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Introduction

We describe a patient with essential thrombocythemia
(ET) who developed chronic lymphocytic leukemia
(CLL) 10 years after his initial diagnosis. The association
of ET and CLL is very rare, and only a handful of cases
have been described in the literature. Although the asso-
ciation may be one of chance, some evidence suggests that
the 2 neoplasms may be related. Such evidence includes
the occurrence of B-cell malignancy and ET in different
generations of the same family, with anticipation demon-
strated in the pedigree.

Case Report

A 57-year-old white man sought medical attention for
fatigue of several weeks duration in 1994. He worked as
an electrician at a navy shipyard. He is a nonsmoker and
previously had a right orchiectomy for trauma in 1962 and
a left inguinal herniorrhaphy. His father died of lung can-
cer. Physical examination was unremarkable. Blood stud-
ies revealed a white blood cell count (WBC) of 8400/pL
with a normal differential WBC, hemoglobin and hema-
tocrit of 12.7 gm/dL and 39.2%, respectively, and a
platelet count of 1,017,000/mL. A bone marrow biopsy
showed an increased number of megakaryocytes, but was
otherwise normal. After exclusion of causes for secondary
thrombocytosis, a diagnosis of essential thrombocythemia
(ET) was made, and the patient was treated with varying
doses of anagrelide. Anagrelide was started at 0.5 mg by
mouth daily, aiming at a target platelet count of approxi-
mately 500,000/mL; the dose was progressively escalated
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to 2.5 mg daily, at which time the platelet count stabilized
at 400,000-500,000/pL, and he was continued on main-
tenance anagrelide at that dose. The patient never had
hemorrhagic or thrombotic episodes. He tested negative
for Janus kinase 2 (JAK2) mutations in 2009 and 2011.
In 2000, the patient developed shortness of breath
and was evaluated with computed tomography (CT)
scans of the chest, abdomen, and pelvis. CT scans revealed
multiple bilateral pleural plaques consistent with his prior
asbestos exposure, and he was diagnosed with pulmonary
asbestosis. No lymphadenopathy or hepatosplenomegaly
were noted on the CT scans. In 2006, the patient was
noted to have an increased WBC of 16,500/pL with 41%
granulocytes, 53% lymphocytes, and an absolute lym-
phocyte count of 8700/pL. Hematocrit and hemoglobin
at that time were 10.7 gm/dL and 32.7% respectively,
and the platelet count was 549,000/mL. A peripheral
blood smear showed leukocytosis with a predominance of
mature lymphocytes. Immunophenotyping of peripheral
blood showed CD5+ CD10-, CD20+, CD22+, CD23+,
and CD19+ B-cell lymphocytes with kappa light chain
restriction. Peripheral blood polymerase chain reaction
(PCR) for BCR/ABL was negative, and cytogenetic studies
demonstrated a normal male karyotype. A diagnosis of
Rai stage 0 CLL was made, and the patient was monitored
by complete blood count (CBC) every 6 months. A subse-
quent bone marrow study in 2008 showed a hypercellular
marrow with nodular lymphocytic infiltrates involving
30-40% of the marrow. Also noted was moderate reticu-
lin fibrosis that was absent in 1994 at the time of diag-
nosis of ET (Figure 1). He received close follow-up, and
his last WBC in 2011 was 16,200/pL with 30% granulo-
cytes, 66% lymphocytes (absolute lymphocyte count of
10,700/pL; Figure 2), and a platelet count of
291,000/mL. He is now aged 74 and is essentially
unchanged clinically since his diagnosis of CLL.

752 Clinical Advances in Hematology & Oncology Volume 10, Issue 11 November 2012



CHRONIC LYMPHOCYTIC LEUKEMIA WITH ESSENTIAL THROMBOCYTHEMIA

Gh gl
A=k o W2,
s --."“‘"“3&"’."‘{ ?ﬁ-‘\: st VIR A 0 =S
Figure 1. Bone marrow biopsy revealing: A) nodular
and interstitial small lymphocytic infiltrate, dysplastic

megakaryocytosis, and B) significant reticulin fibrosis (x 400).

