luteinizing hormone-releasing hormone (LHRH)
analogues are able, after an initial stimulation of gonado-
tropin release (sometimes known as a flare), to fully inhibit
gonadotropin formation, thanks to receptor downregula-
tion. This results in a decreased level of oestrogen, proges-
terone and testosterone. These agents, which are given by
monthly injection, may be used in the treatment of both
oestrogen-sensitive breast cancer and androgen-sensitive
prostate cancer. Examples include goserelin and leuprolide.

In androgen-sensitive prostate cancer a leading role in
treatment is effected by antiandrogens. Examples include
flutamide and bicalutamide. These are competitive antago-
nists of the androgen receptor inhibiting androgen binding
and preventing translocation of the androgen receptor com-
plex. Antiandrogens do not inhibit pituitary LH secretion.
They can be divided into steroidal and non-steroidal and
into reversible and non-reversible subtypes [16].

TARGETED AGENTS AND
TAILORED MEDICINE

The concept of cancer treatment during recent years has
dramatically changed. Oncologic treatment has transi-
tioned from the use of non-specific cytotoxic drugs to the
era of targeted agents such as antibodies or small tyrosine
kinase inhibitors, which are playing an increasingly impor-
tant role in a growing number of tumor types (Figure 7.1,
Table 7.2). Various molecules implicated in cancer devel-
opment and metastasis have been identified and studied as
possible pharmacological targets.

Anti-HER agents

Perhaps the most widely known pathway targeted by
molecularly targeted therapies is the ERBB family of pro-
teins which are recognized as key drivers in carcinogen-
esis. Since the beginning of the 1980s, research has been
confirming the ERBB network as a potential target for
anticancer drugs. The transmembrane members of the
epidermal growth factor family, potent mediators of cell
growth and survival, are made up of four tyrosine kinase
receptors: epidermal growth factor receptor (EGFR) or
HERI, HER2, HER3 and HER4. After binding of extracel-
lular ligands, these receptors activate an important signal-
ling cascade promoted by the activation of their tyrosine
kinase domain. Activation of the pathway is mediated by
dimerization that may occur between two different recep-
tors of the same family or the same receptor. The most
important downstream pathways activated are Ras-Raf-
MEK-ERK and PI3K-Akt-mTOR. Gain of function in

EGFR (receptor overexpression) can be observed in many
epithelial tumors and many neoplasms are directly depen-
dent on its activation [17,18].

EGEFR plays a crucial role in the carcinogenesis of CRC,
and it is a fascinating target in metastatic CRC patients.
In many randomized clinical trials, the use of anti-EGFR
monoclonal antibodies both as single agents and in combi-
nation with chemotherapy has shown a clear benefit in over-
all survival and progression-free survival in RAS wild-type
colon cancer patients. Initially the immunohistochemical
expression of EGFR was thought to be a relevant predictive
biomarker. Further analysis, however, led to the conclusion
that anti-EGFR antibodies were active only in KRAS wild-
type tumors (with no mutations on codons 12 and 13 of
exon 2). Recently, it has been shown that other RAS muta-
tions (codon 61 of exon 3 and codons 117 and 146 of exon 4
of KRAS and exons 2, 3 and 4 of NRAS) need to be tested.
Exon 2 KRAS mutations occur in 40% of CRC cases, and the
other KRAS and NRAS mutations in 10-15% of patients.
The activity of the anti-EGFR antibodies is confined to RAS
wild-type tumors. Two different monoclonal antibodies
have been developed and are now approved for use in the
clinical metastatic setting: cetuximab and panitumumab.
Cetuximab is a chimeric IgG1 monoclonal antibody able
to induce an important antibody-dependent cell-mediated
cytotoxicity reaction. Panitumumab is a fully humanized
IgG2 monoclonal antibody. Both these drugs may be used
in RAS wild-type metastatic CRC patients. Outcomes are
enhanced still further if they are combined with oxalipla-
tin and irinotecan. Cetuximab is also approved in locally
advanced head and neck tumors achieving, when com-
bined with radiotherapy, higher response rates, prolonged
disease-free survival (DFS) and overall survival compared
with radiotherapy alone [19,20].

Genetic alterations of the EGFR have been identified in
non-small cell lung cancer (NSCLC), where in patients with
deletions in exons 19 and 21 of EGFR, there is tumor depen-
dency on EGFR activation. The incidence of EGFR muta-
tions in the Caucasian population is about 10% and is higher
in never-smokers, adenocarcinoma subtype, in women and
also in East Asian patients. Activating epidermal growth
factor receptor mutations is predictive for response to the
EGFR tyrosine kinase inhibitors gefitinib and erlotinib,
improving response rate, progression-free survival and
quality of life when compared with chemotherapy as first-
line therapy. Gefitinib and erlotinib are both reversible
small tyrosine kinase inhibitors able to block this signalling
pathway by binding to the ATP site. Another drug able to
interact with tyrosine kinase is afatinib [21-23].

Another important ERBB family receptor is HER2.
Particular subtypes of breast and gastric cancer overexpress
HER2 and in its alteration could be considered ‘driver’.
In early breast cancer, one of the most important prognos-
tic and predictive factors is the overexpression of HER2,
allowing for selection of patients for anti-HER2 directed
treatments. Targeting HER2 represents a fundamental part
of treatment both in adjuvant HER2 positive breast cancer
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Figure 7.1 Signalling pathways.

patients and in HER2 positive metastatic breast cancer
patients. Trastuzumab, an IgGl humanized monoclonal
antibody, binds the extracellular receptor inhibiting the
proliferation of HER2-dependent cancer cells. When given
in combination with chemotherapy, as widely demonstrated
in randomized clinical trials, trastuzumab reduces the risk
of relapse in the adjuvant setting and enhances survival
in metastatic patients; this translates into 10% absolute
improvement in 3-year DFS and a 3% increase in 3-year
overall survival [24]. Another anti-HER2 directed drug is
lapatinib. This is a dual EGFR/HER?2 tyrosine kinase inhibi-
tor that can be used in trastuzumab-resistant HER2 positive
breast cancer in association with chemotherapy and after
the failure of first-line anti-HER2 treatment with trastu-
zumab. This drugis able to inhibit the HER2 signalling path-
way even with the truncated version of the HER2 receptor
(p95HER?2), which is overexpressed in 25% of patients with
HER2-dependent breast cancer. It can be used even after
a first failure treatment with trastuzumab [25]. In patients
who have trastuzumab-resistant, metastatic breast cancer,
a new drug consisting of trastuzumab bound to the chemo-
therapy agent emtansine, TDMI, has been recently devel-
oped. The chemotherapy agent is effectively targeted to the
HER?2 receptor overexpressing cancer cells. In randomized
clinical trials this agent has demonstrated the capacity to
reverse trastuzumab resistance [26]. Metastatic gastric can-
cer patients may also benefit from testing for HER2 expres-
sion. In HER2 amplified gastric cancer (10-15% of cases),
a phase III trial demonstrated clinically and statistically
significant improvements in response rate, progression-free

Cytoplasm

survival and overall survival with the addition of trastu-
zumab to a cisplatin—fluoropyrimidine chemotherapy com-
bination regimen (median OS 13.8 vs. 11.1 months, HR 0.74,
95% CI 0.60-0.91, p = 0.0048). This regimen now represents
the standard of care for these patients [27].

In recent years another important drug that blocks the
dimerization of HER2 has been developed. Pertuzumab is
now available in metastatic breast cancer and when com-
bined with both trastuzumab and chemotherapy is able to
notably prolong survival [28].

BRAF inhibitors

The downstream pathway of the EGFR may be hyperac-
tivated in the presence of mutations of the RAS or BRAF
genes. While there are presently no inhibitors of RAS,
BRAF mutations are able to be targeted. Approximately
6-8% of CRC tumors carry a mutated BRAF gene. RAS
mutations and BRAF mutations are usually mutually exclu-
sive. The BRAF mutation is a strong negative prognostic
biomarker: indeed, patients with a BRAF mutant metastatic
CRC have a very poor prognosis. Drugs able to act against
BRAF V600, such as vemurafenib or dabrafenib, have
shown great activity in metastatic melanoma. Trials are now
underway in BRAF mutated CRC patients [29].

Antiangiogenic agents

The regulation of angiogenesis is a complex process and
the result of a balance of stimulating peptides (vascular
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Table 7.2 Most frequently used targeted therapies

Anti-EGFR Cetuximab, panitumumab

Gefitinib, erlotinib, afatinib

Anti-HER2 Trastuzumab
Anti-HER1-HER2 Lapatinib
Anti-HER2-HER3 Pertuzumab
BCR-ABL Imatinib

Bevacizumab, aflibercept,
ramucirumab

Antiangiogenic

Sunitinib, sorafenib,
regorafenib, axitinib,
pazopanib

Antiangiogenic TKls

Colorectal, head and neck

NSCLC

Breast, gastric

Breast

Breast

GISTs, leukemia

NSCLC, CRC

Renal cancer, HCC, CRC,

Skin: Maculopapular rash,
paronychia

Hypersensitivity reactions

Gl: Nausea, vomiting,
diarrhea

Hematologic toxicity

Other: Hypomagnesemia

Gl: Nausea, diarrhea,
anorexia, mucositis

Skin: Rash, dry skin,
paronychia

Other: Asthenia,
conjunctivitis, interstitial
pneumonia

Cardiotoxicity: Decrease in
left ventricular ejection
fraction

Hypersensitivity reactions

Gl: Diarrhea, constipation

Skin: Rash

Hematologic toxicity

Gl: Diarrhea, constipation

Skin: Rash

Other: Asthenia, taste
change

Gl: Nausea, vomiting,
diarrhea, constipation

Hematologic toxicity

Skin: Rash, changes in hair
colour

Other: Hemorrhage
(Gl, brain)

Hematologic toxicity

Vascular: Increased blood
pressure, deep venous
thrombosis

Cardiac: Thromboembolic
heart failure

Other: Asthenia, proteinuria

Gl: Diarrhea, mucositis

Vascular: Increased blood
pressure, hemorrhage,
epistaxis

Arterial/venous
thromboembolic event

Other: Fistula, hand—foot
syndrome

GISTs, sarcomas

endothelial growth factor [VEGF], fibroblast growth fac-
tor [FGF], interleukins 4 and 8 [IL-4, IL-8] and others) and
endogenous inhibitory factors. Three vascular endothelial
growth factor receptors are known: VEGFR 1, 2 and 3.
Their activation, in particular VEGF mediated, triggers a
sequence of downstream events (involving even RAS-RAF
and PI3K pathways), resulting in endothelial proliferation,

enhanced cancer cell survival and migration with the for-
mation of new blood vessels. Other pathways implicated
in the neo-angiogenesis process include different integ-
rins and proteases [30]. Attacking neo-angiogenesis, that is
the development of new blood vessels, is one of the most
interesting challenges in cancer treatment and several anti-
angiogenic agents are currently in clinical use. Two classes
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of drug are available: monoclonal antibodies against vas-
cular growth factors and tyrosine kinase inhibitors against
angiogenesis-implicated receptors. Unfortunately, despite
the wide use of these agents in oncology, there are no mark-
ers to predict response. The first drug developed to try to
block angiogenesis and thereby inhibit cancer growth was
bevacizumab. This is a recombinant IgGl monoclonal
antibody able to bind VEGFA inhibiting the interaction
with the endothelial VEGF receptors 1 and 2 (VEGFR 1
and 2). Bevacizumab is widely used in oncology, in particu-
lar in metastatic colorectal cancer, NSCLC, ovarian cancer
and breast cancer patients, leading to an improvement in
progression-free survival and overall survival. Other anti-
angiogenic drugs have been recently approved for cancer
treatment [31,32]. Aflibercept is a recombinant fusion pro-
tein containing VEGF-binding portions from the extracel-
lular domains of human VEGFR 1 and 2, fused to the Fc
portion of human immunoglobulin Gl. This drug blocks
the activity of VEGFA, VEGFB and placental growth factor
(PDGF) by acting as a high-affinity ligand trap to prevent
these ligands from binding to their endogenous receptors.
Actually aflibercept is indicated in second-line metastatic
CRC patients where a randomized clinical trial has dem-
onstrated an improvement of both progression-free sur-
vival and overall survival [33]. Another antiangiogenic
agent is ramucirumab, a human IgGl monoclonal antibody
VEGEFR 2 antagonist, which prevents ligand binding and
receptor-mediated pathway activation in endothelial cells.
This drug has been recently developed and its activity has
been confirmed in metastatic gastric, colorectal and NSCLC
patients, revealing a benefit in terms of overall survival and
progression-free survival [34]. Multi-tyrosine kinase inhibi-
tors of angiogenic pathways currently in use are sorafenib,
sunitinib, axitinib, pazopanib and regorafenib. Sorafenib is
used in unresectable hepatocellular carcinoma. Sunitinib,
pazopanib and axitinib are indicated in clear renal cell
carcinoma. Pazopanib is also indicated in sarcomas, while
regorafenib is now indicated in metastatic CRC and gastro-
intestinal stromal tumors (GISTs) [35-40].

mTOR inhibitors

The PI3K-AKT-mTOR signalling pathway regulates many
processes in neoplastic cells. Upstream of this pathway
and hence feeding into it are the HER, PDGFR and IGFR
pathways, which influence many different types of cancer.
It is a principal regulator of many processes of neoplastic
and non-neoplastic cells, including proliferation, survival,
growth and motility. Evidence of dysregulation of the PI3K
pathway has been described in many tumors, especially in
breast cancer, renal cell carcinoma and neuroendocrine
tumors, and many drugs are now under development or
testing as part of phase I or III clinical trials. One of the
most important targetable molecules is mTOR: the mTOR
inhibitor everolimus inhibits mMTORCI and is an active drug
in metastatic renal carcinoma and neuroendocrine tumors
and now is used in association with aromatase inhibitors

in metastatic luminal-type breast cancer in order to reverse
secondary hormone resistance. The evidence of an active
role in cancer development and progression of the pathway
leads to the use of inhibitors in different kinds of cancers
[41,42).

ALK inhibitors

Another important oncogenic driver in NSCLC patients is
the presence of the EML4-ALK fusion gene, resulting from
an inversion in chromosome 2. It is encountered more fre-
quently in never-smokers, the adenocarcinoma subtype and
in younger patients, representing probably about 5% of all
lung adenocarcinomas. ALK activity can be efficiently tar-
geted by the TKI crizotinib, an oral small-molecule tyro-
sine kinase inhibitor targeting ALK (anaplastic lymphoma
receptor tyrosine kinase), MET and ROSI1 tyrosine kinases.
Many clinical trials have demonstrated clinical superiority
compared to chemotherapy in overall survival, progression-
free survival and quality of life in well-selected patients.
Second-generation ALK inhibitors are now in use in order
to reverse crizotinib resistance [43].

IMMUNOTHERAPY

One of the most investigated fields in oncology is the link-
age between immune surveillance and the development of
cancer based on the hypothesis that the immune system
can suppress the development or progression of spontane-
ous malignancies. The idea that some cancer cells could
evade this protective system has led to the development of
new drugs stimulating the immune response to recognize
and kill tumor cells. Strategies to stimulate effector immune
cells include vaccination with tumor antigens, treatment
with cytokines such as IL-2 or interferon-o., enhancement
of antigen presentation by stimulation of Toll-like recep-
tor 7, 8 or 9, administration of dendritic cells or the use of
a CD40-targeted agonistic antibody. Further stimulatory
strategies include the possibility to stimulate T cell activ-
ity by using antibodies targeting the tumor necrosis factor
receptor, members 4-1BB, OX40 or glucocorticoid-induced
tumor necrosis factor receptor (TNFR)-related protein.
Actually in oncology many drugs are in development and
many association regimens are in study.

One of the most important drugs already used in clini-
cal practice is ipilimumab, an antagonistic CTLA4-targeted
antibody that acts to overcome the T cell inhibitory path-
ways elicited by CTLA4. This agent is currently used in
melanoma and has shown activity in prostate cancer
patients [44].

During recent years, great attention has been given to
the possibility to adopt therapeutic vaccines for cancer
treatment. Despite many unsuccessful trials, recently in
hormone-resistant prostate cancer patients, sipuleucel-T,
an autologous active cellular immunotherapy, has shown
efficacy in reducing mortality and prolonging overall
survival among men with metastatic castration-resistant
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prostate cancer. No effect on the time to disease progres-
sion was observed [45].

Another relevant class of agents is the immune check-
point inhibitors, also known as anti-PDL-1/PD-1 drugs,
such as pembrolizumab, nivolumab or atezolizumab. They
have a significant role in the treatment of solid tumors
such as melanoma, renal cell carcinoma, squamous lung
or head and neck cancers and colorectal tumor with mic-
rosatellite instability (MSI). According to data taken from
preclinical studies, combinatorial approaches between
different immunotherapy agents, targeted agents or che-
motherapy may be optimal but further clinical trials are
awaited. Recent work in cancer genomics, in particular the
sequencing of breast and colon carcinomas, showed that
there were almost 100 missense mutations per tumor
that could lead to the creation of neo-antigens with the
potential to be recognized by the immune system. This
could explain the high antitumor activity observed when
advanced CRC patients with high levels of MSI are treated
with pembrolizumab [46]. Currently, there is a lack of pre-
dictive diagnostic biomarkers to rationally choose com-
binations of immunotherapy for individual patients or
cancer types [47].

