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Preface

Advances in diagnostic techniques and therapeutic modalities have brought about
significant progress in the management of many hematologic malignancies. For the
practicing clinician these changes are occurring at a rapid rate and it is difficult to
keep informed of all the new information. Therefore, most physicians focus on the
major diagnostic and therapeutic changes in common cancers, and it is often a
challenge to stay up to date on the advances in the less common malignancies.
Furthermore, it is difficult to find the new information in a timely fashion when
seeing patients with an uncommon or unusual hematologic malignancy. In this
book, we have assembled data on rare hematologic malignancies to provide a
concise resource for practicing oncologists. Each chapter provides information on
the biology of the various rare hematologic diseases but also focuses on the latest
therapeutic advances. Because of the paucity of clinical trials in most of these
diseases, the authors have not only summarized the literature but also provided their
own expertise regarding management of patients. We trust that this book will be
helpful to physicians seeing patients with uncommon hematologic malignancies,
and will also be of benefit to patients by providing the treating physicians with
recommendations concerning the optimal management of diseases that are uncom-
monly seen in their practice.

Stephen M. Ansell, MD, PhD
Division of Hematology
Mayo Clinic
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Chapter 1
Polycythemia Vera and Other
Polycythemia Syndromes

Richard T. Silver

1.1 Introduction

Polycythemia vera (PV) is an acquired clonal hematopoietic stem cell disorder
characterized by the overproduction of red and white blood cells and platelets in the
absence of any appropriate stimulus for these events. For this reason, it is considered
one of the four myeloproliferative diseases, which include essential thrombocythemia,
primary myelofibrosis (PM), and chronic myeloid leukemia, all diseases which
reflect varying degrees of erythroid, myeloid, and megakaryocytic marrow hyperpla-
sia. Polycythemia, in general, can be defined as an increase in the volume of circulat-
ing red cells per kilogram of body weight or, equivalently, an increase in the red blood
cell mass. Clinically, this is expressed as an absolute increase in the number of
red cells, usually but not always accompanied by corresponding increases in the
hemoglobin and hematocrit. Polycythemia might occur as a result of a primary
disease of unknown cause, PV, or as a secondary manifestation of other illnesses.
In the past, the diagnosis of PV was often an exclusionary diagnosis; now it is
made more easily because of the JAK2"*'”" molecular abnormality (vide infra)
found in this disease. Untreated PV leads to thrombohemorrhagic complications
and eventually to progressive myelofibrosis, anemia, and splenomegaly.

1.2 Definitions

The terms “erythremia” and “erythrocytosis” are often used to refer to primary and
secondary polycythemia, respectively. Others use erythremia as a classification for
patients whose only abnormality is an increased red cell volume. The term “relative”
polycythemia is a misnomer. A better term is “false” polycythemia, because it is not
polycythemia since the red cell volume per kilogram of body weight is normal.
In this instance, the increased hematocrit is related to a decrease in plasma volume.
In PV, the plasma volume may be increased, normal, or decreased. Other terms
referring to false or relative polycythemia include stress polycythemia, stress
erythrocytosis, pseudopolycythemia, and benign polycythemia (1).

S.M. Ansell (ed.), Rare Hematological Malignancies. 1
© Springer 2008



2 R.T. Silver

The determination of red cell volume per kilogram of body weight separates
both primary and secondary polycythemia from false polycythemia. PV is differ-
entiated from secondary polycythemia by other means (to be described) but not
by a red blood cell volume determination.

1.3 Presenting Signs and Symptoms

Polycythemia vera is twice as common in men as in women. It is usually a disease
of middle age, but its range extends broadly from 20 to 60 or 70 years. Forty
percent of our patients are under age 50 (1); rare cases of PV have been described
in children (2). PV has been reported rarely in African Americans and is said to
occur with increased frequency in Jews (3). Whether the latter observation is
related to selection by virtue of specific hospital populations is not clear. The
development of symptoms, which is often insidious, is related to increased red
cell mass and whole-blood viscosity and an increased number of platelets. These
symptoms include easy fatigue, weakness, shortness of breath, dizziness,
tinnitus, bone pain, visual disturbances, headaches, erythromelalgia, pounding
in the ears, and pruritus. The pruritus increases in intensity after a tub bath and
less often after showering. It is worse when the temperature of the water is warm
rather than cool. Burning or throbbing pain in the legs, feet, or hands might
occur, which might be accompanied by a mottled redness.Abnormalities of
coagulation are responsible for the hemorrhagic tendency and paradoxically
contribute to thrombotic episodes. Either might be the presenting manifestation
of PV, but thrombotic events predominate. Most often, these episodes result
from qualitative and quantitative platelet abnormalities or to acquired abnormal-
ities of Von Willebrand’s factor (4), which resembles type II v WF disease.

The most common source of major hemorrhage is the upper gastrointestinal
tract, where peptic ulcer has been reported in about 10% of patients (5). Thus, iron
deficiency might distort the overall picture because of anemia, hypochromia, and
microcytosis. Sometimes iron deficiency occurs in a previously polycythemic
woman owing to menometrorrhagia producing the same distorted picture. In these
instances, the nature of the underlying polycythemia is revealed when hemorrhage
is controlled and the anemia has been treated with iron.

Patients referred because of small vessel thrombosis of the hands or feet may
suffer from polycythemia. Erythromelalgia might be observed in PV, especially in
those patients with significant thrombocythemia (6). Thrombosis of larger vessels
may involve the arterial and venous circulations of the heart, brain, liver, spleen,
gastrointestinal tract, and lung. Thrombophlebitis is common. Acute gouty attacks
can accompany excess production of uric acid (7).

Particularly serious thrombotic events typically associated with PV include
abdominal vein thrombosis (e.g., Budd-Chiari syndrome) and obstruction of the
portal, mesenteric, and/or splenic system (8). In this case, red cell mass studies in
addition to a JAK2"*"F determination can be extremely helpful because erythropoietin
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levels may be increased (9) and the presence of splenomegaly might not be
diagnostically helpful. If the JAK2"%/7F abnormality is found and the red cell mass
is increased, phlebotomy is usually required (10).

1.4 Physical Findings

In the early stage of PV, the conjunctivae are injected. The liver is palpable in about
50% of patients, and the spleen is palpable in about 60% of patients (1). The size
of the spleen depends on the stage of the illness and ranges from barely palpable
below the left costal margin to massive enlargement filling the left half of the
abdomen. Extremely large spleens might herald the future development of myelofi-
brosis and myeloid metaplasia.

1.5 Hematologic Manifestations

Red cell counts of 7-10 million cells/uL, hematocrit values of 55-70%, and
hemoglobin concentrations of 18-24 mg/dL have been observed (1). Often the
hemoglobin is not increased as much as the red cell count; thus, the hematocrit
might be slightly reduced in proportion to the erythrocyte count. If there has been
hemorrhage, the hemoglobin content of the red blood cells is reduced more than
their size, and the red cells appear hypochromic and microcytic. In general, how-
ever, the individual erythrocytes appear normocytic and normochromic. A rare
normoblast may be found. The number of reticulocytes is usually normal except
after hemorrhage.

In about half of the patients, there is a moderate increase in the peripheral
leukocyte count, ranging from 10,000 to 30,000 cells/uL. Values greater than
50,000 cells/uL have been reported (11). Metamyelocytes may be seen in the
peripheral blood smear. An increase in the absolute basophil count may be seen
and might be related to certain features of PV, such as peptic ulcer and pruritus.

The number of blood platelets is increased above 400,000/uL in more than 80%
of patients at the time of diagnosis and assumes diagnostic importance (12). In most
of these patients, the platelet count ranges between 500,000 and 1 million/uL, but
in some, the initial platelet count may be more than 1 million/puL. On occasion, the
platelet count may increase after spontaneous bleeding or phlebotomy, although
there has been no specific correlation between platelet count before phlebotomy
and thrombosis.

The bone marrow in patients with PV is hypercellular, and marrow fat is reduced,
findings particularly well appreciated in biopsy sections (13—15). Each of the three
developmental series, erythroid cells, granulocytes and megakaryocytes, typically
participate in the hyperplasia, although erythroid hyperplasia is paramount. (In contrast,
the hyperplasia in secondary polycythemia is typically confined to the erythroid
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series.) There is no abnormality in erythroid maturation; orthochromic normoblasts
predominate. There may be a slight shift to the left in the neutrophilic series.
Eosinophils and basophils are prominent.

Bone marrow examination by itself cannot unequivocally distinguish primary and
secondary polycythemia. However, a hyperplastic granulocyte series with evidence
of cellular immaturity and an increase in megakaryocytes of variable size favor PV
(16). Marrow iron stores are depleted more often in primary rather than in secondary
polycythemia, a finding of diagnostic importance. However, because secondary iron
deficiency is so common in women, the absence of marrow iron might not always
be of significant differential diagnostic value in the female patient.

Normally, reticulin fibers, also known as type 3 collagen, extend throughout
the marrow and provide a supporting stroma for hematopoietic cells. In disease
states, two different patterns of the reticulin network can be recognized. The first
consists of an increased prominence of the normal network, which probably
occurs in response to an increase in functioning hematopoietic tissue. It is a
nonspecific change, because it is found in many hematologic disorders (13-16).
This second, or “fibroblastic,” pattern, consisting of type 1 collagen, results in
coarsening of the network, resulting from the formation of fibers that are thicker
than normal. These thick fibers tend to form bundles or fascicles that follow a
waving or swirling course. The fibroblastic pattern is seen in patients with PV and
other myeloproliferative diseases (14—16).

1.6 Hyperuricemia

Hyperuricemia, a characteristic of all myeloproliferative diseases, occurs in many
patients with PV. A good correlation between serum urate concentration and red
and white cell counts has not been demonstrated. The incidence of gout in patients
with PV has ranged from 5% to 10%. Although gout may precede the development
of PV, it usually occurs 5-10 years after the onset of the disease (1).

Increased urate production and excretion may result in the precipitation of uric
acid in the kidneys, causing stones or uric acid nephropathy. Renal colic is an
unusual presenting manifestation of patients with PV, but it has been observed (1).
Although serum uric acid may be increased in secondary polycythemia, it is rare to
find the same high concentrations that occur in the primary disease.

1.7 Natural History

An appreciation of the natural history of PV is required because a patient might
be observed during a stage when the disease is in transition. PV is an illness of
reasonably long duration, usually ranging from 10 to 20 years. Although phlebotomy
and other treatment modalities influence the course of the disease and its clinical
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manifestations, unsuccessful treatment and/or the natural history of the disease
after a number of years is associated with a fall in hemoglobin concentration and
the gradual development of anemia. The spleen (and sometimes the liver) progres-
sively enlarges and may fill the entire abdomen. Splenic infarcts, causing mild to
severe left upper quadrant pain, may mimic an acute abdominal crisis or renal colic.
Rarely, the enormous spleen causes large bowel obstruction. Erythrocytes of varia-
ble size and shape, teardrop forms, nucleated red cells, and immature granulocytes
appear in the peripheral blood. The white blood cell count, often normal or moder-
ately increased throughout the early and middle phases of the illness, continues to
rise. Blood platelets may increase or decrease in number. Bone marrow examina-
tion at this time reveals a prominent “fibroblastic” and reticulin network, myelofi-
brosis, and osteosclerosis. Although the degree of extramedullary hematopoiesis
(myeloid metaplasia) generally is proportional to the duration of the disease, some
patients display features of it early in the course of the illness and even relatively
early during the polycythemic phase. Without an antecedent history of PV, it might
appear that the patient is suffering from primary myelofibrosis (PM) with myeloid
metaplasia. Sometimes the clinical and hematologic picture resembles chronic
myeloid leukemia, which is readily excluded by examining the peripheral blood or
marrow for the BCR-ABL gene rearrangement. Moreover, the Philadelphia chromo-
some, the hallmark of chronic myeloid leukemia, is never present in PV. Acute
myeloid leukemia occurs as a terminal event in PV (17), indistinguishable from that
which occurs in myelofibrosis with myeloid metaplasia or myeloid blast-phase
chronic myeloid leukemia.

1.8 Diagnostic Tests

1.8.1 JAK2 Vo7

Within the past few years, the finding of a specific mutation in the JAK-STAT
signaling pathway in PV, essential thrombocythemia, and primary myelofibrosis
with myeloid metaplasm has revolutionized our diagnostic abilities and our
understanding of the pathophysiology of these disorders.

There are four members of the Janus kinase (JAK) family, Janus kinases 1, 2,
and 3 and tyrosine kinase 2 (JAK1, JAK2, JAK3, and TYK2, respectively), with
slightly different functions. Each has a kinase domain and a catalytically inactive
pseudokinase domain, which has an important regulatory function. To some, the
presence of these two similar domains in the protein, one active and the other
inactive, suggested the Roman god of gates and passageways, Janus, who had the
ability to look simultaneously in two directions (18).

The JAK proteins function as intermediates between membrane receptors and
signaling molecules. When particular cytokines or growth factors bind to their recep-
tors on JAK proteins, the kinases associated with the cytoplasmic regions of these
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receptors become phosphorylated and thereby activated. This activation causes dock-
ing sites for downstream molecules, notably those of the STAT system (signal trans-
ducers and activators of transcription), which become activated and enter the nucleus,
where they function as transcription factors. JAK?2, the third Janus kinase discovered,
is activated particularly when receptors bind to hematopoietic growth factors, also
known as type 1 cytokine receptors, such as erythropoietin, granulocyte-colony
stimulating factor (G-CSF), granulocyte macrophage-colony stimulating factor
(GM-CSF), and thrombopoietin (18, 19).

The JAK2Y57F mutation lies within the negative regulatory domain of JAK2
known as the pseudokinase or Janus homology 2 (JH2) domain. In this mutation,
phenylalanine is substituted for valine in codon 617 (V617F) of the JAK2
nucleotide 1849, which leads to independent activation of cellular pathways in
erythropoietic receptor signaling and without need for erythropoietin. The
mutation might be either heterozygous or homozygous. Homozygosity is thought
to be related to more advanced disease (20) and to predict for major vascular
events (21).

Our studies (22) and those of others (21-25) have shown that JAK?2 is present in
more than 95% of patients with the clinical phenotype of PV (19-23). It is also
found in approximately 50% of patients with essential thrombocythemia (ET) or
primary myelofibrosis, about 3% to 5% of patients with myelodysplasia, acute
myeloid leukemia, systemic mastocytosis, and chronic neutrophilic leukemia, and
10-30% of normal individuals (20-25). Loss of the V617F gene has been observed
in previously positive PV patients who develop acute myeloid leukemia (26).

The search for new mutations in members of the JAK family, particularly in
those patients with V617F negative polycythemia has been the subject of intense
scrutiny. New mutations, indeed, have been found in members of the JAK and
STAT families in patients with V617F negative PV or idiopathic erythrocytosis.
Four somatic gain of function mutations affecting JAK2 exon 12 have been
described in 10 patients negative for JAK2V5/7F (27). These were found in marrow
samples from patients who presented with an isolated erythrocytosis and distinctive
bone marrow morphology. The platelet counts were less than 450,000/uL and the
neutrophil counts were normal. Some also had reduced serum erythropoietin levels.
Erythroid colonies could be grown from blood samples in the absence of exogenous
erythropoietin. These erythroid colonies were heterozygous for the mutation,
whereas colonies homozygous for the mutation occurred mostly in patients with
V617F-positive PV. Three of the exon 12 mutations included a substitution of
leucine for lysine at position 539 of JAK2.

The discovery of the JAK2 abnormality has broad implications for the present
and the future both for diagnosis and treatment. There is now an intense search for
new therapeutic agents that may affect JAK2 expression and might be effective in
the treatment of PV and related disorders. The sensitivity of the techniques for
detecting and measuring JAK2V5’F or its variants will improve in the immediate
future. Other mutations, similar to those described earlier, may soon be discovered.
In the meantime, it is still important to review a recommended method for the
diagnosis of PV in those patients with the phenotypic clinical and hematologic
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Table 1.1 Clinical classification of polycythemia

Primary polycythemia (polycythemia vera)
JAK2V®'F _ Positive 95+ % (and variants)
JAKVO'F — Negative <5%
Secondary polycythemia—JAK2V5F negative
Related inadequate oxygen delivery to tissues with respect to need
Due to increased arterial oxygen tension
With physiologic or anatomic cardiopulmonary abnormalities
Abnormalities of lungs, chest, bellows, or ventilator control mechanisms
Right-to-left vascular shunts
Without physiologic or anatomic cardiopulmonary abnormalities
Impaired oxygen-carrying capacity of hemoglobin
Normal oxygen-carrying capacity of hemoglobin
Truncated erythropoietin receptor
Congenital polycythemias (e.g., “Chubash”)
Due to increased blood flow-congestive heart failure
Unrelated to inadequate oxygen delivery of need usually accompanied by increased serum levels
of erythropoietin and associated with benign or malignant lesions:
Kidney—cysts, hydronephrosis, hypernephroma, sarcoma
Cerebellum—hemangioblastoma
Uterus— myoma
Liver—hepatoma, hamartoma
Other—adrenal (pheochromocytoma), lung

characteristics of PV in whom a JAK2"’F abnormality cannot be demonstrated.
Until recently, the diagnosis of PV was essentially an exclusionary one, usually
based on the criteria of the Polycythemia Vera Study Group (PVSG) or its many
suggested modifications (28, 29). An alternative schema, which we have used and
validated, is shown in Table 1.1.

1.8.2 Endogenous Erythroid Colonies

For many years, the measurement of endogenous erythroid colonies had been an
important marker for diagnosing PV (30). However, this is a laborious test usually
restricted to research laboratories, and from a diagnostic standpoint, this has fallen
out of diagnostic favor because of the use of the JAK2 determination. However, it
is described here because of its biologic importance.

In normal individuals, erythroid colonies grow only in culture media that are
supplemented with erythropoietin (EPO). Erythroid progenitor cells obtained from
blood or marrow from PV patients grow in semisolid serum-containing cultures in
the absence of EPO (27, 31). This spontaneous growth of erythroid colonies, known
as endogenous erythroid colony formation, is observed in some cases of essential
thrombocythemia and idiopathic myelofibrosis but not in normal subjects. The
formation of these cultures was first thought to be to the result of hypersensitivity
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of the cells to tiny amounts of EPO in the culture media and to sensitivity to other
growth factors such as interleukin (IL)-3, stem cell factor, GM-CSF, and throm-
bopoietin, and GM-CSF insulin-like growth factor-1 (31,32). The augmented
response of erythroid progenitors to growth factors suggested there was an abnor-
mality in EPO signaling that controlled the process of proliferation, maturation,
and cell death. However, subsequently, it became clear that growth of these colo-
nies was truly independent of EPO because it was not blocked by anti-EPO neu-
tralizing antibodies (31).

1.8.3 PRV-1mRNA Overexpression

A molecular marker of interest in PV is the measurement of granulocyte levels of
PRV-1mRNA. Several studies suggested that overproduction of PRV-1 mRNA
could be a marker of clonal hematopoiesis in PV (33-36). The frequency of finding
this marker could be attributed to differences in sampling technique (37).
Furthermore, elevations in granulocyte levels of PRV-1 mRNA are not specific for
the chronic myeloproliferative diseases as initially believed. PRV-1 values, like the
leukocyte alkaline phosphatase score, are higher in pregnancy, infection, and after
G-CSF administration (36, 37). Thus, it appears to be a secondary phenomenon to
myeloproliferation rather than a primary event, similar to high serum B , levels and
increased leukocyte alkaline phosphatase values (36-38).

1.8.4 Thrombopoietin Receptor (c-MPL)

Abnormalities of thrombopoietin receptor, c-MPL, have been involved in our
understanding of the myeloproliferative diseases. Intuitively, one might think the
expression of c-MPL would be increased in PV and ET; in fact its expression is
reduced in ET and PV (39). This is related to impaired c-MPL glycoslation rather
than c-MPL gene disruption or repression of transcription factors (40). Moreover,
because c-MPL expression is also reduced in Idiopathic Myelofibrosis (IMF), it is
not valuable as a diagnostic marker, notwithstanding its biologic interest.

1.8.5 Hematocrit

Polycythemia is first suspected most commonly because of abnormalities of
hematocrit values. However, the extent of reliance on the hematocrit for the
diagnosis of polycythemia is the source of much confusion both at the bedside
and in published texts. Despite a reasonably good correlation between the hemat-
ocrit and the circulating total red cell volume over a wide range of hematocrit
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determinations, the value of a single hematocrit (HCT) measurement for predicting
total red cell volume is poor (28) unless the hematocrit is more than 60% (41-44).
At this level, there is excellent correlation between the hematocrit determination
and actual red cell mass. For values of HCT < 60%, the red cell mass must be
measured with radioactive chromium (Cr’!) to ascertain whether it is increased.
This is especially true for modest increases in HCT. To compare total red cell
volume from one individual to another, it is best to express it in terms of corrected
cubic centimeters per kilogram of body weight. Because fat tissue is relatively
avascular, obese individuals might have a falsely low red cell mass. A satisfactory
and widely used method for determining red cell volume is the direct tagging of red
cells with Cr’'. The method is easy to perform and is reproducible with a coefficient
of variation of 1.5% (28, 42-44). The red cell mass for a normal man is less than
36c¢c/kg and for a woman is less than 32cc/kg. Adjustments are made for obesity
(42-44). A normal red blood cell mass might be found on occasion in patients with
PV (e.g., after recent hemorrhage). In JAK2-negative patients with the phenotypic
characteristics of PV, the diagnosis still relies upon the clinical criteria that has been
discussed (vide infra).

The World Health Organization (WHO) recently revised its criteria for the
diagnosis of PV (45) and recommended Cr! red cell mass values as just
described among other criteria for the diagnosis of polycythemia (45). However,
it also allowed other surrogate markers for this test, including a hemoglobin
value in men of 18.5g/dL and a value of 16.5 g/dL. or more in women, as pub-
lished earlier (46). It is not clear how some of the hemoglobin values were
selected (44). The use of a single hemoglobin value is no more reliable than the
use of single hematocrit value, particularly in the lower ranges of presumed red
blood cell mass increase (41). Moreover, hemoglobin values are often compara-
tively lower than hematocrit and red blood cell values because of iron deficiency.
It is unfortunate that the use of these hemoglobin values has replaced the red cell
mass in many reports and studies of PV (47) because it permits the addition of
patients to studies who might not have had the disease. Moreover, the detection
of endogenous erythroid colonies is a laborious process restricted to certain
research laboratories. Thus, it is difficult to understand the reason why it was
recently listed as a minor diagnostic criterion for PV by WHO, as its use will be
so restricted.

1.8.6 Erythropoietin

Even in the JAK?2 era, the easy availability of a relatively routine test for measuring
serum erythropoietin remains important in the diagnosis of PV. Decreased arterial
oxygen tension typically leads to increased red cell production, presumably medi-
ated by erythropoietin. A major exception is in patients with emphysema who have
diminished arterial oxygen tension but normal red cell mass (48). An increase in
erythropoietin has, nevertheless, been demonstrated in some of these patients,
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implying that these patients are not polycythemic because of an inability to produce
erythropoietin.

Polycythemia unrelated to tissue hypoxia might be due to autonomous erythro-
poietin production by benign or malignant tumors (49, 50). Biologically active
erythropoietic substances, which have been demonstrated in plasma, urine, and
tissue extracts from such patients, are not subject to physiologic control mecha-
nisms and are independent of the red cell mass. The causal relationship between
polycythemia and tumor is indicated by the fact that, in many patients, remission
of polycythemia has occurred following removal of the tumor (51, 52). This type
of polycythemia has been most frequently associated with renal abnormalities,
especially neoplasms and benign cysts (51). From a diagnostic standpoint, it is
important to stress that with polycythemia accompanying tumors, there might be
increases in the platelet and white cell counts; even splenomegaly has been
reported. To confound the situation even more, the coexistence of primary and
secondary polycythemia (e.g., PV and chronic pulmonary disease) can occur.
Therefore, a high level of diagnostic vigilance must be maintained.

In contrast to the observations in polycythemia secondary to anoxia and tumors,
the polycythemia of PV is not oxygen dependent and is not usually associated
with increased erythropoietin in plasma or urine. In fact, erythropoietin output is
less than normal, because red cell production by the marrow is autonomous and
erythropoietin output is suppressed by the increased red cell mass.

Despite the aforementioned, our data suggest that only low erythropoietin levels
are of value in diagnosis. In analyzing our own data, we were surprised to find the
number of normal or elevated EPO values in JAK2'5/7F-positive patients at diagno-
sis; the cause for this is not clear (Table 1.2). The relation between erythropoietin
and polycythemia can be summarized as follows:

1. Increased, but regulated, erythropoietin production is proportional to the stimulus
in anemic but normal individuals and secondary hypoxemic polycythemia.

2. Autonomous erythropoietin production irrespective of red cell mass is observed
in secondary polycythemia accompanying erythropoietic related tumors.

3. Autonomous erythropoiesis by the marrow, unrelated to erythropoietin pro-
duction, and usually decreased levels of serum erythropoietin in PV.

Table 1.2 EPO levels determined
in 77PV patients at diagnosis at
New York Presbyterian Hospital

EPO Level

(mU/mL) Number (%)
<5 39 (51%)
5-10 24 (31%)
10-15 7 (9%)

>15 7 (9%)




1 Polycythemia Vera and Other Polycythemia Syndromes 11

1.8.7 Arterial Oxygen Saturation

Causes of secondary polycythemia can be classified for clinical use as (1) those
related to inadequate oxygen delivery that does not meet tissue needs and (2)
those that are not related to oxygen delivery. Customarily, an arterial oxygen
saturation of 92% or more has been considered characteristic of PV, whereas a
lower saturation has been regarded as evidence of polycythemia related to
hypoxemia. Recent studies have cast doubt on the usefulness of arterial oxygen
saturation measurements in subtle cases in differentiating primary and secondary
polycythemia, even when the latter is related to impaired arterial oxygen supply
(48, 53). For example, some patients with pulmonary disease have respiratory
alkalosis due to hyperventilation. This relates to the influence of pH on the
oxyhemoglobin dissociation curve. Oxygen saturation in these patients might
be normal even though arterial oxygen tension is significantly reduced. Of course,
in primary PV, the JAK2 molecular abnormality is found, whereas in those cases
of PV due to inadequate oxygenation the JAK2 test will be “negative.”

1.8.8 Vitamin B and Its Binding Proteins

In PV and other myeloproliferative diseases, concentrations of serum vitamin B and
vitamin B, capacity are increased more than normal, paralleling the degree of
leukocyte proliferation. Serum vitamin B, levels tend to be modestly increased in
PV and greatly increased in chronic myeloid leukemia (54). A similar, but more
striking, increase occurs in the unbound B, binding capacity (54). This test also
had diagnostic value in days prior to JAK2.

1.8.9 Leukocyte Alkaline Phosphatase

Because of the ready availability of other tests to exclude chronic myeloid leuke-
mia, including cytogenetics, fluorescent in situ hybridization tests, and analysis
of the peripheral blood or marrow for the abnormal BCR-ABL gene by polymer-
ase chain reaction (PCR), the LAP test is rarely used now. It is described briefly
because of references to it in the older literature. The test was used as a diagnostic
criterion of PV by the PVSG and to distinguish patients with PV from those with
chronic myeloid leukemia (55). The principle of the LAP test is based on the
amount and staining intensity of a dye precipitated at presumed sites of enzyme
activity within mature and band neutrophils, which are the only granulocytes with
significant LAP activity in the peripheral blood or bone marrow. Usually, periph-
eral blood is used and scored semiquantitatively; 100 neutrophils are graded O to 4+.
The total score thus ranges from 0 to 400.
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Abnormally low or absent LAP activity is observed in chronic myeloid leukemia
and in some patients with myelofibrosis with myeloid metaplasia. A marked
increase both in LAP activity and in the number of neutrophils showing such activ-
ity may be seen in PV, essential thrombocythemia, leukemoid reactions, and some
patients with myelofibrosis with myeloid metaplasia (primary myelofibrosis).

The normal LAP score ranges from 25 to 50. In leukemoid reactions and in PV,
it could rise to more than 200, whereas in chronic myeloid leukemia, it is usually
less than 25 (55).

1.9 Differential Diagnosis of Polycythemia Vera

The JAK2 abnormality has made the diagnosis of PV much easier. As previously
mentioned, it is found in 95% of patients with PV. However, because it is also found
in approximately 50% of patients with ET and 50% of patients with PM, if
the JAK2V®"”F abnormality is found, and if the HCT value is slightly elevated above
normal median values, it is mandatory to perform a Cr® red blood cell study
to determine whether there is an increase in red cell mass. (In our institution we also
routinely perform a radioactive iodinated albumin plasma volume study, which thus
allows us to measure total blood volume.) This is especially important in patients
with ET who have the JAK2V%”F mutation for these patients have been reported to
have a higher hemoglobin level than those without the mutation (56); it has been
suggested these patients might evolve into PV. Of course, unless a red cell mass
study is initially performed, it is impossible to unequivocally exclude PV at the
onset of the illness, as the true red cell volume will not be known.

What is the approach for patients who are polycythemic but do not have the
molecular JAK2 abnormality? As previously mentioned, the JAK2”F mutation is
found in approximately 95% of PV patients, a figure consistent with the findings in
our own institution (Table 1.1). Among the 5% JAK2-negative PV patients, some
carry the JAK2 exon 12 mutation. These patients have a different phenotype,
because they do not have thrombocytosis or splenomegaly and the bone marrow
shows only slight erythroid hyperplasia. However only one of our four JAK2"5/7F-
negative PV patients carried this mutation; therefore, other causes of polycythemia
have to be considered.

In most patients with secondary polycythemia due to hypoxemia, the structural
abnormalities of the heart and lung are sufficiently apparent to indicate the
underlying cause of the polycythemia. In patients with familial high-affinity hemo-
globin, the diagnosis is relatively easy because most, but not all, of these patients
have a positive family history. The initial laboratory tests should, of course, include
a hemoglobin electrophoresis and an oxygen tension at which hemoglobin is 50%
saturated (P50). A low P50 suggests the presence of a high-affinity oxygen (57, 58)
or bisphosphoglycerate (2,3-BPG) deficiency (59). High-affinity hemoglobins
which include hemoglobin J Capetown, Yakima, Kemsey, Rainier, Ypsi, and
Chesapeake may be found on electrophoresis (57). If the P50 is normal, mutations
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might involve the von Hippel-Lindau (VHL), tumor suppressive gene (60) or trun-
cated EPO receptor (EPOR) (61). Another well-recognized cause of polycythemia
is the so-called endemic Chubash polycythemia (62). Variations of these interesting
polycythemias have been described and are detailed elsewhere (59-63).

1.10 Treatment of Polycythemia Vera

Considerable controversy surrounds the treatment of polycythemia vera ever since
it was described 100 years ago. Current recommendations for its management
are based upon a small number of randomized clinical trials, and a series of
prospective and retrospective studies evaluating different treatment programs per-
taining to different aspects of the disease. These include survival, reduction in
phlebotomy requirements, thrombotic events, and evolution of the disease into
myelofibrosis and acute leukemia.

1.10.1 Phlebotomy

Reduction of the red cell mass and maintaining it at a safe level by phlebotomy is
the first principle of therapy in PV. Improperly treated, PV becomes a disease with
serious consequences related to morbidity and mortality; this was recently empha-
sized by Marchioli et al, (64), who reported a death rate of 3.7 per 100 patients per
year, far exceeding the normal. Important physiologic and pathologic components
of the disease, which must be dealt with therapeutically, relate to the erythroid cell
and the megakaryocyte, both of which play essential roles in causing complica-
tions of the disease. Hematologists agree that the mainstay in treatment is
phlebotomy, with target levels of the hematocrit at <45% for men and <42% for
women. Although a recent publication based on a retrospective review suggested
higher red cell levels might be permissible (65). During pregnancy, the HCT
should be <36%. Reduction of the red cell mass and maintaining it at a level close
to normal will help to remove a major source of complications. A progressive
increase in the incidence of vascular occlusive episodes at HCT levels >45% (66)
has been shown as well as abnormal changes in blood viscosity above 45% (67).
Iron replacement should not be used. Phlebotomy does not relieve pruritus.
Repeated phlebotomy, overtime, causes severe iron deficiency. Venous access sites
become exhausted. However, in a recent multivariate analysis of a large retrospec-
tive cohort of patients, a hematocrit in the evaluable range of 40-55% was not
associated with the occurrence of an increased rate of thrombotic events or
mortality (68). Although an appropriate controlled study to establish the real target
range in PV is needed, it seems prudent to continue to recommend to the target of
<45% (68) in men and <42% in women (69).
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There is very little data in the literature pertaining to the frequency or the rate
of phlebotomy which can be considered a manifestation of the aggressiveness of
disease. In general, I believe that patients who have high phlebotomy requirements
are those who might have a more aggressive form of the disease and should receive
some form of myelosuppression prior to the development of splenomegaly and
myelofibrosis. This is because a higher rate of phlebotomy may be associated not
only with increased erythroid activity but also with more active megakaryocytic
proliferation, leading to the earlier development of myelofibrosis (69).

Little quantifiable data exists, however, with respect to the phlebotomy require-
ments of patients with PV. It has been suggested that measurement of a Cr’! red
cell mass provides an indication for the exact measurement of the blood to be
removed (66). This statement, however, does not take into account that no study
has correlated initial red blood cell mass with subsequent phlebotomy require-
ments. Additionally, as blood is removed by phlebotomy, it is replenished by the
hyperactive bone marrow. Thus, each patient must provide sole source criteria on
a measure of activity of the disease. In our series of 55 patients (71), the annual
number of phlebotomies per year per patient ranged from 1 to 25, with a mean of
8 and a median of 9 phlebotomies per year. However, more than half the patients
required 8-25 phlebotomies per year and thus became candidates for myelosup-
pressive therapy.

If the phlebotomy requirement is minimal (i.e., requiring 2 to 3 or even 4 units
a year), a patient can be managed with phlebotomy only (PHO-O). All patients
should receive low-dose aspirin (81— 100 mg daily). The use of acetylsalicylic acid
(ASA) was originally discouraged because of the findings by the PVSG evaluating
ASA 900 mg daily combined with dipyridamole (72). The trial was stopped because
of an excess of major bleeding without preventing thrombotic events. The European
Collaboration on Low-dose Aspirin in Polycythemia Study (ECLAP) provided
compelling evidence for the efficacy and safety of low-dose ASA (for instance,
100mg daily) in a double-blind, placebo-controlled, randomized clinical study
(73). Five hundred eighteen patients without a clear indication or contraindications
to ASA were enrolled. The median age was 61 years. Previous cardiovascular
events were reported in only 10% of cases in this subgroup, so that the trial reflected
an asymptomatic, low-risk population. Median follow-up was only 2.8 years. ASA
significantly lowered the risk of a primary combined endpoint, including cardiovas-
cular death, nonfatal myocardial infarction, nonfatal stroke, and major venous
thromboembolism. Total and cardiovascular mortality were also reduced by 46%
and 59%, respectively. Major bleeding was only slightly increased. The results of
this trial eliminated the concerns raised by the PVSG about the risk:reward ratio
with ASA. Different doses of ASA, mostly on the low side, have confirmed the
value of this drug in treating microvascular symptoms such as erythromelalgia,
transient ischemic attacks and other neurologic and ocular disturbances, dysarthria,
scintillating scotoma, and so forth (74).

Should a patient have relatively frequent phlebotomies (more than six per year)
and/or develop signs and symptoms of severe iron-deficiency anemia, progressive
splenomegaly, or evidence of increasing marrow fibrosis or complain of the
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morbidity and discomfort of venesection in conjunction with frequent phlebotomy,
myelosuppressive treatment should be considered (vide infra). Selection of the
type of treatment for those patients who require some form of myelosuppression
because of the frequency of phlebotomy and or its complications provides the basis
for major discussion, confrontation, and disagreement since the days of the PVSG
(72). For the most part, alkylating agents (including busulfan) are avoided because
of the established risk of secondary leukemia, but these drugs and radioactive
phosphorous (P?) still play a role in treating the very elderly patient or those who
have significant comorbid conditions. P*2, in particular, is associated with long
periods of remission-free survival after 1 or 2 doses of 5mCi intravenously (75).

The first systematic approach to myelosuppressive therapy of PV began with the
PVSGin 1970 (72). Since then, a number of medications have been used for cytore-
duction, including newer treatments such as recombinant interferon alpha (rIFN-o)
and imatinib, which are therapeutically effective, have a biologic basis for their use
and effect, and can modify JAK2 expression in some patients.

The first study of the PVSG (72), the 01 trial, included 431 patients who were
randomized to receive either phlebotomy-only, phlebotomy plus radioactive
phosphorous (P*?), or phlebotomy plus chlorambucil. The median survival of
patients receiving phlebotomy-only (PHL-O), about 13.9 years, was superior to
those receiving phlebotomy plus P*? (11.8 years) or phlebotomy plus chlorambucil
(8.9 years). In the first 3 years of treatment, however, PHL-O was associated with
an increased risk of thrombosis. Those in the second two groups experienced a
higher rate of acute leukemia and other malignancies, which developed during the
follow-up period. The frequency of myelofibrosis with myeloid metaplasia was
essentially the same in all three groups.

Because treatment with chlorambucil predisposed patients to the development of
acute myelogenous leukemia (AML), it is safe to presume other alkylating agents would
do likewise. In general, such drugs should not be used in patients with PV. After the
experience with chlorambucil, the PVSG tried to find a presumably nonmutagenic
myelosuppressive drug. Hydroxyurea (HU) was selected (76); this agent is an
antimetabolite affecting DNA synthesis by inhibiting the enzyme ribonucleotide
reductase. In the first report by the PVSG, 51 patients were treated for a median of
8.6 years. The HU group showed a tendency for the development of acute leukemia
in 5.8% of patients. This study was compared to the 134 patients treated with PHL-
O in the PVSG 01 protocol. This noncontemporaneous, nonrandomized study is
obviously statistically faulty, yet this information has been used to cite that HU is
not leukemogenic (76). The limitations of the HU study of the PVSG include the
fact that the patients were followed for a median of 8.6 years (maximum: 15.3
years) so that the true incidence of acute leukemia, which would increase by con-
tinuous exposure to HU, could not been determined (77, 78).

Few hematologists have followed serially and reported the treatment results of
HU over the course of years; thus, the issues regarding potential leukemogenicity
(69, 79, 80), although very suggestive, are not completely resolved. Likewise, it
has also been presumed that HU is not leukemogenic because a recent study (64)
indicated no increased risk of leukemia after HU; however, the median follow-up
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was only 2.8 years. Presumably, the development of leukemia in patients with PV
occurs after more than 10 years of treatment (78). Others have observed acute
leukemia developing in approximately 11.5% of PV patients after 10 years when
HU was used as a myelosuppressive agent (79, 80). In another report, HU was not
considered leukemogenic (69) because no increased leukemia risk was cited when
compared with pipobroman, a drug not used in the United States. Although there
was no difference in leukemia risk between the two drugs, there was a 10%
frequency at the 13th year of follow-up in both, suggesting that both pipobroman
and HU were associated with an increased risk of leukemia (78). Moreover, long-
term maintenance therapy with HU was frequently ineffective, with complications
appearing generally 5 years or more after initiation of treatment. These late
occurrences explain why the frequency of complications is often underestimated.
Indeed, the frequency of HU-induced leukemia was similar in that study to P*? in
the PVSG studies!

Moreover, chromosomal abnormalities have been observed in cell cultures incu-
bated with HU, in patients treated with HU for lung cancer (81), and in 36% of
patients treated for PV with HU (82). Additional limitations of using HU in PV
include an increased risk of squamous cell cancer, skin rash, and buccal aphthous
ulcers, failure to control blood counts (high platelet count and macrocytic anemia),
or leukopenia and thrombocytopenia in 15-30% of 109 patients reported by the
PVSG; moreover, constitutional symptoms (night sweats and pruritus) persist and
other toxicities of the drug (gastrointestinal, renal) were reported. Moreover,
although PV customarily is thought of as a disease of older patients, the finding of
this illness in patients under 50 years is noteworthy. In our series, the median age
was 50 years and 23% were younger than 40 years (71). Obviously, selection of
appropriate therapy for this younger group of patients is particularly important.

Further, HU, other than by general myelosuppressive does not affect abnormal
megakaryocyte dysfunction, an abnormality leading to fibrosis as the disease
evolves (70, 83). Unfortunately, clinical tradition has hardened into habit, and
the therapeutic effects and the additional risk factors of therapy with HU
have either been ignored or misinterpreted. The limitations of HU for treating
PV have not received adequate attention. Even though the PVSG reported that
only 61% of 51 patients treated with HU achieved long-term control (72, 76), the
criteria for HU failure used by the PVSG allowed for the HCT to increase to more
than 55% and permitted more than six phlebotomies in any consecutive 52-week
period. This broad window for treatment failure would not be considered satisfac-
tory in this era. Nevertheless, HU is considered by some to be very effective and
should be considered the “drug of choice” in high-risk patients (69). An initial
starting dose ranges between 500 and 1500 mg daily depending on the counts,
with adjustment depending on response. In addition to its antiplatelet effect, HU
might have additional mechanisms of activity, including myelosuppression,
qualitative and quantitative changes in leukocytes, decreased expression of
endothelial molecules, and increased nitric acid generation; all of which play a
role in thrombosis in PV (83).
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Hydroxyurea can be used with less reluctance for patients who require myelo-
suppression, particularly with a high platelet count, and in older patients, especially
for whom interferon is contraindicated.

1.10.2 Interferon

Since the initial studies of the use of recombinant interferon-o. (rIFN-0) in treating
patients with PV (85-88), many reports of its beneficial results have been published
(89-91). Using rIFN-o. avoids many of the problems and complications associated with
PHL-O and/or chemotherapy and relieves pruritus and other constitutional symptoms.
An update concerning long-term effects has recently been published (71).

The use of rIFN-o. in PV is based on its broad effects on the hematopoietic system.
Although PV, as noted, is a clonal stem cell disorder, there exist case reports of the
resumption of polyclonal hematopoiesis after rIFN-o. therapy (92, 93). rIFN-a. inhibits
erythroid progenitors and erythroid burst-forming units in vitro (94) and produces
morphologic and biochemical changes in megakaryocytes (95), including a decrease
in megakaryocyte density, size, and proliferation. rIFN-o inhibits megakaryocyte
progenitor proliferation and reduces thrombopoietin-induced Mpl receptor signaling
(96). The biochemical abnormalities of platelets in PV characterized by impaired
conversion of exogenous arachidonic acid by platelet thromboxane B, and its correc-
tion by rIFN-o. have been reported (97). rIFN-a also antagonizes platelet-derived
growth factor (PDGF) (98). This is important because PDGF and other fibrogenic
cytokines such as transforming growth factor B (TGF-B) and basic fibroblast growth
factor play a major role in the pathogenesis of myelofibrosis (70, 84, 98). rIFN-o. also
inhibits the growth of marrow-derived fibroblasts (70, 84). rIFN-a., therefore, might
retard the development of myelofibrosis because of its effect on megakaryocytes,
thrombopoiesis, and various cytokines.

Recombinant IFN-a thus offers a physiologic basis for its use in PV. Compared
with nonspecific myelosuppressive drugs or PHL-O, rIFN-o represents a treatment
modality that could fundamentally alter the course of the disease and addresses the
unmet therapeutic needs (64) of patients with PV.

Systematic studies in 55 patients with PV treated with rIFN-o. have been
reported recently (71); however, more than 70 patients have been treated in our
clinic. In our studies, the criteria for the diagnosis and response to treatment were
those of the PVSG (72). Response criteria were phlebotomy-free, HCT < 45%, and
platelets < 600,000/uL. Our treatment program began with phlebotomy and rIFN-o.
2b. Initially, we used doses of 3.0MU/m? three times a week (tiw), but this was
accompanied by frequent side effects over the long term. Beginning with low doses
(I MU tiw regardless of body surface area) and a gradual increase over the course
of months, patient tolerance was enhanced. Then the dose was increased by
0.5MU every 2—4 weeks until the target dose of 3MU tiw was achieved, if neces-
sary. Afterward, the dose was adjusted up or down depending on response until the
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patient remained phlebotomy-free at the target HCT. Supplemental antipyretics and
analgesics were used liberally to treat side effects of rIFN-o.. Aspirin, 81 mg daily,
was given to all patients. Patients achieved partial response of their disease by
6 months and complete response by 1-2 years (phlebotomy free, HCT < 45%,
platelets 600,000/uL). Spleen size was reduced in 27 of 30 patients with prior
splenomegaly. In our series (71), with a median disease duration of 7 years (range:
20 months to 20 years), the median disease-free survival was 11.9 years (range:
1.7-30 years). Strikingly, no thrombohemorrhagic events were observed.

The ubiquitous side effects of rIFN-a are described in detail elsewhere (99),
and those that occurred in our patients are shown in Table 1.3. Although toxicity
is acceptable for the majority of patients, 15-20% will not tolerate its long-term
side effects, especially patients over the age of 65 years. Those patients who
suffered influenzalike symptoms to a greater or lesser degree were in our early
group of patients who had received higher initial doses of rIFN-o (3.0 MU/m? tiw).
At lower doses (0.5-1.0MU tiw), virtually no significant side effects were noted
in many patients, but some degree of headache, fatigue, chills, and low-grade
fever should be anticipated. Secondary hypothyroidism was common and easily
treated. Hair loss and nail changes might occur. Neurological disorders such
as demyelinating diseases or a history of seizures or other neuropsychiatric
problems, including depression, are contraindications for rIFN-a (100).

A common error in treating PV patients with rIFN-o is to assume that it will
replace the use of initial phlebotomy; it usually does not. rIFN-o. suppresses
the need for phlebotomy, once the target HCT values have been achieved by
phlebotomy. The second major issue relates to the initial dose. In the majority
of studies, the dose has been too high, modeling dosing used in the treatment of
chronic myeloid leukemia. By way of contrast, the doses I advise suppresses the
need for phlebotomy. I prefer nonpegylated forms of interferon, for this allows
greater flexibility in dosing to avoid or reduce the frequency of side effects and to
improve issues of quality of life.

Table 1.3 Toxicity of interferon seen in our patients with PV and
an index of treatment continuation

Treatment Continued?

Type of toxicity Yes No

Initial influenzalike symptoms
Liver function abnormalities
Hypothyroidism

Severe asthenia

Skin rash

Complex seizures

Depression

Peripheral neuritis
Parkinson’s syndrome

Bone pain N
Blurred vision

< <2 2 =2

< 2 2 2 2 <
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1.10.3 Imatinib Mesylate

Because of the side effects of interferon, alternative treatments are required and
have been evaluated. Of interest, therefore, is the effect of imatinib mesylate
(Gleevec®; Novartis Pharmaceuticals, Basel, Switzerland) in treating patients
with PV. Reasons for using imatinib include inhibition of c-kit, which is involved
in both normal and abnormal hematopoiesis (101, 102). Inhibition of c-kit reduces
both erythroid and granulocyte/macrophage progenitor cells in patients with PV.
Imatinib may also inhibit PDGF (101, 102), previously mentioned as involved in the
production of marrow fibrosis. We initially reported that the erythrocytosis of PV
was controlled with imatinib mesylate (101). We then reported treating an expanded
cohort of 37 PV patients with imatinib in a multi-institutional phase II trial (103).
All patients had an increased Cr’! red blood cell mass determined at diagnosis and
fulfilled the other stipulated criteria for the diagnosis of PV. Men were initially
phlebotomized to an HCT <45% and women to <42%. Imatinib was started at
400 mg/day, escalating by 100mg every 2 weeks to a maximum of 800 mg/day for
those with persistent phlebotomy requirements or platelet counts greater than
600,000/uL. All patients received 81 mg/day of aspirin and prophylactic allopurinol.
The study included 21 men and 16 women with a median age of 51 years (range:
29-83). Prior to imatinib, mean disease duration was 60.2 months; the patients had
received a mean of nine phlebotomies per year (range: 0-23). After 1 year of imat-
inib, the mean phlebotomy requirement was only two per year, range: 0-9. There
were 9 complete remissions (phlebotomy-free, platelet count <600,000/uL, no
splenomegaly) and 10 partial remissions (phlebotomy and/or splenomegaly decreased
by 50% of initial values, platelets less than 600,000/uL, or platelets more than
600,000/uL but no phlebotomy requirement or splenomegaly). There was one pro-
tocol violation. Thus, of 36 evaluable patients, 19 (53%) had a complete recovery
(CR) or partial recovery (PR). Of the remaining 17, 10 showed disease progression:
myelofibrosis (n = 2); platelets >1,000,000/uL, and/or persistent phlebotomy
requirements or splenomegaly (n = 2) or increasing phlebotomy requirements
(n = 2); progressive cytogenetic abnormalities (n = 1); increasing thrombocytosis
(n=1); and transient ischemic attacks (n = 2). Of these same 17, 7 developed toxicity:
grade 3 dermatologic effects (n = 2); grade 3 diarrhea (n = 2); grade 3 bone pain
(n = 1); liver toxicity (n = 1); and heart failure (n = 1). The median duration of
response to date is 17.2 months. We concluded that imatinib is useful for treating
erythrocytosis and controlling splenomegaly in a significant proportion of patients
with PV, but it is less effective for controlling thrombocytosis or splenomegaly in
others (101-103). These data suggest heterogeneity of hematopoietic stem cell
proliferation in PV or patient variability with respect to imatinib metabolism.
Dosage increases above 400mg/day were usual and doses as high as 800 mg/day
were associated with fluid retention, periorbital edema, and diarrhea. Clinical
experience with imatinib facilitates its more effective use. The use of supplemental
anagrelide could be considered, especially early in the course of treatment, particu-
larly in those patients in whom HU had been used. Others have also reported the
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effectiveness of imatinib in the treatment of PV (104, 105). Continued investiga-
tion of this or related drugs would be of interest to explore the reason for
heterogeneity of response, to determine the optimum dose and side effects, and
the duration of response.

1.11 The Nature of the Response to rIFN-o. and Imatinib

Despite these encouraging results with rIFN-o and imatinib, it is evident that for
the most part, the results are quantitative and not qualitative in nature. Despite
maintenance of a normal HCT and platelet count, marrows have remained
hypercellular even in those patients who developed clinical and hematologic
remission. Expression of c-kit by interval marrow immunohistochemistry tests was
not reduced. Three patients with long-standing disease did develop progressive
myelofibrosis after rIFN-o.. (Whether earlier institution of rIFN-o. treatment would
have prevented this is moot.) rIFN-a has been reported to induce cytogenetic
remission in a few patients with PV, with conversion of monoclonal to polyclonal
hematopoiesis, as already mentioned. Such events have not yet been reported with
imatinib treatment. Because only 20-30% of patients with PV present with a
chromosomal abnormality, in general it has not been possible to gauge the depth of
response to treatment (106). The recent finding of the JAK2""’F mutation in more
than 95% of patients with PV suggests that this mutation might be exploited in
order to measure the response to therapy in patients with PV (106). We examined
change in gene expression in seven patients who received rIFN-o. at an initial dose
of 1 MU tiw increasing to 3 MU/day, with a median follow-up of 16 months (range:
13-132), and in 14 patients who received imatinib at initial doses of 400-800 mg/
day, with a median follow-up of 17 months (range: 5-31). These patients were
compared with 90 individuals who served as a control group; they had received
phlebotomy only or HU, anagrelide, or both, or were untreated. We found that
patients remained strongly positive for the JAK2'*"”F mutation after treatment, but
there was significant reduction in the median percentage of mutant alleles, which
correlated with hematologic response (p = 0.001). Furthermore, individuals who
had achieved complete hematologic response had lower levels of JAK2V5/’F than
those who did not. From a molecular standpoint, these results were modest, indeed.
On the other hand, others have reported a more impressive molecular response to
pegylated rIFN-o (107). These authors treated 40 patients, of whom 83% had a
complete remission and 17% a partial remission, but judged after just 3 months of
study. Three of the 40 patients were negative for JAK2 mutations at diagnosis (8%).
Of 27 PV patients treated with pegylated IFN-o-2a, 24 (89%) had a mean decrease
of 44% in the expression of mutated JAK?2 allele by reverse transcription (RT)—
PCR. There was no evidence of a plateau. In one patient, mutant JAK2 was
not detected after 12 months. In three patients homozygous for the mutation, reappear-
ance of 50% of wild-type allele was observed during treatment. Interferon has also
been shown to preferentially target the malignant clone. These results suggest that
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rIFN-a-2a significantly decreased the proportion of circulating clonal cells in the
majority of PV patients. Whether pegylated interferon results in a qualitative differ-
ence compared with nonpegylated interferon still remains to be determined.

In comparison with the myelosuppressive drugs that have been used in
treating PV, why might rIFN-a be unique? Inhibition of erythroid progenitors
has been discussed. Several observations suggest that the megakaryocytic and
granulocytic myeloproliferations play a unique role in the production of
cytokines, leading to secondary myelofibrosis (70, 84). The fact that the great
majority of our patients, even those treated previously with HU, had increased
platelet counts prior to the use of rIFN-a. is significant. Hyperplasia and cluster-
ing of small to giant (pleomorphic) megakaryocytes in the bone marrow is a
characteristic feature of PV (13-15). Although PDGF is involved in fibroblastic
proliferation, it does not fully account for the complex production of myelofi-
brotic stroma.

Additional growth factors (cytokine storm) produced by megakaryocytic and
granulocytic/monocyte precursor cells must be involved in the etiology of sec-
ondary myelofibrosis in Myeloproliferative Disorders (MPD), the most important of
which is probably TGF-f (70, 98). How TGF-f, PDGF, other cell lineages, and
cytokines interact to cause marrow fibrosis is unknown; after rIFN-o therapy,
TGF-f values return to normal levels. Moreover, TGF-[3 has powerful angiogenic
properties (70, 98). That rIFN-o has activities against erythropoiesis, megakaryo-
cytopoiesis, PDGF, and TGF-B and is also antiangiogenic suggests that it might
have a unique role in the treatment of the MPDs, particularly PV. The differentia-
tion of erythroid-megakaryocyte precursor cells into one or another lineage might
involve a balance between two related transcription factors, NF-E2 and BACH-1,
which could conceivably be affected by rIFN-o. (108). Finally, the effect of rIFN-o
on JAK?2 in patients with PV clearly requires further elucidation. rIFN-o. might be
the first drug that can alter the natural history of the disease.

1.12 Treatment of Other Aspects of PV

It is also my practice to treat all patients prophylactically with allopurinol or
probenecid, particularly in patients with increased serum uric acid levels. Many
patients take multivitamins containing relatively large amounts of vitamin C. By
acidifying the urine, this agent might cause precipitation of uric acid crystals and
result in renal colic. Of interest is the observation that acute gouty arthritis involv-
ing the right hallux can occur in patients who drive an automobile long distances.
This is related to the right foot pressure, as the foot is applied repeatedly to the
accelerator pedal. Except for fatigue associated with general metabolic symptoms
and weight loss, leukocytosis does not require treatment per se. Blood cells of
patients with polycythemia have normal phagocytic function; patients do not have
an increased frequency of bacterial infection.
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It is extremely important, as previously mentioned, to provide “total care” for

the patient undergoing phlebotomy to reduce the risk of thrombosis. Thus, the use
of birth control pills or estrogen supplementation is contraindicated. All cigarette
smoking is forbidden. Obesity, hypertension, and diabetes should be treated in the
usual fashion.

1.13 Summary

10.

. Evidence is presented indicating that rIFN-a effectively reduces phlebotomy

requirements for thrombocythemia, splenomegaly, and thrombohemorrhagic
events. It is an effective drug for treating PV with acceptable toxicity.

. Because PV is a chronic disease and the use of rIFN-«. is long term, the initial

dose must be small. An initial dose of rIFN-0-2b 1 MU tiw subcutaneously is
suggested. A dose that is too high should be avoided.

. Treatment with rIFN-o cannot be expected to lower the HCT. Phlebotomies

must be continued as necessary to maintain the HCT at target levels (men: HCT
<45%; women: HCT < 42%).

. Attention to the side effects of rIFN-o. must be addressed from the onset. Thus,

it is best to give the injection of rIFN-o. at night, with adequate coverage with
nonsteroidal anti-inflammatory drugs.

. Dose adjustments must be made; most patients will require an increased dose

of total weekly rIFN-o. during the first year of treatment. This is done initially
by gradually increasing the frequency of the dose. In general, 9-10 MU/week
is the usual target dose the first year. After the first year of treatment, the dose
can be gradually decreased, so that the minimum dose is achieved to suppress
erythropoiesis with minimum toxicity.

. The platelet count should lower by the end of the first year of therapy to

<600,000/pLL.

. All patients should receive aspirin, 80—100 mg/day.
. Probenecid or allopurinol should be given to a patient with an elevated serum

uric acid level. Liberal fluid intake is encouraged. (It is not necessary to
routinely alkalinize the urine.)

. For patients who are in the older age group or intolerant of rIFN-o, HU is the

drug of choice for marrow suppression. Imatinib mesylate can be of value in
selected patients.

For those in whom the leukemogenic potential is not an issue, such as significant
comorbid illness, P32, busulfan, or other alkylating agents might be considered
because they induce a smooth remission, which is associated with a very good
quality of life. Of course, full informed consent must be obtained from such
individuals prior to use. Anagrelide is of value in younger patients with platelet
counts unresponsive to other agents which are considered to be clinically
threatening.
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11. Attention must be paid to other details of medical care such as the treatment of
hypertension, diabetes, and obesity. Estrogen-containing compounds should be
avoided.

1.14 Conclusion

These are exciting times for the study of PV and allied diseases. The discovery of
JAK2V5!’F has lead to an enormous increase in activity in both understanding the
pathobiology of this disease and attempting to find inhibitors which would affect
the molecular abnormality. Hopefully, these advances will come soon.
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Chapter 2
Primary Myelofibrosis

Ayalew Tefferi

2.1 Introduction

Myelofibrosis (MF) in the context of a myeloproliferative disorder is a clinicopatho-
logically defined entity characterized by anemia, marked splenomegaly, constitutional
symptoms, leukoerythroblastosis (i.e., the presence of immature granulocytes and
nucleated red blood cells), dacryocytosis (i.e., presence of teardrop-shaped red blood
cells), and a bone marrow that displays dysplastic megakaryocyte hyperplasia,
granulocyte proliferation, and reticulin and/or collagen fibrosis (1). Disease
presentation could be either de novo (primary MF; PMF) or preceded by either
polycythemia vera (post-PV MF) or essential thrombocythemia (post-ET MF). PMF
is also known by many other names (Table 2.1), including chronic idiopathic
myelofibrosis (CIMF), the term used by the World Health Organization (WHO)
system for classification of myeloid neoplasms (2). However, the use of the term
“PMF” was recently endorsed by the International Working Group for Myelofibrosis
Research and Treatment (IWG-MRT) (3).

2.2 Historical Perspective and Disease Classification

The first description of PMF is credited to Heuck (1879) (4). He described two
cases, which he referred to at the time as “splenic-medullary leukemia” and “pure
splenic leukemia” (4). The term “osteosclerosis,” which refers to the new bone
formation that often accompanies bone marrow fibrosis in PMF, was first
introduced by Assman in 1907 (5). Post-PV MF was recognized as early as 1935
by Hirsch-. (6). Similarly, the typical histological characteristics of the disease,
including hepatosplenic extramedullary hematopoiesis (1908) (7, 8), bone
marrow fibrosis (8), and leukoerythroblastosis (1939) (9), were all recognized in
the first half of the 20th century. PMF was referred to as agnogenic myeloid
metaplasia of the spleen (AMM), a term first used in 1940 (10) and later endorsed
by Dameshek in 1951 (11).

Dameshek classified PMF as a myeloproliferative disorder (MPD), along with
chronic myeloid leukemia (CML), ET, and PV (11). In 1960, Nowell and

S.M. Ansell (ed.), Rare Hematological Malignancies. 29
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Table 2.1 Terms used to refer to primary myelofibrosis

Agnogenic myeloid metaplasia
Atypical myeloid leukemia

Atypical myelosis

Aleukemic myelosis with osteosclerosis
Chronic idiopathic myelofibrosis
Chronic nonleukemic myelosis

Chronic erythroblastosis

Chronic megakaryocytic leukemia
Chronic megakaryocytic-granulocytic myelosis
Heuck—Assman disease

Idiopathic myelofibrosis

Idiopathic myeloid metaplasia
Leukoerythroblastic anemia
Leukanemia

Megakaryocytic myelosis with osteosclerosis
Megakaryocytic splenomegaly
Myelosis

Myelofibrosis with myeloid metaplasia
Myeloid metaplasia with myelofibrosis
Megakaryocytic myelosis
Myelosclerosis

Osteosclerotic pseudoleukemia
Osteomyeloreticulosis
Osteomyelosclerosis

Osteosclerotic anemia
Osteomyelofibrosis

Primary myelofibrosis

Hungerford described the Philadelphia chromosome in CML (12),which was later
shown to harbor first the t(9;22)(q32;q13) (13) and subsequently the BCR-ABL
disease-causing mutation (14). Accordingly, modern classification systems list
PMEF, PV, and ET as BCR-ABL-negative classic MPDs (15). In 1978, G6PD-based
clonality studies established PMF as a stem-cell-derived clonal myeloprolifera-
tion (16). In 2005, a novel gain-of-function (GOF) mutation involving the JAK2
tyrosine kinase (JAK2V617F) was described in approximately 50% of PMF patients
but also in the majority of those with PV as well as ET (17). In 2006, another GOF
mutation involving MPL (MPLW515L/K) was described in approximately 5% of
patients with PMF (18).

In 1967, an International Polycythemia Vera Study Group (PVSG) was created
under the auspices of the National Cancer Institute and the group provided, for
the first time, formal criteria for the diagnosis of each one of the BCR-ABL-
negative classic MPDs, including PMF (19). Subsequently, a WHO-sponsored
committee on the classification of hematological malignancies revised the PVSG
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diagnostic criteria for PMF and reorganized the overall classification system
for myeloid neoplasms (2). The WHO system considers two broad categories of
myeloid malignancies: acute myeloid leukemia (AML) and chronic myeloid
disorders (CMDs) (20). AML is defined by the presence of 20% or more “blasts”
in either the bone marrow or blood and/or certain recurring cytogenetic
abnormalities including t(8;21)(q22;q22), t(15;17)(q22;q12), inv(16)(p13;q22),
and t(16;16)(p13;q22) (20). Table 2.2 presents the current WHO classification
scheme for CMD. Most recently, a semimolecular classification system has been
proposed (Table 2.3) (21).

2.3 Epidemiology

The prevalence of PMF is similar in men and women (M:F = 1.6:1) and overall
reported incidence figures range from 0.4 to 1.5/100,000 (22-26). A higher
incidence has been suggested in persons of Jewish ancestry (27). Median age at
diagnosis is estimated between 55 and 60 years and approximately 2%, 10%,
and 30% of patients are diagnosed before age 30, 40, and 50 years, respectively
(28). In one study of 323 patients, 9 (2.8%; 6 females) were age 30 years or
younger (range: 17-30). The clinical course in these nine young patients was
more indolent compared to that seen in older adults and more like that seen
in children, where disease occurrence is very rare (29, 30). In general, there
is little evidence that links PMF to environmental toxins. However, the possibility
of some association with exposure to benzene, other industrial solvents,
thorotrast injections, and radiation accidents has been suggested in the past
(31-35).

Table 2.2 The World health Organization classification system for chronic myeloid disorders

Major categories Subcategories

1. Myelodysplastic syndrome (MDS)
2. Myeloproliferative disorder (MPD) i. Chronic myeloid leukemia (CML)
ii. Polycythemia vera
iii. Essential thrombocythemia
iv. Primary myelofibrosis
v. Chronic neutrophilic leukemia
vi. Chronic eosinophilic leukemia
viii. Hypereosinophilic syndrome
ix. Unclassified MPD
3. MDS/MPD i. Chronic myelomonocytic leukemia
ii. Juvenile myelomonocytic leukemia
iii. Atypical CML
4. Systemic mastocytosis (SM)
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Table 2.3 A semimolecular classification of chronic myeloid disorders
Main Clinicopathologic Molecular
categories subcategories subcategories
I. Myelodysplastic According to WHO classification system
syndrome
II. Classic 1. Chronic myeloid leukemia 100% BCR-ABL™
myeloproliferative
disorders
2. Polycythemia vera ~100% JAK2V617F
3. Essential thrombocythemia ~50% JAK2V617F*
~1% MPLW515L/K™
4. Primary Myelofibrosis ~50% JAK2V617F™
~5% MPLWS515L/K™
III. Atypical 1. Chronic myelomonocytic ~3% JAK2V617F™
myeloproliferative leukemia
disorders
2. Juvenile myelomonocytic ~30% PTPNI1 mutation™
leukemia
~15% NF1 mutation'"
~15% RAS mutation™
3. Chronic neutrophilic ~20% JAK2V617F™
leukemia
4. Chronic eosinophilic A. PDGFRA-rearranged
leukemia/eosinophilic MPD
B. PDGFRB-rearranged
C. FGFRI-rearranged
D. Molecularly undefined
5. Hypereosinophilic syndrome
6. Chronic basophilic leukemia
7. Systemic mastocytosis A. KITD816V®
B. Other KIT mutation
C. FIPIL1-PDGFRA®
D. Molecularly undefined
8. Unclassified MPD ~20% JAK2V617F™

i. Mixed/overlap MDS/MPD
ii. CML-like but BCR-ABL"

2.4 Pathogenesis

The central pathogenetic process in PMF is stem-cell-derived clonal myeloproliferation
(16, 36). Unlike the case with CML and BCR-ABL, the primary oncogenic event
in PMF has not been characterized. However, activating mutations of the JAK?2 tyrosine
kinase (JAK2V617F) and thrombopoietin receptor (MPLW515L/K) have recently been
reported in approximately 50% and 5% of patients, respectively (17, 18). JAK2V617F
is an exon 14 JAK2 mutation at nucleotide position 1849 representing a G to T somatic
point mutation. The mutation results in the substitution of valine to phenylalanine at
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codon 617. MPLWS515L mutation represents a G to T transition at nucleotide 1544,
resulting in a tryptophan to leucine substitution at codon 515 of the transmembrane
region of the MPL receptor (18). JAK2V617F has also been described in ET at a similar
mutational frequency and in PV, where almost all patients carry the mutation
(17, 37-39). Similarly, MPLWS515L/K also occurs in approximately 1% of ET
patients (40). Both mutations induce an MPD phenotype in mice, the former a PV-like
disease (17, 41, 42) and the latter a PMF-like disease (43). Regardless, about half of
the patients with PMF do not display either mutation and the precise pathogenetic role
of these mutations, when they are present, remains to be clarified.

The bone marrow stromal reaction in PMF, including reticulin/collagen
fibrosis, osteosclerosis, and angiogenesis is currently believed to be reactive in
nature and cytokine mediated. In mice, for example, PMF-associated bone
marrow stromal changes have been induced by either systemic overexpression
of thrombopoietin (TPO"" mice) or by megakaryocyte lineage restricted
underexpression of the transcription factor GATA-1 (GATA-1"" mice). In both
instances, the megakaryocytes display abnormal distribution of P-selectin that
is believed to promote a pathologic interaction between megakaryocytes and
neutrophils (emperipolesis), resulting in the release of both fibrogenic and

Primary clonogenic event » TPOhish
not identified P e i A * GATA-1'ow

-
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Neutrophil CD34 cell

............. %
elastase mobilization
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Stromal cells

Figure 2.1 Pathogenesis of primary myelofibrosis. TPO, thrombopoietin; TGF, transforming
growth factor; PDGEF, platelet-derived growth factor; FGF, fibroblast growth factor; OPG, osteo-
protegerin. (From Ref. 51; published with permission)
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angiogenic cytokines, including transforming growth factor-B1 (TGF-p), platelet-
derived growth factor (PDGF), basic fibroblast growth factor (bFGF), vascular
endothelial growth factor (VEGF), tissue inhibitors of matrix metalloproteinases,
and neutrophil-derived elastase and other proteases (44, 45). Among the latter,
megakaryocyte-derived TGF-B1 might be the most important in the pathogenesis
of the stromal reaction in PMF (46-48). Peripheral blood expansion of both
CD34-positive myeloid progenitors and endothelial cells provide additional
evidence for aberrant bone microenvironment in PMF (49, 50). Figure 2.1
summarizes the current speculation regarding the mechanisms of stromal
reaction in PMF (51, 52).

2.5 Clinical Features and Diagnosis

Most, but not all, patients with PMF are symptomatic at diagnosis. The typical
presentation includes anemia, marked splenomegaly, and profound constitu
tional symptoms, including fatigue and night sweats. Other manifestations, either
at diagnosis or during the course of the disease, include left upper quadrant
discomfort, including recurrent pain from splenic infarcts (may be referred to
the left shoulder), early satiety and change in bowel habits, pruritus, easy bruising,
peripheral edema, lymphadenopathy, ascites, bleeding, and thrombosis (53-55).
The spleen is palpably enlarged in approximately 80% of patients at diagnosis
(marked splenomegaly in half of the cases) and the liver in 50% (56). Organomegaly
in PMF is secondary to extramedullary hematopoeisis (EMH) that might also
involve other organs: lymph nodes (lymphadenopathy), pleura (effusion), peritoneum
(ascites), lung (interstitial process), and the paraspinal and epidural spaces (spinal
cord and nerve root compression) (57-60).

The peripheral blood smear in PMF often shows leukoerythroblastosis (presence
of nucleated red blood cells and immature granulocytes) and teardrop-shaped red
blood cells (Figure 2.2). Anemia is present at diagnosis in the majority of the
patients and approximately 20% might be red blood cell transfusion-dependent at
presentation (59, 61-63). Other laboratory abnormalities at diagnosis include
leukocytosis (41-49% incidence), leukopenia (7-22%), thrombocytosis (13-31%),
thrombocytopenia (21-37%), presence of circulating blasts (33-53%), increased
serum levels of lactate dehydrogenase (LDH; 83%), and low cholesterol levels
(32%) (59, 60, 62, 63).

Bone marrow examination reveals both “cellular phase” and “overtly fibrotic”
stages of the disease (Figure 2.3) (64). In cellular-phase disease, reticulin fibrosis,
might be absent (i.e., prefibrotic stage). Therefore, the most helpful diagnostic
feature in the bone marrow is the presence of dense megakaryocyte clusters with
atypical megakaryocyte morphology (cloudlike nuclear morphology) that is
accompanied by increased granulocyte proliferation and reduced erythropoiesis
(64). Additional histological features of advanced disease include osteosclerosis,
dilated sinuses, and intrasinusoidal hematopoiesis (Figure 2.4).
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Figure 2.2 Peripheral blood smear in primary myelofibrosis showing myelophthisis; presence of
nucleated red blood cells, immature granulocytes, and dacryocytes

Figure 2.3 Reticulin fibrosis in primary myelofibrosis
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Figure 2.4 Osteosclerosis and intrasinusoidal hematopoiesis in primary myelofibrosis

2.6 Differential Diagnosis

Neither leukoerythroblastosis nor bone marrow fibrosis is specific to PMF. Bone
marrow fibrosis might accompany a number of hematologic and nonhematologic
conditions, as listed in Table 2.4. In most situations, mutation screening for BCR-
ABL (to exclude the diagnostic possibility of CML) and JAK2V617F (to exclude
the possibility of bone marrow fibrosis associated with nonmalignant condition,
lymphoid disorder, or metastatic cancer) is highly recommended. It should be
noted, however, that JAK2V617F cannot distinguish PMF from other myeloid
disorders such as MDS, ET, PV, or atypical MPD. Therefore, accurate diagnosis
requires careful morphological evaluation of the bone marrow.

Primary MF is typically characterized by the presence of morphologically
abnormal megakaryocytes (bulbous and hyperchromatic nuclei) in dense clusters.
MBDS is characterized by the presence of erythroid and/or granulocytic dysplasia.
As mentioned earlier, reticulin fibrosis can be absent in cellular-phase PMF and it
is thus possible to confuse cellular-phase PMF with ET. Unlike ET, however, bone
marrow in PMF is markedly hypercellular with both granulocytic and megakaryo-
cytic proliferation in PMF as opposed to often normocellular bone marrow with
only megakaryocytic hyperplasia in ET (65). Other distinguishing features between
cellular-phase PMF and ET include the presence of myelophthisis and/or increased
LDH in the former but not the latter.

Acute myelofibrosis, considered a variant of AML, can sometimes be confused
with PMF. In general, patients with acute myelofibrosis usually present with
severe constitutional symptoms, pancytopenia, mild or no splenomegaly, and circu-
lating blasts. Both immunohistochemistry and cytogenetic studies are helpful in
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Table 2.4 Causes of bone marrow fibrosis

Hematologic disorders

Myeloid disorders Lymphoid disorders Nonhematologic disorders
* Primary myelofibrosis (1) e Hairy cell e Metastatic cancer (126)
leukemia (122)
e Chronic myeloid ¢ Hodgkin’s e Autoimmune
leukemia (112) lymphoma (123) myelofibrosis (127)
* Myelodysplastic ¢ Non-Hodgkin’s e Systemic lupus
syndrome (113) lymphoma (124) erythematosus (128)
e Chronic myelomonocytic » Kala-Azar
leukemia (114) (leishmaniasis) (129)
e Multiple myeloma (125) e Tuberculosis (130)
* Chronic eosinophilic e Paget’s disease
leukemia (115) (131)
e Systemic mastocytosis (116) e HIV infection (132)
* Acute megakaryocytic e Vitamin D-deficient
leukemia (117) rickets (133)
* Other acute myeloid * Renal
leukemias (118) osteodystrophy (134)
e Acute lymphocytic e Hyperparathyroidism
leukemia (119) (135)
* Acute myelofibrosis (120) * Gray platelet
* Malignant histiocytosis (121) ¢ Familial infantile

myelofibrosis (137)
» Idiopathic pulmonary
hypertension (138)

distinguishing PMF from both acute myelofibrosis and MDS with fibrosis. For
example, CD34 and CD61 immunoperoxidase staining provides a better estimate
of the marrow blast and megakaryocyte content, respectively. Similarly, although
cytogenetic abnormalities that occur in approximately half of the patients with PMF
are mostly not specific to the disease [e.g., del(20)(q11;q13), del(13)(q12;q22), tri-
somy 8§, trisomy 9, del(12)(p11;p13), monosomy or long arm deletions involving
chromosome 7, and partial trisomy 1q] (66). the presence of either del(13)(q12;q22)
or der(6)t(1;6)(q21-23;p21-23) is strongly suggestive of PMF diagnosis (67).

2.7 Clinical Course and Prognosis

Primary MF displays a progressive course in the majority of cases, and disease
complications include cachexia, peripheral edema, severe fatigue, excessive night
sweats, low-grade fever, symptomatic portal hypertension, variceal bleeding,
ascites, debilitating diffuse and/or extremity bone pain, and “idiopathic” pulmonary
hypertension (68). Causes of death includes development of blast-phase PMF,
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which occurs in approximately 10% of patients during the first decade of their
disease (60, 63, 69, 70), infections (26-29%), bleeding (11-22%), heart failure
(7-15%), liver failure (3—8%), solid tumor (3%), respiratory failure (3%), and
portal hypertension (6%) (63, 69).

Survival in PMF is estimated by the use of one of several prognostic scoring
systems (PSSs) that rely on the presence or absence of well-established adverse
prognostic features (Table 2.5) (62, 63, 69, 71). Among the latter, the Mayo Clinic
PSS has been reported to be superior, compared to other PSSs, in delineating both
low-risk and intermediate-risk disease categories. According to the Mayo PSS
(Table 2.5), median survival for low-risk young patients (age <60 years) approaches
15 years compared to approximately 5 years in intermediate-risk patients and less
than 3 years in high-risk patients. Additional risk factors for inferior survival, in
addition to those listed in Table 2.5, include circulating immature granulocytes
of 210% (59), circulating blast count of 23% (69), advanced age (61, 69, 72), male
sex (69), and cytogenetic abnormalities other than 13g- or 20q- (66, 73, 74).

2.8 Management

Unfortunately, current therapy for PMF is inadequate and often palliative at best.
Among the several treatment modalities that are currently employed, allogeneic
stem cell transplantation (ASCT) is the only one with a potential for prolonging
survival. However, ASCT is associated with substantial mortality and morbidity
and is currently utilized in a select group of patients with high-risk disease. Drug
therapy in PMF is used to alleviate symptomatic cytopenias, organomegaly, or
marked thrombocytosis and/or leukocytosis. Other treatment modalities are also
palliative and include involved field radiation, splenectomy, and blood component
transfusions. Therefore, in the asymptomatic patient with low-risk PMF, it is
currently reasonable to defer therapy (i.e., watchful waiting), regardless of age.
In the presence of symptoms, either conventional or experimental drug therapy is
advised in older patients as well as in younger low-risk patients. The risk associated
with ASCT might be justified in young patients with high-risk disease and in some
with intermediate-risk disease (Table 2.6). The choice between myeloablative
versus reduced intensity conditioning (RIC) ASCT is made taking age and the pres-
ence of other comorbid conditions into consideration (Table 2.6).

2.8.1 Drug Therapy

The primary reason for using drug therapy in PMF is the presence of either anemia
or splenomegaly that is symptomatic. Drug options for the former include subcu-
taneous (SC) erythropoietin (Epo) or oral drugs, including androgen preparations,
corticosteroids, danazol, thalidomide, and lenalidomide. The starting dose for SC
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Table 2.6 Suggested treatment algorithm in primary myelofibrosis

Risk stratification Age <45 years Age 45-60 years Age >60 years
Low risk Watchful waiting Watchful waiting Watchful waiting
(no risk factors)? or or or
Experimental Experimental Experimental
drug therapy drug therapy drug therapy
Intermediate risk Experimental Experimental Experimental
drug therapy drug therapy drug therapy
(one risk factor) or
RIC ASCT
High risk Myeloablative ASCT RIC ASCT Experimental
(=2 risk factors) drug therapy

RIC, reduced-intensity conditioning; ASCT, allogeneic stem cell transplant.