Discussion

Chronic myeloproliferative neoplasms are classified into
several subgroups,' of which chronic myelogenous leu-
kemia (CML), polycythemia vera (PV), ET, and primary
myelofibrosis (PMF) are the more common.? ET is char-
acterized by sustained megakaryocyte proliferation associ-
ated with thrombocytosis in the absence of any known
cause of secondary thrombocytosis. Diagnostic criteria for
ET are detailed in Table 1.

JAK2 V617F mutation is implicated in the pathogen-
esis of chronic myeloproliferative disorders and is present
in approximately 80% of PV cases and in approximately
half of ET cases at diagnosis.> Recent data have suggested
that the incidences may be as high as 95-100% in PV and
60-70% in ET.* The JAK family of growth factors play a

key role in the initiation of intracellular signaling cascades

Figure 2. Peripheral smear showing atypical lymphocytosis 10

years after original diagnosis of essential thrombocythemia.

Table 1. Diagnostic Criteria For ET From the Polycythemia Vera
Study Group

1. Platelet count >600,000/uL

2. Hemartocrit <40% or normal RBC mass (men <36 mL/kg,
women <32 mL/kg)

3. Stainable iron in bone marrow, or normal serum ferritin,
or normal RBC mean corpuscular volume (and if iron-
deficient, PV cannot be excluded unless iron therapy
fails to increase RBC mass into polycythemia range)

4. Absence of the Philadelphia chromosome or BCR/ABL

gene rearrangement

5. Collagen fibrosis of marrow either absent or less
than one-third of biopsy area, without both marked
splenomegaly and leukoerythroblastic reaction

6. No cytogenetic or morphologic evidence of myelodysplastic
syndrome

7. No cause for reactive thrombocytosis

ET=essential thrombocythemia; PV=polycythemia vera;
RBC=red blood cell.

Adapted from Murphy S et al. Experience of the Polycythemia
Vera Study Group with essential thrombocythemia: a final
report on diagnostic criteria, survival, and leukemic transition
by treatment. Semin Hemarol. 1997;34:29-39.%°

involving erythropoietin, thrombopoietin, interleukin-3,
granulocyte colony-stimulating factor (G-CSF), and granu-
locyte—macrophage colony-stimulating factor (GM-CSE),
and are involved in promoting cell survival, proliferation,
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Table 2. Previously Described Cases of CLL and ET

Author (Publication Year) Initial Diagnosis | Age (Years) | Sex | Interval (Years) | JAK2/Zap-70 Status

Mir Madjlessi et al'® (1986) CLL 57 M 8 UK

Gabrail et al”® (1991) ET + CLL 70 M NA UK

Marcos Sanchez et al'* (1995) | ET + CLL UK UK | NA UK

Bizzaro' (1998) ET 60 M 6 UK

Robak et al'? (2003) ET + CLL 77 F NA UK

Henry et al'® (2007) ET 58 F 5 JAR2 positive in ET and negative
in CLL. Zap-70 not available

Tabaczewski et al'” (2009) ET + CLL 72 M NA Both positive

ET 82 M 3 Both positive

Musolino et al'® (2009) ET 72 F 5 JAR?2 positive in ET and negative

in CLL. Zap-70 negative

CLL=chronic lymphocytic leukemia; ET=essential thrombocythemia; F=female; JAK2=Janus kinase 2; M=male; NA=not applicable;

UK=unknown.
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Figure 3. Pedigrees of families with B-cell neoplasms and essential thrombocythemia demonstrating anticipation, which suggests a

genetic basis for the neoplasms.

and differentiation.” The JAK2 mutation in the myelopro-
liferative disorders is an acquired mutation not present in
the germline.’ JAK2 mutation in ET may increase the risk
of thrombosis but appears to have no impact on leukemic
transformation or overall survival.® The serum throm-
bopoietin level is often elevated in both ET and reactive
thrombocytosis and has no diagnostic significance in ET.”
There is a long-term increased risk of lymphoid neo-
plasms in patients with chronic myeloproliferative disor-
ders. The risk is more than 12-fold for CLL overall, with
even greater risk in JAK2 V617F-mutated patients and in
men.? There are multiple reports of disease transformation
from ET to other hematologic conditions, including acute