SUMMARY

As can be seen above systemic anticancer therapies are
progressing rapidly and are a vital component of many
multimodal cancer treatment regimens in the adjuvant,
neoadjuvant and metastatic setting. New agents are being
continually developed in response to our increasing knowl-
edge about the molecular heterogeneity and characteristics
of cancer. It is likely that increasingly tailored approaches
will continue to improve outcomes for individual cancer
patients.

However, this progress is very costly. Exploratory and
development research and subsequent clinical trials to bring
such agents to clinical approval is a hugely expensive and
time-consuming process leaving drug companies little time
to recoup costs before patent protection expires. In many
countries the costs of these agents are very high and drug
regulatory authorities urgently need to look at ways of ratio-
nalizing this process to make these agents affordable.
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VARIATION IN QUALITY OF CARE

In the last decades cancer care has developed rapidly.
The ever-expanding technological advances, together
with the widespread adoption of multidisciplinary can-
cer care, have led to more complex treatment processes.
Simultaneously, in most Western countries the number of
cancer patients is rising and will continue to do so, with
concurrently a rise in the number of elderly patients, lead-
ing to a greater risk of treatment-related morbidity and
mortality.

These developments force us to constantly evaluate the
way cancer care is provided. Processes of care, including
diagnostic procedures, multidisciplinary decision making,
minimally invasive, combined modality and targeted treat-
ments, are becoming more and more complex, demand-
ing specific knowledge, expertise and infrastructure in the
institutions that provide such care. In this complex envi-
ronment, to ensure that every patient gets the optimal care
available, there is a need to define the standard of care and
the acceptable level of variation.

At the same time, surgical oncologists are more and
more aware of the need for constant evaluation of the
processes and outcomes of care they provide, not only for
external accountability to payers, policy makers and the
public, but especially to use this information to evaluate
and improve care for their patients, continuously.

Ever since the publication of the Harvard Medical Practice
Study [1] and the Institute of Medicine’s report To Err Is
Human [2], attention has focused on quality and safety in
health care. A plethora of articles have reported on varia-
tion in patient safety and quality of care delivered by dif-
ferent types of hospitals [3-5]. In particular, reported
differences in patient outcomes between low- and high-
volume providers in high-risk cancer procedures, like
pancreaticoduodenectomies and esophagectomies, have
attracted the attention of the medical profession as well as
the public [6,7]. The first reports on this issue were pub-
lished at the end of the twentieth century. Initially there
was solid criticism on the methodological quality of these
volume-outcome studies: the majority were based on
administrative instead of clinical data, lacking important
information on differences in hospitals’ case mix and lim-
ited to postoperative mortality as the sole determinant of
outcome. During the last decade more and more studies
on the volume-outcome relationship for high-risk cancer
procedures have been added to the literature, including
extensive case mix adjustments and using several outcome
parameters, like morbidity, mortality, long-term survival
and quality of life. Next to high procedural volume, other
attributes of hospitals, like their teaching status or spe-
cialized setting (e.g. cancer centres), have been linked to
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superior outcomes in complex cancer procedures [3,8,9].
This suggests substantial opportunities for improving out-
comes through the selective referral of cancer patients to
centres with high procedural volumes of these high-risk
operations [10]. On the other hand, doubts remain about
actual improvement in outcome after concentrating high-
risk cancer operations in centres selected exclusively for
their procedural volume [11,12]. The differences found in
volume studies between high- and low-volume provid-
ers might only be true for groups of hospitals on average,
without adequate discrimination in quality of care between
individual hospitals, for example to select future referral
centres for complex surgical procedures like esophagecto-
mies and pancreatectomies.

GUIDELINES

Traditionally, data on differences in quality of care between
providers have been scarce. In most Western countries
quality of cancer care is advanced by the development of
evidence-based clinical guidelines. These provide oncolo-
gists with a series of recommendations on clinical care,
supported by the best available evidence in the literature,
though, until recently, there was hardly any information on
the adherence to these guidelines in daily clinical practice
and the variation between providers. Guidelines are based
on results of clinical trials in which inclusion and exclu-
sion criteria ensure homogeneous patient groups. Elderly
patients and patients with multiple comorbidities can be
underrepresented in these trials, which hampers the adop-
tion of guideline recommendations in the ‘real world’
Several studies have evaluated guideline adherence, which
revealed substantial unexplained variation between pro-
viders [13]. Reducing variation in guideline adherence, but
more importantly, investigating the reasons behind this
variation and identifying care processes that lead to better
outcomes (outcomes research), is an opportunity to improve
cancer care on a population basis [14].

QUALITY ASSURANCE

Quality assurance has been defined as the complete set of
systematic actions that are required to achieve a treatment
result that meets a certain standard [15]. Generally, in
surgical oncology evidence-based guidelines fall short of
ensuring that every cancer patient gets optimal care. Next
to the fact that guidelines are not applicable to certain sub-
groups of patients, there are hardly any (evidence-based)
recommendations that go further than which procedure
has to be performed. Standardization of surgical tech-
niques and active quality control are tools to implement
quality assurance in cancer surgery. For example, quality
assurance has been an essential part of the Dutch Total
Mesorectal Excision (TME) trial [16,17] that investigated
the efficacy of preoperative short-term radiotherapy in
rectal cancer patients treated with TME surgery. It was
considered crucial that the study was quality controlled,

for the performance of the surgical TME technique as
well as for the radiation fields and pathological exami-
nation. Therefore all surgeons participating in the study
were trained, with instruction videos and workshops, and
the first five operations performed were supervised by a
trainer. Completeness of the mesorectal excision and cir-
cumferential resection margin (CRM) involvement were
reported routinely and proved to be a strong instrument
for predicting recurrent disease [15].

Among others, the Dutch trial showed that quality con-
trolis feasible within the framework of a randomized clinical
trial, though many have experienced that the introduction
of standardization and quality control in daily clinical prac-
tice is much more challenging. On the other hand, quality
assurance gives an opportunity to optimize care processes
for every cancer patient and improve the outcomes con-
siderably. Recently, Van Leersum and colleagues reported
the results of the Dutch Surgical Colorectal Audit (DSCA)
which was initiated in 2009 [18], 10 years after the end of the
Dutch TME trial. Their study showed that in 2009 a CRM
was reported in only 48% of rectal cancer resections in the
Netherlands. After the DSCA started feeding back these
results to the surgical teams, pathology reporting improved
markedly within 3 years of auditing, with 93% of CRMs
reported in 2013. In the same time period, CRM positivity
fell from 14% in 2009 to 4.9% in 2013.

MEASURING QUALITY

Several studies emphasized the importance of measuring
and feeding back quality information to care providers.
According to the definition of the Institute of Medicine,
quality of care is a multidimensional concept, encompass-
ing safety, effectiveness, timeliness, efficiency and patient
centredness. The way quality is measured depends largely
on the availability of reliable data. Only recently, large and
detailed multicentre clinical databases have become avail-
able, mainly from northwestern Europe, the United States
and Canada [19-21]. In general, simple and readily available
clinical outcomes have been used to evaluate the quality of
surgical care. To reveal real differences in quality of care,
measurements of variation between providers have to be
adjusted for case mix and chance variation. Subsequently,
to understand variation, it is important to consider relation-
ships between structure, process of care and clinical out-
comes, as was described by Donabedian [22].

Structure

Structural variables describe the setting in which care is
provided, which can be attributes of the hospital (infra-
structure, volume), multidisciplinary teams or individual
physicians. These structural variables, for instance proce-
dural volume, availability of a plastic surgeon, high-level
ICU or on-site radiotherapy department, can be related to
patient outcomes, especially by the influence they have on
the process of care. Hospital volume is a structural measure
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that has been related to outcome of surgical procedures
in an overwhelming number of studies [23]. However, the
extent of this relationship varies widely by type of proce-
dure and by country or region. As mentioned above, the
relationship between hospital volume and outcome has
proven to be true on average; however, as a quality mea-
sure it may fall short in identifying high leverage processes
of care in hospitals with excellent outcomes. Focusing on
‘procedural volume” has limited ability to move the medical
field forward in better understanding the complex clinical
processes that lead to success or failure [14].

Process of care

Process components of care refer to the interactions between
the provider (i.e. physician) and the patient, for example the
delivery of adequate staging investigations to detect distant
metastases in patients considered for curative surgery. To
use process measures to evaluate quality levels in surgical
oncology, it has to be determined which care processes lead
to the better outcomes. The development of evidence-based
guidelines has provided standards for diagnostic and treat-
ment policies used by clinicians [24]. Measuring the imple-
mentation of these standards in routine patient care could
give insight into the quality provided by an institution.
Regretfully, the empirical evidence of relationships between
measurable process variables and outcome is limited [23],
though recent studies show that hospitals in which guideline
adherence is high also have better outcomes [25].

Clinical outcome

The ultimate outcome in (surgical) oncology is survival,
in which the ‘quality of survival’ also has to be taken into
account. The surgical cancer patient is at risk of poor out-
comes twice in their cancer journey. First, treatment-related
morbidity can affect a patient’s quality of life and can even
lead to mortality. In addition, surgical complications can
lead to omission of adjuvant therapies, lowering a patient’s
chances for long-term survival [26]. Second, inadequate
patient selection, staging and therapy can lead to ‘unnec-
essary recurrences, though they can also effect functional
outcomes, cosmesis and health-related quality of life.

Direct outcome measurements are preferable in the eval-
uation of treatment quality, because they have face validity
for both physicians and patients.

There are several limitations to direct outcome measure-
ment. First, all relevant case mix factors should be available
to make reliable outcome comparisons between institu-
tions [27,28]. Second, an early outcome parameter should
be available to allow control and evaluation of the quality of
the care process. For many tumours, like breast, colorectal
and prostate cancer, the endpoint ‘recurrence-free survival’
is far too temporally delayed to permit continuous evalu-
ation and improvement of care processes. Proxy outcome
measures, directly related to the long-term outcome, like
the CRM in rectal cancer surgery, can be used to solve

this problem. Third, when evaluating differences in out-
come between institutions, the reliability of comparisons is
largely dependent on sample sizes. For low-volume cancer
procedures the number of cases per hospital (denomina-
tor) and the number of complications (nominator) can be
too small to evaluate quality of care within a reasonable
period of time [29]. Finally, in quality assessment various
outcome parameters can interact. For example, complica-
tion rates after colorectal surgery can be reduced substan-
tially by omitting a primary anastomosis and performing a
colostomy in the majority of patients. Likewise, local recur-
rence rates of patients with advanced rectal cancer can be
improved with neo-adjuvant chemoradiation, though radi-
ation may lead to more perineal wound complications. Such
improvements in outcome on one parameter (anastomotic
leakage and local recurrence rates) at the expense of another
(colostomy and wound complication rate) ask for a more
comprehensive approach in outcome assessment.

QUALITY INDICATORS

Quality indicators give an indication of the quality of the
patient care delivered and can be used for quality assur-
ance. Quality indicators can also be categorized as struc-
ture, process or outcome indicators. All must be relevant to
the important aspects of cancer care and comply with high-
quality standards. Therefore, there must be adequate scien-
tific evidence that the recommendations from which they
are derived are related to the various dimensions of quality:
clinical effectiveness, safety, timeliness, patient centredness
and efficiency (validity). For example, perioperative blood
loss can be a valid quality indicator for hepatic resections,
though it may be hardly relevant for breast cancer surgery.

In addition, quality indicators should measure the qual-
ity in a correct and consistent way (reliability) and be able
to detect changes in the care process (responsiveness) [30].
The false-negative rate in sentinel node procedures for
melanoma was 4.8% in the final report of the MSLT I
trial [31]. As a quality indicator, the false-negative rate
may hardly be responsive to further improvements of the
biopsy technique, for example by image-guided surgery,
though the same quality indicator can be very useful to
monitor the performance of surgeons (in training) in a
melanoma centre.

QUALITY IMPROVEMENT

Acknowledging the differences in (infra)structure, care
processes and patient outcome between physicians, insti-
tutions, regions and countries, efforts to reduce undesired
variation could lead to real benefits for cancer patients
worldwide. Traditionally, improvement of quality of sur-
gical care is the domain of professional organizations, like
the British Association of Surgical Oncologists (BASO) in
the United Kingdom and the Society for Surgical Oncology
(§SO) in the United States. Until recently, quality improve-
ment efforts were based on the transfer of knowledge and
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skills through surgical oncology education and training,
the development of evidence-based guidelines and the orga-
nization of scientific meetings.

Despite these initiatives, actual information on varia-
tion in quality of care in routine practice is generally lack-
ing. The implementation process following development of
evidence-based guidelines is seldom monitored and reasons
for non-adherence are largely unknown. The gradual intro-
duction of studies comparing outcomes between providers
has changed this situation and has given rise to more and
more research groups evaluating hospital variation in qual-
ity of care. Nowadays, three relatively new instruments con-
tribute to quality improvement in surgical oncology.

Selective referral

The potential benefits of selective referral of patients to hos-
pitals with higher procedural volumes and dedicated infra-
structures have been speculated upon by many authors [11].
In response to an Institute of Medicine report on building
a safer health care system [2], in 2000, several large employ-
ers in the United States formed the Leapfrog Group. The
objective of Leapfrog is to improve the quality and safety
of medical care by steering surgical patients to hospitals
likely to have the best results. For example, since 2003
Leapfrog has a volume standard for esophagectomy of 13
procedures per institution per year. On average, Leapfrog
hospitals have lower risk-adjusted mortality rates, though
between hospitals meeting the Leapfrog standard there is
still important variation in outcomes, including a fivefold
variation in mortality [32]. Apparently, procedural volume
as a proxy for quality of care can fall short in identifying
hospitals providing ‘excellent’ cancer care. Simunovic et al.
published the results of centralization of pancreatic surgery
in two provinces in Canada, Ontario and Quebec [33]. In
a 10-year period, pancreatic surgery was concentrated in
high-volume hospitals in both provinces to the same extent.
However, only in Ontario did this result in actual improve-
ments in outcomes of pancreatic surgery patients. The dif-
ference was that in Ontario centralization was accompanied
by an audit of results, which were fed back to participating
surgeons.

Quality control

Alternative approaches to selective referral include strate-
gies that aim to improve quality of care in all hospitals treat-
ing a certain group of cancer patients. Such an approach
seems most appropriate for high-volume cancer surgery
performed in significant volumes by almost all hospitals,
like breast and colorectal cancer surgery. Quality assurance
is such a strategy and focuses on the implementation and
monitoring of a complete set of systematic actions that are
required to achieve a certain standard of care. Since vari-
ability in care processes and surgical techniques can lead
to irreproducible results, quality control is used in clinical
trials, in which the quality of surgery is essential for the

outcome [34]. Adequate quality control in daily practice
is more challenging, though it could make use of a set of
quality indicators covering the essential aspects of diag-
nostic procedures and treatments performed by surgical
oncologists.

Surgical audit

An instrument that combines the relative merits of moni-
toring guideline adherence, quality assurance, outcome
measurement and selective referral is surgical audit.
Medical (or surgical) audit as a quality improvement tool
was first defined by Ernest Amory Codman, a surgeon at
the Harvard University Hospital, in 1912: ‘the systematic
critical analysis of the quality of medical care, including
the procedures used for diagnosis, treatment and result-
ing outcome for the patient, carried out by those personally
engaged in the activity concerned’ [35]. In surgical oncol-
ogy, audits can be carried out on different levels, on the level
of individual surgeons or on a hospital, regional or (inter)
national level. The basic essential of surgical auditing is the
audit cycle that involves the definition of quality standards,
collecting data to measure current practice, setting bench-
marks and implementing improvements. This concept of
auditing is closely related to quality assurance and provides
continuous feedback on a set of quality standards and out-
comes to the participating surgeons.

Several nationwide clinical audit programs have been
developed in the United States and northwestern Europe
in the last two decades [36,37]. In Norway local recurrence
rates dropped from 28% to 7% as a result of a national audit
program for rectal cancer surgery. In the United States the
National Surgical Quality Improvement Program (NSQIP)
that began more than 20 years ago in the Veterans Affairs
hospitals reported marked reductions in morbidity (45%)
and mortality (27%) after surgery in the participating hos-
pitals [36]. This was accomplished by a peer-controlled
program of continuous and timely feedback of case mix—
adjusted outcomes of surgical care. More recently, similar
results have been shown after adoption of the NSQIP pro-
gram by the private sector [38].