*According to Mayo prognostic scoring system; hemoglobin <10 g/dL, platelet count < 100 x 10°/L,
monocyte count > 1 x 10°/L, leukocyte count > 30 x 10°/L or < 4 x 10°.

Epo injection is 40,000 units weekly and such therapy is most appropriate in the
presence of an endogenous serum Epo level below 100U/L, where an approxi-
mately 50% response rate is expected (75). Some patients under Epo therapy
experience further enlargement of their spleen. Several androgen preparations,
including testosterone enanthate (400-600mg IM weekly) and oral fluoxymesterone
(10mg TID) have been shown to improve anemia in a third of treated patients (76). The
response rate from androgen therapy is improved by the concomitant use of corti-
costeroids (e.g., prednisone 30mg/day) and compromised by the presence of
cytogenetic abnormalities (76, 77). Danazol (600 mg/day) is a synthetically modi-
fied testosterone and produces response rates in PMF that is similar to that seen
with other androgen preparations (78).

Thalidomide and lenalidomide have recently been shown to have therapeutic
activity in PMF (79, 80). The mechanism of action for both drugs is not clearly
understood but believed to be related to their anticytokine and immunomodulatory
properties. The anticytokine treatment approach in PMF is based on both
circumstantial evidence from affected patients and experimental myelofibrosis in
mice. Thalidomide displays both antiangiogenic (81) and anti-tumor necrosis factor
(TNF)-a (82) activity. There are currently two classes of thalidomide analogs: the
selective cytokine inhibitory drugs (SelCIDs) and the immunomodulatory drugs
(ImiDs) (83). Like thalidomide, both drug classes have anti-TNF-o., antiangiogenic,
and anti-inflammatory activity (84). The activity of SelCIDs is mostly tied to
phosphodiesterase 4 inhibition. The ImiDs, including CC-5013 (lenalidomide™)
and CC-4047 (actimid™), do not inhibit phosphodiesterase 4 and have a broader
cytokine inhibitory activity [inhibit TNF-a., interleukin (IL)-1P, IL-6, and IL-12].
In addition, they costimulate T-cells with upregulation of IL-2 and interferon
(IFN)-y production by T helper-1 cells and IL-5 and IL-10 production by T helper-2
cells (85). Lenalidomide (CC-5013) is the lead compound among the ImiDs and its
ex vivo antiangiogenic as well as anti-TNF property is estimated to be at least
50-fold higher than that of thalidomide (83, 84). In PMF, thalidomide works best
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at low doses (50mg/day) and in combination with corticosteroids (prednisone
15-30mg/day) (86) and lenalidomide in the presence of del(5)(q31) (80). Single-
agent therapy in unselected patients with either thalidomide or lenalidomide
produces 15% and 20% response rates in anemia, respectively. The addition of
corticosteroids doubles the response rate with thalidomide and the presence
of del(5)(q31) is associated with complete hematologic remission in the majority of
patients treated with lenalidomide. In addition, both drugs have been shown to
improve thrombocytopenia (approximately 50% response rates) and splenomegaly
(approximately 30% response rate) (79, 80).

The drug of choice for symptomatic splenomegaly in PMF is hydroxyurea
(starting dose 500mg TID). The drug is also used for controlling symptomatic
thrombocytosis and/or leukocytosis. Hydroxyurea-refractory cases are sometimes
managed by the use of alternative myelosuppressive agents, including intravenous
cladribine (5mg/m*day in a 2-h infusion for 5 consecutive days to be repeated
monthly for four to six cycles) (87), oral melphalan (2.5mg three times a week)
(88), and oral busulfan (2—-6 mg/day with close monitoring of blood counts)
(89, 90). In contrast, interferon-o. therapy is poorly tolerated and has limited
efficacy in the treatment of PMF (91-96).

It is expected that all clinicians disclose the side effects of the above-mentioned
drugs before prescribing them. In addition, one must always look out for the presence
of contraindications to the use of these drugs. For example, androgen use requires
monitoring of serum prostate-specific antigen in men, liver function tests in both men
and women, and underscoring the possibility of masculinizing side effects in women.
Similarly, the use of thalidomide requires strict supervision and any possibility of
pregnancy during its use must be prevented. Other side effects of thalidomide include
somnolence, constipation, rash, and neuropathy. Lenalidomide is myelosuppressive
and can result in neutropenic fever and sepsis. Therefore, one has to follow CBC
closely and intervene with myeloid growth factors if the absolute neutrophil count
drops to below 1 x 10%/L. Other notable side effects of drugs used in PMF include
mucocutaneous ulcers and skin/nail pigmentations associated with hydroxyurea
use and the usual complications of corticosteroid use.

2.8.2 Splenectomy

Splenectomy is a strictly palliative treatment modality in PMF and does not alter the
natural history of the disease. The procedure is associated with approximately 10%
mortality and a higher incidence of morbidity that includes thrombosis, bleeding,
postsplenectomy enlargement of the liver, and exacerbation of thrombocytosis/
leukocytosis. Current indications for splenectomy in PMF include complications of
portal hypertension, including ascites and variceal bleeding, drug-refractory
symptomatic splenomegaly, or very frequent red blood cell transfusions (97). Severe
thrombocytopenia in PMF is a marker of impending leukemic transformation and
overall outcome in its presence might not be favorably affected with splenectomy.
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In preparation for splenectomy, prophylactic therapy with hydroxyurea is advised in
patients with leukocyte count of >5 x 10%L and/or platelet count >150 x 10°/L
in order to prevent postsplenectomy thrombocytosis and/or leukocytosis that might
facilitate thrombotic complications (97). In addition, there is some evidence that sug-
gests an increased incidence of bleeding in patients displaying laboratory evidence of
DIC (i.e., presence of markedly increased d-dimer). Anecdotal evidence supports the
use of low-dose prednisone (20 mg/day) in preparation for surgery. In addition, short-
term (4—8 weeks) systemic anticoagulation, once hemostasis is secured after surgery,
might reduce the risk of postoperative thrombotic complications.

2.8.3 Radiation Therapy

Involved field radiotherapy provides transient (median response duration of 3-6
months) relief of mechanical discomfort from hepatosplenomegaly (98, 99).
However, such therapy is often complicated by protracted pancytopenia and drug
therapy is instead preferred. In contrast, irradiation therapy is very useful in patients
with nonhepatosplenic EMH; most frequent sites include vertebral column, lungs,
pleura, and peritoneum. When symptomatic, nonhepatosplenic EMH is effectively
treated with low-dose radiation therapy (0.1-1 Gy in 5-10 fractions) (58). Sometimes,
occult pulmonary EMH presents with “idiopathic” pulmonary hypertension and a
technetium 99m sulfur colloid scintigraphy is recommended if such an occurrence is
suspected and treatment with single-fraction (0.1 Gy) whole-lung irradiation has been
shown to be effective (68, 100).

2.8.4 Allogeneic Stem Cell Transplant

An increasing amount of information is being gathered regarding the use of ASCT
in PMF, in the context of both myeloablative (101-104) and RIC (105, 106)
transplant. Early engraftment rate is acceptable in both instances regardless of
whether a related or matched unrelated donor is used. The experience so far with
myeloablative ASCT is encouraging in very young patients (age <45 years), but
posttransplant long-term survival in older patients is less than 20% (103, 104).
Furthermore, the majority of survivors after ASCT experience reduced quality of
life because of chronic graft versus host disease (GVHD) (101). A recent multi-
variable analysis involving 320 patients with PMF registered to an international
transplant database identified young age, HLA-matched sibling transplant, excellent
performance status, absence of circulating blasts, and more recent transplant date as
independent indicators of favorable transplant outcome (107). To date, the advantage
of RIC transplant over myeloablative ASCT has not been examined in a controlled
setting, although single-cohort studies suggest better outcome in terms of both 1-year
mortality (0-33%) and morbidity (0-50% rate of acute GVHD) (108).
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2.9 Conclusions

Over the last two decades, many drugs have been investigated for their therapeutic
value in PMF. Negative studies have included drugs such as IFN-o0., anagrelide,
suramin, pirfenidone, imatinib mesylate, farnesyl transferase inhibitors such as
R115777, and certain VEGF receptor inhibitors, including PTK-787 and SU5416
(109). In contrast, promising results were obtained with cladribine (87), etanercept
(110), thalidomide (111), and lenalidomide (80). Despite such progress, treatment
in PMF remains suboptimal in terms of both survival and quality of life. At present,
it is reasonable to consider all high-risk patients for either ASCT (if transplant-
eligible) or experimental drug therapy. It is equally reasonable to undertake a
“watchful waiting” approach in low-risk patients. Management in intermediate-risk
patients should be individualized and is often dictated by age, performance status,
and patient preference. In all patients, the presence of del(5)(q31-32) warrants a
therapeutic trial with lenalidomide. The recent discovery of PMF-associated
activating mutations involving JAK2 and MPL has raised the prospect of small
molecule drug therapy that targets JAK?2.
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Chapter 3
Essential Thrombocythemia

Guido Finazzi

3.1 Introduction

Essential thrombocythemia (ET) is currently classified as a myeloproliferative
disorder (MPD), which is a heterogeneous category of clonal stem cell diseases that
also includes polycythemia vera (PV), myelofibrosis with myeloid metaplasia
(MMM), chronic myeloid leukemia (CML), and atypical MPDs (1). A major
advance in our understanding of the pathogenesis of MPDs was made with
the recent identification of the V617F JAK2 mutation in a substantial proportion
of patients, especially with PV (2-7). This discovery has had a major impact
on disease classification, diagnostic approach, and in addressing research strategies
in these disorders.

Among the classic MPDs (1), ET shows a longer median survival as well as
lower transformation rates into acute myelogenous leukemia (AML). However, the
clinical course of ET is complicated by thrombotic and hemorrhagic episodes that
occur more frequently in older patients and those with previous vascular events.
There is an ongoing debate as to whether the evolution to AML is part of the natural
history of the disease or is related to the use of cytoreductive agents given to control
the myeloproliferation and avoid vascular complications. Hence, the best strategy
is to limit the use of cytotoxic therapy by stratifying patients on the basis of their
risk for developing vascular events.

This chapter reviews recent progress in the management of ET with particular
emphasis on four key areas: pathogenesis, diagnostic criteria, clinical course, and
risk-adapted therapy.

3.2 Pathogenesis

Essential thrombocythemia is thought to result from transformation of a multipotent
hematopoietic progenitor. This concept was originally proposed by Fialkow and
colleagues, who demonstrated a clonal pattern of X inactivation in multiple myeloid
lineages but not in lymphoid cells (8). Subsequent studies in ET have demonstrated
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that a significant proportion of ET patients do not appear to have clonal hematopoie-
sis (9, 10). This observation, however, might reflect the limited ability of current
techniques to detect a small proportion of clonally derived cells in a background of
polyclonal hematopoesis since a recent study has demonstrated the presence of JAK2
V617F in the majority of patients with “polyclonal” ET (11).

Cytogenetic studies have not been helpful. Almost 95% of ET patients have
normal cytogenetics and, when present, karyotypic abnormalities are highly varia-
ble (12). A clue to the nature of the underlying defect came from the realization that
as in PV, hematopoietic progenitors from many patients with ET are hypersensitive
to cytokines such as thrombopoietin or erythropoietin (13—15). These observations
focused attention on cytokine signal transduction pathways.

In 2005, an identical acquired mutation of JAK2 has been found in the vast majority
of patients with PV, as well as approximately half those with ET and MMM
(2-7). The mutation (V617F) is located in the negative regulatory JH2 domain and
replaces a highly conserved valine with a bulky phenylalanine. As predicted by previous
structural and biochemical studies, the consequence of this mutation is increased
tyrosine kinase acytivity of JAK2. JAK?2 plays a central role in signal transduction from
multiple growth factors, and so its activation is consistent with the growth-factor-
independent phenotype. Sequence analysis of peripheral blood granulocytes detected
the mutation in 12-40% of patients with ET (2-5), but over 50% were positive by
allele-specific polymerase chain reaction (PCR) (3). These results demonstrate that ET
can be divided into JAK2-positive and JAK2-negative subgroups. The molecular basis
for JAK-2-negative ET remains obscure. It is also unclear how the same mutation can
give rise to PV, ET, MMM, and other atypical MPDs. Potential explanations include
differences between individuals with respect to genetic background, additional acquired
mutations, or the target cell for transformation (16).

3.3 Diagnostic Criteria

Also in the current JAK2 V617F era, there is no single clinical or laboratory finding
that permits a diagnosis of ET. Thus, the diagnosis must be reached by a mix of
positive criteria in conjunction with the exclusion of other myeloproliferative or
myelodysplastic disorders as well as conditions that are associated with a reactive
thrombocytosis. This principle was used in the diagnostic criteria developed by the
World Health Organization (WHO) (17) (Table 3.1).

3.3.1 Platelet Count

The current criteria for ET require a persistent platelet count of >600 x 10°/L.
However, it has been suggested that the platelet count criterion should be reduced
to >400 x 10°/L because, in long-term follow-up studies, the clinical course of
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Table 3.1 WHO diagnostic criteria for essential thrombocythemia

Positive criteria

1. Sustained platelet count >600 x 10°/L
2. Bone marrow biopsy specimen showing proliferation mainly of the megakaryocytic lineage
with increased number of enlarged, mature megakayocytes

Criteria of exclusion
No evidence of PV

- Normal red cell mass or Hb < 18.5g/dL in men, 16.5 g/dL in women

- Stainable iron in bone marrow, normal serum ferritin, or normal MCV

- If the former condition is not met, failure of iron trial to increase red cell mass or Hb lev-
els to the PV range.

2. No evidence of CML
- No Philadelphia chromosome and no BCR/ABL fusion gene
3. No evidence of myelodysplastic syndrome
- No del(5q), t(3;3)(q21;q26), inv(3)(q21q26)
- No significant granulocytic dysplasia, few if any micromegakaryocytes
4. No evidence that thrombocytosis is reactive due to:
- Underlying inflammation or infection
- Underlying neoplasm
- Prior splenectomy
MCYV: Mean cell volume. Source: Adapted from Ref. 17.

patients with platelet counts between 400 10°/L and 600 x 10°/L was found to be
indistinguishable from that of patients with a clearly diagnosed ET (18, 19).
The major problem with this approach is that lowering the threshold of platelet
count will improve the sensitivity but reduce the specificity of ET diagnosis.
Therefore, the selection of a cutoff of 600 x 10%/L is probably the most appropriate
for the selection of ET patients to be put in therapeutic trials. In the current clinical
practice, a lower platelet count can be taken for an initial screening, but this should
be supported by other clinical and laboratory ET features.

3.3.2 JAK2 Mutation

The V617F JAK2 mutation is detectable in 40-60% of ET patients ([2—7) and the
technology required to detect it is very simple, being generally PCR based (20).
Hence, for those patients presenting with an isolated thrombocytosis, or with
clinical findings suspicious for a MPD [e.g., patients presenting with Budd Chiari
syndrome (21)], a positive screen for V617F JAK2 will confirm the diagnosis as a
MPD. The traditional difficulty in making a diagnosis of ET has been excluding a
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reactive thrombocytosis in those patients with other comorbidities. This distinction
will be simpler in patients with detectable V617F JAK?2 but does not, of course,
preclude careful clinical history and examination. For V617F JAK2-negative
patients, the diagnosis will rely on the WHO criteria (17). A proposed diagnostic
scheme including JAK2 mutation screening is reported in Table 3.2 (22).

3.3.3 Bone Marrow Biopsy

It has been suggested that ET can be positively diagnosed by careful, quantitative
examination of the bone marrow biopsy (23): this forms the basis of a positive
marker for ET in the WHO diagnostic criteria (17). Typical clustering of enlarged
megakaryocytes with multilobated nuclei has been advocated to represent the
hallmark feature of the disease. The background hematopoiesis in ET is character-
ized by a discrete pattern of minimal or no hyperplastic erythropoiesis, no change
in granulopoiesis, almost no fibrosis, and a reduction of stainable iron. A detailed
evaluation of bone marrow features might also help to distinguish “true” ET from
the initial stages of MMM, PV, or myelodysplasia. “Early” myelofibrosis is
characterized by increasing cellularity with prominent neutrophil granulopoiesis,

Table 3.2 Proposed diagnostic criteria for essential thrombocythemia including JAK2
V617F mutation

A

Platelet count >600 x 10°/L for >2 months
Presence of JAK2 V617F mutation

No cause for a reactive thrombocytosis
No evidence of iron deficiency
No evidence of PV

L=

- Normal red cell mass or haematocrit <40%
4. No evidence of myelofibrosis

- Collagen fibrosis of the bone marrow absent or less than one-third of the biopsy
area without both marked splenomegaly and a leukoerythroblastic blood film
5. No evidence of CML
- No Philadelphia chromosome and no BCR/ABL fusion gene
6. No evidence of myelodysplastic syndrome
- No del(5q), t(3;3)(q21;q26), inv(3)(q21q26)
- No significant granulocytic dysplasia, few if any micromegakaryocytes
Note: Diagnosis of ET requires either A1, A2 and B3-6 or Al and B1-6.
Source: Adapted from Ref. 22.




3 Essential Thrombocythemia 55

borderline to slight reticulin fibrosis, and pronounced abnormalities of megakaryo-
cyte differentiation, including hyperchromasia and marked nuclear-cytoplasmatic
deviation. Notably, patients with these morphological features frequently develop
an overt myelofibrosis and have a significantly worse life expectancy. However, an
experienced observer and a well-standardized procedure are required to diagnose
ET by examination of the bone marrow biopsy.

3.3.4 Other Criteria

Some authors have shown that endogenous erythroid colonies or culture examining
CFU-Mk (megakaryocytic colony-forming unit) growth might be reliable markers
of the disease (13, 24). However, these investigations are not widely available, are
expensive, and are technically demanding and, therefore, might be suitable for
research purposes or in the occasional patient but not for general use.

Nonstimulated metaphases obtained from marrow aspirates should be examined
for cytogenetic abnormalities. This is primarily important in order to exclude the
presence of the Philadelphia (Ph) chromosome, the genotypic hallmark of CML,
particularly in those patients with very high platelet counts (25). Karyotypic
abnormalities generally arise upon transformation of ET to acute leukemia when
deletions or elongations of the short arm of chromosomes 1, 2, 5, 17, 20, and 21 are
the most frequent defects (12).

3.4 C(linical Course

3.4.1 Frequency

According to population-based epidemiological studies (26, 27), the incidence rates
of ET range from 15 to 25 cases per million inhabitants annually. These figures are
in agreement with a recent systematic screening for erythrocytosis and thrombocy-
tosis in 10,000 consecutive persons living in the city of Vicenza, Italy (28). This
cross-sectional study of healthy people led to the identification of four cases of ET
(platelet count 2600 x 10%/L) with an estimated prevalence of 400 cases per million
inhabitants (95% confidence interval 109—-1020/million). Interestingly, no throm-
botic or hemorrhagic complications occurred over 5 years of follow-up in these
incidentally discovered ET patients.

The disorder appears to affect primarily middle-aged people, with an average
age at diagnosis of about 55 years (29). There is a higher prevelence of females
(26, 29), mainly due to a second peak frequency at around 30 years of age for
women. This predisposition of young women to develop ET is relevant for the issue
of pregnancy discussed below.
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3.4.2 Incidence and Type of Major Thrombotic
and Hemorrhagic Complications

Thrombosis and hemorrhage are the most frequent clinical complications
observed in ET patients (30). In uncontrolled studies, reported cumulative rates
for thrombosis and hemorrhage during follow-up ranged from 7% to 17% and 8%
to 14%, respectively (31). In one study that also evaluated a control population
(32), the incidence of thrombotic episodes was 6.6% per patient-year in ET
versus 1.2% in control subjects and the rate of major hemorrhagic complications
was 0.33% per patient-year in ET versus 0% in controls.

The most frequent types of major thrombosis include stroke, transient ischemic
attack, myocardial infarction, peripheral arterial thrombosis, and deep venous
thrombosis often occurring in unusual sites, such as hepatic (Budd-Chiari syndrome),
portal, and mesenteric veins. In addition to large-vessel occlusions, ET patients might
suffer from microcirculatory symptoms, including vascular headaches, dizziness,
visual disturbances, distal paresthesia, and acrocyanosis. The most characteristic of
these disturbances is erythromelalgia, consisting of congestion, redness, and burning
pain to ischemia and gangrene of distal portions of toes and fingers (33). The most
frequent bleeding events are hemorrhages from the gastrointestinal tract, followed by
hematuria and other mucocutaneous hemorrhages. Hemarthrosis and large muscle
hematomas are uncommon.

3.4.3 Risk Factors

Age over 60 and a previous thrombotic event were identified as major risk factors
for thrombosis in a controlled study (32) and in an uncontrolled series of patients
(34, 35). Additional risk factors have been also recognized: clonal disease, impaired
expression of c-Mpl in bone marrow megakaryocytes, overexpression of PRV-1,
presence of factor V Leiden, and antiphospholipid antibodies were associated with
a higher incidence of vascular complications (reviewed in Ref. 31). The risk is
increased by the concomitant presence of hypertension, hypercholesterolemia, and
smoking, but it should be recognized that these associations are not consistently
found in all studies.

Recently, a prognostic role for leukocytosis in MPDs has been advocated. Three
large cohort studies have demonstrated that an increased leukocyte count is a novel
independent risk factor for both thrombosis and inferior survival in ET (29, 36) and
for thrombosis in PV (37). In one study, a correlation between leukocytosis and the
V617F JAK2 mutation was reported (36). In ET and PV, in vivo leukocyte activation
has been shown to occur and to be associated with signs of activation of both platelets
and endothelial cells (38). Platelet activation is increased in ET patients carrying
the V617F JAK2 mutation (39). Thus, leukocyte and platelet activation might play a
role in the generation of the prethrombotic state that characterizes ET and PV.



3 Essential Thrombocythemia 57

The presence of the V617F JAK2 mutation in about 50% of patients with ET
raises the question of whether mutated and nonmutated patients differ in terms of
thrombotic risk. The largest relevant study on 806 patients suggested that JAK2
mutation was associated with venous but not arterial events (40). An increased risk
of thrombosis in JAK2-mutated patients with essential thrombocythemia was also
reported by other investigators (41, 42). However, the rate of vascular complica-
tions was not affected by the presence of the mutation in two other relatively large
studies, including 150 and 130 patients, respectively (11, 43). It is possible that the
higher age distribution and hematocrit and leukocyte levels consistently found in
mutation-positive patients (11, 40-43) contributed to the apparent association
between JAK2 V617F and thrombosis reported in some studies.

Paradoxically, a very high platelet count (>1500 x 10°/L) was found to be a
major predictor of bleeding rather than thrombosis (44). The explanation of this
comes from the well-documented impairment of von Willebrand factor (vWF)
multimers found both in patients with ET and those with reactive thrombocytosis
(30, 44). Large vWF multimers have been found to be decreased in parallel with the
degree of thrombocythemia. Moreover, normalization of the platelet count was
accompanied by restoration of a normal plasma vWF multimeric distribution and
correction of bleeding tendency. However, in a retrospective study of 99 consecu-
tive young patients (aged <60 years) who presented with extreme thrombocytosis
(platelet count >1000 x 10°/L) and without a previous history of thrombohemor-
rhagic complications, the incidences of major thrombosis and hemorrhage during
the follow-up were similar between those who were treated with prophylactic
cytoreductive therapy and those who did not receive such therapy (45). This clinical
observation challenges the role of extreme thrombocytosis as a major risk factor for
vascular events in otherwise low-risk patients with ET.

3.4.4 Progression of the Disease

Essential thrombocythemia might transform to MMM or acute leukemia (AL) as
part of the natural history. In a series of 195 patients followed for a median of
7.2 years (range: 1.9-24), conversion to MMM was observed in 13 cases, with
an actuarial probability of 2.7% at 5 years, 8.3% at 10 years, and 15.3% at 15
years (46). In a long-term cohort study of 322 consecutive patients followed for
a median of 13.6 years life expectancy, survival was similar to that of the control
population in the first decade of disease [risk ratio: 0.72; 95% confidence inter-
val (CI): 0.50-0.99) but became significantly worse thereafter (risk ratio: 2.21;
95% CI: 1.74-2.76)]. Multivariable analysis identified age at diagnosis of 60
years or older, leukocytosis, tobacco use, and diabetes mellitus as indendent
predictors of poor survival. The risk of leukemic or any myeloid disease trans-
formation was low in the first 10 years (1.4% and 9.1%, respectively) but
increased substantially in the second (8.1% and 28.3%, respectively) and third
(24.0% and 58.5%, respectively) decades of the disease (43).
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3.5 Risk-Adapted Therapy

Before deciding whether to start platelet-lowering treatment, ET patients should be
evaluated for history of thrombotic or hemorrhagic events and the presence of car-
diovascular risk factors (i.e., smoking, hypertension, hypercholesterolemia, and
diabetes). Then they should be stratified according to their probability of developing
major bleeding or thrombosis (Table 3.3)(1, 47).

3.5.1 Low Risk

Avoiding cytoreduction is an option for low-risk ET patients. The natural history of
such patients left untreated was prospectively evaluated in a controlled study that
compared 65 low-risk patients with 65 age- and sex-matched normal controls (48).
After a median follow-up of 4.1 years, the incidence of thrombosis was not
significantly higher in patients than in controls (1.91% vs. 1.5% per patient-year;
age- and sex-adjusted risk ratio: 1.43; 95% CI: 0.37-5.4). No major bleeding was
observed. Thrombotic deaths seem very rare in low-risk ET subjects, and there are
no data indicating that fatalities can be prevented by starting cytoreductive drugs
early. Therefore, withholding chemotherapy might be justifiable in young, asymp-
tomatic ET patients with a platelet count below 1,500 x 10°/L. This policy is based
on the low risk of complications and the potential leukemogenicity of cytotoxic
drugs. However, the strength of these recommendations is based on studies with
small number of patients, and further data from large clinical trials are needed.
Aspirin at different doses (30-500 mg/day) has been found to control microvascular
symptoms, such as erythromelalgia, and transient neurological and ocular disturbances
(TIAs), including dysarthria, hemiparesis, scintillating scotomas, amaurosis fugax,
migraines, and seizures (33). The efficacy and safety of aspirin, 100mg daily, in
preventing major thrombotic events has been formally assessed in a randomized
clinical trial in PV (49). Aspirin lowered significantly the risk of a primary combined

Table 3.3 Classification of essential thrombocythemia based on thrombotic
and hemorrhagic risk

Low risk Age <60 years, and
No history of thrombosis or major bleeding, and
Platelet count <1500 x 10°/L

Intermediate risk Neither low risk nor high risk

High risk Age >60 years, or
A previous history of thrombosis or major bleeding

Note: Correction of cardiovascular risk factors (smoking, hypertension,
hypercolesterolemia, diabetes) is recommended in all patients; their contribution
to thrombotic risk classification is controversial (see text).

Source: Adapted from Ref. 1.
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endpoint, including cardiovascular death, nonfatal myocardial infarction, nonfatal
stroke, and major venous thromboembolism (relative risk: 0.4; 95% CI: 0.18-0.91,
p =0.0277) without increasing major bleeding (relative risk: 1.6; 95% CI: 0.27-9.71).
Based on these findings, an antithrombotic preventive strategy with low-dose aspirin
is recommended in all PV patients. Translating evidence from this study to ET can be
considered, but formal clinical trials have not hitherto been produced.

3.5.2 Intermediate Risk

Whether some patients might be classified as at “intermediate risk” of thrombosis
is more contentious. The rationale for assigning this risk category is the increase in
incidence of thrombotic events in the age range 40-60 years compared to less than
40 years (32) and the uncertainty over the weighting that might be ascribed to
weaker or more controversial risk factors. The Italian Consensus Criteria define
“intermediate risk” as age 40-60 years, platelets less than 1000 x 10°/L, and either
vascular risk factors or familial thrombophilia with no consensus on treatment (31).
In a recent review, Elliott and Tefferi suggested that those aged 60 years, with no
history of thrombosis and either a platelet count 1500 x 10%/L or cardiovascular risk
factors (e.g., smoking, diabetes) are of intermediate risk and should be treated with
aspirin, but they concluded there was no consensus on cytoreductive therapy (30).
Finally, in the United Kingdom, intermediate-risk patients, aged 40-60 years with
all of the following: platelets less than 1500 x 10°/L, no prior thrombosis or hemor-
rhage, no hypertension or diabetes, are entering into an ongoing randomized study
comparing HU plus aspirin or aspirin alone (50).

3.5.3 High Risk

3.5.3.1 Hydroxyurea

Hydroxyurea (HU) has emerged as the treatment of choice in high-risk patients
with ET (Table 3.3) because of its efficacy in preventing thrombosis (see Section
3.5.3.4) and rare acute toxicity. Hematopoietic impairment, leading to neutropenia
and macrocytic anemia, is the main short-term toxic effect of HU. Other less
frequent side effects include oral and leg ulcers and skin lesions.

The leukemogenicity of this agent is still debated. Some long-term studies found
that a proportion of ET patients treated with HU developed acute leukemia (51, 52).
In other studies, however, this drug was rarely associated with secondary malignan-
cies when used alone (53-56). In an analysis of 25 ET patients younger than 50 years
and treated with HU for a high risk of thrombosis, no leukemic or neoplastic
transformation occurred after a median follow-up of 8 years (range: 5-14) (53). In
1638 patients with PV enrolled in a prospective study, HU alone did not enhance the
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risk of leukemia in comparison with patients treated with phlebotomy only (hazard
ratio: 0.86; 95% CI: 0.26-2.88; p = 0.8), whereas this risk was significantly increased
by any other cytoreductive drug, namely radiophosphorus, busulphan, or pipobro-
man, either used alone or in combination (hazard ratio: 5.46; 95% CI: 1.84-16.25;
p =0.002) (54). The incidence of acute leukemic transformation is higher in patients
with ET treated with HU if they have cytogenetic abnormalities (51, 52) or have
received other cytotoxic drugs with different mechanisms of action (51, 54-56).

3.5.3.2 Anagrelide

Anagrelide, an imidazo quinazinoline derivative, has been shown to reduce the plate-
let count in a species-specific manner (57, 58). The mechanism by which anagrelide
induces thrombocytopenia is unclear, but current attention is focused on inhibition of
megakaryocytes differentiation and maturation (58). Major side effects of the drug
include palpitations, headaches, noncardiac edema, and congestive cardiac failure
(58). In one report, patients treated with anagrelide developed cardiomyopathy (59).

There is extensive experience with the use of this drug, which is licensed in
United States as a first-line agent by the Food and Drug Administration for control
of thrombocytosis associated with any myeloproliferative disorders. In Europe, the
drug has been granted a license only for ET patients refractory to or intolerant of
first-line therapy. The criteria for defining resistance or intolerance to HU have
been recently established by an International Working Group (60). They include the
following: platelet count greater than 600 x 10°/L after 3 months of at least 2 g/day
of HU (2.5 g/day in patients with a body weight over 80kg); platelet count greater
than 400 x 10%/L, and white blood count (WBC) less than 2.5 x 10%L or Hb less
than 10g/dL at any dose of HU; presence of leg ulcers or other unacceptable
mucocutaneous manifestations at any dose of HU; and HU-related fever.

Until recently, studies of anagrelide in ET were nonrandomized, lacked a control
arm, and had relatively limited follow-up. The largest study to date evaluated 934 ET
patients for efficacy and 2251 for safety and had a maximum follow-up of 7 years; there
was no evidence that anagrelide increased conversion to AL and no mention was made
of myelofibrosis (61). A study of 35 consecutive young ET patients treated with
anagrelide, with a median follow-up of 10.7 years, demonstrated that 20% had throm-
botic complications and a similar proportion had major hemorrhagic complications,
raising a question about the efficacy of anagrelide (62). These events occurred when the
platelet count was above 400 x 10°/L suggesting that control of the platelet count to
below 400 x 10°/L might reduce this risk. A second major finding from this study was
the development of a significant anemia of more than 3g/dL in a quarter of patients.

3.5.3.3 Interferon-alpha

Interferon (IFN)-o has been evaluated in several cohorts of ET patients (reviewed
in Ref. 63). Platelet count was reduced to below 600 x 10%/L in about 90% of cases
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after about 3 months, with an average dose of 3 million international units (IU)
daily. The time and degree of platelet reduction during the induction phase were
dose dependent. The IFN-o dose can be tapered during maintenance, but after its
discontinuation, the platelet count rebounds in the majority of patients. IFN-o is not
known to be teratogenic and does not cross the placenta. Thus, it has been used
successfully throughout pregnancy in some ET patients with no adverse fetal or
maternal effects.

Side effects are a major problem with this drug. In addition to flulike symptoms
observed in the early treatment phase, signs of chronic toxicity include weakness,
myalgia, weight and hair loss, gastrointestinal toxicity, and depression. In a series
of 273 ET patients (63), IFN-a therapy was terminated in 25% (67 cases) before
completion of the treatment. The rate of withdrawal ranged between 0% and 66%
in the different studies. This wide range might be partly explained by the difference
in observation times that ranged from 1 month to 4 years. So far, no leukemogenic
effects have been reported.

Recently, semisynthetic pegylated forms of interferon-o. (peg-IFN-0) have
been used to treat ET, which in a limited number of studies (reviewed in Ref. 64)
have been shown to be superior to unmodified IFN as related to its adverse event
profile and efficacy. Interestingly, the use of peg-IFN-o.-2a in 27 patients with PV
was able to decrease the percentage of mutated JAK?2 allele in 24 cases (89%),
from a mean of 49% to a mean of 27% (65). However, a more limited effect on
JAK?2 mutational status of another form of peg-IFN-a (peg-IFN-0.-2b) in patients
with PV and ET has been reported (66). Despite its high cost and toxicity, IFN
remains a useful agent in cytoreductive treatment of ET, especially in very young
patients and pregnant women.

3.5.3.4 Clinical Trials

Two randomized clinical trials assessing benefits and risks of myelosuppressive
therapy in ET patients at high risk of thrombosis have been carried out so far. The
first was performed about 10 years ago in Italy and evaluated HU versus untreated
controls (67): 114 ET patients were randomized to HU or no cytoreductive treat-
ment. During a median follow-up of 27 months, 2 thromboses were recorded in the
HU-treated group (1.6%/patient-year) compared with 14 in the control group
(10.7%/patient-year; p = 0.003). This study provided the basis for considering HU
as the standard therapy for high-risk ET patients and the reference arm for other
randomized trials.

The second trial was carried out in United Kingdom and compared HU plus
aspirin with anagrelide plus aspirin in 809 high-risk ET patients analyzed with a
median follow-up of 39 months (68). Overall, patients randomized to anagrelide and
aspirin were more likely to reach the composite primary endpoint of major thrombosis
(arterial or venous), major hemorrhage, or death from a vascular cause (p = 0.03).
When individual endpoints were assessed, arterial thrombosis, major hemorrhage,
and myelofibrosis were all significantly more frequent for patients treated with
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anagrelide (p = 0.004, 0.008, and 0.01 respectively). However anagrelide and aspirin
seems to offer at least partial protection from thrombosis, as the prevalence of throm-
botic events was significantly lower than the control arm of the Italian study (67)
(actuarial rate of first thrombosis 8% versus 26% at 2 years, respectively), whereas
the HU arms were approximately equivalent (actuarial rate of first thrombosis 4% at
2 years in both trials). The success of HU is likely to reflect the importance of addi-
tional factors such as the hematocrit, leukocyte count, or subtle effects on the
endothelium in the pathogenesis of thrombosis. Intriguingly, venous thrombosis was,
however, less frequent in patients treated with anagrelide (p = 0.006).

Major hemorrhage was increased for anagrelide plus aspirin treatment (p = 0.008).
The most frequent of these endpoints were gastrointestinal hemorrhages. Hemorrhagic
events might result from some subtle effect on platelet function, possibly accentuated
by aspirin or in relation to combined gastric toxicity.

Myelofibrotic transformation was seen in 16 patients treated with anagrelide in
comparison with 5 with HU. It seems logical that anagrelide might be less effective
than HU at suppressing the natural evolution of ET to myelofibrosis, as the number
of megakaryocytes remains elevated in ET patients treated with anagrelide
compared to those given HU. There is also evidence that despite control of the
platelet count, levels of tranforming growth factor-p remain elevated in patients
treated with anagrelide (69). The incidence of myelofibrosis in the anagrelide arm
(3.95%) at median follow-up of 39 months is approximately in accordance with
what has previously reported (0.9% per annum) (46), supporting the view that HU
might be more effectively suppressing myelofibrosis.

3.5.4 Pregnancy

Essential thrombocythemia is unique among the other Philadelphia negative MPDs,
as it is relatively common among women of child-bearing age (70). In a recent
systematic review of the literature, outcome data from 461 pregnancies reported by
retrospective and prospective cohort studies were evaluated (31). The rate of
spontaneous abortions was 44%, which is about threefold higher than in the general
population. Placental infarction was reported in 18 cases: these were often respon-
sible for intrauterine fetal growth retardation (11 cases). Abruptio placentae was
reported in nine cases (3.6%), a rate that is higher than in the general population
(1%). Maternal complications are relatively rare with no fatalities, but postpartum
thrombotic episodes were reported in 13 patients (5.2% of the pregnancies) empha-
sizing the need for postpartum thrombo-prophylaxis.

The average platelet count at the beginning of pregnancy in patients with successful
pregnancies was 1010 x 10°/L, whereas it was 977 x 10°/L among those with an
unsuccessful outcome (31); thus, the baseline platelet count did not predict pregnancy
outcome. During the second trimester, a spontaneous decline was registered to a nadir
of 599 x 10°/L. In the postpartum period, the platelet counts rose back up to their
earlier levels and rebound thrombocytosis occured in some patients.
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The apparent low risk of maternal complications must be considered in context, as
the majority of these patients are “low-risk”” ET. Most pregnant ET patients not in the
high-risk category should be treated with aspirin and postpartum prophylaxis with
heparin and closely monitored for complications. For those patients with previous
pregnancy or disease—related complications (>3 first-trimester or 1 second- or third-
trimester loss, severe Intrauterine Growth Retardation (IUGR), preeclampsia, signifi-
cant hemorrhage or thrombotic event, and/or extreme thrombocytosis) therapeutic
options include aspirin, low-molecular-weight heparin, and IFN-o (30,70) (Table
3.4). However, only limited literature to support optimal management strategies is
available and there is a need for international collaboration to address these issues and
define best care (71).

3.6 Personal Approach to Therapy

My first step in deciding the treatment of a patient with ET is to assess his/her risk
of major thrombotic or bleeding complications (Table 3.3). I do not treat patients
clearly classifiable as “low risk,” but I give low-dose aspirin (100 mg daily) if they
present with microvascular symptoms, such as erythromelalgia, paresthesiae or
atypical visual disturbances or associated cardiovascular risk factors (Figure 3.1).
The management of patients with extreme thrombocytosis (>1500 x 10°%/L) and
otherwise low-risk ET is more contentious (45). I favor patient’s age and symptoms
over platelet count, avoiding cytoreductive therapy in very young (<40 years),

Table 3.4 Risk-adapted management of ET in pregnancy

1. Risk stratification.
At least one of the following defines high-risk pregnancy:

- Previous major thrombotic or bleeding complication
- Previous severe pregnancy complications*
- Platelet count >1500 x 10°/L

2. Therapy
a) Low-risk pregnancy

- Aspirin 100 mg/day
- LMWH 4000 U/day after delivery until 6 weeks postpartum
b) High-risk pregnancy
As above, plus
- If previous major thrombosis or severe pregnancy complications: LMWH throughout preg-
nancy (stop aspirin if bleeding complications)
- If platelet count > 1500 x 10°/L: consider IFN-o.
- If previous major bleeding: avoid aspirin and consider IFN-o to reduce thrombocytosis

*Note: Severe pregnancy complications: >3 first-trimester or > 1 second- or third-trimester losses,
birth weight <5th centile of gestation, preeclampsia, intrauterine death or stillbirth.

LMWH: Low molecular weight heparin.

Source: Adapted from Ref. 70.
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Diagnosis of ET |

|

History of/presentation No symptoms and

with thrombosis ) o platelet count < 1,500x10°/L
or major hemorrhagic complication| and age < 60 years

or age > 60 years

v

Cytoreductive treatment: No cytoreduction

First line Re-consider if complications
hydroxyurea (HU)

interferon in special situations (pregnancy); Low-dose aspirin

possibly for all, definitely if
microvascular symptoms or
cardiovascular risk factors

Second line
anagrelide/interferon for patients intolerant
or refractory to HU

Low-dose aspirin
all patients without contraindications

Figure 3.1 An algorithm of risk-adapted treatment recommendations in patients with ET.
Classification of intermediate risk is controversial: A randomized study comparing aspirin versus
aspirin plus HU in intermediate risk patients is ongoing (see text)

completely asymptomatic patients with stable platelet count also in the range of
(1600-1800) x 10°/L.. However, I start therapy in the presence of rapidly increasing
platelet counts and/or minor bleeding or vascular disturbances. In patients younger
than 40 years of age, my first choice is IFN-o. If the drug is ineffective or not
tolerated, I use HU. In patients over 40 years of age with more than 1500 x 10°/L
platelets and in those with definitely “high-risk” ET, the therapy of choice is HU
plus low-dose aspirin (47). I consider anagrelide as second-line treatment in high-
risk patients intolerant or refractory to HU (60), provided they have a normal
cardiac function. I assess JAK2 V617F in all patients with ET, but, for the time
being, I do not use the mutation status to decide therapy. It is hoped that molecu-
larly targeted treatment will be available in the near future, as promising
JAK2-targeted small molecule drugs are already on the horizon.
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Chapter 4
Chronic Eosinophilic Leukemia/
Hypereosinophilic Syndrome

Jason Gotlib

4.1 Introduction

The eosinophil was histopathologically characterized in 1879 by Paul Ehrlich who
mastered the use of aniline dyes to distinguish cell types (1). The term “eosinophil”
was thus borne from the observation that the acidic dye eosin reacted strongly
with the abundance of highly basic proteins found within the granules of these
cells. Eosinophils serve a central function in the host defense against helminth infec-
tions and undergo recruitment and activation in allergic and inflammatory responses.
However, as part of the immune system’s effort to maintain normal homeostasis, the
potential for collateral tissue damage by eosinophils exists. This chapter focuses on
the relatively rare but fascinating hematologic diseases: chronic eosinophilic leukemia
(CEL) and hypereosinophilic syndrome (HES). These entities share a common
theme of abnormal persistent elevation of the eosinophil count and the potential for
substantial morbidity and mortality from organ complications. The study of pathologic
hypereosinophilia was originally rooted in descriptive and morphologic investigations;
however, with an increasingly sophisticated understanding of the cellular and
molecular bases of these eosinophilic disorders, new biologically oriented classification
schemes have emerged that carry therapeutic implications.

4.2 Definition of Eosinophilia

The upper limit of normal for the range of % eosinophils in the peripheral blood is
3-5%, with a corresponding absolute eosinophil count (AEC) of 350-500/mm?
(2, 3). The severity of eosinophilia has been arbitrarily divided into mild (AEC from
the upper limit of normal to 1500/mm?), moderate (AEC 1500-5000/mm?), and
severe (AEC >5000/mm?) (3, 4). For subsets of certain eosinophilic diseases, the
degree of peripheral eosinophilia might help narrow the differential diagnosis. For
example, among the pulmonary eosinophilic syndromes, peripheral eosinophilia
tends to be relatively mild in drug-induced and idiopathic eosinophilia pneumonia
(IEP); in contrast, chronic IEP and tropical pulmonary eosinophilia are usually
characterized by more severe elevations in the AEC (4).
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4.3 Eosinophil Biology

The T-cell-derived eosinophilopoietic cytokines interleukin-3 (IL-3), granulocyte
macrophage colony-stimulating factor (GM-CSF), and interleukin-5 (IL-5) are
primarily responsible for the commitment, proliferation, and differentiation of
multipotent hematopoietic progenitors into the eosinophilic lineage (3). These
cytokines also contribute to the priming, activation, and recruitment of eosinophils
within specific tissue compartments. Type 1 (Thl) and type 2 (Th2) T-helper
cells produce IL-3 and GM-CSF, whereas IL-5 is predominantly produced by Th2
cells and mast cells (3, 5). IL-5 is a more eosinophil-specific cytokine critical for
the terminal differentiation and proliferation of eosinophils (6).

Migration of eosinophils from the circulation to tissues is mediated by their
interaction with endothelial cells. Rolling of eosinophils along the endothelium is
facilitated by adhesion molecules such as P-selectin (7). Eosinophil adherence to
endothelium is promoted by interactions between intercellular adhesion molecule 1
(ICAM-1) on endothelial cells and B2 integrins (e.g., CD18) on eosinophils; similar
interactions also occur between endothelium vascular cell adhesion molecule 1
(VCAMI) and P1 integrins (e.g. very late antigen-4 (VLA-4) (3, 5, 8). Migratory
responses of eosinophils are enhanced by numerous potent eosinophil chemoat-
tractants, including, but not limited to, complement fragment 5a, leukotriene 3 »
platelet activating factor, various interleukins, RANTES, and specific eotaxins that
are ligands for the CCR3 receptor expressed on eosinophils (3, 5, 9-11).

The pro-inflammatory effects of eosinophils are related to the release of media-
tors from well-characterized intracellular granule compartments. The relatively
large-sized specific granules contain an electron-dense crystalloid core containing
preformed major basic protein, surrounded by a matrix consisting of eosinophil cati-
onic protein, eosinophil-derived neurotoxin, and eosinophil peroxidase (5). Small
granules contain hydrolytic enzymes such as acid phosphatase, arylsulfatase, and
catalase. Newly synthesized mediators, including oxidative products (e.g., hydrogen
peroxide), lipid mediators (e.g., leukotriene C,), inflammatory/hematopoietic
cytokines, and chemokines, instigate the tissue damage and fibrosis that characterize
the pathologic eosinophilia of CEL and HES (3, 5).

4.4 Nomenclature

“Reactive” or “secondary” eosinophilia refers to identifiable conditions that
mediate cytokine-driven eosinophilia. “Primary” eosinophilia is typically used to
denote eosinophilia related to an underlying bone marrow disease. Among the
marrow-related primary eosinophilias, a clonal marker can be found in a subset
of patients, consistent with an underlying acute or chronic myeloid or lymphoid
disorder. In such cases, the presence of a cytogenetic or molecular abnormality
does not necessarily imply that the eosinophil population is derived from the
malignant clone, as eosinophilia can be a reactive phenomenon accompanying
both solid and hematologic malignancies (see below).
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Historically, the term “idiopathic hypereosinophilic syndrome” (HES) or
simply “hypereosinophilic syndrome” has been applied to patients for whom
a persistent primary or secondary cause of acquired eosinophilia has not be
ascertained. Hardy and Anderson inaugurated the term “hypereosinophilic
syndrome” for such patients in 1968 (12), the first of several modern clinico-
pathologic landmarks in the study of hypereosinophilic syndromes (Table
4.1). Chusid and colleagues established its diagnostic criteria in 1975: (1)
persistent eosinophilia of 1500/mm? or greater for longer than 6 months; (2)
lack of evidence for parasitic, allergic, or other known reactive causes of
eosinophilia (Table 4.2); and (3) signs and symptoms of organ involvement
(13). In the last 15 years, the pool of classically defined HES patients has
diminished in size due to an increasing proportion of cases that have been
molecularly/cytogenetically reassigned as chronic eosinophilic leukemia
(Figure 4.1). The HES pool has also decreased in size with the recognition of

Table 4.1 Modern landmarks in the classification, diagnosis, and treatment of hypereosinophilic
syndrome/eosinophilic disorders

Year Authors Event
1968 Hardy and Anderson Term “hypereosinophilic syndrome” coined
1975 Chusid et al. Diagnostic criteria for idiopathic HES established
1994 Golub et al. Characterization of the PDGFRB-related rearrangement,
t(5;12)(q31-q33;p13), the first molecular abnormality
to become associated with eosinophilia
1998 Popovic et al., Identification of rearrangement of the FGFR1 gene
Reiter et al., (ZNF198-FGFR1) as a molecular basis for the 8p11
Smedley et al., myeloproliferative syndrome
Xiao et al.
2001 Bain et al. World Health Organization diagnostic criteria for idiopathic
HES and CEL published
2001 Schaller and Burkland ~ Successful empiric treatment of an HES patient with imatinib
2002  Apperley et al. Imatinib responsiveness in patients with chronic
myeloproliferative disorders associated with eosinophilia
and rearrangements of PDGFRB
2002  Baxter et al. Characterization of the first PDGFRA rearrangement
(BCR-PDGFRA), t(4;22)(q12;q11), in two patients
with atypical CML with eosinophilia
2003  Trempat et al. Successful imatinib treatment of a patient with the
BCR-PDGFRA fusion
2003 Cools et al. Identification of the FIP1L1-PDGFRA fusion as the basis
for therapeutic response to imatinib in HES/CEL
2003 Pardanani Identification of the FIP1L1-PDGFRA fusion

(using FISH for the CHIC?2 deletion) in patients
with systemic mastocytosis with eosinophilia

HES: hypereosinophilic syndrome; CEL: chronic eosinophilic leukemia; PDGFRA: platelet-
derived growth factor receptor alpha; PDGFRB: platelet derived growth factor receptor beta;
FGFRI: fibroblast growth factor receptor 1.

Source: Gotlib et al. (60), with permission from Elsevier.
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Table 4.2 Reactive causes of eosinophilia

Allergic/hypersensitivity diseases
Asthma, rhinitis, drug reactions, allergic bronchopulmonary aspergillosis,
allergic gastroenteritis
Infections
Parasitic
Strongyloidiasis, Toxocara canis, Trichinella spiralis, visceral larva migrans,
filariasis, Schistosomiasis, Ancylostoma duodenale, Fasciola hepatica,
Echinococcus, Toxoplasma, other parasitic diseases
Bacterial/mycobacterial
Fungal (coccidioidomycosis, cryptococcus)
Viral (HIV, HSV, HTLV-II)
Rickettsial
Connective tissue diseases
Churg-Strauss syndrome, Wegener’s granulomatosis, rheumatoid arthritis,
polyarteritis nodosa, systemic lupus erythematosus, scleroderma,
eosinophilic fasciitis / myositis
Pulmonary diseases
Bronchiectasis, cystic fibrosis, Loeffler’s syndrome,
eosinophilic granuloma of the lung
Cardiac diseases
Tropical endocardial fibrosis, eosinophilic endomyocardial fibrosis or myocarditis
Skin diseases
Atopic dermatitis, urticaria, eczema, bullous pemphigoid, dermatitis herpetiformis,
episodic angioedema with eosinophilia (Gleich syndrome)
Gastrointestinal diseases
Eosinophilic gastroenteritis, celiac disease
Malignancies
Hodgkin’s and non-Hodgkin’s lymphoma, acute lymphoblastic leukemia,
Langerhans cell histiocytosis, angiolymphoid hyperplasia with eosinophilia
(Kimura’s disease), angioimmunoblastic lymphadenopathy, solid tumors
(e.g., renal, lung, breast, vascular neoplasms, female tract cancers)
Immune system diseases/abnormalities
Wiskott-Aldrich syndrome, hyper-IgE (Job’s) syndrome, hyper-IgM syndrome,
IgA deficiency
Metabolic abnormalities
Adrenal insufficiency
Other
IL-2 therapy, L-tryptophan ingestion, toxic oil syndrome, renal graft rejection

Source: Gotlib et al. (79).

a pathologically distinct, lymphocyte-mediated form of hypereosinophilia,
characterized by a T-cell population with an aberrant immunophenotype and/

or

abnormal eosinophilopoietic cytokine production (e.g., elevated levels of

serum interleukin-5) (14, 15).

In 2001, the World Health Organization established criteria that distin-

guished HES from chronic eosinophilic leukemia (CEL) and lymphocyte-variant



4 Chronic Eosinophilic Leukemia/Hypereosinophilic Syndrome 73

Idiopathic
HES

Molecularly & cytogenetically re-
assigned eosinophilias (rearrangements
of “PDGFRA/ B” ETV6, JAK2, FGFR1, &

other chromosome abnormalities)

Idiopathic HES

Figure 4.1 The schematic illustrates the shrinking pool of patients with hypereosinophilic
syndrome. The relative frequency of patients with idiopathic hypereosinophilia is decreasing due
to an increasing number of patients who are diagnosed with either a previously unrecognized
molecularly defined myeloproliferative variant or lymphocyte-variant of hypereosinophilia

hypereosinophilia (Table 4.3) (15). In the absence of increased peripheral blood
or marrow blasts or cytogenetic/molecular evidence of clonality, a diagnosis of
CEL is also suggested by additional clinical or laboratory features: hepato/
splenomegaly, dysplasia in eosinophils or other cell lineages, myeloid immaturity,
bone marrow fibrosis, or an elevated serum cobalamin and/or serum tryptase
level (Figure 4.2). Because these supporting clinical and laboratory features are



Table 4.3 WHO classification of chronic eosinophilic leukemia and hypereosinophilic
syndrome

1.

Exclude all causes of reactive eosinophilia secondary to:

e Allergy

e Parasitic disease

e Infectious disease

e Pulmonary diseases (hypersensitivity pneumonitis, Loeffler’s, etc.)

. Exclude all neoplastic disorders with secondary, reactive eosinophilia:

e T-Cell lymphomas, including mycosis fungoides, Sezary syndrome

e Hodgkin lymphoma

* Acute lymphoblastic leukemia/lymphoma

* Mastocytosis

Exclude other neoplastic disorders in which eosinophils are part of the neoplastic clone:
* CML (Ph chromosome or BCR-ABL-positive)

* AML including those with inv(16), t(16;16) (p13;q22)

e Other myeloproliferative diseases (PV, ET, AMM)

e Myelodysplastic syndromes

Exclude T-cell population with aberrant phenotype and abnormal cytokine population

If there is no demonstrable disease that could cause eosinophilia, no abnormal T-cell popula-
tion, and no evidence of a clonal myeloid disorder, diagnose HES.

If requirements 1—4 have been met and if the myeloid demonstrates a clonal cytogenetic abnor-
mality or clonality is shown by other means, or if blasts are present in the peripheral blood
(>2%) or marrow (>5% but less than 19%), diagnose CEL.

Figure 4.2 Histopathologic features suggestive of chronic eosinophilic leukemia in this bone marrow
core biopsy from a 28-year-old man include marked hypercellularity (100%), panmyelosis, and increased
focal fibrosis (2+ on reticulin stain), in addition to the increased numbers of eosinophils. In addition, the
serum tryptase and vitamin B , levels were elevated. Interphase FISH for the CHIC2 deletion, a surrogate
test for the FIP1L.1-PDGFRA rearrangement, was positive in 37% of 200 cells analyzed. (Photo courtesy
of Dr. Tracy George and Dr. Bruno Medeiros, Stanford University School of Medicine)



4 Chronic Eosinophilic Leukemia/Hypereosinophilic Syndrome 75

common to chronic myelogenous leukemia (CML) and related classic myelopro-
liferative disorders, these cases of CEL have also been broadly categorized as
“myeloproliferative variants” of hypereosinophilia (16). In addition to the afore-
mentioned laboratory features of lymphocyte-mediated hypereosinophilia, this
variant is clinically characterized primarily by skin disease and usually a benign
course (16).

4.5 Epidemiology

Hypereosinophilic syndrome is a rare disease, and although the precise incidence
is unknown, it is estimated at 0.5-1.0 cases per 100,000 persons per year. HES
exhibits a marked gender bias, with men ninefold more frequently affected than
women. Although usually diagnosed between the ages of 20 and 50 (17), idiopathic
hypereosinophilia or CEL might arise at the extremes of age, with infrequent cases
being described in infants and children (18-21).

4.6 Laboratory and Morphology Assessment
of Hypereosinophilia

In addition to increased peripheral blood or bone marrow blasts, demonstration
of clonality can be used to establish a diagnosis of CEL versus HES. A clonal
process can be identified by widely available techniques such as conventional
cytogenetics or fluorescent in sifu hybridization (22) or more research-based
assays such as cytogenetic analysis of purified eosinophils (23) and X-
chromosome inactivation analysis in females (24, 25). The latter method has
limited utility in the heavily male-biased population of idiopathic hypereosi-
nophilia patients.

Attempts have also been made to use eosinophil morphology to distinguish HES
from CEL. However, several studies have highlighted the difficulty in using this
approach because abnormal eosinophil morphology (e.g., cytoplasmic hypogranularity
or vacuolization, abnormal lobation, ring nuclei) might be present in both conditions
(26-28).

4.7 Clinico-Pathologic Manifestations

In one large series, eosinophilia was an incidental finding in 12% of HES patients
(17). The most common presenting signs and symptoms were weakness and fatigue
(26%), cough (24%), dyspnea (16%), myalgias or angioedema (14%), rash or fever
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(12%), and rhinitis (10%) (17). Table 4.4 shows the cumulative frequency of organ
involvement in 105 patients previously compiled from three series (17, 28-31).

4.7.1 Hematologic Findings

Persistent eosinophilia without a clinically identifiable cause forms the basis of
HES. Elevation of the leukocyte count (e.g., 20,000-30,000/mm?) with peripheral
eosinophilia in the range of 30-70% is a common finding (13), but higher leukocyte

Table 4.4 Organ Involvement in Hypereosinophilic Syndrome

Cumulative

Frequency from 3
Organ System studies (%)% Examples of Organ-Specific Manifestations
Hematologic 100 Leukocytosis with eosinophilia; neutrophilia, basophilia,

myeloid immaturity, immature and/or dysplastic
eosinophils; anemia, thrombocytopenia or thrombo-
cytosis, increased marrow blasts, myelofibrosis

Cardiovascular 58 Cardiomyopathy, constrictive pericarditis, endomyo-
carditis, mural thrombi, valvular dysfunction,
endomyocardial fibrosis, myocardial infarction

Dermatologic 56 Angioedema, urticaria, papules/nodules, plaques,
aquagenic pruritis, erythroderma, cellulitis,
mucosal ulcers, vesico-bullous lesions,
microthrombi, vasculitis, Well’s syndrome

Neurologic 54 Thromboembolism, peripheral neuropathy,
encephalopathy, dementia, epilepsy, cerebellar
disease, eosinophilic meningitis

Pulmonary 49 Pulmonary infiltrates, effusions,” fibrosis, emboli,
nodules/focal ground glass attentuation, acute
respiratory distress syndrome (ARDS)

Splenic 43 Hypersplenism, infarct

Liver/gallbladder 30 Hepatomegaly, focal or diffuse hepatic lesions on
imaging, chronic active hepatitis, hepatic necrosis,
Budd-Chiari syndrome, sclerosing cholangitis,
cholecystitis, cholestasis

Ocular 23 Microthrombi, choroidal infarcts, retinal arteritis, epis-
cleritis, keratoconjunctivitis sicca, Adie’s syndrome
(pupillotonia)

Gastrointestinal 23 Ascites, diarrhea, gastritis, colitis, pancreatitis

Musculoskeletal ~ N/A Arthritis, effusions, bursitis, synovitis, Raynaud’s phe-
nomena, digital necrosis, polymyositis/myopathy

Renal N/A Acute renal failure with Charcot-Leyden crystalluria,

nephrotic syndrome, immunotactoid glomerulopathy,
crescentic glomerulonephritis

Modified from Weller PF and Bubley GJ. Blood. 1994;83:2760, and Brito-Babapulle F. Blood
Reviews. 1997;11:139. N/A: not available
Source: Gotlib et al. (79).
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counts have also been reported (29, 30). Other hematologic findings include peripheral
blood or bone marrow neutrophilia, basophilia, myeloid immaturity, and both
mature and immature eosinophils with varying degrees of dysplasia (29, 32). In one
series, anemia was present in 53% of patients, thrombocytopenia was more com-
mon than thrombocytosis (31% vs. 16%), and bone marrow eosinophilia ranged
from 7% to 57% (mean: 33%) (32). Marrow findings of Charcot-Leyden crystals,
and sometimes increased blasts and myelofibrosis, are also observed (32).

4.7.2 Cardiac Disease

Although all organ systens might be susceptible to the effects of sustained eosinophilia,
the eosinophil count does not necessarily predict the development or extent of organ
damage. Given the potential for significant cardiac-related morbidity and mortality, the
effects of eosinophilia on this organ merit review. Cardiac injury involves a multistep
pathophysiological process involving eosinophil infiltration of cardiac tissue and
release of toxic mediators from eosinophils (reviewed in Refs. 17 and 31). In the initial
necrotic stage, cardiac disease is initiated by eosinophil damage to the endocardium,
with local platelet thrombus leading to mural thrombi that have the potential to embol-
ize (thrombotic stage). The contents of eosinophil granules, including major basic
protein and eosinophilic cationic protein, might promote endothelial damage and
hypercoagulablity, enhancing the thromboembolic risk (33, 34). In the later fibrotic
stage, organization of thrombus can lead to fibrous thickening of the endocardial lining
and a restrictive cardiomyopathy (17, 31). Valvular insufficiency is related to mural
endocardial thrombosis and fibrosis involving leaflets of the mitral or tricuspid valves
(35-37). The diversity of hypereosinophilia-related organ findings in addition to hema-
tologic and cardiac manifestations are shown in Table 4.4.

4.8 Prognosis

Historically, the lives of patients with HES were overshadowed by early cardiac death.
A review of 57 HES cases published through 1973 reported a median survival of 9
months and the 3-year survival was only 12% (13). Patients usually presented with
advanced disease, with congestive heart failure accounting for 65% of deaths at autopsy.
In addition to cardiac disease, peripheral blood blasts or a white blood cell (WBC) count
greater than 100,000/mm? were poor prognostic factors (13). A later report of 40 HES
patients cited a 5-year survival rate of 80%, decreasing to 42% at 15 years (30). In this
cohort, factors predictive of a worse outcome included the presence of a concurrent
myeloproliferative syndrome, corticosteroid-refractory hypereosinophilia, cardiac
disease, male sex, and the height of eosinophilia (30). Improved diagnostic methods
(e.g., echocardiography), better medical treatment and surgery for cardiovascular
sequelae, and now the availability of effective targeted therapy for molecularly defined
cases of hypereosinophilia probably contribute to improved survival in the modern era.
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4.9 Reactive and Clonal Eosinophilia Associated
with Hematologic Malignancies

Numerous nonrecurrent chromosomal abnormalities have been published in
literature-described reports of CEL or HES. These cases have been cataloged and
updated in recent reviews (4, 38, 39). The overwhelming majority of patients with
HES exhibit a normal karyotype; however, among patients with abnormal
cytogenetics, trisomy 8 is most commonly observed (40-44). However, trisomy 8
is not specific to eosinophilic disorders, as it is commonly found in other myeloid
leukemias. Very few of the reciprocal translocations, additions, or deletions in
eosinophilic disorders have been molecularly characterized.

Although eosinophilia accompanies solid and hematologic malignancies,
eosinophils are not always derived from the neoplastic clone. Instead, reactive
eosinophilia might result from the production of cytokines such as IL-3, IL-5, and
GM-CSF, which promote eosinophil differentiation and survival. These cytokines
are elaborated from malignant cells in T-cell lymphomas (5), Hodgkin’s disease
(46), and acute lymphoblastic leukemias (47, 48). Tumor-associated eosinophilia
might signify worse outcomes in particular disease types. For example, in a multi-
variate analysis of 158 patients with adult T-cell leukemia/lymphoma (ATLL),
peripheral blood eosinophilia was a significant adverse prognostic factor that was
independent of other variables, including lactate dehydogenase (LDH) (49).

In several myeloid malignancies associated with eosinophilia, eosinophils are in
fact part of the malignant clone. Examples include systemic mastocytosis (e.g.,
FIP1L1-PDGFRA-associated) (50), BCR-ABL-positive chronic myelogenous leuke-
mia, and chronic myeloproliferative disorders associated with rearrangements of
PDGFRA and PDGFRB. As classified by the French-American-British classification,
M2 (inv(16)(p13g22) or t(16;16)(p13;q22)) (51) and M4Eo (t(8;21)(q22;q22)) (52)
are well-defined subtypes of acute myeloid leukemia (AML) with associated clonal
eosinophila. In cases of eosinophilic myelodysplastic syndrome (MDS) with t(1;7) or
dic(1;7) karyotypes (22, 53), the eosinophils have also been shown to be clonal. In a
case of eosinophilia-associated chronic myelomonocytic leukemia characterized by
t(5;12)(q31;p13) with t(1;7)(q10;p10), clonality of eosinophils was demonstrated
using fluorescence in situ hybridization (FISH) probes for chromosome 1 (54).

4.10 Molecularly Characterized Bone Marrow Eosinophilic
Disorders: PDGFRA- and PDGFRB-Rearranged

In the current era, in which molecular discrimination of eosinophilic disorders is
becoming increasingly available, rearrangements involving the tyrosine kinases
PDGFRo and PDGFRp have emerged as a common theme, specifically among
eosinophilia-associated chronic myeloproliferative sisorders (MPDs). These pro-
teins belong to the family of class III receptor tyrosine kinases, which also include
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¢-KIT, FLT3, KDR, and c-FMS (reviewed in Ref. 55). In the normal state, the
ligand PDGF binds to its receptor, resulting in dimerization and subsequent
autophosphorylation of tyrosine residues located in intracellular portions of the
molecule. Activation of tyrosine kinase activity leads to a cascade of signaling via
downstream effectors such as Src and STATS and the phosphatidylinositol-3(PI-3)-
kinase and Ras/mitogen-activated (MAP) protein kinase pathways (56-59).

Rearrangements involving the PDGFRA and PDGFRB genes lead to deregu-
lated kinase activity and abrogates the requirement for normal ligand-induced
receptor stimulation. Several structural and functional relationships are shared
among the different PDGFRB rearrangements [reviewed in Refs. 39 and 60].
PDGFRB fusions are in-frame, and only rarely are reciprocal fusion transcripts
detected. Another structural theme is that the PDGFRJ tyrosine kinase domain is
preserved and fused to an N-terminal protein in all of the chimeric oncoproteins.
The amino-terminal partner protein always contains dimerization/oligomerization
motif(s) that can mimic receptor dimerization and activation without ligand. In
vitro and in vivo transforming activity has been demonstrated for most of these
fusions and depends both on the presence of a catalytic domain of PDGFR and the
dimerization motif(s) of the partner protein. Other regions of the N-terminal protein
might also modulate the transforming capacity of the fusion, as exemplified by
studies of the PDGFRJ fusion partners H4 and HIP1 (61, 62).

4.10.1 PDGFRA-Rearranged

In 2002, Baxter and colleagues described two patients with atypical CML with
peripheral blood eosinophilia and a t(4;22)(q12;q11) reciprocal translocation (63).
In both cases, molecular analysis revealed an in-frame BCR-PDGFRA fusion
mRNA, with either BCR exon 7 or 12 (followed by short BCR-intronic sequences)
fused to exon 12 of PDGFRA. Similar to FIP1L1-PDGFRo or structural rearrange-
ments involving PDGFR, the BCR-PDGFRa fusion would be expected to have
properties of a deregulated tyrosine kinase with transforming properties in vitro. In
2003, Trempat and colleagues described a third patient with the BCR-PDGFRA
fusion in the setting of acute pre-B-cell ALL (64). In this case, the mRNA break-
point involved fusion of BCR exon 1 with PDGFRA exon 13. A fourth case of
t(4;22)(q12;q11.2) was reported in a patient with secondary atypical CML with
eosinophilia arising after treatment for diffuse large-B-cell lymphoma (65).
Sequence analysis of the mRNA revealed the breakpoint in BCR exon 17
and PDGFRA exon 12. In 2006, two novel PDGFRA chimeric oncoproteins
were described in patients with chronic eosinophilic leukemia: one with
ins(9;4)(q33;q12;q25), molecularly defined as a CDKSRAP2-PDGFRA (66), and a
patient with a KIFSB-PDGFRA fusion, which joined KIF5B on 10p11 to PDGFRA
on 4q12 as part of a complex karyotype involving chromosomes 3, 4, and 10 (67).
In all six cases, breakpoints clustered in the juxtamembrane domain of PDGFRA.
Disruption of this negative regulatory domain contributes to deregulation of the
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protein’s tyrosine kinase activity, similar to the mechanism of oncogenesis attributed
to the FIP1L1-PDGFRo fusion (see below). Treatment with imatinib in the latter
four patients resulted in hematologic remissions in all cases (64—67). FISH was
used to identify additional novel translocation partners involving PDGFRA and
chromosomal segments 1q44, 3q25, and 17q23, but the molecular fusions were not
described (68).

4.10.2 A Recurrent PDGFRA Rearrangement in Eosinophilic
Disorders: FIP1L1-PDGFRA

Because of some overlapping phenotypic clinical and laboratory features with
CML, imatinib was empirically investigated in HES. In 2001, Schaller and
Burkland published the initial case of HES treated with imatinib (69). The patient
was resistant or intolerant to prior therapies, including corticosteroids, hydroxyu-
rea, and interferon-o.. A low imatinib dose of 100 mg daily resulted in a rapid and
complete hematologic remission. This initial description heralded several case
reports or series of imatinib’s use in HES in 2002 and 2003: Among 24 total
patients treated among 6 reports (69—74), 14 complete and 2 partial hematologic
remissions were observed. These reports reenforced the observation that imatinib
could elicit rapid (e.g., within 1-4 weeks) and complete hematologic responses,
including normalization of eosinophilia, in the majority of HES patients. These
data also recapitulated the successful experience with imatinib in BCR-ABL-
positive leukemias and strongly implicated a constitutively activated tyrosine
kinase involving one of its known targets.

A benchtop-to-bedside collaborative trial deciphered the molecular basis for the
response to imatinib in HES (75). Of thel6 HES/CEL patients enrolled, 11 were
treated with imatinib. Nine of the treated patients had normal karyotypes.
Hematologic responses were observed in 10 of 11 HES patients treated with imatinib
doses of 100400 mg daily. The median time to response was 4 weeks (range: 1-12
weeks). Nine of 10 patients demonstrated a durable hematologic response (lasting >3
months), with a median duration of 7 months at the time of publication (range:
3—15 months).

In responding patients, the molecular basis for response was found to be imat-
inib’s inhibition of a novel fusion tyrosine kinase, FIP1L1-PDGFRao (75). The
FIPILI gene encodes a 520-amino-acid protein that is homologous to a previously
characterized Saccharomyces cerevisiae protein, Fipl, a component of its mRNA
polyadenylation machinery (76 ). FIPILI-PDGFRA was present in 9/16 (56%)
HES patients (75). All five patients with the FIP1LI-PDGFRA fusion responded to
imatinib. Imatinib’s mechanism of action in four additional responding patients
who lacked FIPILI-PDGFRA is unknown but might involve cryptic fusions
involving one of imatinib’s known targets.

FIPIL1-PDGFRa was independently discovered by Griffin and colleagues in
the cell line EOL-1, derived from a patient with acute eosinophilic leukemia, which
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transformed from HES (77). Imatinib and additional PDGFRa inhibitors reduced
the viability of EOL-1 cells and a prominent 110-kDa phosphoprotein, ultimately
identified as FIP1L1-PDGFRao. EOL-1 cell line growth was also inhibited by the
tyrosine kinase inhibitors PKC412 and SU5614, which was due to induction of
apoptosis and inhibition of phoshorylation of FIPIL1-PDGFRa and STATS (78).

The FIP1L1-PDGFRA fusion frequency of 56% in the cohort of HES patients
described by Cools and colleagues likely overestimates its actual prevalence in
patients with idiopathic hypereosinophilia. The median frequency of the fusion
among 7 reports enrolling at least 10 patients is 23% (range: 0-56%) (reviewed
in Ref. 39). Differences in the prevalence of FIPILI-PDGFRA-positive patients in
these studies reflect some degree of selection bias, the specialty clinics in which the
patients were evaluated, assay sensitivity in detecting the fusion, and the proportion
of individuals with lymphocyte versus myeloproliferative variants of the disease,
with the fusion segregating with the latter group.

4.10.3 Molecular Biology of the FIPILI-PDGFRA Fusion

The FIP1LI-PDGFRA fusion gene is a cryptic molecular abnormality that is gener-
ated by an 800-kb interstitial deletion on chromosome 4ql2, not by reciprocal
translocation, which is the molecular basis for most constitutively activated fusion
tyrosine kinases in myeloproliferative disorders (75). The deletion is not visible
using standard cytogenetic banding techniques and thus accounts for the normal
karyotype observed in most HES patients.

The deletion that disrupts the FIPILI and PDGFRA genes fuses the 5 part of
FIPILI to the 3’ part of PDGFRA (75). In each patient, the breakpoints in FIP/LI and
PDGFRA are different. Most cases might have multiple FIP/LI-PDGFRA fusions,
many of which are out of frame, but an in-frame fusion can be identified in each case
(75,79). The breakpoints in FIP1L] are scattered over introns 7—10, whereas the break-
points in PDGFRA are restricted exclusively to PDGFRA exon 12.

Walz and colleagues characterized the molecular breakpoints of the FIPILI-
PDGFRA rearrangement in an additional 43 patients with CEL or systemic mastocytosis
with eosinophilia (80). Because of the variability of breakpoints within FIP/LI, inser-
tion of additional sequences derived from FIPILI introns or exons (or from a complex
chromosomal rearrangement in one case), reverse transcription—polymerase chain
reaction (RT-PCR) assays to detect the fusion and monitor response to therapy need to
consider this molecular heterogeneity of the FIP1LI-PDGFRA fusion.

The protein product of FIPIL1-PDGFRA has properties a deregulated tyrosine
kinase. Expression of FIP1L1-PDGFRa in the Ba/F3 hematopoietic cell line results
in constitutive tyrosine phosphorylation, and transformation to IL-3-independent
growth (75). In addition, FIP1L1-PDGFRa. phosphorylates STATS5, but in contrast
with the native PDGFRa, it does not activate the MAP kinase pathway (58, 75, 81,
82). The difference in MAP kinase signaling might be explained by the difference
in subcellular localization, as PDGFRo is a transmembrane protein with access to
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farnesylated RAS (upstream in the MAPK pathway), whereas FIP1L1-PDGFRo. is
predicted to have a cytosolic location.

The mechanism of constitutive activation of FIP1L1-PDGFRa. tyrosine kinase
activity is independent of the N-terminal partner FIP1L1 (83). Instead, it relates to
the disruption of the PDGFRA exon 12-encoded juxtamembrane domain, the recur-
rent breakpoint site in all PDGFRA fusions described to date. This region of the
kinase serves an autoinhibitory function in PDGFFRA and related tyrosine kinases.
For example, juxtamembrane internal tandem duplications in FLT3 result in its
constitutive activation in approximately 25% of cases of AML (84). Mutations of
the juxtamembrane domain of both KIT and PDGFRA result in tyrosine kinase
activation in the majority of cases of gastrointestinal stromal cell tumors (85, 86).

Assays have been developed to detect the presence of FIPILI-PDGFRA in patients
with newly diagnosed hypereosinophilia and to monitor response during imatinib
treatment. Commercially available FISH probes that detect the deletion region between
the FIP1L1 and PDGFRA genes (e.g., “FISH for the CHIC2 deletion”) are now com-
monly used for these purposes (Figure 4.3). Sensitive RT-PCR-based assays are also
used to gauge molecular response. Molecular remissions were first reported by PCR
testing of the peripheral blood in five of six FIP1L1-PDGFRA-positive patients after
1-12 months of imatinib therapy (87). Numerous reports have since described molecu-
lar remissions in imatinib-treated patients with FIP1L1-PDGFRA-positive disease
(41, 88-94 or after bone marrow transplantation (95).

The basis for the apparent lineage predilection of FIP1L1-PDGFRo for
eosinophils is not well understood. The FIPILI-PDGFRA fusion has been detected
in enriched eosinophils, neutrophils, and mononuclear cells by FISH and RT-PCR
in a patient with a diagnosis of systemic mast cell disease and eosinophilia (96).
Using a combination of Tagman quantitative PCR, nested PCR, and FISH, the
FIPILI-PDGFRA fusion was identified in purified populations of eosinophils,
neutrophils, mast cells, T-cells, B-cells and monocytes (97). Taken together,
these findings are consistent with the notion that FIP1L1-PDGFRo-mediated
disease probably arises from a pluripotent hematopoietic progenitor. It is possible
that it is present in all myeloid lineages but that eosinophils are particularly sensitive
to the FIP1L1-PDGFRa proliferative signal.