lymphocytic leukemia,” PV, or acute myeloid leukemia.'
Some patients with disease transformation from ET to acute
leukemia preserve their /AK2 mutational status.'" There are
occasional reports of ET coexisting with CLL (Table 2) in
the same patient, and it appears that both malignancies
share a common etiopathogenesis.'*** Curiously, most of
the reported patients with ET and CLL harbored the JAK2
mutation in myeloid cells, but not in lymphoid cells. Tabac-
zewski and associates hypothesized the possibility of an
initial “trigger hit” occurring in a pre-JAK2 common early
progenitor multipotential hematopoietic stem cell that can
differentiate into both lymphoid and myeloid pathways
and subsequent additional molecular events that could
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promote myeloid and lymphoid differentiation, leading to
the development of 2 diseases of likely identical origin but
different lineages.”” On occasion, B-cell malignancies occur
in first-degree relatives of patients with ET, and in most of
these cases, anticipation can be demonstrated (Figure 3). %°

Asbestos exposure leads to chronic inflammation.”!
The possible mechanism of action may be related to DNA
damage,”* defective cell-mediated immunity, and hyperac-
tive B-cell function.”? In vitro studies using human cell
lines have shown that asbestos complexes with immature B
lymphocytes and stimulates cellular proliferation. Injection
of animals with crystalline asbestos resulted in increased
immune globulin levels,” which is not surprising consid-
ering the chronic antigenicity of asbestos. Various studies
suggest an association between asbestos exposure and B-cell
neoplasms, including CLL.** Bianchi and colleagues®
examined necropsies of 169 patients from 215 total cases
of malignant pleural mesothelioma identified at an Italian
hospital and found coexisting second malignancies in 32
cases. These included 5 cases of non-Hodgkin lymphoma
and CLL. Other malignancies included prostate, bladder
carcinoma, kidney, large bowel, and liver cell cancers. Adi-
ponectin is a well-known marker for inflammation, and
low adiponectin levels are noted in morbid obesity, coro-
nary artery disease, and diabetes.” Adiponectin induces
caspase-mediated endothelial cell apoptosis and can inhibit
primary tumor growth.”” Avcu and coworkers?” found that
in patients with CLL and ET, the levels of plasma adipo-
nectin were significantly low compared with healthy sub-
jects or treated patients. These findings suggest a possible
role for chronic inflammation in the etiopathogenesis of
chronic myeloproliferative disorders and lymphoprolifera-
tive neoplasms.

Electricians are amongst those with a significant
exposure to asbestos.® Mele and associates” studied vari-
ous occupations and noted an increased risk of ET among
electricians, although the exact mechanism is unknown.
Our patient is an electrician and shipyard worker and has
a significant asbestos exposure history, as evidenced by
pulmonary asbestosis. The occurrence of ET and subse-
quently, CLL, in the setting of significant asbestos exposure
may be related in part to chronic inflammation from the
exposure. Further study of the relationship of asbestosis to
ET and CLL will be required to establish whether or not a
mechanism other than chance is operative in patients who
demonstrate combinations of these entities.
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Discussion

Chintapatla and associates' describe an interesting sequen-
tial association of essential thrombocythemia (ET) and
chronic lymphocytic leukemia (CLL) in a patient exposed
to asbestos. ET preceded CLL, and at the time of ET diag-
nosis, white blood cell (WBC) and differential counts were
normal, as was the clinical examination. Subsequent testing
for JAK2 V617F mutation, which was first described in
2005 as a marker of myeloproliferative disorders (MPD)
and is observed in approximately 50% of ET cases, was
negative.” The patient responded to treatment with anagre-
lide. A diagnosis of CLL was given 12 years later, based on
lymphocytosis with B-cell phenotype, light chain restric-
tion, and a nodular lymphocytic bone marrow infiltration.
Lymphoproliferative disorder (LPD), evaluated as Rai stage
0 CLL, remains stable to date without treatment. This
observation deserves several comments regarding the coex-
istence of MPD and LPD, its relation to genetic events, and
the putative role of chronic inflammation.