The reason for clinical auditing being a powerful instru-
ment for quality improvement is found in the combination
and integration of several quality improvement tools. First,
the peer-controlled development of data sets covering a set
of quality standards based on evidence-based guidelines
explicates which aspects of the care process are believed to
be essential for optimization of clinical outcomes. Through
data collection, as well as the reporting process, these sets
of standards are spread within the surgical community
(knowledge transfer). The continuous data collection, often
executed or supervised by the clinicians themselves, gives
constant attention to these quality aspects. In addition,
clinicians are provided with rigorous feedback of their out-
comes relative to those of their peers (benchmarking).

That feedback itself can be very effective in improving
outcomes was shown in the DSCA, which was initiated in
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the Netherlands in 2009. This nationwide peer-reviewed,
quality-controlled, outcome-based and case mix-adjusted
clinical audit program feeds back benchmarked informa-
tion on the quality of colorectal cancer treatment to the
participating surgeons. All hospitals participate and case
ascertainment is very high (>96%) [18]. An extensive set of
process and outcome indicators is reported and fed back
to the surgical teams through a secure web-based environ-
ment (MyDSCA), which is updated on a weekly basis. In
the first 4 years of the audit guideline adherence improved
significantly, with a substantial reduction of variation
between hospitals. More importantly, a remarkable drop
in morbidity and mortality after colorectal resections was
shown, with a 30% drop in the risk for postoperative mor-
tality after colon resections, from 4.5% in 2009 to 3.2%
in 2012.

OUTCOMES RESEARCH

Next to its direct influence on quality of care, one of the
most important side effects of the development of nation-
wide data collection systems is the detailed clinical ‘real
world’ information that is retrieved by these surgical
audits. Apart from quality assurance and the initiation
of local improvement initiatives, reliable databases with
essential information on (differences in) care processes
and outcome may move the whole medical field forward.
Recognizing groups of patients at risk for adverse out-
come, revealing the underlying mechanisms and identify-
ing processes of care with better outcomes are the central
issues in outcomes research. The ultimate goal is to trans-
fer best practices found in centres with excellent results to
all hospitals treating these patients. For example, Ghaferi
and colleagues reported recently on hospital differences
in mortality after esophagectomy, gastrectomy and pan-
createctomy [39]. They found that complication rates did
not differ significantly between hospitals. Instead, differ-
ences seemed to be associated with the ability of hospitals
to effectively rescue patients once complications occurred
(failure to rescue). The adequate way surgical teams in
hospitals with low mortality rates react on symptoms or
signs of complications may be of benefit for all patients
having this kind of surgery. Moreover, many clinical
questions stay unanswered because certain (sub)groups
of patients are not included in randomized controlled tri-
als addressing these questions. Some trials are simply not
feasible. Large population-based databases provide the
opportunity to investigate these questions for the benefit
of patient care.

INTERNATIONAL BENCHMARKING

Considerable variation exists in cancer management and
outcome between Western countries. Differences in treat-
ment patterns between these countries provide the opportu-
nity to learn from each other. International data collection,
analysis and benchmarking can reveal ‘best practices’ in

cancer management, in addition to the available evidence.
Several international initiatives to combine data from dif-
ferent countries have been taken. In surgical oncology the
European Registry of Cancer Care (EURECCA) started in
2007 as an initiative of the European Society for Surgical
Oncology (ESSO) to improve the quality of cancer care by
data registration, feedback, improvement initiatives and
sharing of knowledge between surgical oncologists from
different countries in Europe [40]. EURECCA started with
organizing consensus conferences for colon and rectal can-
cer in 2012, to synchronize data collection in regional or
national surgical audits throughout Europe [41]. Today
there are seven tumour site groups, covering colorectal,
gastro-esophageal, hepato-pancreatico-biliary, breast, pros-
tate and melanoma. These international expert groups meet
twice a year to promote, monitor and synchronize data col-
lection in Europe and discuss the clinical questions to be
addressed.

TRANSPARENCY

It is generally believed that transparency in hospital-specific
quality information is a catalyst for quality improvement.
Additional to the benefits of clinical auditing, public report-
ing of a hospital’s outcomes could stimulate improvement
initiatives in under- as well as high-performing hospitals.
Moreover, transparency could steer patients to the hospi-
tals with better outcomes for certain kinds of cancer proce-
dures, giving these the opportunity to specialize in treating
such a group of patients. Nonetheless, in many Western
countries there is hardly any provider-specific outcome
information available to the public [42]. In addition, apart
from the detailed clinical information that is being collected
in national audit programs, there is still a lack of patient
reported experiences and outcomes in cancer care. Routine
collection of functional outcomes and health-related qual-
ity of life provides tremendous opportunities to re-evaluate
cancer treatments and further improve patient outcomes in
surgical oncology.
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Suffering has four components: physical, psychological, social and spiritual. When defined this way, palliative care is applicable
across the spectrum of cancer care and not merely at the end of life [1].

INTRODUCTION

BACKGROUND

To many, the specialties of surgery and palliative medi-
cine must appear worlds apart. Surgery is often viewed as
a heroic, life-saving and essentially physical domain, of the
Cartesian school of thought where body is independent of
mind, and where results are assessed in terms of death, dis-
ability or cure [2], death being regarded as failure, the least
acceptable outcome [3]. Palliative care is seen by some as a
less dynamic branch of medicine, where patients and fami-
lies are metaphorically shielded from the nastier aspects of
their disease, and where intervention and practical man-
agement are viewed secondary to comfort and emotional
support for the duration of the illness, often until death.
Neither of these impressions is warranted.

In this chapter, we present an overview of palliative care
in surgical oncology. The nature and origins of both pal-
liative care and palliative surgery are discussed before the
application of palliative care principles to a number of
specific clinical problems. The place of palliative care in
oncology, examples of good practice and potential barri-
ers to an effective palliative care approach are then consid-
ered. Finally, we look toward the continued integration and
future development of this approach in the field of surgical
oncology.

Care of patients with malignant disease, of the dying and,
in different forms, hospice care has been practiced since the
very beginnings of medicine [4]. The technological advances
of the twentieth century focused medical attention on
pathology and cure, often accompanied by a denigration
of treatment aimed at symptomatic relief. However, as
the limitations of modern medicine were acknowledged,
a common element of palliative care emerged in the form
of an holistic approach to patient care. This ‘whole person’
approach places emphasis not only on the physical aspects
of diagnosis and treatment of disease, but also on comfort,
freedom from distress and support of the individual and
the family [5].

Palliative care developed new prominence in 1967, with
the opening of St Christopher’s Hospice, England, as the
first research and teaching hospice and a centre for provi-
sion of both patient and family care in the hospice itself,
in the community and, for families, into bereavement.
This was followed in the 1970s by diverse developments of
the modern hospice movement across Europe and the US.
Palliative care as a distinct medical specialty is a relatively
recent development of the mid-1980s, and since then has
developed rapidly throughout the world with local, national
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and international organizations founded to share good
practice, provide education and collaborate in research.

Several definitions of palliative care have been proposed
and, in many respects, it can take different forms depending
on the context in which it is practiced. The World Health
Organization (WHO) defines palliative care as ‘the active
total care of patients whose disease is not responsive to
curative treatment’ [6]. This includes the control of pain and
other distressing symptoms and of psychological, social and
spiritual problems. It affirms life and regards death as a nor-
mal process, its goal being to achieve the best quality of life
for patients and families.

Surgery has its roots in palliation of both symptoms and
disease and, until the twentieth century, the vast majority of
medical and surgical procedures were palliative in nature.
Procedures for palliation of symptoms of bowel obstruc-
tion, for drainage of abscesses and for removal of tumours
were common. The management of patients with burns is
probably the most developed example of palliative care in
surgery [7], where the primary aims are relief of pain and
quality of life. The now commonplace procedure of coro-
nary artery bypass grafting was initially developed to relieve
the pain of angina before its place as a life-prolonging tech-
nique was evident [7]. Palliative surgery today still accounts
for a significant proportion of both cancer and general sur-
gery practice [8,9].

It is clear, therefore, that both the historical basis of sur-
gery and its present-day practice are intimately connected
to many of the basic tenets of palliative care. The relief of
suffering has long been the primary intention of surgeons
and has helped develop medical practice in the prolongation
of life for patients with both early and advanced disease.

Surgical palliative care encapsulates far more than
malignant disease. Many illnesses, both acute and chronic,
require palliation. However, practice relating to cancer is
the main focus of attention of this chapter.

SELECTED COMPONENTS OF
PALLIATIVE CARE

Numerous physical and non-physical symptoms can cause
distress and suffering for the patient with advanced disease.
However, satisfactory symptom control can usually be
accomplished when symptoms are both looked for and rec-
ognized, with ‘a direct organized approach’ to care [10].

Pain

Pain is common in patients with cancer, occurring in up to
75% of patients [11], and effective pain management is crucial.
Pain is an ‘unpleasant sensory and emotional experience’ [12]
and is what the experiencing person says it is [13]. The most
important component of management is a thorough and
accurate assessment of a patient’s pains. Many different com-
ponents contribute to pain and a multimodal approach to
pain relief may be necessary (Figure 9.1). A number of tools
for assessment of pain are available [15-17].

There is no such thing as the perfect analgesic, and
patients may require different classes, strengths, forms
and dosages of analgesic during the course of their illness.
The basis of effective pain relief remains the analgesic lad-
der [18], originally designed for the management of cancer
pain but equally applicable to other situations (Figure 9.2).
Attention to both background pain and incident or ‘break-
through’ pain is important. There is little point in a patient
being comfortable at rest but being prevented from activity
due to pain.

Analgesics can be split into three classes: non-opioids,
opioids and adjuvants (Table 9.1). The analgesic ladder
advocates a step-wise titration of analgesia to the needs of
the individual patient, with both non-opioid and adjuvant
analgesics being retained at each step. Non-opioids are
the starting point toward effective pain relief and may be

Physical

Total pain

!

Social

Figure 9.1 The concept of total pain. (Adapted from
Twycross R, Introducing Palliative Care, 3rd ed., Oxford:
Radcliffe Medical Press, 1997: 66.)
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Figure 9.2 The World Health Organization analgesic
ladder. (Reproduced from World Health Organization,
WHO Guidelines: Cancer Pain Relief, 2nd ed., Geneva:
World Health Organization, 1996. With permission.)
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supplemented by adjuvant analgesics according to the type
and probable cause of pain. Opioid analgesics include those
for mild to moderate pain (step 2 opioids) and others for
moderate to severe pain (step 3 opioids). Step 2 analgesics
display a ‘ceiling’ effect for analgesia [14] and, with increas-
ing severity of pain, it may be necessary to progress to a
stronger opioid (step 3). When using strong opioids with
which they are unfamiliar, clinicians should liaise with pal-
liative care or pain specialist colleagues.

Apprehension regarding the use of opioids, displayed by
both patients and professionals, can be a barrier to effec-
tive pain relief. These fears are largely unfounded. Neither
addiction nor tolerance occurs when opioids are used to
manage pain [19]. Respiratory depression can occur when
large doses of opioids are given for acute pain or in error,
and sedation is usually a short-lived feature of early opioid
use or dose increase.

Nausea and vomiting

Nausea and vomiting are distressing symptoms present in
up to 70% of patients with advanced cancer [20-22] and
four causes (gastric stasis, intestinal obstruction, drugs
and chemicals) account for the majority of cases [14-23].
Identification of possible causes is imperative and should
guide management. Reversible causes, such as uncon-
trolled pain, medication side effects, constipation and

Table 9.1 Analgesics classified according to

hypercalcemia, should be corrected where possible.
Non-physical causes, such as anxiety, should always be
considered.

Antiemetic drugs act on specific receptors, thus empha-
sizing the importance of accurate assessment of possible
etiologies. Where gastric stasis or functional bowel obstruc-
tion is suspected, a prokinetic antiemetic (e.g. metoclo-
pramide) would be an appropriate first-line choice. Acting
principally on the chemoreceptor trigger zone in the area
postrema, haloperidol is effective for chemical causes of
nausea and vomiting, whether biochemical or drug induced.
An antispasmodic and antisecretory antiemetic (e.g. hyo-
scine butylbromide) is useful where colic is present, or
where a reduction in gastrointestinal secretions is appropri-
ate. Finally, for organic bowel obstruction, motion-induced
symptoms and raised intracranial pressure cyclizine, which
acts on the vomiting centre, is appropriate. An ‘antiemetic
ladder’ has been proposed (Figure 9.3) [5].

Antiemetics should be prescribed regularly as well as ‘as
needed’ and the route of administration should be consid-
ered. If oral absorption is likely to be affected by persistent
vomiting, a continuous subcutaneous infusion (CSCI) is
most appropriate. Unless the identified cause is self-limiting,
it is advisable to continue antiemetic treatment.

Should first-line antiemetic treatment be ineffective, trial
of a broad-spectrum drug such as levomepromazine is sen-
sible. Other drugs which can be used in the management of

the World Health Organization ladder

Step 1 Step 2 Step 3 Adjuvants
Paracetamol Co-codamol Morphine Corticosteroids
Non-steroidal Dihydrocodeine Oxycodone Antidepressants
anti-inflammatory
drugs
Tramadol Hydromorphone Antiepileptics
Methadone Antispasmodics
Buprenorphine Muscle relaxants
Fentanyl
Alternative narrow-range antiemetic (e.g. ondansetron)
OR
Combination of narrow-range antiemetics
(e.g. haloperidol and cyclizine)
OR
Broad-range antiemetic (e.g. levomepromazine)
Narrow-range antiemetic, Step 2
e.g. metoclopramide,
cyclizine, haloperidol
Nausea
and/or
vomiting Step 1

Figure 9.3 Proposed antiemetic ladder. (Adapted from Watson M, et al., eds., Oxford Handbook of Palliative Care, Oxford:

Oxford University Press, 2005.)
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nausea and vomiting include corticosteroids as an adjuvant
in bowel obstruction, 5HT, receptor antagonists such as
granisetron or tropisetron in bowel obstruction or in patients
who have had chemotherapy or abdominal radiotherapy, and
octreotide, a somatostatin analog, for reduction of secretions
where hyoscine butylbromide has been ineffective.

Bowel obstruction

Malignant bowel obstruction, most frequently seen in
bowel and pelvic carcinoma, occurs in 3-15% of advanced
cancers [24]. It can occur anywhere in the gastrointestinal
tract and may be the result of the cancer itself, drug induced
(e.g. opioids, antimuscarinics), related to constipation or
previous treatment (e.g. surgery, radiation), or an unrelated
benign condition [25]. Obstruction can cause considerable
distress to the patient and is often accompanied by nausea,
vomiting and abdominal pain and distension.

Surgery for obstruction is often indicated where a proce-
dure is technically feasible, it carries clear benefits and the
patient is sufficiently fit, but is often not possible, especially
in cases of diffuse intra-abdominal disease, rapidly recur-
ring ascites or where there has been previous radiotherapy
or extensive surgery. That said, 40-70% of patients will
have relief of their obstruction following surgery, although
perioperative mortality can be high [26].

Medical management of bowel obstruction rarely includes
the use of a nasogastric tube or intravenous fluids [14,27].
Drugs are usually administered by CSCI in order to be effec-
tive and pain is controlled using an appropriate opioid. Gut
motility can be improved using a prokinetic drug such as
metoclopramide, possibly with dexamethasone to reduce
bowel edema. However, if colic is a feature, prokinetic medica-
tions and stimulant laxatives should be avoided and hyoscine
butylbromide should be used instead. Where constipation
is thought to be a feature, a stool-softening laxative may be
used. Finally, management of associated nausea, which can
be troublesome, can be effected by means of either metoclo-
pramide (no colic) or drugs such as haloperidol and cyclizine.
Vomiting, often a feature of obstruction, may be improved by
the measures already mentioned. However, if hyoscine butyl-
bromide is inadequate, octreotide may be indicated to reduce
the volume of such vomits. As with all CSCIs, drug compat-
ibility should be checked prior to administration.

Dyspnea

Dyspnea, seen in 40-80% of palliative care patients [28], is
a source of considerable functional limitation and distress.
The pathophysiological mechanisms of breathlessness are
complex and remain unclear, and fatigue, muscle weakness,
anxiety, pleural effusion, direct tumour effects and distor-
tion of mechanoreceptors can all contribute [5].

After correction of reversible causes, management of
dyspnea can be difficult. Non-pharmacological strategies
and interventions include pulmonary rehabilitation and

activity-related education, positioning, use of oxygen and
non-invasive positive pressure ventilation. Pharmacological
intervention relies mainly on the use of opioids, benzo-
diazepines and, possibly, buspirone. Opioids reduce the
ventilatory response to raised carbon dioxide or reduced
oxygen levels [25,29], reduce anxiety and the sensation of
breathlessness and may act peripherally on local lung recep-
tors [30]. Opioid-naive patients should be commenced on
small doses of oral morphine regularly and the dose titrated
according to response. If patients already taking opioids
find benefit from additional doses, their regular opioid can
be titrated. Benzodiazepines such as diazepam, lorazepam
and midazolam have been used and, although often empiri-
cally effective, evidence is lacking.