4.10.4 Clinical Correlates of the FIP1L1-PDGFRA Fusion

The FIPILI-PDGFRA genotype segregates with a clinical phenotype including
myeloproliferative-like HES (HES-MPD), tissue fibrosis, and increased serum
tryptase levels (87, 98). FIP1LI-PDGFRA might also be related to the pathogenesis
of eosinophilic subsets of systemic mastocytosis (SM). Deletion of the CHIC2
locus, a surrogate for the FIPILI-PDGFRA fusion, was detected in imatinib-
responsive patients diagnosed with systemic mastocytosis (SM) and eosinophilia,
but not in two other patients with SM and the KIT Asp816 to Val (D816V) mutation
who exhibited no response to imatinib (99).
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(A)

(B)

Figure 4.3 FISH for the CHIC2 deletion is used as a diagnostic test for FIP1L1-PDGFRA-
positive CEL. (A) Three cells are shown with deleted CHIC2 (1 red/ 2 aqua signals); (B) three
normal cells are shown (2 red/ 2 aqua signals). The CHIC2 probe is red, and a CEP4 probe
(Vysis) is shown in aqua. CEP4 is a centromeric probe for chromosome 4, an identifier to indi-
cate that chromosome 4 is present, and is deleted for CHIC2 as opposed to monosomy 4. These
FISH photographs are from a 51-year-old man with FIP1L1-PDGFRA-positive CEL in whom
74% of cells were positive for the fusion. Treatment with imatinib mesylate resulted in a com-
plete normalization of the FISH pattern. (Photos courtesy of Dr. Susan Olson, Oregon Health
and Science University)
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The ability of imatinib to reverse eosinophil-related organ damage is now
emerging in several reports. Among three HES-MPD patients with endomyocardial
fibrosis and congestive heart failure, there was no improvement in cardiac disease
despite complete hematologic responses to imatinib (87). However, significant
improvement of respiratory symptoms associated with clearing of interstitial
infiltrates on chest computed tomography (CT) )70, 87) and normalization of
pulmonary function testing has been reported (87). We and others have demon-
strated reversal of myelofibrosis (79, 87). Improvements in skin disease, hepato/
splenomegaly, and both peripheral and central nervous system findings have also
been reported in FIPILI-PDGFRA-positive CEL (reviewed in Ref.100).

The natural history of imatinib-treated FIP1L1-PDGFRA-positive chronic
eosinophilic leukemia was recently reported by an Italian study that prospectively
followed 21 patients (all male) for a median follow-up period of 28 months (range:
13—67 months) (101). Patients were initiated on imatinib 400 mg daily, resulting in
a complete hematologic response in less than 1 month in all cases. The longest follow-
ups recorded were 42, 46, and 67 months; in these 3 patients, both hematologic and
PCR remissions were maintained. Imatinib was well tolerated with minimal side
effects, with dose reduction to 100-300 mg undertaken in several individuals.

A European study prospectively assessed the natural history of molecular
responses to imatinib 100—-400mg daily in HES patients, Of 376 patients with
hypereosinophilia, 40 (11%) were found to have the FIPILI-PDGFRA fusion by
quantitative PCR. Although fusion-positive patients exhibited higher absolute and
% eosinophil counts than other patients, there was no correlation between the load
of FIPILI-PDGFRA expression and variables such as the WBC count, absolute or
% eosinophil count, or % cells with the CHIC2 deletion by interphase FISH.
Interestingly, there was a variability up to 3 logs in the FIPILI-PDGFRA transcript
load before treatment. Among 11 patients with high pretreatment transcript levels,
all achieved a 3-log reduction in transcripts from baseline by 12 months of therapy
and 9/11 patients achieved a molecular remission. Withrawal of imaitnib resulted
in a rapid rise in transcript levels. These data confirm the considerable sensitivity
of the FIP1L1-PDGFRA fusion to imatinib and the drug’s capacity to elicit in-depth
molecular responses in the majority of patients tested.

4.10.5 Molecular Basis for Resistance to Imatinib
in FIPILI-PDGFRo-Mediated Disease

In in vitro experiments, the concentration of imatinib required to inhibit FIP1L1-
PDGFRo-transformed Ba/F3 cell growth by 50% (IC, ) was 3nM.” This IC, was
at least 100-fold lower than for BCR-ABL-transformed cell growth (582nM),
consistent with the clinical observation that lower doses of imatinib are effective in
CEL (100mg daily) compared to BCR-ABL-positive CML (300-400 mg daily).
In the study by Cools et al., one patient with AML arising from CEL who harbored
FIPILI-PDGFRA and a complex karyotype obtained a complete hematologic
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remission with imatinib (75). After 5 months, he relapsed back into AML and was
found to have a new mutation in the ATP-binding region of PDGFRa. The T6741
mutation is in an analogous position to the T3151 mutation that confers resistance
to imatinib in CML. When Ba/F3 cells were transformed with this FIP1LI-
PDGFRo T6741 mutant, there was more than 1000-fold resistance to imatinib inhi-
bition, compelling evidence that FIP1L1-PDGFRa is the target of imatinib in CEL
(75). The FIP1L1-PDGFRo T6741 mutation was subsequently described in a sec-
ond patient at the time of relapse into myeloid blast crisis (102) and, more recently,
in a third patient whose Langerhans cell histiocytosis evolved into CEL after
chemotherapy (103). To date, primary resistance to imatinib in FIP1L1-PDGFRa-
mediated disease has not been observed.

Although clinical use of alternative small molecular inhibitors was not described
in the three relapsed patients with the FIP1L1-PDGFRo T6741 mutation, second-
generation tyrosine kinase inhibitors have been assessed against the T6741 mutant
in preclinical in vitro and in vivo models. For example, the alternative PDGFRa.
inhibitor PKC412 effectively inhibited the FIP1L1-PDGFRo. T6741 mutant in vitro
and in an in vivo murine model of myeloproliferative disease (104). These in vivo
experiments provided the first proof that one strategy to preclude or overcome
tyrosine kinase resistance mutations is the use of structurally varied tyrosine kinase
inhibitors. More recently, it was found that sorafenib could inhibit the FIP1L1-
PDGFRo T6741 mutation in vitro at nanomolar concentrations (105), whereas
conflicting data exist regarding the efficacy of nilotinib in this context (106, 107).

4.10.6 PDGFRp Rearrangements in Eosinophilic Disorders

In 1987, four patients were described in whom eosinophilia and abnormalities
involving the short arm of chromosome12p13 were shared features (108); in two of
these cases, there were coexisting abnormalities of chromosome segment 5q3. In
1994, the t(5;12)(q31-q33;p13) translocation found in a small subset of patients
with chronic myelomonocytic leukemia (CMML) was molecularly characterized as
a fusion joining the tyrosine kinase domain of the platelet-derived growth factor
receptor-beta (PDGFRB) on chromosome 5q33 to TEL (now named ETV6) on
chromosome 12p13 (109). In addition to male predominance and splenomegaly, the
hematologic picture of these patients is characterized by monocytosis, peripheral
blood/marrow eosinophilia, and evolution to AML in some patients.

In addition to ETV6, 14 additional rearrangements of PDGFRB associated with
5q31-q33 translocations have been molecularly characterized to date (Table 4.5):
CEVI4, HIPl, H4(D10S170), Rapabtin (RABS5), PDE4DIP (Myomegalin),
HCMOGT, NIN, TP53BP1, KIAA1509, TPM3, WDR48, and GOLGA4, and more
recently, GIT2 and GPIAP1 (110-123). These fusions were identified in patients
with diagnoses of CMML and juvenile myelomonocytic leukemia (JMML), and in
patients alternatively described as having a BCR-ABL-negative chronic myelopro-
liferative disorder, atypical CML, or an overlap MPD/MDS syndrome. The
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Table 4.5 Cytogenetic abnormalities and corresponding rearrangements of PDGFRB in eosi-
nophilic disorders

Molecular Clinical disease

Year  Authors [Ref.] Cytogenetics abnormality

1994  Golub et al. [109] t(5;12)(q33;p13) TEL(ETV6)- CMML

PDGFRB

1997  Abe et al. [110] t(5;14)(q33;932) CEVI4-PDGFRB AML after clonal

evolution

1998  Ross et al. [111] «5:7)(q33:;q11.2) HIPI-PDGFRB CMML

2000  Schwaller [112]  t(5;10) H4 (D10S170)- Atypical CML

et al. (q33;q21-22) PDGFRB

2001  Kulkarni [113] (5;10) H4 (D10S170)- Atypical CML

et al. (933:921-22) PDGFRB

2001  Magnusson [114]  t(5;17)(q33;p13) RAB5-PDGFRB CMML

et al.

2003  Baxter et al. [115]  t(1;5)(q21;933)*  Not characterized Atypical CML
t(1;5)(q22;q31)* Not characterized CMPD
t(1:3;5) Not characterized CMPD

(p36;p21;933)*
t(2;12;5) Not characterized MDS
(937:922;q33)*
t(3;5)(p21;q31)* Not characterized Atypical CML
t(5;14)(q33;q24)*  NIN-PDGFRB® Atypical CML
2003  Wilkinsonetal. [116] t(1;5)(q23;933) PDE4DIP-PDGFRB  Atypical CML
2004  Morerio et al. [117]  t(5;17) HCMOGT-1- JMML
(q33;pl11.2) PDGFRB

2004  Vizmanosetal. [118] t(5;14)(q33;q24) NIN-PDGFRB Atypical CML

2004  Grand et al. [119] t(5;15)(q33;q22) TP53BPI-PDGFRB  Atypical CML

2004  Ketterling et al.  [124]  t(1;5)(q21;q33)* Not characterized N/A
t(5;14)(q33;q32)*  Not characterized N/A
t(5;16) Not characterized N/A

(q33;16p13.1)*
2005  Levine et al. [120]  t(5;14)(q33:q32) KIAA1509-PDGFRB CMPD
2005  Curtis et al. [121]  t(1;3;5) WD48-PDGFRB CEL
(p36;p21;933)
t(3;5) GOLGA4-PDGFRB  CEL
(p21-25;q31-35)

2006  Rosati et al. [122]  t(1;5)(q21;933) TMP53-PDGFRB CEL

2006  Walz et al. [123]  t(5;12)(q31;q24)  GIT2-PDGFRB Eos-CMPD
t(1;5;11) GPIAP1-PDGFRB Eos-CMPD

(7:q33:p13)

CMML: chronic myelomonocytic leukemia; JMML: juvenile myelomonocytic leukemia; CML:
chronic myelogenous leukemia; EosCMPD: eosinophilic chronic myeloproliferative disorder;
MDS: myelodysplastic syndrome; CEL: chronic eosinophilic leukemia; Y: yes; N: no; ND: not
determined; N/A: not available.

*PDGFRB rearranged by FISH analysis.

®Although not characterized in this report, this case was later molecularly defined by Vizmanos
et al. as a NIN-PDGFRB fusion.
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molecular breakpoints and partner genes of several reciprocal chromosomal trans-
locations involving 5q31-5q33 in which FISH analysis has confirmed involvement
of PDGFRB have not yet been identified (Table 4.5) (124, 125). These PDGFRB
gene fusions invariably result in constitutively activated tyrosine kinases, and imat-
inib therapy has been successful in eliciting both hematologic and cytogenetic
remissions in almost all cases tested (reviewed in Ref. 60).

The t(5;12) translocation is rare among cytogenetically categorized myeloid
diseases. In their 2002 review, Steer and Cross found 34 cases of t(5;12)
(q31-q33;p12-p13) in the literature, including 8 patients who had a documented
rearrangement of either ETV-6 or PDGFRB by FISH or RT-PCR (126). Among
56,709 cytogenetically defined cases at the Mayo Clinic, 25 (0.04%) exhibited the
t(5;12) breakpoint (127). The classic variant t(5;12)(q33;p13) was present in only
four of these cases.

Because several genes encoding cytokines involved in proliferation and
differentiation of eosinophils reside in the 5q31-33 region, it was suspected that
myeloid disorders with hypereosinophilia and non-PDGFRB rearrangements
involving this region would involve these eosinophilopoietic factors (128-130).
However, with the exception of IL-3 (chromosome 5q31) being fused to the
immunoglobulin heavy-chain gene (chromosome 14q32) in a subset of eosinophilia-
associated B-cell acute lymphoblastic leukemias (131), none of these genes (e.g.,
GM-CSF, IL-4, IL-5, and IL-13) has been implicated. In three cases of MDS/
AML with associated eosinophilia and a t(5;12)(q31;p13) translocation, an
ETV6-ACS2 gene fusion was identified, the pathogenic relevance of which is
unclear (132).

4.11 Eosinophilia Associated with Rearrangements
of ETV6 at 12p13

Eosinophilia is also a feature of acute and chronic hematologic malignancies with
rearrangements involving transcription factor ETV6 on chromosome 12p13. In
addition to the aforementioned ETV6-PDGFRB fusion, examples include the
ETV6-ABL fusion in t(9;12)(q34;p13) cases of atypical CML (133) or AML
associated with eosinophilia (134). Interphase FISH has been used to prove that
eosinophils are part of the neoplastic clone in ETV6-ABL-positive AML (134). In
a patient with M4Eo AML, and the CBFb/MYHI11 rearrangement, an additional
rearrangement was found, t(1;12)(q25;p13), characterized by fusion of ETV6 to
the Abelson-related gene (ARG) (135). In addition to the ETV6-ASC2 fusion
noted earlier in three MDS/AML cases with eosinophilia, an ETV6-SYK rear-
rangement has been reported in acase of MDS with eosinophiliaand at(9;12)(q22;p12)
translocation (136). In 2006, an ETV6-FLT3 fusion gene was identified in a
patient with an eosinophilic myeloproliferative disorder and a t(12;13)(p13;q12)
translocation (137).
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4.12 [Eosinophilia Associated with Rearrangements
of JAK2 at 9p24

In 2005, the t(8;9)(p22;p24) translocation was reported in seven patients with
chronic and acute leukemias (138). One patient had a diagnosis of CEL, and two
patients exhibited mild eosinophilia. The rearrangement was subsequently
identified in patients with atypical CML, acute erythroid leukemia, and T-cell
lymphoma (139-141). In all cases, the human autoantigen pericentriolar material
(PCM1) gene on 8p22 is fused to the gene encoding the JAK2 tyrosine kinase on
9p24 (138-141). The protein fuses the coiled-coil domains of PCMI1 and the
tyrosine kinase domain of JAK2. The development of JAK?2 inhibitors for chronic
myeloproliferative disorders with the JAK2 V617F mutation might have crosso-
ver applicability to hematologic malignancies with the constitutively activated
PCM1-JAK2 fusion.

4.13 Fibroblast Growth Factor Receptor 1 (FGFR1) Fusions

In the 8p11 myeloproliferative syndrome (EMS, or stem cell leukemia/lymphoma
syndrome), mutation in a pluripotent hematopoietic progenitor results in a spectrum
of diseases including T-cell (less commonly B-cell) lymphoblastic lymphoma,
bone marrow myeloid hyperplasia, and eosinophilia (reviewed in Ref. 142). These
poor-prognosis disorders frequently transform to acute myeloid leukemia within
1-2 years after diagnosis. Early, intensive therapy with allogeneic transplantation
remains the only potential curative option.

The 8p11 myeloproliferative syndrome is related to recurrent breakpoints on
chromosome 8pl1 (found in both myeloid and lymphoid cells) that involve
translocation of the fibroblast growth factor receptor 1 (FGFRI) gene to several
identified partner loci: FIM/ZNF198 at 13ql12 (143-146), FOP at 6q27 (147),
CEP110 at 9933 (148), BCR at 22q11 (149, 150), and the human endogenous
retrovirus gene (HERV-K) at 19ql13 (Table 4.6) (151). More recently, the
cytogenetic abnormality ins(12;8)(p11;p11p22) was described in a patient with
T-cell lymphoblastic lymphoma and mild eosinophilia that progressed rapidly
to AML (152). A chimeric gene was identified, resulting from the fusion of
FGFRI1, to part of a sixth novel partner gene, FGFRIOP2 (FGFRI oncogenic
partner 2), derived from chromosome 12p11. The FOP-FGFR1 fusion kinase localizes
to the centrosome, activates signaling pathways within this compartment, and
sustains cell cycle entry by overcoming G1 arrest. In 2005, two more fusions
were characterized, TIF1-FGFRI1153 and MY0I8A-FGFRI (154), representing
the translocations t(7;8)(q34;p11) and t(8;17)(p11;q25), respectively. All FGFRI
fusions characterized to date have involved an mRNA junction in exon 9 of the
FGFRI gene, and, thus, all chimeric proteins include the entire FGFR1 tyrosine
kinase domain (155).
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Table 4.6 Rearrangements of fibroblast growth factor receptor 1 (FGFR1) in EMS and other
hematologic malignancies

Molecular Clinical Author
Cytogenetics abnormality disease (year) [Ref.]
t(8;13)(p12;q12) ZNF198-FGFRI EMS Popovici et al. (1998) [143]
Reiter et al. (1998) [144]
Smedley et al. (1998) [145]
Xiao et al. (1998) [146]
t(6;8)(q27;p12) FOP-FGFRI EMS Popovici et al. (1999) [147]
t(8;9)(p12;q33) CEP110-FGFRI EMS Guasch et al. (2000) [148]
t(8;22)(pl1;qll) BCR-FGFRI EMS Demiroglu et al. (2001) [149]
Fioretes et al. (2001) [150]
t(8;17)(p11;q25) ?-FGFRI* SM Sohal et al. (2001) [155]
MYO0I8A-FGFRI EMS Walz et al. (2005) [154]
t(8;19)(p12;q13.3) HERVK-FGFRI EMS Guasch et al. (2003) [151]
ins(12;8)(p11;p11p22)  FGFRIOP2-FGFRI EMS Grand et al. (2004) [152]
t(7;8)(q34;p11) TIF1-FGFRI EMS Belloni et al. (2005) [153]

AML: acute myeloid leukemia; SM: systemic mastocytosis.
“Material not available to determine the molecular breakpoint.

Similar to PDGFRB rearrangements, FGFR fusions exhibit aberrant tyrosine
kinase activity, related to the dimerization motif(s) provided by the amino-terminal
partner protein (156, 157). However, the specific partner protein might modify the
disease phenotype. Using a mouse retroviral bone marrow transplant model,
Roumiantsev and colleagues demonstrated that the ZNF198-FGFRI fusion induced
MPD and T-cell lymphoma, whereas the BCR-FGFRI fusion induced a CML-like
disease without lymphoma (158). These murine diseases recapitulated the distinct
leukemia variants associated with these two deregulated fusion tyrosine kinases in
human 8p11 syndrome. These murine models also provide a platform for evaluat-
ing targeted therapies against dysregulated FGFR1 oncoproteins. For example, the
tyrosine kinase inhibitor PKC412 demonstrated activity in a both a murine model
and a patient with EMS with the ZNF198-FGFRI fusion tyrosine kinase (159).

4.14 T-Cell-Mediated (Lymphocyte-Variant) Hypereosinophilia

In the healthy state, the cytokines GM-CSF, IL-3, and IL-5 direct the proliferation,
survival, and differentiation of eosinophils. IL-5 is a specific eosinophil differentia-
tion factor that is overproduced (primarily from CD4+ T-cells) as part of the
immune response leading to the hypereosinophilia observed in parasitoses and
atopy/allergic disorders (16).

Some patients might exhibit expansion of abnormal lymphocyte populations
without any other recognized cause of their hypereosinophilia (16). These patients
typically have cutaneous signs and symptoms as the primary disease manifestation.
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The immunophenotypic profile of these lymphocytes include double-negative,
immature T-cells (e.g., CD3*CD4-CDS§") or the absence of CD3 (e.g., CD3"CD4%),
a normal component of the T-cell receptor complex (160-162). Additional
immunophenotypic abnormalities include elevated CD5 expression on CD3-CD4*
cells and loss of surface CD7 and/or expression of CD27 (16). In patients with
T-cell-mediated hypereosinophilia with elevated IgE levels, lymphocyte production
of IL-5, and in some cases IL-4 and IL-13, suggests that these T-cells have a Th2
cytokine profile (16, 160, 162-164). In a study of 60 patients recruited primarily
from dermatology clinics, 16 had a unique population of circulating T-cells with an
abnormal immunophenotype (165). Clonal rearrangement of T-cell receptor genes
was demonstrated in half of these individuals (8/60 total patients). The abnormal
T-cells secreted high levels of IL-5 in vitro and displayed an activated immunophe-
notype (e.g. CD25 and/or HLA-DR expression). Four of these patients were
ultimately diagnosed with either T-cell lymphoma or Sézary syndrome, indicating
that lymphocyte-variant hypereosinophilia can exhibit malignant potential. The fac-
tors that contribute to neoplastic transformation are not well characterized. In some
cases, accumulation of cytogenetic changes (e.g., partial 6q and 10p deletions,
trisomy 7) in T-cells, and proliferation of lymphocytes with the CD3-CD4* pheno-
type have been observed (164, 166—168). In patients with the CD3"CD4+ T-cell
phenotype, loss of CD3gamma gene transcripts was found to be responsible for the
defect in CD3 surface expression. In the abnormal T-cells, increased NFATc2
overexpression and binding to NFAT motifs in the CD3gamma gene promoter
negatively regulate its activity, resulting in loss of CD3 (169).

Large panels of monoclonal antibodies with a wider repertoire to the variable
domains (V) to the T-cell receptor might increase the potential for detecting clonal
T-cells as a cause for idiopathic hypereosinophilia (170). Elevation of serum
thymus and activation-regulated chemokine (TARC) levels has been found in
patients with T-cell-mediated hypereosinophilia versus other HES patients and
controls (171). Further studies will need to assess its validity as a diagnostic marker
of this variant and its relevance to the clinical course of these patients.

4.15 Treatment

In patients with eosinophilia-related organ damage (e.g., heart, lungs, gastrointesti-
nal, central nervous system, skin), therapy should be directed to the underlying
reactive or clonal disorder. Inadequate data exist to support initiation of therapy
based on a specific eosinophil count in the absence of organ disease, although an
absolute eosinophil count of 1500-2000/mm? has been recommended by some as
the threshold for starting treatment (5). Treatment algorithms have incorporated
serial monitoring of eosinophil counts, evaluation of clonality (e.g., T-cell receptor
gene rearrangement, immunophenotyping), bone marrow aspiration and biopsy
with cytogenetics, and directed organ assessment (e,g., echocardiography, pulmo-
nary function testing) in order to identify occult organ disease and alternative
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causes of eosinophilia that might slowly emerge after an initial diagnosis of hyper-
eosinophilia (26, 31). In patients with HES, prednisone (1 mg/kg/day) is indicated
for organ involvement and is effective in producing rapid reductions in the
eosinophil count (31, 172, 173). Lack of steroid responsiveness warrants considera-
tion of cytotoxic therapy. Hydroxyurea is an effective first-line chemotherapeutic
for HES that could be used in conjunction with corticosteroids or in steroid
nonresponders (21, 172, 173). Case reports have also cited benefit from second-line
agents, including vincristine (174—-176), pulsed chlorambucil (31), cyclophospha-
mide (177), and etoposide (178, 179). Responses to cyclosporin-A (180, 181) and
2-chlorodeoxyadenosine have also been reported in HES (182). The cumulative
experience with imatinib treatment of eosinophilic disorders with rearrangements
of PDGRB and PDGFRA (including FIPILI-PDGFRA-positive disease) was
discussed earlier.

Interferon-oc (IFN-o) can elicit sustained hematologic and cytogenetic
remissions in HES and CEL patients refractory to other therapies, including
prednisone and hydroxyurea (44, 183-188). Some have advocated its use as
initial therapy for these diseases (187). Remissions have been associated with
improvement in clinical symptoms and organ disease, including hepatosplenom-
egaly (183, 187), cardiac and thromboembolic complications (44, 184), mucosal
ulcers (186), and skin involvement (188). The benefits of IFN-o derive from
pleiotropic activities, including inhibition of eosinophil proliferation and
differentiation (189). Inhibition of IL-5 synthesis from CD4+ helper T-cells
mighr be relevant to its mechanism of action in lymphocyte-mediated hypere-
osinophilia (190). IFN-o. might also act more directly via IFN-o receptors on
eosinophils, suppressing the release of IL-5 and mediators of tissue injury, such
as cationic protein and neurotoxin (191).

Anti-IL-5 antibody approaches (e.g., mepolizumab, SCH55700) have been
undertaken in HES based on the cytokine’s role as a differentiation, activation, and
survival factor for eosinophils. Mepolizumab is a fully humanized monoclonal IgG
antibody that inhibits binding of IL-5 to the o-chain of the IL-5 receptor expressed
on eosinophils (192). Treatment with mepolimuzab or SCH55700 could elicit rapid
reductions in the periperhal blood eosinophil count within 48h and/or decreases
in serum levels of eosinophil mediators (e.g., cationic protein, eotaxin, TARC)
(193-195). Clinical benefit has included regression of constitutional symptoms,
dermatologic lesions (including decreases in skin/tissue-infiltrating eosinophils),
and improvements in FEV, measurements in patients with pulmonary disease
(193-195).

Clinical and/or hematologic improvements have been observed for 30 days after
a single dose of SCH55700 (195) and for 12 weeks after 3 monthly doses of
mepolizumab (194). Among the few patients studied, response has not been
predicted by pretreatment serum IL-5 levels or the presence of the FIPILI-
PDGFRA fusion. Rebound eosinophilia, accompanied by increases in serum IL-5
levels, has been noted in some cases, and tachyphylaxis has been observed with
repeated doses, not linked to the development of neutralizing antibodies to the
recombinant antibody (195).
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In phase I studies, anti-IL-5 therapy has been well tolerated except for mild
infusional side effects (193—195). In the largest study of HES patients to date, the
safety and steroid-sparing effects of mepolizumab was evaluated in a multicenter,
randomized, double-blind, placebo-controlled trial of 85 FIPI1L1-PDGFRa-
negative patients (196, 197). Blood eosinophil levels were stabilized at <1000
cells/uL on 20-60 mg/day prednisone during a run-in period of up to 6 weeks.
Patients were subsequently randomized to intravenous mepolizumab 750 mg or
placebo every 4 weeks for 36 weeks. No adverse events were significantly more
frequent with mepolizumab compared to placebo. A significantly higher propor-
tion of mepolizumab-treated HES patients versus placebo were able to achieve
the primary efficacy endpoint of a daily prednisone dose of <10mg daily for at
least 8 consecutive weeks.

Case reports have described the effective use of alemtuzumab (anti-CD52
monoclonal antibody) in refractory HES based on expression of the CD52 antigen
on eosinophils (198, 199). In one patient with an abnormal T-cell population and
an elevated serum IL-5 level of 280 pg/mol (normal < 10 pg/mol), a dose of 30 mg
sc weekly resulted in resolution of fever, improvement in painful skin lesions and
left ventricular function, and normalization of the serum IL-5 level (198). In
another HES patient who exhibited progressive disease despite a nonmyeloabla-
tive peripheral blood stem cell transplant, use of alemtuzumab 20mg weekly
provided marked improvement in skin, joint, and cardiac complications, with
striking eosinopenia (albeit transient) after infusions of the drug (199). Durable
control (6 months to 2.5 years) was achieved in both cases with a maintenance
regimen of 30 mg every 3 weeks.

Bone marrow/peripheral blood stem cell allogeneic transplantation has been
attempted in patients with aggressive disease. Disease-free survival ranging from
8 months to 5 years has been reported (200-204) with one patient relapsing at 40
months (205). Allogeneic transplantation using nonmyeloablative conditioning
regimens have been reported in three patients, with remission duration of 3—12
months at the time of last reported follow-up (206, 207). In one patient who under-
went an allogeneic stem cell transplantation from an HLA-matched sibling, the
patient was disease-free at 3 years, and there was no evidence of the FIP1L1-
PDGFRA fusion that was present at diagnosis (95). Despite success in selected
cases, the role of transplantation in HES is not well established. Transplant-related
complications, including acute and chronic graft-versus-host disease as well as
serious infections, have been frequently observed (208, 209).

Advances in cardiac surgery have extended the life of patients with late-stage
heart disease manifested by endomyocardial fibrosis, mural thrombosis, and val-
vular insufficiency (3, 172). Mitral and/or tricuspid valve repair or replacement
(210-214) and endomyocardectomy for late-stage fibrotic heart disease (211, 215)
can improve cardiac function. Bioprosthetic devices are preferred over their
mechanical counterparts because of the reduced frequency of valve thrombosis.

Leukapheresis can elicit transient reductions in high eosinophil counts, but it
is not an effective maintenance therapy (216-218). Similar to other myeloprolif-
erative disorders, splenectomy has been performed for hypersplenism-related
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abdominal pain and splenic infarction, but it is not considered a mainstay of treatment
(219, 220). Anticoagulants and antiplatelet agents have shown variable success
in preventing recurrent thromboembolism (72, 219, 221, 222).

The development of severe left ventricular dysfunction during the 7-10 days of
imatinib treatment of HES is a previously unrecognized safety concern that has now
been reported in a few patients (70, 223) All three patients experienced clinical
recovery and improvement in LV function with high-dose corticosteroids. Although
not extensively studied, a 10-14-day course of corticosteroids in conjunction with
imatinib is advised in patients with echocardiogram abnormalities and/or elevated
serum troponin T levels.

4.16 A Diagnostic, Classification, and Treatment Algorithm
for Hypereosinophilia

The discovery of targetable molecular lesions in patients with hypereosinophilia
facilitates the development of diagnostic and treatment algorithms for specific
subsets of patients. In patients whose workup is negative for secondary causes
of eosinophilia, screening for the FIPILI-PDGFRA gene fusion (RT-PCR or
interphase/metaphase FISH) is potentially the next most useful diagnostic
maneuver. In cases where FIP1L1-PDGFRA screening is not available, testing for
elevation of the serum tryptase might be useful as a surrogate marker for FIP1L1-
PDGFRA-positive disease because it segregates with this molecular finding
and the myeloproliferative variant of hypereosinophilia. Fusion-positive patients
(with <20% marrow blasts) would be classified into the clonal category of
FIPILI-PDGFRA-positive clonal eosinophilia, consisting of either chronic
eosinophilic leukemia or FIP1L1-PDGFRA—-positive systemic mast cell disease
with eosinophilia, depending on additional clinicopathological findings. Patients
without reactive eosinophilia and a negative screen for FIPILI-PDGFRA would
be categorized into one of three possible diagnostic groups (Figure 4.4). FIPILI-
PDGFRA-negative patients with a nonspecific clonal cytogenetic abnormality,
clonal eosinophils, or increased marrow blasts (5-19%) would be categorized as
CEL, unclassified. This grouping would exclude well-characterized recurrent
molecular abnormalities such as rearrangements involving PDGFRA, PDGFRB,
FGFRI, and ETV6. FIPILI-PDGFRA-negative patients without any of these
clonal features or without increased marrow blasts would be assigned to the
diagnostic group HES. A third group, designated T-cell associated hypereosi-
nophilia, would consist of patients with hypereosinophilia in whom an abnormal
T-cell population is demonstrated. Such diagnostic groups might not be mutually
exclusive in all cases; for example, some patients have been described with both
nonspecific cytogenetic abnormalities and either the FIPILI-PDGFRA fusion or
a clonal T-cell expansion.

These categorizations of hypereosinophilia have implications for treatment
(Figure 4.4B). Patients with FIPILI-PDGFRA-positive disease as well as
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Hypereosinophilia A.

l
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Reactive eosinophilia
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Negative
:
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and/or elevated serum tryptase

Clonal cytogenetic

abnormality, clonal No clonality demonstrated,
eosinophils, or increased Abnormal T-cell no increased marrow blasts,
marrow blasts (5 to 19%) population no abnormal T-cell population

T-cell associated Hypereosinophilic
Hypereosinophilia Syndrome (HES)

.. Conventional therapy (e.g. prednisone

3 >

hydroxyurea, interferon-o) or trial of

imatinib for symptomatic patients
refractory to other treatments
Other rearrangements of
PDGFRA, PDGFRB
} Response to imatinib?
l Yes

T-cell associated .. .
e M = I > Provisional Categories *Add 7-10 days of
Search for cryptic molecular prednisone if

elevated serum

. . abnormalities involving ABL, G T
Hypereosinophilic KIT, PDGFRA, B, or other targets and;gfzgl::onnal
Syndrome (HES) - IR ) of imatinib not yet identified echocardiogram

Figure 4.4 Diagnostic, classification, and treatment algorithm for hypereosinophilia. See text for
details. (Originally published in Gotlib et al. (79), with permission from Churchill Livingstone for
adapted figure by Ackerman and Buttefield in Ref. 5)

rearrangements involving PDGFRA or PDGFRB are expected to be imatinib-
responsive, and treatment at doses of 100—400mg daily should be considered first-
line treatment. In FIPILI-PDGFRA -negative patients, conventional therapeutic
approaches (e.g., prednisone, hydroxyurea) should be undertaken. However, a trial of
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imatinib could be considered in some of these symptomatic FIPILI-PDGFRA-
negative patients (e.g., CEL, unclassified or HES) who demonstrate refractory or
relapsed disease, because responses to imatinib might occur in some individuals.
It might be useful to provisionally categorize FIPI1LI-PDGFRA-negative patients
with hematologic responses to imatinib as imatinib-responsive (IR). Imatinib-
responsiveness is likely indicative of alternate molecular targets of imatinib that con-
tribute to the pathogenesis of these eosinophilic diseases. The utility of imatinib in a
cytokine-driven disease such as T-cell associated hypereosinophilia has not yet been
described. In cases where abnormal production of IL-5 is relevant to the hypereosi-
nophilia, anti-IL-5 antibody therapy merits consideration.

4.17 Summary

Although HES and CEL are indeed rare clinical entities, interest in these disorders
has been reborn due to a renaissance in uncovering the biologic basis of previously
idiopathic cases. Unmasking the molecular basis for such cases has, in turn, led to the
development of semimolecular classification schemes for categorizing patients based
on recurrent genetic alterations, usually related to constitutively activated tyrosine
kinases. In turn, increasing sophistication in unmasking the molecular underpinnings
of eosinophilia in patients heretofore classified as idiopathic HES now permits the
rationale use biologically targeted therapies such as imatinib mesylate and recom-
binant anti-IL-5 antibody. The WHO convenes in 2007 to review prior diagnostic
criteria for both HES and CEL. It will be of interest to see how the new genetic infor-
mation becomes integrated with traditional histopathologic criteria in establishing a
practical road map for clinicians who treat these diseases.
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Chapter 5
Chronic Myelomonocytic Leukemia

Miloslav Beran

5.1 Definition and Classification

Owing to its variable pathologic features and clinical course, chronic myelo-
monocytic leukemia (CMML) is both a diagnostic and a therapeutic challenge.
The French-American-British (FAB) classification system included CMML as
one of the five categories of myelodysplastic syndrome (1), and its definition of
CMML as a disease characterized by absolute monocytosis is still used today
(Table 5.1). The FAB classification includes a wide spectrum of patients with
cytopenias and ineffective hematopoiesis reminiscent of myelodysplastic syn-
dromes (MDS) and those with leukocytosis and organ involvement typical of
myeloproliferative disorders, suggesting differences in pathology. Based on
expert opinion, the FAB group proposed the use of a white blood cell (WBC)
count of 13 x 10°/L as an arbitrary cutoff point to separate CMML into “dysplas-
tic” and “proliferative” varieties (2). The International Working Group followed
the FAB recommendation (3) and excluded CMML patients with WBC >12 x
10°/L from the risk-oriented International Prognostic Scoring System for MDS
(IPSS) (3), limiting its usefulness for assessing the expected outcomes of CMML
patients (4, 5). The World Health Organization (WHO) included CMML in a cat-
egory of mixed myelodysplastic/myeloproliferative disorders (MDS/MPD) (6).
The prognostic significance of bone marrow and circulating blasts and eosi-
nophilia led to the creation of further subcategories (Table 5.1).

The major contribution of the FAB classification was the creation of a
defined category of CMML. The unintended consequence of including CMML
in the MDS group was that in reporting the results of clinical trials, data
from patients with CMML were often combined with those from patients with
high-risk MDS, which made it difficult to assess the impact specifically on
CMML. The WHO classification, which further highlights distinct features of
CMML, should encourage research and stimulate the initiation of clinical trials
focusing specifically on CMML.
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Table 5.1 Diagnostic criteria for CMML according to (A) French-American-British (FAB) and
(B) World Health Organization (WHO) criteria

A. FAB Classification (adapted from Bennett et al. 1982) (1)

» Persistant blood monocytosis =21 x 109/

* Bone marrow blasts <20% associated with dysplasia in either erythroid, granulocytic, or
megakaryocytic lineages

» Circulating blasts below 5%

* Absence of Auer rods in myeloid cells

B. WHO Ceriteria (adapted from Vardiman et al. 2002) (6)

e Persistent blood monocytosis >1 x 10°/L

e Absence of Philadelphia chromosome or BCR-ABL rearrangement

e Bone marrow or peripheral blood blasts <20%

* Dysplasia in one or more myeloid lineages. In the absence of dysplasia, all other crite-
ria are met along with the following: presence of cytogenetic abnormality, or persistent
monocytosis of unknown origin for >3 months.

Subcategories:

e CMML-1. Blasts <10% in bone marrow and <5% in peripheral blood

e CMML2: Blasts 10-20% in bone marrow, 5-19% in peripheral blood, or Auer rods are
present and blasts <20% in peripheral blood or bone marrow.

¢ CMML-1 or CMML-2 with eosinophilia (eosinophils in blood >1.5 x 10°/L).

5.2 Ethiology and Epidemiology

The causes of CMML are largely unknown, as is the molecular basis. At
present, it is not clear to what extent environmental factors—exposure to
carcinogens, ionizing radiation, or DNA-damaging drugs—are involved in the
development of the disease. CMML is infrequently reported as therapy related
(7). In a series of 213 patients, one-fifth had a prior malignancy (4). Only in
those treated with DNA-damaging agents should CMML be considered a
treatment-related, secondary malignancy, more frequently seen in dysplastic
CMML, and like in secondary MDS, it appears more frequently associated
with chromosomal abnormalities, particularly monosomy 7 or a complex
karyotype (Beran, unpublished observation). In others, however, CMML arose
as a second, unrelated malignancy. The potential involvement of growth-
regulatory genes is supported by the detection of abnormal fusion tyrosine
kinases (TKs) in some patients (see below). The incidence and prevalence
of CMML are largely unknown. Population studies estimate that CMML
constitutes approximately 10-15% of MDS cases. The reported median age
varies between 65 years and 75 years, and there is an approximately 2:1 male
predominance (4, 5, 8, 9).
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5.3 Clinical Features

Chronic myelomonocytic leukemia patients might remain asymptomatic for years,
ultimately developing anemia, thrombocytopenia, and neutropenia. Weight loss,
night sweats, and a catabolic state are more often observed in patients with prolif-
erative disease. Splenomegaly is observed in one-third (4, 5, 8) and hepatomegaly
is observed in 15-20% of patients (4, 8). The involvement of other organs, seen
particularly in patients with severe monocytosis, includes the skin and serous
membranes of the pericardium, pleura, or peritoneum. Renal excretion of lysozyme,
produced by monocytic cells, might cause tubular damage, which, along with
monocytic infiltration of the kidneys, is a common cause of abnormal renal
function. Skin rashes like pruritus are thought to be related to the activated state of
monocytes (10) or to represent a paramalignant condition.

5.4 Laboratory Features and Differential Diagnosis

Absolute monocytosis is the only objective feature characteristic of CMML and is
required for diagnosis. The pathological process behind monocytosis is not
understood. A formal analysis of its significance in patients with MDS/MPD
documented a significant negative association between monocytosis and survival
(11). Monocytosis could also be seen as a nonspecific reactive phenomenon in
patients with inflammatory disorders and might represent a component in other
malignant disorders, such as systemic mastocytosis (12). The elevation of serum
lysozyme levels might be helpful in assessing the tumor load, particularly in cases
with organ involvement. The remaining laboratory features are nonspecific and shared
with MDSs or with typical and atypical MPDs. The laboratory findings and their
variability (8) are shown in Table 5.2. Eosinophilia might be relevant to the pathology
of the disease being frequently associated with abnormalities in the PDGFR[} gene
(vide infra).

Bone marrow morphology is, per se, not diagnostic of CMML and the guide-
lines provided to distinguish CMML from atypical chronic myelogenous
leukemia (aCML) (2, 13) still retain a degree of subjectivity. The percentage of
monocytic cells is often, but not always, elevated. The upper limit of blast cells
defining the disease has been arbitrarily set by the FAB (1) and WHO (6)
classifications. Reticulin fibrosis might be seen, although collagen fibrosis is
uncommon. The current diagnosis and classification of CMML is the result of a
temporary consensus. Ultimately, knowledge of the pathogenetic mechanisms
involved in the initiation and evolution of the disease or empirical identification,
by clinical trials, of subpopulations of patients responsive to clinical treatment
will provide a more meaningful and treatment-oriented classification.

The present categorization of CMML as dysplastic or proliferative (2) remains
controversial (14—18), although it bears some consequences for management. The
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Table 5.2 Laboratory characteristics of patients with CMML?

Proliferative Dysplastic
WBC > 13000 WBC < 13000
Variable Number Mean SD Number Mean SD p-Value
Age 184 64.8 10.7 120 64.5 12.5 0.963
Blood:
Neutrophils (%) 176 50.3 179 118 38.3 17.8  0.000
Neutrophils (x 10°/L) 177 24.1 253 119 32 2.2 0.000
Monocytes (%) 182 24.4 16.8 120 29.2 13.2  0.000
Monocytes (x 10%/L) 182 11.5 16.2 120 2.2 1.1 0.000
Lymphocytes (%) 177 12.2 79 119 26.6 12.4  0.000
Lymphocytes (x 10°/L) 177 4.6 43 119 2.0 1.0 0.000
IMC 168 9.2 9.0 117 3.0 3.9 0.000
Hemoglobin (g/dL) 184 10.3 2.1 120 10.3 20 0.819
Platelets (x 10°/L) 180 146.1 144.3 120 110.0 121.2 0.033
B2M (mg/L) 84 5.9 3.7 59 4.0 2.4 0.000
LDH (U/L) 175 1170.1 10343 116 663.5 334.9 0.000
Bone Marrow:
Blood (%) 181 5.5 49 117 5.7 4.9 0.790
Neutrophils (%) 175 22.4 122 115 16.0 9.8 0.000
Monocytes (%) 156 159 12.1 116 11.4 9.3 0.000
Normoblasts (%) 171 13.0 10.5 112 223 14.0  0.000
Lymphocytes (%) 170 5.8 46 110 8.8 6.7 0.000
Basophils (%) 62 0.8 2.1 9 0.1 0.3 0.087
M:E Ratio 171 11.3 20.2 112 5.5 9.5 0.000
Cellularity ( %) 165 83.0 185 111 64.3 26.1 0.000

“M.D. Anderson Cancer Center data registry.
Source: Beran et al. unpublished data.

categories might represent pathogenetically diverse disorders or various stages of
a disease initiated by the same event and evolving as a consequence of new
genetic or epigenetic alterations. Serial laboratory evaluation of patients present-
ing with dysplastic CMML documented increasing leukocytosis and transition
into disease with proliferative features (16, 17). The transition from proliferative
to dysplastic CMML has not been reported, however. There might even be a
dynamic disease continuum from patients with MDS and relative monocytosis
(>8-10% of monocytes but < 10°/L) who seem to have a prognosis close to that
of CMML (19), some of whom will progress to CMML, to patients who have a
high absolute monocyte count >1 x 10° /L due to leukocytosis but who do not
have relative monocytosis; these patients would likely be classified as having
aCML (2) or atypical MPD (6, 12). In proliferative CMML, aCML, or aMPD, the
predominant underlying molecular abnormalities might involve the products of
genes regulating lineage—favoring proliferation (e.g., receptor tyrosine kinases)
and/or antiapoptotic pathways, whereas genes regulating differentiation and
favoring apoptosis might be more important in dysplastic CMML and MDS.
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5.5 Pathophysiology and Biology

5.5.1 Progenitor Cells and Sensitivity to Hematopoetic
Growth Factors

Clonality studies support the involvement of myeloid but not lymphoid cells in
the CMML (20, 21). With the initiating event likely confined to progenitor cells
committed to myeloid/monocytic lineage, these might display abnormal behavior.
In vitro cultures of bone marrow or blood cells have shown abnormalities in
the frequency and properties of such leukemic clonogenic, granulocyte-macrophage
colony-forming cells (GM-CFCs) (22-28). The small colonies, composed
predominantly of macrophagelike cells (25), are the consequence of abnormalities
in both the growth rate and differentiation of GM-CFC progeny. In CMML
patients, the frequency of GM-CFCs in the bone marrow or blood varies from
increased to normal or decreased, and in some instances, no GM-CFCs are detectable,
suggesting heterogeneity and variable degree of growth and maturation defect(s).
With limited data available, the frequency of circulating GM-CFCs appears to be
higher in cases of CMML with proliferative features. Definite correlations with
other characteristics, particularly degree of leukocytosis or prognostic signifi-
cance have yet to be reported.

These results are of interest when compared to those in other MPDs. In the
chronic phase of BCR-ABL-positive CML, the number of circulating GM-CFCs is
invariably elevated. Their growth and differentiation appears normal and is strictly
dependent on the presence of exogenous hematopoietic growth factors (HGFs)
but changes during the evolution into accelerated and blastic-phase CML. In
polycythemia vera (PV), the requirement of progenitor cells for erythropoietin is
decreased (29). Similarly, GM-CFCs in juvenile myelomonocytic leukemia
(JMML) display an increased sensitivity to GM-CSF (30). This finding is particu-
larly interesting, as it is potentially linked to abnormalities in the Ras pathway
(31, 32). In CMML, the evidence of an increased sensitivity to GM-CSF is less
compelling. A “spontaneous,” or exogenous, GM-CSF-independent colony forma-
tion in CMML (22-28) might be due to the paracrine production of such factor(s)
by accessory cells. Removal of adherent cells is invariably associated with a
decrease in the clonogenic growth (26, 27, Beran, unpublished). The addition of
HGF-specific antibodies to CMML cell cultures reduces spontaneous colony
formation (27, 33, 34). An increased sensitivity to GM-CSF reminiscent of that in
JMML (30) was seen in adherent cell-depleted blood GM-CFCs from a minority of
patients with CMML, whereas in others, the GM-CFC growth was entirely depend-
ent on exogenous growth factors (Beran, unpublished). Whether the spontaneous
clonogenic growth is due to autocrine production of growth factors by progenitor
cells or to paracrine mechanisms is unresolved. Colony formation by purified
CD34-positive CMML-derived cells is, however, strictly dependent on the addition
of exogenous GM-CSF or the reconstitution of the cultures with autologous
adherent cells, themselves devoid of colony-forming ability (Beran, unpublished).
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The clinical significance of these findings and relationship to other pathophysiological
and molecular features of the disease remain to be determined.

5.5.2 Genetic Alterations and Abnormalities in Signaling
Pathways

5.5.2.1 Karyotype

There are no CMML-specific chromosomal or molecular abnormalities. Because
of the similarity between proliferative CMML and typical CML, it is mandatory
to exclude the presence of Ph+ by karyotype or fluorescence in situ hybridization
(FISH) probing or BCR-ABL by polymerase chain reaction (PCR) and specific
primers. Similarly, CMML patients with inv(16) or t(8; 21) karyotype are consid-
ered to have evolving acute myeloid leukemia (AML) (6) and should be treated
accordingly. Balanced translocations involving chromosome 5 (q31-33) [e.g.,
t(5;12)] have been described in patients with MDS/MPD, including those with
CMML (35-37), with the underlying pathogenetic event identified as TEL-
PDGFR] fusion TK, in which fusion of the Tel oligomerization domain to the
PDGFR catalytic domain results in dimerization and subsequent constitutive
activation of the receptor (38). Subsequently, additional fusion partners of
PDGFRp were identified in CMML and aCML, all resulting in the activation
of a resulting fusion TKs and dysregulated growth ([39-9). In CMML-like MPD,
activation of PDGFRo tyrosine kinase was reported in BCR-PDGFRa fusion
(50), and JAK?2 tyrosine kinase was activated after JAK2 fusion with ETV6 in
t(9;12) (51) or with PCML1 in t(8;9) (52). Early identification of such abnormali-
ties is important for choice of treatment. Karyotype analysis will identify the
majority of such patients. Negative results in patients displaying features associ-
ated with rearranged PDGFR, such as eosinophilia (35, 44, 48), might justify
further workup using either FISH probing or PCR. Because of its rarity (4),
routine screening of CMML patients for PDGFRp rearrangements with PCR is
probably not indicated.

An abnormal karyotype is found in about 30% of patients (4, 8, 9, 11, 16,
53-55). The striking finding in studies comparing CMML, MDS, and aCML
is the low frequency of a complex karyotype in CMML and aCML . The most
frequent single chromosomal abnormality in both CMML and aCML is
trisomy 8, followed by monosomy 7 in CMML but not in BCR-ABL-negative
aCML (58, 59) (Table 5.3). Contrary to initial reports suggesting the
association of t(5; 12) with CMML (35-38), the abnormality is rare in both
CMML and aCML. The same is true for other cytogenetic abnormalities
involving PDGFR rearrangement (35-490. In cohorts of consecutive patients
with CMML, t(5;12) was identified in 0/213 (4) and 1/27 (57) cases,
respectively. It was found in 2/219 consecutive cases of Ph-negative, aCML
(58) (Table 5.3).
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Table 5.3 Comparison of cytogenetic abnormalities for CMML (n = 228), Ph- CML (n = 219),
BCR- CML (82), and MDS (n = 1284)*

CMML Ph- CML BCR/ABL- MDS
Abnormality No. (%) No. (%) CML® No. (%) No. (%)
Not available 10 (4.4) 29 (13.2) 5(6.1) 167 (13.0)
Available 218 (95.6) 190 (86.8) 77 (94.0) 1117 (88.2)
Diploid 142 (65.1) 136 (71.6) 56 (72.7) 451 (40.4)
-5 2(0.9) 0(0.0) 0(0.0) 20 (1.8)
-7 16 (7.3) 0 (0.0) 0(0.0) 41 (3.7)
-5,-7 3(1.4) 0 (0.0) 0(0.0) 15 (1.3)
—7 and other single 0 (0.0) 0 (0.0) 0 (0.0) 69 (6.2)
abnormality (but —5)
7q- (+/— other single 0 (0.0) 1(0.5) 1(1.3) 16 (1.4)
abnormality)
+8 13 (6.0) 10 (5.3) 5(6.5) 64 (5.7)
+8 and other single 2(0.9) 2 (1.1) 6 (7.8) 83 (7.4)
abnormality
+21 3(1.4) 0(0.0) 0 (0.0) 10 (0.9)
5¢g- (£ other single 1(0.5) 2 (1.1) 0(0.0) 36 (3.2)
abnormailty)
20qg- (+ other single 4 (1.8) 4 (2.1 3(3.9) 34 (3.0)
abnormality)
-Y 2(0.9) 1(0.5) 0(0.0) 21 (1.9)
12p- 2 (0.9) 0(0.0) 0 (0.0) 9 (0.8)
Isol7 2(0.9) 1 (0.5) 1(1.3) 4(0.4)
13qg- 0 (0.0) 3(1.6) 2(2.6) 4(0.4)
Inv 16 0 (0.0 0 (0.0) 0(0.0) 9 (0.8)
t(8;21) 0 (0.0) 0(0.0) 0(0.0) 10 (0.9)
Complex (without =5 or —7)¢ 8 (3.7) 5(2.6) 2 (2.6) 81(7.3)
Complex (included -5 or -7) 13 (6.0) 7@3.7) 2 (2.6) 252 (22.6)
Other CMML abnormality! 13 (6.0) 16 (8.4) 70.1) 135 (12.1)

“M.D. Anderson data registry and modified from Onida et al. (58).
"Subset of Ph- CML examined with PCR for BCR/ABL transcripts.
‘Complex = >3 abnormalities.

d0ther CMML abnormalities [number of patients]: Inv Y [1], +10 [1], +14 [1], +19 [1], +X [1],
11q- [1], 12g- [1], add 4(q35) [1], t(11;22) [1], t(11;16) [1], t(4;15) [1], «(7;10) [1], t(9;21) [1].
Other Ph- CML abnormalities [Ph- number, BCR- number]: Inv 5 [1,1], Inv 9 [1,0], 12qg- [1,0],
+14 [2,1], add 17p [1,1], add 15p, +frag [1,0], Ins (X;4) [1,1], t(5;12) [2,0], t(8;9) [2,0], t(9;14)
[1,1], t(1;13) [1,1].

°All single abnormality.

5.5.2.2. Ras Pathway

Mutation of the N-ras or K-ras oncogene results in the activation of the ras pathway in
hematological malignancies (60), including myeloproliferative, myelodysplastic, and
MDS/MPD disorders (61-67), particularly in high-risk MDS (63), CMML (61, 62,
65-67), and JMML (31). Ras mutations are virtually absent in BCR-ABL-positive
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CML (62, 64, 65) and are relatively rare in aCML (59, 65). They are present in approxi-
mately one-third of CMML patients (4, 8) (Table 5.4), although the frequency has been
reported as high as 60% in smaller studies (65), likely reflecting selection of patients
with proliferative CMML (65). The frequency of ras mutation in proliferative CMML
is double that in dysplastic CMML (43% vs.. 22%, respectively) (8, 16, 66, 67). Ras
mutation has been reported to be associated with the progression of MDS to AML (68)
and transition of dysplastic into proliferative CMML (69), but a causative relationship
between the acquisition of ras mutation and disease progression has not yet been
established. Ras mutation was not a significant independent variable associated with
survival (67), although in the most recent update in an extended patient cohort, the
presence of ras mutation was significantly associated with a shorter median survival
(9.9 months vs. 15.5 months, p = 0.02) (8; Beran, unpublished) (Figure 5.1A).

Other molecular abnormalities associated with activation of the Ras pathway,
studied in JMML, have received less attention in CMML. Several lines of evidence
support the role of hyperactive Ras in JMML. The frequent loss of the normal NF1
allele in JMML indicates the role of NFI as a tumor suppressor gene and a negative
regulator of Ras activation (70). Such a role is further supported by the develop-
ment of JMML-like disease in mice with somatic inactivation of the NFI gene (71).
Involvement of NFI has not been reported in CMML, although abnormal levels of
neurofibromin were found in bone marrow (72). Mutation of the PTPNI1 gene,
leading to disregulation of SHP-2 phosphatase activity and increased ras down-
stream signaling, observed in 43% of JMML patients (73, 74), is rare in adult
CMML. It was found in only 1 of 84 (75) and in O of 35 (76) patients with CMML.
The molecular profile of adult CMML thus differs noticeably from that of JMML,
where alternative and perhaps mutually exclusive molecular events activate Ras via
mutations of RAS, NF1, or PTPNI1.

5.5.2.3 JAK/STAT

Activation of JAK/STAT signaling via specific mutations of the JAK2 gene
(JAKV617F) in PV (77, 78), essential thrombocytemia, and myeloid metaplasia
with myelofibrosis (78) is less frequent in CMML, varying from 3% to 10%
(78-80). Unlike in PV, where JAK2V617F is believed to confer hypersensitivity to

Table 5.4 Frequence of ras mutation in CMML*

Distribution of
mutations by codon (%)

Category, given either ras

intravenously of subcutaneously, n mutation % N-ras K-ras Unknown
All CMML 242 29 38 10 52
“Proliferative” (WBC > 12 x 10°/L) 147 36

“Dysplastic” (WBC < 12 x 10°/L) 95 19

“MD Anderson Cancer Center Data Registry.
Source: Beran, unpublished.
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Figure 5.1 Survival of patients with CMML as a function of ras mutation (A), JAK2 mutation
(B), FLT-3 mutation (C), and karyotype (D). Kaplan-Meier plots

erythropoietin, its role in CMML is unknown. Finding both RAS and JAK2 mutations
in two patients with CMML suggests that both the JAK-STAT and RAS-MAPK
pathways can be activated and contribute to the disease phenotype (78). In 10 CMML
patients, JAK2V617F mutation was associated with proliferative features such as
leukocytosis in 8 with splenomegaly in 7 (4 with and 3 without hepatomegaly) but
had no apparent effect on survival (Beran, unpublished) (Figure 5.1B). Although
experimental evidence supports a nonredundant role of JAK2 in the function of
specific cytokine receptors, including interleukin (IL)-3 and GM-CSF (81), the
molecular mechanism by which JAK2V617F operates in CMML is not known.

5.5.2.4 FLT3 Mutation

Internal tandem duplication (ITD) or mutation within the kinase domain (D835) of
the FLT3 receptor gene results in ligand-independent dimerization and activation
of the receptor, with subsequent constitutive activation of the tyrosine kinase and
signaling through the RAS, MAPK, and STATS pathways (82). It is associated with
an unfavorable prognosis of AML, both previously untreated (83-87) and in first
relapse (Beran, unpublished)]. FLT3 mutation is frequent in patients with monocytic
or myelomonocytic AML (83, 88, 89). Because 20-30% of patients with CMML will
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develop AML, FLT3 mutations might be involved in the leukemic transformation.
FLT3 mutations are rare in CMML; screening of 163 consecutive patients for the
presence of ITD or D835 mutations documented only five (3%) with ITD. Four of the
five patients had a diploid karyotype and none had ras mutations. All patients had
features of proliferative disease, and four had an enlarged liver, spleen, or both.
Survival was shorter than expected by prognostic scoring (4, 8) (Beran, unpublished)
(Figure 5.1) and all patients succumbed to progressive disease or AML. Therefore, it
appears that FLT3 mutation in CMML is associated with proliferative disease, organ
involvement, and poor prognosis (Beran, unpublished).

5.5.3 Epigenetic Abnormalities

The methylation of gene promoters, resulting in gene inactivation, is an alternative
mechanism regulating cellular proliferation and differentiation (90, 91). Although
there has been long-standing interest in abnormalities in gene methylation in MDS
in the context of prognosis and changes during therapy (92-95), information
specific to CMML is limited (96), with cases of CMML often being included in
MDS studies (94, 95). Methylation of the promoter of the cell-cycle-regulating
gene pl15™&4 wags found in 58% of 33 CMML patients and was correlated with
reduced mRNA and protein expression and with increased expression of DNA
methyltransferase (DNMT) 3A (96). The methylation of RASSFA1 and Shipl
promoter are rare in CMML (94). The data on SOCSI are conflicting, with promoter
methylation being virtually absent in 26/27 CMML patients (94), yet hypermethylation
of exon 2 of SOCS1 was detected in the bone marrow of 10/25 patients. Statistical
analysis of the whole MDS group, including CMML, found that SOCS1 methylation
was associated with a higher frequency of N-ras mutations, poor prognosis, and
a higher cumulative risk of leukemic transformation but had no independent effect
on survival (94).

5.6 Natural History and Risk Assessment/ Stratification

Chronic myelomonocytic leukemia is a heterogeneous disease and the overall survival
has been reported to vary between 7 and 60 months (4, 5, 8, 52). Some differences in
survival might be accounted for by delayed referral to a hematologist-oncologist or a
tertiary referral center to establish the diagnosis (Figure 5.2). Repeated multivariate
analyses in large cohorts of patients have failed to document any treatment modality as
significantly and independently associated with survival (4, 8), thus justifying the inclu-
sion of treated patients into prognostic modeling. Numerous studies have reported a
large number of variables that are significantly associated with survival. These served
as the basis of risk-oriented prognostic scoring systems aimed at stratifying patients
according to expected survival (reviewed in Refs.4 and 5). Of those specifically
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Figure 5.2 Survival of CMML patients from the first detection of hematological abnormality and
from referral to and diagnosis of CMML at M.D. Anderson Cancer Center

developed for CMML, the Bornemouth system used bone marrow blast, platelet, hemo-
globin, and neutrophil counts to stratify patients according to expected survival of 32 or
9 months (97), whereas the Dusseldorf system used bone marrow blast, lactate dehydro-
genase (LDH), hemoglobin, and platelet levels (5, 98, 99). The M. D. Anderson
Prognostic Score (MDAPS) identified hemoglobin and bone marrow blast levels, the
presence of circulating immature myeloid cells, and absolute lymphocyte count as
significant independent prognostic variables, stratifying patients into four survival
categories (4). The unique prognostic significance of lymphocytes was subsequently
independently verified (100). The MDAPS was recently prospectively validated in an
independent group of patients with CMML at the same institution (8). Abnormal
karyotype, although negatively associated with survival (4, 8), was never formally docu-
mented to be an independent prognostic variable in multivariate analysis in described
CMML risk models. Recent follow-up of 320 patients demonstrated significant negative
association of +8, —7, and complex karyotypes with survival (8) (Figure 5.1D). There is
currently no evidence for the superiority of any of these models, as would be expected
due to limitations inherent in any prognostic scoring (101). With expansion of cohort
size by additional patients, the significance of variables selected by multiple regression
models might change, affecting the final model and stratification, as was indeed docu-
mented (8). With the exception of IPSS, which proved unsuitable for CMML (4, 5), all
of the above-mentioned models recognize CMML as a separate entity and could be used
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to stratify patients for prognostic purposes, for assignment to clinical trials, and for
alternative evaluation of response according to expected survival. Although age is not
considered in any of the models, it is important that it is taken into account for treatment
selection. In patients with low-risk disease, supportive care might be appropriate for the
elderly, whereas allogeneic stem cell transplantation (SCT), with or without prior
chemotherapy, might be considered in low-risk patients younger than 50-60 years.

5.7 Management and Treatment Options

Traditionally, the management of patients with CMML has been centered on
supportive care and the control of disease-associated symptoms, with the main aim
of improving quality of life. The identification of activated PDGFRP fusion
tyrosine kinases as molecular targets for imatinib mesylate and the introduction and
approval of hypomethylating agents 5-azacytidine and decitabine for the treatment
of CMML in the United States, offers new treatment options. A reduced-intensity
SCT, developed as an alternative to standard myeloablative allogeneic SCT, is
another addition to the management of CMML. Finally, a better understanding of
prognostic risk models might allow improved risk assessment and assignment to
treatment modalities.

5.7.1 Risk Assessment and Choice of Therapy

With an increasing number of therapeutic options available, it is becoming impor-
tant to consider major disease- and patient-associated variables using one of the
published prognostic scores (4, 5, 8, 97, 98). In patients with rearrangement of the
PDGFRJ gene, imatinib is the initial treatment of choice. Patients potentially eligi-
ble for allogeneic SCT and their siblings should be HLA typed. In selected cases,
discussion of an unrelated matched donor SCT might be initiated. It is important to
provide patients and their families with detailed information about treatment
options, the potential advantages of investigational agents, and the importance of
using them in the context of supervised clinical trials. Finally, the patient’s personal
wishes and quality of life expectations should be respected.

5.7.2 General Supportive Care

Pending the final selection of treatment, it is appropriate to initiate supportive care
tailored to the patient’s clinical symptoms and the activity of the disease. Many
patients are completely asymptomatic, and in these cases, observation might be
prudent to assess the stability of the disease. Anemia is initially managed by red



5 Chronic Myelomonocytic Leukemia 119

blood cell transfusions, with frequency ideally based on the degree of anemia
tolerated by the individual patient. A trial of erythropoietin might benefit some patients
(102). Platelet transfusions are indicated in severely thrombocytopenic patients
with clinical signs of bleeding; prophylactic transfusions based on low platelet counts
in asymptomatic patients are less likely beneficial and might lead to rapid allo-
sensitization. Single-donor platelets are preferable. For cytomegalovirus (CMV)-negative
patients who are candidates for allogeneic SCT, blood products from CMV-negative
donors are recommended. The use of blood products from the potential stem cell
donor should be avoided. The benefit of prophylactic use of G-CSF or GM-CSF has
not been documented. In febrile patients with severe neutropenia not responding to
antibiotics, G-CSF can be considered. Excessive leukocytosis and monocytosis
are occasionally seen in response to G-CSF therapy, suggesting cautious use of
long-acting preparations.

5.7.3 Single-Agent Therapy

Several oral agents such as hydroxyurea, 6-mercaptourine, busulphan, and
etoposide were used in CMML. Of those, hydroxyurea is the most commonly used
agent for initial cytoreductive treatment in patients with leukocytosis, organomeg-
aly, and constitutional symptoms. Its superior activity over etoposide was
documented in a randomized trial involving mostly CMML patients with prolifera-
tive features (103). Although hydroxyurea treatment might achieve a rapid
reduction in WBCs in most patients, improvement of anemia and platelet counts are
infrequent. The impact on the bone marrow is less evident, and reduction of
organomegaly, if achieved, is often partial and transient.

Of investigational agents, topoisomerase I inhibitors, topotecan given either
intravenously (104) or orally (105), and orally administered 9-nitro20-(S)-
campthothecin (106) demonstrated activity in CMML, including complete
responses. Their oral formulation might facilitate drug delivery, but additional
investigations would be necessary to define an optimal treament schedule and
prolong response duration. It is not known whether they are superior to hydroxyurea.
Antiangiogenic and immunomedulatory properties of thalidomide prompted treatment
of few CMML patients (107). No responses were observed. Thalidomide analog,
lenalinomide (Revlimid), is currently being investigated in MPDs.

5.7.4 Hypomethylating Agents

Azacytidine and decitabine are believed to have a dual effect on treated cells.
At higher doses, they mainly inhibit DNA synthesis and are cytotoxic; at low
doses, they modulate the activity of genes associated with the growth and differen-
tiation, presumably due to hypomethylation. Thus, from the early stages of
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drug development, the importance of dose intensity was apparent. The activity of
5-azacytidine (5-aza; Vidaza®) in MDS was first demonstrated in two phase II studies
of patients with high-risk MDS. Almost 50% of patients experienced a treatment
response, ranging from a decreased requirement for red blood cell transfusions
to complete remission, after intravenous or subcutaneous injections (108, 109).
A subsequent randomized trial of 5-azacytidine at 75 mg/m?%day subcutaneously for
7 days, every 4 weeks documented the superiority of 5-azacytidine plus supportive
care over supportive care alone in terms of responses and delayed progression to
AML but not survival advantage (110). The approval summary based on the results
of the pivotal randomized trial and two single-arm studies involving 219 patients
reports 5.9% complete response (CR), 9.3% partial response (PR), and 19% lesser
response rates, with a median response duration of 9 months (111). At least three
to four courses were required for optimal response, suggesting the importance of
continuing treatment in responding or stable patients.

Fourteen patients with CMML were enrolled in the phase III trial of 5-azacytidine,
seven in each arm. Specific results in patients with CMML were not provided, and
one is left with the impression of modest improvement of hematological status
similar to results in high-risk MDS (110). In the approval report (101), 3 nonspecified
responses were reported in 19 CMML patients treated with 5- azacytidine (15.8%).
This information, although very limited, suggests a low treatment efficacy in
CMML (Table 5.4). Therefore, further studies in larger numbers of patients in
various stages and variants of the disease are needed.

The second agent, 5-aza-2-deocytidine (DAC; decitabine, Dacogen®), demon-
strated its ability to induce in vitro differentiation of leukemic cell line (112), AML
cells (113) and to elicit trilineage response in poor-prognosis MDS patients (114).
Continuous infusion of decitabine (50mg/m? over 24h, daily for 3 days every 6
weeks) was then investigated in 28 patients with progressive MDS and only 1 patient
with CMML. After at least two cycles, eight complete and five partial responses were
documented. With a progression-free period of 32 weeks, the responses were short
and the actuarial median survival from the start of treatment was 12 months (115).
Similar activity in MDS was subsequently reported with a less intensive regimen
(15mg/m?, intravenously, three times daily for 3 days) in a multicenter study that
included nine patients with dysplastic CMML (116). In CMML, one CR, one PR, and
two hematological improvements suggested an overall response comparable to that of
high-risk MDS (116). Using an identical regimen, a randomized, phase III trial
in MDS documented the superiority of decitabine over best supportive care, with an
overall response rate of 17%, including 9% CRs . The median survival duration was
not improved in the decitabine arm (117).

In the study, six and eight CMML patients were assigned to the decitabine and
supportive arms, respectively. One of six treated and none of eight supportive care
patients achieved a response, which was not specified (117). These results are com-
parable to those obtained with 5-azacytidine (110, 111) and inferior to a previously
reported single-arm study (116). It is possible that further investigations on the
effect dose and schedule are necessary for optimal use of decitabine. One study
suggested that decitabine might be more active when given at lower daily doses for
a longer period of time (118).
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The described regimens of 5-azacytidine and decitabine have provided relatively
low MDS response rates and no convincing improvement in survival. The results in
CMML are essentially nonconclusive. With both drugs, the responses occur gradu-
ally (110, 117), and it is now believed that maximal efficacy requires prolonged
therapy and perhaps further schedule modification.

Further evidence of the importance of dose schedule and a potential lead was pro-
vided by the results of a study that randomized previously untreated high-risk MDS
and CMML patients to receive three different regimens of decitabine. Of 95 patients,
349% achieved CR and 72% had an objective response. The CR rate was highest in the
5-day intravenous regimen (39%). The study included 18 patients with CMML, of
which 9 (50%) achieved a CR, and three additional patients had objective hemato-
logic responses. The estimated 18-month survival rate was 57% (119). These results
in CMML are superior to those in any other study of hypomethylating agents in this
disease and compare well with those obtained with single-agent topotecan (105, 120),
topotecan—cytarabine combination therapy (121), or more intensive combination regi-
mens used for treatment of AML (122). Patients were first evaluated for response
after completion of three courses of therapy, and dose reduction and treatment delays
were allowed only for grade 3—4 hematological toxicities. The median number of
courses delivered was 6+, with a median number of three courses to response.

A summary of available data and response rates for CMML patients treated
with various regimens of 5-azacytidine or decitabine is presented in Table 5.5.
Given the limited experience with hypomethylating agents in CMML, the follow-
ing findings are pertinent. At the present standard dose (110, 111), 5-azacytidine
appears less myelosuppressive than decitabine as used in the pivotal study (117).
It is also simpler to administer and, with a comparable response rate, it is less toxic
(110). For optimal results with either drug, prolonged treatment for six to eight
courses might be required. In CMML with organ involvement, a large tumor bur-
den, and proliferative disease, decitabine is a more intensive treatment option, and
the recent regimen (119) might offer a higher response rate and better control of
disease. Frequent monitoring and extensive supportive care are required.

5.7.5 Drugs Targeting Fusion Tyrosine Kinases

Proliferation of hematopoietic cells expressing TEL/PDGFR fusion tyrosine
kinase was inhibited in vitro by imatinib mesylate (123), suggesting a potential

Table 5.5 Summary of reported responses of patient with CMML to 5-azacytidine or decitabine

No. of Responses (%)
Drug patients CR PR HI Any Ref.
5-azacytidine 19 3 (16) 110, 111

6 1(17) 117
Decitabine 9 109 109 2 (18) 4 (44) 116

18 9 (50) 12 (67) 119

HI, hematological improvement
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therapeutic benefit in patients with this abnormality. Hematological and cytoge-
netic remissions were achieved by treating patients harboring t(5;12) with a daily
oral dose of 400 mg imatinib (57, 124, 125). A rapid normalization of leukocytosis,
resolution of eosinophilia and conversion to normal karyotype were achieved after
3-36 weeks. In addition, in a patient with t(5;12)(q33, and unknown partner at q13),
skin involvement also subsided in response to imatinib therapy (126). A similar
response to imatinib by a patient with CMML expressing RABSEP/PDGFRJ (126)
and an aCML patient with H4/PDGFRJ (127) suggests that most, if not all, fusion
protein kinases involving PDGFR[3 might be susceptible to imatinib. The duration
of the hematological, cytogenetic, and molecular responses is durable (128). In the
United States., the use of imatinib at 400 mg/day has been approved for adults with
MDS/MPD with PDGFRJ rearrangement and is the initial treatment of choice
for these patients. Imatinib should be also considered as the initial treatment for
patients with CMML and features associated with the rearrangement of PDGFRJ,
such as eosinophilia, with or without monocytosis. In the absence of such
abnormalities, empirical treatment of over 30 patients with CMML or aCML with
imatinib mesylate yielded no responses (129, 130).

5.7.6 Farnesyl Transferase Inhibitors

With a central position downstream of growth factor receptors and a well-recognized
role in malignancy (30), Ras proteins are attractive targets for drugs aimed at
disrupting Ras functions. Ras proteins function only when attached to the cell
membrane after farnesylation of the precursor proteins by farnesyl transferase.
Inhibitors of farnesyl transferase, interfering with this process, such as tipifarnib
(R115777; Zarnestra) and lonafarnib (SH66366; Sarasar) have been studied in
phase I/II clinical trials. To date, a modest clinical activity of both drugs was
observed in CMML and aCML. Of 10 CMML patients treated on a 3 weeks on,
1 week off schedule with daily oral doses of tipifarnib (600-900 mg divided in two
doses), hematological improvement was noted in one patient and partial remission
in two patients (131). A PR was reported in three of seven patients with aCML and
none of two with CMML (132). In a preliminary report of an international study,
82 patients with MDS, including 19 CMML patients, were treated orally, twice daily
with near-maximum tolerated doses (MTDs) of tipifarnib. Responses were not
given separately for CMML, but the reported medium survival of 15 months for
CMML patients is short for a significant clinical benefit (133). In a phase II study,
35 patients with CMML were treated with lonafarnib (200-300mg orally twice
daily; MTD=200mg twice daily) until disease progression or unacceptable
toxicity. One complete and 7 hematological improvements in 25 evaluable CMML
patients were reported (134). With both agents, the response rates in CMML are
low and their duration appears short. As in AML (135), with the activity independent
of Ras mutational status and of the inhibition of farnesyl transferase (131, 135), the



5 Chronic Myelomonocytic Leukemia 123

target (s) of these drugs remain elusive. Although these oral agents might hold
some promise in CMML, their use as single agents will likely be limited.

5.7.7 Intensive Chemotherapy

Initial experience with intensive chemotherapy originated in occasional inclusion
of CMML in the trials of AML, with regimens based on cytosine arabinoside plus
other agent(s) and biased toward the treatment of younger patients (136). The
experience with intensive chemotherapy has been recently reviewed in detail (137).
The largest clinical trial used topotecan and intermediate-dose cytarabine and
initially included 27 CMML patients, of which 44% achieved a CR, the majority
after one course of therapy (121). The results were later verified in an extended
cohort of 39 patients (122). The presence of an abnormal karyotype was not impor-
tant in achieving a CR. In most such patients, conversion to diploid status was
observed (121, 122). The CR rate was higher in patients with <5% bone marrow
blasts. The median remission duration was 33 weeks and the median overall
survival was 42 weeks (121). Patients who achieved a CR had longer survival than
those who did not, but this might be related to the natural history of the disease. To
date, there is no convincing evidence that intensive chemotherapy is curative in
more than a few patients. A positive impact of intensive chemotherapy on overall
survival has yet to be shown in larger trials. A review of various treatment regimens
indicates that an intensification of treatment leads to increased morbidity and mor-
tality without a documented survival benefit (122). With the availability of effective
single agents such as decitabine, the use of intensive chemotherapy might be
limited. Well-tolerated and effective regimens (121) might be considered in younger
patients with aggressive disease and extensive organ involvement or in patients
with progressive disease that failed to respond to therapy with hypomethylating
agents, particularly those awaiting SCT. Induction of complete remission or cytore-
duction prior to SCT might reduce the relapse rate after allogeneic SCT in patients
with high-risk CMML, and this approach deserves further investigation, preferably
in the setting of a clinical trial.

5.7.8 Allogeneic Stem Cell Transplantation

Allogeneic SCT is the only well-documented curative treatment for CMML. The
experience remains limited, however, mainly because of the age distribution of
CMML patients and lack of a focused approach to CMML as a distinct clinical
entity. The reported results must be interpreted cautiously because of the small
numbers of patients, variations in patient characteristics, likely selection bias, and
use of different conditioning regimens in either matched related or unrelated as well
as partially mismatched donors. Overall, the results are still disappointing, with the
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most significant problem being a high relapse rate (138—140). In the largest reported
cohort of 50 adult patients with a median age of 44 years, the 5-year estimated
overall and disease-free survival rates were 21% and 16%, respectively. The
probability of relapse was 61%, and it was higher in patients without graft versus
host disease. No variables were significantly associated with outcome, with the
exception of the favorable influence of transplantation soon after diagnosis (138).
Slightly better results were reported in a smaller group of 21 patients consisting of
both adults and children (139), in which the cumulative relapse rate was 25% at 3
years. In 43 patients with childhood CMML, the 5-year event-free survival rate was
31%, but a 48% relapse rate (141). These results in patients conditioned with mye-
loablative regimens indicate that although the treatment is feasible in selected
patients, it is curative in fewer than one-third, and resistant disease remains a major
obstacle. In addition to the improved, risk-based selection of patients, new
approaches such as attempting to induce remission or cytoreduction by chemother-
apy prior to transplant might improve outcome. Based on the experience with both
single-agent and combination chemotherapy, this approach should be safe as well.

Reduced-intensity conditioning regimens that allow full engraftment while
significantly reducing toxicity (142—144) offer a new treatment modality in CMML
and extend the SCT option to older patients. Cytoreductive chemotherapy prior to
stem cell transplantation and posttransplant maintenance with, for example,
5-azacytidine are alternative strategies currently under investigation.

5.8 Future Directions

To optimize and possibly individualize treatment, it is important to improve and
validate risk assessments and use a risk score for assignment to clinical trials, paying
specific attention to improvement in quality of life in elderly patients with low-risk
disease unlikely to affect life expectancy. Continuing efforts to optimize the use of
currently available active agents, alone or in combination, should be accompanied
by an evaluation of new agents for both clinical and biological activities. An effort
should be made to treat patients in the setting of clinical trials. Given the rarity of
the disease, cooperative trials would be advantageous. An effective evaluation will
require improvement of response criteria, based on, for example, International
Working Group (IWG) criteria for MDS, expanded to include response of
extramedullary disease and monitoring of cytogenetic and molecular response in
CMML with abnormal karyotype and/or molecular markers such as PDGFR} rear-
rangement. Most important will be the search for molecular abnormalities present in
variants or different stages of the disease, the correlation of new findings with
known laboratory and clinical features, and the responses to established and inves-
tigational therapies.