Coexistence of Myeloproliferative and
Lymphoproliferative Disorders

This case report reviews 9 previously published observa-
tions of patients with both ET and CLL. From a more
general perspective, associations among all types of MPD
and CLL have been reported. (Although it will not be
further discussed here, chronic myeloid leukemia [CML]
can transform into acute lymphoblastic leukemia [ALL]
in approximately 30% of cases.) Among the large series
involving true MPDs,* associations have been observed in
multiple chronologic combinations, including simultane-
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ous diagnosis, MPD preceding LPD, and vice versa. There
does not seem to be a specific profile in patients who dis-
play such associations. CLL is mainly reported as indolent.

Associated Genetic Events

A major improvement in the understanding of MPD
pathophysiology occurred with the description of the
JAK2 V617F mutation in 2005.% It is present in more
than 90% of patients with polycythemia vera (PV) and in
roughly half of patients with ET and myelofibrosis. Allelic
burden varies in these different entities. The description of
this mutation raised the question of its true role in MPD
pathophysiology. If animal transfection models reproduce
a disease comparable to human pathology, it now appears
unlikely that this mutation can be the true transforming
initial event.” From this point of view, the study of cases of
familial MPD seems to be particularly relevant. Generally,
the onset of the disease is independent from the presence
of the mutation. Other proposed initial events, such as
Tet-2 mutations® or the presence of specific SNPs,¢ have
proven to be less sufficient. This finding is in line with the
fact that the blast cell compartment is typically V617F-
negative in acute transformation of MPDs.

There seems to be a genetic predisposition for devel-
oping LPD.” To date, however, there is no specific genetic
marker for this predisposition, nor is there a common
marker for predisposition to MPD and LPD.

Among published reports regarding the coexistence
of MPD and LPD, JAK2 mutational status is variable
inside the lymphoid cells. There is an obvious technical
concern as to whether the CLL compartment purifica-
tion is sufficient to ascertain the lack or presence of JAK2
mutations in lymphoid cells. Allele burden should be
determined. Vannucchi and coworkers* recently reported
a 12-fold increased risk of lymphoid neoplasms in patients
with Philadelphia chromosome-negative MPDs.

Given that the JAK2 mutation does not appear
to be the initial event in MPD, and the fact that the
JAK2 mutation is related to a sole MPD phenotype, the
putative link between MPD and LPD remains undeter-
mined. The concept of genetic instability now plays a
central role in the pathophysiology of MPD.’ In Phila-
delphia (Ph) chromosome—positive MPD, additional
chromosomal changes are often noted inside and outside
the Phl clone. Mutational modifications in the BCR/
ABL kinase domain are commonly detected, along with
the presence of different clones and the variation of their
relative proportion, even in early stages of disease. In Ph-
negative MPDs, a similar instability occurs; coexistence
of multiple mutations associated with these pathologies
(eg, combined V617F and exonl2 JAK2 mutations or
JAK2 and thrombopoietin receptor [¢MPL] mutations)
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has been reported.” In CLL, genomic instability has
been demonstrated in the unmutated forms.®

The Role of Chronic Inflammation

A common idea in the pathophysiology of LPDs is based
on the promotion of a clonal population among a poly-
clonal background of activated lymphoid cells. This has
been demonstrated in Burkitt’s lymphoma and has been
hypothesized in multiple myeloma. The determination
of surface immunoglobulin idiotypes in CLL has pro-
vided interesting results in identifying several autoan-
tigens or bacterial antigens.’ If chronic inflammation is
typically associated with a mild platelet count increase,
no clear relationship has been reported between inflam-
mation and MPD. Chintapatla and associates suggested
that there may be value in the evaluation of adiponec-
tin,' a marker of inflammation that has been shown to
be lowered in such clinical conditions. However, this
is not a demonstration of the role of inflammation in
the pathophysiology of MPDs. Among the clinical
conditions related to LPDs, asbestos exposure has been
implied. That it provokes a chronic inflammation as well
as DNA changes is well known.

Conclusion
MPDs and LPDs are fascinating models of malignant dis-

eases. Their pathophysiology associates intrinsic genetic
events, favored by genetic instability, as well as external

interactions, including a probable selective competition
between different clones. There is a logical and statistically
demonstrated increased risk for the development of these
2 types of disease within the same patient. The above case
report further supports this theory. Such rare observations
deserve extensive investigations, as they may be the key to
a better characterization of a general malignant process.
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