Communication

It is vital at all stages of a terminal illness to communicate
well with patients and their relatives. What is said and what
the patient may hear or understand may be very different,
leading to misunderstanding and, not infrequently, bitter-
ness and resentment against the bearer of the bad news [31].

While many patients may have an inkling that all is not
well, the desire to hear good news can prevent informa-
tion from being heard and assimilated. Giving bad news in
whatever setting is never easy — nor should it be - but cer-
tain steps can help a diagnosis or prognosis to be commu-
nicated in an understandable way. Showing empathy and
concern (e.g. saying, ‘I realize this is very difficult for you’)
can do much to avoid the feelings of abandonment which
many patients feel when they are told that a diagnosis is
terminal. Often, relatives will try to protect the patient and
ask for them not to be told bad news. For the professional,
where does loyalty lie? Ultimately, their main responsibility
is to the patient. Collusion can pull families apart at a time
when they most need to be close to each other. Offering to
speak to patients with their relatives present can be help-
ful. Information needs to be given honestly, but always with
the assurance that symptoms can be palliated - ‘there is
nothing more that can be done to help you’ is both cruel
and untrue and should never be said. In addition to com-
municating with patients and relatives, it is also important
to communicate what has been told to patients and man-
agement decisions, both within the hospital team and to
primary care colleagues, to ensure that patients receive a
consistent message.

Anorexia and cachexia

Cachexia (muscle wasting and marked weight loss) is com-
mon in patients with advanced malignant disease and may
be due to any combination of direct tumour effect, nau-
sea, cytokine action, medication, psychological factors and
unresolved pain [27]. Both anorexia and cachexia can lead
to extreme fatigue and weakness, and are associated with
reduced survival in many illnesses.
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Management is complex and multidisciplinary. While
artificial nutrition, for example via enteral tube feeding, is
possible, it is not always beneficial or appropriate in patients
with advanced cancer. However, the legal and ethical debate
regarding artificial nutrition and hydration in advanced
disease is beyond the scope of this book. That aside, atten-
tion must be paid to concerns regarding body image, skin
care to prevent decubitus ulcers, dental review if appropri-
ate and occupational therapy involvement for help with
activities of daily living.

Specific medical treatment, using megestrol acetate, ste-
roids or thalidomide, may be of some use, but no medical
management has proven effectiveness. Advice regarding
nutrition and trial of commercial dietary supplements are
often appropriate. However, when faced with advanced,
often terminal disease, emphasis should remain on patient
choice, and ‘adequate’ nutrition should not be an unshak-
able goal at the expense of this and of patient quality of life.

Psychosocial problems

Patients may experience a number of different emotions
when treatment is no longer curative. Distress is normal
and is not on its own pathological, and it is difficult to dis-
tinguish appropriate sadness at the end of life from treat-
able depressive illness. Up to 32% of patients develop a
significant mood disorder in advanced cancer [32]. Certain
types of cancer, such as pancreatic cancer, are associated
with an increased incidence of depression. Depression is
frequently missed and may present as anger, profound sad-
ness or irritability. Depression should always be suspected
in a patient for whom the control of physical symptoms
(e.g. pain) is difficult [33] and also in patients who appear
more unwell than their disease stage suggests. Patients are
often reluctant to mention depression, so it is important
that mood is assessed as frequently as pain or any other
symptom. A simple question such as ‘how are you feel-
ing in your mood?’ can allow patients the opportunity to
share their symptoms. Screening tools are also available
and the Edinburgh Depression Scale is one of the most
sensitive in the palliative care population [34]. Depression
should be treated with an appropriate antidepressant and
psychosocial support from members of the treating team.
Appropriate antidepressants include citalopram, mirtazap-
ine and venlafaxine. A small dose of steroids (e.g. dexa-
methasone 4-6 mg once daily) can help increase mood
quickly and improve general well-being while waiting for
an antidepressant to work.

End-of-life care

At some point in most patients’ final illness, it becomes
apparent that they are in a phase of terminal deterioration
and that no further traditional active intervention is either
appropriate or beneficial. This, however, does not mean that
no further active intervention is necessary. Palliative care

strives to challenge the attitude that ‘there is nothing more
we can do’[3,14] and serves to prevent patients’ possible feel-
ings of abandonment by professionals involved in their care
[14,35,36].

A good death is one which is appropriate for the indi-
vidual patient and the challenge is to provide care tailored
to the patient, while fostering independence, autonomy
and control. Factors which are considered important at
the end of life are shown in Table 9.2. Good communi-
cation is essential, as is control of symptoms which may
distress the patient, while also discontinuing any medi-
cation, observation or intervention which does not fulfil
this aim.

Quality of life in the last few days and hours of life largely
depends on the care the patient has previously received.
Careful thought and planning can achieve this and is within
the capabilities of all health professionals.

Bereavement

When a patient dies, the grief felt may take many forms.
In the first few hours, there may be numbness, denial or
even relief that suffering is over, or anger at the patient
for dying. Relatives appreciate support given at the time
of death. Information regarding death certification and
the practicalities of registering the death is helpful, as can
be asking whether they wish to see the chaplain or other
members of the team who may have been particularly
involved in the patient’s care. Good communication with
the primary care team is essential as they will be the key
support for the family in the community. It is also impor-
tant to acknowledge that the team may well also feel a
sense of bereavement if they have cared for the patient over
a long period of time. Allowing team members time to
share any thoughts or feelings after a death can be helpful
in allowing staff also to move on. Some deaths will impact
more than others on the team and the provision of support
from chaplaincy or occupational health can be helpful in
such situations.

Table 9.2 Important factors at the end of life

Dignity of patient and caregivers

Respect for the patient’s wishes

Effective and timely communication with patient and
caregivers

Management of pain and other symptoms

Attention to psychological, social and spiritual concerns

Continuity of care

Access to specialist palliative care services
where appropriate

Effective interprofessional communication

Provision of appropriate treatments and discontinuation
of those inappropriate at the end of life




88 Palliative care in surgical oncology

DISCUSSION

Palliation has long been part of the surgeon’s remit and, as
a result of advances in oncology and the changing demo-
graphics of death [37], this role has expanded. Several defi-
nitions of palliative surgery have been proposed [36,38,39]
and, while this can cause confusion, many acknowledge the
importance of alleviation of symptoms and improvement in
quality of life [40]. Palliative care need not be synonymous
with end-of-life care, however [9]. Major components of the
palliative care approach are symptom control and psycho-
logical support, both of which are applicable in most clinical
situations.

Significant advances have been made in the integration of
skills from both disciplines. The various British royal surgical
colleges, the American College of Surgeons, the American
Thoracic Society, the Society of Critical Care Medicine and
others have agreed that palliative care will increasingly influ-
ence the care of patients [3]. The Promoting Excellence in
End-of-Life Care national program [41] in the US and the
prominence of both palliative care and end-of-life care in
the new syllabus of the Intercollegiate Surgical Curriculum
Project [42] in the UK are excellent examples of such
integration.

However, potential barriers to an effective palliative care
approach in surgical oncology exist. The lack of a universally
accepted definition of surgical palliative care has been men-
tioned. This may influence clinicians’ perception, as lack of
clarity, coupled with surgeons’ conceptualization of success
and failure in terms of death, disability and cure [3,7,43],
could prevent cultural change. The background of the sur-
geon has been described as leading to lack of awareness of
non-physical suffering [36] and of ‘heroic optimism’ [43],
which may, in turn, prevent attention to palliative care prin-
ciples in favour of attempts at cure. Indeed, until recently
there has been a lack of formal education in palliative and
end-of-life care in surgical training [9,37,44,45] and little in
the literature [9,36,39,46,47].

Problems related to communication can impact nega-
tively on the relationship between surgeon and patients
with malignant disease. Lack of common language in
discussing disease and management can be troublesome.
Uncertainty regarding prognosis can pose significant chal-
lenges and the surgeon may find it difficult to be candid
with the patient regarding their illness for fear of remov-
ing hope [9,36]. This may be a reflection of discomfort with

Palliative
care

Cancer treatment

Diagnosis Death
Traditional model

emotional challenges associated with managing advanced
illness, but may be more the result of difficulty in acknowl-
edging death as ‘a natural end-point of the normal process
of dying’ [39], where the emphasis of care addresses patient
needs rather than prognosis.

THE FUTURE

It is clear that palliative care principles have been acknowl-
edged by surgeons and are being integrated into basic and
postgraduate training and practice, and that both disci-
plines could ‘benefit by coming together ... [to] ... reclaim
the lost ground of the surgeon-patient relationship’ [39].
The prevailing bias toward separating care into a curative
and then a palliative phase (‘cure, then comfort’) is not
acceptable. Provision of palliative care alongside compre-
hensive, possibly curative care should be available to every
patient at an early stage [48]. This would represent a shift
toward patient-centred care [1] (Figure 9.4).

The integration of a palliative care approach into general
hospital practice has demonstrated improved terminal care
[49,50]. Such practice centres on outcomes that are mean-
ingful to the patient and thus may be a focus for further
research. Some work into quality of life in surgical oncology
has been undertaken [2,51], a relatively new focus in pal-
liative surgery [52]. This increased interest in quality of life
should be welcomed and developed further, and may help
surgeons to identify appropriate procedures for patients
with advanced disease [2] and reflect goals important to
patients themselves [9].

In palliative surgery there is a lack of evidence-based
benefit and risk in many instances [40]. There can be a reluc-
tance to involve palliative care patients in research, perhaps
due to ethical concern or fear of creating false hope of cure.
Such concern is largely unnecessary. Patients are often keen
to be involved in clinical trials, if not for their own benefit,
then for the ‘common good’ and researchers should not
avoid them through any such fears or thoughts that the trial
would be weakened [1].

CONCLUSION

It is encouraging to reflect on the origins of palliation in
surgical oncology and recent developments toward further
integration of the specialties. Important lessons have been

Cancer treatment

Palliative care

Diagnosis Death
Suggested model

Figure 9.4 Traditional and suggested place of palliative care in cancer management. (Adapted from Twycross R,
Introducing Palliative Care, 3rd ed., Oxford: Radcliffe Medical Press, 1997: 66.)
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learned through the realization that quality of life, rather
than patient prognosis or survival, is an appropriate focus
for professional involvement in patients with advanced dis-
ease. A palliative care approach to patient care is within
the capabilities of all professionals involved in patient care
and can only serve to improve such care to the benefit of
patients, families and professionals themselves.

The closer to the bedside, the better [7].
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BACKGROUND

When confronted by cancer, patients may experience a
sense of loss of control, fear and even anger. The principal
concern with the psychological aspects of cancer is to allevi-
ate the emotional distress which affects patients. There is a
current trend to view psychological care within the context
of ‘supportive care’ in a multidisciplinary team approach [1].
Supportive care refers to a culture of care that has evolved
from the palliative care ethos and focuses on generic can-
cer teams assisting the patient and their carers to cope with
cancer and its treatments at all stages of the cancer journey.
It helps the patient to maximize the benefits of treatment
and to live as well as possible with the effects of the disease.

The key principles underpinning supportive care are [1]:

A focus on quality of life

A whole person approach

Care to include the patient and those who matter to them
Respect for patient autonomy and choice

An emphasis on open and sensitive communication
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Communication that assists patients and their carers
to express emotions and concerns can reduce fears and
anxiety, and promote working together in the cancer expe-
rience. An individualized approach to information can
empower patients to be involved in decision making and
exercise choice, resulting in a greater sense of control and
self-esteem.

HISTORICAL PERSPECTIVE

Communication with, and the psychological response by,
patients to their cancer was barely investigated before the
1950s, when it was commonplace not to disclose a cancer
diagnosis. Outcomes tended to be restricted to survival time
and recurrence-free survival. Cancer surgeons traditionally
obtained consent for surgery without discussing the defi-
nite diagnosis, or likelihood of a diagnosis, of cancer, and
following surgery, cancer was not revealed as the diagno-
sis because it was considered as something that it was best
for the patient not to know. At this time there was also a
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commonly believed assumption that because anxiety and
depression were natural, inevitable reactions to cancer, psy-
chological treatment was not feasible. Set against this model
of care, systematic enquiry that included the patient per-
spective on how patients felt about their cancer, and their
quality of life, was simply not accessible.

Decades before this, many radical surgical procedures
for the treatment of cancer had been developed and uti-
lized, surgery being the main treatment approach for
cancer. Much of the seminal work had been undertaken
at the Memorial Hospital in New York. At this same unit,
some of the first studies into the psychological aspects of
cancer surgery were undertaken by Sutherland (a psychi-
atrist), who examined psychological adaptation to mas-
tectomy and colostomy [2,3]. However, Sutherland and
others [4] struggled to have these psychological studies
accepted as necessary, let alone scientific, as psychology
was not viewed as an important aspect of cancer patient
management.

It was during the 1960s that a more enlightened view of
the ethical issues surrounding disclosure of a cancer diag-
nosis to patients started to be acknowledged. Alongside this,
the importance of the relationship between the psychologi-
cal effects of cancer and cancer treatments such as surgery
also began to develop and measurement of outcomes in can-
cer care began to include the psychological issues of quality
of life of individuals affected by cancer.

In the US, papers were presented by cancer surgeons at
academic meetings [5] and published in recognized jour-
nals [6], resulting in an increased recognition of the psy-
chological needs in the management of the patient with
cancer. Practical guidance was provided [6], which is still very
pertinent today and included how to:

e Establish rapport with the patient in the preoperative
period

o Allay the patient’s fears

e Inform the patient that incurable cancer was found at
surgery

e Establish close communication with the patient whose
cancer was found to be incurable at surgery

Across the Atlantic, developments in the hospice move-
ment in the UK saw a shift from relying only on the mea-
surement of clinical outcomes to the measurement of
factors that were likely to be of direct concern to patients,
such as cancer and depression or discussion about pre-
ferred place to die [7]. In cancer surgery, a number of stud-
ies arose through psychiatric and psychological academic
links with oncology units [8]. Some of this early work
involved those affected by breast cancer, both in the acute
phase around diagnosis and during treatment [8,9] and at
the stage of recurrence, development of metastases or dis-
semination [10]. Therapeutic interventions for the psycho-
logical management of cancer patients were also developed
in those having breast cancer surgery [11], and for those
who presented with advanced breast disease [12].

COMMUNICATION SKILLS IN CANCER

The ability to communicate with patients is a core require-
ment for all health care professionals. Much of the research
in this field has been undertaken in cancer care and disability
[13-15]. Having the skills to elicit patient concerns, and to
appropriately respond to them, to individualize patient infor-
mation and to involve patients in decision preferences about
their care calls upon a range of both interpersonal and com-
munication skills [16,17].

Studies have shown repeatedly that many health care pro-
fessionals do not have such skills [16-19], and it is the lack of
these skills which seems to be the main reason why commu-
nication breaks down. It has been identified that these skills
are not innate in most health care professionals, and need to
be developed to a level of competence and confidence through
research-based communication skills training [19,20].

INFORMATION AND CANCER

The information given to cancer patients about their diagno-
sis, treatment options and concerns about the future can have
a profound impact on their psychological well-being [21].
Increasing evidence in cancer studies points to a need for an
individualized approach to information giving [15,22], as too
much or too little (in areas such as treatment options or prog-
nosis) can contribute to psychological distress. The challenge
seems to lie in assessing what information individual patients
require, rather than using routine ways of supplying informa-
tion, which ignores the individual’s needs or preferences [15].

Of concern in patients faced with surgery as an option
for treatment of their cancer, while informed consent neces-
sitates full information to patients, it does not currently
require an interpretation or expression of comprehension
of that information. Lack of access to not only an adequate
level of information, but also interpretation and application
of accepted treatment guidelines (including potential risks
and even uncertain benefits), appears to be a crucial issue
in the provision of information and patient autonomy [23].
It is also suggested that supportive, individualized informa-
tion strategies may have positive consequences for accruing
patients to clinical trials [24].

DECISION MAKING AND CANCER

The concept of user involvement in the development, mon-
itoring and delivery of cancer treatment has been accom-
panied by a reduction in the paternalistic approach to
patients, where patient opinion and decisions about treat-
ment are valued as an essential component, and where con-
sideration of the whole person, including their carers, is
incorporated into a more holistic and supportive approach
to care. Patients’ attitudes, their coping resources and
their ability and willingness to be involved in decisions
about their management may be influenced by previous
experience of disclosure and information received [25,26].
Furthermore, how patients feel about how they have been
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included and involved in decision making can result in
dissatisfaction and non-compliance [27], and may contrib-
ute to an adverse outcome [28].

Decision making is not just a one-way process of the health
care professional telling the patient what will be. In today’s
environment, the ‘expert patient’ [28] is better informed than
their predecessor and many will expect to be involved in the
decision process that determines their treatment. In many
cancers, combination therapy utilizing surgery, chemother-
apy, radiotherapy and biotherapy may be the norm. Different
ways of describing the outcomes of treatment can have a
dramatic impact on patient treatment decisions [29]. This
has implications for not only what is said, but also how it is
said and by whom, and contributes to the complexity faced
by health care professionals in supporting patients through
information giving and decision making [23].