Establishment of detailed databases should further facilitate continuous evalua-
tion of the importance of disease features in the response to therapeutic modalities
and patient outcomes.
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Chapter 6
The 5q— Syndrome

Aristoteles A.N. Giagounidis and Carlo Aul

6.1 Introduction

In 1956, Tjio and Levan (1) reported in a seminal observation that the correct
number of chromosomes in human somatic cells was 46, not 48, as previously
thought. Since then, an increasing number of malignant hematological diseases have
been directly attributed to abnormalities of the number or the structure of these 46
chromosomes. The first of those disorders, of course, was chronic myeloid leukemia
showing a balanced translocation of chromosomal material between chromosomes
9 and 22, reported by Nowell and Hungerford in 1960 (2). In 1973, Rowley identified
the translocation t(8;21) in acute myeloid leukemia (AML), a genetic abnormality
that today defines this subgroup of AML (3). One year later, in 1974, van den Berghe
and colleagues reported three patients with long-standing refractory anemia, macro-
cytic erythrocyte indices, mild leucopenia, and normal to elevated platelet counts
who showed a consistent deletion of the long arm of No. 5 chromosome (4). This
disease—now called 5q— syndrome (pronounce 5q “minus” syndrome)—is classi-
fied within the myelodysplastic syndromes (MDS) and shares a number of their
characteristics. The MDS are a group of bone marrow disorders derived from an
abnormal hematopoietic progenitor cell (5). Because of a proliferation advantage,
these abnormal stem cells have the ability to clonally expand, leading to the substitu-
tion of a variable part of normal bone marrow by malignant hematopoiesis. On the
other hand, MDS are characterized by inappropriate activation of growth arrest
signals that lead to a high proportion of proliferating cells finally undergoing
programmed cell death (6). This impairment in cellular homeostasis explains the
paradox of a hypercellular bone marrow and peripheral cytopenias often encoun-
tered in MDS. The MDS with a del(5q) chromosomal abnormality are unique
because of their defining genetic lesion, their clinical and prognostic features, and
their response to immunomodulatory treatments (IMiDs®). Particularly the new
treatment options with IMiDs® are exciting, because they seem to target the malig-
nant cell population independent of high-risk morphological or genetic features.
This chapter will not only cover the 5q— syndrome itself, but it will also review other
forms of MDS with del(5q) chromosomal abnormality that are important to the
understanding of this puzzling disease.

S.M. Ansell (ed.), Rare Hematological Malignancies. 133
© Springer 2008
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6.2 Classification

Myelodysplastic syndromes are classified according to the French-American-
British (FAB) or the newer World Health Organization (WHO) classifications (7, 8)
(Tables 6.1 and 6.2). Although the WHO classification is becoming increasingly
popular with hematologists, many current studies of new compounds in the field are
still conceived on the basis of the FAB classification to ensure good comparability
with previous investigations. Furthermore, the most widely used prognostic scoring
index, the International Prognostic Scoring System (IPSS), is based on the FAB
classification (Table 6.3). The FAB classification, of course, is a purely morpho-
logical system that categorizes the MDS in five different subtypes: Refractory ane-
mia (RA), refractory anemia with ring sideroblasts (RARS), refractory anemia with
excess blasts (RAEB), refractory anemia with excess blasts in transformation
(RAEB-T), and chronic myelomonocytic leukemia (CMML). Accordingly, patients
with a del(5q) chromosomal abnormality can be classified within the FAB system
into any of those subgroups, depending on their bone marrow and peripheral blast
count and the number of monocytic cells in the peripheral blood. Del(5q)
abnormalities most often present as RA (67%) and rarely as RARS (14%), RAEB
(17%), or RAEB-T (1%) (9). Exceptionally, del(5q) MDS might present as CMML
(10). The FAB classification does not recognize the notion of 5q— syndrome and
considerable confusion has arisen from this fact. Some physicians define the
5q— syndrome as a disease with the characteristics initially reported by van den
Berghe (4) [i.e., macrocytic anemia, normal to elevated platelet counts, mild
leucopenia, and an isolated deletion del(5q)]. Others use the term in a broader sense,
including patients with additional chromosomal abnormalities and elevated blast
counts. The WHO classification, instead, taking into account not only morphological
but also cytogenetic and immunophenotypic findings of hematological diseases,
defined a new entity within the MDS for del(5q) MDS. This classification narrows
the notion of “myelodysplastic syndromes with chromosome 5 abnormality” to
those patients who have an isolated deletion of del(5q) including bands q31 to q33
and displaying a blast count of <5% both in the bone marrow and the peripheral
blood. Although this disease category is certainly helpful in recognizing the exist-
ence of a special subtype of MDS with del(5q) abnormality, the inclusion of patients

Table 6.1 The French-American-British classification of myelodysplastic syndromes (7)

Blast percentage

Subtype Blood Bone marrow Additional features

Refractory anemia (RA) <1% <5%

RA with ring sideroblasts (RARS) <1% <5% >15% ring sideroblasts

RA with blast excess (RAEB) <5% 5-20%

RAEB in transformation (RAEB/T) >5% 21-30% Optional Auer rods

Chronic myelomonocytic leukemia <5% <20% Peripheral monocytosis
(CMML) (>1000/uL)

Source. Ref. 7.
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Table 6.2 Morphological classification of myelodysplastic syndromes (WHO classification) (8)
Blast percentage

Subtype Blood Bone marrow Additional features

Refractory anemia (RA) <1% <5%

RA with ring sideroblasts (RARS)  <1% <5% >15% ring sidero-blasts

Refractory cytopenia with <1% <5% Dysplasia >10% of bone
multilineage dysplasia marrow cells in >2 cell lineages
(RCMD)

Refractory cytopenia with <1% <5% Dysplastic features in >10%
multilineage dysplasia and ring of bone marrow cells in > 2 cell
sideroblasts (RCMD-RS) lineages; > 15% ring sideroblasts

Refractory anemia with blast <5% 5-9%
excess (RAEB-I)

RAEB-II 5-19% 10-19% Optional Auer rods
5q— Syndrome <5% <5%

MDS, unclassified <1% <5% Dysplasia exclusively

in nonerythropoietic lineages

Table 6.3 International Prognostic Scoring System for evaluating prognosis in patients with
myelodysplastic syndromes

Prognostic variable Points

0 0.5 1 1.5 2.0
Bone marrow blasts (%) <5 5-10 — 11-20 21-30
Number of cytopenias® 0-1 2-3 — — —
Cytogenetic category® Good Intermediate Poor — —

Median survival 25% AML transformation

Risk group Score (years) (years)©
Low 0 5.7 9.4
Intermediate-1 0.5-1 3.5 3.3
Intermediate-2 1.5-2.0 1.2 1.1
High >2.5 04 0.2

*Cytopenias defined as platelets < 100.000/uL; hemoglobin <10 g/dL; neutrophils <1800/uL.
°Good = normal karyotype, 5q—, 20q—, —Y; intermediate = other anomalies; poor = complex (=3
abnormalities), chromosome 7 anomalies.

“Time interval for 25% of the patients to undergo evolution to acute myeloid leukemia.

with a peripheral blood blast count of up to 5% is inconsistent with the rest of the
WHO MDS classification. Patients with <5% blasts in the peripheral blast count are
considered to have RAEB-I, and it is unclear why patients with low
(i.e., <1%) and higher (i.e., <5%) peripheral blast counts should be grouped together
in this special subgroup, as there is ample evidence that patients with del(5q) having
a higher blast count (i.e., RAEB) have a worse overall survival than those with a
bone marrow blast count <5% and a peripheral blast count <1% (11).

It becomes clear from those considerations that the MDS classification for del(5q)
disease needs further improvement. A suggestion for a practical classification is
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given in Table 6.4. This suggestion is supported by several lines of evidence that
are going to be discussed in detail in this chapter:

e Del(5q) is a recurrent chromosomal abnormality in MDS.

e Patients with an isolated del(5q) including bands q31 to 33 in conventional
cytogenetic testing and a bone marrow blast count of <5% (and <1% in the
peripheral blood) share common clinical, biological, and prognostic characteris-
tics. The notion “5g— syndrome” should be restricted to this subgroup.

e The del(5q) chromosomal aberration occurs early in the development of the
hematopoietic stem cell and further abnormalities are later events.

e Patients with additional chromosomal abnormalities have a worse prognosis
than those with isolated del(5q).

e Del(5q) MDS patients with an elevated blast count have a worse outcome than
those with a limited blast count.

e Del(5q) MDS cases can be effectively treated with IMiDs®, irrespective of
additional chromosomal abnormalities or blast percentage.

Taking into account those basic characteristics, it becomes clear that patients
sharing a del(5q) including bands q31 to q33 should be categorized as a subgroup
of MDS, irrespective of their blast count or additional chromosomal abnormali-
ties. Because of prognostic considerations in the untreated del(5q) patient cohort,
those with an isolated del(5q) and a normal bone marrow and peripheral blast
count should be considered as having the favorable 5q— syndrome. Patients with
one additional abnormality but normal blast counts should be grouped into a
separate category. Patients with two or more additional chromosomal aberrations
(complex karyotype according to IPSS) have an ominous prognosis and should be
included in a third group, irrespective of their blast counts, as this does not impact
on their prognosis (12). Finally, patients with an increased bone marrow or
peripheral blast count and isolated del(5q) or one additional abnormality should
accordingly be grouped in another category (Table 6.4).

Table 6.4 A practical classification system for del(5q) MDS

Bone marrow blasts <5% Bone marrow blasts >5%
or peripheral blasts <1% or peripheral blasts >1% Prognosis
Isolated del(5q) (“The 5q— Good
syndrome”)
Del(5q) +1 Intermediate
abnormality
Isolated del(5q) Bad
del(5q) + 1 abnormality
Del(5q) in association with Very bad

a complex karyotype

Note: A complex karyotype confers a very bad prognosis irrespective of the bone marrow blast count.
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6.3 Clinical and Morphological Features

The median age of patients diagnosed with del(5q) MDS is around 70 years,
however, patients as young as 30 years might occasionally be encountered (9). The
male-to-female ratio has consistently been reported to be shifted to the female sex,
with largest series reporting sex ratios between 1:1.6 and 1:5 (9, 13-15). In an
analysis of 76 cases, the female preponderance was also found in patients with an
increased medullary blast count (9). Both primary and secondary MDS have been
identified bearing a del(5q) (9, 16). Usually, the disease is being diagnosed as
refractory anemia according to FAB, but all other subtypes have been reported,
exceptionally CMML (9, 10). The 5q— syndrome typically presents with macrocytic
anemia, mild leukopenia, normal to elevated platelet counts, and erythroid hypoplasia
in the bone marrow. Macrocytosis is not necessarily present in all cases; therefore, its
presence or absence should not be used to define the “5g— syndrome,” Also, a few
cases might show erythroid hyperplasia in the bone marrow (9). Patients with a
lower than normal platelet count in del(5q) MDS have greater chances to have
advanced disease. More than half of those cases were shown to have an elevated
blast cell percentage in the bone marrow (9). The morphological hallmark of the
disease is the hypolobulation of megakaryocytes in the bone marrow. Those cells
show typically one single round to oval nucleus and account for 30-80% of all
megakaryocytes. These cells are not micromegakaryocytes because their size
exceeds that of a promyelocyte by far. Still, true micromegakaryocytes might be
found in del(5q) MDS in about one-third of cases (9). Apart from megakaryocytic
dysplasia, morphological irregularities are not very prominent in the other myeloid
lineages in the bone marrow. Therefore, if the dysplastic megakaryocytes are
missed in cytology, the disease might not be recognized as MDS. For diagnosis
with the microscope, low-power magnification reveals to be the most important
aspect in diagnosis of del(5q) MDS.

6.4 Laboratory Values

The typical combination of the 5g— syndrome (i.e., female gender, macrocytic
anemia, mild leukopenia, and normal to elevated platelet counts) occurs only in about
one out of five patients with isolated 5q— deletion (11). Patients with a higher bone
marrow blast count or additional abnormalities tend to have lower granulocyte and
platelet counts. The reticulocyte count in del(5q) MDS is almost always reduced,
even in patients with additional autoimmune hemolysis (17). Erythropoietin (EPO)
levels in the syndrome are usually highly elevated, with a median value of 1000 U/L
in a series of 60 patients (11). We have seen patients with EPO levels up to 5500 U/L.
Interestingly, because all del(5q) patients eventually become transfusion dependent
and many are diagnosed a considerable time after their first transfusion, ferritin levels
at the time of diagnosis are often elevated. The median value in 41 patients was found
to be 540ng/mL with a range from 37 to 4830 (11).
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6.5 Cytogenetics

Del(5q) is a recurrent chromosomal abnormality in MDS. In fact, as many as 15%
of MDS cases will display a deletion of variable length at the long arm of No. 5
chromosome, either as the sole abnormality or in combination with other karyotypic
anomalies (18). Isolated del(5q) deletions account for half of this figure, and the
5q— syndrome accounts for about 4% of all MDS cases. This deletion consistently
involves a region between the bands q31 to q33, but both proximal and distal break-
points are variable. Three major deletions have been identified. Their frequency is in
the same order as the respective length of the lesion: The most common (and the
longest) is del(5)(q13q33), the second most common is del(5)(q13g31), and, finally,
less common is del(5)(q22q33). A number of other breakpoints have been reported,
some as short as del(5)(q31q33) (19, 20). These short deletions in patients with the
typical features of del(5q) MDS (and more precisely, the 5q— syndrome) have
defined the minimal commonly deleted region (CDR) of the disease (20). The great
variability of breakpoints virtually excludes the possibility that formation of a novel
oncogene is responsible for the disease by fusion of the proximal and distal break-
points. Instead, the constant loss of genetic material from 5q in association with a
specific syndrome suggests that the mechanism for tumorigenesis is recessive and
that loss of a tumor suppressor gene is responsible for the development of del(5q)
MDS. However, the exact mechanism by which the chromosomal deletion leads to
the disease is unknown. The majority of the genes mapping within the CDR are
expressed in CD34+ cells and might, therefore, be at the origin of the disease.
However, no inactivating mutation has yet been identified in any candidate gene
(11). Another possibility would be that haploinsufficiency contributes to the devel-
opment of del(5q) MDS (i.e., a gene dosage effect resulting from the loss of one
single allele). An alternate possibility is a gene dosage effect caused by the deletion
of multiple genes contained in the 5q region, which are functionally related to
hematopoiesis (21). Del(5q) seems to occur very early in the differentiation of
hematopoietic stem cells. Nilsson et al. (22) purified pluripotent hematopoietic stem
cells (CD34+CD38-) from MDS patients with a 5q- deletion between bands 5q13
and 5q33. Virtually all CD34+CD38- cells belonged to the 5q-deleted clone,
indicating that a lymphomyeloid hematopoietic stem cell is the primary target of
5q deletions in MDS and that 5q deletions represent an early event in MDS
development. Additional cytogenetic abnormalities like trisomy 8 or trisomy 21 are
secondary events that are being acquired at later stages (22).

6.6 Molecular Genetics

The molecular basis of del(5q) MDS has been the subject of extensive investiga-
tion. The minimal CDR was identified by Boultwood et al. and assigned to a
1.5-Mb interval at 5q32 flanked by D55413 and the GLRAI gene (20). This CDR
contains approximately 48 genes, including putative tumor suppressor genes like
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MEGFI (FAT tumor suppressor homologue 2) and G3BP (Ras-GTPase activating
protein-binding protein) (20, 21). This region is distinct from and distal to a 1.5-Mb
region at 5q31.1 flanked by the genes interleukin (IL)-9 and early growth response 1
(EGR-1) that has been found to be commonly deleted in advanced MDS and AML
with del(5q) abnormality (23, 24). The identification of more than one CDR of the
del(5q) in association with malignant myeloid disorders suggests that different genes
might be pathogenetically relevant. Interestingly, however, nearly all of the deletions
in del(5q) MDS are large enough to cover both the MDS and AML del(5q) CDR.
Molecular profiling with gene expression analysis using a comprehensive array plat-
form (Affymetrix GeneChip U133 Plus 2.0) has yielded additional insight into the
pathophysiology of MDS and the del(5q) subgroup (25). In fact, across the MDS
spectrum, the two most upregulated genes were found to be the interferon (IFN)-
stimulated genes, IFITM1 and IFITI. IFN-yis a cytokine that is supposed to exert an
inhibitory role on hematopoietic progenitors in the bone marrow of patients with
MBDS. The expression profile of del(5q) MDS was significantly different from that of
patients with MDS and a normal karyotype. This was, of course, partly due to the fact
that the deletion of part of chromosome 5 led to underexpression of the genes encoded
on 5q. Approximately 40% of the significant probe sets that show lower expression
levels in patients with a del(5q) map to chromosome 5, suggesting a gene dosage
effect by the loss of one allele. On the other hand, histone genes within the HIST
gene cluster on chromosome 6q21 were expressed at significantly higher levels in
del(5q) MDS patients. Some of the patients showed a more than 100-fold upregulation
of certain HIST genes (25). Other genes with an increased expression level included
actin-binding proteins or myosin-related proteins like ARPC2, COROIC, and
CAPZA2. Disruption of the actin cytoskeleton and, consequently, deregulation of sig-
nal transduction pathways has been implicated in tumorigenesis. Other genes overex-
pressed in del(5q) MDS were PF4V1, PPBP, and CD61, which are megakaryocyte/
platelet associated (25). Interestingly, a recent study on serum protein profiling in
MBDS revealed PF-4 to be a highly sensitive and stable marker for the recognition of
myelodysplastic syndromes (26).

6.7 Prognosis

Patients with del(5q) MDS are usually considered to have a relatively good
prognosis. This is true for those patients who have a medullary blast count of <5%
and an isolated del(5q) or a del(5q) with not more than one additional chromosomal
abnormality (Figure 6.1) (11, 13, 18, 27, 28). In fact, patients with an isolated
del(5q) and a normal bone marrow and peripheral blast count (5q— syndrome) have
a median overall survival between 70 and 107 months (11, 13, 14, 18). This should,
however, be compared to the survival of the general population at the same median
age. At the age of 67 years, the general female population in Germany is expected
to live for another 244 months, whereas men generally live 188 months (German
Federal Office of Statistics, 2004). This shows that even the favorable 5q— syndrome
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Figure 6.1 Overall survival of patients with del(5q) MDS. Four curves are presented: patients
with a bone marrow blast count of <5% (5g— syndrome) and isolated del(5q); patients with a bone
marrow blast count <5% and del(5q) plus one additional chromosomal abnormality (del(5q)+1
chrom); patients with isolated del(5q) and a bone marrow blast count >5% (del(5q) + blasts);
patients with del(5q) and complex cytogenetic aberrations (del(5q) complex). Median overall
survival (mOS) is given in months. No significant difference is found between 5q— syndrome and
del(5q)+1 chrom; however, patient numbers are low in the latter group

confers excess mortality compared to the general population. If the patients acquire
one additional chromosomal abnormality, the overall survival is reduced to 32—47
months (Figure 6.1) (11, 18). This changes dramatically if the del(5q) comes in
association with a complex karyotype. In those cases, the overall survival of the
patients is less than 1 year, independent of their medullary blast count (12). Indeed,
there is evidence that patients with a complex karyotype involving del(5q) have a
worse prognosis than patients with a complex chromosomal abnormality without
involvement of chromosome 5. An elevation of the medullary blast count is also an
adverse prognostic factor. The median overall survival of 11 patients with an
increase in bone marrow blasts and an isolated del(5q) is 13 months (Figure 6.1).
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6.8 Therapy

A number of therapeutic approaches have been used in patients with del(5q) disease
in the past, generally with little success. Pyridoxine, steroids, and danazol have not
shown any effect in a series of patients reported by Mathew et al. (14). More
modern approaches are summarized in Table 6.5. A case report has been published
in which the use of bortezomib in a patient with del(5q) MDS has resulted in a
major hematological response (29).

Erythropoietin or darbepoietin has been given to a small number of del(5q) MDS
cases, with some of them showing improvement (30, 31). Its use should be carefully
selected, however, because the serum EPO level in this patient subgroup is usually
higher than 200-500U/L, a threshold generally accepted as predictive for EPO
responses (32). Indeed, larger series have reported response rates to EPO with or
without granulocyte colony-stimulating factor (G-CSF) of only 6-14% (33-36).

The German MDS study group has performed a trial with all-frans-retinoic acid
(ATRA) in 29 patients with isolated del(5q) with <10% bone marrow blasts. The
results were rather disappointing. Overall, 19% of patients showed a reduction in
red blood cell transfusions; however, these were not long-lasting and the side
effects were serious enough to prompt the authors to conclude that ATRA is not the
therapy of choice for this disease entity (37).

Low-dose cytarabine has been used in two small studies for patients with del(5q)
MDS, mainly the 5q— syndrome (38, 39). Response rates were 57% and 100%,
respectively, with transfusion independence being achieved for up to 30 months.
The drug was given at dosages of 20 mg/m? twice daily for 14 days as a subcutane-
ous injection. In most cases, only one course of therapy was given for remission
induction. Additional courses were only given in case of relapse, and some of the
patients responded again with freedom from transfusion at the time of the second
low-dose cytarabine (Ara-C) administration (39). Patients treated with low-dose
cytarabine with the above-mentioned schedule will very likely become neutropenic
because del(5q) MDS initially often presents with mild to moderate leukopenia.
One of our patients experienced life-threatening Escherichia coli septicemia after
one course of therapy. Therefore, the drug should only be used by experienced
hematologists and the patients should be monitored carefully for cytopenias.
Supportive therapy with myeloid growth factors might be necessary to prevent seri-
ous infection.

Table 6.5 Modern treatment approaches to del(5q) MDS
Erythropoietin and darbepoietin

All-trans-retinoic acid

Low-dose cytarabine

Bortezomib

Thalidomide

Lenalidomide

Allogeneic stem cell transplantation
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Because of the good overall survival in the 5q— syndrome, hematopoietic stem
cell transplantation (HSCT) is considered appropriate only for patients with pro-
gressive disease in terms of additional chromosomal abnormalities, peripheral
blood cytopenias, or an increase in bone marrow or peripheral blood blast counts
(40). Stewart et al. (48) have published a series of 57 patients with del(5q) MDS or
secondary AML who underwent HSCT. Seventeen patients had an isolated del(5q)
and a blast count of <5%; however, only 5 patients had a low-risk IPSS profile.
Hence, 12 of the 17 patients had at least one cytopenia in addition to anemia. Most
of the patients with the lower-risk features were referred to the transplantation
center because of increasing transfusion dependence. Seven patients with one addi-
tional karyotypic abnormality underwent HSCT. Another 30 patients had a poor-
risk karyotype, including 12 with chromosome 7 abnormalities and 18 with at least
another 2 cytogenetic aberrations. Only 1 of 20 patients with isolated del(5q) relapsed,
compared with 15 of 37 patients with additional chromosomal abnormalities. Although
patients with additional chromosomal anomalies tended to have more advanced
MDS, this result still underlines the unfavorable prognosis of additional karyotypic
anomalies in conjunction with del(5q), which is not only true for the natural course
of the disease but also in association with HSCT. The nonrelapse mortality, on
the other hand, was not statistically significantly different, accounting for 30% in
the isolated del(5q) group and 38% in the group of del(5q) with additional
chromosomal abnormalities. Although, from a transplantation standpoint, a 30%
mortality might not be judged excessive, in patients with an isolated del(5q),
30% of patients would not be expected to die before about 40 months of their natural
course (Figure 6.1). Therefore, the decision to proceed with an allogeneic HSCT in
patients with isolated del(5q) should be carefully weighed and the patients selected
on an individual basis.

Thalidomide is a pleiotropic drug with antiangiogenic, anti-inflammatory, and
T-cell costimulatory activity that can effectively treat anemia in MDS, with
response rates ranging from 20% to 49% (41). The best results were seen in patients
with low-risk or intermediate-1-risk IPSS profiles (42). Strupp et al. (43) reported
three cytogenetic responses (19%) out of 16 patients with karyotypic abnormalities,
and, interestingly, 2 of those patients had a del(5q) chromosomal abnormality. The
first patient had an isolated del(5q)(q22q33) abnormality in 11 out of 20 met-
aphases and other features of the 5q— syndrome. She was treated with thalidomide
doses of 100400 mg/day and achieved both partial cytogenetic remission (2 out of
20 metaphases remained abnormal) and transfusion independence. Transfusion
independence lasted for about 3 years, but the patient eventually had to stop the
treatment because of progressive polyneuropathy. The second patient had a complex
karyotype including del(5q) and RAEB-T with severe anemia (7.2g/dL) and
thrombocytopenia (22.000/uL). Within 5 months of thalidomide treatment at
200-400mg/day, this patient achieved transfusion independence (hemoglobin,
12.8 g/dL; platelets, 240.000/uL) and complete cytogenetic remission. However,
the patient experienced deep venous thrombosis and pulmonary emboli during
treatment with thalidomide. Finally, after 9 months of therapy, he relapsed with
RAEB-T and a complex karyotype and died in the further course of the disease.
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These observations are of special interest because they show that hematological and
cytogenetic remissions might be obtained in del(5q) MDS with an immunomodula-
tory approach. The consistent activity of thalidomide in MDS provided the rationale
for the use of its structural analog lenalidomide in this patient population.
Lenalidomide is a 4-amino-substituted thalidomide derivative that has a 20,000—
50.000-fold higher activity in suppressing tumor necrosis factor (TNF)-vy, and it is
more potent than thalidomide in stimulating T-cell proliferation, natural killer cell
activation, and production of IL-2, IL-10 and IFN-o (44). The toxicity profile of
lenalidomide is more favorable than that of thalidomide because neither polyneu-
ropathy nor significant constipation or sedation have been reported in MDS patients
(45, 46). Most importantly, in the rabbit model most sensitive for thalidomide-
associated embryotoxicity, lenalidomide did not show any fetal malformations (44).
In the MDS, lenalidomide has been evaluated in a number of clinical studies, the
most important being the Lenalidomide-MDS-001, Lenalidomide-MDS-002, and
Lenalidomide-MDS-003 studies. In the Lenalidomide-MDS-001 trial, 43 patients
with MDS and transfusion-dependent or symptomatic anemia were treated with
lenalidomide doses of up to 25mg. All patients had no response to erythropoietin
therapy or were believed to be poor erythropoietin responders because of high
endogenous EPO levels. All FAB subtypes could be included, but neutrophil counts
were required to be >500/uL and platelet counts >10.000/uL. Responses were
defined according to the modified International Working Group criteria (47).
Although, according to the natural frequency of del(5q) among all MDS subtypes,
one would expect only about 15% of patients with del(5q) in such a trial, 12 out of
43 (28%) of the trial patients displayed a del(5q) chromosomal abnormality. This
turned out to be a fortunate event, as 83% of del(5q) patients achieved an erythroid
response, defined as a sustained transfusion independence with more than a 2-g/dL.
hemoglobin increase, compared to 57% of patients with a normal karyotype and
12% of patients with other karyotypic abnormalities (46). Complete cytogenetic
remissions occurred in 75% of patients with del(5q). Interestingly, a reduction of
bone marrow blast percentages was also observed, as three out of six patients with
excess blasts (6-21%) achieved a reduction to <5% blasts after treatment. Dose-
limiting toxicities were neutropenia and thrombocytopenia of WHO grade 3/4 in
58% and 50%, respectively.

The Lenalidomide-MDS-003 trial (45) was designed to study the effects of
lenalidomide in the subgroup of MDS patients with del(5q) cytogenetic abnormali-
ties. The trial included transfusion-dependent del(5q) MDS patients with or without
additional chromosomal abnormalities and an IPSS grading of low or intermediate-
1. This allowed the authors to study a number of different patient populations with
del(5q): the 5q— syndrome, with isolated del(5q), normal blast count, and isolated
anemia (e.g., low-risk IPSS), as well as patients with the above features but an
increase of medullary blasts of up to 10% and/or two or more peripheral blood
cytopenias (e.g., intermediate-1 risk). Also, patients with one additional chromo-
somal abnormality and a blast count of up to 10% were eligible to participate in the
study if the number of cytopenias was <2 (e.g., intermediate-1 IPSS). Finally,
patients with a complex karyotype including del(5q) or a chromosome 7 anomaly
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in addition to del(5q) were eligible if there was only one peripheral cytopenia and
the bone marrow blast count was <5%. As a result of the treatment-related neutro-
penia and thrombocytopenia observed in the Lenalidomide-MDS-001 trial, patients
had to have at least 500/uL neutrophils and >50.000/uL platelets to be eligible for
the trial. Furthermore, the initial lenalidomide dose was set at 10mg orally per day
(“‘continuous schedule”) or 21 days out of 28 (“syncopated schedule”) with possible
dose reductions in case of adverse events to Smg po daily or Smg po every other
day. Among 148 patients included, 111 had an isolated del(5q) abnormality and 37
had additional chromosomal abnormalities. Central cytology and cytogenetic review
was performed and 120 patients (81%) were confirmed as suffering from low/inter-
mediate-1-risk MDS. The results of this study confirmed the impressive data of the
Lenalidomide-MDS-001 trial. Using an intent-to-treat (ITT) analysis, by week 24,
76% of patients achieved at least a 50% reduction of transfusion need compared to
pretherapy levels and 67% of patients became entirely transfusion-free for >56 days
with a rise in hemoglobin of at least 1 g/dL. The median time to response was 4.6
weeks, and the median rise in hemoglobin at maximum response was 5.4 g/dL. After
a median follow-up of 2 years, the median duration of transfusion independence was
not reached. Fifty-three patients were still on-study and transfusion-free. Cytogenetic
responses were very impressive, indeed. Not only did 45% of patients achieve a
complete cytogenetic remission and another 28% reduced the number of abnormal
metaphases by at least 50%; the trial did not show any significant statistical differ-
ence between patients with an isolated del(5q) and those with one or more additional
cytogenetic abnormalities. This result is as important as it is astonishing. The natural
course of patients with complex cytogenetic abnormalities including del(5q) is very
poor indeed, the median overall survival being 8 months (Figure 6.1), independent
of the bone marrow blast count (12). The fact that 50% of patients with this adverse
feature went into complete cytogenetic remission heralds a new era in the treatment
of MDS, as previously no other drug was able to show such impressive remitting
activity in such a poor prognosis subgroup. Furthermore, this result suggests that
lenalidomide might alter the natural history of disease in patients with a higher-risk
del(5q) abnormality. Red blood cell transfusion independence was also unaffected
by age, gender, FAB subtype, or IPSS category. The only two variables in multivari-
ate analysis predicting a better response to the drug were a higher peripheral platelet
count (because those patients received a higher cumulative lenalidomide dose) and
a lower pretreatment transfusion burden.

The most common adverse events were grade 3/4 neutropenia (55%) and throm-
bocytopenia (44%), necessitating dose adjustment in 91% of patients on the
continuous treatment schedule and 67% of patients on the syncopated treatment
regimen. The median time to the first dose interruption or reduction was 22 days,
and the median duration of this first interruption was also 3 weeks. A third of the
patients had to undergo a second dose reduction or interruption. These results
emphasize that patients treated with lenalidomide need weekly complete blood
count evaluations during the first 8 weeks of therapy and biweekly blood draws
thereafter for at least another 4 months. Other adverse effects of lenalidomide
included skin rash, pruritus, diarrhea, muscle cramps, and, rarely, hypothyroidism
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and endocrine hypogonadism. In our experience, pruritus is self-limiting but might
require oral antihistamines. In more severe cases, a short course (usually less than
14 days) of 10mg of prednisone can be given to alleviate symptoms. Diarrhea is
difficult to tackle and might require dose reduction. Neither loperamide nor other
antidiarrheal drugs are very helpful to treat this complication. Muscle cramps are
usually self-limiting. Magnesium supplementation did not show any significant
effect, and in some instances, quinine sulfate might be used. Hypothyroidism was
always associated with high levels of antithyroid antibodies and needed thyroid
supplementation therapy. Deep venous thrombosis, a complication feared with
combination lenalidomide and dexamethasone therapy in multiple myeloma,
occurred in four patients only (i.e., 2.7% of all patients).

Nine patients progressed to higher MDS subtypes or acute myeloid leukemia,
and 11 patients died due to disease complications (n = 8) or neutropenic infection
(n = 3). Interestingly, in contrast to the results of the Lenalidomide-MDS-001 trial,
no patient acquired secondary chromosome 7 anomalies.

6.9 Conclusion

Myelodysplastic syndromes with a del(5q) chromosomal abnormality are a
heterogeneous group of disorders. The deletion at 5q is acquired early during
hematopietic stem cell development (22), and secondary chromosomal abnor-
malities are later events. Del(5q) is the most common chromosomal abnormality
in MDS and might present as an isolated abnormality with or without an
increase in bone marrow blasts, and in conjunction with one or several other
karyotypic anomalies. The natural course of these patient subgoups can be very
different. Only patients with an isolated del(5q) and a normal bone marrow blast
count (“the 5q— syndrome”) have a truly favorable prognosis, although it is
worse than that of the age-matched general population (11). As all patients
eventually become red cell transfusion-dependent, therapeutic strategies aimed
at reducing the transfusion need should be discussed early in the course of the
disease. Erythropoietic agents are not very useful, as most patients display high
endogenous EPO levels at the time of transfusion dependence. Lenalidomide has
consistently shown high rates of transfusion independence in more than two-
thirds of patients treated and has also led to complete cytogenetic remissions in
44% of cases. The induction of cytogenetic remission is independent of the
cytogenetic complexity (i.e., additional cytogenetic abnormalities). Lenalidomide
has been approved in the Unites States for use in low- and intermediate-1-risk
MDS according to the IPSS. For patients with a blast count >10% (i.e., IPSS
intermediate-2 or high risk) and a reduced platelet count, a course of low-dose
cytarabine could be indicated to reduce the leukemic burden, as the cumulative
lenalidomide dose that might be administered might be too low to achieve a
response. The treatment should then be followed by maintenance therapy with
lenalidomide.
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With the advent of powerful molecular techniques, including the microarray
technology, proteomics, and single-nucleotide polymorphism scanning, the gene or
genes responsible for the disease might soon be identified. This would open the
door to a targeted therapy on the molecular level.
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Chapter 7
Rare Acute Leukemias

Xavier Georges Thomas

7.1 Introduction

Hematopoietic cancers, which arise from various cell types that constitute the
blood-forming tissues including the cells of the immune system, belong to
the group of nonepithelial tumors. The term leukemia (literally “white blood”)
refers to malignant derivatives of several of these hematopoietic cell lineages.
Acute myeloid leukemia (AML) is a clonal disorder of immature hematopoietic
cells and is characterized by aberrant hematopoietic cellular proliferation and
maturation. Leukemic blasts might express capabilities for maturation to a variable
degree, which leads to morphological heterogeneity. The leukemic transformation
might occur at the level of a pluripotent or a less primitive hematopoietic cell.
Generally, the transformed leukemic stem cell is committed to the granulocytic
lineage, but sometimes a predominance of blast cells from the erythroid or meg-
akaryocytic lineage might be observed.

The decade of the 1990s heralded an era in hematopathology in which traditional
morphologic and cytochemical methods would not be sufficient to arrive at accu-
rate diagnoses. The introduction of flow cytometry, cytogenetics, and molecular
techniques used in conjunction with traditional methods allowed physicians to
recognize rarer disease and clinicopathologic entities. The classification of AML
has been recently revised by a group of pathologists and clinicians under the
auspices of the World Health Organization (WHO) (Table 7.1) (1). Although ele-
ments of the French-American-British (FAB) classification have been retained, the
WHO classification incorporates more recent discoveries regarding the genetics
and the clinical features of AML in an attempt to define entities that are biologically
homogeneous and that have prognostic and therapeutic relevance. The most
significant difference between the WHO and FAB classifications is the WHO
recommendation that the requisite blast percentage for the diagnosis of AML be at
least 20% blasts in the blood or bone marrow, whereas the FAB scheme required a
blast percentage of at least 30%. This threshold value eliminated the category
“refractory anemia with excess blasts in transformation (RAEB-t)” found in the
FAB classification of myelodysplastic syndromes (MDSs). Under the WHO
classification, the category “acute myeloid leukemia not otherwise categorized” is
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Table 7.1 Classification of AML according to the WHO criteria

¢ AML with characteristic genetic abnormalities
AML with t(8;21)(q22;q22); (AML/ETO)
AML with inv(16)(p13q22) or t(16;16)(p13;q22); (CBFR/MYH11)
APL (AML with t(15;17)(q22:q12), (PML/RARo. and variants)
AML with 11923 (MLL) abnormalities

¢ AML with FLT3 mutation

¢ AML with multilineage dysplasia

¢ AML and MDS, therapy related
Alkylating agent-related AML and MDS
Topoisomerase II inhibitor-related AML

¢ AML not otherwise categorized
Acute myeloblastic leukemia minimally differentiated (FAB classification MO)
Acute myeloblastic leukemia without maturation (FAB classification M1)
Acute myeloblastic leukemia with maturation (FAB classification M2)
Acute myelomonocytic leukemia (AMML) (FAB classification M4)
Acute monoblastic leukemia and acute monocytic leukemia (FAB M5a and M5b)
Acute erythroid leukemias (FAB classification M6a and M6b)
Acute megakaryoblastic leukemia (FAB classification M7)
AML/transient myeloproliferative disorder in Down’s syndrome
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis
Myeloid sarcoma

¢ Acute leukemias of ambiguous lineage

AML, acute myeloid leukemia; APL, acute promyelocytic leukemia; MDS, myelod-
ysplastic syndrome.
Source: Data from Brunning et al. (1).

morphology based and reflects the FAB classification with a few significant
modifications (2, 3). Among this subgroup, some entities are particularly uncom-
mon, many of which are of unknown clinical significance. Some of these entities
are discussed here and the relevant findings are presented.

7.2 Acute Erythroid Leukemia

Erythroleukemia is a myeloproliferative disorder characterized by malignant
proliferation of erythroid and myeloid precursors. The disease has a long
descriptive history that has gone through different stages of evolution. It was
first recognized by Copelli in 1912 as a hematologic disorder named “atypical
erythematosis” (4). Copelli’s case report described a 60-year-old male with
progressive hepatosplenomegaly who died from severe anemia. At autopsy he
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was found to have both atypical and megaloblastic erythroid cells in the bone
marrow, spleen, liver, and lymph nodes. In 1917, Di Guglielmo reported addi-
tional observations of a neoplastic disorder with proliferation of the erythroid
precursors and involvement of the granulocytic series (5). In the first of several
papers he authored on this subject, he described a patient with “erythemia”
who showed a marked increase in cells of the erythroid series with immature
circulating forms. Additionally, both qualitative and quantitative abnormalities
of the white cells and platelets were also observed. In 1923, Di Guglielmo
described a “new form of blood disorder involving proliferation purely of the
nucleated red blood cell series” and designated this disease “erythemic myelosis”
(6). He considered this to be a leukemiclike disease and stressed its purity as
“an autonomous pathologic entity of erythropoiesis.” In 1940, Moeschlin
definitively established the term of “erythroleukemia,” (7) and in the late
1950s and 1960s, Dameshek proposed the term “Di Guglielmo’s syndrome” to
describe a myeloproliferative syndrome striking erythoblastic hyperplasia and
a progressive increase of myeloblasts terminating in AML (8, 9). Since 1976,
erythroleukemia was no longer considered as a chronic myeloproliferative
disorder but, rather, as a form of AML and, as such, was included within the
FAB classification system of AML, which designates it as AML-M6 (10).
The FAB classification distinguished AML-M6 from MDSs on the basis of the
myeloblastic component and erythroblast precursors. Quantitative standards
were laid down for its diagnosis. These were revised in 1985: In a differential
count of 500 nucleated cells in the marrow, 250% should be erythroid cells
and myeloblasts should constitute at least 30% of the nonerythroid cells (2).
However, the FAB did not identify Di Guglielmo syndrome, and only after the
publication of Garand et al. (11), the undifferentiated M6 was included within
the FAB as M6b (now “pure erythroid” according to WHO). This M6 “variant”
is characterized by a unique malignant cell type instead of two distinct clones
of blasts (proerythroblasts and myeloblasts).

Other authors described three subtypes of AML-M6 (12,13): (1) Di Guglielmo’s
syndrome characterized by greater or equal to 30% pronormoblasts, related to the
evolution of MDS, and presented few karyotype abnormalities; (2) a second
subtype defined by greater than or equal to 30% pronormoblasts and conversely
less than 30% of blasts within nonerythrocytic elements, associated with major
karyotype abnormalities and highest level of expression of multidrug resistance
(MDR)-1 gene product P-glycoprotein; (3) a third subtype characterized by
greater or equal to 30% of blasts of nonerythroid cells with greater or equal to
30% pronormoblasts.

Among the various types of AML, acute erythroid leukemia is regarded as a
relatively rare disorder and considered as a distinct entity with characteristic fea-
tures such as complex chromosomal defects and poor prognosis (14-17).
According to the recent WHO classification, acute erythroid leukemias are
divided into erythroleukemia and pure erythroid leukemia, based on the presence
or absence of a significant myeloid component (1).
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7.2.1 Epidemiology

AML-MG6 constitutes between 2% and 7% of all cases of AML (18-21). Patients
of all ages are described with this disease, with a male predominance. However,
AML-M6 has been shown to be six times more frequent in patients aged 56
years and above (19). It has therefore been regarded as a disease of the elderly,
but a subgroup of younger patients with a significantly improved prognosis is
now recognized (17, 22). Erythroleukemia (erythroid/myeloid; M6a) represents
the predominant form. Pure erythroid leukemia (M6Db) is rare and occurs in all
age groups. No racial predilection is known. Several reports of clusterings of
erythroleukemia and Di Guglielmo’s syndrome in family members have been
described (23, 24). No consistent environmental hazards, consanguinity, or
cytogenetic abnormalities were identified to explain these cases. AML-M6 can
arise de novo or from a preexisting myeloproliferative disorder. Occasional
cases of chronic myeloid leukemia (CML) might evolve to one of the acute
erythoid leukemias. Erythroleukemia might present de novo or evolve from an
MDS, either refractory anemia with excess blasts (RAEB) or refractory cytope-
nia with multilineage dysplasia and ringed sideroblasts (RCMD-RS) and
refractory cytopenia with multilineage dysplasia (RCMD), respectively (25).
AML-M6 might be secondary to previous chemotherapy, immunosuppressive
treatment, or radiotherapy given for a wide range of malignant or nonmalignant
diseases. It is more commonly associated with exposure to alkylating agents or
benzene than other subtypes of AML (26, 27). In addition, several reports
described erythroleukemia developing after intense combination chemotherapy
with or without radiation in long-term survivors of small cell lung carcinoma
(28, 29), Hodgkin’s disease (30), and following drug-induced hypoplastic anemia
(31). Erythroleukemia has also been reported to complicate immunosuppressive
immunotherapy with azathioprine following renal transplant (32). Immunologic
aberrations, including increased immunoglobulin levels, or the presence of
rheumatoid factor and antinuclear antibodies have also been described in
patients with erythroleukemia (33, 34).

Historically, the question has been raised as to whether the erythropoiesis of
erythroleukemia is itself malignant or reactive to the presence of a malignant
granulocytic precursor (35). Although a few studies support the latter possibility
(36, 37), current evidence strongly suggests that the erythropoiesis is malignant
and is part of a clonal multilineage myeloid population. The presence of a malig-
nant precursor cell common to erythroid and myeloid lines has been established
using glucose 6-phosphate dehydogenase (G6PD) markers (38). Production of
fetal hemoglobin, the absence of hemoglobin A2, and the appearance of the I
membrane antigen in patients with erythroleukemia also support a neoplastic
process (39). Other evidence implicating malignancy include abnormal hemo-
globin production such as hemoglobin H (39), defects in globin synthesis (40),
and erythrophagocytosis by bizarre erythroid precursors (41).
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7.2.2 Criteria for Diagnosis of Acute Erythroid Leukemia

Acute erythroid leukemias are AMLs that are characterized by a predominant
erythroid proliferation. They are divided into erythroleukemia and pure erythroid
leukemia (1). However, a recent report showed that patients do not always fit the
WHO criteria (42).

7.2.2.1 Erythroleukemia

Historically, AML with erythroid features has been designated M6 by the FAB group
(10). The FAB criteria for M6 diagnosis include bone marrow erythroblasts >50%
and blasts >30% of nonerythroid cells (2). The WHO has recently recommended that
the requisite blast percentage for a diagnosis of AML be 20% or greater, and this
includes erythroid leukemia (erythroid/myeloid), which might contain at least 20% of
myeloblasts in the nonerythroid cell population and at least 50% of erythroid precur-
sors in the entire nucleated cell population (1). These criteria correspond to the
previous M6a AML in the FAB (2), with or without associated multilineage dyspla-
sia. Trilineage dysplasia is then common but is not a requisite for diagnosis. Erythroid
dysplasia might manifest as binuclearity, nucleocytoplasmic asynchrony, and
vacuolation. The morphological appearance of the myeloblasts is not characteristic
(Figures 7.1 and 7.2) and they might contain Auer rods. Myeloperoxidase (MPO) and

Figure 7.1 Erythroleukemia (bone marrow). Myeloblasts without maturation surrounded by
erythroid precursors
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Figure 7.2 Erythroleukemia (peripheral blood). One myeloblast without maturation and one
erythroblast

Sudan black B stains might be positive in the myeloblasts. The iron stain might show
ringed sideroblasts and periodic acid—Schiff (PAS) might be positive in the erythroid
precursors in a block or diffuse pattern (Table 7.2).

The marrow biopsy is usually hypercellular. There might be prominent meg-
akaryocytic dysplasia.

7.2.2.2 Pure Erythroid Leukemia

In addition to the typical erythroleukemia, there is a second subtype of acute
erythroid leukemia in which there is a neoplastic proliferation of immature cells
entirely committed to the erythroid series (>80% of marrow cells) without evidence
of a myeloid component (Figure 7.3). This was termed pure erythroid leukemia by
the WHO (1). This pure erythroid leukemia corresponds to the previous M6b of
FAB (M6 “variant”) and, in part, to the pathology described by Di Guglielmo.
Morphology is characterized by medium-sized erythroblasts with fine nuclear
chromatin, distinct nucleoli, and deeply basophilic cytoplasm that often have
vacuoles (Table 7.2). The erythroid nature of the blasts can be shown by electron
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Table 7.2 Morphologic and cytochemical features of acute erythroid leukemias

Morphologic and cytochemical features of erythroleukemia

> 50% erythoid precursors in the entire nucleated cell population of the bone marrow
> 20% myeloblasts in the nonerythroid population in the bone marrow

Dysplastic erythroid precursors with megaloblastoid nuclei

Multinucleated erythroid cells

Myeloblasts of medium size, occasionally with Auer rods

Ringed sideroblasts

Positive PAS stain in the erythroid precursors

Hypercellular bone marrow

Megakaryocytic dysplasia

Morphologic and cytochemical features of pure erythroid leukemia

Medium- to large-sized erythroblasts with round nuclei, fine chromatin, one or more
nucleoli, deeply basophilic cytoplasm, and occasional coalescent vacuoles
Erythroblasts reactive with alpha-naphthyl acetate esterase

Acid phosphatase

PAS

Figure 7.3 Pure erythroid leukemia. Bone marrow smear with numerous very immature eryth-
roid precursors. These cells have cytoplasmic vacuoles that coalesce
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microscopy demonstrating free ferritin particles (43). The blasts are negative for
Sudan black B And MPO but positive for PAS in a block pattern. Leukemic cells
can display a pro-erythroblastlike or an undifferentiated morphology. The
morphological features of the latter sometimes lead to an initial diagnosis of an
undifferentiated AML (AML-MO), before studying the erythroid markers on leuke-
mic cells. Such cases have been previously reported and have been designated as
“cryptic erythroleukemia” (44) or “early erythroblastic leukemia” (45).

In the marrow biopsies, the cells appear undifferentiated. Reactivity with anti-
body to hemaglobin A varies from a few scattered positive cells to numerous posi-
tive cells.

7.2.3 Cytogenetics

There is no unique chromosome abnormality described in acute erythroid
leukemia. No specific abnormality has been recognized. A large variety of
chromosome abnormalities have been reported. However, complex karyotypes
with multiple structural abnormalities are common. Chromosomes 5 and 7 are
the most frequently affected (42, 46). These findings are also characteristically
found in therapy-related AML and MDS (17). However, loss or deletion of 5q is
higher in de novo erythroid leukemia, whereas loss or deletion of 7q is higher in
therapy-related AML. These abnormalities of chromosome 5 and/or 7 correlate
with significantly shorter survival times (17).

The larger study about chromosomal abnormalities of erythroleukemia defined
following the WHO classification has been recently performed by the Groupe
Francophone de Cytogénétique Hématologique (GFCH) (47). Clonal chromosomal
abnormalities were found in 76% of cases at a frequency comparable to other series
(16, 17), and distributed in four subgroups according to their ploidy status: pseu-
dodiploid (16%), hypodiploid (47%), hyperdiploid (19%), and 18% mixed cases
associating two different clones (hypodiploid + hyperdiploid or pseudodiploid +
hyperdiploid). Complex rearrangements and hypodiploid chromosome number
were widely dominant (50%). Partial or entire monosomies represented 56% of
abnormalities. Chromosome 5 and 7 were confirmed as the most frequently
involved, followed by chromosomes 8, 16, and 21 (48). Unbalanced abnormalities
were more frequent than balanced, as previously emphasized by others (16, 17, 20)
(Table 7.3). All of these kinds of abnormality were observed in de novo as well as
in secondary erythroleukemia. In an AML-M®6 patient with a t(8;9)(p22;p24), the
presence of a PCMI1-JAK2 fusion was recently demonstrated similar to that
observed in myeloproliferative disorders (49).

Pure erythroid leukemia has been frequently associated with complex cytoge-
netic abnormalities (11, 46, 50-52). If hypodiploidy is one usual cytogenetic char-
acteristic of most erythroleukemia, it is less frequent in pure erythroid
erythroleukemia. A high proportion of cases were associated with a BCR-ABL
fusion (47, 50, 53) (Table 7.4).
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Table 7.3 Cytogenetics of erythroleukemia

Clonal chromosomal abnormalities (76%)

e Pseudodiploid (16%)

e Hypodiploid (47%)

e Hyperdiploid (19%)

* Mixed cases associating two differents clones (hypodiploid +
hyperdiploid or pseudodiploid + hyperdiploid) (18%)

Complex rearrangements and hypodiploid chromosome number (50%)

¢ Partial or entire monosomies (56%)

e Chromosome 5

e Chromosome 7

e Chromosome 8

¢ Chromosome 16

¢ Chromosome 21

Source: Data from Lessard et al. (47).

7.2.4 Immunophenotype

At present, there are many techniques that enable the recognition of erythroid
precursors and progenitors: immunophenotyping with erythroid-specific
monoclonal antibodies, ultrastructural detection of ferritin molecules (43), in
vitro colony assay and molecular techniques studying mRNA expression of
o- or y-globin, erythroid-specific 8-amino-levulinate synthetase, and GATA1
transcription factor genes (54). Glycophorin A, band 3, and spectrin are
specific membrane components of mature erythrocytes. Glycophorin A has
been shown on colony-forming unit-erythroid (CFU-E) (55), but also reported
first expressed on proerythroblasts (45, 56) or basophilic erythroblasts (57).
Band 3 is first expressed on erythroblasts with weak expression (58). Spectrin
is first expressed on proerythroblasts (45). In addition to these markers,
hemoglobin and carbonic anhydrase 1 are also specific for erythroid hemat-
opoietic cells. Hemoglobin or carbonic anhydrase 1 is first expressed on
basophilic-erythroblasts (56) or erythroid progenitors (450, respectively. Two
monoclonal antibodies, EP-1 and EP-2, detecting antigenic determinants with
restricted expression on erythroid precursors and progenitors have been
developed (59). Many other markers, which are not erythroid-specific, are
determinants of the differentiation level of erythroid cells: CD36 antigen
(thrombospondin receptor or platelet glycoprotein 1V), blood group antigens
(ABH, M and N, P, Lewis, Ii, etc,), CD71 (transferrin receptor), HLA-A, -B, -C
and HLA-DR, CD41b, CD33, CD34, and GATAI1 transcription factor. Sialyl-
Tn antigen and neuron-specific enolase also appear to determine the differen-
tiation level of erythroid cells as well as characteristics of minimally differentiated
erythroleukemia blasts (60).
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7.2.3.1 Erythroleukemia

The myeloid blasts express a variety of myeloid markers, similar to other subtypes
of AML: CD13, CD33, CD117 (c-Kit), and MPO. The erythroblasts lack myeloid
antigens but are positive to glycophorin A and hemoglobin A.

7.2.3.2 Pure Erythroid Leukemia

Leukemic cells have a HLA DR~ CD36** B~ T~ myeloid~ (CD33*) immunopheno-
type in addition to a proerythroblastlike or an undifferentiated morphology. Villeval
et al. (45) distinguished two main phenotypes that correspond to discrete stages of
the normal erythroid differentiation: (1) Erythroid blasts, which have differentiated,
will be positive with glycophorin A but negative with MPO and myeloid markers;
(2) the more immature blasts are difficult to identify as erythroid because they are
usually negative for glycophorin A. Immature erythroid progenitors might be
detected using carbonic anhydrase 1 or CD36. Some of them coexpressed CD36
and CD41. This favors the early burst-forming unit-erythroid (BFU-E) type of cells.
Although CD36 is not specific for erythroid progenitors, negative markers for
megakaryocytes and monocytes will aid the diagnosis.

7.2.4 Clinical and Biological Presentation

7.2.4.1 Clinical Findings

Acute erythroid leukemia presents with symptoms and signs of pancytopenia. Signs
and symptoms are usually nonspecific (33, 41, 61, 62). The most common are:
fatigue or malaise, weight loss, easy bruising, fever, bone or abdominal pain,
dyspnea, and diffuse joint pain. One-third of the patients were reported with
symptoms of infection (62). Meningeal signs are very rare and only observed in cases
of central nervous system (CNS) involvement. Physical examination can show pallor
related to anemia, hemorrhages (ecchymoses, petechiae, gum bleeding, epistaxis,
retinal hemorrhage) related to thrombocytopenia, fever and infection related to
neutropenia, hepatosplenomegaly (<25% of cases), and lymphadenopathy.

7.2.4.2 Peripheral Blood Findings

Most patients present with pancytopenia. Laboratory evaluation uncovered anemia
in virtually all patients (usually normochromic and either normocytic or macro-
cytic) (Table 7.5) (33, 41, 61-63). Although the exact cause of the anemia remains
unknown, defects in heme synthesis (64), alterations of the transferrin receptor
cycle (65), and decreased red blood cell survival (66) have all been implicated.
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Table 7.5 Mean initial characteristics and outcome in erythroleukemia

Age WBC Platelets Secondary Survival

Reference Pts (years) Hb (g/L) (x 10°/L) (x 10°/L) AML (months)
Sheets et al. (1963) (39) 7 56 65 4.8 82 ND 9.2
Scott et al. (1964) (74) 18 37 85 455 120 ND 59
Bank et al. (1966) (75) 3 57 87 5.7 32 ND 7.8
Karle et al. (1974) (63) 14 51 62 5.8 57 ND 44
Bloomfield et al. (1974) (76) 7 39 73 15.7 35 ND 13.6
Sondergaard-Petersen 17 62 72 ND ND ND 32

(1975) (41)
Rosenthal et al. (1977) (77) 7 43 96 56.5 173 ND 2.8
Hetzel and Gee (1978) (33) 32 49 84 12.3 126 ND 114
Roggli et al. (1981) (61) 14 58 75 5.4 123 ND 8.7
Olopade et al. (1992) (17) 26 60 66 4.0 92 36% 12.1
Atkinson et al. (1993) (22) 15 57 76 3.1 67 47% 9.4
Goldberg et al. (1998) (82)* 26 ND 86 2.6 38 50% 6.0
Wells et al. (2001) (19)* 33 39/69° 84/74* 6.8/5.9° ND ND 11/3°
Colita et al. (2001) (73)* 54 59 85 32 47 26% 9.0
Domingo-Claros et al. 62 67 78 2.7 42 11% 6-12

(2002) 42~¢

Hb, hemoglobin; ND, not done; Pts, patients; WBC, white blood cell.
“Results are expressed not as mean but as median.

"Features were given according to age: patients aged less than 56 years (range: 3-53 years)/
patients aged more than 56 years (range: 57-84).

“The series comprised two patients classified as having pure erythremia and seven patients who
could not be classified according to the WHO criteria.

Few reports have paid particular attention to erythrocytic morphology. Schistocytes
and teardrop cells were outstanding features (42, 67, 68). Pincered cells were also
found in 60% of cases (42) and might indicate an involvement of the band 3 trans-
membrane protein. Nucleated red blood cells were reported with high frequency
although reticulocyte counts varied widely between reports (33, 41, 61). Regarding
other myeloid lineages, dysplastic features were nonspecific. The peripheral blood
differential might vary and include blasts. Thrombocytopenia was generally noted.
The megakaryocytic lineage was the second most affected cellular line, with
dysplastic features such as micromegakaryocytes, mononuclear elements, and meg-
akaryocytes with multiple unconnected nuclei (42). Other peripheral blood findings
were Auer rods (41, 63), agranular polymorphonuclear cells, and acquired
“pseudo”’-Pelger-Huet anomaly in the neutrophils (41, 61).

7.2.4.3 Bone Marrow Findings

Bone marrow findings typically included a hypercellular marrow displaying a
decreased M:E ratio and morphologic evidence of trilineage involvement. Morphologic
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abnormalities of the red cell series included megaloblastoid change with bizarre
multilobated nuclei, irregular indented forms, double nuclei and polyploid projec-
tions (41, 62, 63, 69). A strongly positive PAS staining reaction of erythroblasts
was found to be diagnostically useful (69). Abnormal sideroblasts, including ringed
forms, have been described (70). Electron microscopic examination of erythrob-
lasts has shown the presence of cytoplasmic glycogen and numerous mitochondria
(71). Multilineage dysplasia is present in most of the reports (72). In a large series,
myelodysplastic changes were observed in at least one cell lineage in all cases and
in two cell lineages in 86% of cases (25). Increased myeloblasts and promyelocytes
displaying large nucleolei and abnormal coarse granules as well as decreased
megakaryocytes with atypical forms have been reported (41, 62). The heterogeneity
of trilineage dysplasia can be explained by the fact that erythroleukemia includes
primary and secondary diseases.

7.2.5 Treatment

Presumably, the published data on AML-M6 include a heterogeneous collection of
disorders. Many of the past cases published as erythroleukemia would probably not
fulfill the revised FAB or the WHO criteria. Some of these cases would now be
classified under another FAB subtype or as RAEB. It has been suggested that
AML-MG6 patients respond less well to chemotherapy that other AML patients. This
remains to be rigorously demonstrated in prospective studies using uniform
treatment regimens.

7.2.5.1 Overall Outcomes

The prognosis of acute erythroid leukemia is reported as poor. It is, however,
important to differentiate de novo from secondary or therapy-related erythroid
leukemia, where the latter have a worse prognosis. Remission induction for de novo
disease is similar to other subtypes of AML. Complete remission (CR) was
achieved in about half of the cases (17). This was confirmed in a more recent
retrospective larger series showing CR in 54% of cases: 65% and 40% for patients
aged less and more than 60 years, respectively (73). In other series, the level of CR
did not exceed 10-40%, especially in secondary AML-M6 (52). CR, if obtained,
might be brief. The mean survival ranged from 3 months to 13 months (Table 7.5)
(17, 22, 33, 39, 41, 42, 61, 63, 73-77). An improved survival has been noted in
daunorubicin-treated cases in contrast to those treated with other chemotherapeutic
agents (61). The poor outcome has been linked to the short remission duration. Poor
prognostic factors for disease-free survival were secondary AML and lower initial
platelet counts (73). Poor prognostic factors for overall survival were older age
(73), secondary AML (61, 73), splenomegaly (61), morphology of erythroblasts
(25), preponderance of proerythroblasts (78), ratio of pronormoblasts to myeloblasts
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at diagnosis (12), expression of P-glycoprotein (79), and severe initial anemia (73).
Patients with complex karyotypes or abnormalities of chromosome 5 and/or 7 have
a higher relapse rate than those with normal or simple karyotypes (17, 73, 80). The
CR rate in patients with 5q or 7q abnormalities is about 20% and the median
survival reaches 16 weeks compared to 77 weeks for patients without these
abnormalities (81). Among patients receiving aggressive rather than palliative
therapy, higher remission rate (80% vs. 25%) and survival advantage (11.5 vs. 2.5
months) were seen in erythroleukemia compared to Di Guglielmo disease (82).
Stem cell transplantation (SCT) in first CR could be considered, particularly in
patients with a poor cytogenetics (83).

7.2.5.2 Postremission Therapy

Data indicating the specific outcome of erythroleukemia following allogeneneic or
autologous SCT are scarce. The outcome of 19 patients receiving allogeneic
or autologous SCT was reported by the Royal Marsden group (83). The overall
survival was 66% at 2 years. The only study giving information on hematopoietic
SCT in a large series of patients with erythroleukemia is that from the European
Group for Blood and Marrow Transplantation (EBMT) registry (84). Erythroleukemia
represented 2.9% of patients with de novo AML who were registered by the EBMT.
In this series, the outcome at 5 years following allogeneic identical sibling SCT
showed a leukemia-free survival (LFS) of 57 + 5% (Table 7.6). Results for the 104
allografted patients matched those of most prospective trials of allogeneic SCT for
de novo AML in first CR using an HLA-identical family donor (85-89). In con-
trast, results of autologous SCT in the EBMT study were low. LFS at 5 years was
26%, attributed mainly to a high relapse incidence (RI) of 70% at 5 years (Table
7.6). These results compared unfavorably with the data from the literature for de
novo AML showing long-term LFS rates between 35% and 67% (85-90).
Prognostic factors were not different from those observed in hematopoietic SCT
for de novo AML. For allogeneic SCT, acute graft-versus-host disease (GVHD) of
grade 2 or more was associated with higher treatment-related mortality (TRM),

Table 7.6 Results for autologous and allogeneic transplantation in patients with erythroleukemia
from EBMT registry

Outcome Autologous SCT (103 patients) ~ Allogeneic SCT* (104 patients)
Median follow-up (range) 26 months (1-157) 46 months (2-169)

LFS at 5 years 26% + 5% 57% + 5%

RI at 5 years 70% = 6% 21% * 5%

TRM at 5 years 13% + 4% 27% + 5%

OS at 5 years 34% + 6% 57% + 5%

LFS, leukemia-free survival; OS, overall survival; STC, stem cell transplantation; RI, relapse
incidence; TRM, treatment-related mortality.

“Identical sibling.
Source: Data from Fouillard et al. (84).
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and age older than 45 years was associated with lower LFS, higher TRM, and lower
overall survival (OS). For autologous SCT, younger age was associated with a
better LFS and better OS (84).

7.2.5.3 New Therapeutic Strategies

Alternative therapeutic approaches have been tested in certain cases of AML-M6,
including imatinib mesylate in a BCR/ABL-positive AML-M6 (91). CR achievement
has been described in certain patients with AML-M6 using highdose recombinant
erythropoietin and granulocyte colony-stimulating factor (G-CSF) (92). The use of
erythropoietin in AML-M6 patients was however controversial, with studies showing
no stimulation of leukemic cells and no interference with the antiproliferative and/or
cytotoxic effects of chemotherapy (93) and case reports suggesting a stimulation of
leukemic cell population (94).

7.3 Acute Megakaryoblastic Leukemia

Acute megakaryoblastic leukemia is a rare subtype of AML that develops from
primitive megakaryoblasts. The term “acute megakaryoblastic leukemia” was
introduced in 1931 by von Boros (95). Developments in cytochemistry and
immunophenotyping have improved its diagnosis and differentiation from acute
myelosclerosis (96). The disease can be identified by antibodies to glycoprotein
IIb/IITa and is often associated with extensive myelofibrosis (96—-104). Reports of
the natural history of the disease have generally been confined to either sporadic
small series (96—103), reports of one or two cases (105-109), or description of
the clinical course in infants and children (110-115). In 1985, acute megakary-
oblastic leukemia was included in the FAB classification system of hematological
neoplasias with the designation of AML-M7 (2). Historically, the lack of specific
criteria for the diagnosis has led to reports of patients who likely had AML-M7
but whose disease was labeled acute myelofibrosis or myelosclerosis (116—122).
Precise diagnostic criteria were added to the FAB classification only relatively
recently. In the WHO classification, AML-M?7 is defined by more than 20% (1)
of blasts of megakaryocyte lineage in the bone marrow aspirate as determined by
morphology and immunoflowcytometry.

7.3.1 Epidemiology

AML-M7 is a rare type of AML and, due to difficulty in diagnosis, its exact
incidence is not known. There is no male or female preponderance. AML-M7
occurs in all age groups with two peaks in distribution: One peak is in adults and
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the other is in children 1-3 years of age (123). It might account for approximately
1-2% of all de novo AML in the adult population, but the incidence during child-
hood is higher (5-15% of AML) (115, 124). Secondary AML-M7, evolving from
an antecedent idiopathic myelodysplasia or occurring after exposure to chemother-
apeutic agents, such as topoisomerase II inhibitors, is uncommon in children.
Several unusual associations with AML-M7 have been identified. First, AML-M7
has been linked to primary mediastinal germ cell tumors (125, 126). Second, a higher
than normal proportion of AML-M7 has been reported in children with Down’s
syndrome (127-129).

7.3.2 Criteria for Diagnosis of Acute
Megakaryoblastic Leukemia

The more common types of AML have to be excluded by morphological and cyto-
chemical analyses, whereas immunology is required to exclude acute lymphoblas-
ticleukemia (ALL). By definition, AML-M7 requires confirmation of megakaryocytic
lineage in 50% or more of the leukemic blasts (1). The megakaryocytic nature of
the leukemia has to be proven by ultrastructural demonstration of platelet peroxi-
dase or by immunological demonstration of CD61, CD42, or CD41 cell surface
expression. AML-M7 shows a wide morphologic spectrum (Table 7.7). The blast
cell morphology varies from case to case. In some instances, small cells dominate,
clearly showing megakaryocytic differentiation with scant amounts of cytoplasm
and with nuclei showing dense chromatin. On the other hand, there are cases resembling

Table 7.7 Morphologic and cytochemical features of acute megakaryoblastic leukemia

Acute megakaryoblastic leukemia

e Medium- to large-sized megakaryoblasts with round or indented nucleus and one or more
nuclei

* Agranular, basophilic cytoplasm with pseudopod formation

e Lymphoblastlike morphology (high nuclear-cytoplasmic ratio) in some cases

e Circulating micromegakaryocytes, megakaryoblastic fragments, dysplastic large platelets,
and hypogranular neutrophils

* Stromal pattern of marrow infiltration mimicking a metastatic tumor in infants

* Negative stains for Sudan black B and MPO

e Blasts reactive with PAS, acid phosphatase, and nonspecific esterase

Variant: AML/transient myeloproliferative disorder in Down syndrome

e Blasts with round to slightly irregular nuclei and a moderate amount of basophilic cytoplasm

e Coarse azurophilic granules in the cytoplasm that resemble basophil granules

* Promegakaryocytes and micromegakaryocytes

* Dyserythropoiesis

e MPO-negative and Sudan black B-negative blasts
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ALL-L2 blasts with moderate amounts of rather basophilic cytoplasm, which, in
some instances, contain azurophilic granules. In some patients, the blasts are undif-
ferentiated and the diagnosis requires immunophenotyping or electron microscopy
studies. Dysmegakaryopoiesis is rather frequent. Other patients might show bleb-
forming blasts (Figure 7.4), but this feature is not specific for megakaryoblasts. The
nuclei of these cells are round, with more finely reticulated chromatin and with
prominent nucleoli. Micromegakaryocytes can be frequently seen. No relationship
could be established between morphologic features and cytogenetics. The bone
biopsy almost invariably shows fibrosis, which can be extensive in up to 75% of
cases (122, 130, 131).

Blast cells exhibit a classical oi-naphthyl acetate esterase activity, with a multi-
focal punctate cytoplasmic staining pattern only partially inhibited by sodium
fluoride (124).

The MPO stain is negative by light microscopy, but ultrastructural peroxidase
activity with a specific perinuclear staining pattern can be detected at the electron
microscopy level (96).

Figure 7.4 Megakaryoblasts of variable size with a round nucleus and a basophilic cytoplasm,
which may show distinct blebs or pseudopod formation
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7.3.3 Cytogenetics

Compared to other AMLs, AML-M7 is characterized by a higher incidence of
abnormalities, a higher complexity of karyotypes, and a different distribution
of abnormalities among children and adults (132). Abnormal karyotypes are found in
about 94% of cases (132), whereas they represent approximately 80% of cases in de
novo AMLs in children (133, 134) and 50-60% in adults (135, 136). Poor cytoge-
netic characteristics are more commonly observed in patients with AML-M7 than in
patients with other AML subtypes (137). Complex karyotypes were observed in 39%
of children and 53% of adults with AML-M?7, whereas they represent 10% of cases
in pediatric series (133) and 34% of cases in adults (135) in de novo AMLs.

7.3.3.1 Adults

Total or partial deletions of chromosome 5 (-5/5g-) and/or chromosome 7 (-7/7q-)
are found in virtually all cases with complex karyotype, which globally account
for 70-80% of abnormal cases. Chromosome 3 (q21 or q26) aberrations are found
in 20-30% of the cases. The incidence of 3q aberrations in AML-M7 is higher
than in de novo AMLs (2%) and secondary AMLs (5%) (136). Abnormalities of
chromosome 3 [t(3;3) or inv(3)] might be associated with preservation of the
peripheral platelet count (138—142). The t(9;22) is another recurrent chromosome
aberration in de novo AML-MT7. Although its genuine incidence is difficult to
assess in AML-M7, t(9;22) is probably more frequent in this subgroup than in de
novo AML, in which probably 1% of patients are Philadelphia-positive (135, 136).
Trisomy 19 and 21 might occur in de novo as well as in secondary AML-M7 (132).
They are the most frequently occurring chromosome gains and they might be
associated with any of the cytogenetic anomalies listed above (142). Although
pediatric AML-M7 is often associated with t(1;22)(p13;q13), this abnormality has
not been reported in adults with AML-M7. No specific association between
outcome and chromosome abnormalities has been established in this age group.

7.3.3.2 Children

The t(1;22)(p13;q13) is specifically associated with childhood AML-M7, being
found in approximately half of the cases. This translocation occurs primarily during
infancy (median age: 4 months). It has seldom been detected in children older than
1 year and occasionally in children with Down’s syndrome (143, 144). The t(1;22)
has relatively distinct clinicopathologic features. Clinically, it is almost invariably
associated with hepatosplenomegaly. Laboratory studies typically demonstrate
anemia and thrombocytopenia. Attempts at bone marrow aspiration often result in a
“dry tap,” and bone marrow biopsy usually shows marked myelofibrosis. The meg-
akaryoblasts often manifest an infiltrative growth pattern suggestive of a metastatic
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solid tumor (143). The t(1;22) is the sole cytogenetic finding in nearly 60% of cases.
The frequency of complex karyotypes increases with age, with approximately 80%
of cases in children older than 6 months having complex karyotypes. The exclusive
association of the t(1;22) with AML-M7 suggests that this translocation has a critical
pathogenetic role in this disorder. The t(1;22)(p13;q13) fuses the One Twenty-Two
(OTT) or Rna-binding motif protein 15 (RBM15) gene on 1p13 to the Megakaryoblastic
Acute Leukemia (MAL) or Megakaryoblastic Leukemia-1 (MLK1) gene on
chromosome 22, leading to the OTT-MAL fusion gene on the derivative 22 chromo-
some [der(22)] (145, 146). The OTT-MAL transcript encodes a chimeric protein
containing all of the functional domains of both partner proteins and, thus, is
believed to encode the oncogenic protein. The t(1;22) likely occurs through a non-
homologous, end-joining mechanism (147). The finding of an OTT-MAL transcript
in patients with normal karyotype suggests that the frequency of this group is still
probably underestimated. The t(1;22) might be cryptic, but it might also be undetec-
ted because it is often present in minor clones, as attested by the frequently low
numbers of blasts and of abnormal metaphases in these patients (132). Reverse
transcriptase—polymerase chain reaction (RT-PCR) could be diagnostically useful in
these cases (148). OTT-MAL potentially might deregulate RNA processing and
possibly HOX (Homeobox) signaling. However, the exact mechanism by which this
chimeric protein affects its oncogenic properties remains unknown.

Other abnormalities account for 40-80% of all primary pediatric AML-M7.
Patients are diagnosed at a median age of 2 years and are, therefore, significantly
older than those with t(1;22). Cytogenetic studies have identified an array of
numeric and structural chromosomal abnormalities, including trisomy 21
(irrespective of the association with Down’s syndrome) (149), trisomy 19, and
trisomy 8 and abnormalities in chromosome band 3q21q26 (132, 150). Acquired
trisomy 21 has a higher incidence in childhood AML-M?7 than in other childhood
de novo AMLs (133, 136) and represents probably one of the characteristics of
childhood AML-M7. Partial trisomy 19, involving the q13 band, can be shown to
occur at a 20-30% incidence by comparative genomic hybridization (151).
Abnormalities of 11q23, targeting the MLL locus, occur in up to 25% of cases
(124). The karyotype might be normal in approximately 10% of the cases (132).

7.3.4 Immunophenotype

Flow cytometry is the preferred method for immunophenotypic characterization
of AML-M7. The blast cells show one or more megakaryocytic markers [i.e.,
Factor VIII, CD61 (platelet glycoprotein GPIlla), CD41a (GPIIb), CD41b, or
CD42b (GP1ba)] (152—154). They test negative when using the anti-myeloperoxi-
dase monoclonal antibody and never show coordinated expression of lymphoid
markers, although isolated CD2 or CD7 positivity can be found. The CD34,
CD13, and CD33 markers are positive in a substantial fraction of cases, as is
the CD36/thrombospondin receptor (142). AML-M7 blasts typically are dim or
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negative for CD45 expression and can be negative for all other markers tested
when limited antibody panels are used. Indeed, not infrequently, bone marrow
aspiration yields an insufficient quantity of cells for complete immunopheno-
typing due to marrow reticulin fibrosis. Obtaining a bone marrow biopsy and
performing appropriate immunohistochemical studies are imperative in these
problematic cases to avoid an erroneous diagnosis.

7.3.5 Clinical and Biological Presentation

The presentation is usually acute, although AML-M7 might develop after MDS or
CML. In adults, more than half of patients have an antecedent hematologic
disorder or MDS or both (137), and one patient in five has previously received
chemotherapy for other malignancies. In contrast to adults, there was little
evidence to suggest that childhood AML-M7 typically arises as a secondary leuke-
mia, because no dysgranulopoiesis and few of the “hallmark™ chromosomal
abnormalities were observed. In some cases, acute myelofibrosis is the presenta-
tion picture. Extensive bone marrow fibrosis was found in 62% of cases in the
study from M. D. Anderson Cancer Center (137). Inaspirable bone marrows have
contributed to the difficulty in establishing the diagnosis. AML-M?7 is associated
more frequently with a lower percentage of bone marrow blasts than other AML
subtypes. Main characteristics in adults at presentation are summarized in Table
7.7. In children, AML-M7 is often confused with metastatic solid tumors or MDS.
As mentioned earlier, there is an association with Down’s syndrome. Splenic
enlargement is frequently seen in children (70%) and less frequently in adults
(26%), whereas hepatomegaly was observed in 60% and 35%, respectively (132).
Lymph node enlargement was rare in children (11%) and never observed in adults.
Other sites of disease include periostosis and osteolytic lesions in children (155),
mediastinal mass, kidney involvement, chloroma, and the CNS (132).

7.3.6 AML-M7 with Down’s Syndrome: A Model
Jor Leukemogenesis

7.3.6.1 AML-M7 with Down’s Syndrome

AML-MT7 is the most common FAB subtype in cases of leukemia associated with
Down’s syndrome (156-161). The prevalence rate of AML-M7 with Down’s
syndrome ranges from 17% to 23% (124, 162, 163). AML-M7 occurs approxi-
mately 400-500 times more often in children with Down’s syndrome than in the
general pediatric population (164) The malignancy is often preceded by a
preleukemic phase of few months. If a patient with Down’s syndrome has MDS,
the condition will ultimately proceed to megakaryoblastic leukemia. Two forms
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of megakaryoblastic leukemia can be observed in this group of patients.
Approximately 10% of newborns with Down’s syndrome develop transient
leukemia during their first 1-3 months of life, also referred to as transient myelo-
proliferative disorder and transient abnormal myelopoiesis, a form of megakary-
oblastic leukemia specific for Down’s syndrome (165-167). Most children with
transient myeloproliferative disorder are asymptomatic. Consequently, transient
leukemia is detected most frequently in routine blood counts or those ordered for
an unrelated clinical indication. The white blood cell count usually is not greatly
elevated, although the blast percentage might be quite high. Transient leukemia
blasts are morphologically indistinguishable from AML-M?7 blasts, contributing
to the hypothesis that the second disease is derived from the first (168). Often the
karyotype of AML-M7 is more complex than that of the transient leukemia but
contains abnormalities observed in the original clone, consistent with clonal evo-
lution (169). In a recent prospective study of 48 infants with Down’s syndrome
and transient myeloproliferative disorder, 36% had cytogenetic abnormalities in
addition to trisomy 21 (170). The frequency of additional karyotypic aberrations
was higher in those children with transient leukemia who ultimately progressed
to acute leukemia, suggesting that such findings might be of prognostic and
pathogenetic significance. A proportion of these blasts also express erythroid-
specific mRNAs, such as y-globin and erythroid 8-aminolevulinate synthetase
(171). Although the majority of such infants will show spontaneous and persistent
remission within the first 3 months, 20-30% will develop AML-M7 (128, 166,
172). The megakaryoblasts have features of early erythroid precursors, and a
higher than normal incidence of erythroleukemia occurs in patients with Down’s
syndrome. It is likely that in transient leukemia, MDS, and AML-M7 of Down’s syndome,
the leukemic progenitor cells are able to differentiate into cells of megakaryocytic,
mast cell, and erythroid lineage, a phenomenon that is unique to Down’s syn-
drome (173). Megakaryoblasts have an unusual distribution of clonal cytogenetic
alterations, suggesting that the molecular and cellular bases for AML-M7 might
differ from that occurring in similar patients without Down’s syndrome (174).
Several cases of transient myeloproliferative disorder have been described in
children lacking clinical features of Down’s syndrome (175, 176). In these cases,
trisomy 21 was documented in only the transient myeloproliferative disorder
blasts and was presumably either acquired or arose in a constitutionally mosaic
background.

Significant differences were observed in the frequency of expression of the
myeloid antigens CD13 and CD11b between Down’s syndrome AML-M7 and
transient myeloproliferative disorder (177). Nearly all cases of AML-M7 expressed
CD13 and CD11b, whereas only few cases of transient leukemia were positive for
these markers. More recently, several differentially expressed genes were identified
including MYCN and CDKN2C (cyclin-dependent kinase inhibitor 2C), which can
serve as more reliable markers for distinguishing between these disorders (178).
One gene, PRAME (Preferentially expressed Antigen in Melanoma), was highly
expressed in AML-M7 and had virtually undetectable expression in transient
leukemia blasts.
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Despite its evanescent nature, transient myeloproliferative disorder can be
associated with several potentially life-threatening complications. The development
in utero is a significant cause of morbidity and mortality in Down’s syndrome.
Hydrops fetalis occurs in 10-15% of cases (179). Hepatic fibrosis also develops in
a subset of infants with transient leukemia. Cholestatic liver disease is progressive
and fatal in approximately 50% of cases (180). Although its pathogenesis is not
well understood, overexpression of platelet-derived growth factor-p (PDGBJ) and
transforming growth factor-f1 (TGF-B1) by hepatic parenchymal cells or the _
megakaryocytic cells might have an important pathogenic role in the development
of hepatic fibrosis (181). Finally, hemorrhagic or thrombotic complications can occur
in occasional cases of transient leukemia secondary to profound cytopenias or
hyperleukocytosis.

7.3.6.2 Model for Leukemogenesis

AML-M7 in children with Down’s syndrome might be an excellent model for
leukemogenesis (182). The genetic background is defined by trisomy 21 and
the recently detected mutations in exon 2 of the X-linked GATA1 gene in nearly
all patients. It encodes a zinc-finger transcription factor that is essential for
normal erythroid and megakaryocytic differentiation. Transient leukemia in
newborns with trisomy 21 could help to identify leukemogenetic features.
Finally, AML-M7 in children without Down’s syndrome exhibit similarities in
terms of blast phenotype and age at diagnosis but a very high resistance to treat-
ment, providing excellent options for comparison to AML-M7 in children with
Down’s syndrome.

Trisomy 21 could be assumed to be both a predisposing and first event in
leukemogenesis As an increased and prolonged turnover of myelopoiesis and
megakaryopoiesis has been demonstrated in these patients. Of note, RUNX1
(AML1), ETS-2, ERG (early response genes), and BACH1 (all hematopoietic
transcription factors involved in early megakaryopoesis) are encoded on chro-
mosome 21 (183). The most interesting candidate leukemia-predisposing gene
is RUNX1, which is required for the generation of all definitive hematopoietic
lineages (184). Mutations in the DNA-binding Runt domain of RUNX1 result in
a familial platelet disorder with predisposition to AML (185), and are present
in about 10% of sporadic cases of de novo AML and in myeloid malignancies
with acquired trisomy 21 (186).

For the evolution of a leukemic cell, an environment providing a cell survival
and proliferation advantage is required. In the trisomy 21 model, an increased
megakaryocytic secretion of TGF (187) or platelet-derived growth factor
(PDGF) induces an environment with advantages for an increased myelopoiesis
and megakaryopoiesis (188). This might be supported by increased levels of
thrombopoietin (TPO) (189), which is involved in both early myeloprolifera-
tion and megakaryopoiesis. These conditions might cause a positive selection
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of the preleukemic GATAs clone and favor additional events. The majority of
GATA1 mutations involved small deletions or insertions. In children with
Down’s syndrome, the mutation in exon 2 of the GATA1 causes the loss of the
N-terminal activation domain, leading to a shorter gene product (GATA1s) with
decreased activity (190, 191). Similar GATA1 mutations were described in
patients with transient leukemia and in those with AML-M7 (192). This sug-
gests that GATA1 mutations represent an early pathogenic event that occurs
prior to the transformation of transient leukemia to AML-M7. Mutations in
GATA1 were not detected in leukemic cells of Down’s syndrome children with
other types of acute leukemia or in other patients with AML-M7 who did not
have Down’s syndrome (191). GATAls exerts dominant action on early
progenitors, leading to hyperproliferation (193). In the absence of GATA1, meg-
akaryocytes proliferate excessively and fail to generate platelets (194). A sig-
nificant increase of GATAls expression was demonstrated in blasts derived
from children with transient leukemia or AML-M7 with Down’s syndrome.
Because transient leukemia presents in the neonatal period, GATA1 mutations
almost certainly occur in utero (192). Several other members of the GATA fam-
ily play key roles in specification and maturation of a subset of hematopoietic
lineages. GATA2 participates in the maintenance and proliferation of hemat-
opoietic progenitor cells and was also shown to be increased. By contrast, the
chromosome 21-encoded transcription factors RUNX1, ETS-2, and ERG
were not differently expressed compared to healthy controls. Due to the loss of
the N-terminal site in GATA s, the binding site of RUNX1 (195), an impaired
ability to form a transcription complex with RUNXI1 causes an inhibition of
megakaryocytic differentiation and maturation but not proliferation. Further,
the balance between GATA1 and GATA2 is disturbed (196), and due to the
reduced activity of GATAls, GATA2 is upregulated. Its increased expression
has been shown to stimulate megakaryopoietic and myelopoietic proliferation
but to inhibit maturation. Another finding is the reduced expression of PU.I in
transient leukemia and AML-M7 with Down’s syndrome. This loss of expres-
sion has been shown to be involved in the development of AML (197). GATAI
interferes directly with PU.1 (198). Whereas the stroma cells either in the fetal
liver (transient leukemia) or in bone marrow (AML-M7 with Down’s syndrome)
experience induction of fibrotic changes, the megakaryoblasts seem not to be
inhibited by TGF.

All of these observations support the model that Down’s syndrome leukemo-
genesis is a multistep process with acquisition by progenitor cells of multiple
genetic lesions during the progression to acute leukemia. Trisomy 21 is the first
event but is not sufficient for the expansion of megakaryoblasts seen in tran-
sient leukemia. Disruption of wild-type GATAI activity is an essential second
step. Mutagenesis of GATA1, in conjunction with trisomy 21, is sufficient to
promote the transient expansion of immature megakaryoblasts seen in transient
leukemia. Additional mutations are involved in the transformation to acute leuke-
mia (Figure 7.5). These additional lesions could be mutations in p53 (199),
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Figure 7.5 Model for the progression of transient leukemia and AML-M?7 in Down’s syndrome.
Trisomy 21 likely represents the initiating event in leukemogenesis of Down’s syndrome because
it occurs very early in embryogenesis. The subsequent mutagenesis of GATA1 and selection of
progenitor cells that harbor GATA1 mutations might be the second initiating event that leads to the
neonatal appearance of transient leukemia in at least 10% of infants with Down’s syndrome. In the
majority of infants with transient leukemia, the GATA1 mutant clone disappears during remission,
but 30% of the time, the mutant clones acquire additional mutations that promote the development
of acute leukemia by the age of 5 years
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altered telomerase activity (200), or additional acquired karyotypic abnormali-
ties (201).

7.3.7 Treatment

7.3.7.1 Overall Outcomes

The prognosis for patients with AML-MT7 is poor. Although remission rates are
not much lower than those for other myeloid leukemia subtypes, the relapse
rate is high. Approximately half of the patient population achieves CR with
conventional chemotherapy, but few patients survive beyond 3 years (103, 141,
202, 203). The median overall survival is estimated to be 40 weeks in adults
(203), whereas the 2-year event-free survival (EFS) ranges from 0% to 20% in
children (124, 156). Because of its rarity and the lack of precise diagnostic
criteria in the past, few series of adults treated with contemporary therapy
have been reported. A summary of main reports on adult AML-M7 is given in
Table 7.8. A histopathologic diagnosis of AML-M?7 in adults is an independent
adverse prognostic factor for overall survival (137). Thus, the poor prognosis of
AML-M7 is not fully dependent on cytogenetic abnormalities. It indicates that
distinctive biologic mechanisms play a role in AML-M7. A summary of main
reports on children AML-MT7 is given in Table 7.9. For patients with secondary
AML-M7, the outcome of contemporary treatment appears to be as poor as that
for other types of secondary AML. Children with de novo AML-MT7 in the
absence of Down’s syndrome have a more than 70% probability of achieving
remission with regimens containing dose-intensive cytarabine, but they have a
very high rate of relapse if therapy after remission consists only of intensive
chemotherapy (124). The prognosis of children with t(1;22) is relatively poor,
with only 53% of affected children achieving CR and a median survival of
approximately 8 months (143). Children with chromosomal abnormalities other
than t(1;22) have a very poor prognosis, with an overall survival of 0-14%
(124, 204). Patients treated with chemotherapy alone have a very high rate of
relapse. Thus, allogeneic SCT should be considered for patients who enter
remission. Children who undergo allogeneic SCT after entering remission have
significantly improved survival. However, allogeneic transplantation during
active disease is not more advantageous than chemotherapy alone (124).

7.3.7.2 New Therapeutic Strategies

New therapeutic strategies need to be pursued, including biological agents such as
interferon (205) and the apoptosis-inducing agent arsenic trioxide, which has been
shown to cause an inhibition of growth and survival in megakaryocytic leukemia
cell lines (206).
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Table 7.8 Summary of main reports on adult AML-M7

X.G. Thomas

MDACC (137)

ECOG (141)

GIMEMA (203)  GFHC (204)

Features (1987-2003) (1984-1997) (1982-1999) (1988-2000)
Characteristics

Patients 24 23

Age (years) 54 (21-78)* 43 (18-70) 51 (15-76) 58 (19-79)
Male 58% 58% 57%
AHD/MDS 14 (37%) ND 9 (39%)
Treatment related 5 (13%) 0 2 (9%)

WBC (x 10°/L) 3.5(0.5-49.9) 2.0 (0.8-35.2) 7.1 (0.5-162) 4.6 (0.3-72.6)
Hb (g/dL) 7.7 (3.2-10.9) 8.8 (4.0-14) 8.0 (3.6-13) ND

Platelets (x 10°/L) 35 (5-2292) 65 (12-1450) 66 (20-572) 48 (4-490)
BM blasts (%) 30 (0-80) 59 (5-59) 75 (30-99) 53 (0-79)
Outcome

CR rate 43% 50% 50%

DFS (months) 6.5 (3-29) 10.6 (1-160%) 8.2 (2.3-102.9) ND

OS (months) 5.6 (0.6-37) 10.4 (1-160%) 9.3 4.5 (0.07-53.5)

MDACC, M.D. Anderson Cancer Center; ECOG, Eastern Cooperative Oncology Group;
GIMEMA, Gruppo Italiano Malattie Ematologiche dell’ Adulto; GFHC, Groupe Frangais
d’Hématologie Cellulaire; AHD, antecedent hematologic disorder; MDS, myelodysplastic syn-
drome; WBC, white blood cells; Hb, hemoglobin; BM, bone marrow; CR, complete remission;
DFS, disease-free survival; OS, overall survival; ND, not done.

“Median (range).

Table 7.9 Summary of main reports on children AML-M7 without Down’s syndrome

Features

Athale et al. (124)

Athale et al. (124)

Dastugue et al. (132)

Patients

6 children, secondary

29 children, de novo

23 children, de novo

leukemia leukemia leukemia
Clinical features
Median age (months)  113.3 21.6 10.5
Sex (male/female) 3/3 18711 11712
Fever 0% 28% ND*
Lymphadenopathy 0% 38% 11%
Hepatomegaly 0% 55% 60%
Splenomegaly 0% 48% 70%
Biological features
Hemoglobin (g/dL) 10 (4-13.8)° 8.8 (5.9-12.8) ND
WBC (x 10°/L) 2.7 (1.1-6.9) 12.1 (3.3-59.2) 144
PB blasts (%) 12 (0-43) 16 (0-73) ND
BM blasts (%) 42 (30-55) 52 (3-100) ND
Platelets (x 10°/L) 184 (6-378) 40 (3-528) ND
Outcome
CR rate (%) 476 (X%) 7129 (X%) (77%)
Overall survival 20% at 2 years 14% at 2 years 36% at 3 years
“Not done.

®Median (range).
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7.3.7.3 Postremission Therapy

Postremission therapy must be improved. Myeloablative treatment followed by
allogeneic or autologous SCT represents the best chance of cure, but available
clinical data are scant. Published reports are often case reports (100, 107) or small
clinical series with inconsistent results (102, 124, 203, 207). In an early study in
seven children undergoing bone marrow transplantation, three became long-term
survivors (207). In a series of 29 patients with de novo AML-M7 but without
Down’s syndrome, the 2-year EFS rate was significantly higher after allogeneic
SCT (26%) than after chemotherapy (0%) and was significantly higher when per-
formed during remission (46%) than during persistent disease (0%) (124). However,
in another study, six of seven patients who underwent transplantation during CR
died within a few months, three from early toxicity and three from early relapse
(203). The EBMT Group has recently evaluated outcomes in 57 children (11 with
Down’s syndrome) and 69 adults after a first CR following autologous or
HLA-identical allogeneic transplantation (162). Results for autologous and alloge-
neic transplantation are summarized in Table 7.10. After autologous SCT, the
relapse rate was high in adults (64% at 3 years, with no plateau). Autologous SCT
benefited children more. The relapse rate was also high (45%), but there was a
plateau after the first year. However, outcomes seem better than they were with
conventional chemotherapy. After allogeneic SCT, TRM was fairly low in children
and adults, and relapse rates were lower than after autologous SCT. All relapses in
children and more than 90% of relapses in adults occurred within the first year,
suggesting a graft-versus-leukemia (GVL) effect. Successful engraftment might be
related to the reversal of bone marrow fibrosis by intensive chemotherapy or chem-
oradiotherapy followed by SCT (100, 107). Time of transplantation was the only
significant prognostic factor in the multivariate analysis of adult who underwent
allogeneic SCT. Given the dismal outcome of AML-M7 even after achieving
CR, allogeneic SCT during the first CR appears to be beneficial in these patients.

Table 7.10 Results for autologous and allogeneic transplantation in children and adults with AML-M7

Autologous Allogeneic
transplantation transplantation
Children Adults Children Adults
(38 patients) (37 patients) (19 patients) (32 patients)
Follow-up (months) 56 (5-162)* 13 (3-126) 63 (4-166) 47 (1-139)
3-year TRM 3% + 5% 8% * 9% 0 26% + 15%
3-year RI 45% + 16% 64% + 18% 34% + 24% 28% + 17%
3-year LFS 52% + 8% 27% + 8% 66% + 11% 46% + 9%
3-year OS 61% = 8% 30% = 9% 82% = 10% 43% = 10%

TRM, treatment-related mortality; RI, relapse incidence; LFS, leukemia-free survival; OS, overall
survival.

“Median (range).
Source: Data from Garderet et al. (162).
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7.3.8 AML-M7 with Down’s Syndrome

In the past, leukemia in patients with Down’s syndrome was often treated subop-
timally, and many patients did not receive cytoreductive treatments. Physical
abnormalities, including potentially life-threatening cardiac and intestinal
malformations along with mental retardation and associated psychosocial issues,
high susceptibility to infections, and increased toxicity of chemotherapy might
have prejudiced physicians against the use of standard chemotherapy. The poor
tolerance of cytoreductive regimens in patients with Down’s syndrome is well
documented. Their fibroblasts and lymphocytes have increased chromosomal
sensitivity to mutagenic agents and abnormal DNA repair (208). Although
treatment results in the general pediatric population improved greatly in the
1970s, they remained poor in Down’s syndrome for a long time. Modern inten-
sive schedules have recently been used to treat patients with Down’s syndrome.
Preexisting congenital heart disease did not appear to predispose the patients to
anthracycline cardiac toxicity (157). Major neurotoxicity after high-dose cytara-
bine was not seen. Patients with Down’s syndrome had a significantly higher
2-year EFS estimate (83%) than did other patients with de novo AML-M7 (14%)
or with secondary AML-M7 (20%) (124). In one study, EFS at 4 years was nearly
100% (157). A history of prior MDS had no adverse effect on the outcome.
Several patients have even had allogeneic SCT (209). Intensification in these
patients is more toxic, and the conditioning regimen should, therefore, be adjusted
accordingly. In the EBMT study, intensification was well tolerated, and only one
transplant-related death occurred (162). However, 36% of the children with
Down’s syndrome had relapses, and there were no differences in outcomes after
autologous and allogeneic SCT.

Differences in prognosis might reflect differences in cellular drug resistance,
pharmacokinetics, or regrowth potential of residual disease. The better progno-
sis of AML-M7 with Down’s syndrome might, at least partially, be explained
by a specific, relatively sensitive drug-resistance profile, reflecting the unique
biology of this disease. AML cells from children with Down’s syndrome were
significantly more sensitive to cytarabine, anthracyclines, mitoxantrone, etopo-
side, and 6-thioguanine than AML cells from children without Down’s
syndrome (210-212). Additional studies regarding cytarabine sensitivity
showed higher cytosine arabinoside triphosphate (Ara-CTP) levels and 12-fold
higher cysthationine-f-synthetase (CBS, localized to chromosome 21q22.3)
transcript levels (213, 214). In contrast, carbonyl reductase (localized to
21q22.1), which catalyzes the reduction of daunorubicin to daunorubicinol, did
not show higher transcript levels (213).

A specific clinical trial for Down’s syndrome AML showed that treatment modi-
fication toward less intensive therapy is possible without affecting clinical outcome
(161). Patients with Down’s syndrome included in the AML93 protocol of the BFM
(Berlin-Frankfurt-Miinster)-AML Study Group were also treated with a less dose-
intensive schedule (dose reduction for anthracyclines and no SCT), resulting in a
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5-year EFS rate of 67% + 8%. The better survival of patients with Down’s syn-
drome coincided with the introduction of the high-dose cytarabine-containing regi-
mens (213). The prevailing opinion is that two or more courses of high-dose
cytarabine postremission induction might be necessary for optimal therapy.
However, the 100% EFS reported by the Pediatric Oncology Group (POG) investi-
gators, based on the POG 8498 AML regimen 15 (7), has not been duplicated in
subsequent studies (164, 215, 216). Subsequent studies eliminated the historic
combination course of prednisone, vincristine, methotrexate, and 6-mercaptopurine
(POMP), plus the final courses of conventional- dose cytarabine, and sought to inten-
sify the postinduction courses. There was no increase in mortality rate in children
with Down’s syndrome, but significant pulmonary toxicity during induction was
observed, including the need for ventilatory support, and an increased incidence of
mucositis and skin toxicity during intensification (158). Undertreated AML children
with Down’s syndrome had markedly inferior outcomes (164, 215). Moderate-inten-
sity therapy seems to be the most optimal therapy: Results with the intensively timed
DCTER (dexamethasone, cytarabine, 6-thioguanine, etoposide, and daunorubicin)
chemotherapy arm were worse than with standard-timed DCTER (156); an 80%
8-year EFS was obtained with two to eight courses of conventional-dose daunoru-
bicin or etoposide, and cytarabine in a “3 + 3 + 7”-day combination (161).

7.4. Acute Basophilic Leukemia

Acute basophilic leukemia is an AML that exhibits a primary differentiation to
basophils. Acute basophilic leukemia is a rare form of acute leukemia (< 1% of
all cases of AML) and has not been included in the FAB classification. In 1991,
Dick raised the issue of a place for acute basophilic leukemia in the FAB classifi-
cation as AML-MS8 (217). Many reports have shown increased numbers of
basophils in leukemias. Recognition of two types of acute basophilic leukemia
has been suggested: (1) a pure monophenotypic acute basophilic leukemia, with
or without basophil maturation; (2) an acute leukemia with variable immature
basophilic participation (218). Acute basophilic leukemia might be misdiagnosed
as acute undifferentiated leukemia or AML-MO. The revised classification of
AML under the auspices of the WHO has recently recognized acute basophilic
leukemia as a specific entity (1) (Table 7.1).

7.4.1 Epidemiology

Acute basophilic leukemia is a very rare disease with a relatively small number of
reported cases, comprising less than 1% of all cases of AML. It occurs in all age
groups but might be prominent in patients less than 1 year of age (218).



178 X.G. Thomas

7.4.2 Criteria for Diagnosis of Acute Basophilic Leukemia

7.4.2.1 Morphologic Criteria

Morphologic features are detailed in Table 7.11. The morphology of leukemic cells
varies from undifferentiated large cells, little basophilic cytoplasm, round or
slightly indented nuclei with finely dispersed chromatin and frequently one or more
prominent nucleoli, to smaller cells resembling lymphoblasts (218). The presence
of coarse deep purple granules is highly significant, but it is variable from case to
case. The presence of large granules corresponding to basophilic granules observed
in 0-70% of the leukemic blasts is very informative. True basophilic maturation is
rare (219). The presence of mast cells has sometimes been noted (219, 220). There
were generally no dysplastic abnormalities observed in the residual hematopoietic
cell lines, although dysplastic erythroid features have been described.

7.4.2.2 Cytochemistry

Basophilic granules are observed on May-Griinwald Giemsa staining and confirmed
by using the metachromatic properties of the basophilic granule contents, which
can be confirmed by toluidine blue, alcian blue, or astra blue stainings. Basophilic
lineage cells are known to be peroxidase negative on light microscopy when studied
with the standard method using benzidine as the substrate. However, this issue
remains controversial and MPO-positive activity has been shown using diami-
nobenzidine (221). Acid phosphatase seems to be strongly expressed in most cases(
222), and chloracetate esterase is reported to be positive in immature basophils and
mast cells as opposed to mature basophils, which are negative (223).

7.4.2.3 Electron Microscopy

The electron microscopic morphology of basophilic cells shows immature cells,
frequently with a slightly irregular nucleus. These cells contain two types of

Table 7.11 Morphologic and cytochemical features of acute basophilic leukemia

* Medium-sized blasts with a high nuclear-cytoplasmic ratio and an oval, round, or bilobed
nucleus with one or more nuclei

e Moderately basophilic cytoplasm containing a variable number of coarse basophilic granules

* Sparse numbers of mature basophils

* Dysplastic erythroid features

* Blasts with metachromatic positivity, with toluidine blue

» Blasts with acid phosphatase positivity

e Negative by light microscopy for Sudan black B, MPO, and nonspecific esterase

* Hypercellular bone marrow
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characteristic granule: immature basophilic granules and theta granules (224).
Transmission electron microscopy is the only method that can differentiate
basophils from mast cells, with the presence of crystal and scroll formations
specific to mast cells (225). Pure mast cell leukemias have been reported, but
they are unusual (226, 227). Reports have described leukemic blast cells show-
ing either isolated mast cell granules or mast cell granules associated with
immature basophilic granules in the same cell (219). In acute basophilic leuke-
mia, the blast cell identification has been confirmed by the presence of specific
granules on electron microscopy. Immature basophil granules have been found
to be associated with theta granules, sometimes in a variable number of blast
cells. The percentage of granules per blast cell is also highly variable (222).
The theta granules are not present in each case and have been associated with
basophilic differentiation, whereas all cases also display immature basophilic
granules (228).

7.4.2.4 Clonogenic Assays

Clonogenic assays and liquid cultures in the presence of the relevant cytokines
might provide help in the diagnosis, especially if electron microscopy is not
available. In several cases, these studies have shown the appearance of mature
basophils and an important number of cells with metachromatic granules
(229, 230).

7.4.2.5 Bone Marrow Biopsy

The bone marrow biopsy shows diffuse replacement by blast cells, sometimes with
an increased number of basophil precursors. In cases with mast cell differentiation,
differentiated mast cells having a distinct morphology with an oval nucleus and
elongated cytoplasm might be identified close to the trabeculi. Reticulin fibrosis is
often prominent in the latter cases (1).

7.4.3 Cytogenetics

No consistent chromosome abnormality has been identified for acute basophilic
leukemia. Numerous chromosomal abnormalities have been associated with mature
basophilic proliferations such as t(9;22), t(6;9)(p23;q34), or the rearrangement of
12p. Several cases with t(X;6)(p11;q23) have been described in infants (229). The
candidate genes implicated in this translocation are c-MYB for 6q23, and either
ARAF-1 gene or ELK-1 gene (a member of ETS proto-oncogene family) for Xpl11.
Acute basophilic leukemia with t(3;6) involving the same breakpoint on chromo-
some 6 at 6q23 has been described (231).
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7.4.4 Immunophenotype

Basophils express the panleucocyte antigen CD45, myeloid markers such as CD13,
CD33, and CD11b, some activation markers, including CD25 and CD38, the early
hematopoietic markers CD34, and class-II HLA-DR (232). Strong expression of
CD9 and CD17 is also characteristic. Mast cells are also CD45 positive, but com-
pared to basophils, they only express CD9. CD117 (c-Kit) is also expressed on the
mast cell lineage, whereas blood basophils are negative. The Bsp-1 antigen is
almost exclusively expressed on basophils (223). However, in published cases of
acute basophilic leukemia, a thorough immunological study is rare or incomplete
(219, 229). The immunologic study allows for the identification of biphenotypic or
multiphenotypic proliferations (218, 233, 234).

7.4.5 Clinical and Biological Presentation

Symptoms and physical findings at the time of presentation are very heterogeneous
and the basophil granules that contain acid muccopolysaccharides such as heparin
or histamin might be responsible for some of the specific symptoms recorded (235,
236). High blood levels of histamine might give cutaneous signs, including pruri-
tus, edema, urticarial rashes, and areas of hyperpigmentation, and/or digestive signs
such as nausea, vomting, diarrhea, dyspeptic symptoms, abdominal swelling, or
peptic ulcers. The released heparin might also interfere with coagulation. Actually,
despite high histaminemia, which correlates with absolute basophilia, clinical
symptoms are very rare (218). However, life-threatening anaphylactoid reactions
and coagulopathy have been observed within minutes following the administration
of chemotherapy, related to basophilic degranulation, which occurs during blast cell
lysis (237). Other clinical features include bone marrow failure, organomegaly, and
occasional osseous lytic lesions.

The blood counts vary widely. The leukemic infiltration in the bone marrow is
often higher than 80%.

7.4.6 Treatment

Due to its rare incidence, little information regarding survival is available. The
therapeutic responses in the cases reported cannot be compared because of the
heterogeneity of therapy given. Acute basophilic leukemia with t(X;6)(p11;q23)
has been associated with a good response to standard therapy for childhood AML
(229). During the treatment of acute basophilic leukemia, potential complications
related to basophilic degranulation should be anticipated, and antihistamine proph-
ylaxis might be of value.
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Chapter 8
Hairy Cell Leukemia

Paul Timothy Fanta and Alan Saven

8.1 Introduction

Hairy cell leukemia (HCL) is a rare, chronic, B-cell lymphoproliferative disorder
with well-defined diagnostic criteria and successful treatment outcomes. HCL,
classified as an indolent non-Hodgkin’s lymphoma in the World Health Organization
(WHO) classification, typically presents with the diagnostic triad of pancytopenia,
splenomegaly, and circulating cells with characteristic cytoplasmic villous
projections. In this chapter, we will review insights pertaining to the historical
aspects, epidemiology, pathogenesis, biology, clinical presentation, diagnosis, and
treatments of this uncommon but fascinating hematologic entity.

8.2 Historical Perspectives

Leukemic reticuloendotheliosis was first recognized by Eswald in 1923 and later
detailed by Bouroncle in 1958. Bouroncle described the clinicopathologic entity,
now known as HCL, in her review of 26 such patients. Thorough review of
peripheral and bone marrow samples noted the characteristic “hyperplasia of the
reticulum tissue in the blood-forming organs with the appearance of reticuloen-
dothelial cells in the bloodstream™ (1).

Typical presentations were characterized by splenomegaly, malaise, spontaneous
hemorrhagic manifestations, abdominal pain, and infectious complications.
Thrombocytopenia, normocytic anemia, and leukopenia with an absolute and
relative neutropenia were seen in the majority of patients. A variable clinical course
was described, which proved resistant to then known treatments of the time,
including nitrogen mustard, radiation, and steroids. In 1966, Schrek and Donnelly
(2) named this lymphoproliferative disorder hairy cell leukemia based on the
characteristic cytoplasmic projections seen on light microscopy. These early
observations formed the basis for the systematic characterization of the pathology,
biology, and treatment of HCL.
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8.3 Epidemiology

Morton et al. (3) reported on lymphoma incidence patterns during the period
1992-2001. The diagnosis of 114,548 lymphoid neoplasms were reported to the 12
Surveillance, Epidemiology, and End Results (SEER) registries using the WHO
2001 criteria for lymphoma classification. Among 1,116 HCL patients, there was a
predominance of males, with the majority of cases in the Caucasian population.
Incidence rates were age-adjusted to the 2000 US population and were reported as
0.33 cases per 100,000 person-years, with an annual change in the incidence rate of
—1.84% during the period of evaluation. HCL is a rare disease accounting for 2—-3%
of all adult leukemias, and with about 600 new cases in the United States annually
(4). Mean age at presentation was 52 years.

8.4 Pathogenesis and Biology

The cause of HCL is unknown. Exposure to ionizing radiation, Epstein-Barr virus,
organic solvents, woodworking, and farming (in the setting of petrol/diesel use) has
been proposed as potential antecedents (5). Two siblings with similar haplotypes
have been reported, suggesting a HLA- linked etiology (6).

In a review of the cytogenetics of lymphoma, Campbell (7) summarized the
known cytogenetic data in HCL. Abnormalities in chromosomes 5 (trisomy, 5q13
deletions), 7, and 14 were the most commonly cited structural and numerical abnor-
malities (8). Another study by Sambini et al. (9) identified rearrangements of 14q,
the most common abnormality in patients with HCL. No specific cytogenetic
marker has been discovered that might aid in the diagnosis and prognosis of HCL.

Hairy cell leukemia represents the clonal expansion of mature B-cells; however, it
lacks reciprocal chromosomal translocations (10, 11). The cellular origin of HCL has
been debated. HCL cells lack morphologic similarity to any known peripheral B-cell
population. They are indeed of mature, monoclonal, B-cell derivation without terminal
differentiation (12, 13) and express surface light chain-restricted surface immunoglob-
ulin. HCL cells express the B-lineage-specific antigens CD19, CD20, and CD22.
They also demonstrate bright expression of CD40 and CD79a in almost all
patients, along with HCL-specific CD103 and CDI11c (14-19). HCL cells express
switched immunoglobulin isotypes and harbor somatic mutations in their rearranged
immunoglobulin variable genes in 85% of cases (20-24), which indicates that the cell
of origin transits through the germinal center. Exposure to somatic hypermutation
(IgVH) and isotype switch recombination, characteristic of the HCL cell, are the hall-
marks of cells derived from the germinal center (25). Based on studies of comparative
expressed sequence hybridization (CESH), HCL cells displayed a genomewide
expression signature. This, combined with its mutated immunoglobulin genes, seems
to suggest that the derivation of HCL cells is from memory B-cells, perhaps from the
splenic marginal zone (26-29). Other data suggest a pregerminal cell B-cell origin
lacking mutations or a postgerminal cell that escaped mutation (24).
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Inhibition of apoptosis by bcl-2 has been suggested in HCL clonal expansion.
HCL cells have a low proliferation rate and express bcl-2 (30). However, frequent
upregulation of cyclin D1, involved in the cell cycle advance from G1 to S phase,
is seen in HCL cells (31, 32). Speculation for HCL survival prolongation through
the phosphatidylinositol 3 kinase (PI3K)-AKT stimulated pathways, related to both
cyclin D1 and G1-S cell cycling (33, 34), via HCL-specific overexpression of inter-
leukin (IL)-3 receptor alpha (IL-3Ro) (31) and overexpression of receptor tyrosine
kinase FLT3 (31), have been proposed as antiapoptotic signals (35).

Unique to HCL is the pattern of dissemination into bone marrow, peripheral
blood, splenic red pulp, and hepatic sinusoids, with relative sparing of the periph-
eral lymph nodes (29). o, integrin (VLA4) and its ligand, vascular cell adhesion
molecule 1(VCAM 1), might play a role in the preferential homing patterns of hairy
cells (36). The splenic red pulp is highly enriched with vitronectin. HCL cells
express the corresponding ligand, vitronectin receptor o B,, again allowing for
preferential localization of HCL cells (37). Overexpression of matrix metallopro-
teinases inhibitors, including TIMP1, TIMP4, RECK, and thrombospondin-1, have
been seen in HCL cells and are thought to represent a mechanism for degradation
of tissue matrix (31).

The hairy cell has a characteristic morphologic appearance with numerous mem-
brane projections. These are composed of F-actin and lamellipodia-like structures
(38). It is thought that cytoskeletal rearrangements are controlled by the Rho family
of GTPases, a subfamily of the Ras superfamily, through overexpression of cell
division cycle 42 (CDC42), and RACI, both through their GTPase functions with
regulation via p53 (39).

Characteristic of HCL is the development of bone marrow reticulin-induced fibro-
sis. Although the composition of these fibers has not been defined, the process of
induction of fibrosis has been proposed (40). Levels of transforming growth factor
(TGF) B, levels, a fibrogenic cytokine, were found to be present at higher concentra-
tion in patients with HCL measured both by both mRNA and protein levels. It is
thought that the overexpression of TGFf, significantly enhanced the production and
deposition of reticulin and collagen by bone marrow fibroblasts. Autocrine secretion
of basic fibroblast growth factor (bFGF) also has a role in fibronectin synthesis in
HCL cells, and with TGFB, are the main determinants of fibrosis in HCL (29).

8.5 Pathology and Immunophenotypic Analysis

Accurate diagnosis of HCL is essential and relies on the characteristic morphology
of the peripheral cells, the immunophenotypic pattern, examination of bone marrow
morphology, including reticulin deposition, and cytochemical staining. The typical
hairy cell is 1.5-2 times the size of a mature lymphocyte, with a smooth, contoured,
round nucleus with a rim of textured cytoplasm with circumferential hairlike
projections (41) (see Figure 8.1A). The chromatin pattern is uniformly granular,
without evidence of nucleoli. The characteristic ultrastructural finding of the
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(B)

Figure 8.1 (A) Classic hairy cell (left) with rounded, smooth, nuclear contours, conspicuous
textured cytoplasm, and circumferential villous projections (peripheral blood, Wright’s stain,
original magnification x 100). (B) HCL cells stained with a TRAP preparation displaying granular
appearance in positive cells (bone marrow aspirate, tartrate-treated acid phosphatase stain, original
magnification x 100)

ribosome—lamella complex has been well described (42—45). HCL cells are resist-
ant to treatment with tartaric acid through the expression of isoenzyme 5 of acid
phosphatase. Tartrate-resistant acid phosphatase (TRAP) activity is seen in almost
all cases. Although TRAP activity is not unique to HCL, bright expression of
TRAP activity is almost pathognomonic of HCL (41) (see Figure 8.1B).
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Immunophenotypic analysis by flow cytometry of HCL provides a distinctive profile
to complement morphology and cytochemical stains. Typical expression patterns demon-
strate bright CD20 and CD22, both B-cell markers, CD5 negativity, with approximately
10% of cases being CD10 positive (46). Expression of CD11c, CD103, and CD25 is the
diagnostic pattern seen in typical HCL (18) (see Figure 8.2). ANXZ1 overexpression
(annexin Al) is preferentially seen in HCL, but not in HCL-variant or splenic marginal
zone lymphoma (47). Immunohistochemical stains suggestive of HCL include TRAP and
DBA.44. A DBA.44 and TRAP positive profile is 97% specific for HCL (41).

Neutropenia, lymphopenia, and monocytopenia are common. Often, hairy cells are
categorized as monocytes in the automated differential (48). Circulating hairy cells
are usually present in small, variable numbers and typically seen in the thin portion of
the preparation. Buffy coat preparations may be useful in concentrating the hairy cells
in suspected cases. Reticulin fibrosis, as a result of fibronectin deposition, and an ina-
spirable marrow are typical (1) (see Figure 8.3A). Histologic preparations display a
distinctive patchy or diffuse mononuclear infiltrate (49). Bone marrow review of HCL
samples display patchy infiltrates, often paratrabecular and intramedullary in location
(41). Their characteristic pattern of pale-staining cytoplasm and round nuclei has been
described as a “fried-egg” appearance (see Figure 8.3B). Splenic involvement is typi-
cally isolated to the red pulp, with the same pattern of infiltration seen in the bone
marrow, with characteristic blood-filled spaces called “blood lakes.” Liver infiltration is
characterized by the “angiomatoid focus™ and hepatic sinus and portal tract involvement
(41). Up to one-third of patients might have lymphadenopathy on computed tomogra-
phy (CT) scan, which may be associated with a more aggressive clinical course (50).

8.6 Differential Diagnosis

The histopathological and clinical differential diagnosis of HCL includes hairy
cell leukemia variant (HCL-v), splenic marginal zone lymphoma (SMZL), acute
monocytic leukemia, systemic mast cell disease, multiple myeloma, melanoma,
aplastic anemia, large granulocytic leukemia, B-cell prolymphocytic leukemia,
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Figure 8.2 The diagnosis of HCL is established by immunophenotypic characterization using flow
cytometry. Hairy cells show concordant expression of CD11c (A), CD25 (B), and CD103 (C)
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Figure 8.3 (A) Marrow reticulin fibrosis from fibronectin secreted by hairy cells (bone marrow,
silver stain, original magnification x 40). (B) Classic infiltrative pattern of the bone marrow seen
in HCL cells with conspicuous cytoplasm and central nuclei, termed the “fried egg” appearance
(bone marrow, hematoxylin-eosin, original magnification x 40)
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hypoplastic myelodysplastic syndrome, paroxysmal nocturnal hemoglobinuria,
atypical chronic lymphocytic leukemia, and idiopathic myelofibrosis (51). The
major pathologic differential diagnosis is among HCL-v, SMZL, and prolym-
phocytic leukemia (52).

Hairy cell leukemia variant generally presents at an older age, typically the
eighth decade, less than 2:1 male predominance, with splenomegaly, lymphocy-
tosis, as well as anemia, and thrombocytopenia (44). Morphologically, HCL-v
possesses a higher nuclear-to-cytoplasmic ratio, more condensed chromatin,
and more prominent nuclei than classic HCL (52). HCL-v is CD25-negative and
CD103-negative, with weak to absent TRAP staining. HCL-v tends to follow a
more aggressive course, is more chemorefractory, has median survivals of
10 years, and might ultimately undergo transformation to a large-cell process
in 5-10% of cases with pronounced splenomegaly, leukocytosis, and B-symptoms
and decreased survival (53, 54).

Splenic marginal zone lymphoma likewise might mimic the presentation of HCL
with massive splenomegaly without lymphadenopathy. It is distinguished from
HCL by its profound lymphocytosis, basophilic cytoplasm, subtle polar cytoplas-
mic projections, weak to absent TRAP staining, CD11c positivity, and CD103
negativity (52).

8.7 Clinical Manifestations

Approximately 80% of patients present with anemia, thrombocytopenia, and
neutropenia at time of diagnosis (55) usually in the evaluation for fatigue, bruising,
opportunistic infection, early satiety, or an incidentally discovered enlarged spleen.
Skeletal complications, including lytic lesions and osteosclerosis, have been
reported and are more typical of a high tumor burden (56). Opportunistic infections
include Mycobacterium kansasii, Pneumoncystis carinii, aspergillus, histoplasma,
and Toxoplasma gondii (57).

8.8 Indications for Treatment

Indications for treatment include cytopenias [absolute neutrophil count less than
(0.5-1.0) x 10°/L, hemoglobin less than 9 g/dL or platelet counts less than (50-100
x 10%/L)], symptomatic splenomegaly, rarely leukocytosis greater than 20.0 x 10°/L,
bulky or painful lymphadenopathy, constitutional symptoms (fevers, night
sweats, weight loss, fatigue), significant autoimmune disease (vasculitis), recurrent
infections, and/or bony involvement (52). Asymptomatic patients or those who lack
significant cytopenias should be observed, as no survival or response benefit is to
be gained from early intervention. Results of treatment in symptomatic patients are
summarized in Table 8.1.
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Table 8.1 Systemic treatments in HCL

Agent/investigator Total CR PR Minor/NR
Pentostatin

Else et al. (63) 185 150 28 7
Dearden et al. (83) 165 135 25 5
Grever et al. (84) 154 117 4 33

Grem et al. (85) 66 37 15 14
Cassileth et al. (68) 50 32 10 8

Ho et al. (86) 33 11 15 7

Kraut et al. (87) 23 20 1 2

Total 676 502 (74%) 98 (14%) 76 (12%)
Cladribine

Saven et al. (71) 349 319 22 8
Tallman et al. (88) 50 40 9 1
Hoffman et al. (89) 49 37 12 0

Estey et al. (90) 46 36 5 5
Dearden et al. (83) 45 38 7 0

Else et al. (63) 34 28 6 0
Juliusson and Liliemark (91) 16 12 0 4

Total 589 510 87%) 62 (10%) 18 (3%)
Interferon

Golomb et al. (92) 195 7 152 36
Grever et al. (84) 159 17 43 99
Quesada et al. (93) 30 9 17 4

Rai et al. (94) 25 7 6 12

Foon et al. (95) 14 1 12 1

Total 423 41 (10%) 230 (54%) 152 (36%)
Rituximab

Nieva et al. 73 24 3 3 18
Thomas et al. 74 15 10 2 3
Hagberg and Lundholm (96) 11 6 1 4

Total 50 19 38%) 6 (12%) 25 (50%)

CR = Complete response; PR = partial response; NR = no response.

8.9 C(ladribine

Cladribine (2-CdA, 2-chlorodeoxyadenosine, Leustatin; Ortho Biotech, Raritan, NJ)
is an adenosine deaminase-resistant deoxyadenosine analog directly toxic to both
resting and proliferating human lymphocytes and monocytes (58). Since the initial
demonstration of its significant activity by Carrera et al. in 1987 (59), cladribine has
emerged as the treatment of choice for HCL, with overall response rates of 97% and
complete responses of 87% (52). Oral, subcutaneous, and intravenous dosing have
been evaluated, with the optimal route and method of administration not clarified in
randomized trials; however, intravenous administration is the preferred route.
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An update on 209 patients with HCL treated with cladribine by continuous infusion
for 7 days at a dose of 0.1 mg/kg/day, reported 95% complete responses and 5%
partial responses, for a 100% overall response rate. With over 7 years of follow-up,
the median first-response duration was 98 months, with 37% experiencing relapse
after their first course of cladribine. The median time to relapse for all responders
was recorded as 42 months, and the overall survival rate was 97% at 108 months
(60). Twenty-two percent of patients developed secondary malignancies, with the
observed-to-expected ratio of second malignancies, compared to NCI SEER data,
reported as 2.03 [95% confidence interval (CI): 1.19-2.71]. Other studies displayed
an incidence of second malignancy not significantly higher than the expected stand-
ardized incidence ratio of 1.01 (95% CI: 0.74—1.33); however, the standardized
incidence ratio of non-Hodgkin’s lymphomas was higher at 5.3% (95% CI:
1.9-11.5) in a single study (61).

A smaller study of 86 HCL patients reported a 79% complete and a 21% partial
response rate, for an overall response rate of 100%. Progression-free survival after
12 years was 54%. At a median of 9.7 years, 36% of patients had relapsed. Of these
patients, 23 were retreated with cladribine with 52% complete responses and 30%
partial responses, for an overall response rate of 82% (62). Else et al. (63) docu-
mented an overall response to cladribine in the first-line setting of 100%, with a
complete response rate of 82% and a disease-free survival greater than 11 years.
The observed relapsed rates in the study were 24% and 42% at 5 and 10 years,
respectively (63). Alternative treatment regimens of cladribine using 5 consecutive
days at 0.14 mg/kg/ day, or once weekly at 0.14 mg/kg for five cycles, were reported
to have a projected 13-year overall survival and relapse-free survival of 96% and
52%, respectively. Relapse rates were not significantly different between treatment
groups (24% vs. 30%, respectively), and weekly administration reported a
decreased incidence of grade 3 to 4 neutropenia (64).

Fever is the principal toxicity of cladribine, occurring in approximately 42% of
patients treated (52) andisrelated to tumor cell burdeninits severity. Immunosuppression,
profound and prolonged CD4 lymphopenia, and subsequent infectious complications
have been reported, primarily dermatomal herpes zoster reactivation. Filgrastim
(Neupogen; Amgen, Thousand Oaks, CA) increases the absolute neutrophil count and
shortens the duration of severe neutropenia in cladribine-treated patients; however, it
failed to demonstrate a clinical advantage with respect to percentage of febrile patients,
number of febrile days, and admissions for antibiotics when compared to historical
controls. Accordingly, the use of filgrastim as an adjunct to cladribine-induced neutro-
penia in HCL is not routinely recommended (65).

8.10 Pentostatin

Pentostatin (2’-deoxycoformycin, Nipent; Supergen, Dublin, CA), a purine
nucleoside analogue, is a potent inhibitor of adenosine deaminase, which causes the
accumulation of deoxyadenosine triphosphates, is thought responsible for its
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activity in HCL (66, 67). Pentostatin, a potently toxic agent to lymphocytes, partic-
ularly T-cells, displayed significant activity, with reported overall response rates of
84% and complete responses of 64%, with maximum responses at 6 months (68).
The dosing of pentostatin in HCL is 4 mg/m? IV every other week, for 3—6 months,
or until maximum response (52).

Fever, nausea, vomiting, photosensitivity, prolonged immunosuppression, and
keratoconjunctivitis are pentostatin’s major toxicities. Pentostatin should be
avoided in patients with poor performance status, active infections, or chronic kid-
ney disease. Pentostatin has activity in prior interferon-treated patients as well as in
splenectomized patients, with overall response rates of 96%, complete responses of
81%, and a disease-free survival of 15 years (63). In a separate review, an overall
response rate of 86%, with 72% complete responses, was reported in 491 HCL
patients (52).

8.11 Interferon

In 1984, interferon was reported as an effective therapy in splenectomy-failed
patients. It has been widely used in the treatment of HCL; however, it does not
induce the same magnitude of complete response seen with purine analogue ther-
apy (52). Interferon-o-2B (Intron A; Schering Corporation, Kenilworth, NY,
USA) is given at a dose of 2 million units/m? subcutaneously 3 times a week for
12 months. Recombinant interferon-o.-2A (Roferon; Hoffman-La Roche, Nutley,
NJ, USA) is given at a dose of 3 million units/m? subcutaneously daily for 6
months and then decreased to 3 times per week for an additional 6 months.
Flulike symptoms, anorexia, nausea, vomiting, peripheral neuropathies, clinical
depression, elevated transaminases, and myelosuppression may complicate ther-
apy. A recent summary of 423 cases of HCL treated with interferon reported a
64% overall response rate, with only 10% of patients achieving complete
responses. Treatment with interferon should be reserved for patients with active
infections or who are not candidates for purine analogue therapy, because of
concerns regarding T-cell immunosuppression, or in purine analogue refractory
disease (52).

8.12 Splenectomy

Historically, splenectomy was the first standard treatment for HCL and has a role
in the rapid normalization of blood counts when clinically warranted. Indications
now include active infections, symptomatic splenomegaly, bleeding in the setting
of severe thrombocytopenia, purine analogue refractory disease, and rarely in
symptomatic pregnant patients (52, 69). Median response is approximately 20
months, and overall survival at 5 years was reported as 65% (70).
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8.13 Relapsed or Refractory Disease

An optimal treatment approach for relapsed/refractory HCL has been hindered by
the lack of prospective, randomized clinical trials, as well as the inability to directly
compare studies due to differences in trial design. Several studies support the use
of the same nucleoside analogue in the second or third relapse setting provided that
the preceding response had been durable (52, 65) (see Table 81). Patients initially
treated with cladribine have achieved response rates of 88% with repeat courses of
cladribine (71). When resistance to one purine analogue has been established, treat-
ment with a different purine analogue (62) is recommended because there was lack
of cross-resistance between cladribine and pentostatin, despite mechanistic simi-
larities (71, 72) (see Figure 8.4). Care must be taken to limit the reinstitution of
purine analogue therapy within a 12-month interval due to concerns for cumulative
marrow damage.

Anti-CD20 immunotherapy, rituximab (Rituxan; Biogen-IDEC Pharmaceuticals,
San Diego, CA) is a reasonable therapeutic option in patients with relapsed or
refractory HCL. In a study of 24 HCL patients with purine-analogue refractory or
relapsed disease, rituximab at 375mg/m? weekly for 4 doses displayed a 26%
overall response rate and a complete response of 13% (73). Thomas et al. treated
15 patients with relapsed or refractory HCL with rituximab at 375 mg/m? weekly
for 8 doses, with 4 additional doses administered to responders who had not
achieved a complete response (74). In that study, an overall response rate of 80%
was achieved, with 67% of those responses being complete. Rituximab is generally
well tolerated.

Treatment Algorithm for Relapsed/Refractory Discase After Purine-Analogue Therapy

Patient Meets Criteria for Treatment

Figure 8.4 Treatment algorithm for relapsed/refractory disease after purine-analogue therapy
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Splenectomy and alpha-interferon are also reasonable treatment options for
selected patients with purine analogue- and rituximab-resistant patients. A single
patient report on the use of thalidomide (Thalomed; Celgene, Summit, NJ) in a
purine analogue-naive patient demonstrated a partial response of 11 months (75).

BL22, an anti-CD22 variable domain (Fv) monoclonal antibody fused to a
truncated immunotoxin Pseudomonas exotoxin (PE38), showed promise in
cladribine-resistant HCL (76). Kreitman et al. (77) treated 16 cladribine-resistant
patients with a dose escalation of BL22. Eleven of 16 patients had a complete
remission and two achieved a partial response. Common toxicities included tran-
sient hypoalbuminemia and elevated transaminases. Two patients experienced
reversible hemolytic-uremic syndromes (77). An anti-CD25 antibody linked to a
truncated form of pseudomonas exotoxin (LMB-2) demonstrated clinical activity in
a phase I study of four patients with cladribine- and interferon-resistant disease; all
achieved major responses (78, 79).

8.14 Minimal Residual Disease

Despite the spectacular advances in the treatment of HCL, most patients treated will
eventually relapse. In an early study, patients with evidence of minimal residual
disease (MRD) by immunohistochemistry had a shorter relapse-free survival (80).
Strategies to further improve initial response rates, to achieve maximum disease
eradication, and to formulate a curative strategy have been investigated. In this
regard, Ravandi et al. (81) evaluated the addition of rituximab at a dose of 375 mg/
m? for 8 weeks to cladribine (5.6 mg/m? given intravenously over 2h daily for 5
days); in a study of 13 previously treated and untreated HCL patients, all patients
(2 cladribine-failures, 11 newly diagnosed) achieved complete responses. MRD by
consensus primer polymerase chain reaction (PCR) or flow cytometry was undetec-
table in 11 of 12 patients and in 12 of 13 patients, respectively (81). Compared to
flow cytometry, assessment of MRD using the clone-specific PCR (RQ-PCR) was
more sensitive (100%), and in another study, it correlated with disease status and
remission duration (82). Elimination of MRD appears to be attainable, which might
translate into an improved disease-free survival or perhaps even cure.

8.15 Summary

Hairy cell leukemia is an indolent B-cell non-Hodgkin’s lymphoma with a
characteristic presentation of pancytopenia, splenomegaly, and circulating hairy
cells. An immunophenotypic pattern of CD11c, CD25, and CD103 expression,
TRAP staining, reticulin deposition, and morphology of bone marrow and circulat-
ing cells help establish the diagnosis. Although up to 10% of patients might not
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require systemic treatment, for the vast majority effective treatments are available
with the purine-nucleoside analogues cladribine and pentostatin. Cladribine is con-
sidered the drug of choice in the first-line setting due to the very high complete
remission rate and prolonged duration of response following a single 7-day infu-
sion. Cladribine and pentostatin both have unique but different mechanisms of
action, with a lack of cross-resistance between them, which might be exploited in
the relapsed or refractory disease setting. Therapy for relapsed and refractory
patients also includes novel biologic agents as well as splenectomy. Despite the
effective treatment options, the prospect of cure remains elusive due to the frequent
presence of MRD even in complete responders. Future studies employing combina-
tion therapies targeting the eradication of MRD will hopefully improve relapse-free
survivals as well as overall survival, and might even offer the prospect of cure.
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Chapter 9
Waldenstrom’s Macrogloblinemia/
Lymphoplasmacytic Lymphoma

Steven P. Treon, Evdoxia Hatjiharissi, and Giampaolo Merlini

9.1 Introduction

Waldenstrom’s macroglobulinemia (WM) is a distinct clinicopathological entity
resulting from the accumulation, predominantly in the bone marrow, of clonally
related lymphocytes, lymphoplasmacytic cells, and plasma cells that secrete a
monoclonal IgM protein (Figure 9.1) (1). This condition is considered to corre-
spond to the lymphoplasmacytic lymphoma (LPL) as defined by the Revised
European American Lymphoma (REAL) and World Health Organization (WHO)
classification systems (2, 3). Most cases of LPL are WM, with less than 5% of cases
made up of IgA, IgG, and nonsecreting LPL.

9.2 Epidemiology and Etiology

Waldenstrom’s macroglobulinemia is an uncommon disease, with a reported age-
adjusted incidence rate of 3.4 per million among males and 1.7 per million among
females in the United States and a geometrical increase with age (4, 5). The inci-
dence rate for WM is higher among Caucasians, with African descendants repre-
senting only 5% of all patients. Genetic factors appear to be important in the
pathogenesis of WM. Approximately 20% of WM patients have an Ashkenazi
(Eastern European) Jewish ethnic background, and there have been numerous
reports of familiar disease, including multigenerational clustering of WM and other
B-cell lymphoproliferative diseases (6—10). In a recent study, approximately 20%
of 257 serial WM patients presenting to a tertiary referral had a first- degree relative
with either WM or another B-cell disorder (7). Frequent familiar association with
other immunological disorders in healthy relatives, including hypogammaglob-
ulinemia and hypergammaglobulinemia (particularly polyclonal IgM), autoanti-
body (particularly to thyroid) production, and manifestation of hyperactive B-cells
have also been reported (9, 10). Increased expression of the bcl-2 gene with
enhanced B-cell survival might underlie the increased immunoglobulin synthesis in
familial WM (9). The role of environmental factors in WM remains to be clarified,
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Figure 9.1 Aspirate from a patient with Waldenstrom’s macroglobulinemia demonstrating excess
mature lymphocytes, lymphoplasmacytic cells, and plasma cells. (Courtesy of Marvin Stone M.D.)

but chronic antigenic stimulation from infections, certain drug, and Agent Orange
exposures remain suspect. An etiological role for hepatitis C virus (HCV) infection
has been suggested though in a recent study examining 100 consecutive WM
patients; no association could be established using both serological and molecular
diagnostic studies for HCV infection (11-13).

9.3 Biology

9.3.1 Cytogenetic Findings

Several studies, usually performed on limited series of patients, have been pub-
lished on cytogenetic findings in WM demonstrating a great variety of numerical
and structural chromosome abnormalities. Numerical losses involving chromo-
somes 17, 18, 19, 20, 21, 22, X, and Y have been commonly observed, although
gains in chromosomes 3, 4, and 12 have also been reported (7, 14—19). Chromosome
6q deletions encompassing 6q21-22 have been observed in up to half of WM
patients and at a comparable frequency among patients with and without a familial
history (7, 19). Several candidate tumor suppressor genes in this region are under
study, including BLIMP-1, a master regulatory gene implicated in lymphoplasma-
cytic differentiation. Notable, however, is the absence of IgH switch region rear-
rangements in WM, a finding that might be used to discern cases of IgM myeloma
where IgH switch region rearrangements are a predominant feature (20).
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9.3.2 Nature of the Clonal Cell

The WM bone marrow B-cell clone shows intraclonal differentiation from small
lymphocytes with large focal deposits of surface immunoglobulins, to lymphoplas-
macytic cells, to mature plasma cells that contain intracytoplasmic immunoglobulins
(21). Clonal B-cells are detectable among blood B-lymphocytes, and their number
increases in patients who fail to respond to therapy or who progress (22). These clonal
blood cells present the peculiar capacity to differentiate spontaneously, in in vitro
culture, to plasma cells. This is through an interleukin-6 (IL-6)-dependent process in
IgM monoclonal gammopathy of undetermined significance (MGUS) and mostly an
IL-6-independent process in WM patients (23). All of these cells express the mono-
clonal IgM present in the blood and a variable percentage of them also express
surface IgD. The characteristic immunophenotypic profile of the lymphoplasmacytic
cells in WM includes the expression of the pan B-cell markers CD19, CD20, CD22,
CD79, and FMC7.2 (24-26). Expression of CD5, CD10, and CD23 might be found
in 10-20% of cases and does not exclude the diagnosis of WM (27).

The phenotype of lymphoplasmacytic cells in WM cell suggests that the clone is a
postgerminal center B-cell. This indication is further strengthened by the results of the
analysis of the nature (silent or amino acid replacing) and distribution (in framework or
Complement Determinant Regions (CDR)) of somatic mutations in Ig heavy- and light-
chain variable regions performed in patients with WM (28, 29). This analysis showed a
high rate of replacement mutations, compared with the closest germline genes, clustering
in the CDR regions and without intraclonal variation. Subsequent studies showed a strong
preferential usage of VH3/JH4 gene families, no intraclonal variation, and no evidence
for any isotype-switched transcripts (30, 31). These data indicate that WM might origi-
nate from a IgM* and/or IgM* IgD* memory B-cell. Normal IgM* memory B-cells local-
ize in bone marrow, where they mature to IgM-secreting cells (32).

9.3.3 Bone Marrow Microenvironment

Increased numbers of mast cells are found in the bone marrow of WM patients,
wherein they are usually admixed with tumor aggregates (26, 33). Recent studies
have helped clarify the role of mast cells in WM. Coculture of primary autologous or
mast cell lines with WM LPC resulted in dose-dependent WM cell proliferation
and/or tumor colony, primarily through CD40 ligand (CD40L) signaling. Furthermore,
WM cells through elaboration of soluble CD27 (sCD27) induced the upregulation
of CD40L on mast cells derived from WM patients and mast cell lines (34).

9.4 C(linical Features

The clinical and laboratory findings at time of diagnosis of WM in one large insti-
tutional study (7) are presented in Table 9.1. Unlike most indolent lymphomas,
splenomegaly and lymphadenopathy are prominent in only a minority of patients
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Table 9.1 Clinical and laboratory findings for 149 consecutive newly diagnosed patients with the
consensus panel diagnosis of WM presenting to the Dana Farber Cancer Institute

Median  Range Institutional normal reference range
Age (years) 59 34-84 NA
Gender (male/female) 85/64 NA
Bone marrow involvement 30% 5-95% NA
Adenopathy 16% NA
Splenomegaly 10% NA
IgM (mg/dL) 2,870 267-12,400 40-230
1gG (mg/dL) 587 47-2770 700-1600
IgA (mg/dL) 47 8-509 70400
Serum viscosity (cp) 2.0 1.4-6.6 1.4-1.9
Hct (%) 35.0% 17.2-45.4% 34.8-43.6
Plt (x 10°/L) 253 24-649 155-410
WBC (x10°/L) 6.0 0.3-13 3.8-9.2
B,M (mg/dL) 3.0 1.3-13.7 0-2.7
LDH 395 122-1,131 313-618

NA = not applicable.

(£15%). Purpura is frequently associated with cryoglobulinemia and more rarely
with AL amyloidosis, whereas hemorrhagic manifestations and neuropathies are
multifactorial (see later). The morbidity associated with WM is caused by the
concurrence of two main components: tissue infiltration by neoplastic cells and,
more importantly, the physicochemical and immunological properties of the monoclonal
IgM. As shown in Table 9.2, the monoclonal IgM can produce clinical manifesta-
tions through several different mechanisms related to its physicochemical proper-
ties, nonspecific interactions with other proteins, antibody activity, and tendency to
deposit in tissues (35-37).

9.5 Morbidity Mediated by the Effects of IgM

9.5.1 Hyperviscosity Syndrome

Blood hyperviscosity is effected by increased serum IgM levels leading to hyper-
viscosity-related complications (38). The mechanisms behind the marked increase
in the resistance to blood flow and the resulting impaired transit through the
microcirculatory system are rather complex (38—40). The main determinants are
(1) a high concentration of monoclonal IgMs, which might form aggregates and
might bind water through their carbohydrate component, and (2) their interaction
with blood cells. Monoclonal IgMs increase red cell aggregation (rouleaux for-
mation) and red cell internal viscosity while reducing deformability. The possible
presence of cryoglobulins can contribute to increasing blood viscosity as well as
to the tendency to induce erythrocyte aggregation. Serum viscosity is proportional
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Table 9.2 Physicochemical and immunological properties of the monoclonal IgM protein in
Waldenstrom’s macroglobulinemia

Properties of IgM monoclonal
protein

Diagnostic condition

Clinical manifestations

Pentameric structure

Precipitation on cooling

Autoantibody activity to myelin
associated glycoprotein
(MAG), ganglioside M1

Hyperviscosity

Cryoglobulinemia (Type I)

Peripheral neuropathies

Headaches, blurred vision,
epistaxis, retinal
hemorrhages, leg cramps,
impaired mentation,
intracranial hemorrhage

Raynaud’s phenomenom,
acrocyanosis, ulcers,
purpura, cold urticaria

Sensorimotor neuropathies,
painful neuropathies, ataxic
gait, bilateral foot drop

(GM1), sulfatide moieties
on peripheral nerve sheaths

Autoantibody activity to IgG Cryoglobulinemia (Type II) Purpura, arthralgias, renal
failure, sensorimotor
neuropathies

Hemolytic anemia, Raynaud’s
phenomenom, acrocyano-
sis, livedo reticularis

Skin: bullous skin disease,
papules, Schnitzler’s
syndrome

GI: diarrhea, malabsorption,
bleeding

Kidney: proteinuria, renal
failure (light-chain
component)

Fatigue, weight loss,
edema, hepatomegaly,
macroglossia, organ
dysfunction of involved
organs: heart, kidney, liver,
peripheral sensory and
autonomic nerves

Autoantibody activity to red
blood cell antigens

Cold agglutinins

Tissue deposition as amorphous
aggregates

Organ dysfunction

Tissue deposition as amyloid
fibrils (light-chain compo-
nent most commonly)

Organ dysfunction

to an IgM concentration up to 30g/L, then increases sharply at higher levels.
Plasma viscosity and hematocrit are directly regulated by the body. Increased
plasma viscosity might also contribute to inappropriately low erythropoietin pro-
duction, which is the major reason for anemia in these patients (41). Clinical
manifestations are related to circulatory disturbances that can be best appreciated
by ophthalmoscopy, which shows distended and tortuous retinal veins, hemor-
rhages, and papilledema (42) (Figure 9.2). Symptoms usually occur when the
monoclonal IgM concentration exceeds 50 g/L or when serum viscosity is >4.0
centipoises (cp), but there is a great individual variability, with some patients
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Figure 9.2 Funduscopic examination of a patient with Waldenstrom’s macroglobulinemia
demonstrating hyperviscosity related changes including dilated retinal vessels, peripheral hemor-
rhages, and “venous sausaging.” (Courtesy of Marvin Stone M.D.)

showing no evidence of hyperviscosity even at 10cp (38). The most common
symptoms are oronasal bleeding, visual disturbances due to retinal bleeding, and
dizziness that might rarely lead to coma. Heart failure can be aggravated, particu-
larly in the elderly, owing to increased blood viscosity, expanded plasma volume,
and anemia. Inappropriate transfusion can exacerbate hyperviscosity and might
precipitate cardiac failure.

9.5.2 Cryoglobulinemia

In up to 20% of WM patients, the monoclonal IgM can behave as a cryoglobulin
(type D), but it is symptomatic in 5% or less of the cases (43). Cryoprecipitation is
mainly dependent on the concentration of monoclonal IgM; for this reason, plas-
mapheresis or plasma exchange are commonly effective in this condition.
Symptoms result from impaired blood flow in small vessels and include Raynaud’s
phenomenon, acrocyanosis, and necrosis of the regions most exposed to cold (tip
of the nose, ears, fingers, and toes), malleolar ulcers, purpura, and cold urticaria.
Renal manifestations might occur but are infrequent.
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9.5.3 Autoantibody Activity

Monoclonal IgM might exert its pathogenic effects through specific recognition of
autologous antigens, the most notable being nerve constituents, immunoglobulin
determinants, and red blood cell antigens.

9.5.4 IgM-Related Neuropathy

In a series of 215 patients with WM, Merlini et al. (43) reported the clinical presence
of peripheral neuropathy in 24% of WM patients, although prevalence rates ranging
from 5% to 38% have been reported in other series (44, 45). An estimated 6.5-10% of
idiopathic neuropathies are associated with a monoclonal gammopathy, with a
preponderance of IgM (60%) followed by IgG (30%) and IgA (10%) (reviewed in
Refs. 46 and 47). In WM patients, the nerve damage is mediated by diverse
pathogenetic mechanisms: IgM antibody activity toward nerve constituents causing
demyelinating polyneuropathies; endoneurial granulofibrillar deposits of IgM without
antibody activity, associated with axonal polyneuropathy; occasionally by tubular depos-
its in the endoneurium associated with IgM cryoglobulin and, rarely, by amyloid
deposits or by neoplastic cell infiltration of nerve structures (48). Half of the patients
with IgM neuropathy have a distinctive clinical syndrome that is associated with
antibodies against a minor 100-kDa glycoprotein component of nerve, myelin-
associated glycoprotein (MAG). Anti-MAG antibodies are generally monoclonal
IgMxk and usually also exhibit reactivity with other glycoproteins or glycolipids that
share antigenic determinants with MAG (49-51). The anti-MAG-related neuropathy is
typically distal and symmetrical, affecting both motor and sensory functions; it is
slowly progressive, with a long period of stability (45, 52). Most patients present with
sensory complaints (paresthesias, aching discomfort, dysesthesias, or lancinating
pains), imbalance and gait ataxia, owing to lack proprioception, and leg muscles
atrophy in the advanced stage. Patients with predominantly demyelinating sensory
neuropathy in association with monoclonal IgM to gangliosides with disialosyl
moieties, such as GD1b, GD3, GD2, GT1b, and GQ1b, have also been reported
(53, 54). Anti-GD1b and anti-GQ1b antibodies were significantly associated with pre-
dominantly sensory ataxic neuropathy (58). These antiganglioside monoclonal IgMs
present core clinical features of chronic ataxic neuropathy with variably present
ophthalmoplegia and/or red blood cell cold agglutinating activity. The disialosyl
epitope is also present on red blood cell glycophorins, thereby accounting for the red
cell cold agglutinin activity of anti-Pr2 specificity (55, 56). Monoclonal IgM proteins
that bind to gangliosides with a terminal trisaccharide moiety, including GM2 and
GalNac-GDI1A, are associated with chronic demyelinating neuropathy and severe
sensory ataxia, unresponsive to corticosteroids (57). Antiganglioside IgM proteins
might also cross-react with lipopolysaccharides of Campylobacter jejuni, whose
infection is known to precipitate the Miller Fisher syndrome, a variant of the Guillain—
Barré syndrome (58). This finding indicates that molecular mimicry might play a role
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in this condition. Antisulfatide monoclonal IgM proteins, associated with sensory/
sensorimotor neuropathy, have been detected in 5% of patients with IgM monoclonal
gammopathy and neuropathy (59). Motor neuron disease has been reported in patients
with WM, and monoclonal IgM disease has been reported in patients with anti-GM 1
and sulfoglucuronyl paragloboside activity (60). POEMS (polyneuropathy, organome-
galy, endocrinopathy, M protein, and skin changes) syndrome is rarely associated with
WM (61).

9.5.5 Cold Agglutinin Hemolytic Anemia

Monoclonal IgM might present with cold agglutinin activity; that is, it can recognize
specific red cell antigens at temperatures below physiological, producing chronic
hemolytic anemia. This disorder occurs in <10% of WM patients (62) and is asso-
ciated with cold agglutinin titers > 1:1000 in most cases. The monoclonal compo-
nent is usually an IgMx and reacts most commonly with I/i antigens, with
complement fixation and activation (63, 64). Mild chronic hemolytic anemia can be
exacerbated after cold exposure but rarely does hemoglobin drop below 70 g/L.. The
hemolysis is usually extravascular (removal of C3b opsonized cells by the reticu-
loendotelial system, primarily in the liver) and rarely intravascular from comple-
ment destruction of red blood cell (RBC) membrane. The agglutination of RBCs in
the cooler peripheral circulation also causes Raynaud’s syndrome, acrocyanosis,
and livedo reticularis. Macroglobulins with the properties of both cryoglobulins and
cold agglutinins with anti-Pr specificity have been reported. These properties might
have as a common basis the immune binding of the sialic acid-containing carbohy-
drate present on RBC glycophorins and on Ig molecules. Several other macroglobu-
lins with various antibody activities toward autologous antigens (i.e., phospholipids,
tissue and plasma proteins, etc.) and foreign ligands have also been reported.

9.5.6 Tissue Deposition

The monoclonal protein can deposit in several tissues as amorphous aggregates.
Linear deposition of monoclonal IgM along the skin basement membrane is associ-
ated with bullous skin disease (65). Amorphous IgM deposits in the dermis deter-
mine the so-called IgM storage papules on the extensor surface of the
extremities—macroglobulinemia cutis (66). Deposition of monoclonal IgM in the
lamina propria and/or submucosa of the intestine might be associated with diarrhea,
malabsorption, and gastrointestinal bleeding (67, 68). It is well known that kidney
involvement is less common and less severe in WM than in multiple myeloma,
probably because the amount of light chain excreted in the urine is generally lower
in WM than in myeloma and because of the absence of contributing factors, such
as hypercalcemia, although cast nephropathy has also been described in WM (69).
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On the other hand, the IgM macromolecule is more susceptible to being trapped in
the glomerular loops, where ultrafiltration presumably contributes to its precipita-
tion, forming subendothelial deposits of aggregated IgM proteins that occlude the
glomerular capillaries (70). Mild and reversible proteinuria might result and most
patients are asymptomatic. The deposition of monoclonal light chain as fibrillar
amyloid deposits (AL amyloidosis) is uncommon in patients with WM (71).
Clinical expression and prognosis are similar to those of other AL patients with
involvement of the heart (44%), kidneys (32%), liver (14%), lungs (10%), periph-
eral/autonomic nerves (38%), and soft tissues (18%). However, the incidence of
cardiac and pulmonary involvement is higher in patients with monoclonal IgM than
with other immunoglobulin isotypes. The association of WM with reactive amy-
loidosis (AA) has been documented rarely (72, 73) Simultaneous occurrence of
fibrillary glomerulopathy, characterized by glomerular deposits of wide noncon-
gophilic fibrils and amyloid deposits, has been reported in WM (74).

9.5.7 Manifestations Related to Tissue Infiltration
by Neoplastic Cells

Tissue infiltration by neoplastic cells is rare and can involve various organs and tis-
sues, from the bone marrow (described later) to the liver, spleen, lymph nodes, and
possibly the lungs, gastrointestinal tract, kidneys, skin, eyes, and central nervous
system. Pulmonary involvement in the form of masses, nodules, diffuse infiltrate, or
pleural effusions is relatively rare, as the overall incidence of pulmonary and pleural
findings reported for WM is only 3-5% (75-77). Cough is the most common
presenting symptom, followed by dyspnea and chest pain. Chest radiographic find-
ings include parenchymal infiltrates, confluent masses, and effusions. Malabsorption,
diarrhea, bleeding, or obstruction might indicate involvement of the gastrointestinal
tract at the level of the stomach, duodenum, or small intestine (78—81). In contrast to
multiple myeloma, infiltration of the kidney interstitium with lymphoplasmacytoid
cells has been reported in WM (82), whereas renal or perirenal masses are not uncom-
mon (83). The skin can be the site of dense lymphoplasmacytic infiltrates, similar to
that seen in the liver, spleen, and lymph nodes, forming cutaneous plaques and, rarely,
nodules (84). Chronic urticaria and IgM gammopathy are the two cardinal features of
the Schnitzler syndrome, which is not usually associated initially with clinical
features of WM (85), although evolution to WM is not uncommon. Thus, close
follow-up of these patients is warranted. Invasion of articular and periarticular
structures by WM malignant cells is rarely reported (86). The neoplastic cells can
infiltrate the periorbital structures, lacrimal gland, and retro-orbital lymphoid tissues,
resulting in ocular nerve palsies (87, 88). Direct infiltration of the central nervous
system by monoclonal lymphoplasmacytic cells as infiltrates or as tumors constitutes the
rarely observed Bing—Neel syndrome, characterized clinically by confusion, memory
loss, disorientation, and motor dysfunction (reviewed in Ref. 89).



220 S.P. Treon et al.

9.6 Laboratory Investigations and Findings

9.6.1 Hematological Abnormalities

Anemia is the most common finding in patients with symptomatic WM and is caused
by a combination of factors: mild decrease in red cell survival, impaired erythropoiesis,
hemolysis, moderate plasma volume expansion, and blood loss from the gastrointestinal
tract. Blood smears are usually normocytic and normochromic, and rouleaux
formation is often pronounced. Electronically measured mean corpuscular volume
might be elevated spuriously because of erythrocyte aggregation. In addition, the
hemoglobin estimate can be inaccurate (i.e., falsely high) because of interaction
between the monoclonal protein and the diluent used in some automated analyzers
(90). Leukocyte and platelet counts are usually within the reference range at presen-
tation, although patients might occasionally present with severe thrombocytopenia.
As reported earlier, monoclonal B-lymphocytes expressing surface IgM and late-
differentiation B-cell markers are uncommonly detected in blood by flow cytometry.
A raised erythrocyte sedimentation rate is almost constantly observed in WM and
might be the first clue to the presence of the macroglobulin. The clotting abnormality
detected most frequently is prolongation of thrombin time. AL amyloidosis should
be suspected in all patients with nephrotic syndrome, cardiomyopathy, hepatomegaly,
or peripheral neuropathy. Diagnosis requires the demonstration of green birefrin-
gence under polarized light of amyloid deposits stained with Congo red.

9.6.2 Biochemical Investigations

High-resolution electrophoresis combined with immunofixation of serum and urine
are recommended for identification and characterization of the IgM monoclonal
protein. The light chain of the monoclonal IgM is K in 75-80% of patients. A few
WM patients have more than one M-component. The concentration of the serum
monoclonal protein is very variable but, in most cases, lies within the range of
15-45¢g/L. Densitometry should be adopted to determine IgM levels for serial
evaluations because nephelometry is unreliable and shows large intralaboratory as
well as interlaboratory variation. The presence of cold agglutinins or cryoglobulins
might affect the determination of IgM levels; therefore, testing for cold agglutinins
and cryoglobulins should be performed at diagnosis. If present, subsequent serum
samples should be analyzed under warm conditions for the determination of the
serum monoclonal IgM level. Although Bence Jones proteinuria is frequently
present, it exceeds 1 g/24h in only 3% of cases. IgA and IgG levels are most often
depressed in patients with WM and do not demonstrate recovery even after success-
ful treatment (91). In recent studies by Hunter et al., mutations in the receptor TACI
were demonstrated in WM patients akin to those demonstrated in patients with
common variable deficiency disorder (CVID), suggesting a possible CVID back-
ground for WM patients (92).
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9.6.3 Serum Viscosity

Because of its large size (almost 1 x 10° Daltons), most I[gM molecules are retained
within the intravascular compartment and can exert an undue effect on serum viscosity.
Therefore, serum viscosity should be measured if the patient has signs or symptoms of
hyperviscosity syndrome. Fundoscopy remains an excellent indicator of clinically
relevant hyperviscosity (see Figure 9.2). Among the first clinical signs of hyperviscos-
ity is the appearance of peripheral and mid-peripheral dot and blotlike hemorrhages in
the retina, which are best appreciated with indirect ophthalmoscopy and scleral depres-
sion (42). In more severe cases of hyperviscosity, dot, blot, and flame-shaped hemor-
rhages can appear in the macular area along with markedly dilated and tortuous veins
with focal constrictions resulting in “venous sausaging,” as well as papilledema.

9.6.4 Bone Marrow Findings

Bone marrow is always involved in WM. Central to the diagnosis of WM is the
demonstration, by trephine biopsy, of bone marrow infiltration by a lymphoplasma-
cytic cell population constituted by small lymphocytes with evidence of plasmacy-
toid/plasma cell differentiation (Figure 9.1). The pattern of bone marrow infiltration
might be diffuse, interstitial, or nodular, showing usually an intertrabecular pattern of
infiltration. A solely paratrabecular pattern of infiltration is unusual and should raise
the possibility of follicular lymphoma (1). The bone marrow infiltration should
routinely be confirmed by immunophenotypic studies (flow cytometry and/or immu-
nohistochemistry) showing the following profile: sigM*CD19*CD20*CD22*CD79*
(24-26). Up to 20% of cases might express either CD5, CD10, or CD23 (27). In these
cases, care should be taken to satisfactorily exclude chronic lymphocytic leukemia,
and mantle cell lymphoma (1). “Intranuclear” periodic acid-Schiff (PAS)-positive
inclusions (Dutcher-Fahey bodies) consisting of IgM deposits in the perinuclear
space and sometimes in intranuclear vacuoles might be seen occasionally in lym-
phoid cells in WM. An increase number of mast cells, usually in association with the
lymphoid aggregates, is commonly found in WM, and their presence might help in
differentiating WM from other B-cell lymphomas (2, 3).