Translating scientific data from clinical trials into lay-
man’s language contributes to the dilemma for health care
professionals. Patient involvement in decision making
seems to be influenced by [25]:

e Conflicting expectations between doctor and patient
about the most appropriate treatment

® Unexpected information

o Issues related to treatment costs and benefits

e Lack of clear treatment recommendations from the
oncologist

Marked differences in decision-making role prefer-
ences, but similarities in information needs, have been
identified [26]. In breast cancer patients only 52% chose
a passive role in decision making compared to 78% of
colorectal cancer patients and 80% of colorectal patients
and 61% of breast cancer patients recalled the doctor mak-
ing treatment decisions. The main concerns for information
in both patient cohorts were in relation to:

e Cure
® Spread of disease
e Treatment options

A later study [30] confirmed that while patients wanted
information and to feel included in the consultation, they
did not necessarily want to be involved in decisions about
their care.

PSYCHOLOGICAL DISTRESS AND CANCER

Anxiety

Most patients will be apprehensive about their cancer, and
some may experience stronger psychological responses
including feelings of anxiety, resentment, anger and even
panic attacks [31]. Anxiety in the patient with cancer may
be induced by the patient perceiving threats to survival and
well-being, as well as their uncertainty about the future [31].
Applying this to the patient faced with cancer surgery, anxi-
ety may be compounded by fear of death from surgery or

anaesthetic, as well as fear of pain and mutilation. Integral
to this major significant area influencing the level of anxiety
is the stage of cancer [31]. While patients with early stage
cancer can often have a long life expectancy and anticipa-
tion of curative surgery, patients diagnosed with advanced
cancer or those with a recurrence or metastatic spread have
to face the emotional consequences of imminent death. This
emotional burden usually causes intense emotional reac-
tions, including clinical states of anxiety.

Depression

Depression in the patient with cancer, like anxiety, is one of
the most difficult psychological problems to identify [32],
and some suggest it may be underestimated [33]. As a sim-
ple cut-off point it is said to be significant when the sadness
response (e.g. depressed mood, insomnia, fatigue, feelings
of worthlessness, diminished ability to think) to a disclo-
sure of a cancer diagnosis or poor prognosis lasts more than
2 weeks [34]. A useful concept when considering whether a
patient is depressed is that the patient who blames the illness
for how they are feeling is probably experiencing sadness,
whereas the patient who blames themselves for their illness
and how they are feeling may well be depressed [32]. The
surgeon and the whole health care team should be receptive
to any signs of depression in the patient.

The concern is that if health care professionals assess
depression as a normal feature of cancer, there is a risk
that depressed cancer patients may go undiagnosed and
untreated [35]. It has been suggested that there is some
reluctance among many health care professionals to initi-
ate and explore psychological issues with their patients, as
they are concerned that this will exacerbate patients’ dis-
tress [35]. Another reason suggested is that health profes-
sionals feel powerless to influence the situation and so do
not intervene [35]. However, other studies [17,18,20] indicate
that the main reason why they do not pursue these sensitive
issues with patients is the lack of communication and inter-
personal skills of health care professionals to draw out and
explore patients’ concerns and so fail to identify and meet
their information needs and decision-making preferences.

PSYCHOLOGICAL NEEDS OF THE
CANCER SURGERY PATIENT

The psychological needs of the patient having cancer sur-
gery are similar to those of any patient having surgery.
They include:

® An ability to understand the need for surgery and the
procedure proposed

e Having the resources to deal with the physical and
mental discomfort involved to achieve the intention of
improved health and survival

Surgery plays a crucial role in the curative treatment of
cancer, so the stigma of cancer and its threat to survival
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can add to the psychological demands on an individual and
their family or carers. Developing rapport with the patient,
acknowledging the existence of stress factors, and supplying
empathetic support and information from the point of dis-
closure of diagnosis, and especially during the preoperative
period, can have an impact on how patients cope with their
cancer and their postoperative recovery and rehabilitation,
including their psychological well-being.

The majority of patients affected by cancer will undergo
some sort of surgical procedure, as surgical oncology is not
just the removal of a tumor but can include diagnosis and
staging of cancer, by, for example, biopsy at staging laparos-
copy, prevention, reconstruction, palliation and supportive
surgery.

The impact of cancer surgery, and where the procedure
sits within the context of the individual’s cancer journey,
coping resources and responses must be considered. The
meaning a patient attaches to the surgical procedure will
vary according to both their previous experience and the
aims of the surgery. This may also be influenced by the
explorative or definitive nature of the surgery, whether
the tumor is resectable, and any functional consequences
including loss or deficit. The meaning an individual
attaches to a biopsy taken for diagnostic purposes at stag-
ing laparoscopy, a curative liver resection, or palliative
surgery to relieve gastric outflow obstruction in cholan-
giocarcinoma will be different for each individual.

PSYCHOLOGICAL ADAPTATION

Medical variables

Medical variables that may influence psychological adapta-
tion to cancer surgery include:

e Site, stage and potential for curability either with
surgery alone or as part of a multimodal approach to
treatment

e Functional deficit as a consequence of surgery

e Rehabilitation available including reconstruction

e The surgeon and other health care professionals’
acknowledgment of and management of the patient’s
psychological needs

Patient variables

Patient variables that may influence psychological adapta-
tion to cancer surgery include:

® Meaning attached to the cancer diagnosis (or potential
diagnosis)

e The risks and benefits the patient perceives of the surgical
procedure, including the anaesthetic

o The functional consequences

e The individual patient’s psychological response and
ability to cope with both the stress of surgery and the
cancer diagnosis

e History of psychiatric disorder, particularly depression
e Response to surgeon and relationship established

PREOPERATIVE CARE

How the patient presents for possible surgery for cancer and
how they are adapting and coping with their cancer diagno-
sis may well be influenced by how they have been managed
during their cancer journey. Patients who have experienced
a protracted diagnosis associated with doubt about their
symptoms, poor disclosure of diagnosis and delay in receiv-
ing an appointment to meet with the cancer specialist may
be more psychologically maladjusted to their cancer diag-
nosis than someone whose experience has been well man-
aged with prompt referral from their general practitioner
through a speedy process of investigations (accompanied
by information and support from health care professionals
along the way), and timely recall to discuss diagnosis and
ongoing management options.

As such, it is important at the time of meeting with the
patient for the first time for the surgeon to assess the patient’s
experience and understanding of why they are there, to
check their understanding of their diagnosis, to elicit any
concerns and to identify and clarify any misconceptions
they may have about their cancer. It is only then that the
surgeon can start to explore surgical treatment options with
the patient. Encouraging the inclusion of a family member
or friend to be present acts as resource to the patient for sup-
port and also acknowledges the carer’s important role in the
patient’s life as well as their potential involvement in care
and rehabilitation after discharge.

While preoperative information to the patient could
almost be seen as a checklist, how that information is
divulged in response to an individual assessment of the
patient’s information needs and concerns should be
accompanied by a collaborative and proactive approach
with the patient, as it may be that the patient when asked
if they have any questions or concerns will respond, ‘But I
don’t know what I need to know’. Again, inclusion of the
carer should be encouraged. Providing the patient with
a preclinic list of questions may help them prepare ques-
tions to ask, and endorse that it is okay to ask questions.
An example of such a list is given in Table 10.1.

Questions that acknowledge that the patient may
have concerns, such as ‘how are you feeling about this
surgery?’ encourage them to explore fears, and to voice
any related anxieties they may have about probable pain,
discomfort or any physical changes. If surgery involves
loss of a limb, formation of a stoma or the sexual organs,
such open-ended questions allow the patient to explore
concerns they may have about sexual function and body
image.

Important issues to explore with the patient include:

e The purpose of surgery - is it prophylactic, diagnostic,
staging, curative or palliative?
e The benefits of the surgery proposed.
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Table 10.1 List of questions to be given to patients prior
to attendance at clinic to help them prepare their own
questions

Attending hospital and undergoing tests can be quite
an anxious time for you. While we try very hard to
give you all the information you require to
understand and decide about the most appropriate
treatments available to you, you and your family may
have questions to ask. However, these may only occur
to you after you have met with the consultant. So,
why not write them down?

Other patients with cancer have found it useful to ask
some of the following questions:

e What are the results of my tests?

e Where exactly is the tumor and how big is it?

e s it malignant or non-malignant?

e Has the tumor spread to any other areas?

e What treatments are available to me?

e Do | need surgery or do | need chemotherapy?

¢ Would | benefit from a combination of treatments?

e Why is this particular treatment recommended
for me?

e Can | be cured?

e What will happen if | don't have treatment?

¢ What are the chances of the tumor returning or
spreading?

e |s this a unit specializing in my type of tumor?

e Who will be treating me?

¢ Has the doctor received specialist training for
treating my type of tumor?

e What will the treatment entail, e.g. time in hospital,
side effects, the risks involved, the number of
treatments | will need?

e Once | have had my treatment how will | be
followed up?

e |s there anyone | can talk to who has had my type of
treatment?

e The risks of surgery for the individual (complications,
peri- or postoperative death) taking into account other
comorbidity.

e What kind of surgery will be performed and what pre-
operative preparation is required (e.g. bowel prep, fast-
ing). Proposed incision, postoperative drains, infusions
and pain control.

e Admission to a high-dependency area if necessary.

e Treatment options if inoperable disease is found at time
of surgery.

e Proposed admission date, preoperative screening,
anticipated recovery time and potential discharge plan.

e Control of postoperative pain, including pain assess-
ment, methods of pain control (e.g. epidural, patient-
controlled analgesia), and managing pain and
discomfort postdischarge.

e Anticipated rehabilitation postdischarge.

e Location of carer on day of surgery, and contact tele-
phone number. Access to carer accommodation during
patient stay.

Having access to a contact number of a member of the
multidisciplinary team such as a clinical nurse specialist or
nurse practitioner who ideally has been present at the con-
sultation and is available to discuss any related concerns or
queries can be useful to both the patient and their carer, but
also acts as a support to the surgeon, knowing that any con-
cerns will be acknowledged, and when possible addressed,
prior to the patient’s admission. Following discussion at the
outpatient appointment, patients and their carers may find
it helpful to write down information, and a summary sheet
can be provided with the following headings:

Your diagnosis

The need for any further investigations

Treatment options discussed

The next stage of treatment

The questions and answers we have explored together

ENHANCING PHYSICAL WELL-BEING
AND PSYCHOLOGICAL DISTRESS

The cancer patient awaiting surgery may be affected by a
number of symptoms associated with their cancer, including
side effects of tumor mass, tumor obstruction, tumor toxicity
and side effects of chemotherapy or radiotherapy. Assessing
and alleviating physical symptoms such as pain, nausea,
vomiting, diarrhea, fatigue or anorexia can contribute to
both the patient’s physical and mental recovery. Proactive
preoperative treatment and management of these side effects
are more likely to equip the patient to deal better with the
trauma of surgery and the challenges of recovery. Immediate
postoperative needs of all surgical patients including cancer
patients are primarily physical and the usual postoperative
care protocols should be adhered to.

PREPARING THE PATIENT FOR
UNEXPECTED FINDINGS AT TIME
OF SURGERY

An important area of information to discuss with patients
preoperatively is the issue of finding inoperable disease at
the time of surgery. Acknowledging that this can happen
(despite improvements in radiological imaging and access
to staging laparoscopy) and exploring strategies for alterna-
tive management of the patient’s cancer are important areas
to cover, preferably in the company of their family or carer.
Preparing the patient in such a way sows the seeds for deal-
ing with the ‘open and close’ situation more positively and
maintains hope by reminding the patient that although sur-
gery has not been possible, and that their cancer may there-
fore be incurable, there are other treatment options that will
be considered to manage their cancer.
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POSTOPERATIVE PSYCHOLOGICAL
NEEDS

When the patient is rousing from anaesthetic it has to be
anticipated that they will start to ask questions such as
‘Was it cancer?’, Is it all gone?’ and ‘Has it spread anywhere
else?” Answering questions at this stage should be avoided
until the patient has recovered from the anaesthetic and the
surgeon is able to explain the findings at surgery and the
procedure performed, or not, to the patient accompanied
preferably by their relative or carer.

It is of further historical interest to note that in relation
to discussing incurable disease found at surgery it has been
suggested that:

If the doctor-patient relationship is one which
each feels free to communicate with the other,
telling the patient that he is incurable, although
never easy, is less painful. Here, again, if we
listen to the patient he will let us know when
he can be told and how much he can tolerate
hearing.

Once the essentials of truth are explained
in the proper manner, the way becomes clear
for the next phase ... hope ... the words ‘incur-
able’ and 'hopeless’ are not synonymous. To tell
a patient that his condition is hopeless is both
cruel and technically incorrect. Incurability is
a state of mind, a giving up - a situation that
must be avoided at all cost. A patient can toler-
ate knowing he is incurable; he cannot tolerate
hopelessness [6].

For the patient who has inoperable disease found at surgery,
the surgeon and the multidisciplinary team should antici-
pate and encourage discussion with the patient and carer
in the postoperative period about the implications of inop-
erable disease, and support the adjustment to the fact that
inoperable in most cancers also means incurable. Again, the
clinical nurse specialist or nurse practitioner who knows
the patient is best placed to support the individual and their
carers and to meet their information needs. Setting up an
early appointment with the medical oncologist to discuss
palliative treatment options can be beneficial, prior to or
soon after discharge.

PSYCHOLOGICAL ISSUES

Psychological issues to be explored in the context of the
aims of surgery include:

Prophylactic
Diagnostic
Definitive
Reconstructive
Palliative
Supportive surgery

Prophylactic surgery and
psychological needs

Prophylactic surgery is usually considered in those indi-
viduals who have a family history of a certain type of cancer
such as breast, ovarian or colorectal cancer, and in whom
an underlying condition or a genetic predisposition may put
them at higher risk of developing the disease [36]. The psy-
chological challenges to an individual faced with the deci-
sion to undergo surgery to remove currently benign tissue
or organs to prevent the development of cancer may be com-
pounded by the knowledge that they have a genetic defect
that can be passed on with or without surgery. While sur-
gery at this time might prevent the disease developing, there
are also consequences to quality of life following surgical
removal of body parts resulting in, for example, altered body
image, sexual function and how an individual feels about
their self-image and confidence. Benefits may not always
be as great as the individual had anticipated [37]. However,
this also has to be weighed against the alternative of inten-
sive screening which may cause both reassurance with good
results and at times distress in both the time leading up to
the screening and when results are not favourable [38].

For women with breast cancer it is necessary to acknowl-
edge their social situation. Often, these women come from
families where grandmothers, mothers, aunts and cousins
have been diagnosed, treated and died from breast cancer.
As such, they live within an environment of uncertainty
and fear of not only the occurrence of breast cancer but also
the effectiveness of treatments such as mastectomy, chemo-
therapy and radiotherapy. Ultimately, they live with the fear
of living with cancer and the uncertainty of survival, and
this along with concerns about their husband or partner
and children may influence their decision to undergo pro-
phylactic mastectomy.

Supporting individuals faced with the prospect of pro-
phylactic surgery is crucial. Accurate information about the
benefits of surgery according to evidence available as well
as the risks of surgery, and reconstructive surgery as an
option, must be explored. Time and timing are important.
The decision should not be rushed. It is suggested that elicit-
ing patient’s concerns about their decision in the context of
their role and responsibilities within their family and soci-
ety, their age, occupation, culture, and religion and their
own subjective assessment of the risk of developing cancer,
as well as their previous experiences with illness, death and
the medical system, is important to consider [39].

While prophylactic surgery might relieve an individual
of the fear of developing cancer, the effects of the opera-
tion may take some adjustment, and this aspect must be
acknowledged and discussed with the individual both prior
to and as part of a rehabilitation following surgery to pre-
pare them for both the physical discomfort of surgery and
their altered body image. After surgery, ongoing psycholog-
ical support is essential, as this is the time when they may be
concerned about how they now appear to their husband or
wife, whether they are as attractive with a stoma or having
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had a mastectomy. As such, the impact on their sexuality
can be severely affected, in the way of not only sexual func-
tion, but also their self-image and self-confidence.

Psychological issues related to loss in, for example, young
women that surgery will result in their inability to breast-
feed in the future, set against the thought that they may
never have developed cancer anyway, are issues that must be
acknowledged during the process of preparing the patient
for prophylactic surgery.

Diagnostic surgery and psychological needs

When malignancy is suspected, the accuracy of informa-
tion gained during the diagnostic process is crucial in order
that the most effective treatment decisions can be made.
While diagnostic imaging such as computed tomography
(CT) or magnetic resonance (MR) scan and biochemistry
and tumor markers can often confirm diagnosis, where
there is uncertainty, a surgical procedure may be required.
The major role for surgery at this stage is to acquire a sample
of tissue for histological diagnosis, and techniques include
fine-needle aspiration, excisional biopsy, endoscopic biopsy,
bone marrow biopsy, examination under anaesthetic and
biopsy at staging laparoscopy.