9.6.5 Other Investigations

Magnetic resonance imaging (MRI) of the spine in conjunction with computed
tomography (CT) of the abdomen and pelvis are useful in evaluating the disease
status in WM (94). Bone marrow involvement can be documented by MRI studies
of the spine in over 90% of patients, whereas CT of the abdomen and pelvis dem-
onstrated enlarged nodes in 43% of WM patients (94). Lymph node biopsy might
show preserved architecture or replacement by infiltration of neoplastic cells with
lymphoplasmacytoid, lymphoplasmacytic, or polymorphous cytological patterns.
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The residual disease after high-dose chemotherapy with allogeneic or autologous
stem cell rescue can be monitored by polymerase chain reaction (PCR)-based meth-
ods using primers specific for the monoclonal Ig variable regions.

9.7 Prognosis

Waldenstrom’s macroglobulinemia typically presents as an indolent disease,
although considerable variability in prognosis can be seen. The median survival
reported in several large series has ranged from 5 to 10 years (95-101). Age is
consistently an important prognostic factor (>60-70 years) (95, 96, 98, 101),
but this factor is often impacted by unrelated morbidities. Anemia, which
reflects both marrow involvement and the serum level of the IgM monoclonal
protein (due to the impact of IgM on intravascular fluid retention), has emerged
as a strong adverse prognostic factor with hemoglobin levels of <9-12g/dL
associated with decreased survival in several series (95-98, 101). Cytopenias
have also been regularly identified as a significant predictor of survival (96).
However, the precise level of cytopenias with prognostic significance remains
to be determined (98). Some series have identified a platelet count of < 100-150
x 10°/L and a granulocyte count of < 1.5 x 10°/L as independent prognostic fac-
tors (95, 96, 98, 101). The number of cytopenias in a given patient has been
proposed as a strong prognostic factor (96). Serum albumin levels have also
correlated with survival in WM patients in certain but not all studies using
multivariate analyses (96, 98, 99). High beta-2 microglobulin levels (>3-
3.5mg/L) were shown in several studies (97-101), a high serum IgM M-protein
(>7g/dL) (101), as well as a low serum IgM M-protein (<4 g/dL) (99), and the
presence of cryoglobulins (95) as adverse factors. A few scoring systems have
been proposed based on these analyses (Table 9.3).

9.8 Treatment of Waldenstrom’s Macroglobulinemia

As part of the 2nd International Workshops on WM, a consensus panel was
organized to recommend criteria for the initiation of therapy in patients with
WM (98). The panel recommended that initiation of therapy should not be
based on the IgM level per se, as this might not correlate with the clinical
manifestations of WM. The consensus panel, however, agreed that initiation
of therapy was appropriate for patients with constitutional symptoms, such
as recurrent fever, night sweats, fatigue due to anemia, or weight loss. The
presence of progressive symptomatic lymphadenopathy or splenomegaly
provides additional reasons to begin therapy. The presence of anemia with a
hemoglobin value of <10 g/dL or a platelet count <100 x 10°/L resulting from
marrow infiltration also justifies treatment. Certain complications, such as
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Table 9.3 Prognostic scoring systems in Waldenstrom’s macroglobulinemia
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Study

Adverse prognostic
factors

No. of groups

Survival

Gobbi et al. (95) Hb <9 g/dL. 0-1 prognostic factors Median: 48 months
Age >70 years 2-4 prognostic factors Median: 80 months
Weight loss
Cryoglobulinemia

Morel et al. (96) Age > 65 yearrs 0-1 prognostic factors 5 years: 87%
Albumin < 4 g/dLL 2 prognostic factors 5 yearsr: 62%
Number of cytopenias: 3—4 prognostic factors 5 yearsr: 25%
Hb <12g/dL

Platelets <150 x 10°/L
WBC < 4 x 10°/L

Dhodapkar et al, (97) B,M >3 mg/L B,M < 3mg/L + Hb 5 years: 87%
>12g/dL
Hb <12 g/dL B,M < 3mg/L + Hb 5 years: 63%
< 12g/dL
1gM <4 g/dL BM=3mg/L +1gM 5 years: 53%
>4g/dL
BM=3mg/L +IgM 5 years: 21%
<4g/dL
Application of Albumin <3.5g/dL Albumin > 3.5g/dL + Median: NR
International Staging B,M =3.5mg/L
System Criteria for ~ B,M < 3.5mg/L Albumin < 3.5g/dLL + Median: 116
Myeloma to WM BM<3.50r M months
Dimopoulos et al. 3.5-5.5mg/L
(99) B,M > 5.5mg/L Median: 54 months
0-1 prognostic factors® 5 years: 87%
International Prognostic ~ Age > 65yr 2 prognostic factors® 5 years: 68%
Scoring System for Hb <11.5g/dL 3-5 prognostic factors 5 years: 36%

WM Morel et al. Platelets <100 x 10°/L
(101) B,M > 3mg/L
IgM > 7 g/dL

“Excluding age.
bor age >65 years.

hyperviscosity syndrome, symptomatic sensorimotor peripheral neuropathy,
systemic amyloidosis, renal insufficiency, or symptomatic cryoglobulinemia,
might also be indications for therapy (98).

9.9 Front-Line Therapy

Although a precise therapeutic algorithm for therapy of WM remains to be
defined given the paucity of randomized clinical trials, consensus panels com-
posed of experts who treat WM were organized as part of the 2nd and 3rd
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International Workshop on Waldenstrom’s macroglobulinemia and have formu-
lated recommendations for both frontline and salvage therapy of WM based
on the best available clinical trials evidence. Among front-line options, the
panels considered alkylator agents (e.g., chlorambucil), nucleoside analogues
(cladribine or fludarabine), the monoclonal antibody rituximab. as well as
combinations thereof as reasonable choices for the upfront therapy of WM
(102, 103). Importantly, the panel felt that individual patient considerations,
including the presence of cytopenias, need for more rapid disease control, age,
and candidacy for autologous transplant therapy, should be taken into account
in making the choice of a first-line agent. For patients who are candidates for
autologous transplant therapy and in whom such therapy is seriously consid-
ered, the panel recommended that exposure to alkylator or nucleoside analogue
therapy should be limited.

9.9.1 Alkylator-Based Therapy

Oral alkylating drugs, alone and in combination therapy with steroids, have
been extensively evaluated in the upfront treatment of WM. The greatest
experience with oral alkylator therapy has been with chlorambucil, which has
been administered on both a continuous (i.e., daily dose) schedule as well as
an intermittent schedule. Patients receiving chlorambucil on a continuous
schedule typically receive 0.1 mg/kg/day, whereas on the intermittent sched-
ule, patients will typically receive 0.3 mg/kg for 7 days, every 6 weeks. In a
prospective randomized study, Kyle et al. (104) reported no significant
difference in the overall response rate between these schedules, although,
interestingly, the median response duration was greater for patients receiving
intermittent versus continuously dosed chlorambucil (46 vs. 26 months).
Despite the favorable median response duration in this study for use of the
intermittent schedule, no difference in the median overall survival was
observed. Moreover, an increased incidence for development of myelodyspla-
sia and acute myelogenous leukemia with the intermittent (3 of 22 patients)
versus the continuous (0 of 24 patients) chlorambucil schedule prompted the
authors of this study to express preference for use of continuous chlorambucil
dosing. The use of steroids in combination with alkylator therapy has also been
explored. Dimopoulos and Alexanian (105) evaluated chlorambucil (8 mg/m?)
along with prednisone (40 mg/m?) given orally for 10 days, every 6 weeks, and
reported a major response (i.e., reduction of IgM by greater than 50%) in 72%
of patients. Non-chlorambucil-based alkylator regimens employing melphalan
and cyclophosphamide in combination with steroids have also been examined
by Petrucci et al. (106) and Case et al. (107), producing slightly higher overall
response rates and response durations, although the benefit of these more
complex regimens over chlorambucil remains to be demonstrated. Facon et al.
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(108) have evaluated parameters predicting for response to alkylator therapy.
Their studies in patients receiving single-agent chlorambucil demonstrated
that age 60, male sex, symptomatic status, and cytopenias (but, interestingly,
not high tumor burden and serum IgM levels) were associated with poor
response to alkylator therapy. Additional factors to be taken into account in
considering alkylator therapy for patients with WM include necessity for more
rapid disease control given the slow nature of response to alkylator therapy, as
well as consideration for preserving stem cells in patients who are candidates
for autologous transplant therapy.

9.9.2 Nucleoside Analogue Therapy

Both cladribine and fludarabine have been extensively evaluated in untreated as
well as previously treated WM patients. Cladribine administered as a single agent
by continuous intravenous infusion, by 2-h daily infusion, or by subcutaneous
bolus injections for 5-7 days has resulted in major responses in 40-90% of
patients who received primary therapy, whereas in the salvage setting, responses
have ranged from 38% to 54%. (108—115) The median time to achievement of
response in responding patients following cladribine ranged from 1.2 to 5 months.
The overall response rate with daily infusional fludarabine therapy administered
mainly on 5-day schedules in previously untreated and treated WM patients has
ranged from 38% to 100% and from 30% to 40%, respectively (116—121), which
are on par with the response data for cladribine. The median time to achievement
of response for fludarabine was also on par with cladribine at 3—6 months. In
general, response rates and durations of responses have been greater for patients
receiving nucleoside analogues as first-line agents, although in several of the
above studies wherein both untreated and previously treated patients were
enrolled, no substantial difference in the overall response rate was reported.
Myelosuppression commonly occurred following prolonged exposure to either of
the nucleoside analogues, as did lymphopenia with sustained depletion of both
CD4* and CD8+ T-lymphocytes observed in WM patients 1 year following initia-
tion of therapy (108, 110). Treatment-related mortality due to myelosuppression
and/or opportunistic infections attributable to immunosuppression occurred in up
to 5% of all treated patients in some series with either nucleoside analogue.
Factors predicting for response to nucleoside analogues in WM included age at
start of treatment (<70 years), pretreatment hemoglobin >95 g/L, platelets
>75,000/mm?, disease relapsing off therapy, patients with resistant disease within
the first year of diagnosis, and a long interval between first-line therapy
and initiation of a nucleoside analogue in relapsing patients (108, 114, 120).
There are limited data on the use of an alternate nucleoside analogue to salvage
patients whose disease relapsed or demonstrated resistance off cladribine or
fludarabine therapy (122, 123). Three of four (75%) patients responded to cladri-
bine to salvage patients who progressed following an unmaintained remission to
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fludarabine, whereas only 1 of 10 (10%) with disease resistant to fludarabine
responded to cladribine (122). However, Lewandowski et al. (123) reported a
response in two of six patients (33%) and disease stabilization in the remaining
patients to fludarabine, in spite of an inadequate response or progressive disease
following cladribine therapy. The long-term safety of nucleoside analogues in
WM was recently examined by Leleu et al. (124) in a large series of WM patients.
A sevenfold increase in transformation to an aggressive lymphoma, and a three-
fold increase in the development of acute myelogenous leukemia/myelodysplasia
was observed among patients who received a nucleoside analogue versus other
therapies for their WM.

9.9.3 CD20-Directed Antibody Therapy

Rituximab is a chimeric monoclonal antibody that targets CD20, a widely expressed
antigen on lymphoplasmacytic cells in WM (125). Several retrospective and pro-
spective studies have indicated that rituximab, when used at standard dosimetry
(i.e., 4 weekly infusions at 375 mg/m?) induced major responses in approximately
27-35% of previously treated and untreated patients (126—132). Furthermore, it
was shown in some of these studies that patients who achieved minor responses or
even sTable disease benefited from rituximab as evidenced by improved hemo-
globin and platelet counts and reduction of lymphadenopathy and/or splenomegaly.
The median time to treatment failure in these studies was found to range from 8 to
27+ months. Studies evaluating an extended rituximab schedule consisting of
4 weekly courses at 375mg/m?/week, repeated 3 months later by another 4-week
course have demonstrated major response rates of 44-48%, with time to progres-
sion estimates of 16+ to 29+ months (132, 133).

In many WM patients, a transient increase of serum IgM may be noted immedi-
ately following initiation of treatment. Such an increase does not herald treatment
failure, and while most patients will return to their baseline serum IgM level by 12
weeks some continue to show prolonged spiking despite demonstrating a reduction
in their bone marrow tumor load (134-136). However, patients with baseline serum
IgM levels of >50g/L or serum viscosity of >3.5cp may be particularly at risk for a
hyperviscosity related event and in such patients plasmapheresis should be consid-
ered in advance of rituximab therapy (135). Because of the decreased likelihood of
response in patients with higher IgM levels, as well as the possibility that serum IgM
and viscosity levels may abruptly rise, rituximab monotherapy should not be used as
sole therapy for the treatment of patients at risk for hyperviscosity symptoms.

Time to response after rituximab is slow and exceeds 3 months on average. The
time to best response in one study was 18 months (133). Patients with baseline
serum IgM levels of <60 g/dL are more likely to respond, irrespective of the under-
lying bone marrow involvement by tumor cells (132, 133). A recent analysis of 52
patients who were treated with single-agent rituximab has indicated that the
objective response rate was significantly lower in patients who had either low
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serum albumin (<35 g/L) or elevated serum monoclonal protein (>40 g/L. M-spike).
Furthermore, the presence of both adverse prognostic factors was related to a short
time to progression (3.6 months). Moreover, patients who had normal serum
albumin and relatively low serum monoclonal protein levels derived a substantial
benefit from rituximab, with a time to progression exceeding 40 months (137).

The genetic background of patients might also be important for determining the
response to rituximab. In particular, a correlation between polymorphisms at posi-
tion 158 in the FcyRIIla receptor (CD16), an activating Fc receptor on important
effector cells that mediate antibody-dependent cell-mediated cytotoxicity (ADCC),
and rituximab response was observed in WM patients. Individuals might encode
either the amino acid valine or phenylalanine at position 158 in the FcyRIIla receptor.
WM patients who carried the valine amino acid (either in a homozygous or hetero-
zygous pattern) had a fourfold higher major response rate (i.e., 50% decline in
serum IgM levels) to rituximab versus those patients who expressed phenylalanine
in a homozygous pattern (138).

9.9.4 Combination Therapies

Because rituximab is an active and a nonmyelosuppressive agent, its combination
with chemotherapy has been explored in WM patients. Weber et al. (139)
administered rituximab along with cladribine and cyclophosphamide to 17 previously
untreated patients with WM. At least a partial response was documented in 94% of
WM patients, including a complete response in 18%. With a median follow-up of 21
months, no patient has relapsed. In a study by the Waldenstrom’s Macroglobulinemia
Clinical Trials Group (WMCTG), the combination of rituximab and fludarabine was
evaluated in 43 WM patients, 32 (75%) of whom were previously untreated (140).
Ninety-one percent of patients demonstrated at least a 25% decrease in serum IgM
levels, and response rates were as follows: complete response (CR), 7%; partial
response (PR), 74.4%; major response (MR), 9.3%. Hematological toxicity was
common with grade 3/4 neutropenia observed in 58% of patients. Two deaths
occurred in this study, which might have been related to therapy-induced immuno-
suppression. With a median follow-up of 17 months, 34/39 (87%) remain in remis-
sion. The addition of rituximab to fludarabine and cyclophosphamide has also been
explored in the salvage setting by Tam et al. (141), wherein four of five patients
demonstrated a responsel41. In another combination study with rituximab, Hensel
et al. (142) administered rituximab along with pentostatin and cyclophosphamide to
13 patients with untreated and previously treated WM or lymphoplasmacytic lym-
phoma. A major response was observed in 77% or patients. In a study by Dimopoulos
et al., the combination of rituximab, dexamethasone, and cyclophosphamide was
used as primary therapy to treat 70 patients with WM (143). On an intent-to-treat
basis, at least a major response was observed in 70% of patients. With a median fol-
low-up of 24 months, 60% of patients are progression-free. Therapy was well tolerated,
although one patient died of interstitial pneumonia.
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In addition to nucleoside analogue-based trials with rituximab, two studies have
examined CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) in
combination with rituximab (CHOP-R). In a randomized front-line study by the
German Low Grade Lymphoma Study Group (GLSG) involving 72 patients (71%
of whom had lymphoplasmacytic lymphoma), a significantly higher response rate
(94% vs. 69%) was observed among patients receiving CHOP-R versus CHOP,
respectively (144). Treon et al. (145) have also evaluated CHOP-R in 13 WM
patients, 8 and 5 of whom were relapsed or refractory to nucleoside analogues and
single-agent rituximab, respectively. Among 13 evaluable patients, 10 patients achieved
a major response (77%) including 3 CR and 7 PR, and two patients achieved a
minor response.

The addition of alkylating agents to nucleoside analogues has also been explored
in WM. Weber et al. administered two cycles of oral cyclophosphamide along with
subcutaneous cladribine to 37 patients with previously untreated WM (139). At
least a partial response was observed in 84% of patients and the median duration of
response was 36 months. Dimopoulos et al. (146) examined fludarabine in combi-
nation with intravenous cyclophosphamide and observed partial responses in 6 of
11 (55%) WM patients with either primary refractory disease or who had relapsed
on treatment. The combination of fludarabine plus cyclosphosphamide was also
evaluated in a recent study by Tamburini et al. (147) involving 49 patients, 35 of
whom were previously treated. Seventy-eight percent of the patients in this study
achieved a response, and median time to treatment failure was 27 months.
Hematological toxicity was commonly observed and three patients died of treat-
ment-related toxicities. Two interesting findings in this study was the development
of acute leukemia in two patients, histologic transformation to diffuse large-cell
lymphoma in one patient, and two cases of solid malignancies (prostate and
melanoma), as well as failure to mobilize stem cells in four of six patients.

In view of the above data, the consensus panel on therapeutics amended its origi-
nal recommendations for the therapy of WM to include the use of combination
therapy with either nucleoside analogues and alkylator agents, or rituximab in com-
bination with nucleoside analogues, nucleoside analogues plus alkylator agents, or
combination chemotherapy such as CHOP as reasonable therapeutics options for
the treatment of WM (103).

9.10 Salvage Therapy Including Novel Agents

For patients in relapse or who have refractory disease, the consensus panels recom-
mended the use of an alternative first-line agent as defined earlier, with the caveat that
for those patients for whom autologous transplantation was being seriously consid-
ered, further exposure to stem-cell-damaging agents (i.e., many alkylator agents and
nucleoside analogue drugs) should be avoided, and a non-stem-cell toxic agent such
as should be considered if stem cells had not previously been harvested (102, 103).
Recent studies have also demonstrated activity for several novel agents, including
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bortezomib, thalidomide alone or in combination, and alemtuzumab, and can be
considered in the treatment of relapsed/refractory WM. Finally, autologous stem cell
transplant remains an option for the salvage therapy of WM, particularly among
younger patients who have had multiple relapses or have primary refractory disease.

9.10.1 Proteosome Inhibitor

Bortezomib, a stem-cell-sparing agent (148, 149), is a proteosome inhibitor that
induces apoptosis of primary WM lymphoplasmacytic cells, as well as the WM-
WSU WM cell line at pharmacologically achievable levels (150). Moreover, borte-
zomib might also impact on bone marrow microenvironmental support for
lymphoplasmacytic cells (151). In a multi-enter study of the Waldenstrom’s
Macroglobulinemia Clinical Trials Group (WMCTG) (152), 27 patients received up
to 8 cycles of bortezomib at 1.3 mg/m? on days 1, 4, 8, and 11. All but one patient
had relapsed/or refractory disease. Following therapy, median serum IgM levels
declined from 4660 to 2092 mg/dL (p <0.0001). The overall response rate was 85%,
with 10 and 13 patients achieving a minor response (<25% decrease in IgM) and
major (<50% decrease in IgM) response, respectively. Responses were prompt and
occurred at a median of 1.4 months. The median time to progression for all respond-
ing patients in this study was 7.9 (range: 3-21.4+) months, and the most common
grade 3/4 toxicities occurring in >5% of patients were sensory neuropathies (22.2%),
leukopenia (18.5%), neutropenia (14.8%), dizziness (11.1%), and thrombocytope-
nia (7.4%). Importantly, sensory neuropathies resolved or improved in nearly all
patients following cessation of therapy. As part of an NCI-Canada study, Chen et al.
(153) treated 27 patients with both untreated (44%) and previously treated (56%)
disease. Patients in this study received bortezomib utilizing the standard schedule
until they either demonstrated progressive disease or two cycles beyond a complete
response or sTable disease. The overall response rate in this study was 78%, with
major responses observed in 44% of patients. Sensory neuropathy occurred in 20
patients, 5 with grade >3, and occurred following two to four cycles of therapy.
Among the 20 patients developing a neuropathy, 14 patients resolved and 1 patient
demonstrated a one-grade improvement at 2—13 months. In addition to the above
experiences with bortezomib monotherapy in WM, Dimopoulos et al. (154)
observed major responses in 6 of 10 (60%) previously treated WM patients, whereas
Goy et al. (155) observed a major response in 1 of 2 WM patients included in a
series of relapsed or refractory patients with non-Hodgkin’s lymphoma.

9.10.2 CD52-Directed Antibody Therapy

Alemtuzumab is a humanized monoclonal antibody that targets CD52, an antigen
widely expressed on bone marrow lymphoplasmacytic cells (LPC) in WM patients
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as well as on mast cells that are increased in the BM of patients with WM and pro-
vide growth and survival signals to WM LPC through several tumor necrosis factor
(TNF) family ligands (CD40L, APRIL, BLYS). As part of a WMCTG effort (156),
28 subjects with the REAL/WHO clinicopathological diagnosis of LPL, including
27 patients with IgM (WM) and 1 with IgA monoclonal gammopathy, were
enrolled in this prospective, multicenter study. Five patients were untreated and 23
were previously treated, all of whom had previously received rituximab. Patients
received 3 daily test doses of alemtuzumab (3, 10, and 30 mg IV) followed by 30 mg
alemtuzumab IV three times a week for up to 12 weeks. All patients received acy-
clovir and bactrim or equivalent prophylaxis for the duration of therapy plus 8 weeks
following the last infusion of alemtuzumab. Among 25 patients evaluable for
response, the overall response rate was 76%, which included 8 (32%) major respond-
ers and 11 (44%) minor responders. Hematological toxicities were common among
previously treated (but not untreated) patients and included grade 3/4 neutropenia
(39%), thrombocytopenia (18%), and anemia (7%.) Grade 3/4 nonhematological
toxicity for all patients included dermatitis (11%), fatigue (7%), and infection (7%).
Cytomegalovirus (CMV) reactivation and infection was commonly seen among pre-
viously treated patients and might have been etiological for one death on study. With
a median follow-up of 8.5+ months, 11/19 responding patients remain free of pro-
gression. High rates of response with the use of alemtuzumab as salvage therapy
have also been reported by Owen et al. (157) in a small series of heavily pretreated
WM patients (with a median prior therapies of four) who received up to 12 weeks
of therapy (at 30mg IV three times a week) following initial dose escalation. Among
the seven patients receiving alemtuzumab, five patients achieved a partial response
and one patient achieved a complete response. Infectious complications were com-
mon, with CMV reactivation occurring in three patients requiring ganciclovir ther-
apy, and hospitalization for three patients for bacterial infections. Opportunistic
infections occurred in two patients and were responsible for their deaths. An upfront
study by the WMCTG examining the role of alemtuzumab in combination with
rituximab is anticipated, given the efficacy results of the above studies.

9.10.3 Thalidomide and Lenalidomide

Thalidomide as a single agent, and in combination with dexamethasone and
clarithromycin, has also been examined in patients with WM, in view of the suc-
cess of these regimens in patients with advanced multiple myeloma. Dimopoulos
et al. (158) demonstrated a major response in 5 of 20 (25%) previously untreated
and treated patients who received single-agent thalidomide. Dose escalation
from the thalidomide start dose of 200 mg daily was hindered by the develop-
ment of side effects, including the development of peripheral neuropathy in five
patients obligating discontinuation or dose reduction. Low doses of thalidomide
(50mg orally daily) in combination with dexamethasone (40 mg orally once a
week) and clarithromycin (250 mg orally twice a day) have also been examined,
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with 10 of 12 (83%) previously treated patients demonstrating at least a major
response (159). However, in a follow-up study by Dimopoulos et al. (160) using
a higher thalidomide dose (200 mg orally daily) along with dexamathasone (40 g
orally once a week) and clarithromycin (500 mg orally twice a day), only 2 of 10
(20%) previously treated patients responded. In a previous study, the immu-
nomodulators thalidomide and its analogue lenalidomide significantly aug-
mented rituximab-mediated antibody-dependent cell-mediated cytotoxicity
(ADCC) against lymphoplasmacytic cells (161). Moreover, an expansion of nat-
ural killer cells has been observed with thalidomide, which, in previous studies,
have been shown to be associated with rituximab response (162, 163). In view
of these data, the WMCTG conducted two phase II clinical trials in symptomatic
patients with WM combining thalidomide or lenalidomide with rituximab (164).
Intended therapy for patients on the phase II study of thalidomide plus rituximab
consisted of thalidomide administered at 200 mg daily for 2 weeks, followed by
400mg daily thereafter for 1 year. Patients received four weekly infusions of
rituximab at 375 mg/m? beginning 1 week after initiation of thalidomide, fol-
lowed by four additional weekly infusions of rituximab at 375 mg/m? beginning
at week 13. Twenty-three of 25 patients were evaluable in this study and
responses included the following: CR, n = 1; PR n = 15; MR, n = 2; Stable
Disease (SD), n = 1, for an overall (ORR) and a major response rate of 78% and
70%, respectively. Median serum IgM levels decreased from 3670 (924—
8610mg/dL) to 1590 (36-5230mg/dL) (p < 0.001), whereas the median hemat-
ocrit rose from 33.0 (23.6-42.6%) to 37.6 (29.3-44.3%) (p = 0.004) at best
response. With a median follow-up of 42+ months, the median Time to
Progression (TTP) for evaluable patients on this study was 35 months, and it was
38+ months for responders. Responses were associated with a median cumula-
tive thalidomide dose: CR/PR/MR (29,275 mg) vs. SD/NR (7400 mg); p = 0.004.
Responses were unaffected by FcyRIITA-158 polymorphism status (81% vs.
71% for Valine/Valine (VV)/Phenylalanine/Valine (FV) vs. Phenylalanine/
Phenylalanine (FF); IgM (78% vs. 80% for <6000 vs. 26000 mg/dL); and B,M
(71% vs. 89% for <3 vs. 23 g/dL). Dose reduction of thalidomide occurred in all
patients and led to discontinuation in 11 patients. Among 11 patients experienc-
ing grade =2 neuroparesthesias, 10 demonstrated resolution to grade 1 (n = 3)
or complete resolution (n = 7) at a median of 6.7 (range: 0.4—22.5 months).

In a phase II study of lenalidomide and rituximab in WM (165), patients were
initiated on lenalidomide at 25 mg daily on a syncopated schedule wherein therapy
was administered for 3 weeks, followed by a 1-week pause for an intended duration
of 48 weeks. Patients received 1 week of therapy with lenalidomide, after which
rituximab (375 mg/m?) was administered weekly on weeks 2-5, then weeks 13-16.
Twelve of 16 patients were evaluable and responses included the following: PR,
n=4; MR, n=4; SD, n=3; and NR, n = 1 for an overall and a major response rate
of 67% and 33%, respectively, and a median TTP of 15.6 months. In two patients
with bulky disease, significant reduction in node/spleen size was observed. Acute
decreases in hematocrit were observed during first 2 weeks of lenalidomide therapy
in 13/16 (81%) patients with a median hematocrit decrease of 4.4% (1.7-7.2%),
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resulting in hospitalization in 4 patients. Despite reduction of initiation doses to
5mg daily, anemia continued to be problematic without evidence of hemolysis or
more general myelosuppression. Therefore, the mechanism for pronounced anemia
in WM patients receiving lenalidomide remains to be determined and the use of this
agent among WM patients remains investigational.

9.11 High-Dose Therapy and Stem Cell Transplantation

The use of transplant therapy has also been explored in patients WM. Desikan
et al. (166) reported their initial experience of high-dose chemotherapy and autolo-
gous stem cell transplant, which has more recently been updated by Munshi
et al. (167) Their studies involved eight previously treated WM patients between
the ages of 45 and 69 years, who received either melphalan at 200 mg/m? (n = 7)
or melphalan at 140 mg/m? along with total-body irradiation. Stem cells were
successfully collected in all eight patients, although a second collection proce-
dure was required for two patients who had extensive previous nucleoside ana-
logue exposure. There were no transplant-related mortalities and toxicities were
manageable. All eight patients responded, with seven of eight patients achieving
a major response and one patient achieving a complete response, with durations
of response raging from 5+ to 77+ months. Dreger et al. (168) investigated the
use of the DEXA-BEAM (dexamethasone, BCNU, etoposide, cytarabine, mel-
phalan) regimen followed by myeloablative therapy with cyclophosphamide,
and total-body irradiation and autologous stem cell transplantation in seven WM
patients, which included four untreated patients. Serum IgM levels declined by
>50% following DEXA-BEAM and myeloablative therapy for six of seven
patients, with progression-free survival ranging from 4+ to 30+ months. All
three evaluable patients, who were previously treated, also attained a major
response in a study by Anagnostopoulos et al. (169) in which WM patients
received various preparative regimens and showed event-free survivals of 26+,
31, and 108+ months. Tournilhac et al. (170) recently reported the outcome of
18 WM patients in France who received high-dose chemotherapy followed by
autologous stem cell transplantation. All patients were previously treated with a
median of three (range: 1-5) prior regimens. Therapy was well tolerated with an
improvement in response status observed for seven patients (six PR to CR; one
SD to PR), whereas only one patient demonstrated progressive disease. The
median event-free survival for all nonprogressing patients was 12 months.
Tournilhac et al. (170) have also reported the outcome of allogeneic transplanta-
tion in 10 previously treated WM patients (ages: 35-46 years) who received a
median of 3 prior therapies, including 3 patients with progressive disease despite
therapy. Two of three patients with progressive disease responded, and an
improvement in response status was observed in five patients. The median event-
free survival for nonprogressing, evaluable patients was 31 months. Involved in
this series was the death of three patients as a result of transplantation-related
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toxicity. Anagnostopoulos et al. (171) have also reported on a retrospective
review of WM patients who underwent either autologous or allogeneic trans-
plantation and whose outcomes were reported to the Center for International
Blood and Marrow Transplant Research. Seventy-eight percent of patients in this
cohort had two or more previous therapies and 58% of them were resistant to
their previous therapy. The relapse rate at 3 years was 29% in the allogeneic
group and 24% in the autologous group. Nonrelapse mortality, however, was
40% in the allogeneic group and 11% in the autologous group in this series. In
view of the high rate of nonrelapse mortality associated with high-dose chemo-
therapy and allogeneic transplantation, Maloney et al. (172) have evaluated the
use of nonmyeloablative allogeneic transplantation in five patients with refrac-
tory WM. In this series, three of three evaluable patients (all of whom had
matched sibling donors) responded with two in CR and one in PR at 1-3 years
posttransplant. In view of the above data, the consensus panel on therapeutics for
WM has recommended that autologous transplantation in WM be considered in
the relapsed setting, particularly among younger patients who have had multiple
relapses or primary refractory disease, whereas allogeneic and mini-allogeneic
transplantation should be undertaken ideally in the context of a clinical trial
(102, 103).

9.12 Response Criteria in Waldenstrom’s Macroglobulinemia

Assessment of response to treatment for WM has been widely heterogeneous. As a
consequence, studies using the same regimen have reported significantly different
response rates. As part of the 2nd and 3rd International Workshops on WM, con-
sensus panels developed guidelines for uniform response criteria in WM (173,
174). The category of minor response was adopted at the 3rd International
Workshop of WM, given that clinically meaningful responses were observed with
newer biological agents and is based on >25% to <50% decrease in serum IgM
level, which is used as a surrogate marked of disease in WM. In distinction, the
term major response is used to denote a response of >50% in serum IgM levels and
includes partial and complete responses (174). Response categories and criteria for
progressive disease in WM based on consensus recommendations are summarized
in Table 9.4. An important concern with the use of IgM as a surrogate marker of
disease is that it can fluctuate, independent of tumor cell killing, particularly with
newer biologically targeted agents such as rituximab and bortezomib (134-136,
152, 175). Rituximab induces a spike or flare in serum IgM levels that can last for
months, whereas bortezomib can suppress IgM levels independent of tumor cell
killing in certain patients. In circumstances where the serum IgM levels appear out
of context with the clinical progress of the patient, a bone marrow biopsy should be
considered in order to clarify the patient’s underlying disease burden. Soluble
CD27 is currently being investigated by Ho et al. (34) as an alternative surrogate marker
in WM.
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Table 9.4 Summary of updated response criteria from the 3rd International Workshop on
Waldenstrom’s Macroglobulinemia (174)

Complete response ~ CR  Disappearance of monoclonal protein by immunofixation; no

histological evidence of bone marrow involvement, and reso-
lution of any adenopathy/organomegaly (confirmed by CT
scan), along with no signs or symptoms attribuTable to WM.
Reconfirmation of the CR status is required at least 6 weeks
apart with a second immunofixation.

Partial response PR A >50% reduction of serum monoclonal IgM concentration on

protein electrophoresis and 250% decrease in adenopathy/
organomegaly on physical examination or on CT scan. No
new symptoms or signs of active disease.

Minor response MR A 225% but <50% reduction of serum monoclonal IgM by
protein electrophoresis. No new symptoms or signs of active
disease.

Stable disease SD A <25% reduction and <25% increase of serum monoclonal IgM

by electrophoresis without progression of adenopathy/orga-
nomegaly, cytopenias or clinically significant symptoms due
to disease and/or signs of WM.

Progressive disease ~ PD A 225% increase in serum monoclonal IgM by protein electro-

phoresis confirmed by a second measurement or progression
of clinically significant findings due to disease (i.e., anemia,
thrombocytopenia, leukopenia, bulky adenopathy/organome-
galy) or symptoms (unexplained recurrent fever >38.4°C,
drenching night sweats, >10% body weight loss, or hypervis-
cosity, neuropathy, symptomatic cryoglobulinemia or amy-
loidosis) attributable to WM.
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Chapter 10
Rare B-cell Lymphomas

Primary Mediastinal, Intravascular, and Primary
Effusion Lymphoma

Kerry J. Savage

10.1 Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin
lymphoma. This group of diseases is defined pathologically by a diffuse infiltrate
of large neoplastic B-cells and clinically by aggressive presentations. Variants and
subtypes of DLBCL are recognized in the REAL (Real European-American
Lymphoma Classification) and WHO (World Health Classifications) based on
unique pathologic features and clinical presentations. Herein are described the three
clinical subtypes of DLBCL.

10.2 Primary Mediastinal Large B-Cell Lymphoma

Primary mediastinal large B-cell lymphoma (PMBCL) is recognized as a unique
clinical subtype of DLBCL based on distinct clinical and pathologic features and it
is believed to arise from thymic medullary B-cells, suggesting a unique histogene-
sis (1). It accounts for approximately 2% of patients with non-Hodgkin’s lym-
phoma with a propensity to affect young adults. Although morphologically it
resembles DLBCL, it has distinct morphologic, immunophenotypic, and genetic
features. Further, it has long been appreciated that there is considerable clinical and
pathologic overlap with nodular sclerosis Hodgkin’s lymphoma and recent micro-
array studies confirm that PMBCL nasa gene signature with striking similarities to
that of classical Hodgkin’s lymphoma (CHL)(2).

10.2.1 Pathology

The tumor is composed of diffuse large cells with pale or ‘clear’ cytoplasm and
variable degrees of sclerosis (Figure 10.1). PMBCL is derived from B-cells and the
malignant cells express pan-B-cell antigens (CD19, CD20, CD22). However,
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Figure 10.1 PMBCL large malignant cells with clear cytoplasm compartmentalized by fine
delicate bands of fibrosis.

unlike other B-cell lymphomas, the malignant cells often lack surface immunoglob-
ulin (sIg) (1), despite expression of the Ig coreceptor CD79a. CD30 expression is
often weak and inhomogeneous in contrast to uniform and strong expression seen
in classical Hodgkin’s lymphoma or anaplastic large-cell lymphoma.

The mediastinal location of PMBCL in addition to the finding of Hassall’s
corpuscles and thymic lobules in some cases suggest a thymic origin. Although it is
primarily a site of T-cell maturation, the thymus does contain a small number of B-cells
that are positive for CD19, CD20, CD22, IgM, and lack CD21 (3). Hypermutated VH
and BCL6 genes of a similar pattern have been observed in both PMBCL tumor cells
and thymic B-cells, supporting derivation from the thymus and suggesting exposure to
the germinal center at some point in histogenesis (4).

10.2.2 Molecular Genetics

Primary mediastinal large B-cell lymphoma is characterized by distinctive
chromosomal aberrations, including consistent gains in chromosome 9p and 2p
corresponding to JAK?2 and c-REL, respectively (5, 6). Gains in chromosome 9
are highly specific for PMBCL and occur only sporadically in other B-cell lymphomas.
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Aberrations in chromosome X are also observed at a high frequency, but the sig-
nificance is unknown. Conversely, BCL2 and BCL6 rearrangements found in a
subset of DLBCL are notably absent in PMBCL. More recently, a more sensitive
technique than standard CGH (comparative genomic hybridization) using a tiling
resolution array CGH has also demonstrated a significant number of chromo-
somal losses, including 1p13.2 and 17pl12 (7), but the corresponding genes
involved are unknown.

Biallelic mutations of SOCS1 (suppressor in cytokine signaling) in the MedB1, a
PMBCL cell line, were recently discovered that result in sustained activity of phos-
pho-JAK?2 through delayed protein turnover (8). Mutations in the SOCS1 gene are
seen at a relatively high frequency in PMBCL tumors correlating with gains at 9p24,
the JAK2 locus (8). Similarly, Karpas 1106, another PMBCL cell line, harbors a
homozygous deletion at 16p13.13 and absent expression of SOCS1, providing further
evidence that SOCS1 qualifies as a novel tumor suppressor in PMBCL (9).

10.2.3 Relationship of Primary Mediastinal Large
B-Cell lymphoma with Nodular Sclerosis Classical
Hodgkin’s Lymphoma

Although PMBCL is considered a subtype of DLBCL, it has several notable overlap-
ping clinical and pathologic features that are shared with the nodular sclerosis sub-
type of classical Hodgkin’s lymphoma (NScHL) (2). Both occur most often in young
adults who present with a prominent mediastinal mass but lack extrathoracic disease.
Pathologically, sclerosis is prominent in both tumors and Reed-Sternberg-like cells
can be seen in PMBCL. Further, the Hodgkin Reed-Sternberg cells (HRS) are typified
by the absence of surface immunoglobulin (sIg) and, similarly, the malignant B-cells
of PMBCL lack slg in up to 70% of cases. Classical Hodgkin’s lymphoma also har-
bors gains in chromosome 2p and 9p and, in addition, SOCS1 mutations have also
recently been found in cHL, resulting in accumulation of phospho-STATS, supporting
the hypothesis that this pathway might be critical in both tumors (2). MAL, a lipid
raft component, is differentially expressed in PMBCL compared to DLBCL and is
found in some cases of NScHL (10-12) and might be associated with a worse prog-
nosis (13). In addition to these striking clinical, immunologic, and molecular similari-
ties, there are rare reported cases of composite or sequential NScHL and PMBCL in
addition to “mediastinal gray zone lymphomas” with features between NScHL and
PMBCL. (14). In cases of sequential lymphoma, IgH rearrangements of a similar size
have been found, confirming a common origin (14).

Despite these similarities, there are still important differences between PMBCL
and NScHL. Unlike HRS cells, PMBCL tumor cells retain several B-cell differen-
tiation markers and histologically appear more similar to other DLBCLs. The brisk
inflammatory background seen in cHL is not usually seen in PMBCL.

These observations support the notion that PMBCL may be pathogenetically
related to NScHL. This hypothesis of an overlapping relationship is further supported



246 K.J. Savage

by two recent gene expression profiling studies that demonstrated that the molecular
signature of PMBCL had a striking resemblance to the expression profile of HRS cell
lines (12, 15) (Figures 10.2A and 10.2B). A prominent cytokine pathway with over-
expression of IL13Ral, JAK2, and STAT1 were present (15) (Figures 10.2A and
10.2B), in addition to chemokines TARC and RANTES, both of which have been
identified in HRS cells (16). Further, a prominent tumor necrosis factor (TNF) sig-
nature was identified in both cHL and PMBCL, including the adaptor protein TRAF1
(12, 15). Nuclear factor (NF) kB promotes HRS cell survival and, similarly, nuclear
localization of c-REL, consistent with activation, was seen in the majority of cases of
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Figure 10.2 (A) Comparative gene expression profiles of DLBCL and PMBCL. At the top, the
actual clinical/pathologic diagnosis of DLBCL versus PMBCL (green vs. red), presence or absence
of mediastinal disease (pink vs. light green), and molecular prediction of DLBCL versus PMBCL
(green vs. red) are compared. Genes are clustered using hierarchical clustering. Expression profiles
of 176 DLBCLs are on the left; profiles of the 34 PMBCL are on the right. Note: Red = high relative
expression, blue = low expression. Column = sample, row = gene. (Copyright American Society of
Hematology, adapted and used with permission) (15)
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Figure 10.2 (B) Relationship of PMBCL to Hodgkin lymphoma. Relative gene expression is
shown in primary PMBCLs (average of all biopsy samples), the PMBCL cell line K1106, three
Hodgkin’s lymphoma (HL) cell lines, and six GCB DLBCL cell lines, according to the color scale
shown in (A) PMBCL signature genes that are also expressed at high levels in Hodgkin’s lym-
phoma cell lines compared with GCB DLBCL cell lines. (B) PMBCL signature genes not
expressed in Hodgkin lymphoma cell lines. (C) Mature B-cell markers expressed in PMBCL and
GCB DLBCL but not in Hodgkin’s lymphoma. (D) Enrichment within the set of PMBCL signature
genes of genes highly expressed in Hodgkin’s lymphoma cell lines or in the K1106 PMBCL cell
line relative to GCB DLBCL cell lines. (Adapted from the Journal of Experimental Medicine, by
copyright permission of The Rockefeller University Press)
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PMBCL (15). Further, increased expression of downstream targets of NFKB is also
seen in PMBCL, supporting that this pathway might also be critical in disease patho-
genesis (15, 17).

The expression of TRAF1 and nuclear c-REL together may also aid in differen-
tiating PMBCL from the morphologically similar DLBCL (18). These and other
markers that can reliably and reproducibly differentiate PMBCL will also facilitate
future study comparisons.

10.2.4 Clinical Features

Patients with PMBCL are typically females in their third to fourth decade who
present with large, often bulky, anterior mediastinal masses with associated respira-
tory symptoms (Figures 10.3A and 10.3B). Superior vena caval syndrome can
occur with facial swelling, dyspnea, headache, neck vein distention, and, occasionally,
thrombosis. Most patients have bulky, stage I or II disease at diagnosis, often

Figure. 10.3 (A) Chest X-ray of a patient with a bulky anterior mediastinal mass; (B) CT scan
of a patient with a bulky anterior mediastinal mass.
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Figure. 10.3 (B) (continued)

accompanied by intrathoracic extension into the lung, chest wall, and pericardial
and pleural effusions can occur. Extrathoracic disease, including bone marrow involve-
ment, at presentation is rare. However, at relapse, disease in unusual extranodal sites
such as the liver, kidneys and central nervous system (CNS) can occur (2).

10.2.5 Prognostic Features

There have been varied reports regarding survival in PMBCL that might, in part,
be due to diagnostic imprecision and the difficulty in separating PMBCL from
DLBCL with secondary mediastinal involvement because there are no definitive
biological markers of PMBCL. This diagnostic uncertainty can influence reports
on biological characteristics and survival analyses, complicating comparisons
between studies. This problem is highlighted in earlier studies in which a more
aggressive course was observed (19-21), with cure rates in some cases worse
than DLBCL despite the younger age of presentation. In contrast, more recent
analyses have demonstrated outcome patterns at least equivalent to or superior
than DLBCL (22-26) (Table 10.1 and Figure 10,4A and 10.4B). Further, using a
refined molecular signature to diagnose PMBCL, a more favorable survival is
observed, supporting the notion that PMBCL might have a different natural history
than DLBCL (12). This is further highlighted by the clear plateau seen in the pro-
gression-free survival (PFS) curve of PMBCL with rare relapses seen beyond
2 years (26) in distinct comparison to DLBCL (Figure 10.4A).
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Figure 10.4 (A) Overall survival of PMBCL; (B) Progression-free survival of PMBCL (26)
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The International Prognostic Index (IPI) was originally developed in diffuse large-
cell lymphoma prior to the recognition of PMBCL. Subsequent studies evaluating the
IPI or the aalPI (age-adjusted) have been discrepant in PMBCL (23, 25-27). This
may reflect differences between studies assigning patient as stage IV or stage IIE if
multiple but contiguous extranodal sites are involved. In the few studies that have
found the index useful, it has been the IPI that was applied, suggesting that it is pri-
marily age that drives the poor prognosis. Even if the aalPI is used, which eliminates
the number of extranodal sites as a risk factor, most patients will have an elevated
lactate dehydrogenase (LDH), again reducing the usefulness of its discrimatory
power (27). Other factors that in individual studies have been found to prognosticate
also include pleural or pericardial involvement and poor performance status (26, 28).

10.2.6 Primary Treatment of PMBCL

The optimal type of chemotherapy and role of consolidative radiotherapy in the
management of PMBCL is unknown. Treatments at various study centers have been
extremely heterogeneous with respect to the choice of chemotherapy regimen and
whether radiotherapy was utilized in the primary therapy (Table 10.1). In several
retrospective analyses, there is emerging evidence that dose-intensified therapy
using Methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisone,
bleomycin (MACOPB) or Etoposide, doxorubicin, cyclophosphamide, vincris-
tine, prednisone, bleomycin (VACOPB) may be superior to cyclophosphamide
doxorubicin, vincristine, prednisone (CHOP) chemotherapy (23, 25) (Table 10.1).
Survival using CHOP ranges from 40% to 71%, and for MACOPB/VACOPB, it
ranges from 71% to 93% (Table 10.1). The large retrospective SWOG study
comparing CHOP to second- and third-generation regimens, including MACOPB,
in the treatment of diffuse large-cell lymphoma was performed prior to the
recognition of PMBCL as a distinct entity; thus, information regarding the superi-
ority of these intensified regimens over CHOP from a randomized trial are not
available (29). The group at Memorial Sloan-Kettering recently reported a
retrospective series comparing “CHOP-like” chemotherapy, which included second
and third-generation regimens, to an intensified regimen, NHL-15 (dose dense
sequential induction with doxorubicin followed by cyclophosphamide with
GCSF support) (Table 10.1). NHL-15 was associated with a more favorable
outcome in multivariate analysis (Table 10.1). However, the number of patients
receiving specific regimens was too small for individual comparisons. Further, in
general there is an inherent selection bias of patients chosen to be treated with
more intensive regimens.

Some researchers support using autologous stem cell transplant in the primary
treatment of PMBCL with one small report of 15 patients with high—intermediate- or
high-risk disease achieving a disease-free survival (DFS) of 93% after a median
follow-up of 35 months with transplant (30). However, all but two patients were in a
complete remission (CR) or partial remission (PR) prior to transplant with induction
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therapy consisting of VACOPB, and due to the high frequency of residual masses in
this disease, many of the PR patients by imaging might be in a pathological CR; thus,
the true impact of consolidative autologous stem cell transplant (ASCT) is unknown.

Further complicating the evaluation of the effectiveness of dose-dense and dose-
intensive regimens is that these studies were undertaken in the “pre-rituximab” era.
The addition of rituximab to CHOP chemotherapy has been shown in multiple studies
to improve cure rates in DLBCL over CHOP alone (31-33). The value of adding
rituximab to CHOP (R-CHOP) in PMBCL is unknown; however, it is likely that the
same magnitude of benefit will be observed. Dose-adjusted Etoposide, vincristine,
doxorubicin, bolus cyclophosphamide, prednisone (EPOCH) (DA-EPOCH) was
recently evaluated in 36 patients with PMBCL, 22 of whom received DA-EPOCH in
combination with rituximab (DA-EPOCH-R). This regimen administers the natural
product chemotherapy agents by continuous infusion (etoposide, doxorubicin, vinc-
ristine) in addition to bolus cyclophosphamide and oral prednisone with dose adjust-
ments based on the neutrophil nadir (34). With a median follow-up of 8.6 years,
patients treated with DA-EPOCH-R had a 2-year event-free survival (EFS) that was
superior to DA-EPOCH alone (94% vs. 64%, respectively, p = 0.036) (35). However,
the utility of more intensive chemotherapy regimens in the treatment of PMBCL can
only be evaluated in a well-designed randomized clinical trial that includes the addi-
tion of rituximab to each regimen. Until such studies are available, it is reasonable to
consider R-CHOP chemotherapy as the standard treatment in PMBCL.

10.2.7 Consolidative Radiotherapy in the Treatment of PMBCL

A major challenge in the management of PMBCL is the evaluation of a residual mass
postchemotherapy. There is poor correlation between the size of a residual mass on
computerized tomography (CT) and risk of relapse (36, 37). In many instances, the
residual density represents fibrotic tissue rather than active lymphoma, similar to the
problem encountered in bulky mediastinal NScHL (36). Many patients are given
mediastinal radiotherapy as consolidative treatment for this reason; however, it is
unclear whether this impacts relapse or cure rates. There is also an inherent concern
regarding the long-term toxicities of mediastinal radiotherapy, including an increased
risk of cardiovascular disease and secondary malignancies, particularly given the
young population at risk (38), akin to treatment considerations in NScHL. Although
some studies have suggested that radiotherapy improves EFS (23, 25, 39) (Table
10.1), other analyses have demonstrated that chemotherapy alone is effective in many
cases (24, 26, 27, 35), suggesting that radiotherapy is not mandatory in all patients.
An improvement in EFS was reported in one study when radiotherapy is given to
patients achieving a CR (23). However, a recent analysis evaluating the impact on
PFS with a policy recommending routine radiotherapy following primary chemo-
therapy failed to demonstrate a benefit (26). The retrospective nature of such analy-
ses, including definitions of response rates, is problematic and randomized studies
addressing this question are lacking. Improved identification of patients who might
benefit from the addition of radiotherapy is needed.
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%’Ga scintigraphy has been used to detect persistent viable tumor in patients with
aresidual mass after therapy (40). However, Fluorine-18 fluorodeoxyglucose ("*F-FDG)
positron emission tomography (PET) is superior to “’Ga for the detection of residual
disease (41). Therefore, future studies are needed to that evaluate the utility of '°F-
FDG PET to select patients with PMBCL who might benefit from radiotherapy and,
alternatively, identify those cases where it can be safely withheld without compromis-
ing cure rates, with the goal of reducing secondary long-term complications.

10.2.8 Salvage Therapy

Treatment failures in PMBCL tend to occur within the first 6-12 months after
treatment completion, with recurrences rare beyond 2 years (25, 26). Like DLBCL,
chemosensitivity to the salvage regimen is predictive of a more favorable outcome
to ASCT (42). Limited data suggest that PMBCL patients might be less likely to
respond to salvage chemotherapy and proceed to ASCT than DLBCL; however, in
those patients who could be transplanted, outcomes appear to be similar (43). It is
unclear what the outcome of patients with refractory disease is. Some studies have
suggested that survival is comparable to relapsed patients (42); however, other
studies have found that they might be less likely to respond to salvage chemotherapy
(19, 26), with a lower likelihood of survival compared to those with relapsed
disease (27).

10.3 Intravascular Lymphoma

Intravascular or “angiotropic” lymphoma (IVL) is a rare clinical subtype of diffuse
large B-cell lymphoma characterized by the presence of neoplastic B-cell lymphocytes
within the microvasculature (44). It has only recently been included as a clinical
subtype of DLBCL in the WHO classification. It typically is widely disseminated
at presentation involving multiple, often subclinical, extranodal sites including the
CNS, skin, lung, kidney, and adrenals.

10.3.1 Pathology

A tissue biopsy is essential for the diagnosis to highlight the intravascular growth
pattern. Clinically uninvolved organs such as the spleen and bone marrow can
demonstrate IVL, and in some instances, a random skin biopsy might yield a
diagnosis (44, 45). The “classic variant” of IVL is typified by large neoplastic
cells with prominent nucleoli and frequent mitotic figures that are found in the
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Figure 10.5 H&E stain of intravascular lymphoma with large neoplastic cells detected in a blood
vessel lumen.

lumina of small vessels (Figure 10.5). In the bone marrow, sinusoidal involvement
occurs. A so-called “Asian variant” has also been described that often has, in
addition, a rich infiltrate of non-neoplastic cells, predominantly hemophagocytic
histiocytes.

The most distinctive property of IVL malignant cells is their propensity to grow
within the lumina of blood vessels. It is hypothesized that the intraluminal growth
pattern is secondary to a defect in homing receptors of the neoplastic cells. In sup-
port of this, the malignant cells appear to lack CD29 (beta 1 integrin) and CD54
(ICAM-1) adhesion molecules (44).

The majority of IVL display a B-cell phenotype expressing CD20 and/or CD79a.
In the Western series, approximately 20% of cases display a germinal center (GC)
phenotype (CD10+ or BCL6+), and CD5+ cells can also be seen (46). A recent
Japanese series also described CD5 expression in 38% of cases, however, there was
no immunophenotypic or clinical differences between the CD5— and CD5+ sub-
groups. Similar to the classic variant, almost all Asian cases display a non-GCB
phenotype (CD10-,BCL6—/+, MUM1) (47).

Rare cases with a T-cell immunophenotype have been reported, occasionally
in the setting of HIV infection (48). Anecdotal cases of Natural killer (NK) IVL
have also been seen (44).
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10.3.2 Molecular Genetics

Due to disease rarity, there have been no large-scale studies evaluating cytogenetic
abnormalities in IVL. Aberrations in chromosomes 1, 6, and 18, including 1p and
trisomy 6, were frequently observed in one small series. Somatic hypermutation of
the Ig heavy chain is apparent in most cases, supporting that exposure to the GC
occurred at some point in pathogenesis, but BCL-2 rearrangements are typically
absent.

10.3.3 Clinical Features

The median age at diagnosis is approximately 70 years with equal prevalence in
both sexes. The clinical presentation can be heterogeneous because virtually any
organ might be involved; however, nodal involvement is rare. Fever is common and
IVL should always be considered in cases of fever of unknown origin. Patients
might also have other B symptoms in addition to a rapid decline in performance
status Patients usually present with high or high—intermediate IPI scores (Table 10.2).
Even those cases with apparent limited stage disease can often be found at autopsy
to have disseminated disease, highlighting some of the limitations of standard
staging techniques for the diagnosis of IVL. In more recent series, more patients
were diagnosed “in vivo” (versus at autopsy) compared to older reports, consistent
with a growing recognition of IVL in recent times.

Interestingly, IVL cases in Western populations display distinct differences
compared to those reported in Japanese series (Table 10.2). In Japanese
patients, IVL is more often associated with bone marrow involvement with
evidence of hematophagocytosis as well as hepato-splenomegaly with thrombo-
cytopenia and anemia, whereas CNS and cutaneous involvement is uncommon,
supporting the notion that the “Asian variant” might be a distinct clinical entity
(47). Whether other non-Japanese Asian patients have a similar clinical presen-
tation is unknown.

The “cutaneous variant” refers to cases that are exclusively found in the skin
after extensive staging procedures and appears to be confined to Western populations.
Patients are predominantly female have a good performance status (PS), lack B
symptoms, and present at a younger age. In addition, they are less likely to have
cytopenias than patients with more widespread disease.

Patients with neurologic involvement can have very heterogeneous symptoms at
presentation from sensory and motor neuropathies to seizures and altered con-
sciousness. There are no pathognomonic neuroradiologic findings. Ischemic foci
are the most common and it can often be confused with vasculitis.

Additional laboratory findings in both the classic and the Asian variant include
an elevated LDH and B2 microglobulin in over 80%. A monoclonal protein is seen
in 15% and altered hepatic and renal function can be observed in some cases.
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Table 10.2 Comparison of presenting clinical features in the Western or “classic variant” and the
“Asian variant”

Western “classic variant” n (%) Japanese “Asian variant” n (%)

Clinical or laboratory feature Total n = 38 (49) Total n = 96 (47)
Median age 70 67

Sex (M:F) 9 ~1.1

PS> 1 95% (> 1) 79 (82)

High LDH 25 (86) Total n=29 89 (93)
EN>1 N/A 65 (68)

1PI

Low 0, 1 6 (16) 2(2)

Low-int 2 16 (2 and 3) (42) 6 (6)
High-int 3 17 (17)

High 4,5 16 (42) 75 (75)

B symptoms 21 (55) 73 (76)

Liver involved 10 (26) 53 (55)
Spleen involved 10 (26) 64 (67)
Neurologic signs/symptoms 13 (34) 26 (27)

CNS 15 (39) 26 (27)
Cutaneous lesions 15 (39) 14 (15)
“Cutaneous variant” 10 0

Advanced stage 5 14 (15)

Bone marrow 12 (32) 67 (75) n =89
Hemophagocytosis 54 (61)
Peripheral Blood 2(5) 23 (24)
Anemia < 12 g/dL 24 (63) 63 (66)
Thrombocytopenia <150 11 (29) 56 (58)
Leukopenia 9 (24) 26 (27)
Hypoalbuminemia <36 g/L. 81(96) 7 (18)
Event-free survival 3 years 27% (n = 30)* 27%* (n = 81)
Overall survival 32%* —

*Outcome of patients with in vivo diagnosis. For whole series, 3 years overall survival as 25% for
all patients.

Approximately 15% of patients with IVL have a prior history or concomitant
malignancy, most often a prior non-Hodgkin’s lymphoma. Among solid tumors,
renal cell carcinoma has been observed and, occasionally, IVL cells can be seen
within the tumor associated vasculature (44).

10.3.4 Primary Treatment of IVL

Typically, IVL has an aggressive course and the median survival is approximately
6 months, with no significant differences observed between Western and Japanese
reports. Regimens without anthracyclines appear to be associated with an inferior
prognosis (44). It is unknown whether rituximab improves survival rates, given
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the rarity of this condition however, CNS penetration is poor. Over half of the
patients will ultimately relapse, usually within the first year of diagnosis. Relapses
typically involve extranodal sites, and CNS disease can occur in approximately
one-third of patients.

Several small series report improved outcome using high dose chemotherapy
(HDC) and ASCT as consolidation therapy, however, it remains experimental in
this setting. Anecdotal reports using methotrexate-containing chemotherapy
(MACOP-B) followed by HDC and ASCT in a patient with initial CNS involve-
ment has resulted in long-term remission (44).

10.3.5 Prognostic Factors

Regardless of the country of origin, the survival of patients with intravascular lym-
phoma is uniformly poor with a 3-year EFS of 30%, with similar approximations
for overall survival (OS), suggesting that salvage therapy is usually ineffective in
this population (47, 49). In the Western series, patients with the cutaneous variant,
low IPI, and limited stage disease and who are able to receive multiagent anthra-
cyline-based chemotherapy have a more favorable prognosis in multivariate analysis
(49). In the Japanese series, older age, thrombocytopenia, and lack of anthracycline-
based chemotherapy was associated with a worse outcome (47). In this analysis, there
was no difference in outcome regardless of their immunophenotype (i.e., CD5+ vs.
CD5- or GC vs. non-GCB) (47).

10.4 Primary Effusion Lymphoma

Primary effusion lymphoma (PEL) is also a recently recognized clinical subtype of
DLBCL presenting as a serous effusion composed of large B-cells. It is universally
associated with HHV-8/KSHV (human herpes virus 8/Kaposi sarcoma herpes
virus) and usually occurs in the setting of HIV (50), but rare cases have been
reported in the absence of HIV infection.

10.4.1 Pathology

Malignant B-cells are isolated from the serous effusion and show a range of
appearances from large immunoblastic or plasmablastic cells to those with a
more anaplastic morphology. The neoplastic cells are positive for HHV8/KSHV
in all cases and many are coinfected with Epstein-Barr virus (EBV). The cells
usually express leukocyte common antigen (CD45) but are negative for B-cell
markers CD19, CD20, and CD79a; however, immunoglobulin rearrangements
present, confirming a clonal B-cell origin. Activation (CD30, CD38, EMA) and
plasma cell markers (CD138, MUM-1/IRF4) are typically present (50).
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Recently, gene expression profiling has been performed on PEL cells and
expression patterns have similarities to both plasma cells and EBV-transformed
immunoblasts, suggesting that PEL might represent a variant of plasmablastic
lymphoma (51). Supervised analysis revealed that PEL has a unique gene expression
compared to other B-cell NHL and AIDS-related lymphomas with underexpression
of many genes that are B-cell or lymphoid specific.

10.4.2 Clinical Features

Primary effusion lymphoma accounts for approximately 3% of all HIV-related
NHL. The majority of patients are homosexual white men with a median age of
approximately 40 years. Cases in HIV-negative individuals typically occur in eld-
erly patients from endemic areas of high prevalence of HHVS or in allograft recipi-
ents. Effusions are seen most commonly in the pleural, pericardial, or peritoneal
cavities, usually without nodal disease. A recent series of 28 patients reported
simultaneous involvement of all serous cavities in 25%, and 43% had extracavitary
disease localization, including occasional involvement of lymph nodes, bone mar-
row, CNS, pancreas, and sinus (52). Some cases might occur in association with
Castleman’s disease.

10.4.3 Primary Treatment of PEL

Since the widespread use of HAART (highly active antiretroviral therapy), the
overall outcome of HIV-associated NHLs has improved; however, it remains poor
in PEL. Some exceptional cases have been shown to respond to antiretroviral
therapy alone. Most patients are treated with CHOP-like regimens and HAART
in the setting of HIV. In most published series, the clinical course is usually
aggressive, with a median survival of 6 months. Given that CD20 is negative in
these tumors, rituximab will not impact the prognosis and should not be utilized
in this disease.

10.4.4 Prognostic Factors

A recent study of clinical factors associated with prognosis PEL demonstrated that
poor performance status (>2) and the absence of HAART before the PEL diagnosis
were associated with a poor outcome (52) in multivariate analysis. Other researchers
have found that a high HHV-8 viral load correlates inversely with CD4 count and
is associated with a shorter survival time; however, this requires validation in a
larger analysis (53).
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Chapter 11
Lymphomatoid Granulomatosis

Ryan B. Lundell, Roger H. Weenig, and Lawrence E. Gibson

11.1 Introduction

Lymphomatoid granulomatosis (LG) is a rare, Epstein-Barr virus (EBV)-positive,
B-cell lymphoproliferative disorder often accompanied by an exuberant reactive
but cytotoxic T-cell infiltrate. The density of the T-cell infiltrate led to the initial
impression that LG was a T-cell malignancy. Also, LG used to be included under
the rubric of angiocentric lymphomas and shares many features with nasal-type,
extranodal, natural killer (NK)/T-cell lymphoma (NKL). Both LG and NKL can
present in the airways/nasal cavity, both are associated with an angiocentric,
angiodestructive, and cytotoxic lymphoid infiltrate, and both are associated with
EBV infection. However, the neoplastic, EB V-infected lymphoid cells of LG are of
B-cell lineage and NK cell lineage in NKL. A broad clinical and pathologic
spectrum is observed for LG, ranging from indolent and regressive disease to an
aggressive large B-cell lymphoma. Consequently, controversy still surrounds the
precise nosologic designation of LG as a reactive, inflammatory versus a neoplastic
lymphoid process. Some cases of LG would be well characterized as
immunosupression-related or posttransplant lymphoproliferative disorders and
reduction of immunosuppression in many of these cases has been associated with
resolution of disease. Other cases require aggressive chemotherapeutic agents to
halt disease progression.

11.2 Pathogenesis

Lymphomatoid granulomatosis represents an EBV-driven B-cell lymphoma
resulting in recruitment and activation of cytotoxic, CD8-positive T-lymphocytes.
A remarkably low number of neoplastic B-cells might be observed in a given LG
infiltrate and it is the non-neoplastic, cytotoxic T-lymphocytes that mediate
vascular destruction and tissue necrosis.
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11.3 Clinical Features

Nodular mass lesions predominate and are characteristically angiocentric and
angiodestructive, which frequently results in necrosis of affected tissue. The most
common sites of involvement are the lungs (great majority of patients affected during
the course of the disease). Other commonly involved sites include the skin (25-50%),
kidney (30-40%), liver (29%), central nervous system (CNS) (26%), upper respira-
tory system, and peripheral nervous system (PNS) (1-4). Spleen, lymph node, and
gastrointestinal involvement are less common (<20% of cases) (1).

Disease onset is in the fifth to sixth decade of life for the majority of patients;
however, it rarely presents in childhood immunodeficiency states (5, 6). Males are
more commonly affected than females (ratio 2:1). The clinical course of LG varies
widely from a “benign” or regressing indolent process to an aggressive, rapidly
progressive disease. Approximately 15-25% of patients might have the disease
resolve spontaneously; however, mortality rates approach 65% in previously
published series. Common causes of death include extensive destruction of
pulmonary parenchyma, infection, development of an aggressive large B-cell
lymphoma, and CNS disease (1, 2).

Patients might present with lung involvement (cough, dyspnea, and chest pain),
and constitutional symptoms occur in 35-58% of patients (fever, weight loss,
myalgias, and neurological symptoms) (1, 7). Varying sized pulmonary nodules are
typical and most often involve the mid and lower lung fields. Larger nodules might
demonstrate central necrosis. Signs and symptoms of mass lesions might also occur
elsewhere depending on the extent of involvement. Ataxia, hemiparesis, and

Figure 11.1 Cutaneous LG involving skin of lateral thigh and knee. Note indurated violaceous
to focally necrotic plaques and nodules
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seizures might accompany CNS involvement. Although hepatic and renal lesions
are fairly frequent, the lesions themselves are usually asymptomatic and are only
identified on radiographic imaging (4). Skin involvement by LG usually manifests
as indurated, red nodules or plaques (Figure 11.1). Necrotic skin ulceration might
also be observed and results from the attendant vascular destruction.

Patients with underlying immunodeficiency are at increased risk of developing
LG. Predisposing immunodeficient states include history of organ transplant, HIV,
Wiskott-Aldrich syndrome, other preceding lymphoproliferative disorders, and
immunosuppressive medications. Upon close examination, most patients without
an underlying specific immunodeficiency will manifest decreased immune
function. Defects in cytotoxic T-cell function or reduced numbers of CD8+ T-cells
have been implied. Decreased cellular immunity is important in propagating the
disease by incomplete eradication of EBV and the EBV-infected B-cell clone (4).

The differential diagnosis of LG includes Wegener’s granulomatosis (WGQG),
angiocentric NK/T-cell lymphoma, posttransplant lymphoproliferative disease
(LPD), as well as other Hodgkin’s and non-Hodgkin’s lymphomas. Table 11.1 lists
the distinctive clinical and histologic differences among these entities (4, 11).

Table 11.1 Differential Diagnosis and Distinguishing features of lymphomatic granulomatosis

Lymphomatoid Wegener’s NK/T-cell  Posttransplant Hodgkin’s lym-
granulomatosis granulomatosis lymphoma LPD phoma
Primary Lungs Upper respira- Nasal cavity Variable Cervical Lymph
involvement tory tract; Nodes,
lungs Mediastinum
Renal findings Nodular mass Segmental Rare Might involve Rare
lesions glomeru- allograft
lonephritis
EBV Yes No Yes Yes Variable
association
Typical Variable Necrotizing Sheets of ~ Variable Occasional
histology number of granuloma atypical (early, ple- multinucle-
EBV-posi- formation cells omorphic, ate; Hodgkin
tive atypi- monomor- and Reed-
cal B-cells phic) Sternberg
cells
Angiocentric,  Yes Yes Yes No
angiode-
structive
Background Predominantly Prominent Usually Predominantly Usually
inflamma- T-cells; multinucle- mixed plasmacy- mixed with
tory infil- eosinophils ate giant toid numerous
trate and neu- cells and B-cells eosinophils
trophils neutrophils
rare
Neoplastic cell CD20+ N/A CD2+ Usually CD15+ CD30+
phenotype CD56+ CD20+




268 R.B. Lundell et al.

11.4 Diagnosis

Definitive diagnosis of LG requires careful clinical workup and tissue biopsy. Open
lung biopsies are recommended, as only approximately 30% of transbronchial
biopsies are diagnostic [8]. Histologically, LG is characterized by varying numbers
of large atypical CD20-positive B-cells set within a nodular polymorphous inflam-
matory cell background (Figure 11.2). The inflammatory milieu includes small
lymphocytes, plasma cells, histiocytes (some might contain karyorrhectic debris),
and larger reactive lymphocytes. Numerous CD3-positive T-cells are usual, and
consist of an admixture of CD4 and CDS8-positive cells (Figure 11.3). The
inflammatory infiltrate is generally centered around bronchovascular structures in
the lung and perivascularly in other sites. EBV is demonstrated within the large
atypical B-cells by in sifu hybridization studies, and these cells might resemble
immunoblasts or Hodgkin cells. Occasional multinulcleate cells might also be seen.
Vascular damage by neoplastic and non-neoplastic lymphoid cells is remarkable
and includes transmural lymphocytic infiltration and necrosis of vessel walls.
Associated coagulative tissue necrosis is common and was observed in 93% of
cases in one study (7). Well-formed granulomas are not present (1, 4, 7-9). Biopsies
of involved skin usually demonstrate a dense perivascular, often angiodestructive
lymphohistiocytic infiltrate within the mid to deep dermis (Figure 11.4). Neoplastic
EBV-positive B-lymphocytes might be rare or absent in LG skin lesions. Therefore,

Figure 11.2 Pulmonary LG. An angioinvasive lymphocytic infiltrate composed of predominantly
small cells (T-cells by immunophenotyping) is present (H&E, 20x)
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Figure 11.3 Pulmonary LG. (A) Grade III lesion with several large severely atypical cells (Reed-
Sternberg-like appearance) admixed with background small round lymphocytes (H&E, 60x).
(B) The large cells were B-lymphocytes that showed positive immunoreactivity with CD20 (60x).

a diagnosis of LG is precarious for patients with skin lesions that histiologically
resemble LG but do not have evidence of internal organ (usually lung) involvement.
These patients require close longitudinal follow-up and repeat biopsy is often
needed.
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Figure 11.3 (continued) (C) Many of the large cells demonstrate EBV-positivity by in-situ hybridiza-
tion (40x)

Figure 11.4 Cutaneous LG. Skin biopsy highlighting prominent angiocentric and angiodestruc-
tive nature of LG with surrounding tissue necrosis (H&E, 20x)
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11.5 Prognosis

The clinical prognosis is variable in LG and poor prognostic findings include
neurologic involvement and higher pathologic grade (1). Histologic grading of
LG depends on the number of large atypical B-cells present in the infiltrate
and on the degree of tissue necrosis. Grade I lesions contain a polymorphous
angiocentric and angiodestructive lymphoid infiltrate with rare transformed
EBV-positive lymphocytes (<5 per high-power field). Tissue necrosis is
minimal. Grade II lesions also demonstrate a polymorphous infiltrate, includ-
ing occasional transformed lymphoid cells, and EBV-positive cells are easily
identified (5-20 per high-power field) by EBV in situ hybridization studies.
Grade III disease is considered a subtype of diffuse large B-cell lymphoma
with sheets of large EBV-infected pleomorphic B-cells present (>20 per
high—power field). Extensive necrosis might be observed in grade III lesions
(4, 8-11). Recurrent disease often demonstrates a higher histologic grade.
Most cases of grade II and III lesions demonstrate monoclonal immunoglobu-
lin gene rearrangement studies. Grade I lesions might be polyclonal, which
might reflect low numbers of neoplastic B-cells or, in some cases, a truly
polyclonal infiltrate.

11.6 Therapy

Due to the rarity of LG, standard treatments have not been established. Current
treatment depends on histologic grade and clinical aggressiveness. Observation or
corticosteroids might be reasonable in clinically indolent cases of grade I or II
lesions. Reduction or discontinuation of immunosuppressive agents is prudent if
clinically feasible. Interestingly, interferon=-0.-2b has been used successfully in a
small number of patients with grade I and II disease (12). More aggressive grade |
or II cases might require single-agent or combination chemotherapy. Grade III
disease should be treated as an aggressive lymphoma with combination chemotherapy
such as R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone). Rituximab has shown mixed results as a monotherapy (13—15). Bone
marrow transplantation is a therapeutic option in patients failing chemotherapy and
was associated with a prolonged remission in a recently published case (16).

11.7 Conclusions

In summary, LG is should be considered along a clinicopathologic continuum of
disease ranging from a spontaneously regressing, immunosuppression-related
lymphoproliferative disorder with rare neoplastic B-cells to an overtly malignant
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and clinically aggressive large B-cell lymphoma. Careful clinical workup and

follow-up is often required to establish a diagnosis of LG as well as to distinguish
between the extremes of this disease.
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Chapter 12
Posttransplant Lymphoproliferative Disorders

Thomas M. Habermann

12.1 Introduction

In 1968, Starzl reported the clinical observation that transplant patients are prone to
develop lymphomatous growths (1). The term posttransplant lymphoproliferative
disorder (PTLD) is applied to a group of lymphoproliferative disorders arising in a
pharmacologically immunocompromised host after solid-organ or allogeneic stem
cell transplantation. Among iatrogenic immune deficiency states, PTLD is quite common
(2). PTLDs are the most serious complications of chronic immunosuppression and
represent one of the most commonly observed fatal consequences of immunosuppres-
sion in patients undergoing solid-organ transplantation. PTLDs are the most common
malignancy complicating organ transplantation after nonmelanomatous skin cancer
and in situ cervical cancer (3). PTLDs represent 21% of all malignancies versus 5%
of malignancies in immunocompetent patients (not sure what this means?). Clinically,
this group of disorders might be slow growing or aggressive, localized or mulitcentric,
associated with symptoms or no symptoms, more characteristically involve extranodal
sites, and disease in the allograft organ is more common (4—6). The biology, diagnosis,
and management of this heterogeneous group of disorders have nuances that are
different than other non-Hodgkin’s lymphomas.

The issues in evaluating published PTLD data involve multiple variables, including
Epstein-Barr virus (EBV) serostatus prior to the organ transplant in the donor and
the recipient, stages of disease, types and doses of immunosuppressive agents utilized
in the course of the transplant, initial PTLD management strategies (surgery, immuno-
suppression reduction strategies), types of treatment (rituximab as monotherapy,
etc.), the timing and incorporation of treatment regimens, the timing of treatment
after the PTLD diagnosis, presentation from the time of transplant, pathology
reporting, locations of extranodal involvement, and comorbid conditions [other
vital organ involvement, performance status, active infections (Cytomegalovirus
(CMV), fungal), etc.. Two International Consensus Development meetings were
held in 1997 and 1998 that addressed different issues in PTLD in working groups,
recommended management guidelines, and set the stage for future directions (7).
This review will focus on adult solid-organ PTLD.
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12.2 Incidence

The incidence of PTLD is related to the organ transplanted and is dependent on the
duration of follow-up. In various publications, the incidence in renal transplantation is
0.8-1.2%, lung 4.5-7.9%, pancreas 0.6%, hepatic 1.0-5.4%, cardiac 1.8—13%, heart/
lung 1.8-9.4%, and T-cell-depleted allogeneic bone marrow transplantation 24% (8).
Reported durations of follow-up vary in different series. Previous reports in orthotic
liver transplantation reported frequencies in the 2-3.5% range (8). The type of survival
analysis influences this interpretation. Competing risk survival analysis, which simulta-
neously estimates the two competing outcomes of PTLD and death without (before)
PTLD, yields an accurate estimate of the probability of PTLD as a function of time
since transplant. This is in contrast to Kaplan-Meier estimates, which estimates the
probability of a patient developing PTLD conditional upon the patient not dying until
they have developed PTLD. Utilizing competing risk analysis, Kremers et al. observed
that the cumulative incidence of PTLD varies by year of follow-up (9). At 5 years, the
incidence is 2.1%; 10 years, 4.2%; 15 years, 4.7%; and 19 3/4 years, 5.4%. Data on
other types of organ transplant with accounting for the length of follow-up and the
competing risk of death in estimating PTLD has not been published.