While many of these procedures may seem simple and
routine to health care professionals, for the individual
patient affected by the uncertainty of their presenting
symptoms, the time leading up to and including diagno-
sis can be associated with great anxiety and fear. While
they may seek an answer, the fear of what the results may
show and the impact the diagnosis may have on their life
as well as on those close to them, their role in their family
or their job compounds this anxiety. The coordination and
management of the diagnostic phase is important as it can
greatly affect the adjustment to and coping with a diagnosis
of cancer. Waiting for an appointment, waiting for a scan
and waiting for results can increase anxiety and fear associ-
ated with uncertainty and loss of control, as well as fear that
if it is cancer it will be growing and getting worse. Part of
this coordination should include access to a key member of
the cancer multidisciplinary team, such as a clinical nurse
specialist who can acknowledge any concerns, provide both
support and information about how investigations are pro-
ceeding and act as a resource and coordinator during this
crucial aspect of the patient’s journey. This is particularly
important as many diagnostic procedures take place in an
outpatient or day case setting where the time available to
assess patients’ concerns and meet their psychological needs
may be limited. Another aspect of time and timing is delay
in coming to definitive surgery which can affect the quality
of life in newly diagnosed cancer patients [40].

Definitive surgery and
psychological reaction

The aim of definitive surgery is to remove the cancerous tumor
as well as a safe margin of normal tissue surrounding it [41].

In many patients with solid tumors, where the disease is
confined to the anatomical site of origin, and the tumor is
small (e.g. Dukes A cancer of the colon), this may be excised
through a local resection, and will be the optimal chance of
cure. However, it also carries with it anxiety in the patient that
surgery has a successful outcome.

When discussing treatment options with the patient, it is
important to know the stage of the cancer in order to know
whether surgery might effect a cure, or whether combina-
tion treatment including surgery and adjuvant treatment
such as chemotherapy might be necessary. Sometimes it is
only after the tumor is excised and examined by the his-
topathologist that this essential staging information can be
secured and the chances of cure or need for further treat-
ment decided.

Where the tumor is large and there is a suspicion or
evidence of metastatic spread, a more radical resection
is usually necessary. This involves not only resection of
the tumor but also resection of local and regional tissue,
the lymphatics and a margin of tumor-free tissue, in an
attempt to prevent further metastatic spread and local
recurrence.

Psychological reactions to cancer surgery can be related
to the site of surgery and the extent of functional loss [42,43].
Adverse emotional reactions correlate with the psychologi-
cal significance of the loss, especially with the face, breast,
genitals or colon [42,43]. Site-specific problems also arise
when surgery results in a major loss of a particular function.
Examples of this include loss of normal bowel function with
the formation of a colostomy, and the loss of normal speech
when laryngectomy is performed [43,44].

Surgery as part of a multimodal approach
to cancer treatment

When cancer is first detected, about 50% of all patients will
have metastatic disease, with a probable high incidence of
undiagnosed, occult metastases. Surgery, therefore, is often
used as a localized treatment and as part of a multimodal
approach to increase chance of cure and to prolong disease-
free survival.

The use of multimodal therapies does have conse-
quences that need to be considered if surgery is part of
the treatment plan. The timing of chemotherapy or radio-
therapy before or after surgery can affect how the body
copes with surgery, for example risk of chest infection
or wound infection where neutropenia is a side effect of
chemotherapy, and delayed wound healing where radio-
therapy has caused fibrosis and damage to lymphatic and
vascular channels. The patient needs to be aware of these
considerations, such as allowing the body to recover fol-
lowing chemotherapy and prior to surgery, as they may
associate delay of surgery with a less favourable outcome,
rather than it being a considered decision within their
treatment plan.

As well as curative intent, surgery with other treatment
modalities may also be performed to debulk a tumor in for
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example ovarian cancer or in metastatic neuroendocrine
cancer. However, debulking is usually only of benefit when
it is used in conjunction with other treatments, such as
chemotherapy, to control the residual disease left behind.
Reduction of tumor mass can improve the outcome of
radiotherapy or chemotherapy.

Traditionally, the presence of metastatic disease in the
liver or the lungs has precluded the chance of cure. However,
in such cancers as colorectal cancer, there is increasing evi-
dence to show that surgical resection of liver metastases can
play a part in cure [45] and as part of a multimodal, pallia-
tive oncological approach.

Furthermore, disease-free survival is also improving
in those colorectal cancer patients who later develop lung
metastases and undergo pulmonary resection [45]. However,
treatment of metastatic disease very much depends on the
primary cancer, and this is an important information issue
for patients, and needs to be actively addressed by health
care professionals, to ensure that patients understand why
surgical treatment options might, or might not, be available
to them. For example, surgery is not a treatment option for
liver metastases in the presence of pancreas cancer or breast
cancer, but may be considered in a primary ocular mela-
noma or for lung metastases in soft tissue sarcoma.

Reconstructive surgery and
psychological needs

Radical cancer surgery can often result in marked physical
deformity or loss of function. This physical loss also carries
with it the risk of major psychological distress and social
isolation. Approaches to reconstructive surgery to improve
anatomical defects, function and cosmetic appearance have
developed in an attempt to restore an individual to as nor-
mal a life as possible following cancer surgery. Examples of
reconstructive surgery include breast reconstruction, skin
grafting, head and neck surgery, and artificial joints in sar-
coma patients.

Reconstructive surgery must be considered as part of
the treatment plan when considering surgery as an option,
as in many cases, for example breast surgery, reconstruc-
tion may be carried out at the time of the initial operation.
Health care professionals need to consider that not only
are patients often grappling with their diagnosis of cancer
and radical surgery such as mastectomy, but also a further
psychological challenge for patients is the decision whether
to have reconstructive surgery at this time or later [42].
Options for reconstruction should be discussed clearly with
the patient and having support of the presence of a spouse
or family member may help. While breast reconstruction is
often considered to be in the individual’s best interest and
can minimize some of the negative consequences of breast
cancer [42], it can be undertaken at a later date if the indi-
vidual would prefer or cannot decide.

In head and neck cancer surgery, reconstruction is not
an option as it is a necessary part of the surgery to excise the
tumor. Overall, head and neck surgery is viewed as more

complex than other regions as it carries challenges to the
surgeon in both essential and social functions as well as the
individual’s appearance.

Studies have shown that as well as coping with a can-
cer diagnosis, patients who have had head and neck cancer
surgery view themselves as different from how they were,
physically, emotionally and in their self-identity, and this
can result in a negative outcome in their relationship with
others and their sexuality [43]. Techniques in head and
neck surgery are improving all the time in an attempt to
reduce physical disfigurement and loss of function, and to
optimize cosmetic appearance. However, a major difficulty
in this cancer type is finding the balance between surgical
excision and reconstruction, with the challenge and pros-
pect of early local recurrence in relation to physical and
psychological morbidity and quality of life [44]. It has to
be considered that the loss of ability to eat and talk, or to
be physically disfigured is a high price to pay if prognosis
is limited [41].

While a diagnosis of cancer has associated physiologi-
cal, psychological and social challenges, the decision or
the ability to have reconstructive surgery can affect an
individual’s lifestyle and sense of self [42]. Reconstruction
can facilitate self-esteem, promote return to a normal life-
style and help the individual to cope with their diagnosis
and treatment. When exploring diagnosis and treatment
options, health care professionals need to provide a sup-
portive environment where options and information
about consequences of surgical treatment can be discussed
and concerns acknowledged. Where appropriate, careful
emotional and physical planning and information about
reconstruction must be included so that the individual can
come to an informed decision. It has to be stressed [39]
that while reconstructive surgery will result in ‘a breast’ or
‘a tongue’, it will not be the same as the real thing, in that
a reconstructed breast will not feel or move in the same
way or have the same sensual feeling. Likewise the replace-
ment of a tongue with a platform of tissue (a latissimus
dorsi myocutaneous flap) may help to restore some of the
ability to swallow and maintain intelligible speech, but it
will not be the same. As such, a balance needs to be made
between optimism and realism, and between quality of life
and length of life.

Individuals having reconstructive surgery and their
spouse or carers will also need support with adjusting to
their new self and their new identity. While uncertainties
will still exist about the outcome of treatment, and future
prognosis, reconstructive surgery may play a vital role in
allowing the individual to face that uncertain future [41].
New approaches to psychological support that include the
patient’s partner in a psychosocial model of support have
demonstrated some success in breast cancer [46]. Findings
of a randomized controlled trial indicate that such an inter-
vention increases quality of life, reduces uncertainty and
improves family communication. Patients and their family
members gained benefit from help focusing on the here and
now, as well as strategies for supporting one another.
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Palliative surgery and psychological needs

When cure is no longer an option, surgery can be effective
for relieving symptoms that develop in the advanced stages
of cancer. Examples of palliative surgery include:

e Treatment of a fungating breast wound

e Relief of bowel obstruction in ovarian cancer

® Debulking of a tumor to control discharge, the forma-
tion of fistulae or hemorrhage

® Prevention of hemorrhage when a tumor is pressing on
a vital blood vessel

e Prophylactic or therapeutic pinning of metastases in
long bones

e Spinal surgery to prevent or stabilize spinal cord
compression

® Debulking of tumor to control infiltration of nerves
which cause neuropathic pain

e Insertion of intraepidural or intrathecal catheters for
spinal opioids or neuro-lytic blocks for pain in such
cancers as pancreas or gallbladder cancer

The aim of palliative surgery is to relieve suffering and
minimize the symptoms of the disease, so that if the qual-
ity of life will not be improved, or if there is an unneces-
sary risk of morbidity or mortality, then palliative surgery
should not be considered. Individuals and their spouse or
carers need to be informed of the aims of palliative surgery,
so that they can be realistic in their expectations of the sur-
gery and make an informed decision. Some individuals may
refuse palliative surgery, preferring to spend what time they
have left without submitting themselves to a hospital stay
or the risks of surgery, while others may welcome the surgi-
cal intervention and see it as a treatment that may prolong
their life. Again, individuals should be supported in their
decision, as the signs and symptoms that require palliative
surgery are invariably those of progressive disease, and as
such realistic expectations of surgery should be reiterated,
and the patient supported to understand these. Palliative
surgery needs to be considered on an individual basis and
the decision based on each individual’s symptoms and their
current quality of life against how surgery might improve
that quality.

Supportive surgery and
psychological needs

Supportive surgery for the individual with cancer may
include any of the following:

e Providing venous and arterial access for the adminis-
tration of cytotoxic drugs

e Providing venous and arterial access for the administra-
tion of nutritional support

e The ablation of functioning ovaries in women less than
50 years old with early breast cancer

The use of an indwelling catheter such as a Hickman
line has been shown to have made a marked improvement
to not only the safety of administering cytotoxic drugs, but
also the quality of life of the individual with cancer [47],
though the altered body image seems to be underresearched,
and this should be assessed with the individual when con-
sidering use of an indwelling catheter. The reason why the
line is proposed needs careful discussion with the individual
and their spouse or carer. Whether the line is going to be
used with the intention of a curative procedure, such as bone
marrow transplant, or is to be used for palliative interven-
tion such as palliative chemotherapy when the goal is to pro-
long life but not cure should be discussed. Furthermore, the
individual and their spouse or carer need to be taught about
all aspects of care, function and maintenance of the line, to
ensure that they understand the implications and are pre-
pared and supported to care for it safely.

Cancer surgery and carers

Increasing evidence demonstrates the need to involve family
members or carers at all stages of the patient’s cancer jour-
ney [48] with consequences for their psychological health
if excluded [48,49]. There is a trend toward shorter hospital
stay, and once fit for discharge following cancer treatment
including surgery, most individuals continue their reha-
bilitation at home being cared for by a spouse or carer. The
emergence of ‘informal carers’, usually a family member or
close friend, who provide unpaid assistance for their depen-
dent relatives living in the community is becoming more
specifically recognized on the health and social care policy
agenda [50]. However, there are still significant gaps in our
understanding of family care with concern about the fact
that caring relationships are rarely seen as reciprocal and
tend to be interpreted as unrewarding and damaging, with
an emphasis on the physical burden of caring [50].

Carers and psychological distress

Studies looking at the experiences of carers have helped to
inform the factors which predict psychological distress in
carers in cancer and palliative care [48,51,52]. The empha-
sis on information need is prevalent in many of these can-
cer studies, with carers indicating that they would have
welcomed more information and support at an earlier
stage [48], someone to talk to [52], and that their informa-
tion needs are different than those of patients and should be
assessed on an individual basis [51]. Understanding details
related to the illness seemed to help carers cope with the
situation [51], and fear of not knowing what to do or expect
greatly increased carers’ stress, as did poor coordination of
care [52]. Overall carers would have appreciated more edu-
cational input from health care professionals.

The attitude of health care professionals who view the
carer ‘not as a person in their own right, but merely as
an appendage to the patient’ or even ‘a co-worker’ may
contribute to increased levels of psychological distress [53].
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While carers are apparently recognized in policy, there
are still uncertainties as to whether carers are providers or
users of services, or whether they should be acknowledged
as experts in their own right [50].

SUMMARY

While the communication and psychological needs asso-
ciated with cancer surgery reflect those of an individual
undergoing any type of surgery, the added impact of a
cancer diagnosis, its uncertainty and threat to life make
increased demands on coping resources for psychological
well-being. The meaning of surgery to the patient with can-
cer is important and will vary for each individual. In order
for health care professionals to give the care that is neces-
sary, effective communication skills and an understanding
of the range of psychological responses to cancer and cancer
surgery are essential. It would appear that preparation for
surgery through preoperative discussion, acknowledgment
of uncertainties, information exchange and support in deci-
sion making can make a difference, and can influence the
postoperative course and adjustment. Inclusion of spouse
or carer at all stages, with appropriate information and
involvement, can enhance both the patient’s and the carer’s
psychological well-being and may result in a more favour-
able outcome of the cancer surgery experience.
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INTRODUCTION

Malnutrition is observed in about 40% of cancer patients.
The Academy of Nutrition and Dietetics and the American
Society for Parenteral and Enteral Nutrition guidelines
consensus statement identified malnutrition as an ‘acute,
subacute or chronic state of nutrition, in which a combina-
tion of varying degrees of overnutrition or undernutrition
with or without inflammatory activity has led to a change in
body composition and diminished function’ [1]. It is char-
acterized by weight loss, hypoalbuminemia, decreased skel-
etal muscle mass and reduced fat storage; it has been shown
to increase morbidity (including a higher rate of toxicities
during chemotherapy and radiotherapy), hospital length of
stay (LOS) and treatment costs; decrease performance sta-
tus and quality of life (QoL) [2]; and finally, has a negative
impact on survival [3].

More than half of all patients with cancer have cancer-
related surgery. Malnutrition prior to surgery may prolong
recovery owing to poor wound healing or infectious com-
plications [4]. Patients with certain cancers, such as cancers
of the head, neck, stomach and bowel, may be malnourished
at diagnosis; therefore, nutrition intervention is often war-
ranted for these individuals prior to surgery. Nutrition-
related side effects may also occur as a result of surgery.
Surgical resections or excision may result in adverse effects
on gastrointestinal (GI) function, depending on the tumour
site and the extent of the surgery.

For early stage cancer patients, nutritional support in the
form of either enteral or parenteral feeding, as appropriate
based on the functionality of the GI tract, may help patients
in a preoperative setting, or when aggressive, potentially
beneficial cancer treatment may result in greater evidence
of caloric depletion [5]. However, for many cancer patients,
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particularly those with advanced disease, caloric supple-
mentation can be of limited value because of metabolic
upset induced by the disease.

Understanding the consequences of malnutrition and of
the physiopathology of weight loss mechanisms in the onco-
logic patient is mandatory to set up adequate treatments to
prevent surgical complications in malnourished subjects.

MALNUTRITION IN THE PREOPERATIVE
CANCER PATIENT

The impact of malnutrition on operative morbidity and
mortality is well described in cancer patients [6-9], and the
extent of weight loss at the time of cancer diagnosis is prog-
nostic for survival. More than 10% loss of usual body weight
appears to be especially problematic, as is a rate of weight
loss of greater than 2.75% per month [10,11]. Malnutrition
is also a significant factor that affects the QoL in cancer
patients [12].

Undernutrition and negative energy balance have
substantial effects on energy stores and organ function.
Systemic inflammation induced by cancer is associated with
a greater need for glucose as substrate, leading to breakdown
of lean body mass; muscle is converted via gluconeogenesis
to glucose for use by inflammatory tissue and cells of the
immune system [13]. The consequence is a rapid loss of
muscle mass and decrease of muscle function. An increase
in fatty acid turnover occurs, with decreased production of
ketone bodies, insulin resistance and fat accumulation in
various organs.

A loss of more than 20% of body protein has a negative
effect on respiratory muscle structure and function (maxi-
mal voluntary ventilation and respiratory muscle strength).
Moreover, a loss of intestinal absorptive surface area is
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frequently observed during malnutrition. The attendant
diarrhoea due to malabsorption exacerbates malnutrition,
and intestinal barrier function can be impaired by bacterial
overgrowth and inflammation.