12.3 Clinical Presentation of PTLD

The signs and symptoms are quite variable in patients with PTLD. PTLD lymphomas
might be slow growing versus aggressive. They might be localized versus multicentric.
Patients might be asymptomatic or symptomatic. Some present with the classical
symptoms of lymphoma, including fevers, night sweats, and weight loss. Patients
might also present with the classical sign of lymphoproliferative disorders, which
is lymphadenopathy (10). However, the presentation of PTLD is often different to
that of de novo NHL (non-Hodgkin’s lymphoma). These disorders are characteristically
extranodal, involving organs such as the central nervous system, gastrointestinal
tract, lung, liver, kidney, skin, and other organs versus primarily being nodal in
immunocompetent patients with NHL. This accounts for a high incidence of stage
IV disease in PTLD. Extranodal disease has been reported to correlate with poor
prognosis (11). The high incidence of extranodal lymphoma in patients with PTLDs
compared with patients who develop lymphoma in the immunocompetent state is
not well understood. Tumor burden is a poor prognostic factor in PTLD (12, 13).
Involvement of one or more extranodal sites was predictive of poor survival (11).
In addition, the allograft itself is involved in a significant number of patients and has
been reported to influence survival. Ghobrial et al. reported that 80% of patients had
extranodal disease including the grafted organ (14). Ghobrial and colleagues reported
that extranodal disease with or without the presence of nodal disease was a strong
predictor of poor prognosis (p < 0.01); however, graft organ involvement, which
was present in 28% of patients, was a stronger adverse predictor of survival than
other extranodal disease (14).
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12.4 Etiology of PTLD

Posttransplant lymphoproliferative disorder is highly associated with immunosup-
pressive treatments and EBV infection. EBV has been implicated in 78-93% of all
cases of PTLD. EBV infection is associated with rare consequences in the normal
population, but in organ transplant recipients, EBV is associated with a range of
disorders from reactive polyclonal hyperplasia to monoclonal malignant lymphomas
(15). Early reports of PTLD were frequently reported to be EBV positive. Ho first
reported that the presence of pretransplantation EBV seronegativity was a significant
risk factor for the development of PTLD (16). More recent reports suggest an
increasing frequency of EBV-negative PTLD (16—18). These are viewed as distinct
from the EBV-positive PTLD because they tend to occur later after transplantation
and have a worse prognosis (6, 16—19). Primary EBV infection typically occurs in
childhood or early adolescence and can be asymptomatic or associated with a benign
mononucleosis syndrome, implying that most patients are not aware of a past infec-
tion (20). In situ hybridization studies on paraffin section tissues are now routinely
utilized to determine EBV status (21). Although transmission of EBV to naive
seronegative EBV transplant recipients might occur by infection through community-
acquired contacts, patients are at highest risk after transplantation of an organ from
an EBV-positive donor into an EBV-negative recipient (22). The EBV undergoes
Iytic replication due to lack of an EBV-specific immune surveillance. This increase
in EBV burden in the naive recipient is postulated to infect the recipient’s blood
cells, allowing their transformation. These EB V-infected B-cells would normally be
eliminated by cytotoxic T-cells (4, 24, 25). However, immunosuppression creates a
state of impaired T-cell immunity allowing for an uncontrolled expansion of an
EBV-transformed B-cell clone (23, 24). Because not all cases demonstrate EBV by
in situ hybridization studies, further studies are necessary to further elucidate the
etiology of PTLD.

12.5 Origin of PTLD

The origin of PTLD in solid-organ transplantation is usually the recipient rather
than the donor. The majority of PTLD cases in solid-organ transplant recipients
arise from the recipient’s B-lymphocytes based on HLA typing, sex chromo-
some analysis, minisatellite DNA analysis, restriction fragment polymorphism
DNA analysis, DNA fingerprinting, in sifu hybridization, and polymerase chain
reaction (PCR) amplification (13, 25-28)]. However, the involvement of the grafted
organ with PTLD might be related to development of donor origin PTLD that
usually presents early after transplantation and is more characteristically confined
to the transplanted organ (27). In contrast, in allogeneic transplantation, the origin
of PTLD is the donor in over 80% of cases (28). Detection of donor- or recipient-
origin PTLD by short tandem repeat analysis for DNA polymorphism might be
performed in early PTLD patients to detect the origin of the tumor (29).
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12.6 Classification

The classification of PTLD has evolved over time, including the early descrip-
tions of “reticulum cell sarcoma” in 1968, “pseudolymphomas” recognizing
the ability to undergo regression, and the Frizzera classification recognizing the
histologic variability (1, 30, 31). The World Health Organization has classified
PTLD (Table 12.1) (32). The spectrum of PTLDs include early lesions, which
are reactive plasmacytic hyperplasia, that are infectious mononucleosislike
lesions, polymorphic PTLD, monomorphic PTLD, and Hodgkin’s lymphoma or
Hodgkin-like PTLD. Monomorphic PTLD includes B-cell lymphomas, which
are most commonly diffuse large B-cell lymphoma and Burkitt lymphoma.
The T-cell disorders include peripheral T-cell lymphoma, nonspecified, CD30
large-cell anaplastic lymphoma, hepatosplenic T-cell lymphoma, and other
types of lymphoma.

As PTLDs are highly associated with the EBV, the diagnosis is established
by in situ hybridization analysis of the pathology tissue. PTLD tumors are
characteristically EBV-positive by in situ hybridization but might be EBV-
negative ( 16, 33 ). The patterns of EBV gene expression demonstrate that
PTLD mirrors acquired immune deficiency syndrome (AIDS) in EBV genes
expressed with a type 3 latency (EBNAI, 2, 3a, 3b, 3c, LP; LMPI1, 2a, 2b, and
EVR) ( 34 ). However, not all occurrences of PTLDs are associated with EBV
infection. EBV-negative occurrences have been reported to occur in 20 — 30%
of adult patients ( 16 ). In adults, EBV is characteristically a result of reactiva-
tion of latent EBV infection. In contrast, in the pediatric population, PTLD
usually arises as a result of primary EBV infection in children who have not yet
had a primary EBV infection.

Table 12.1 WHO classification of PTLD; categories of PTLD

1. Early lesions
Reactive plasmacytic hyperplasia
Infectious mononucleosis-like
2. Polymorphic PTLD
3. Monomorphic PTLD (classify according to lymphoma classification)
B-cell neoplasms
Diffuse large B-cell lymphomas (immunoblastic, centroblastic, anaplastic)
Burkitt/Burkitt-like lymphoma
Plasma cell myeloma
Plasmacytoma-like lesion
T-cell neoplasms
Peripheral T-cell lymphoma, not otherwise specified
Other types
4. Hodgkin lymphoma (HL) and Hodgkin lymphoma-like PTLD
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12.7 Saurveillance for Early Detection
and Prevention Strategies

At this time, there are no standard monitoring strategies. Different strategies have
been reported, including measuring monoclonal proteins in the serum. In one series,
a monoclonal protein was detected in 28% of patients of 201 patients following a
solid-organ transplant ( 35 ). Seventy-one percent of patients went on to develop
PTLD, and 27% did not. In these patients, the serum protein electrophoresis was
abnormal (p = 0.04) and urine protein electrophoresis was abnormal (p = 0.01).
Although protein electrophoresis studies might be helpful in disease surveillance,
they are not routinely recommended for this purpose.

Epstein-Barr virus viral load studies have been analyzed ( 36, 37 ) as a way to
detect evolving PTLD. Gera et al. evaluated 957 patients who had a kidney transplant
(37). One hundred thirty-three of 957 (14%) were EBV mismatches as defined by
positive IgG to EBNA in the donor and negative in the recipient in this renal trans-
plant series ( 37 ). Seventy percent of these mismatch patients had sequential EBV
DNA performed by LightCycler PCR as well as EBV serostatus by serum Elisa
Assays (EIA) monthly for 1 year, quarterly for the second year, and semiannually
thereafter. In the absence of PTLD, no reduction in immunosuppression or other
interventions were carried out in viremic patients. Sixteen of 74 (22%) converted to
EBV-positive serostatus. Viremia was detected in 38/93 (41%) of the patients begin-
ning at a mean of 7.5 months posttransplant. Viremia occurred in 10/16 (63%) of sero-
converters versus 28/58 (48%) nonconverters ( p = 0.01). The maximum viral load
was higher among those who developed PTLD than those who did not, with a median
of 13,750 copies/mL (range: 500-140,000) versus a median of 1000 copies/mL
(range: 500-75,500, p = 0.001). At a median follow-up of 19 months (range: 6-33
months), seven (5.3%) EBV-mismatched recipients developed PTLD. All PTLDs
were early with a range of 7.5-2.5 months. All cases were positive for EBV by in situ
hybridization, and 100% were viremic. The effectiveness of sequential EBV PCR
monitoring at diagnosis of PTLD at a subclinical stage was only 23%. The positive
predictive value of 13% makes this a marginally effective screening tool for subclini-
cal PTLD in the renal transplant population.

12.8 Early and Late PTLD

Posttransplant lymphoproliferative disorder might present early or late ( 38—41 ),
but the cutoff for these definitions range from 6 to 24 months. Whereas the presence
of EBV genome in the tumor has been associated with both early and late PTLD,
commonly EBV-negative PTLD occurs later after transplantation, with a median of
50 months, and has a worse prognosis, with an initial reported median survival of
1 month. In contrast, EBV-positive PTLD, which tends to occur earlier following
transplantation at a median of 10 months, is associated with an overall survival of 37
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months ( 16, 42). Ghobrial et al. differentiated early versus late PTLD at 12 months
(43 ). For the whole group, the median time to transplantation was 19.5 months (1-208
months) and 49 (46%) patients developed PTLD in less than 12 months and 58
patients developed PTLD beyond 12 months. The patient characteristics in these two
groups were similar; however, patients who received pancreas, lung, or multiorgan
transplants were more likely to develop PTLD within the first year of transplantation
(p = 0.02). Early PTLD was also more frequently associated with a positive EBV
status (p < 0.0001) and CD20-positive lymphomas in 36/38 patients versus 34/45
patients (p = 0.02). There was no difference in overall survival (p = 0.2). This was in
contrast to a study of lung transplant patients treated with cyclosporine immunosuppres-
sion by Armitage et al. (38). This might be related to a larger cohort of patients, multiple
types of transplant, and the use of novel modalities of therapy such as rituximab.
The Ghobrial study documented that CD20-positive PTLD occurs early after transplan-
tation (43) and might benefit from rituximab. In contrast to CD20-positive B-cell
PTLD, previous studies have documented a poor outcome for T-cell PTLD (44).

12.9 Risk Factors for Developing PTLD

The risk factors for developing PTLD are different than the risk factors for surviving
PTLD. Ho et al. first reported that the presence of pretransplantation EBV seronega-
tivity was a significant risk factor for the development of PTLD (26). Other reports
followed (45, 46). Swinnen reported that OKT3 was a significant risk factor for
PTLD (47). Subsequently, CMV was identified as an independent variable in the
development of PTLD (22). Walker et al. reported on the pretransplant assessment
of the risk of lymphoproliferative disorders (22). The risk was 0.8% (3/361) in EBV-
positive recipients and 50% (9/18) in EBV-negative patients, and four of the
EBV-negative cases were fatal. Eight of nine EBV-negative cases occurred in the
first 6 months. EBV seronegative recipients had a 24 times higher risk than EBV
seropositive patients fordeveloping PTLD. Patients who received OKT3 therapy for
rejection had a fourfold to sixfold amplification in their risk. CMV-positive donors
to CMV-negative recipients had a fourfold to fivefold amplification. All three syn-
ergistically increased the risk of fatal or central nervous system PTLD by 654-fold
and all forms by 592-fold versus a low incidence rate (0.458 cases per 100-person
years) in patients with none of these factors. Kremers reported that acute fulminant
hepatitis in the first 18 months of orthotic liver transplantation put patients at
increased risk (HR = 2.6; p = 0.007) (9). Rejection therapy was also associated with
arisk of developing PTLD in liver transplant patients and included high-dose steroids
(HR =4.5; p = 0.049) and OKT3 (HR =3.9; p = 0.016) (9).

The type of organ transplanted is strongly correlated with the incidence of PTLD
and is likely related to the immunosuppression program and the extent of lymphoid
tissue transplanted. In the Collaborative Transplant Database, 200,000 renal, pancreas,
heart, lung, and heart-lung transplant recipients were evaluated (45). The risk of
PTLD by organ tranplant in decreasing order was heart-lung, lung, liver, pancreas,
and renal, which was consistent with the literature. The incidence in intestinal
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transplants was particularly high ( up to 30%), in large part due to the fact that the
recipients were EBV-negative children (46).

12.10 Risk Factors for Surviving PTLD

The risk of surviving PTLD has been complicated by limited data from small series
of patients (11, 13, 48-53). Reported prognostic factors in univariate analyses
include mulitvisceral disease (five or more sites involved), severe organ dysfunction,
presence of “B” symptoms, stage, advanced age, elevated lactate dehydrogenase
(LDH), monoclonality, EB V-negative status, late of onset of PTLDs, central nervous
system (CNS) PTLDs, and PTLDs associated with allogeneic bone marrow trans-
plantation (11, 13, 48-51). LeBlond reported in a series of 61 patients from
2 institutions that a performance score of 2 or more, the number of extranodal sites
(one versus more than one), primary CNS location, T-cell origin, monoclonality,
nondetection of EBV, and treatment with chemotherapy were poor prognostic factors
for overall survival on univariate analysis (11).

Ghobrial et al. reported on a prognostic analysis for survival in adult organ transplant
recipients with PTLD (14). There were 107 patients who were evaluated from 1970
through May 2003. Patients were treated according to a clinicopathologic model.
The median age at diagnosis was 48 years. Eighty percent (85) had extranodal disease;
28% (30) had graft involvement; 61% were stage III, IV and 29% performance score
of 3—4; 78% were EBV-positive by in situ hybridization studies; 86% were CD20-
positive. The median survival in this group was 31.5 months (95% confidence
interval; 10.7-72.5 months). The median follow-up of the living patients was 51.8
months (5.6-202.6 months). The prognostic model in a multivariate analysis dem-
onstrated that monomorphic disease, graft organ involvement, and a performance
score of 3—4 differentiated patients into cohorts with different outcomes. Those
patients with a score of 0—1 had a survival that was statistically significantly different
from those with a score of 2-3 (HR = 5.31; p < 0.0001). The involvement of the
graft organ by PTLDs has not been previously reported to correlate with survival.
The presence of extranodal disease and high tumor burden has been reported to
correlate with poor survival (11, 13, 49). In the Ghobrial series, graft organ involvement
was a more meaningful prognostic indicator when adjusted for poor performance
score and monomorphic disease. Thus, extranodal disease was not used in the final
prognostic model. Other models were assessed in this study, including CD20 status,
LDH, EBYV status, age, time to PTLD, and the International Prognostic Factor
Index (IPI). The IPI is the standard predictive model for NHL survival [54], but
previous reports have reported that the IPI was not predictive of survival (11, 43).
In the Ghobrial series, the proposed prognostic model performed better than the IPI
in separating the survival outcomes of patients.

Posttransplant lymphoproliferative disorder following transplantation does
influence overall survival. In a single institution series of liver transplantation
patients, Kremers et al. reported that for every 100 deaths, there were roughly
10-15 PTLD patients (9).
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12.11 Prophylactic Approaches to PTLD

Retrospective studies have retrospectively reported on the use of prophylactic anti-
viral therapy (55-59). Darenkov treated 198 patients with prophylactic ganciclovir
or acyclovir (56). The percent of PTLD was 0.5% versus 3.9% in 179 unmatched
institutional controls (p < 0.03). Davis et al. reported on 206 patients treated with
high-dose ganciclovir followed by high-dose acyclovir, and 1.5% of prophylaxed
patients versus 8% of retrospective unmatched historical controls developed PTLD
(57). McDiarmid reported on 18 high-risk pediatric patients (donor EBV+ and
recipient EBV-) treated with 100 days of intravenous ganciclovir (60). None who
were prophylaxed developed PTLD, and 10% of unmatched institutional controls
who were not prophylaxed developed PTLD. Thirty-four patients (25 pediatric and
9 adult) were randomized to receive either ganciclovir and placebo or ganciclovir
and immunoglobulin (IG) for 3 months (61). There was no difference in EBV viral
load and 8.8% of patients developed PTLD.

12.12 The Treatment of PTLD

Four major areas of treatment need to be considered: (1) local therapy with surgical
extirpation; (2) reduction of immunosuppression; (3) biological and monoclonal
antibody therapy; (4) immune and cell-based therapies. An International Concensus
Development Meeting on Epstein Barr Virus-Induced Posttransplant Lympho-
proliferative Disorders outlined recommendations and future directions in 1999 and
there has been subsequent evolution in management approaches since then (7).

12.12.1 Local Therapy

A small percentage of patients with very limited disease might be managed with
surgical extirpation or localized radiation therapy and minor (e.g., 25%) immuno-
suppression reduction (7). Localized radiation therapy might be required for patients
emergently or for palliative treatment (62).

12.12.2 Reduction of Immunosuppression in PTLD

The hallmark of the initial treatment of PTLD has been a reduction in immunosup-
pression with a goal of restoring EBV-specific cellular immunity without inducing
graft rejection. The initial intervention in all patients should be a reduction in
immunosuppression. Regression of monoclonal and polyclonal lesions after reduction
of the dose of immunosuppression been reported to be 20-85% (13, 51, 63-66).
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The optimal method for immunosuppression reduction is unclear and adequate
prospective trials have not been carried out (67, 68). Consensus guidelines recom-
mended the following (7). In critically ill patients with excessive disease, prednisone
should be decreased to a maintenance dose of 7.5-10mg/day and all other immu-
nosuppressive agents should be stopped. If there is no response (objective reduction
in tumor mass within a period of 10-20 days), then further interventions should be
considered. In less critically ill patients (who are the majority of patients), the initial
management strategy should include reduction of cyclosporine, tacrolimus, prednisone,
and related immunosuppressive agents by at least 50%, and azathioprine or
Mycophenolate Mofetil (MMF) should be discontinued. After a 14-day trial of
decreased immunosuppression, a further decrease of 50% can be considered. This
is one of the few times in lymphoproliferative disorders that patients are restaged
with scans in such a short time period. It must be emphasized that serial biopsies or
other forms of monitoring of the allograft performed during the period of reduced
immunosuppression will allow early detection of allograft rejection. This is espe-
cially important in the rejection of vital organs such as heart, liver, or lung that
might carry the risk of death to the patient. Renal and liver patients are easier to
monitor with blood tests than other organ transplants. The consequences of aggres-
sive immunosuppression reduction in heart, liver, and lung patients must always be
considered. Clinical improvement occurs within 1.5-4 weeks (51, 69).

Patients with EBV negative disease have been reported to be less likely to
respond to immunosuppression reduction(70). The response to immunosuppression
reduction in late-onset PTLD is controversial, with experience both supporting and
not supporting decreasing immunosuppression (38). Successful management of
EBV-negative late-onset disease with immunosuppression reduction has been
reported (16, 17, 51).

Tsai et al., in a retrospective analysis of 42 PTLD patients treated with immuno-
suppression alone or immunosuppression in conjunction with surgical excision,
reported a complete response rate of 74% (51). Factors predictive of a poor
response included an elevated LDH, organ dysfunction, and multiorgan PTLD
involvement. Patients with no risk factors had a response rate of 89%, whereas
patients with two or three risk factors had a 0% response.

When comparing the results of the two largest institutional experiences of reduction in
immunosuppression in PTLD patients, Ghobrial et al. reported that immunosuppres-
sion reduction occurred in 75% of patients, with only 20% of the patients achieving
a long-term remission, and Tsai et al. reported long-term remissions in 25% (14, 51).

12.12.3 Rituximab

Rituximab is a chimeric anti-CD20 human immunoglobulin G1 monoclonal anti-
body that is approved for the treatment of follicular lymphoma as a single agent or
as combination therapy with CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) in diffuse large B-cell lymphoma (71-73). In contrast to other
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NHLs, single-agent rituximab in PTLD is potentially curative. In 1999, Milped and
colleagues reported a retrospective analysis of 32 patients treated with rituximab at
a dose of 375 mg/m? (74, 75). The immunosuppression regimen was reduced in 27
of 32 patients. Rituximab was used as a front-line therapy in 30 patients and as salvage
treatment in 2 patients. The overall response rate was 69% (complete remission 20;
partial remission, 2). At a median of 10 months, four patients had relapsed. Other
reports have followed (21, 76-79). In a retrospective analysis, the major impact was
on early response with a significant relapse rate, but in multivariate analysis, rituximab
was associated with an improved overall survival (p = 0.03) in CD20+ PTLD (78).
Phase II data support these observations (80) and show that rituximab therapy after
immunosuppression reduction results in overall response rates of 44-75%.
Complete response rates have been seen in 35-69% of patients. The variable
response rates relate to whether the PTLD was early or late, presence of EBV in the
tissue, LDH level, type of organ transplanted, other comorbid conditions, histology
variables, retrospective versus prospective studies, and duration of follow-up (78,
80, 81). This is supported by phase II results (80, 81). For example, Choquet et al.
reporteda 44% response rate and 35% complete remission rate with few relapses
after a CR in a phase II study in which 65% had delayed-onset PTLD, likely
accounting for the lower response rate (80).

There are no randomized trials comparing rituximab to chemotherapy. Fifty per-
cent of rituximab failures responded to systemic chemotherapy (75). Retrospective
studies report similar response rates, less toxicity, and improved overall survival
(77, 79). Monotherapy with rituximab is the standard of care in most patients with
PTLD, but rituximab has been utilized with systemic chemotherapy (82). Unique
complications with rituximab therapy include transitory neutropenia, reactivation of
hepatitis B infection resulting in fulminate hepatic failure, parvo B19 infection
resulting in pure red cell aplasia, and disseminated CMV infection in a patient with
PTLD on concurrent immunosuppressive medication (73, 83-86).

Currently, rituximab is recommended in the treatment of patients with EBV+
CD20+ PTLD who have not responded to reduction in immunosuppression or as
first-line treatment for patients in whom further reduction in immunotherapy is not
possible. In EBV— CD20+ PTLD, rituximab should be combined with systemic
chemotherapy (72, 73).

Future directions include administering maintenance rituximab following the
initial weekly times four schedule of 375 mg/m?. Maintenance rituximab therapy is
now approved for follicular lymphoma and was reported in diffuse large B-cell
lymphoma (73, 87). A study treating patients with a partial remission (PR) after the
initial dose of rituximab with an additional course of 4 doses of rituximab is under-
way (77).

Preemptive rituximab has been used (88). Seventeen high-risk patients as mani-
fested by a high EBV viral load consistent with EBV reactivation were treated with
a single infusion of rituximab. Two (18%) patients developed PTLD versus 48% of
historical controls. The EBV viral load became undetectable in patients who did not
develop PTLD. Further studies are needed in this complex area.
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12.12.4 Chemotherapy

The respond rates with systemic chemotherapy during the 1980s were reported to
be less than 20% (65, 89). Subsequent publications with small numbers of patients
treated in noncontrolled studies showed that with anthracycline-based regimens
(CHOP and others) a 69% remission rate might be achieved (7, 90-93). In contrast,
the reported response rates with CHOP in T-cell PTLD were 0% in series of a small
number of patients (94, 95). In a retrospective series of 18 patients with late-onset
PTLD treated with systemic chemotherapy, the response rate was 33%, and 50% of
patients died of complications of chemotherapy related to end-organ toxicity or
infection (96). A review of the Israel Penn International Transplant Tumor Registry
reported the outcomes of 193 PTLD patients treated with chemotherapy (97). The
5-year overall survival was 25% in patients treated with R-CHOP, which was similar
to other combination chemotherapies that were administered. Single-agent chemo-
therapy, likely administered to patients with impaired performance status or organ
dysfunction, was statistically significantly inferior with a 5-year overall survival of
5% (97). Low-dose chemotherapy regimens have been piloted in children with
some success (92, 98).

Indications for the initial treatment with chemotherapy include specific histol-
ogies, including Burkitt’s lymphoma, Hodgkin’s lymphoma, peripheral T-cell
lymphoma, other uncommon NHLs, and late-onset CD20+ and EBV— PTLD.
Burkitt’s lymphoma and Hodgkin’s lymphoma must be treated with the standard
of care approaches for these specific histologies. Some centers treat late-onset,
CD20+/EBV—, advanced stage, and monomorphic PTLD with systemic chemo-
therapy (16, 96).

12.12.5 Stem Cell Transplantation

Patients who have failed immunosuppression reduction, systemic chemotherapy,
and other therapies have been cured with autologous or allogeneic stem cell trans-
plantation (99-101).

12.12.6 Cytokine Therapy

Interleukin-6 (IL-6) promotes the growth of EBV-infected cells (102). Increased
levels of IL-6 have been reported in patients with PTLD (103). In a study of 12
patients who failed immune suppression reduction approaches, 8/12 achieved a
partial or complete response after treatment with an anti-IL-6 monoclonal antibody,
with no increase in graft rejection (104).
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12.12.7 Cellular Immunotherapy

The goal of cellular immunotherapy in EBV+ PTLD is to restore EBV-specific
cellular immunity through transfer of selected or unselected EBV-specific cyto-
toxic T-cells to the patient. Unselected cytotoxic T-cell therapy was initially used
to treat PTLD in the T-cell-depleted allogeneic hematopoietic stem cell transplant
(HSCT) population, as PTLDs in this setting are of donor origin (105). In a series
of 39 patients at high risk of developing PTLD who received prophylactic EBV-
specific cytotoxic T-cells infusions, none of the patients developed PTLD in
comparison to 12% of institutional controls with no increase in graft versus host
disease (106).

Epstein-Barr virus-specific cytotoxic therapy is more complex in solid-organ
transplantation because PTLD is usually of host origin, donors are not routinely
HLA matched, and cytotoxic T-cells are unlikely to recognize the malignant cells
of host origin (107). Various strategies have been tried in this setting. Nonselected
infused autologous lymphocytes cultured with IL-2 were infused into seven
patients with PTLD with four of four completed remissions in EBV+ patients,
none of three responses in EBV— patients, and two graft rejections (108). The
role of autologous EBV-specific cytotoxic T-cells as the preemptive therapy for
the prevention or treatment of EBV+ PTLD in solid-organ transplant patients has
been reported to be safe and effective and resulted in a decreased viral load
(108-114). Strategies to adapt this therapy in EBV—- PTLD are ongoing (115,
116). One hundred sixty-four of 568 liver transplant patients received allogeneic
T-cell infusions from HLA-identical donors in a protocol to decrease the side
effects of immunosuppressive therapeutic interventions (117). None of the 164
patients developed PTLD versus 5 of 394 patients in a control group, which was
not statistically significant. Haque and colleagues have developed a bank of 100
EBV-specific T-cell lines of known HLA type from EBV+ donors (118). Five
patients have been treated and three have responded.

12.13 A Clinicopathologic Approach to PTLD

The management of EBV-negative patients is in evolution. One approach is to use
a clinicopathologic model of therapy by initially reducing immunosuppression in
all patients. Then, in those who are CD20-positive and EBV-positive, rituximab
is the next treatment of choice. In those patients who are CD20-positive and
EBV-negative, rituximab-CHOP is the treatment of choice. In patients who are
CD20-negative and EBV-negative, CHOP chemotherapy should be considered. In
those patients with specific histologies such as Hodgkin’s lymphoma, peripheral
T-cell lymphoma, and others, disease-specific therapeutic interventions are
required. Where available, cellular immunotherapy should be incorporated into the
management of PTLD.
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12.14 Future Directions

Further understanding of the biology of the complex pathology of PTLD will lead
to further understanding of this disease, which is different from de novo diffuse
large B-cell lymphoma. The molecular histogenesis of PTLD is being defined.
BCL-6 gene mutations predicted shorter survival and refractoriness to reduced
immunosuppression and/or surgical excision (119). Somatic hypermutation of
immunoglobulin variable (IgV) genes documented that most monoclonal B-cell
PTLDs derive from germinal center-experienced B-cells, but there was remarkable
histogenetic diversity (120). Vaccine approaches for EBV could alter the natural
history of this disease state.

Discovering new clinical risk factors will lead to different directions in therapy.
The recipient of a heart from a hepatitis C virus (HCV)-positive donor is associated
with decreased survival in heart transplant recipients (121).

New immunosuppressive drugs are being implemented in solid-organ transplan-
tation. Rapamycin is an immunosuppressive and antineoplastic agent that inhibits
the mammalian target of rapamycin (mTOR). The mTOR inhibitors might induce
apoptosis in B- and T-lymphocytes. Rapamycin inhibits the growth of human EB V-
transformed B-lymphocytes (122). The impact of incorporating rapamycin into
solid-organ transplant programs has not been reported to date.

12.15 Outcomes of PTLD

The response rate and survival of patients diagnosed with PTLD remains poor
despite the advances in management strategies. Muti et al. reported a cumulative
probability of survival at 1 year of 57% (95% confidence interval: 37.6-73.4) in
40 solid-organ transplantation adult patients diagnosed with PTLD, with a
median survival that was not reached at 54 months (52). Leblond et al. reported
a median survival of 24 months from a two-institution study of 61 patients (11).
Ghobrial et al. reported a median survival of 31.5 months (95% confidence
interval: 10.7-72.5); 62 patients (58%) had died at the time of this analysis
(14). The median follow-up of patients who were alive was 51.8 months (range:
5.6-202.6 months). These series span a significant time frame. Newer approaches
to immunosuppression management, risk management, and therapeutic interven-
tions might well lead to improved overall survival.

12.16 Conclusion

Posttransplant lymphoproliferative disorder is related to EBV and immunosuppres-
sion. The multiple lymphoma histologic diagnoses make a clinicopathologic approach
to management essential. The factors associated with the risk of developing the
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disease are different than those associated with surviving the disease. PTLD is related
to impaired immune reconstitution. Our future understanding and intervention in
other EBV disorders, immunosuppression strategies, and T-cell biology infusion
strategies will likely lead to new approaches and improved outcomes in this disease.
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Chapter 13
Castleman Disease

Angela Dispenzieri

13.1 Introduction

Castleman’s disease (CD) was first described in 1954 and further defined in 1956
by Dr. Castleman (1) (Figure 13.1). He reported on patients possessing localized
mediastinal lymph node enlargement that was characterized by redundancy of
lymphoid follicles with germinal-center involution as well as marked capillary
proliferation with endothelial hyperplasia in both follicular and interfollicular
regions. Prior cases had been reported, but were anecdotal in nature (2, 3). In 1962,
Lattes and Pachter evaluated 12 cases and suggested that these lymph nodes were
hamartomatous in nature (4). Lee described refractory anemia associated with CD
that responded to surgical resection 5, and by 1967, Tung and McCormack
described 5 new cases and reviewed the 62 cases described to that point in the
literature (6), highlighting the potential for associated hypochromic anemia, hyper-
gammaglobulinemia, and bone marrow plasmacytosis.

In 1969, in a review of his own 13 patients plus a review of the 92 cases reported
in the literature, Flendrig described three types of: benign giant lymphoma”: the
plasma cell variant,the hyalinized variant, and the “intermediate variant” (7, 8).
Flendrig noted that those patients with what is now called the plasma cell variant
were more likely to have B-symptoms as well as anemia and hypergammaglob-
ulinemia. He postulated that the plasma cell variant transitions into the hyaline
vascular variant, defining what we now call the “mixed” variant, but which he
called an intermediate variant (9). In 1972, Keller et al expanded upon Flendrig’s
work after performing a clinicopathologic analysis of 81 cases of angiofollicular
lymph node hyperplasia (8). He coined the expressions plasma cell type (PCV) and
hyaline vascular type (HVV), which have superseded Flendrig’s: type I’ and “type
II” nomenclature. Gaba and associates reported the first case of multicentric
Castleman disease in 1978 (10). By the mid-1980s, investigators began describing
several of the salient differences between HVV and PCV and their respective
associations with unicentric (unifocal or localized) and multicentric (multifocal or
generalized) presentations (11, 12) (Table 13.1).

Also during this time frame, there were increasing numbers of cases of CD that
were associated with peripheral neuropathy (10, 13—17), highlighting the overlap
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Figure 13.1 Timeline of Castleman disease discoveries.(Compiled from Refs. 1 and 5-10)

Table 13.1

Classification of Castleman disease

Unicentric

Multicentric

Age
Symptoms

Organomegaly

Distribution of lymphaden-
opathy

Laboratory abnormalities

Pathology

HIV association
HHV-8 association
Therapy

Clinical course

Fourth decade
Incidental or compressive; occ
systemic symptoms

Rare

Central (mediastinal, abdomi-
nal) most common

Occasional. Anemia, hyper-
gammaglobulinemia,
increased ESR, CRP

HYV, occ mixed or PC

No

No

Surgery; occ radiation if inop-
erable

Benign

Sixth decade

Fever, sweats, weight loss,
malaise, autoimmune
manifestations; might be
associated with peripheral
neuropathy and POEMS
syndrome

Yes

Peripheral plus central

Common. Anemia, throm-
bocytopenia, hypergam-
maglobulinemia, increased
ESR, CRP, abnormal LFTs,
low albumin, renal dys-
function

PC, mixed, and occ HV

Some

Yes (23, 83, 197, 203)

Assorted systemic therapies
with variable success (see
text)

Usually aggressive

occ, occasional; POEMS, peripheral neuropathy, organomegaly, endocrinopathy, monoclonal
protein, and skin changes; HV, hyaline vascular variant; PC, plasma cell variant; CRP, C-reactive
protein, ESR, erythrocyte sedimentation rate; LFTs, liver function tests.

Source: Data compiled from Refs. 12, 19, 21, 24, 28-30, and 85.

between CD and POEMS syndrome (peripheral neuropathy, organomegaly,
endocrinopathy, monoclonal protein, skin changes).

Other terminology used historically to describe the entity known as Castleman
disease or angiofollicular lymph node hyperplasia included angiofollicular and
plasmacytic polyadenopathy, benign giant lymphoma, giant lymph node hyperplasia,
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follicular lymphoreticuloma, giant hemolymph node, idiopathic plasmacytic
lymphadenopathy with polyclonal hypergammaglobulinemia, lymph nodal
hamartoma, lymphoid hamartoma or choristoma, multicentric angiofollicular
hyperplasia, and tumorlike proliferation of lymphoid tissue (18, 19).

13.2 Epidemiology

As many men as women are affected. The age distribution is bimodal, with unifocal
patients being in their fourth decade versus patients with multicentric disease being
in their sisxth decade (11, 20, 21). CD occurs not uncommonly in the pediatric
population, and there is a suggestion that the pediatric population might have a
better prognosis than that of the adult population (22). There are little data of the
actual incidence or prevalence of this disorder, but it is considered to be a rare
lymphoproliferative disease. With the AIDS epidemic, the incidence has increased
(23); but even in this population, it is a rare condition, with CD lymph nodes
accounting for fewer than 2% of lymph node biopsies in HIV* patients (24). Nearly
all HIV* CD patients are infected with human herpes virus-8 [HHV-8; also known
as Kaposi’s sarcoma virus (KSV]) (23).

13.3 Pathogenesis/Pathology

The underlying pathogenesis of CD is not understood. Early on, it was thought that
the HVV tumors were possibly hamartomas (4). An extraordinary case of identical
twins who developed CD in the same location 2 years apart from each other (25)
supported this notion. However, most authors including Castleman have speculated
that CD is a chronic nonspecific inflammatory process in reaction to an unknown
stimulus (1, 8). The differential phenotype (HVV vs. PCV) would then be explained
by either a continuum of disease, a differential host-dependent immune response,
or reactions to two different but closely related stimuli. Further speculation has
revolved around which cell type (stromal cells, endothelial cells, lymphocytes, or
plasma cells) drives the process. A number of viral pathogens, like Epstein-Barr
virus (EBV), cytomegalovirus (CMV), and HHV-8, have been studied looking for
a pathogenic link.

13.3.1 Pathology of Hyaline Vascular Variant

On gross pathology these lesions tend to be large, single, rounded, encapsulated
masses—more commonly to be found in central than peripheral lymph node
regions. Adjacent lymph nodes might be enlarged and involved with the identical
process (8, 11). Most masses are between 5 and 10cm, although lesions as large as
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Figure 13.2 CT of a unicentric hyaline vascular variant of Castleman disease displacing the right
psoas muscle

Table 13.2 Histology of Castleman disease variants

Hyaline Vascular Variant (HVV) Plasma cell variant (PCV)
Follicular size Small Normal to large
Capillaries Increased in number (hyalinized) No increase
Interfollicular zone Plasma cells, eosinophils, lymphoblasts Sheets of plasma cells

Source: Modified from Ref. 87.

25cm have been described (Figure 13.2). On microscopic examination (Table
13.2), HVV is characterized by the presence of large follicles separated by vascular
lymphoid tissue containing lymphocytes (1) (Figure 13.3). There is regressive
transformation of the germinal centers, often producing multiple small, burned-out
geminal centers within one follicular area. Within and between the follicles there
are increased numbers of small vessels with sclerosis and loss of sinuses, which is
pathonomic for HVV. The endothelial cells of the capillaries are often plump and
mitotic figures might be seen (6, 8). Among the vessels, there is a variable mixture
of cells, usually dominated by lymphocytes, but polyclonal plasma cells and eosi-
nophils might also be seen. There is, however, a large variation in the proportions
of these components. Large areas of some lesions might be sclerosed, and within
such areas, calcification might be present (8). In most cases, there are remnants of
lymph node architecture within an affected lymph node. Adjacent lymph nodes
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Figure 13.3 Hyaline vacular variant histology. (A) Hyaline vascular variant low-power view with
reactive follicles and an interfollicular infiltrate of small lymphoid cells and fibrosis as well as
increased vascularization of the interfollicular space. (B) High-power view showing the B-cell
follicle with typical expanded mantle zone showing “onion skin™” pattern and depleted, hyalinized
germinal center with increased vascularity. (Courtesy of Dr. Ahmet Dogan)

might be involved, with a spectrum of findings from normal nodal architecture to
identical histology to the initial site to somewhere in between (8).

13.3.2 Pathology of Plasma Cell Variant

The gross specimen is that of multiple discrete lymph nodes, comprising the clinically
observed “mass.” This is distinct from the single rounded mass that is typically seen
with HVV (8, 11). Microscopically (Table 13.2), PCV is distinguished by the pres-
ence of sheets of plasma cells (PCs) in the interfollicular zone (Figure 13.4) (8).
This marked plasmacytosis might be comprised of immunoblastic proliferation
along with prominent high endothelial venules, or of mature plasma cells without
increased vascularity. Russell bodies are commonly present (8, 26) and binucleated
plasma cells might be seen, but mitoses of PCs are rare (26). Some eosinophils and
mast cells might also be present (26). There is germinal-center hyperplasia also
characterized by sharp borders within the mantle zones and by “polarization” with
the light area directed toward the capsular or trabecular sinus (27). Within the folli-
cles, there are mitotic figures, nuclear fragments, histiocytes, and cells resembling
lymphoblasts.
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Figure 13.4 Plasma cell variant histology. (A) Low-power view with small reactive follicles and
an interfollicular infiltrate of plasma cells; lack of vascular proliferation. (B) High-power view
showing the plasma cell component. Lower left corner contains a small part of a reactive follicle.
(Courtesy of Dr. Ahmet Dogan)

13.3.3 Mixed Variant of Castleman Disease

Lymph nodes have characteristics of both HVV and PCV. Focal accumulations of
plasma cells next to extensive areas without plasma cells are found in the interfol-
licular tissue (9). Characteristic lymphoid follicles with normal reaction centers and
pseudo-Hassall’s corpuscles are found in small areas.

13.3.4 Histologic Differential Diagnosis of CD

The differential diagnoses for CD are broad. Initially, HVV cases were most
commonly confused with thymomas because the intrafollicular capillaries with
thick hyalinized walls take on a concentric arrangement—the so called “onion
skin appearance”—that can be confused for Hassall corpuscle of the thymus (1).
More often, HVV might be confused with other conditions in which there is
regressive transformation of germinal centers (GCs), like angioimmunoblastic
lymphadenopathy, other atypical lymphoproliferative disorders, and advanced
phase of HIV-related lymphadenopathy (27-29). In these cases there is a variable
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degree of condensation of the germinal center. This condensation is due to the
progressive disappearance of the lymphoid component of the GC, crowding and
sclerosis of the vessels, and increased prominence of the follicular dendritic
reticular cell (FDRC) component. The increase in the FDRC can occur, either by
concentration or by proliferation.

The PCV “is an overabused diagnosis for a lymph node pattern of germinal center
hyperplasia (with or without some regressive transformation) and marked plasmacy-
tosis” (27). This pattern, which might be associated with either immunoblastic
proliferation and prominent high endothelial venules or with all mature plasma cells
with no increase of the vascularity, might be seen in several other conditions, like
autoimmune diseases, primary or acquired immunodeficiencies, or in association
with malignancies (27-29). Increased follicular size, mitotic rate, and numbers of
intrafollicular tingible body macrophages per follicle can be used to distinguish
nonspecific reactive lymph nodes from CD (30).

13.3.5 Histology of Other Tissues

About 75% of patients with multicentric disease have hepatosplenomegaly. Splenic
findings might include altered germinal centers, white pulp or marginal zone fibrosis,
and prominent plasmacytosis (11, 31). Splenic findings parallel those found in the
lymph nodes.

Liver biopsy results are quite varied. Findings might be nonspecific. Peliosis
hepatitis, the presence of blood filled cysts in the liver parenchyma secondary to
dilated hepatic sinusoids, has been seen (11, 32—-34). Micronodular cirrhosis associ-
ated with large fibrotic masses resembling hyaline vascular germinal centers of the
lymph node has also been described.

13.3.6 Stromal Cells in CD

The stromal background of CD, especially in HVYV, is quite striking. How much
stroma is present can be variable, and Krishnan et al. have proposed subdividing
HVYV into a lymphoid variant, in which the lymphoid follicles largely predominate,
and a stromal-rich variant, in which the follicles are almost overrun by the prolifer-
ation of vessels and/or stromal cells (27). By immunohistochemistry, these whorled
centers contain some factor VIII-positive cells suggesting endothelial origin (35).
By electron microscopy (EM), the whorled follicle centers are comprised mainly of
dendritic reticulum cells (36). Moreover, these FDRCs might be polyploid and have
prominent nucleoli, which connotes dysplasia (37). These cells might also aber-
rantly express adhesion molecules (38). These dysplastic changes are more com-
mon in HVV (27, 37, 38) but mightalso be seen in PCV (37). In the majority of
PCV cases, the network these FDRCs form is similar to that seen in normal or reactive
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germinal centers. However, two aberrant phenotypes are commonly seen in HVV:
an expanded, disrupted follicular dendritic cell network or multiple tight collec-
tions of follicular dendritic cells (39). There are data that suggest that the FDRCs
are the primary source of interleukin (IL)-6 in CD (40, 41), which drives the lym-
phocyte infiltrate seen in PCV (41). Finally, there are four reports of clonal karyo-
typic abnormalities derived from the stromal elements: (1) 46,XX, t(1;16)
(plL;pll), del(7)(q21q22), del(8)(ql2q22) (42); (2) 46,XX, add(1)(q21),
der(6)t(6;12) (q23;q15), add(7)(p22), -9, inv(9)(p11q13), del(12)(q15),+mar (43);
(3) t(1;22)qter;q13 44; and 4) t(7;8)(q37.3;q12) (44).

These observations about the FDRCs are compelling for two reasons. The first
is that there is an apparent increased incidence of dendritic sarcoma in patients with
CD (45) and other non-KSV vascular neoplasms (46, 47). The second is the asso-
ciation of HHV-8 (aka KSV), CD, Kaposi’s sarcoma, and lymphoma in AIDS
patients.

13.3.7 The Lymphoplasmacytic Compartment

In addition to FDRC:s, there are lymphocytes, plasma cells, and eosinophils within
CD lymph nodes. The spectrum of distribution can be broad. Frizzera has divided
PCV into proliferative and accumulative patterns based on the number and size of
germinal centers, their composition, and the extent of immature lymphoid cells
(11). Menke et al have speculated that PCV is a immune disorder characterized by
proliferation of an immunophenotypically abnormal population of mantle zone
lymphocytes (aberrantly lacking Ki-B3 and/or Ki-BS5) (37). These lymphocytes
might be of CD5* B-lymphocyte origin (37, 48)—an autoantibody producing
subset—which is sustained by local factors such as IL-6 produced by FDRCs (41).
In addition, CD45 RA" lymphocytes are absent in the mantle zone in CD lymph
nodes (37). The T-cell infiltrate are predominantly CD4 cells with a paucity of CDS8
cells in PCs (12, 49). T-Cell gene rearrangement studies have been performed by a
handful of investigators. The vast majority show no T-cell clones (44, 48, 50, 51).

13.3.8 Is Castleman Disease a Clonal Disorder?

There is contradictory information about whether the interfollicular plasma cells
are clonal (Table 13.3) (12, 17, 26, 35, 37, 48-64). The majority of studies are
based on immunohistochemical investigations, but some authors have also looked
for clonality using molecular techniques. Despite the contradictions, there are a few
unifying points. Typically, the PCV cases were more commonly monotypic than the
HVYV cases. The lymphocytes found in the follicles or the interfollicular regions are
not clonal. Plasma cells in the interfollicular zones might sometimes be monotypic—
most commonly lambda light-chain restricted—but the majority are not. If plasmablasts
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Table 13.3 Defining clonality in Castleman disease

301

Ref. Localization  Subtype Immunohistochemical ~ Notes
HIV-negative patients

17 1M 1 PCV Monotypic

52 1U0 1 PCV Monotypic

53 NS 1 Mixed Monotypic

54 1M 1 PCV Monotypic No clonal IGH

rearrangement

55 1U; 1M 2 PCV 1 polytypic; 1
monotypic

35 9U 9 PCV 2 monotypic

12 16 M 3HVV; 13 PCV 1 PCV monotypic*

48 4U1M 5 PCV Monotypic x 2; First 3 patients had
polytypic x 2; Equiv clonal IgH gene
monotypic x1 rearrangement

26 1I5U3M 18 PCV 7 monotypic

56 2M 2 PCV 1 monotypic; 1 1IgH rearrangement;
polytypic 1 w/o clonal IGH

rearrangement;
TCR germline

37 Not stated 9 HVV 21 PCV 1 monotypic 4 IgH rearrangements

monotypic in 4/91gH
rearrangements
in 3/21

57 5M 5 PCV 2 monotypic All other ~ The 2 monotypic

polytypic cases were only
2 with detectable
plasmablasts

51 2U3M 2PCV3PCV 15 1M was monotypic 1 with IgH gene

15U HVV rearrangement

58 4U16 M 4HVV 3HVVY9 Notdone 4w/o clonal IgH rear-

PCV 4 Mixed rangement 2 IgH
rearrangement
(both NHL) 15w/
o clonal IgH rear-
rangement 2 IgH
rearrangement (1
HD & 1 POEMS)

59 Not stated 4 HVV; 1 mixed;  All polytypic

1 PCV

60 1M 1 PCV All polytypic

61 1U 1 PCV All polytypic Adjacent monotypic

plasmacytoma

62 5M 5 PC variant All polytypic

63 IM 9 PCV All polytypic

50 4U4M 3HVV; 1PCV 4 All polytypic 3/4 multicentric with

PCV IgH gene
rearrangement

49 1U 1 mixed Polytypic No clonal IgH

rearrangement;
TCR germline

(continued)
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Table 13.3 (continued)

Ref. Localization  Subtype Immunohistochemical ~ Notes

64 25M 25 PCV® Polytypic Only the HHV-8*
cases had mantle
zone plasmab-
lasts; these cells
were monotypic

lambda in 4 of 6.
HIV-positive patients
58 30 M 1 HVV; 6 PCV;7 Not done 14 w/o clonal IgH
Mixed rearrangement
57 8M 8 PCV 8 monotypic (plasmab- 2 of 3 had clonal IgH
lasts) rearrangements

M, multricentric; U, unicentric; HVYV, hyaline vascular variant; PCV, plasma cell variant.
“Prior LN biopsy 4 years earlier had been polytypic.
*Three HIV-positive.

are present in the mantle zone and/or interfollicular regions, these are the cells most
likely to express monotypic light chains and/or have clonal immunoglobulin gene
rearrangement (57, 64). Plasmablasts are more likely to be present in HHV-8* cases.
It should be noted, however, that not infrequently is there discordance in determin-
ing clonality between the immunostains and molecular techniques [polymerase
chain reaction (PCR) or Southern blot analyses].

Even in the context of HIV/AIDS, the issue of clonality is contradictory (57, 58).
In one study, of eight MCD PC/HIV* patients studied, all had lambda-restricted
plasmablasts, but only two of the three tested by molecular techniques could be
confirmed as being clonal (57). However, in another study in which only molecular
techniques were used, only 3 of 14 had minor clones identified (58).

Several possible explanations have been postulated. It is possible that a virus (e.g.,
HHV-8) might infect [gM-positive naive B-cells and drive them to differentiate into
plasmablasts without undergoing the germinal-center reaction (65). Alternatively,
HHV-8 or another similar virus, could naturally target both kappa and lambda light-
chain-expressing B-cells without bias, but with only lambda cells expanding prefer-
entially due an intrinsic proliferative response to the viral infection (65).

13.3.9 Cytokines

Overproduction of circulating cytokines is implicated in the pathogenesis and
symptomotology of CD and its sister syndrome, peripheral neuropathy, organome-
galy, endocrinopathy, monoclonal protein, skin changes (POEMS) syndrome (66).
Serum levels of IL-6 in CD patients are significantly higher than those found in
patients with Hodgkin’s disease, diffuse large cell lymphoma, or multiple myeloma.
The causative association is based on several observations. The first is that
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removal of the lymph node masses causes an abrupt drop in IL-6 levels and resolu-
tion of symptoms (67). The second is that treatment with IL-6 receptor antibody
also relieves the symptoms and signs of the disorder (68). The third is that overex-
pression of IL-6 in mice produces a phenotype similar to the MCD phenotype (69).
High IL-6 levels might contribute to the plasma cell infiltration of lymph nodes, poly-
clonal hypergammaglobulinemia, increased level of acute-phase proteins, and con-
stitutional symptoms.

Vascular endothelial growth factor (VEGF) is also elevated in CD patients, but
less so than in patients with POEMS syndrome (66). Increased VEGF expression has
been observed in the interfollicular area of CD lymph nodes and in the supernatant
of cultured PCV lymph nodes (70). In one study, five of eight cases of CD, germinal
centers containing small vessels expressed VEGF by in sifu hybridization (71).
VEGEF, which induces endothelial proliferation and endothelial permeability, could
account for the hypervascular skin lesions, the peripheral edema and anasarca.

13.3.10 The Role of Viruses, Especially HHV-8 and HIV

From the initial recognition of CD, it was postulated that a virus might be a
driving factor for the disorder. Although there had been initial reports linking
EBV to CD (50), this has not been substantiated (56, 72, 73). CMV does not play
a role in CD (50). However, HHV-8 and HIV appear to play a significant role in
a subset of patients.

In 1985, Lachant et al. reported on two homosexual males with the acquired
immunodeficiency syndrome (AIDS) who developed multicentric CD followed by
Kaposi’s sarcoma (KS) (74). More cases followed. In 1995, Soulier reported on the
incidence of HHV-8 in 31 multicentric Castleman disease (MCD) patients based on
the three following observations: lymphoma and KS were malignancies that had
been described in 10-20% of patients with MCD prior to the AIDS epidemic; simi-
lar clinical and pathologic features of MCD had been reported in HIV* patients with
lymph node hyperplasia; and among HIV* patients, 75% of MCD patients also had
KS during the course of their disease (23). All 14 of the HIV* patients tested had
HHV-8 DNA sequences in their CD lymph nodes, whereas, 7 of 17 HIV-negative
MCD patients had HHV-8 DNA sequences present.

Other investigators have confirmed that nearly all HIV* CD cases contain HHV-
8" and that nearly half of HIV- MCD are HHV-8* (64, 72, 73, 75, 76) (Table 13.4).
This is in stark contrast to the roughly 7% HHV-8* rate in non-HIV, non-CD, reac-
tive lymph nodes (73). HHV-8 sequences have also been found in the peripheral
blood mononuclear cells (PBMC) of some CD patients, more commonly the
HIV* group (23, 77). HHV-8 has also been found in the bone marrow of HIV*/
HHV8* CD patients (78). HHV-8 can be found in intranodal B-lymphocytes, in
endothelial cells, and in subcapsular spindle cell proliferations. In one study, the
highest copy number was in subcapsular spindle cells (75); in contrast, viral IL-6
(VIL-6) is not expressed in KS spindle cells (72). The HHV-8 gene expression
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Table 13.4 HHV-8 infectivity and Castleman disease

A. Dispenzieri

Ref. N HIV HHV-8* Comments
Soulier et al. 14 M/PCV + 14
1995 (23)
Gessain et al. 6M + 5/6 All 5 had cutaneous
1996 (77) KS
Suda et al. 2001 (76) 3 M + 3/3
O’Leary et al. 1U2M + 3/3
2000 (75)
Menke et al. 2002 PCV Clinically no 9/15
(80)
O’Leary et al. 2000 I9U4M - 1/9 3/4
(75)
Suda et al. 2001 (76) 79M - 0/79
Soulier et al. 17 M/PCV - 7
1995 (23)
Chadburnetal. 1997 6US5M - 0/6 3/5
(73)
Luppi et al. 1996 7UMHVV)SM - 0/12
(204) (PCV)
Gessain et al. 1996 3U4M —-— 0/3 1/4
n
Parravinci et al. 3UHVV7TM - 0/3 6/70/6 4 patients devel-
1997 (72) PCV6U oped KS and 2
PCV patients NHL
Belec et al. 1999 (83) 9M - 7/9 All had POEMS
Tohuda et al. 7 M 3 POEMS — 3/70/3
2001 (205)

U, unicentric; M, multicentric; HV'V, hyaline vascular variant; PCV, plasma cell variant.

patterns are different in HHV8-associated CD as compared to the two known
HHV-8-associated malignancies, KS and primary effusion lymphoma (PEL). In
CD, both latent and lytic proteins are expressed; in KS and PEL, predominantly
latent genes are expressed (79). One of these lytic phase proteins is vIL-6. vIL-6
expression occurs in the lymphoid cells of 25-100% of HHV8* CD patients and
is associated with an inferior survival (72, 80).

13.3.11 HIV* Castleman Disease

There are differences between HIV* CD and HIV~ CD. The former is almost always
associated with HHV-8 (81), whereas only a minority of HIV~ CD case are. In the
HIV™ cases, there is a much higher risk of evolution to lymphoma (57) and the
MCD course is more fulminant. Morphologically, there are differences as well.
HIV* patients more typically have plasmablasts (CD20*, CD30") in the mantle zone
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(57). These plasmablasts (or immunoblasts) express IgM with lambda immu-
noglobulin light-chain restriction by immunohistochemistry. These cells also
express HHV-8 latent nuclear antigen and are highly proliferative. This type of
plasmablast is not commonly observed in HIV- CD, but when present, it is more
likely to be present in the context of HHV-8 infection.

The very remarkable feature of these monotypic plasmablasts—and even some
of the resultant plasmablastic lymphomas—is that they are usually shown to be
polyclonal by molecular techniques (65). Moreover, they are typically germline
consistent with being naive B-cells, despite their mature phenotype (by morphology
and by high expression of cytoplasmic Ig and CD27, which is a marker for memory
B-cells) (65).

Castleman disease is has long been thought to be related to overproduction of
IL-6 and, to some extent, to hyperresponsiveness to IL-6 (41, 82). The viral homo-
logue of IL-6 exhibits many of the biological activities of human IL-6, but the
relative importance of vIL-6 and human IL-6 has not yet been clarified. It appears,
however, that the sites of expression of these two types of IL-6 are distinct. Human
IL-6 expression can be localized to the germinal centers arising form the follicular
dendritic cells, which are located outside the sinuses, but in close contact with
blood vessels and plasma cells (41, 81), whereas vIL-6 is localized to the mantle
zone and interfollicular regions emanating from lymphoid-derived cells (72, 80,
81). In HIV* MCD, clinical symptoms correlate with high levels of plasma human
IL-6 and IL-10 accompanied by a 1.7-log increment of HHV-8 copy numbers in
peripheral blood mononuclear cells (81).

13.3.12 HIV- CD

There is some suggestion that HIV- MCD patients who are HHV-8* have a different
disease both clinically (72, 73) and morphologically (64), as compared to their
HHVS8~ counterparts. In one series, the three HHV-8* patients had a significantly
worse clinical course than did the eight HHV-8~ patients; however, six of the eight
HHV-8~ patients had unicentric disease (73), which is known to be associated
with a better outcome. In another study of HIV- CD patients, seven out of eight
HHV-8- patients had localized and limited disease, whereas all six HHV-8*
patients had multicentric PCV with other features of immune dysfunction (72). In
yet another study, HHV-8 DNA sequences were present in the tissues of about
88% of HIV-, POEMS associated CD, but fewer than 10% of POEMS patients
without CD (23, 83).

In addition, HHV* CD might have morphologic characteristics that differentiate
it from HHV- CD. After studying the lymph node architecture of HHV-8* (n = 6)
and HHV-8~ (n = 19) patients with PCV, Amin et al. concluded that HHV-8* PCV
is morphologically distinct because there is an accumulation of infected lym-
phocytes in the mantle zone, which leads to progressive blurring and dissolution of
the germinal center and altered regulation of the surrounding stroma (64). Other
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HHVS8* cells found in the mantle zone were immunoblasts/plasmablasts, the
majority of which expressed lambda light chain. A caveat to this study is that 3 of
the 6 HHV-8* patients were also infected with HIV-1.

13.4 Clinical Presentation

Regardless of the classification system used—unicentric versus multicentric, hyaline
vascular versus plasma cell variant, or with peripheral neuropathy versus without—
there is considerable overlap of signs and symptoms among populations of CD
patients. Part of this blurring of boundaries is a function of the spectrum of disease
itself; another part is related to limitations of staging, both past and present. The
earliest studies were confounded by the limitations of imaging; therefore, the
majority of first reported cases were mediastinal masses (8) detected either because
of compressive symptomatology or a mass detected on routine chest radiography.
This same limitation of technology also delayed the realization that CD could be
multicentric. The actual incidence of (and clinical features associated with) unicentric
versus multicentric disease is also confounded by the extent of imaging performed
and by the lack of consistency in defining multicentric disease. Given the fact that
CD changes can be seen in the spleen (10, 31), should the presence of splenomeg-
aly upstage a patient to multicentric disease? In addition, there are reports in which
distant lymph nodes contain only “reactive” tissues rather than CD (11, 26, 84) and
other reports in which simultaneous but distant lymph nodes have discordant histology
(one with HVV and another with PCs) (10, 12).

With these caveats in mind, there are generalizations that can be made about
groups of CD patients, as shown in Table 13.1. The median age of presentation is in
the fourth decade for the unicentric and the sixth decade for the multicentric presenta-
tions. There does not appear to be any sex predilection. The most common symptoms
are malaise/weakness, fever, weight loss, night sweats, and anorexia (12, 19, 21, 24,
28-30, 85). Although the earliest reports suggested that unicentric and HVV
accounted for close to 80% of cases, a more modern estimate would be approximately
60%. Most masses occur in typical lymph node regions, but gastric, pulmonary (8),
muscle (8), and pancreatic lesions (86) have all been described. By imaging, lesions
are often vascular appearing (87), might be heavily calcified (Figure 13.4), especially
those found in the pelvis (88), and could be flurodeoxyglucose positron emission
tomography (FDG PET) avid (89).

13.4.1 Upnicentric Disease

Nearly 90% of patients with unicentric disease have the HV form. These
patients often present with either compressive symptoms or a large incidental
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mass; however, nearly 40% of patients with HVV will have associated systemic
symptoms that promptly resolve after surgical extirpation of the solitary mass.
Unicentric disease occurs most commonly in the mediastinum, cervical regions,
and abdominal/pelvic cavity, but nasopharyngeal, orbital, dural, and oral occur-
rences have been described. Laboratory tests might be completely normal, but
anemia, hypergammaglobulinemia, and elevated sedimentation rate and liver
function tests might be present, again all of which promptly resolves after suc-
cessful surgical removal of the mass.

13.4.2 Multicentric Disease

In the case of multicentric disease, the overlap with PCV is about 90%. Approximately
80% of patients with the PCV or the mixed variant have associated protean symp-
toms. The most common symptoms include fatigue, fevers, night sweats, and weight
loss. Hepatomegaly and/or splenomegaly occurs in 75% of patients. Laboratory
abnormalities are common, including anemia, low ferritin levels, elevations of the
sedimentation rate, antinuclear antibodies, fibrinogen, C-reactive protein, and liver
transaminases, and an abnormal urinalysis.

13.4.3 Paraneoplastic Symtpoms and Syndromes

There are a number of paraneoplastic symptoms/syndromes also associated with
CD, more commonly with the multicentric form (Table 13.5) (19, 28, 46, 49, 55,
90-116). These include pleural effusions, pericardial effusions, ascites, ana-
sarca, autoimmune hemolytic anemia, immune thrombocytopenic purpura, a
multitude of renal disorders, including secondary (AA) amyloidosis or mem-
branoproliferative glomerulonephritis (105, 117, 118), pulmonary abnormalities
ranging from infiltrates to restrictive lung disease to lymphoid interstitial pneu-
monitis (111) to bronchiolitis obliterans (112—114), and skin abnormalities rang-
ing from rash to hyperpigmentation to paraneoplastic pemphigus (99, 100) to
Bechet’s disease (101) to Kaposi’s sarcoma. In one series over the course of the
disease, 40% of patients developed central nervous system (CNS) signs, includ-
ing seizures and aphasia (28). This finding should be tempered by the fact that
a number of cases from the 1980s might have been AIDS-associated CD, which
is known to have a particularly dismal prognosis (24). Neuropathy occurs in
nearly 10% of patients, again more commonly than those with multicentric dis-
ease, but it is also possible in patients with unicentric disease. When present,
other features of POEMS syndrome (also known as Crow-Fukase and Takatsuki
disease) should be sought, including a monoclonal protein and osteosclerotic
bone lesions (29, 30) (Figure 13.5).
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Table 13.5 Paraneoplastic or autoimmune associations with Castleman disease

Hematologic

Renal

Anemia of chronic disease
Pure red cell aplasia (90)

Autoimmune hemolytic anemia (91)
Autoimmune thrombocytopenia (92)
Acquired hemophilia (93)

Osteosclerotic myeloma (POEMS syndrome)
(19, 94)
Thrombotic thrombocytopenic purpura (95)

Oncologic

Non-Hodgkin’s lymphoma (96)

Hodgkin disease (96)

Follicular dendritric cell sarcoma 97)
Kaposi’s sarcoma98

Mesenchymal spindle-cell neoplasm (46)

Dermatologic
Pemphigus (99, 100)

Bechet’s disease (101)

Membranoproliferative glomerulonephritis
(GN) (93
Mesangial proliferative GN (118),
mMembranous GN (102, 103)
Interstitial nephritis (104)
Fibrillary glomerulonephritis (105)
Secondary (AA) amyloidosis
(55, 106-109)

Neurologic

Demyelinating polyneuropathy (POEMS
syndrome) (19, 94)
Myasthenia gravis (110)

Pulmonary

Bronchiolitis obliterans (112-114
Lymphoid interstitial pneumonia (111)
Pulmonary fibrosis (113)

Rheumatologic

Systemic lupus erythematosus (115)

Positive autoantibodies (antinuclear
antibodies, antiphospholipid antibodies,
Coombs antibodies)

Endocrine
Growth failure, delayed puberty (49)
Adrenal insufficiency (116)

Dominant sx |B-symptoms
Platelets Incr or decr
Anemia Common
Clonality Polyclonal
Cytokine IL-6

Viral assoc. |HIV/HHV-8

Figure 13.5 Relationship amongn Castleman disease, osteosclerotic myeloma, and POEMS syndrome



13 Castleman Disease 309

13.4.4 CD and POEMS Syndrome

POEMS syndrome is a rare paraneoplastic syndrome most often associated with
osteosclerotic myeloma (OSM). The hallmark features of the OSM variant of
POEMS are peripheral neuropathy (PN), monoclonal lambda plasmaproliferative
disorder, sclerotic bone lesions, as well as the other features shown in Table 13.6,
not all of which are required to make a diagnosis. In some cases, the lymph nodes
of these patients have Castleman-like (15) or full-fledged CD histology (16, 94,
119). In a series of 30 patients with POEMS syndrome, 19 of 32 biopsied lymph
nodes showed angiofollicular hyperplasia typical of CD (16).

Authors have noted that MCD with PN has a different quality to it when com-
pared to MCD without and have even proposed that the presence or absence of PN
should be part of the MCD classification system (29, 30). When CD is associated
with PN, edema and impaired peripheral circulation are the most common systemic

Table 13.6 Spectrum of multicentric Castleman disease, osteosclerotic myeloma, and POEMS
POEMS-MCD POEMS-OSM

MCD variant variant OSM
Fever/sweats Defining  +++ + -
Generalized Defining  +++ ++ -
lymphadenopathy

Peripheral neuropathy - Defining Defining -
Monoclonal PCD - + Defining Defining
Sclerotic bone lesions - + Defining Defining
Skin changes® ++ ++ Defining -
Papilledema - Defining Defining -
Edema/ascites/effusions + Defining Defining -
Endocrinopathy® - Defining Defining -
Interleukin-6 elevation +++ +++ + +
VEGEF elevation + + +++ +
Weight loss +++ +++ +++ -
Fatigue +++ +++ +++ ++
Polyclonal hypergammaglobulenima — +++ +++ - -
Organomegaly ++ ++ ++ -
Platelets LorH LorH Hor N -
Anemia +++ +++ - ++
Autoimmune diseases® ++ ++ - -
Restrictive lung disease + + ++ -
Renal disease + + - ++
Thrombosis - + + -

MCD, multicentric Castleman’s disease; OSM, osteosclerotic myeloma; VEGF, vascular endothe-
lial growth factor; L, low; H, high; N, normal; —: rare or absent; +, occasional; ++, common; +++,
very common.

3CD-associated skin changes include nonspecific rash, autoimmune pemphigus, and telangectasia;
POEMS-associated skin changes include hyperpigmentation, skin thickening, hypertrichosis,
cherry angiomata, white nails, clubbing, flushing, and peripheral cyanosis.

®Endocrinopathy should appear to coincide with ongoing illness.cSee Table 13.5.



310 A. Dispenzieri

abnormalities seen (12, 13, 17, 120-124). In one series, 11 of 12 cases of CD with
PN had a monoclonal lambda protein in their serum and/or urine (30). PCV and the
mixed HVV/PCV are more like to have associated neuropathy (13, 17, 37, 121-123),
but PN has been also seen with HVV (10, 37, 125).

The PN in OSM-POEMS usually has a significant motor component and is one
of the dominating features of the syndrome; whereas the PN in CD patients tends
to be more subtle and more often sensory. In its most severe form, it is a mixture of
demyelination and axonal degeneration, with normal myelin spacing on electron
microscopy (121, 123). There might be evidence of abnormal capillary prolifera-
tion, similar to that seen in the affected lymph nodes (123).

Table 13.6 presents the spectrum of lymphoproliferative disorder to plasmapro-
liferative disorder in the context of POEMS. Whereas OSM-POEMS patients have
a monoclonal plasma cell disorder, CD is characterized by a brisk polyclonal hyper-
gammaglobulinemia, which, on occasion, also contains a monoclonal protein. Both
entities have a proinflammatory cytokine profile, but in the OSM variant of
POEMS, VEGEF is the most consistently elevated cytokine; in contrast, in CD, IL-6
is the dominant aberrantly overexpressed cytokine. Although renal failure is rare in
OSM-POEMS, it is more common when patients have associated CD.

13.4.5 Diagnosis, Classification, and Prognosis

The diagnosis of CD is a pathologic one that can be clouded by discrepant pathology
at different sites. It is therefore imperative that more than one biopsy be performed
if the clinical level of suspicion is high because of the potential lack of lymph node
concordance at distant sites.

Once the diagnosis is made, in addition to a thorough review of systems (B-
symptoms, endocrinopathy, peripheral neuropathy) and physical examination
(papilledema, skin changes), additional testing is required. Patients should have a
complete blood count, erythrocyte sedimentation rate, C-reactive protein, liver
function tests, serum creatinine, serum protein electrophoresis with immunofixation,
IL-6, VEGEF, serology for HHV-8 and HIV, urinalysis, and computed tomography
(CT) of the chest abdomen and pelvis. If there are any pulmonary symptoms, the
threshold for performing pulmonary function tests should be low. If there is associated
neuropathy, imaging of the bones should be done looking for sclerotic bone lesions.
If elements of POEMS syndrome are present, then more extensive endocrine testing
should also be performed.

The course of CD can be quite variable. Typically, those with localized disease are
cured by surgical resection. The multicentric form is more difficult to manage and
median survival has been reported to be as short as 26 months (12). Frizzera et al.
divided patients’ courses into two categories—episodic and persistent (28). Those
patients with more extensive disease (systemic symptoms, lymphadenopathy, hepat-
osplenomegaly, and effusions) were more likely to have the episodic pattern of evolu-
tion. These authors also found that male gender, episodic evolution, and predominantly
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proliferative morphology in involved lymph nodes were associated with worse sur-
vival in univariate analysis (28). Weisenberger et al. divided the course for MCD
patients into five categories: (1) cure; (2) stable and persistent; (3) relapse and remis-
sion; (4) rapidly fatal disease; and (5) evolution to malignant lymphoma (12).

Our group has looked at a prognostic modeling system for survival using the
clinical information of 114 patients with CD. We found that after adjusting for age,
the multivariable model included organomegaly, respiratory symptoms, and an
abnormal platelet count. Depending on whether patients had O or 1+ adverse fac-
tors, their 10-year survival rates were 80% [95% confidence interval (CI): 65-98%]
and 41% (95% CI: 28-59%) (126).

13.4.6 HIV Clinical

Castleman disease in the HIV population distinguishes itself from CD in an HIV-
negative population with the following features: (1) more likely to be multicentric;
(2) systemic symptoms more common and more intense; (3) adenopathy more
likely to be peripheral; (4) pulmonary symptoms more prevalent; (5) leukopenia
and thrombocytopenia more common; (6) a much higher incidence of HHV-8 coin-
fectivity and clinical KS; (7) histologic type most commonly the mixed HV/PC
variant; (8) a 15-fold risk of developing malignant lymphoma; and (9) prognosis
dismal, with a median survival of 12-22 months (24, 127, 128).

In one series, the duration of known HIV seropositivity before CD diagnosis was
less than 2 years in six cases, between 2 and 5 years in eight cases, and more than
5 years in six patients (24). The mean CD4 count was 156 x 10%L. Fifteen of 20
patients had KS: 6 with KS predating the MCD; 6 with concurrent diagnoses; and
3 who went on to develop KS 6-14 months later. This high incidence of KS is mir-
rored in another smaller series of 11 patients (128). Splenic histology mirrored
lymph node histology when evaluated. Bone marrow involvement was observed in
12 of the 15 patients who were tested (24).

The symptoms of MCD might wax and wane for unclear reasons. Often this
variability appears to correlate with high HHVS viral load in peripheral blood
mononuclear cells, high level of serum C reactive protein, and high plasma human
IL-6 and IL-10 levels (81). The most common symptoms are fevers, sweats, fatigue,
fluctuating lymphadenopathy, and hepatosplenomegaly, but patients might also
develop pulmonary symptoms (dyspnea and cough) and infiltrates (129). Pulmonary
symptoms manifest in approximate 20% of patients (129).

13.4.7 CD in Pediatric Population

Castleman disease is believed to have a more benign course in the pediatric popula-
tion than in the adult population. Approximately 85% of cases are unicentric (22, 28).
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Within the pediatric population, the disease is more common in teenagers, with 72%
of cases between ages 10 and 17 years. General symptoms of fever, failure to thrive,
weight loss, and fatigue are the presenting complaints in 45% of cases (22).

The distribution of tumor localization is about one-third each in the thorax, the
abdomen, and in the periphery (22). Laboratory abnormalities, including anemia,
hypergammaglobulinemia, and elevated erythrocyte sedimentation rate, are seen in
23% of the HV cases, in all of the PC cases, and in 82% of the mixed types. Two
of the patients with multicentric disease had glomerulonephritis. In a very large
review of 83 pediatric cases, patients with localized disease were treated with sur-
gery in all but 4 cases. Two of these patients received radiation and the other two
had spontaneous regressions. No relapses were documented in the localized
patients. Patients with multicentric disease received various therapies, with half of
them achieving a complete response (22).

13.4.8 CD and Lymphoma and Other Secondary Malignancies

Secondary malignancies are not uncommon in CD. This is especially true in the
HIV* population, who are estimated to have a frequency of lymphoma of 15-fold
of an HIV* population without CD (127). However, even in the HIV-negative popu-
lation, as many as one-third of MCD patients develop malignancies, most notably
lymphoma (~15%) (28, 30, 64, 96, 130) and Kaposi sarcoma (28). Both unicentric
and multicentric patients appear to be a risk.

13.4.8.1 HIV™ Lymphoma

Larroche et al. reviewed the association between CD lymphoma in the HIV~ popu-
lation by describing 23 cases of non-Hodgkin’s lymphoma (NHL) and 27 cases of
Hodgkin’s disease (HD) (96). They found that NHL is more often associated with
multicentric CD, its diagnosis being concurrent with CD diagnosis or occurring
within 2 years. In contrast, HD occurs more commonly in localized CD of the
plasma cell type (96), but it also occurs in multicentric disease (64). The spectrum
of NHL seen includes diffuse mixed cell lymphoma (12), pleomorphic large-cell
lymphoma (12), and peripheral T-cell lymphoma (64). Other secondary B-cell
neoplasms have included.: y-heavy-chain disease (131), multiple myeloma (MM)
(132), and small B-lymphocytic lymphoma (133).

13.4.8.2 HIV' Lymphoma
Within a prospective cohort study on 60 HIV* patients with MCD and a median

follow-up period of 20 months, 14 patients developed HHV-8-associated NHL: 3
with “classic” EBV* PEL) 5 with EBV~ visceral large-cell NHL with a PEL-like
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phenotype, and 6 with plasmablastic lymphoma/leukemia (127). All of the
plasmablastic cells that were phenotyped expressed IgM lambda on their surface.
The estimated 2-year probability of developing NHL after a diagnosis of multicentric
Castleman disease (MC) was 24.3%. At the time of NHL diagnosis, the median
CD4 count was 248 x 10%L. Those patients with the leukemic phase had a dis-
mal outcome and died within 1 week. The overall median survival from NHL in
these patients was 1 month (127).

13.4.8.3 Follicular Dendritic Cell Tumor

Follicular dendritic cell (FDC) sarcoma is an extremely rare neoplasm. However,
there have been a number of cases reported in patients with CD (97, 134-138).
There are even reports of possible progression from CD to FDC malignancies
(97, 134). It appears to occur more frequently in patients with HV'V.

13.4.8.4 Kaposi Sarcoma

As mentioned, the association between KS and CD became evident during the
AIDS epidemic of the 1980s (12, 24, 28, 139-142). Several of these first cases did
not have their HIV status specified (12, 28, 139-141). Over ensuing decades there
have been reports of the association in patients who are clearly defined as being
HIV- 143. The association has also been in solid-organ transplant recipients (144).
Finally, there are sporadic case reports of MCD associated with other carcinomas
(145, 146), sarcomas (147) and thymic malignancies. (148).

13.5 Treatment

Treatment options must be considered separately for three different disease presen-
tations: (1) unicentric disease; (2) multicentric disease in patients not infected with
HIV; and (3) multicentric disease in HIV-positive patients. Further consideration
should be made as to whether patients have coexisting POEMS syndrome.

13.5.1 Treatment of Unicentric Disease

The treatment decision for unicentric disease, regardless of whether it is hyaline
vascular, plasma cell variant, or mixed type, is straightforward: surgical removal
whenever possible (20, 21, 28, 85, 149). If not possible, irradiation should be con-
sidered (Table 13.7) (8, 14, 20, 21, 49, 150-156). For large tumors, embolization of
solitary masses prior to surgical removal (157) or neoadjuvant therapy has also
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Table 13.7 Role of irradiation in the treatment of Castleman disease

Study Histology =~ Response F/U (months)  Status
Unicentric Disease
Fitzpatrick et al. 1968 (150) — PR 24+ AWD
Fitzpatrick et al. (1968) — CR 72+ NED
Keller et al. 1973 (8) HVV Stable disease x 4 — —
patients
Ernsom et al. 1973 (151) — PR 60+ AWD
Nordstrom et al. 1978 (152) PCV CR 12+ NED
Weisenburger et al. 1979 (14) PCV CR 10+ NED
Stokes et al. 1985 (154) PCV Stable 60+ AWD
Massey et al. 1991 (49) Mixed CR 26+ NED
Bowne et al. 1999 (20) HVV PR 24+ AWD
HVV CR 17 DNED
HVV CR 12+ NED
Chronowski et al. 2001 (21) HVV CR 8 DNED
HVV CR 35+ NED
HVV Progression 5 DOD
HVV CR 23 NED
HVV CR 175 NED
Neuhof et al. 2006 (162) HVV PR 3 AWD
Mixed Stable disease 12 AWD
Multicentric Disease
Gaba et al. 1978 (10) HVV Mass stable; other 24+ AWD
symptoms
improved
Nordstrom et al. 1978 (152) PCV CR 18+ NED
Marti et al. 1983 (153) Mixed CR" 20+ NED
Sethi et al. 1990 (155) HVV CR* 22+ NED
Veldhuis et al. 1996 (156) PCV CR 24+ NED
Bowne et al. 1999 (20) HVV CR® — AWD

HYV, hyaline vascular variant; PC, plasma cell variant; CR, complete remission; PR, partial remis-
sion; AWD, alive with disease; NED, no evidence of disease.

“Local irradiation to dominant mass resulted in shrinkage of distant lymphadenopathy.

"Treated with resection followed by irradiation.

been applied. Although there is a low rate of recurrence, these patients appear to
have a higher risk of developing HD and NHL. Long-term follow-up should be
recommended. A number of patients have seemingly done well with observation
alone, but one must be vigilant about subtle development and progression of associ-
ated paraneoplastic entities like bronchiolitis obliterans.