Almost all immune functions, especially cell-mediated
immunity, are negatively affected by undernutrition [14]. This
is due particularly to impaired function of T-lymphocytes,
complement activity, phagocytosis, chemotaxis and intracel-
lular destruction of bacteria. When starvation is accompanied
by systemic inflammation (e.g., trauma, sepsis), immune
function is further depressed, which is associated with accel-
erated loss of muscle mass.

Body composition measurement is a method to assess
nutritional status, and various techniques based on atomic,
molecular, organ or tissue composition are available.
However, from the clinical and nutritional point of view,
it is relevant only to measure fat tissue and fat-free mass —
a two-compartment model. For more sophisticated mea-
surements, a four-compartment model can be used: fat
tissue, bone mass, extracellular water and the cellular com-
partment (Table 11.1) [15]. Regular measurement of body
weight and calculating changes in body mass index (BMI)
are also clinically relevant and useful (Table 11.2).

Asking patients about weight loss continues to be the
simplest, best validated method for assessing nutritional
status in cancer patients. In a multicentre trial on cancer

Table 11.1 Body compartments and methods of
measurement

Two-Compartment Model
Compartment
e Fat tissue and fat-free mass
¢ Subcutaneous skinfold measurements
e Underwater weighing
¢ Dual-energy X-ray absorptiometry (DEXA)
e Magnetic resonance imaging (MRI) or computed
tomography (CT) scan

e Bioimpedance analysis (BIA)

Four-Compartment Model

Compartment

® Fat tissue
e Subcutaneous skinfold measurements
e Underwater weighing
e DEXA
® MRI or CT scan
* BIA

e Extracellular water
e Bromide space - dilution method
* BIA

® Body cell mass
e Total body nitrogen — nitrogen neutron activation
¢ Total body water minus extracellular water

e Bone mass
e DEXA

Table 11.2 BMI and its interpretation

BMI Interpretation
<185 Severe undernutrition
<20 Mild undernutrition
20-25 Normal range

25-30 Overweight

30-35 Obesity

35-40 Severe obesity

>40 Morbid obesity

Note: BMI = body weight (kg)/body height (m)2.

patients, univariate and multivariate analyses showed that
patient-reported weight loss of >5% of premorbid weight
predicted a shortened survival. These data provide solid evi-
dence that a patient-reported history of weight loss remains
an extremely powerful tool for assessing malnutrition [16].

To calculate daily energy requirements, daily energy
expenditure should be assessed. Resting energy expendi-
ture (REE), the energy needed to preserve basic vital func-
tions, can be measured by indirect calorimetry. However, in
clinical practice, REE is more frequently estimated by equa-
tions, including the Harris-Benedict formula. An easy and
practical approach to estimate REE consists of multiplying
body weight and the daily energy requirements of body
weight. This ranges from 20 to 35 kcal/kg body weight (BW)
(Table 11.3) [15].

Patients diagnosed with cancer experience changes in
energy expenditure which are more varied and do not occur
with all tumour types [17].

REE can range from 60% to 150% of expected energy
expenditure. Additionally, some patients with elevated
energy requirements are able to gain weight, although this
weight gain tends to consist of increases in body fat while
the person continues to lose lean body mass.

Weight-loss and weight-stable patients with cancer had
similar REEs when adjusted for fat-free mass but were dif-
ferent in terms of the acute-phase response (APR). The APR
is believed to be one of many factors that contribute to ele-
vations in the REE in patients with cancer, which in turn
could promote weight loss. In addition, the commonly used
Harris-Benedict equation (HBE) was in poor agreement
with measured REE in both groups and, therefore, was not
suitable for REE prediction in a clinical setting.

Some investigators examining dietary intake, REE
and weight loss in adults primarily with GI tumours, and
considering the relationship between these factors and
survival rates, reported that 48.5% of patients were
hypermetabolic, 50% were normometabolic and 1.4%
were hypometabolic. Because dietary intake did not differ
between normometabolic and hypermetabolic patients,
and because neither tumour type nor gender was related
to energy and protein intake, weight loss could not be
solely accounted for by diminished intake. So, a failure
in feedback regulation between dietary intake in relation
to energy expenditure may add to the weight loss experi-
enced by many cancer patients, and the wide variability
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Table 11.3 Estimating energy requirements for cancer
patients®

Harris—-Benedict Formula
Men BMR = 66.473 + (13.7516 x weight in kg) +
(5.0033 x height in cm) — (6.7550 x age in years)
Women BMR = 655.0955 + (9.5634 x weight in kg) +
(1.8496 x height in cm) - (4.6756 x age in years)
e Normometabolic patients: 25-30 kcal/kg/day
e Hypermetabolic or weight gain desired:
30-35 kcal/kg/day
¢ Obese patients: 21-25 kcal/kg/day (when weight
maintenance is the goal; energy needs may be
increased when nutritional status is deteriorating)
Source: Harris JA, Benedict FG, Proc Natl Acad Sci 1918;4(12):
370-3.
Note: BMR, basal metabolic rate.

2 More than 35 kcal/kg/day may be required to maintain or pro-
mote weight gain in some situations.

in energy expenditure reported thereby contributes to the
challenge of accurately predicting energy requirements in
this patient population.

Nutritional screening and nutritional assessment should
be a mandatory and regular part of the medical care of
cancer patients, given the increased risk of disease- and
therapy-related undernutrition [18].

Nutritional screening needs to be simple, rapid and eas-
ily performed on admission. This procedure serves as a
baseline and dictates appropriate nutritional intervention.
Several screening tools exist based on actual body weight,
recent weight loss and recent food intake: the Subjective
Global Assessment (SGA), the Patient-Generated Subjective
Global Assessment (PG-SGA) (a modification of SGA
for oncological patients), the Nutritional Risk Screening
(NRS), the Malnutrition Universal Screening Tool (MUST),
the Malnutrition Screening Tool (MST), and the Mini
Nutritional Assessment (MNA) (Table 11.4) [19-21].

Nutritional assessment is a more detailed evaluation
of nutritional status, clinically indicated in oncological
patients because of their higher risk for malnutrition. This
is more detailed, and possibly more effective, to guide provi-
sion of nutritional support. Nutritional assessment can be
divided into:

® Measurement of nutrient balance (nutrition intake and
output)

® Measurement of body composition (BMI, anthropom-
etry, bioimpedance analysis [BIA])

® Measurement of inflammatory activity (C-reactive
protein, leukocyte count)

® Measurement of function (muscle function [dynamom-
etry], respiratory function, immune function)

For all methods of nutritional assessment, measure-
ments must be repeated at various time intervals accord-
ing to clinical status and needs, because it is the directional
change that guides therapy. Each test has its unique

Table 11.4 Nutritional screening tools

Subjective Global Assessment (SGA)

e Patient’s history (weight loss, change in dietary intake,
Gl symptoms, functional capacity)

e Physical examination (muscles, subcutaneous fat,
edema, ascites)

e Clinician’s overall subjective judgment
e Good nutritional status — A
e Moderate malnutrition — B
e Severe malnutrition — C

Patient-Generated Subjective Global Assessment
(PG-SGA)
e Patient portion:
e Weight loss in past month, past 6 months
e Current oral intake compared to baseline
e Current physical activity compared to baseline
e Clinician component:
¢ Disease and related metabolic demands
e Cancer, wound, age >65, AIDS, pulmonary/cardiac
cachexia
® Metabolic demands
e Fevers, sepsis, steroids
¢ Physical exam and assessment

Nutritional Risk Screening (NRS)
e BMI <20.5
® Body weight loss during last 3 months
e Low dietary intake during last week
¢ Disease severity
Patients with a total score of > 3 are classified as
nutritionally at risk [19]

Malnutrition Universal Screening Tool (MUST)
e BMI score
¢ Unplanned weight loss during last 3-6 months

e Acute disease effect score/no nutritional intake for
5 days [20]

Malnutrition Screening Tool (MST)
Two questions related to:
® Recent unintentional weight loss
e Low food intake because of decreased appetite
This tool provides a score between 0 and 5, with a score
>2 indicating a risk of undernutrition [21]

Mini Nutritional Assessment (MNA)

Similar to the MUST with additional questions on
neuropsychological functional status, physical mobility
and food intake. Scoring works in the opposite
direction to the MUST with a lower score indicating
a higher risk of malnutrition
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advantages and limitations. However, their interpretation
must take into consideration the underlying disease, the
ongoing therapy and the overall clinical picture.

METABOLIC EFFECTS OF CANCER

Weight loss in cancer patients and its devastating conse-
quences may be present in as many as 80% of patients with
advanced malignancies [10,11].

Cachexia is a multifactorial syndrome, characterized
by weight loss (at least 5% or weight loss greater than 2%
in individuals already showing depletion according to
value of body mass index [<20 kg/m?]), muscle and adi-
pose tissue wasting (sarcopenia) and inflammation [22].
The complex syndrome of cancer cachexia (CCS) is a
pathological state where loss of muscle or muscle and fat
occurs manifested in the cardinal feature of emaciation,
weakness affecting functional status, an impaired immune
system and metabolic dysfunction. CCS is characterized
by increased cycling (synthesis and catabolism) of a vari-
ety of metabolic intermediaries, including amino acids,
fatty acids and carbohydrates.

Cancer cachexia is identified as an independent predic-
tor of shorter survival and increased risk of treatment fail-
ure and toxicity. It reduces the QoL and accounts for more
than 20% of all cancer-related deaths [23,24]. In contrast to
starvation, CCS results in the loss of both adipose and skel-
etal muscle mass, while visceral muscle mass is preserved
and hepatic mass increases. Weight loss associated with
CCS generally cannot be stopped or reversed with increases
in nutrient intake alone. Appetite stimulants are only mini-
mally effective for treatment of CCS.

Lymphoma, leukemia, breast cancer and soft-tissue
sarcoma have some of the lowest frequencies of weight
loss, while more aggressive lymphomas, colon, prostate
and lung cancers are associated with an approximately
50% incidence of weight loss. The highest incidence and
severity is seen in pancreatic and gastric cancer, wherein
approximately 85% of patients experience cachexia. The
extent of undernutrition parallels the type of neoplasm,
with more severe malnutrition observed with upper
GI and pancreatic cancers, and less severe malnutri-
tion with lymphomas, breast cancers and sarcomas [10]
(Table 11.5).

Although there is no universally accepted model that ade-
quately explains the etiology of CCS in all patients, CCS is
caused in part by pro-inflammatory cytokines such as tumour
necrosis factor (TNF), interferon-y and interleukins-1 and -6.
Tumour-produced substances such as proteolysis-inducing
factor, lipid-mobilizing factor and mitochondria-uncoupling
proteins 1, 2 and 3 also affect nutrient metabolism.

TNF-o is believed to play a central role in the body’s
response to a variety of immunologic challenges [25].
In the presence of injury, infection and inflammation,
TNF is important to local host defences. Unfortunately,
its systemic effects may be deleterious. The administration
of TNF leads to metabolic changes that are associated

Table 11.5 Malnutrition and cancer

General cancer population 60-63%
Acute non-lymphocytic leukemia 39%
Breast 9-36%
Bronchial carcinoma 66%
Colon 54%
Colorectal 60%
Diffuse lymphoma 55%
Esophagus 79%
Gastric 83%
Head and neck 72%
Larynx 40%
Lung (all types) 50%
Neuroblastoma 56%
Non-Hodgkin's lymphoma 31-48%
Oral cavity 41-63%
Pancreas 83%
Prostate 56%
Rectum 40%
Sarcoma 39%

with cachexia, such as lipolysis, muscle catabolism and
increased glucose turnover and utilization. TNF enhances
lipolysis through activation of hormone sensitive lipase
(HSL). It also decreases lipogenesis by inhibiting produc-
tion of lipoprotein lipase.

Interferon-y possesses biological activities that overlap
those of TNF. Its effects on fat and protein metabolism are
similar in that it potentiates lipolysis, inhibits lipoprotein
lipase and decreases protein synthesis [26].

Interleukin-1 and IL-6 are the cytokines shown to play
important roles in cancer cachexia. Interleukin-1 seems
to act centrally to induce anorexia by causing early satiety
and increases proteolysis peripherally [26,27] However, the
major contribution of IL-1 to the development of cancer
cachexia may reside in its ability to enhance the production
and release of IL-6 [28]. Interleukin-6 can be detected in
the serum of tumour-bearing animals, where it functions
to increase hepatic gluconeogenesis and proteolysis [29,30].
In animal models, IL-6 has been shown to induce a more
severe wasting than TNF.

In addition to cytokines, several hormones and neuro-
peptides have recently been identified as having impor-
tant functions relating to cancer cachexia. Leptin is an
adipocyte-derived hormone that regulates adipose tissue
mass. It reduces appetite, increases REE and regulates insu-
lin levels [31]. Leptin affects appetite and energy expendi-
ture via hypothalamic neuropeptides. Specifically, a loss in
body fat reduces leptin levels and thereby decreases REE.
Conversely, food intake resulting in a gain of body fat will
prompt an increase in REE. This process is mediated by
increased activity of ghrelin and neuropeptide Y (NPY)
and decreased production of corticotropin-releasing factor
(CRF) and melanocortin [32].
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NUTRITIONAL SUPPORT IN SURGICAL
PATIENTS WITH CANCER

It is well established that poor nutritional status is associ-
ated with poor postoperative outcomes in cancer patients [4].
Weight loss of 10% has been often quoted as a cut-off point,
but unless associated with hypoalbuminemia or other organ
dysfunction, this magnitude of weight loss does not appear
to increase postoperative complications [33]. For weight
loss alone to influence the postoperative prognosis, a higher
percentage is required, probably 15% or more.

Besides the degree of weight loss, it is important to
consider the BMI at baseline; some works have effectively
demonstrated a statistically significant difference in length
of hospital stay across BMI categories, and they have shown
a trend to increased complications in patients with a lower
BMLI, although not statistically significant [34]. Other stud-
ies have demonstrated that BMI independently can pre-
dict survival, while weight change is not an independent
predictor [35].

It must be noted that many of the parameters used to
define nutritional status are also acute-phase reactants or
markers of severity of disease. It is evident that severity of
disease is also associated with poor outcomes. Therefore,
although nutritional status is undoubtedly important, it
is not surprising that nutrition-directed interventions are
only modestly effective. The magnitude of the contribution
of nutrition-based therapies to cancer outcomes is likely
modest in comparison to disease-directed therapies.

Nutrition-directed therapies should not be expected to
benefit well-nourished patients. In fact, there are clear data
that some nutrition-directed therapies such as the routine
use of parenteral nutrition in well-nourished patients are
actually harmful [36]. A prerequisite for the use of nutri-
tional therapy in surgery patients must therefore be the
presence of malnutrition. Based on a validated assessment
of preoperative nutrition status, a practical approach can be
developed to optimize outcomes.

Traditional nutrition assessment parameters such as
serum albumin, total lymphocyte count, skin test reactiv-
ity (as markers of immunocompetence), anthropometric
changes (triceps skinfold test) and body composition may
be confounded by the severity of the underlying cancer [37].
For example, hypoalbuminemia is associated with poor
healing, sepsis and increased surgical mortality and mor-
bidity [36].

However, APR proteins in the perioperative setting can
confound the use of traditional nutrition indicators such
as serum albumin and prealbumin. There is some evi-
dence that neither serum albumin nor weight loss alone is
a specific predictor of perioperative complications; how-
ever, they may be useful in the context of multivariable
models [38].

Several nutrition assessment formulas have been
developed to predict morbidity and mortality in surgi-
cal patients [39]. However, cancer patients are unique
in their physiology: no single parameter is a definitive,

all-encompassing factor that comprehensively captures the
nutritional state of a cancer patient. That being said, the
ideal screening tool for such a task needs to offer ease of use,
reliability, validity, sensitivity and cost-effectiveness [40].
One of the most widely used screening tools is the PG-SGA
(Table 11.4) [41]. Longitudinal use of the PG-SGA can help
determine the response to the nutritional care plan and
guide modifications as appropriate [42].

Evidence-based guidelines for the use of nutrition sup-
port (enteral and parenteral) have been developed by mul-
tiple organizations, including the American Society for
Parenteral and Enteral Nutrition (ASPEN) and the European
Society for Parenteral and Enteral Nutrition (ESPEN) [43].
Table 11.6 summarizes the ASPEN guidelines.

The oral route for nutritional care is optimal because
it is generally very safe and cost-effective. Preferably via

Table 11.6 Nutrition support guideline recommendations
during adult anticancer treatment (ASPEN Clinical
Guidelines)

1. Patients with cancer are nutritionally at risk and
should undergo nutrition screening to identify those
who require formal nutrition assessment with
development of a nutrition care plan.

2. Nutrition support therapy should not be used
routinely in patients undergoing major cancer
operations.

3. Perioperative nutrition support therapy may be
beneficial in moderately or severely malnourished
patients if administered for 7-14 days preoperatively,
but the potential benefits of nutrition support must
be weighed against the potential risks of the
nutrition support therapy itself and of delaying the
operation.

4. Nutrition support therapy should not be used
routinely as an adjunct to chemotherapy.

5. Nutrition support therapy should not be used
routinely in patients undergoing head and neck,
abdominal or pelvic irradiation.

6. Nutrition support therapy is appropriate in patients
receiving active anticancer treatment who are
malnourished and who are anticipated to be unable
to ingest or absorb adequate nutrients for a
prolonged period of time (7-14 days).

7. The palliative use of nutrition support therapy in
terminally ill cancer patients is rarely indicated.

8. Omega-3 fatty acid supplementation may help
stabilize weight in cancer patients on oral diets
experiencing progressive, unintentional weight loss.

9. Patients should not use therapeutic diets to treat
cancer.

10. Immune-enhancing enteral formulas containing
mixtures of arginine, nucleic acids and essential fatty
acids may be beneficial in malnourished patients
undergoing major cancer operations.
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education and supplementation in the form of protein pow-
ders and supplements, patients can optimize their caloric
intake to be nutritionally robust. If there are anatomic or
physiologic factors that prohibit oral intake, access to the GI
tract may be obtained via a gastrostomy or a jejunostomy
feeding tube. The enteral route for nutritional support is
generally preferred over parenteral nutrition because it is
more cost-effective and is associated with fewer infection-
related complications [43]. If enteral nutritional support is
not feasible (e.g., bowel obstruction, malabsorption second-
ary to short gut syndrome and enterocutaneous fistulae),
then the parenteral route is an option.

Preoperative nutritional support

Preoperative nutritional support has been hypothesized to
benefit patients undergoing cancer surgery by mitigating
the consequences of suboptimal nutrition on postoperative
morbidity and mortality. The routine (routine referring to
administration regardless of the patient’s nutrition status)
use of preoperative parenteral nutrition is not appropri-
ate [36,42]. Patients with mild malnutrition do not benefit
from TPN and actually have more infectious complications.
In contrast, in severely malnourished patients who receive
TPN, the rate of non-infectious complications and ‘healing’
complications (e.g., wound dehiscence, anastomotic leak,
fistula formation) is significantly lower. So, the use of preop-
erative TPN should be limited to patients who are severely
malnourished unless there are other specific indications.
There is growing evidence that traumatic and surgical insult
is associated with a period of relative immune suppression,
which may expose patients to subsequent risk of infection.
Despite significant changes in elective surgical care and
newer antimicrobial agents, postoperative infectious com-
plications remain common, adding to length of hospital
stay, healthcare costs and potential excess mortality.

Recently, the main focus of clinical nutrition has moved
from the issue of simply covering energy and nitrogen
requirements (nutritional support) to the new concept of
supplementing selected nutritional substrates because of
their specific pharmacological effects (nutritional therapy).
Immunonutrition is probably one of the best examples of
the application of nutritional therapy in the clinical sce-
nario [44]. The main purpose is to modulate the postopera-
tive metabolic response by giving perioperative nutritional
formulas supplemented with specific nutrients such as
arginine, glutamine, omega-3 fatty acids, nucleotides and
others. The main target of these new diets is not solely to
provide energy and nitrogen, but to modulate inflamma-
tory, post-injury response and to counteract postoperative
immune impairment which may per se increase patient sus-
ceptibility to infectious complications.

Glutamine constitutes more than half of the body’s amino
acid pool [45]. Although considered to be a non-essential
amino acid, catabolism-inducing states like surgery, sepsis
and trauma can lead to a spike in its consumption, out-
stripping the body’s production. For this reason, glutamine

should be viewed as a ‘conditionally essential’ amino
acid [46]. One of glutamine’s major functions is to shuttle
nitrogen between organs and serve as fuel for rapidly pro-
liferating cells such as enterocytes, lymphocytes and fibro-
blasts [47]. Glutamine is also central to multiple processes
in intermediary metabolism such as the synthesis of purines
and pyrimidines, modification of proteins and lipids to
allow for signal transduction and secretion, and neutraliza-
tion of oxidative stress associated with rapid metabolism
and other causes [48].

Arginine, like glutamine, is a non-essential amino
acid that becomes conditionally essential during catabolic
states [49]. In cancer patients, arginine improves nitrogen
balance and boosts host immune function. Arginine defi-
ciency after surgical stress was reported more than 30 years
ago, although the mechanisms behind this have remained
unknown for years. When given alone, arginine reduced the
incidence of wound complications and hospital LOS, and
improved both disease-free and overall survival in head and
neck cancer patients [50,51].

Synthetic polyribonucleotides stimulate immune func-
tion, possibly via modulation of intracellular regulatory
enzymes [49]. Nucleic acids seem to modulate both the
cell-mediated and humoral immune systems through an
increased production of interferon.

Essential polyunsaturated fatty acids (PUFAs) of either
the omega-6 (n-6) series derived from linoleic acid or the
omega-3 (n-3) series derived from linolenic acid can alter
the expression of membrane-bound receptors. They are
also central to the synthesis of intermediate compounds,
such as prostaglandins, leucotrienes and hydroxyacids.
Omega-3 PUFAs increase the production of eicosanoids
that improve immune response, while attenuating inflam-
matory response [52].

In the last few years, four meta-analyses have been pub-
lished on the clinical impact of perioperative immunonutri-
tion [53-56]. In all the included randomized clinical trials
(RCTs) control groups received an isoenergetic, isonitrog-
enous standard enteral formula. Postoperative mortality
was similar in the immunonutrition and control groups.
The most important finding was that immunonutrition sig-
nificantly reduced the overall morbidity rate, particularly
postoperative infectious complications. Moreover, immu-
nonutrition shortened length of hospital stay, probably as
a direct consequence of a lower postoperative complica-
tion rate. The best results have been obtained when argi-
nine and omega-3 fatty acids were given together. It could
be speculated that they may act synergistically to modulate
both immune and inflammatory postoperative responses
and consequently to improve short-term postoperative
outcomes. Moreover, beneficial effects on clinical outcome
have been found in both malnourished and well-nourished
patients and in both GI and non-GI surgery. An early
postoperative increase of myeloid-derived cells express-
ing arginase 1 which deplete arginine has been recently
reported [55]. Coupled with a poor arginine intake this can
lead to an arginine deficiency state and consequently to
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a suppression of T-lymphocyte function. We can speculate
that arginine supplementation can overcome this deficiency
and omega-3 fatty acids can blunt upregulation of myeloid-
derived cells and decrease arginase 1 expression. Further
studies are required to better elucidate other possible inter-
actions between arginine, omega-3 fatty acids and nucleo-
tides. Moreover, dose-response studies should better clarify
which is the optimal dose of each substrate to maximize
benefits in surgical patients.

Perioperative nutrition support

As in most clinical settings, judgment for the use of
perioperative nutrition is paramount. The 2009 ASPEN
clinical guidelines for nutritional support therapy during
adult anticancer treatment state that perioperative nutrition
support therapy may be beneficial in moderately or severely
malnourished patients if administered for 7-14 days
preoperatively. However, they state that the potential ben-
efits of nutrition support must be weighed against the
potential risks of the nutrition support therapy itself delay-
ing the operation [43]. Their review of the data indicates
that the majority of parenteral versus standard oral intake
studies find no differences in morbidity or mortality with
the use of parenteral nutrition versus a standard oral diet
[12,36,42,43,57-60]. Additionally, little difference has been
found in morbidity and mortality in studies comparing
enteral to parenteral nutrition. Enteral nutrition is favoured
because it is thought to be more cost-effective and facilitate
glycaemic management. Based on the review of the avail-
able studies, it appears that most studies report no differ-
ence in morbidity or mortality in enteral nutrition versus
standard oral intake in patients with malignancy. This has
been studied in both the preoperative and postoperative
setting [37,58,61,62].

SPECIAL CONSIDERATIONS ACCORDING
TO TUMOUR TYPE

There is a relation between weight loss and tumour type:
malnutrition appears more common in GI, head and neck
and lung tumour than in other types of cancer, and it is
associated with a poor prognosis [63].

Conversely, patients with favourable subtypes of non-
Hodgkin’s lymphomas, breast cancer, acute non-lymphocytic
leukemia and sarcoma have the lowest prevalence of weight
loss (31-41%).

GI cancer patients are considered at high risk for mal-
nutrition, and the prevalence of preoperative malnutrition
among them has been reported as nearly 10-20%. Incidence
rates of weight loss or malnutrition range from 79% to 100%
for esophageal cancer, from 44% to 87% for gastric cancer
and from 40% to 72% for head and neck cancer.

Head and neck cancer may cause dysphagia and ody-
nophagia; more than 50% of patients with advanced head
and neck cancer have a markedly impaired nutrition and
significant involuntary weight loss at the time of diagnosis.

Furthermore, these patients may have underlying chronic
malnutrition at presentation due to alcohol or tobacco abuse
and unhealthy dietary habits [64].

Sometimes primary mediastinal tumours, such as
lymphoma, as well as metastatic tumours, such as lung
tumours, may cause dysphagia due to esophageal involve-
ment. Esophageal cancer typically causes progressive dys-
phagia, odynophagia and regurgitation, and about 50-80%
of these patients present with malnutrition at diagnosis.

Common presenting symptoms of gastric cancer
include loss of appetite, early satiety and abdominal
discomfort. In the colorectal cancer population specifi-
cally, rates of malnutrition have been documented to be
between 20% and 56% [65]. The presenting symptoms of
pancreatic cancer can include pain, loss of appetite, steat-
orrhoea or dyspepsia and the prevalence of malnutrition
ranges from 50% to 88% depending on the type of assess-
ment utilized [66].

ENHANCED RECOVERY AFTER SURGERY

The purpose of the enhanced recovery after surgery (ERAS)
pathway is to reduce postoperative stress and improve
clinical practice by incorporating evidence-based medi-
cine into patient management [67]. To fully implement an
ERAS pathway, a multidisciplinary team involving at least
surgeons, an anaesthesiologist and nurses is necessary.
Optimal pain control, prevention of fluid overload and
aggressive postoperative rehabilitation, including the early
recovery of oral feeding and mobilization, should improve
short-term outcomes after surgery [68]. Several items have
been incorporated into the ERAS pathway (Figure 11.1). All
recommendations for specific items are strongly supported
by high-level published evidence.

There is a strong level of evidence against the routine use
of NG/NJ decompression following GI surgery. Surgical
morbidity was not significantly influenced by decompres-
sion [69-71]. The most recent of the meta-analyses and the
Cochrane review concluded that patients without routine
decompression experienced significantly less pulmonary
complications, earlier time to flatus, earlier time to oral
dietary intake and a shorter hospital stay.

A nil-by-mouth regimen for several days postoperatively
has traditionally been enforced for patients who undergo GI
surgery [72]. A large Norwegian multicentre trial random-
ized major upper GI and HPB surgery patients to food at will
from postoperative day 1 [73]. Of 447 patients included, 77
were subject to total gastrectomy and a significant reduction
in the number of intra-abdominal abscesses was dem-
onstrated for those allowed food at will in this subgroup.
Importantly, no trial has reported any adverse outcome
from any attempt at introducing patient-controlled or early
scheduled food for patients undergoing GI surgery. One
may assume that total calorie intake is low for the first days
and that some patients will need additional sip feeds or arti-
ficial tube or catheter feeding. A recent educational review
on nutritional care for patients undergoing esophagus and
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Figure 11.1 ERAS pathway.

gastric surgery recommends nutritional support postopera-
tively in patients who have not reached 60% of desired intake
by the first week following surgery [74]. Nutritional support
should preferably be by high-energy oral sip feeds. Enteral
tube feeding is indicated where oral intake is not possible
and parenteral nutrition only when the gut is not working
or is inaccessible. While robust data are lacking, it appears
wise and safe to provide more intensive nutritional support
both pre- and postoperatively to severely malnutritioned
patients. Mechanical bowel preparation (MBP) may cause
dehydration and fluid and electrolyte imbalance, especially
in the elderly [75]. Meta-analyses of trials performed on
patients undergoing colonic surgery have not shown MBP
to be beneficial [76,77].

Reduced postoperative pain has not been demonstrated
following pre-emptive use of analgesics [78], but medica-
tions for chronic pain should be continued perioperatively.
Pre-induction anxiolytic medication might increase seda-
tion postoperatively on postoperative day 1 [79,80], and the
benefits of this are uncertain. However, short-acting drugs
to alleviate anxiety may be helpful during insertion of an
epidural catheter in some patients. Also, a carbohydrate-
rich drink has been shown to attenuate anxiety [81].

Continuous epidural analgesia (EDA) with or with-
out opioids provides significantly less postoperative pain
than parenteral opioids after open abdominal surgery.
A Cochrane review demonstrated that EDA is better than
patient-controlled intravenous opioid analgesia in relieving
pain 72 h after open abdominal surgery [82] and epidural

administration of local anaesthetic leads to lower occur-
rence of ileus after laparotomy than systemic or epidural
opioids. EDA is also associated with fewer complications as
well as an improvement in pulmonary function, decreased
risk of postoperative pneumonia, better arterial oxygen-
ation after abdominal or thoracic surgery [83] and reduced
insulin resistance [84].

A comparative non-randomized study has indicated
that an ERAS protocol with early mobilization, metoclo-
pramide and removal of nasogastric tube on day 1 or day
2 reduced the rate of postoperative nausea and vomiting
(PONV) after pancreaticoduodenectomy [85]. Until fur-
ther evidence becomes available for gastric cancer sur-
gery, the suggestions for patients undergoing colorectal
surgery [86] should be applicable: Patients with two risk
factors (non-smokers, females, a history of motion sickness
or PONYV, postoperative administration of opioids) [87]
should be given prophylaxis with dexamethasone upon
induction or a serotonin receptor antagonist at the end
of surgery [88]. High-risk individuals (three risk factors)
should receive general anaesthesia with propofol and remi-
fentanil and no volatile anaesthetics and dexamethasone
4-8 mg at the commencement of surgery, with the addi-
tion of a serotonin receptor antagonist or droperidol, or
25-50 mg metoclopramide 30-60 min before the end of
surgery [89]. Ondansetron can be used for prophylaxis and
treatment.

Numerous meta-analyses and RCTs [90-93] have shown
that preventing hypothermia during major abdominal
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surgery reduces the occurrence of wound infections, car-
diac complications, bleeding and transfusion require-
ments, as well as the duration of post-anaesthetic recovery.
Prolonging systemic warming in the perioperative period
(2 h before and after surgery) confers further benefits.

Both overload of salt and water and hypovolemia in the
perioperative period increase postoperative complication
rates [94-96], suggesting that near-zero fluid balance should
be achieved perioperatively. Deciding the correct amount
required is complicated by the use of epidurals as it causes
vasodilatation and hypovolemia with hypotension, often
diagnosed and treated as fluid depletion. This may result
in the administration of large volumes of fluid instead of
a vasopressor. Thus, to avoid unnecessary fluid overload,
vasopressors should be considered for intra- and postopera-
tive management of epidural-induced hypotension. Delayed
resumption of gut function combined with surgical trauma
leads to a lengthened recovery period in patients undergo-
ing major GI surgery. Extended bed rest is associated with
several unwanted effects [97]. Literature is wanting on this
matter, but the present authors support the use of written
day-to-day instructions for patients with detailed targets
postoperatively. This improves autonomy and cooperation
with patients. Day-to-day progress can be documented with
simple monitoring devices.

Enhanced recovery protocols for perioperative care have
proven valuable in reducing complications after surgery,
improving overall outcomes and shortening LOS, thus also
saving resources. Updated and evidence-based guidelines
are now available for colonic and rectal resections and pan-
creaticoduodenecomies [98-100]. In a recent meta-analysis
including 16 RCTs, the ERAS pathway does not increase
postoperative mortality and anastomotic leak rates after
elective colorectal surgery [101]. This clearly confirms that
the early recovery of oral feeding after surgery has no det-
rimental effect on anastomotic healing. A common idea in
the surgical community is that the ERAS pathway reduces
LOS, while increasing the hospital readmission rate. Data
from the RCTs confirm that the ERAS pathway significantly
shortens LOS, while readmission rates remain similar to
those of the control group. The ERAS pathway significantly
reduced overall postoperative morbidity, particularly non-
surgical complications. Not surprisingly, respiratory and
cardiovascular complication rates were very low in the
ERAS group because of beneficial effects of fluid restric-
tion, avoidance of long-acting opioids and earlier mobiliza-
tion. Evidence of the significant reduction of non-surgical
complications is consistent with the beneficial effects of the
ERAS pathway in the elderly, and in patients with severe
comorbidities [102].

CONCLUSION

Nutritional state is adversely affected in cancer patients
which may have a significant impact on surgical and can-
cer-related outcomes. Measures to enhance nutritional
status in those with malnutrition in the pre-, peri- and

postoperative period may be beneficial and new evidence-
based guidelines are now available to guide best prac-
tice. Enhanced recovery programmes which incorporate
nutritional strategies are increasingly recognized as ben-
eficial in reducing outdated surgical dogma and improv-
ing outcomes.
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