If there are associated paraneoplastic or autoimmune conditions associated with
CD, these generally resolve within months of the surgery—most notably laboratory
abnormalities like anemia, hypergammaglobulinaemia, and high sedimentation
rate, C-reactive protein (CRP), and liver function tests. If present, associated pem-
phigus often (99, 112), but not always (158), improves within the year. NonAA-related
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Unicentric versus
multicentric?

Unicentric / \ Multicentric
Resectable? Systemic

therapy required

Yes l \ No ‘

| Resect | | Irradiate |
Yes , \ No

Vinblastine Alkylator + prednisone
Liposomal doxorubicin Combination chemotherapy
Oral etoposide Rituximab
Rituximab Interferon
Thalidomide Thalidomide
Interferon Anti-IL-6 or -IL-6 receptor
Alkylator  prednisone PBSCT

Figure 13.6 Treatment algorithm for patients with Castleman disease

renal disease has also been reported to resolve within 12 months of surgical removal
(159). Symptoms from associated AA amyloid typically improves over the ensuing
years after removal of unicentric disease (160, 161). Reports of lack of recovery of
bronchiolitis obliterans after definitive surgery (112, 113) are difficult to interpret
because it is unclear whether earlier intervention (i.e., at a lymphoid interstitial
pneumonitis stage or before fibrosis) could reverse pulmonary changes.

Of the 21 patients with unicentric disease treated with irradiation (Table 13.7),
10 had a complete response, 4 had a partial response, 6 had no clinical response,
and one had progressive disease (8, 14, 20, 21, 49, 150-155, 162). Even in those
patients whose mass does not clearly shrink, the tumors histology changes in that
lymphocytes are depleted and nuclear atypicality and hyperchromatism are seen in
the plump endothelial cells of the proliferating capillaries (8). Gulati et al. reported
on the use of adjuvant radiation therapy in a patient with isolated leptomeningeal
disease (163).

13.5.2 Treatment of Multicentric CD in HIV- Patients

For HIV-negative multicentric CD, the best choice of therapy is uncertain because
available treatment data are limited to small retrospective series (12, 21, 28, 85,
140) and single case reports. Interpretation of each of these reports is confounded
by the absence of uniform response criteria. If B-symptoms abate without shrinkage
of lymph node groups, is that a response? If some, but not all, of the autoimmune
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manifestations abate, is that a response? Is it a meaningful response if it lasts only
2 months? These are just some of the limitations of the available data. With these
caveats in mind, therapy to date has been corticosteroid and alkylator based. Small
numbers of patients have been treated with alternative therapies like interferon-alpha
(IFN-a), thalidomide, rituximab, bortezomib, and anti-IL-6 receptor antibodies
(Table 13.8). High-dose chemotherapy with hematopoietic stem cell transplantation
has also been used with good effect in a limited number of cases. Exactly where
these treatment plans fit into the overall treatment is uncertain.

No prospective studies support the use of corticosteroids in the treatment of CD.
Although they have clinical activity (19, 21, 29, 85) and are not infrequently used
to maintain clinical improvement, it is unclear whether this strategy is in the best
interest of these patients.

Alkylators (cyclophosphamide or chlorambucil) have been used as single-agent
therapy, along with low-dose prednisone (85, 164), or as part of combination
chemotherapy. Most reports of improvement are from individual or small case studies
(19, 21, 29, 85).

Combination chemotherapy (20, 128, 165), including chlorambucil/prednisone,
cyclophosphamide/prednisone, cyclophosphamide/vincristine/prednisone (COP) +
doxorubicin (CHOP) or procarbazine (COPP), and rituximab with either COP
(166) or CHOP (165) have all been tried in patients with multicentric disease. Some
authors suggest that responses are more durable using the high-dose combination
chemotherapy (21), but the evidence does not clearly justify this conclusion.
Patients with multicentric CD commonly died of infections related to therapy.

Additional anecdotal cases treated with other agents have been reported. An
HIV- patient developed MCD and KS associated with active human HHV-8 infec-
tion. He was treated initially with sequential antiviral therapy (foscarnet) without
clinical benefit or improvement in his HHV-8 viremia (143). Subsequent treatment
with chemotherapy and corticosteroids led to clinical improvement. Methotrexate
provided benefit in a patient with MCD and rheumatoid arthritis (167). Suramin
provided long-lasting response in one patient (20), but it was not effective in
another five patients (165).

There is limited experience with anti-CD20 antibodies in patients with CD.
There is one report of benefit with single-agent rituximab in a young man with an
aggressive form of CD with autoimmune hemolytic anemia and positive outcome
(168). A man with orbital CD responded to single-agent rituximab (169). There are
two single case reports of treating HIV-negative patients with relapsed CD with
rituximab along with cyclophosphamide and prednisone with favorable response
(166, 170, 171). Not only did the B-symptoms and lymphadenopathy improve, but
the renal failure secondary to CD-related glomerulonephritis in one patient normal-
ized after therapy.

Reports of the use of 2-Chloro-2'-Deoxyadenosine (2-CDA) in patients with CD
are limited (172, 173). In a series of three patients with CD (two with multicentric
and one with unresectable HV), two patients responded with relapse-free survivals
of 24 and 20 months. Both responding patients, however, later devloped NHL (dif-
fuse large B-cell lymphoma and peripheral T-cell NHL, respectively) (172). This
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Ref. Drug N Outcomes
Patients Not Infected with HIV
Jacobs et al. MTX 1 HHV8+, rheumatoid arthritis
2006 (167) patient—remission x 54+ m
Senanayake et al. 2003 Antiviral 1 No benefit from antiviral despite
(143) HHV-8.
Ide et al. 2003 (169) Rituximab 1 CR+ 10m
Ocio et al. 2005 Rituximab I mixed  CR of lymph node, hemolysis,
(168) and Raynaud’s at 14+ m
Hudnall et al. Rituximab, CR of lymph nodes and
2003 (166) CTX, Pred constitutional symptoms;
persistant hypergammaglob-
ulinemia at 12+ m
Abdou et al. 2004 (170) Ritux, CTX, Pred 1 CR of lymph nodes andw acute
renal failure at 24+ m
Gholam et al.2003 (171) Rituximab after 1 PR 2 months, but death
chemotherapy secondary to AA amyloidosis
Bordealeau et al. 1995 2-CDA 2 1 unresectable HV received
(173) 2-CDA + XRT resulted in CR
9+ m; 1 MCD had PR
Colleoni et al. 2-CDA 3 2 MCD patients had response
2003 (172) lasting 20—24 m; both patients
evolved to NHL (DLBCL;
PTCL); 1 unresectable uni-
centric HVV did not respond
Pavlidis et al. 1992 (174)  Interferon-o. 1 CR 11+ m
Tamayo et al. 1995 (175)  Interferon-a 1 CR 32+ m
Strohal et al. 1998 (101) Interferon-o 1 CR of lymphadenopathy,
B-symptoms, and Bechet’s
disease 25+ m
Simko et al. 2000 (177) Interferon-ou 1 Long-term disease stabilization
(8+ years) in 11-year-old
with Klinefelter syndrome
& HCV.
Andres et al. 2000 (176) Interferon-ou 1 CR 42+ m
Bowne et al. 1999 (20) Suramin 1 CR 46+ m
Starkey et al. 2006 (179) Thalidomide 1 Near total resolution of all
symptoms and LA 40+ m
Lee et al. 2003 (178) Thalidomide 1 Improvement of ascites, anemia,
albumin, CRP, platelet count,
pulmonary hypertension at
134 m
Hess et al. 2006 (180) Bortezomib 1 Improved anemia, constitutional
symptoms, IL-6, CRP, but
stable lymphadenopathy
Beck et al. 1994 (181) Murine anti-1L-6 1 Response while on therapy, but
monoclonal Ab rapid relapse upon cessation.
Nishimoto et al. Humanized anti- 28 Improvement of LA and

2005 (68)

Repetto et al. 1986 (84)

IL-6 receptor
Ab

ASCT

B-symptoms in all for 36+ m

CR 15+ m

(continued)



318

Table 13.8 (continued)

A. Dispenzieri

Ref. Drug N Outcomes
Advani et al. 1999 (182) ASCT 1 Failed steroids & chemotherapy,
but developed follicular
lymphoma. CR 48+ months
after ASCT
Dispenzieri et al. 2004 ASCT 2 Associated POEMS; CR 13+ and
(119) 18+ m
Ganti et al. 2005 (124) ASCT 1 Associated POEMS; response of
all manifestations x 24+ m
Lerza et al. 1999 (183) Splenectomy 1 CR for 12+ m for autoimmune
hemolysis, systemic symp-
toms, and lymphadenopathy
Frizzera et al. Splenectomy 1 CR for 78+ m
1985 (28)
Patients Infected with HIV
Lanzafame et al. 2000 HAART 2 Improvement in both for 12+ m

(186)

Aaron et al. HAART 7 No response to HAART, but per-

2002 (184) ception that immune recon-
stitution allowed for better
chemotherapy response &
overall survival, median 38 m.

Corbellino et al. Cidofovir 1 No response
2001(188)
Berezne et al. Cidofovir 5 No response

2004 (189)

Casper et al. Ganciclovir 3 Fewer flares of MCD in 2;

2004 (190) improvement in acute renal
and respiratory failure in one
patient who got 12 days of
treatment, but who d/c’d Rx
due to leucopenia in context
of fungal infection—died on
day 30.

Nord et al. 2003 (194) Interferon-ou 1 Successful maintenance
Kumari et al. 2000 (193) Interferon-a 1 Improvement
Jung et al. Thalidomide 1 Improvement of hypergam-

2004 (195) maglobulinemia, thrombo-
cytopenia and constitutional
symptoms x 38 weeks

Casquero et al. 2006 Rituximab 1 CR x 10+ m, but possible
(198) aggravation of cutaneous KS
Marcelin et al. 2003 Rituximab 5 CR x 3 lasting 4+—14+ m, but
(196) possible aggravation of cuta-
neous KS in 2; 2 early deaths
Kofteridis et al. Rituximab 1 CR 12+ m
Marrache et al. 2003 Rituximab 1 CR 6+ m

(206)

Corbellino et al. Rituximab 1 CR 14+ m remission of symp-

2001(188) toms and HHV-8 viremia

(continued)
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Table 13.8 (continued)

Ref. Drug N Outcomes
Newson-Davis et al. 2004  Rituximab 1 Near CR: HHV-8 viral load,
(201) IL-6, and TNF-a levels
decreased.
Neuville et al. Rituximab 2 No significant response, and
2005 (200) exacerbation of KS
Revuelta et al. Splenectomy & 1 CR of LA, B-symptoms,
1998 (202) foscarnet pulmonary infiltrates, and
pancytopenia X 12+ m
Oksenhendler et al. 1996 Splenectomy 9 Prompt, but transient (1-3 m)
(24) improvement in fever and
cytopenias.

CR, complete response; KS, Kaposi sarcoma; LA, lymphadenompathy; 2-CDA, 2-chloro-
deoxyadenosine; HAART, highly active antiretroviral therapy.

brings into question whether the use of 2-CDA accelerates the transformation of
CD to lymphoma (172), reminiscent of the high risk observed in HIV-positive
patients (127).

Interferon-a has been reported to control disease in five separate cases (101,
174-177). Novel agents like thalidomide have been used with dramatic success in
two patients (178, 179). Bortezomib has been shown to improve the cytokine and
biochemical profile in addition to clinical symptoms (180).

Beck et al. demonstrated that an HIV-negative patient with multicentric CD
could have his systemic manifestations of multicentric CD alleviated by the use of
a monoclonal anti-IL-6 antibody. The patient developed extremely high levels of
IL-6, and symptoms of multicentric CD promptly reoccurred after the therapy was
discontinued (181). This study demonstrated proof of principle (i.e., that many of
the systemic symptoms of multicentric CD are IL-6 mediated). Subsequent studies
have focused on blocking the IL-6 receptor. A humanized anti-IL-6 receptor anti-
body (rhPM-1; aka MRA) was used to treat two patients with multicentric PC or
mixed-type CD (82).

These same authors have reported on a prospective multicenter clinical trial
employing humanized anti-human IL-6 receptor monoclonal antibody in 28
patients with MCD (68). Within 16 weeks of treatment, fatigue, lymphadenopathy,
and all of the inflammatory parameters were alleviated. Hemoglobin, albumin, and
total cholesterol levels, high-density lipoprotein cholesterol values, and body mass
index all increased significantly. Histopathologic examination revealed reduced
follicular hyperplasia and vascularity after treatment (82). Eleven (73.3%) of 15
patients who had received oral corticosteroids before study entry were able to do
well on a reduced corticosteroid dose (68). Ninety-six percent of patients remain on
therapy for more than 3 years.
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High-dose chemotherapy with hematopoietic stem cell transplantation has also
been used with good effect in five patients, three of whom had coexisting POEMS
syndrome (84, 119, 124, 182).

Somewhat surprisingly, on occasion, localized therapies have provided
clinical responses in patients with multicentric disease. There are six reports
of using radiation in this setting with dramatic clinical benefit in five (Table
13.8). In two of these cases, radiation of the dominant lymph node group
resulted in nodal response at remote locations (153, 155). Even in those
patients in whom there was no clear response after irradiation, there was a
histologic change [i.e., depletion of lymphocytes, causing nuclear atypia and
hyperchromatism in the plump endothelial cells of the proliferated capillaries
(8)]. For those patients with POEMS syndrome, radiation to a solitary scle-
rotic lesion can have resolution of lymphadenopathy (30. In a similar vein,
splenectomy has provide durable clinical benefit in two patients with multi-
centric disease (Table 13.8) (28, 183).

13.5.3 Treatment of Multicentric CD in HIV* Patients

The approaches used for the HIV-positive population are slightly different than
the approaches for those not infected with this virus. Because these patients are
already severely immunosuppressed, high-dose combination chemotherapy is a
riskier prospect. Unlike the dramatic improvements in active KS after the insti-
tution of highly active antiretroviral therapy (HAART), MCD does not regress
by mere immune reconstitution (184, 185) with only a few exceptions (186).
There was one report, which has not been substantiated, that HAART might
aggravate the symptoms of MCD (187). The use of HHV-8 directed antivirals,
like ganciclovir, foscarnet, and cidofivir in HHV-8-positive patients has yielded
conflicting results (188—190), with the majority of cases suggesting no benefit
(188, 189).

Singly or in combination, liposomal doxorubicin, oral etoposide, and vinblastine
have produced remission—sometimes durable—in HIV-positive patients (24, 128,
184, 191). Vincristine, bleomycin, vinblastine combinations have been used with
success (128). Alkylator-based treatment including low-dose chlorambucil have
occasionally been helpful (128). More intensive alkylator-based therapies can
result in responses, but they should be used with caution because of their extreme
immunosuppressive effects (192). Interferon-o has also provided modest benefit
(193, 194). There is one case report of the benefit of thalidomide in an HI'V-positive
patient with multicentric CD (195).

Twelve patients with HIV-associated CD have been treated with rituximab
with mixed results (188, 196-201). In the largest series, Marcelin et al. (196)
reported on five patients infected with HIV with CD. Two died very quickly after
the beginning of rituximab therapy. Three had complete remission with no more
clinical symptoms related to CD with a follow-up of 4-14 months. In two of the



13 Castleman Disease 321

responders, clinical remission correlated with a dramatic decrease of HHV-8 viral
load as well as a transitory but sharp decrease of CD19 cell count and an aggrava-
tion of KS (196).

Painful splenomegaly or peripheral cytopenias might trigger splenectomy, which
results in a prompt, albeit transient (1-3 months), effect on fever and cytopenia
(24), although on occasion the benefit may be durable (202).

13.6 Conclusions

The field of CD has come a long way since it was first described in 1954, but much
work is yet to be done. A uniform histologic and clinicopathologic classification
system has been the first step. Further advances will come as investigators use the
clues imparted from its relationships to AIDS, lymphoma, and the POEMS syndrome.
A better understanding of the cytokine networks and the preeminent cell type driving
the disease will provide a clearer, more reproducible means to prognosticate, treat,
and perhaps even prevent this condition.
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Chapter 14
Rare T-Cell Lymphomas

Ana Maria Molina and Steven M. Horwitz

14.1 Introduction

T-Cell lymphomas are a group of rare or, at least uncommon, hematologic
malignancies comprising about 10—15% of all non-Hodgkin’s lymphomas in North
America (6). Overrepresentation of certain subtypes such as natural killer
(NK)/T-cell lymphoma makes them relatively more common in Asia (105, 106). As
classification systems for lymphoid malignancies become more sophisticated, com-
bining morphology, immunophenotype, molecular, and clinical information, more
distinct subtypes of T-cell lymphoma have emerged. In the latest version of the
WHO and World Health Organization-European Organisation for Research and
Treatment of Cancer (WHO-EORTC) consensus on cutaneous lymphomas, there
are at least 13 different subtypes of T-cell lymphoma (83).

Despite this heterogeneity, the T-cell lymphomas do share some common
features. They have a predilection for extranodal sites, which makes detection,
diagnosis, and management challenging. They are poorly studied and often carry a
poor prognosis. The continually evolving classification systems make it difficult to
collect rigorous retrospective data and their rarity makes prospective studies almost
impossible. Although our understanding of the pathology has grown from detailed
studies of tumor tissue, our management strategies for T-cell lymphomas are prima-
rily borrowed from those shown effective for more common aggressive B-cell
lymphoma.

In this chapter, we will focus on three of the rarest T-cell lymphomas: enteropathy-
associated T-cell lymphoma, hepatosplenic T-cell lymphoma, and subcutaneous
panniculitis- like T-cell lymphoma. Each of these lymphomas comprises less than
5% of all the T-cell lymphomas and fewer than 1% of all non-Hodgkin’s lymphomas,
making them truly rare hematologic malignancies. Each section reviews increasingly
well-described clinical and pathologic characteristics of these lymphomas. We also
review strategies for management that are collected from case reports, small series,
personal experiences, and retrospective reviews. Underlying the treatment dis-
cussions must be an awareness on the part of the reader of the inherent biases in
case reports and small series and the lack of data available to formulate a preferred
management approach.
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14.2 Enteropathy-type T-Cell lymphoma

Enteropathy-type T-cell lymphoma (ETL) is a rare, predominantly extranodal
non-Hodgkin’s lymphoma strongly associated with underlying celiac disease. In
the recent international T-cell NHL study, ETL accounts for 4.7% of all T-cell
lymphomas (32). Originally termed malignant histiocytosis of the intestine, this
entity was shown to be of T-cell lineage, arising from intraepithelial cells (IELs) in
the gastrointestinal tract (17, 33). In the World Health Organization classification
enteropathy-type T-cell lymphoma is categorized under the extranodal grouping of
mature T-cell and NK-cell neoplasms (41).

14.2.1 Clinical Features and Diagnosis

Enteropathy-type T-cell lymphoma is strongly associated with celiac disease, with
a relative risk ranging from 2.1 to 6.6 (3, 10, 11, 19, 21, 34, 64). It is believed that
in many patients, ETL arises from a progressive clonal expansion of IELs in certain
at-risk patients with refractory celiac disease and the early changes can be seen long
before the manifestations of overt lymphoma. Isaacson and Du have reviewed the
multistage development of ETL starting with susceptible individuals with HLA
DQAL1 and DQBI to the development of celiac disease (CD), progression to refrac-
tory CD, and, finally, the development of ETL (23). ETL has been linked to an HLA
type found in northern Europeans consisting of HLA DQA1*0501 and DQB1*0201
genotypes that are characteristic of celiac disease (7). Homozygosity for HLA-DQ?2
is associated with refractory celiac disease type II (RCD II) and ETL (66). In
patients with refractory sprue, the clonal proliferation of abnormal IELs is an early
manifestation of ETL (61). These IELs have normal cytologic appearance but are
phenotypically abnormal (CD3€+, CD3—, CD8—, CD4—, and clonal rearrangement
of the TCRy gene) (63). Cellier et al, classified these aberrant populations of IEL
as “cryptic enteropathy-associated T-cell lymphoma” (61, 63). Although patients
with refractory CD and clonal expansion of IELs have a greatly increased risk of
progressing to ETL, not all patients will go on to develop overt lymphoma. In
patients with established celiac disease, the absolute rates of non-Hodgkin’s lym-
phoma and small bowel lymphoma are reported to be 1 in 1421 person-years and 1
in 5684 person-years, respectively (34).

Enteropathy-type T-cell lymphoma has an aggressive clinical course. This
growth rate coupled with difficulties assessing the bowel by physical exam or radio-
graphic studies results in most patients being diagnosed with advanced disease.
ETL commonly occurs in the sixth and seventh decades of life and typically
presents in a patient with either a history of childhood celiac disease or during the
diagnosis of adult-onset celiac disease. Less often, it presents in patients with no
history of celiac disease. At diagnosis, patients complain of abdominal pain, vomit-
ing, and diarrhea. Bowel obstruction and/or perforation are commonly the first
signs of disease and subsequent surgery results in the diagnosis. In the two largest
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series, the presenting features were abdominal pain, diarrhea, vomiting, and up to
23% and 37% of patients presented with small bowel obstruction or perforation,
respectively (1, 15). At presentation, B-symptoms, elevated lactate dehydrogenase
(LDH), and anemia are also reported (1, 13, 15). Bone marrow involvement is rare,
with 2 series reporting 0/9 and 2/24 patients affected (1, 13).

Computed tomography (CT) might show bowel thickening and regional lym-
phadenopathy but is relatively insensitive at finding sites of bowel involvement.
Positron-emission tomography (PET) is reported to assist in staging by identifying
sites of bowel involvement not appreciated by CT scan (37, 51, 84). The sensitivity
of PET might prove helpful in following patients at high risk of developing ETL. In
a retrospective study of a small number of patients, Hoffmann et al. demonstrated
that PET findings differ significantly in patients affected by ETL and patients suffer-
ing from celiac disease (51). Hadithi et al. demonstrated in a prospective cohort
study of 38 patients that 18 Fluorodeoxyglucose-Positron emission tomography
(18F-FDG-PET) was more sensitive in detecting ETL in patients with refractory
celiac disease than was CT (37). PET scan was 100% sensitive and 90% specific in
detecting ETL in patients with refractory celiac disease. The positive likelihood ratio
of 10 suggests that PET might be a useful tool in both monitoring and early detection
of the development of ETL in patients with RCD by helping to direct biopsy in
areas of increased uptake that are suspicious for malignancy. Equivocal PET results
in patients can be problematic in the diagnosis of ETL, given the difficulty in assess-
ing the small bowel indirectly or by means other than surgical techniques. Capsule
endoscopy, initially used to evaluate obscure gastrointestinal bleeding, is a promis-
ing technique that might be useful in directly evaluating the small bowel in patients
with ETL and possibly refractory celiac disease. Joyce et al. reported the first use of
small bowel capsule endoscopy in a patient with ETL receiving chemotherapy (86).
Images revealed erythema, active bleeding, mucosal flattening with villous loss, tel-
angiectasia, and stricturing and nodularity, findings consistent with the presence of
persistent lymphoma (86). Early detection has the possibility of improving outcome
for these patients, as, at present, due to the lymphoma and underlying celiac disease,
many have poor performance status and nutritional status, greatly compromising
their ability to receive aggressive therapy. In a prospective, nonrandomized multi-
center study of intestinal non-Hodgkin’s lymphoma (NHL), 10 out of 35 (29%) of
patients with intestinal T-cell lymphoma died within 3 months of diagnosis (15).

14.2.2 Pathology

Characteristic findings on histology include multiple ulcerating and eroding tumors
in the mucosa of the small intestine (1, 6). The tumor cells are heterogeneous and
pleomorphic, ranging from small to large-sized or anaplastic lymphoid cells.
Although these tumors occur most commonly in the jejunum, they are multifocal.
The tumor cells represent proliferations of abnormal intraepithelial lymphocytes
infiltrating the small bowel wall. The tumor is infiltrated and, at times, is even
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obscured by a large population of inflammatory cells (1, 23). The tumor cells arise
from intraepithelial lymphocytes that usually express the t-cell receptor (TCR)
of} and are TCR yd-negative (9). They are CD3+, CD4—, CD7+, CD8+/—, CD103+,
T-cell-restricted intracellular antigen (TTA-1+4) and might also express the cytotoxic
protein granzyme B (17, 23, 24). Some anaplastic tumor cells might express CD30
and a subset of monomorphic small to medium-sized cells are CD8- and CD56-posi-
tive (6, 9, 24). Epstein-Barr virus (EBV) has been detected in some cases and seems
to be epidemiologically dependent (29-67). Quintanilla-Martinez et al. found epide-
miological differences in EBV detection in a group of primary intestinal T-cell NHL
between Mexican and European populations of 100% and 10%, respectively (67).
It is possible that some of the EBV-positive cases are more representative of NK
lymphoma-nasal type, which can present in the gastrointestinal tract.

Although genetic abnormalities associated with ETL are largely unknown,
common chromosomal abnormalities elucidated in the past years have shed light on
the possible evolution of these tumors. Applying comparative genomic hybridization
(CGH) and fluorescence in situ hybridization (FISH), Zettl et al. investigated
genetic alterations in 75 cases of ETL and found recurrent gains and losses of
genetic material in 87% of cases (18). Recurrent gains of genetic material involved
chromosomes 9q (in 58% of cases), 7q (24%), 5q (18%), and 1q (16%) and recurrent
losses involved chromosomes 8p and 13q (24% each) and 9p (18%). Verkarre et al.
performed cytogenetic studies in cell lines from clonal abnormal IEL in refractory
celiac sprue and found that refractory celiac sprue is strongly associated with partial
trisomy of the 1q region, a gain that might be an early event in the development of
ETL (36). Obermann et al. also reported that deletions of 9p21, a chromosome that
harbors tumor suppressor genes and is associated with the development and
progression of lymphomas, is a frequent finding in ETL (25).

14.2.3 Treatment and Prognosis

Due to the rarity and advanced stage at presentation, there are no randomized or
large prospective trials for the treatment of ETL. When diagnosed, most patients
undergo surgical resection and systemic therapy is initiated. In a retrospective study
of 31 patients with ETL, various multiagent chemotherapy regimens were used,
including the following: vincristine, doxorubicin, prednisolone, and high-dose
methotrexate; cyclophosphamide, doxorubicin, vincristine, and prednisolone
(CHOP); alternating 21-day cycles of CHOP with procarbazine, etoposide, and
prednisolone orally on days 3-7, and doxorubicin intravenously on day 1; cyclo-
phosphamide, vincristine, doxorubicin and prednisolone; and alternating weekly
cycles of prednisolone, doxorubicin, cyclophosphamide, and etoposide with pred-
nisolone, bleomycin, vincristine and methotrexate (PEACE-BOM) (1). Underscoring
the difficulty of providing aggressive therapy to these often compromised patients,
less than 50% of the patients completed their planned chemotherapy regimens
because complications of treatment. Responses seen in 58% of patients [10 complete
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remission (CR) and 4 partial remission (PR)] were short-lived and 79% of patients
relapsed 1-60 months from diagnosis. The 1- and 5-year survival rates were 38.7%
and 19.7%, respectively, with 1-and 5-year failure-free survival rates of 19.4% and
3.2%, respectively (1). In a multicenter prospective, nonrandomized study of intestinal
NHL, Daum et al. treated 56 patients (28 with ETL) with CHOP and found that
patients with intestinal T-cell lymphoma overall had a less favorable response, with
an overall 2-year survival rate of only 28% (15). Similarly to other studies, patients
frequently could not complete chemotherapy due to complications. Other regimens
with success in case series and single case reports include cyclophosphamide,
vincristine, doxorubicin, and dexamethasone (hyper-CVAD) with ongoing CR at 34
months; alemtuzumab (CAMPATH) in patients with relapsed or chemotherapy-
refractory peripheral T-cell lymphomas; CHOP followed by ProMACE-CytaBOM
(consisting of cyclophosphamide, adriamycin, etoposide, cytarabine, bleomycin,
vincristine, methotrexate, and prednisolone; and CHOEP (consisting of cyclophos-
phamide, doxorubicin, etoposide, vincristine, and prednisone (5, 14, 20, 65, 68, 73,
75). Autologous stem cell transplant (ASCT) also been used successfully in case
reports and case series (71, 72). Bishton et al. treated six patients with two cycles
of IVE (ifosphamide, etoposide, epirubicin) followed by two cycles of high-dose
methotrexate with folinic acid rescue and a BEAM (carmustine, etoposide, cytara-
bine, melphalan) autograft, achieving a CR in 4/6 patients at 1.83—4.32 years (72).
Overall, the outcome for ETL is very poor, with 1- and 5-year survival rates in the
range of 31-39% and 9-20%, respectively (1, 2, 15, 35, 65).

Responding to the dismal results in treating ETL, recently more aggressive
approaches consisting of systemic therapy and ASCT have been used to treat
patients with refractory celiac disease. Al-toma et al. used ASCT in seven patients
with refractory celiac disease with aberrant T-cells (RCD type II) conditioned
with fludarabine and melphalan and showed a significant reduction in the aberrant
T-cells in duodenal biopsies and a reduction in clinical symptoms (69). In a series
of 17 patients with RCD II treated with cladribine, Al-toma et al. again showed a
significant decrease in aberrant T-cells, but the development of ETL was not
prevented (70).

The improved understanding of the pathobiology of celiac disease and the
progression to ETL is paramount in the development of treatment regimens, assess-
ment tools, and, possibly, prevention measures. Treatment with a gluten-free diet
might reduce the risk of intestinal lymphoma (4).

14.3 Hepatosplenic T-Cell Lymphoma

Hepatosplenic T-cell lymphoma (HSTCL) is an almost exclusively extranodal NHL
with infiltration of the spleen, bone marrow, and liver that typically presents with
marked hepatosplenomegaly. Originally described as a unique subtype of T-cell
lymphomas in 1990, HSCTL was commonly referred to as hepatosplenic /8 T-cell
lymphoma (12, 37, 56). However, there are now reports of o/p expressing tumors
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sharing the same clinical and pathologic characteristics and clinical course (60, 65).
HSTCL are rare tumors accounting for 1.4% of all T-cell lymphomas in the recent
International T-cell NHL study (32). The rarity of this disease results in most of our
understanding coming from small series and case reports. There is also significant
overlap in these series with many individual cases being reported more than once.

14.3.1 Clinical Features and Diagnosis

Hepatosplenic T-cell lymphoma can occur at any age but is more often seen in
teenagers or young adults with a strong male predominance. Patients present with
significant hepatosplenomegaly, cytopenias, constitutional symptoms, and an
absence of lymphadenopathy. In the two largest series, the presenting features
included splenomegaly in all but one case and over 80% had hepatomegaly (28,
57). Splenic rupture is reported (59). Presentation is usually aggressive, with symp-
toms leading promptly to diagnosis; however, there are reports of more indolent
cases with symptoms present for years (28, 57). Cytopenias are very common with
thrombocytopenia in over 85% of patients at diagnosis (28, 57). Anemia and
leukopenia, often with striking lymphopenia, is also seen in the majority (28, 57).
Although most patients have bone marrow involvement and/or splenomegaly to
explain the cytopenias, hemophagocytic syndrome is reported (28, 57). Small
numbers of circulating tumor cells might be seen on careful review of blood smears
(28, 57). Central nervous system involvement is reported but rare (101).
Constitutional symptoms including fevers, weight loss, jaundice, drenching night
sweats, and infection are frequently seen, whereas autoimmune phenomena such as
immune thrombocytopenic purpura and autoimmune hemolytic anemia might
precede the diagnosis (28, 58, 59).

Corresponding to liver involvement and an aggressive growth rate, an elevated
LDH level, alkaline phosphatase, aspartate aminotransferase, and alanine ami-
notransferase are the most frequent serum chemistry abnormalities at the time of
diagnosis.

Immunocompromised patients are overrepresented, with numerous reports of
HSCTL developing years after solid-organ transplantation (28, 57, 102-104).
Unlike the more commonly described EB V- associated posttransplantation lympho-
proliferative disorders, which often develop soon after transplantation; cases of
HSTCL seem to occur many years later. Other reported cases include patients with
lupus erythematosus, previous treatment for Hodgkin’s disease and acute myeloge-
nous leukemia, malarial infection, and inflammatory bowel disease (55). The
importance of immunosuppression as a potential cofactor for the development of
HSCTL has recently come to the forefront, with eight cases developing in children
or young adults treated with infliximab (a tumor necrosis factor (TFN)-o. blocking
agent) for inflammatory bowel disease. Previous cases have been reported after
azathioprine use and all of the infliximab-treated patients were using concomitant
immunosuppression (azathioprine, mercaptopurine, and/or corticosteroids).
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Nonetheless, these reports strongly suggest a significant increase in the risk of
developing HSTCL in this specific population.

Computed tomography usually shows marked hepatomegaly and splenomegaly
with significant lymphadenopathy. Likely due to the absence of lymphadenopathy
and diffuse involvement of liver and spleen, PET has not been useful (84). Diagnosis
has most commonly been at splenectomy or liver biopsy. Although bone marrow
involvement is frequent, the histologic findings often show a hypocellular marrow
with subtle infiltration with abnormal lymphocytes. Immunostaining to highlight
the T-cells and better define the abnormal lymphocyte population as well as molecular
studies demonstrating clonal T-cell receptor rearrangements are often very helpful
or essential in confirming the diagnosis.

14.3.2 Pathology

The tumor infiltrate is made up of monomorphic small to medium-sized cells with
pale cytoplasms. The cells infiltrate the sinuses of the bone marrow, spleen, and
liver with sparing of the portal triads and white pulp.

Pathologic cells of T-cell origin are most often characterized by a specific profile:
CD2, CD3, /8 TCR positivity, CD7 variable, and CD4, CD5, and CDS8 negativity
(9, 10). CD8 has been detectable at low levels by flow cytometry on cases described
as CD8-negative by immunohistochemistry on paraffin-embedded tissue (54).

Expression of NK markers have frequently been described, including expression
of the CD56 and the killer cell immunoglobulinlike receptor (KIR) CD94 (54, 57).
T-Cell antigens more commonly expressed on other forms of T-cell lymphoma such
as CD30 seem not to be expressed and expression of B-cell markers are not
described (57). Most of the tumor cells demonstrate staining for the granule-
associated protein TIA-1 but are rarely positive for granzyme B (57). The TCR
gamma gene is always clonally rearranged. Reports have described similar
presentations with tumor cells expressing an o/f phenotype, usually defined by
expression of Beta F-1 (60, 85). In the /8 patients investigated, there appears to
be preferential use of the V&1 chain (53, 57). T-Lymphoblastic lymphomas might
be excluded by expression of TdT.

The recurrent abnormality of isochromosome 7q has been recognized and at times
found to be associated with other chromosomal abnormalities such as trisomy 8.
These chromosomal abnormalities are seen in a number of hematologic malignan-
cies; the combination of both seems most specific to HSTCL (28). There is no
association with EBV.

14.3.3 Treatment and Outcome

There are no prospective studies of treatment for HSTCL. In general, patients have
been treated with combination chemotherapy such as CHOP or CHOP-like regimens.
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The results of this therapy are almost uniformly poor. In the two larger series
reporting on 66 patients (although at least 5 cases are included in both series), only
6 patients were alive at the time of the reports. One of these patients is reported with
only 3 months of follow-up and four of these patients received some form of
high-dose therapy. Thus, only 2 of these 66 patients were in a durable remission
after a conventional-dose chemotherapy regimen such as CHOP. There is another
case report of a patient with durable remissions after chemotherapy alone (52).
Many patients have disease primarily refractory to chemotherapy, with short remis-
sion durations in others. Although the course is aggressive in most patients, one
series reports several patients who were free from progression for several years
after splenectomy or relatively mild chemotherapy, suggesting that there might be
rare patients with a more indolent clinical course. Multiple other agents such as
pentostatin, alemtuzumab, 2-CDA, and fludarabine are reported to give transient
responses.

Somewhat less bleak in the small numbers of reported cases is the use of high-dose
therapy and stem cell transplantation. In the larger series, four of the six patients
alive in remission at the time of their report had undergone some form of high-dose
therapy treatment. Due to publication bias, there is, of course, a high risk of error
in drawing conclusions from case series and collections of case reports; however,
this is the extent of the data we have for this rare disease. In the report by Belhadj
et al. (57) six patients underwent autologous stem cell or bone marrow transplan-
tation with two of these patients alive in remission at 42 and 52 months, respec-
tively. Both of these patients were treated initially with a platinum—cytarabine-based
combination as opposed to a CHOP-like regimen, suggesting better activity with
these agents. Both of these patients also underwent high-dose therapy as a consoli-
dation phase of their initial treatment program. Long-term remissions are not
reported for those undergoing high-dose therapy and ASCT at relapse. Allogeneic
stem cell transplantation shows similar results, with 4 of 12 patients alive in remis-
sion in a recent review series. All patients reported were treated prior to undergoing
allogeneic stem cell transplantation, with four progressing or relapsing and four
dying of treatment-related causes in addition to the four who are alive. Details on
the conditioning regimen and stem cell source are not provided for most cases,
although two of the three patients with total-body irradiation as part of their treat-
ment were alive in remission.

14.4 Subcutaneous Panniculitis-like T-Cell lymphoma and
Cutaneous Y0 T-Cell Lymphoma

Subcutaneous panniculitis-like T-cell lymphoma (SPTL) and cutaneous Yo T-cell
lymphoma (CGD-TCL) are cytotoxic, postthymic T-cell neoplasms that predomi-
nantly affect the skin. Both entities express T-cell receptors (TCRs) consisting of
either an /P or a /3 heterodimer. The importance of the TCR phenotype has been
evaluated, leading to a distinction in these two cutaneous lymphomas. In the



14 Rare T-Cell Lymphomas 339

WHO-EORTC classification for cutaneous lymphomas, the term “SPTL” is only
used for cases with an o/B+ T-cell phenotype and CGD-TCL classified as a provi-
sional entity and includes cases with a ¥/d T-cell phenotype previously known as
SPTL (46, 83). SPTL and CGD-TCL account for 0.9% and 0.1%, respectively, of
all T-cell lymphomas in the recent International T-cell NHL study (32).

14.4.1 Clinical Features and Diagnosis

Subcutaneous panniculitis-like T-cell lymphoma and cutaneous yd T-cell lymphoma
predominantly affect young adults and present primarily as skin lesions. The skin
lesions consist of solitary or multiple nodules and erythematous plaques predomi-
nantly affecting the lower extremities (42, 43, 44, 47, 50). Some of these skin
lesions might ulcerate. Extracutaneous involvement and constitutional symptoms
are uncommon (50). Although rare, involvement of extracutaneous sites reported in
case reports and case reviews include the bone marrow, lymph nodes, liver, spleen,
and peripheral blood (13, 43, 44, 50, 79, 82, 88). Elevated LDH, liver dysfunction,
and cytopenias are also reported (13, 43, 47, 79, 83). The clinical course is often
complicated by a hemophagocytic syndrome with a reported mortality as high as
81% (40, 42, 44, 47, 49, 50, 79, 88, 89, 91).

Overall, two clinical courses have been appreciated, whereby some patients have
rapidly progressive disease and others have a more indolent course based on TCR
phenotype. Patients with a o/ TCR phenotype have a more indolent course and
might experience spontaneous regressions of skin lesions (43, 49, 87, 88). Toro et
al. investigated the prognostic value of ¥/& TCR expression in a retrospective study
in which the skin biopsy specimens of 104 patients (33/104 y/3) were reviewed
(43). Patients predominantly presented with plaques, tumors, and subcutaneous
nodules, some with ulceration of the lower extremities. Of the patients with Y/
TCR expression, none had bone marrow involvement, one had lymph node involve-
ment, and four had lymphadenopathy. TCR31 expression was associated with
decreased survival, with a median survival for individuals with y8 cutaneous T-cell
lymphoma of 15 months compared with a median survival of 166 months in individuals
with af cutaneous T-cell lymphoma (43).

14.4.2  Pathology

Characteristically, atypical lymphoid cells of varying size infiltrate subcutaneous adipose
tissue, mimicking panniculitis (42, 47, 49, 50). Rimming of adipocytes with karyor-
rhexis, tumor necrosis, and angioinvasion are typical findings (42, 50). Although minimal
dermal invasion can be observed, the dermis and epidermis are often spared.

Extension into the reticular dermis can be seen with CGD-TCL tumor cells
(80, 87). The tumor consists of mature T-cells that express T-cell-associated antigens
(CD3, CD45RO, or CD43); cytotoxic proteins [granzyme B, perforin, and (TTA-1)
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T-cell intracellular antigen], and T-cell receptors and are EBV-negative (50, 81).
SPTL express the o/B T-cell phenotype and are usually CD8-positive (81, 83).
CGD-TCL express the /6 T-cell phenotype and are typically CD4- and CD 8-negative
(80, 83). CD56-positive tumor cells in CGD-TCL have been reported and found to
carry a poor prognosis compared to CD56-negative tumors (40, 49, 50, 53, 82, 83,
87). Clonal TCR rearrangements are described in both SPTL and CGD-TCL (53).
In contrast to HSTCL, there appears to be preferential use of the V52 chain in Y/
patients investigated (50, 53). There is no association with EBV.

14.4.3 Treatment and Prognosis

Treatment modalities for indolent disease might include radiotherapy or immuno-
suppressive therapy with corticosteroids. In a review of cytotoxic lymphomas,
Massone et al. reported that in 10 patients with the o/B T-cell phenotype, the
disease could be controlled for long periods with systemic steroid therapy (45).
Combination chemotherapy regimens used to treat aggressive NHLs are often used.
These regimens frequently consist of anthracylcine-based chemotherapy, other
combinations, single agents (fludarabine), FND (fludarabine, mitoxantrone and
dexamethasone) and, less frequently, high-dose chemotherapy followed by stem
cell transplant (16, 39, 50, 76-79, 87).

In a systematic review of 156 patients with SPTL in the literature, Go and
Wester reported overall response rates using different modalities (40). Patients with
indolent disease were generally treated initially with modalities that consisted of
radiotherapy, prednisone and cyclosporine, and single-agent low-dose chemotherapy
(i.e., cyclophosphamide or methotrexate). Patients with more aggressive disease
received combination chemotherapy, most of which were anthracycline-based
regimens. Examples of overall response (OR) rates reported using the various
modalities include the following: 81% in patients treated with radiation; 50% in
patients treated with prednisone or a corticosteroid equivalent; and 53% in patients
treated with combination-chemotherapy regimens. Overall responses were often
short-lived, regardless of the therapy provided, ranging from >2 months to >72
months and the median survival for the entire group was approximately 27 months.

Additionally, in this review, 13 patients with refractory or recurrent disease received
high-dose chemotherapy and stem cell transplantation. Of these patients, 12 (92%) had
a CR with a median response duration of > 14 months at last follow-up (40, 50, 53, 77,
79, 90, 95-100). One out of the 13 patients had an allogeneic transplant and achieved
a CR for 70 months (40, 90). Overall, the expression of the /& T-cell phenotype and
the presence of hemophagocytic syndrome (HPS) at diagnosis were associated with
poor survival (40).

In a retrospective study, Ghobrial et al. looked at 21 patients with unknown
TCR phenotype treated with different modalities (82). In this study, 13 patients
received systemic therapy including CHOP, CNOP (doxorubicin replaced by
mitoxantrone), ProMACE CytaBOM (doxorubicin, vincristine, bleomycin, methotrexate,
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cyclophosphamide, cytarabine, etoposide, prednisone, leucovorin), vincristine, ICE
(ifosfamide, carboplatin, etoposide), CDE (cyclophosphamide, doxorubicin, etopo-
side), FND (fludarabine, mitoxantrone, dexamethasone), and other interventions,
including surgical excision, corticosteroids alone or in combination with either
plaquenil, colchicine, hydroxychloroquine, or azathioprine, and bone marrow
transplantation. In this group of patients, the OR rate was 43% and was short-lived
with subsequent disease progression and a median survival of 7 months from the
time of diagnosis. In a small number of patients eligible for autologous bone
marrow transplant, median overall survival was 44 months (range 15-90 months).

There are a few case reports that describe treating HPS with cyclosporine A
(91, 92). A patient who received methylprednisolone pulse therapy followed by
prednisolone and cyclosporine A remained asymptomatic for at least 6 months
(91). Another case report described the possibility of graft-versus-lymphoma effect
in a patient refractory to conventional chemotherapy who responded after getting
total-body irradiation, Ara-C, and cyclophosphamide and then undergoing allogeneic
peripheral blood stem cell transplantation (89).

Overall, lasting responses to chemotherapy are rare in SPTL. Biological and
immunological therapies such as interferon-c, interleukin-12, retinoids, denileukin
difitox (Ontak), and monoclonal antibodies (mAb) such as alemtuzumab (Campath)
used in the treatment of cutaneous T-cell lymphoma (CTCL) are promising for the
treatment of SPTL (94). Recently, bexarotene, an oral retinoid used to treat mycosis
fungoides (48), showed a high response rate in a series of 10 patients with SPTL
(93). In this series, 60% of patients responded and the duration of response ranged
from 8 to 33 months at last follow-up.

14.5 Summary

The evolving classification systems in lymphoma have been driven by advances in
the pathologic characterization of lymphoid malignancies. As evidenced by the
detailed pathology descriptions earlier, subdividing heterogenous diseases results in
an increasing number of distinct subtypes. This has allowed pathologists to provide
more accurate diagnoses and begin to shed light on the molecular mechanisms that
underlie these disorders. However, clinical information on these rare subtypes has
lagged. Standard staging studies are less useful for these primarily extranodal
diseases, although newer technologies such as PET scanning might be useful in
detecting and following sites of disease. Optimal management remains undefined.
Although these lymphomas are often aggressive, particularly in the case of ETCL,
HSTCL, and GD-TCL, standard combination-chemotherapy regimens have only
rarely provided durable remissions. Highdose therapy strategies have shown early
promise, particularly for HSTCL, although conclusive data to support its routine
use is lacking. Other strategies such as biologic therapies as with retinoids for
SPTCL have provided durable benefit for some patients with less toxicity.
Ultimately, it will take larger series with these rare but increasingly recognized
entities to better define a preferred management approach.
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Chapter 15
CD30+ Diseases

Anaplastic Large-Cell Lymphoma
and Lymphomatoid Papulosis

Peter Borchmann

15.1 Introduction

The CD30 antigen was first detected in 1982 using a Hodgkin-Reed/Sternberg
(H-RS) cell line and it was cloned and characterized as a member of the tumor
necrosis factor (TNF) receptor superfamily a decade later in 1992 (1-3). Soon it
became clear that, although restricted to hematopoietic cells, it was not only
expressed by H-RS cells but also by activated T- and B-cells and some other
lymphoid malignancies. In addition to Hodgkin’s lymphoma (HL), the following
primary systemic lymphomas also express CD30: anaplastic large-cell lymphoma
(ALCL) in all cases, the majority of posttransplant lymphoproliferative disorders
(PTLDs, see Chapter 12), the primary mediastinal B-cell lymphoma with a compa-
rably weak CD30 expression (see Chapter 10), and the lymphomatoid granulomatosis
(Lyg) in some instances (see Chapter 11). In addition, CD30 is expressed in
primary cutaneous CD30-positive T-cell lymphoproliferative disorders, to which
the primary cutaneous ALCL (C-ALCL), the lymphomatoid papulosis (LyP), and
the borderline lesions belong.

This chapter will focus on the systemic ALCL and the primary cutaneous
CD30-positive T-cell lymphomas, although CD30 is expressed by many others of
the rare lymphoid malignancies. Because CD30 is the red thread for this chapter,
this receptor will be described more in detail first.

15.2 The CD30 Antigen

CD30 belongs to the TNF-R superfamily, which consists of 26 receptors and 18
ligands known so far (4). These receptors are characterized by the presence of 40-
amino-acid, cysteine-rich repeats in their extracellular domains. CD30 is the largest
TNF-R with six of these motifs in its extracellular domain (see Figure 15.1) (5).
The whole protein has a molecular weight of 120kDa and is a type I transmem-
brane protein. The extracellular part of CD30 can be shed by metalloproteinases
and is then released into the plasma. This soluble CD30 (sCD30) is an ~90-kDA
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Figure 15.1 The CD30 antigen and its signal transduction

protein that can be found in the sera of patients with CD30-positive lymphoid
malignancies, with autoimmune diseases or with acute or chronic viral infections,
especially during infection with the Epstein-Barr virus (EBV).

CD30 signaling is induced by its trimerization. Physiologically, aggregation of
CD30 is mediated by binding to its counterpart, the CD30 ligand (CD30L, CD153).
In contrast to other TNF-Rs, CD30 contains no intracellular death domain (DD),
which could cause the cell death upon receptor activation. CD30 acts via so-called
TRAFs (TNF receptor-associated factors). So far, six TRAFs are known and the
cytoplasmatic tail of CD30 interacts through its binding sites with four of them:
TRAF-1, -2, -3, and -5. Trimerisation of CD30 thereby leads to the activation of
different pathways, including extracellular signal-regulated kinase (ERK), c-jun
amino terminal kinase (JNK), p38 mitogen-activated protein kinase (MAPK), and
NF-xB (nuclear factor-xB) (see Figure 15.2). This can then result in the secretion
of cytokines, including interleukin (IL)-2, IL-6, IL-8, IL-12, and granulocyte
colony-stimulating factor (G-CSF). Based on these diverse possibilities of intracel-
lular signaling, CD30 activation can have pleiotropic and even opposing effects for
the cell, ranging from proliferation induction and enhanced cell survival over
growth arrest to induction of apoptosis. CD30 deficiency does not result in overt
defects in either the T-cell or the B-cell homeostasis. CD30 has been reported to
control thymic negative selection, but this could not be confirmed in a more recent
study with CD30—/— mice (6). Some studies have shown that CD30L/CD30 might
provide proliferation and/or survival signals to allow the generation of high numbers



15 CD30+ Diseases 351

N intron 16 c
ALK
translocation
NPM
intron 4
recombination
translation NPM/ALK

dimer

fusion protein
Grb2/Sosl Ple-y  PI3 kinase

| Grb2/Sosl
|
RAS l Akt RAS
|
. . Rafl Rzlifl
ollgomerlzatlon | PKC family v
MEK BAD

| MEK
MAP kinase l /

il apotosis
cell growth
S e ¢

Figure 15.2 The NPM/ALK fusion protein. TSC: tuberous sclerosis complex proteins. (Adapted
from Ref. 23)

of antigen-specific T-cells (7, 8). Adoptive transfer of antigen-specific CD8 T-cells
into CD30L—/— mice resulted in defective primary and secondary expansion after
challenge with antigen. So far, no human diseases have been linked with defects of
the CD30 genes (1p36 for CD30 and 9q33 for CD30L), which might be interpreted
as a further hint that CD30 is more likely to play a role in the fine-tuning of the
immune system, as described earlier.

In malignant cells, the overexpression of CD30 (e.g., by H-RS cells in HL) can
lead to self-aggregation, recruitment of TRAF-2 and TRAF-5, NF-kB activation,
and strong pro-proliferative signals. Therefore, CD30 was thought to have a critical
role in the malignant phenotype of H-RS and ALCL cells. Recent studies suggest
that CD30 overexpression is not the driver lesion but is caused by constitutive
expression of transcription factors belonging to the AP-1 family, in particular JunB
(9). Interestingly, in cases of primary cutaneous CD30-positive LyP showing coex-
pression of CD30 and CD30L, spontaneous regression has been frequently
observed, suggesting a causal relationship (10). This observation suggests pro-
apoptotic effects under specific conditions.
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15.3 Anaplastic Large-Cell Lymphoma

It is now two decades ago that large-cell lymphomas with anaplastic morphology
were first described as an entity by Stein and colleagues (11). This novel lymphoma
category was defined by large pleomorphic blasts and the CD30 overexpression on
all neoplastic cells. Despite these common features, heterogeneity in the cytology
and in the antigen profile of the tumor cells, as well as in the clinical features of
patients affected by this condition, was noticed in the original description and led
to the distinction of several morphologic, immunophenotypic, and clinical sub-
forms of ALCL, as reviewed by Stein et al. recently (12). For practical reasons, in
this chapter we will classify the different ALCLs with reference to their origin
(T- or B-cell) and clinical presentation (primary systemic vs. primary cutaneous;
see Table 15.1). Also for practical reasons, the primary cutaneous ALCL will be
described together with the lymphomatoid papulosis under the chapter heading
“primary cutaneous CD30 positive T-cell lymphoproliferative disorders”, as both
are obviously closer related to each other than to the systemic form of CD30
positive T-cell lymphomas.

15.3.1 Primary Systemic ALCL

About 60% of all primary systemic ALCL are positive for the “anaplastic lymphoma
kinase” (ALK) (see Table 15.1) (13—15). The remaining cases are either ALK-negative
T-cell ALCL or of B-cell origin. Morphologic analysis and immunohistochemical
staining can further subclassify systemic ALCL into the common (or classic) subtype,
the small cell, and the lymphohistiocytic ALCL. The common type is ALK-positive
in about 60-85% of all cases, whereas the small-cell and the lymphohistiocytic
ALCL are positive in nearly all cases. The common type is characterized by sheets
of large lymphoid cells with chromatin-poor horseshoe-shaped nuclei that contain

Table 15.1 ALCL classification system

ALCL
B-cell* T-cell®
Primary systemic ALCL Primary cutaneous CD30-positive
T-cell lymphoproliferative disorders
ALK-positive® | ALK-negative | ALCL-like Lymphomatoid
papulosis

“Mostly EBV latent membrane antigen-positive, ALK-negative, often HIV-related lymphoma,
accounting for ~15% of all cases.

"EBV-negative, sometimes not expressing T-cell antigens (null-cell), but clonally expression of
rearranged TCR f and y genes is detectable in 90% of cases of T-cell and null-type (55). Up to
a third of all cases express cytotoxic molecules, indicating NK-cells as possible precursors in
some cases.

‘Representing 60% of all cases.
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multiple nucleoli. These are the so-called “hallmark cells,” because they can be
found in all ALCL variants, including the small-cell and lymphohistiocytic
subtypes (16). The small-cell variant is characterized by a mixture of small,
medium-sized, and large lymphoid cells (17). Additionally, there are the following
rare subtypes: the giant cell-rich, and the Hodgkin-like ALCL. In both, ALK over-
expression is found only in a minority of cases (~40% in giant cell-rich and ~15%
in Hodgkin-like ALCL). In the WHO (World Health Organization) classification
though, Hodgkin-like ALCL is not considered to be a “real” entity, as ALCL is a T-cell
lymphoma and HL is a B-cell lymphoma in almost all cases. This has been con-
firmed in difficult cases by antigen-receptor gene rearrangement analysis. Due to the
expression of cytotoxic molecules in about 30% of all cases, the postulated cell of
origin is an activated mature cytotoxic T-cell for the primary systemic ALCL.

15.3.2 The Role of ALK in ALK-Positive ALCL

Soon after the first description of anaplastic large-cell lymphomas as a distinct
entity, an association with a balanced (2;5)(p23;q35) chromosomal translocation
was reported from different groups (18-21). As a result of this translocation, an
80-kDa fusion protein containing the ALK tyrosine kinase linked to the NPM
(nulcleophosmin) N-terminal dimerization domain arises (see Figure 15.2). The
fusion gene NPM/ALK is under control of the ubiquitously active NPM promoter,
resulting in an overexpression of the NPM/ALK protein.

Anaplastic lymphoma kinase is a member of the insulin receptor superfamily
receptor tyrosine kinase and is a 205-kDa type I transmembrane glycoprotein. ALK
is physiologically expressed only within the developing and mature nervous
system, but not in normal lymphoid cells. As with CD30 (see earlier section), ALK
knockout mice develop without major abnormalities, indicating no essential role for
this kinase.

Normal NPM is a 37-kDa phosphoprotein that is physiologically highly
expressed during embryogenesis. NPM plays a role in ribosome assembly and
protein synthesis. Accordingly, the expression of NPM is increased when cell
division and growth are stimulated. It is active as a homohexamer that shuttles
ribonuclear complexes between the nucleolus and the cytoplasm.

Consequently, the NPM/ALK fusion protein forms oligomers in the nucleus and
cytoplasm of NPM/ALK-expressing cells, causing a constitutive activation of the
ALK tyrosine kinase, also indicated by its heavily phosphorylated tyrosine residues
(22, 23). This constitutive tyrosine kinase activation certainly plays a major role in
the malignant phenotype of ALK-positive ALCL. Although not fully understood,
activation of phospholipase C (PLC)y, phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (Akt), STAT3, STATS, and mitogen-induced extracellular kinase (MEK)/
ERK have been shown to be involved in the malignant phenotype in NPM/ALK-
expressing cell lines (see Figure 15.2). In addition, mMTOR (mammalian target of
rapamycin) activation might play a major role, as recent research suggests. As
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shown in Figure 15.2, the NPM/ALK-generated signal is transmitted through
the MEK/ERK and, to a much lesser degree, the PI3K/Akt pathways. In addi-
tion, mTOR also appears to participate in this signaling cascade. Interestingly,
the mTOR inhibitor rapamycin profoundly suppresses proliferation and enhances
the apoptotic rate of ALK-positive ALCL cells. Thus, activation of the rapamycin-
sensitive mTOR signaling pathway might be a new mechanism by which NPM/
ALK promotes malignant transformation (24).

On the other hand, activated ALK is probably not sufficient to transform otherwise
normal lymphoid cells, as indicated by several observations. In ALK transgenic
mice, tumors occur only in a subset of animals and, in addition, this takes a rather
long time (25). In addition, several studies using polymerase chain reaction (PCR)
tests have detected ALK fusion genes in reactive lymphoid tissues and peripheral
blood of healthy individuals (26). This might explain why ALK rearrangements
have been found in various diseases. So far, the secondary events that collaborate
with ALK in malignant transformation are not known.

In the meantime, many other translocations involving the ALK gene have been
detected; they are listed in Table 15.2. Of these, the TFG and the TPM3 proteins
also contain dimerization regions. Thus, they can spontaneously form homodimers
of x-ALK proteins to mimic ligand binding. Again, this results in the constitutive
activation of the ALK kinase domain and certainly has an oncogneic capacity.
Interestingly, these different fusion proteins exhibit different growth kinetics with
regard to colony formation in soft agar, invasion, migration through the endothelial
barrier, and tumorigenicity, again underscoring the importance of the different
ALK-containing fusion proteins for the malignant phenotype (27)

15.3.3 The Role of CD30 in ALK-Positive ALCL

Although these ALCLs all express the CD30 antigen at very high levels, the role of
this overexpression for the malignant phenotype remains unclear. Obviously, in

Table 15.2 x-ALK fusion genes

Frequency in
Chromosomal  ALK-positive Size of fusion  Localization of fusion

Gene location ALCL (%) protein (kDa) protein

Nucleophosmin,  5q35 75 80 Cytoplasmic, nuclear,
NPM nucleolar

Tropomyosin 3, 1921 15 104 Membranous and dif-
TPM3 fuse cytoplasmic

TRCK fusion 3q21 2 85,97 Diffuse cytoplasmic
gene, TFG

ATIC 2q35 2 96 Cytoplasmic

Clathrin heavy 17q23 2 250 Punctate cytoplasmic
chain, CLTC

Moesin, MSN Xql1-12 1 125 Plasma membrane
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ALCL cell lines such as Karpas 299, CD30 trimerization can induce apoptosis.
However, under conditions in which new protein synthesis is blocked, the ability of
CD30 to trigger cell death in ALCL cell lines is substantially enhanced.
Furthermore, CD30-induced cell death in ALCL cells can be inhibited by the
pan-caspase inhibitor zZVAD-fmk, suggesting that CD30 triggers cell death by an
apoptotic pathway. These data suggest that CD30 induces de novo synthesis of a
survival protein(s) that blocks its cell-death-promoting activity (28). Anti-CD30
antibodies can transduce this signal only if they are hyper-cross-linked, and even
then, binding by the natural ligand CD30L is more efficient (29). Taken together,
although CD30 can induce apoptosis in ALCL, this does not occur on a regular
basis and the factors contributing to these different effects are not yet known.
Recent results indicate that this might be due to the activation of the p38 MAP
kinase pathway (29) due to the fact that pharmacologic inhibition of p38 MAPK
unmasked a CD30-triggered apoptotic pathway involving caspase-8. Additionally,
the DD-containing adaptor protein FADD seems to be involved in the signal trans-
duction and might be activated by TNFR1, as CD30 does not contain a DD and
therefore cannot activate FADD directly.

15.3.4 Clinical Aspects of Primary Systemic ALCL

15.3.4.1 Clinical Features and Prognosis

There is evidence that the clinical features and prognosis of systemic ALCL differ
significantly depending on the presence of x-ALK fusion proteins. ALK-positive
ALCL occurs mostly in the first three decades, whereas ALK-negative ALCL
shows the highest incidence in the sixth decade. For ALK-positive cases, there is a
strong male predominance (male/female ratio: 6.5:1), which is completely missing
in ALK-negative patients (see Figure 15.3A). The prognosis for ALK-negative
patients is much poorer, with a median overall survival of about 2 years (30). In
contrast, long-term survival is seen in ALK-positive patients in almost 75% (see
Figure 15.3B). This prognostic difference between ALK-positive and ALK-negative
patients was first described by Shiota and colleagues, and then confirmed by two
larger series. These studies could also show that the survival difference does not
depend on the different age at first diagnosis (14, 31, 32). In these studies, the 5-year
overall survival of ALK-positive versus ALK-negative ALCL was 71% versus 15%
in one study and 79% versus 46% in the other. New prognostic markers as MUC-1
are also becoming apparent (33). In ALK-positive patients, the 5-year progression-
free survival (PFS) rate was 52% in those who were MUC-1 positive versus 100%
for those who were MUC-1 negative. On the other hand, the overall survival (OS)
was not statistically different. In contrast, MUC-1 expression was predictive in
ALK-negative patients for the 5-year PFS (26% in MUC-1-positive vs. 70.8% in
MUC-1-negative patients) and OS (55.6% vs. 93.3%). Another useful marker might
be survivin, a member of the inhibitor of apoptosis (IAP) family that inhibits cell
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Figure 15.3 (A) Age distribution in primary systemic ALCL; (B) prognosis in primary systemic
ALCL

death via inhibition of apoptotic pathways (34). In patients with ALK-positive
tumors, the 5-year failure-free survival (FFS) rate was 34% for patients with sur-
vivin-positive tumors versus 100% for patients with survivin-negative tumors.
The 5-year OS in ALK-positive patients was 56% for survivin-positive tumors
(versus 100% for survivin-negative tumors). Accordingly, in the ALK-negative
group, the 5-year OS rate was 60% for survivin-positive tumors (92% for nega-
tive tumors) and the 5-year FFS rate was 46% versus 89% for (survivin-positive
vs. surviving-negative) (35).

Clinically, ALK-positive ALCL frequently presents as an aggressive stage [II-IV
disease, usually associated with B-symptoms (75%), especially high fever.
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Extranodal involvement is frequent (60%), with ~40% of patients showing two or
more extranodal sites of the disease. In a large study, the frequency of extranodal
sites of lymphoma involvement was as follows: skin, 21%; bone (solitary or multiple
lesions), 17%; soft tissues, 17%; lung, 11%; and liver. 8%, with involvement of the
gut and central nervous system only rarely (30). The incidence of bone marrow
involvement is ~30% when checked with immunohistochemistry (36). Of course,
almost all patients present with disseminated lymphadenopathy, whereas about
40% have lymphadenopathy as their only clinical manifestation. The age-adjusted
International Prognostic Index (IPI) is valuable in ALCL regardless of the x-ALK
expression. Patients with an IPI of O and 1 show a 5-year OS of 94%, whereas for
patients with a higher IPI, the OS is only 41%.

Thus, depending on the x-ALK protein expression and the IPI, certainly different
initial treatment strategies are necessary for patients with a diagnosis of an ALCL.
Whether other predictive markers as MUC-1 or survivin should be incorporated
into the treatment algorithm remains unclear to date.

15.3.4.2 First-Line Therapy

The excellent outcome of low-risk ALK-positive lymphoma (age-adjusted IPI O
and 1) justifies the use of a treatment protocol consisting of alkylating agents,
anthracyclines, vinca alkaloids, and corticosteroids (i.e., cyclophosphamide, doxo-
rubicin, vincristine, prednisone—CHOP-like regimens) as first-line therapy. It must
be stated though that many other more aggressive polychemotherapy regimens
have been reported [as reviewed by Jacobsen recently (37)], including so-called
third-generation regimens. Unfortunately, none of them was tested in a prospec-
tively randomized study and the limited numbers of patients and the marked hetero-
geneity of patient characteristics and schedules used makes it impossible to favor
one of them. This situation would warrant a randomized comparison of less versus
more intensive conventional polychemotherapy as induction therapy, but if the
results of aggressive B-cell lymphomas can be extrapolated to ALCL, this approach
is not very promising.

15.3.4.3 High-Dose Chemotherapy and Stem Cell Transplantation

An even more aggressive strategy is represented by upfront high-dose chemotherapy
and autologous stem cell transplantation (APBSCT). The largest report on this
strategy so faris the EBMT (European Group for Blood and Marrow Transplantation)
registry analysis. In this retrospective analysis, only 1 out of 15 patients trans-
planted in first complete remission relapsed. In contrast, 6 of 15 patients who were
transplanted in a second or higher complete remission relapsed. Accordingly,
patients with a partial remission prior to transplant or refractory disease showed a
much worse outcome (progressive disease in 6/18 and 14/16, respectively). Disease
status at transplant, younger age, absence of B-symptoms, and lack of extranodal
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disease indicated a better prognosis (38). Also, prospective trials have evaluated the
use of APBSCT in the first complete remission. All of them are rather small and do
not have a comparative arm or a prospectively defined control group, which makes
the interpretation of the results difficult. Nevertheless, results of these trials are
good for ALK-positive ALCL with an OS of around 90% (39—41). However,
APBSCT is not regarded as the standard of care for patients with ALK-positive, IPI
low—intermediate-risk ALCL, and the use of APBSCT in first remission warrants
further prospective investigation.

For patients with high-risk ALK-positive or ALK-negative lymphoma, the
situation is unclear as well and APBSCT has not been shown to improve the outcome
so far. ALK-negative patients with relapsed disease are not likely to benefit from
APBSCT. Thus, at least, these patients might be enrolled into clinical trials investi-
gating new therapies different from conventional chemotherapy.

Although allogeneic stem cell transplantation has been reported to be successful
in single cases, this option still is experimental and might be reserved for younger
patients with refractory disease.

15.3.4.4 Experimental Approaches

Experimental approaches in clinical trials include anti-CD30 immunotherapy.
Because strong CD30 overexpression is a common feature of ALCL and CD30 is,
therefore, an attractive target, evaluation of this approach is ongoing for several
years now. So far, two antibodies have entered clinical trials with some encouraging
responses in phase I/II studies (SGN-30 and MDX-060) (see Figure 15.4). The
SGN-30 antibody is currently being evaluated in an international phase II study. In
addition to CD30, ALCL also often expresses the CD25 antigen (IL-2 receptor).
Therefore, a recombinant fusion protein of IL-2 and diphtheria toxin (denileukin
diftitox) is currently being studied in combination with CHOP in a phase II study.

Another new class of drugs are the histone deacetylase inhibitors (HDACS).
HDAC: regulate gene expression in a variety of cells and inappropriate deacetyla-
tion of antiproliferating genes is thought to be important in the pathogenesis of
neoplasias. HDAC inhibitors can induce gene activation, cellular differentiation,
cell growth arrest, and apoptosis in cancer cells by restoring the balance between

i

Figure 15.4 Skin lesions due to cutaneous ALCL before (A) and after treatment (B) with the
anti-CD30 antibody MDX-060
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the acetylation and deacetylation of genes (42). A variety of HDAC inhibitors are
currently in clinical trials [including depsipeptide, SAHA (vorinostat), and
PXD101] and should be taken into account for patients with relapsed or refractory
ALCL.

Of course, direct targeting of the ALK-containing fusion protein in ALK-positive
ALCL would be an ideal therapy. So far, only one preclinical study is available,
using a fused pyrrolocarbazole-derived small molecule. This molecule showed
ALK-inhibitory activity and induced apoptosis in NPM/ALK-transfected mouse
embryonic fibroblasts (43).

In summary, some new therapeutic options are currently available for relapsed
or refractory ALCL patients and, thus, these patients should be treated within clinical
trials to further improve the knowledge about this rare disease.

15.4 Primary Cutaneous CD30-Positive T-cell
Lymphoproliferative Disorders

15.4.1 Introduction

Primary cutaneous CD30-positive lymphoproliferative disorders (LPDs) account
for ~30% of cutaueous T-cell lymphomas (CTCL). According to the WHO-
EORTC classification system for cutaneous lymphomas, this group includes
C-ALCL, LyP, and borderline cases (44). It is now generally accepted that C-ALCL
and LyP form a spectrum of disease and that the histology is not sufficient to dif-
ferentiate between these two ends of this spectrum. LyP, as the starting point of
this spectrum, is a rather indolent chronic, recurrent, self-healing papulonecrotic
or papulonodular skin disease, whereas C-ALCL is defined by its large anaplastic
cells and the rapid growth of the mostly solitary or localized nodules at the end
of the spectrum (44). The course of the disease and the clinical appearance must
be taken into account to confirm the diagnosis (see Figure 15.5). Accordingly, the
term “borderline case” should be used only in cases in which a definite distinc-
tion between C-ALCL and LyP cannot be made despite this thorough clinico-
pathologic correlation. The course of the disease will usually exhibit the final
diagnosis (45).

15.4.2 Clinical Presentation

Lymphomatoid papulosis has been first described in 1968 as recurrent, self-healing,
clinically benign disease (46). It occurs mainly in adults (median age: 45 years;
male-to-female ratio: 1.5:1) and is characterized by the presence of papular, papu-
lonecrotic, and/or nodular skin lesions at different stages of development. Lesions
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Figure 15.5 Diagnosis of LPD. (Adapted from Refs.45 and 51)

are found predominantly on the trunk and limbs and usually disappear within 3—12
weeks. Coexpression of CD30 and CD30L has been proposed to be responsible for
the spontaneous regression often observed in this disease (10). It is a chronic disease
that might last from some months to more than 40 years in individual patients. As
outlined earlier, LyP is often (20%) associated with other lymphomas, especially
HL, mycosis fungoides, or ALCL (45).

Primary cutaneous anaplastic lymphoma also affects mainly adults, with a pre-
dominance of the male gender (2-3:1). In contrast to LyP, most patients present
with solitary or localized nodules or tumors, with only 20% of all patients showing
multifocal lesions. The tumors, which often grow out, commonly ulcerate.
Spontaneous regression, as in LyP, occurs, but not as often. After complete resec-
tion, relapses are seen frequently in the skin. Extracutaneous dissemination occurs
in 10% of the patients and mainly involves the regional lymph nodes.

Importantly, the prognosis for patients with C-ALCL infiltration of regional
lymph nodes is not worse than for those with cutaneous disease only. Overall survival
is very good, exceeding 90% at 10 years. The prognosis for patients with LyP is
even better, with only 2% disease-related mortality at ~6 years.

15.4.3 Therapy

The first choice of therapy for C-ALCL is surgical resection if the patient has only
a solitary skin lesion or a few localized nodules. If resection is not possible in
patients with few lesions, radiotherapy is also very effective. In cases with dissemi-
nated skin involvement, low-dose methotrexate on a weekly schedule often exhibits
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good clinical results. This is also the first choice of treatment for patients with LyP,
who usually present with disseminated disease. Due to the chronic indolent course
of the disease, a more aggressive approach is not justified in LyP. However, treatment
is indicated in patients with scarring lesions. If low- dose methotrexate cannot
achieve clinical improvement, psoralene and ultraviolet A phototherapy (PUVA) or
locally administered chemotherapy has been used successfully. In patients with
non-carring lesions, a watch-and-wait strategy is justified.

15.4.4 Diagnosis, Histopathological, and Genetic Findings

The histology of LyP is very variable and, in part, correlates with the age of the skin
lesion. Three histologic subtypes of LyP (types A, B, and C) represent a spectrum
with overlapping features (45). In LyP type A lesions, scattered or small clusters of
large, CD30-positive, sometimes multinucleated cells are intermingled with
numerous inflammatory cells, such as histiocytes, small lymphocytes, neutrophils,
and/or eosinophils. LyP type B amounts to less than 10% of the three subclasses
and is characterized by an epidermotropic infiltrate of small atypical cells with
cerebriform nuclei similar to that observed in mycosis fungoides. In LyP type C
lesions, the large CD30-positive T-cells dominate the picture and demonstrate
clusters of cells mixed with relatively few inflammatory cells. For the most common
LyP subtypes A and C, immunophenotyping of the neoplastic cells shows an
activated CD4-positive T-cell phenotype with variable loss of CD2, CDS5, and/or
CD3 and frequent expression of cytotoxic proteins (granzyme B, TIA-1, perforin)
(47). Only very few cases have a CD8-positive T-cell phenotype. CD30 must be
expressed by more than 75% of the malignant cells by definition. In contrast to
systemic CD30-positive lymphomas, LPDs express the cutaneous lymphocyte
antigen (CLA) but not the epithelial membrane antigen (EMA). Also, x-ALK
proteins cannot be found in LPDs (48). CD15 is generally negative. The atypical
cells with cerebriform nuclei in the LyP type B lesions stain positive for CD3 and
CD4 but negative for CD8 and CD30.

With regard to its genetic features, LyP is a clonal T-cell disorder with rearranged
T-cell receptor genes in ~60-70% of all lesions. In C-ALCL, almost all cases show
this T-cell receptor rearrangement. In some cases of C-ALCL, polyclonal CD30-
positive cells could be detected, suggesting that the malignant CD30-positive clone
has emerged from this background population (49). There are no other typical
genetic aberrations; especially the t(2;5)(p23;q35) is not found in LPDs in contrast
to the primary systemic ALCL. Interestingly, identical rearrangements have been
demonstrated in LyP lesions and associated lymphomas (50). This observation has
been made for many other cases of LPD and accompanying lymphomas, including
mycosis fungoides, HL, and ALCL (49) These cases suggest a common tumor stem
cell harboring this rearrangement. Different and distinct lymphomas can arise from
this stem cell in one patient, depending on additional genetic events caused by
genetic instability.
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15.4.5 Differential Diagnosis

Some LPDs express CD30 as well and therefore must be considered in the differ-
ential diagnosis. Mycosis fungoides and Sezary syndrome, which have transformed
into high-grade lymphomas, might express CD30 as well as Pagetoid reticulosis,
systemic T-cell lymphoma, HL,, and lymphoma- and leukemia-associated cutaneous
atypical T-cell reactions (51). Because CD30-positive lymphocytes can be found in
reactive inflammatory disorders, these conditions might mimic LPDs (52, 53). In
contrast to LyP, no waxing and waning is found in these so-called pseudolymphomas,
which might be infectious or noninfectious. Typically, no clonal T-cell receptor
rearrangement can be found in these lesions. All kinds of viral (e.g., herpes simplex
or varicella zoster in immunocompromised patients), parasitic (e.g., scabies), and
bacterial infections (e.g., tuberculosis) can be accompanied by CD30-positive
lymphoid blasts (51). These observations suggest that LyP also might arise from an
infection. Viruslike particles have been identified by electron microscopy in LyP
lesions (54). Based on this finding, it was hypothesized that endogenous retroviral
elements might be involved in the pathogenesis of LyP, although no specific virus
could be detected so far.

From a practical point of view, differential diagnosis mostly involves LyP type
C, C-ALCL, and mycosis fungoides in transformation. Again, the definite diagnosis
cannot be made on the histopathological finding alone, but the clinical presenta-
tion must also be considered. However, patients suffering from LyP with large
nodules that may last for several months before spontaneous regression might be
difficult to differentiate from patients with C-ALCL. These are the so-called
borderline lesions, but the term has not been included into the WHO-EORTC classi-
fication. Also, histological differentiation of primary and secondary ALCL is often
impossible and additional markers as ALK or EMA must be used to distinguish
these lymphomas. This differential diagnosis also depends on the staging results
(see Figure 15.5). Taken together, the dermatopathologist can provide a list of dif-
ferential diagnoses in most cases, but the clinical presentation must be considered
to get a complete picture and to initiate the appropriate treatment for patients with
CD30-positive LPDs.
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Nodular Lymphocyte Predominant
Hodgkin’s Lymphoma
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16.1 Introduction

Whereas it is estimated that 7800 new cases of Hodgkin’s lymphoma (HL) will
be diagnosed in 2006, nodular lymphocyte predominant Hodgkin lymphoma (NLPHL)
will only account for 3-8% of newly diagnosed HL. (1, 2). The majority of the incidence
is accounted for by the classical Hodgkin lymphoma (cHL) subtypes (nodular scleros-
ing, lymphocyte rich, lymphocyte depleted, and mixed cellularity). There exists today
a large breadth of literature that describes the pathology and epidemiology and provides
data that supports the current acceptable standard approaches for both front-line and
relapsed/refractory treatment of cHL (3). Given the rarity of the diagnosis of NLPHL,
there are significantly fewer publications that are available to establish treatment
algorithms and predict both short-term and long-term outcomes. However, as more has
become understood about the pathology that underlies the diagnosis of NLPHL, more
studies have now come forth that provide the rationale and evidence to support stage-
based treatment approaches for the care of patients with this unusual diagnosis.

16.2 Pathology

Previously there were two described classifications of LPHL: nodular and diffuse.
These were defined by morphologic appearance and growth pattern. However, the
most recent WHO classification system published in 2001 now documents only
NLPHL. The pathologic entity that previously was described as diffuse lymphocyte
predominant Hodgkin lymphoma is actually now classified as either T-cell-rich
large B-cell lymphoma or lymphocyte-rich classical HL (4-6). The principal
distinctive cell in NLPHL is the L&H cell (lymph