
Case Report
Acute Lymphoblastic Leukemia Arising in CALR Mutated
Essential Thrombocythemia

Stephen E. Langabeer,1 Karl Haslam,1 David O’Brien,2 Johanna Kelly,3 Claire Andrews,2

Ciara Ryan,4 Richard Flavin,4 Patrick J. Hayden,2 and Christopher L. Bacon2

1Cancer Molecular Diagnostics, St. James’s Hospital, Dublin 8, Ireland
2Department of Haematology, St. James’s Hospital, Dublin 8, Ireland
3Department of Clinical Genetics, Our Lady’s Children’s Hospital, Dublin 12, Ireland
4Department of Histopathology, St. James’s Hospital, Dublin 8, Ireland

Correspondence should be addressed to Stephen E. Langabeer; slangabeer@stjames.ie

Received 8 December 2015; Revised 6 January 2016; Accepted 10 January 2016

Academic Editor: Eduardo Arellano-Rodrigo

Copyright © 2016 Stephen E. Langabeer et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

The development of acute lymphoblastic leukemia in an existing myeloproliferative neoplasm is rare with historical cases unable to
differentiate between concomitant malignancies or leukemic transformation. Molecular studies of coexisting JAK2 V617F-positive
myeloproliferative neoplasms and mature B cell malignancies indicate distinct disease entities arising in myeloid and lymphoid
committed hematopoietic progenitor cells, respectively. Mutations of CALR in essential thrombocythemia appear to be associated
with a distinct phenotype and a lower risk of thrombosis yet their impact on disease progression is less well defined. The as yet
undescribed scenario of pro-B cell acute lymphoblastic leukemia arising inCALRmutated essential thrombocythemia is presented.
Intensive treatment for the leukemia allowed for expansion of the original CALR mutated clone. Whether CALR mutations in
myeloproliferative neoplasms predispose to the acquisition of additional malignancies, particularly lymphoproliferative disorders,
is not yet known.

1. Introduction

Essential thrombocythemia (ET), together with polycythe-
mia vera (PV), and primary myelofibrosis (PMF) are sub-
types of the clinically and pathologically related Philadelphia
chromosome-negative myeloproliferative neoplasms (MPN).
ET is characterized by a sustained peripheral blood throm-
bocytosis and elevated numbers of mature, large megakary-
ocytes in the bone marrow and clinically by episodes of hem-
orrhage and/or thrombosis [1]. Identification of an acquired,
clonalmutation has become a fundamental aspect of ET diag-
nosis [2] with identification of mutations of JAK2,MPL, and
CALR likely to be incorporated into the revisedWorldHealth
Organization diagnostic criteria for this MPN [3].

Although a relatively indolent disorder, there exists a
potential for ET patients to transform to a myelofibrotic or
leukemic phase. While most leukemic transformations in
MPN resemble acute myeloid leukemia [4], transformations

to, or coexistence of, an acute lymphoblastic leukemia (ALL)
of either B cell or T cell phenotype are uncommon but have
been documented in PV [5–10], ET [11–14], PMF [15–17],
post-PV MF [18], and MPN unclassified [19] which usually
become apparent following treatment with alkylating agents
or radioactive phosphorus. Whether all these cases represent
a true clonal evolution of theMPN or are themanifestation of
two separate diseases remains unresolved in most historical
instances. Clinical management of such cases is complex
requiring consideration of both pathologies.

From the initial report of CALRmutations inMPN, it has
become increasingly evident that CALR-positive ET patients
possess a different phenotype from their JAK2V617F-positive
counterparts with a younger age, male predominance, higher
platelet count, lower hemoglobin, lower leucocyte count,
and, perhaps most clinically relevant, a lower risk of throm-
bosis [20–25]. However, the impact of CALR mutations
on myelofibrotic and leukemic transformation is less well
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defined [21–23]. Furthermore, an increased risk of lymphoid
neoplasms, particularly mature B cell malignancies such
as chronic lymphocytic leukemia (CLL) and non-Hodgkin
lymphoma, has been reported in MPN patients compared
to the general population [26, 27] suggesting a pathophys-
iological link between the two diseases. A specific genetic
cause or microenvironmental, inflammatory interaction for
this predisposition has yet to be identified. A case is described
of a hitherto unreported development ofALL in a patientwith
CALRmutated ET.

2. Case Report

A 65-year-old female presented with an incidentally detected
thrombocytosis in 2012. Initial hematological investigation
showed a hemoglobin of 13.5 g/dL, white cell count of 6.2
× 109/L, and platelets of 674 × 109/L with platelet aniso-
cytosis and giant platelets on the peripheral blood (PB)
film. The bone marrow (BM) aspirate and biopsy were both
slightly hypercellular with increased numbers of clustering
megakaryocytes (Figure 1(a)) and no increase in reticulin
fibrosis consistent with a diagnosis of ET. Cytogenetic analy-
sis was not performed at this time.The JAK2V617F mutation
was not detected by allele-specific PCR [28]. The patient was
commenced on aspirin and hydroxyurea to bring the platelet
count within normal range. Retrospective fragment length
analysis forCALRmutations [29] on the archived, diagnostic,
unselected, and PBDNAdemonstrated the presence of a type
1 mutation (52-bp deletion, p.L367fs∗46) at an allele burden
of 49% (Figure 1(b)).

Three and a half years after ET diagnosis, the patient
presented with left hip pain, hemoglobin of 12.3 g/dL, white
cell count of 5.3 × 109/L, platelets of 261 × 109/L, and a
lactate dehydrogenase of 1186 IU/L. Macrocytosis, nucleated
red blood cells, myelocytes, and 2% blasts of lymphoid
appearance were observed on the PB film. In the BM aspirate,
blasts with a high N/C ratio with prominent cytoplasmic
vacuolation andblebbing accounted for 53%of nucleated cells
morphologically (Figure 1(c)) andwereCD34+, CD19+,HLA
DR+, CD20+, CD38+, TdT+, and CD10− by multicolor flow
cytometry and CD34+, PAX5+, TdT+, CD10−, andMPO− by
immunohistochemistry, consistent with a diagnosis of pro-B
ALL. There was no evidence of increased reticulin fibrosis.
Cytogenetic analysis demonstrated a near-triploid clone of
60∼67, XXX, +X, +1,−3,−7, +8,−9, add(14)(p11),−15,−16,−17,
+18, +18, +19, −20, and +21 [cp7]. The unselected BM CALR
mutant allele burden at the time of ALL diagnosis was 51%.
The patient commenced induction chemotherapy with dex-
amethasone, idarubicin, vincristine, andmethotrexate attain-
ing a morphological, cytogenetic, and immunophenotypic
remission. Recovery from induction was associated with a
rising platelet count peaking at 1163× 109/L and an unselected
BM CALR mutant allele burden of 67%. Following a course
of consolidation chemotherapy the patient remained in mor-
phological, cytogenetic, and immunophenotypic remission,
with increasedmegakaryocytes still evident on the BMbiopsy
(Figure 1(d)). The recovery platelet count peaked at 470 ×
109/L with an unselected BM CALR mutant allele burden of

72% (Figure 1(e)). The patient was unsuitable for allogeneic
hematopoietic stem cell transplantation (AHSCT) and she
remains on treatment for both ALL and ET.

3. Discussion

The development of ALL in patients with an existing MPN,
whether concomitant or representing a true leukemic evolu-
tion, has been sporadically documented [5–19]. In the pre-
JAK2 V617F era, only cytogenetic evidence was available
to support the existence of distinct entities [30]. However,
cell sorting and mutational analysis of hematopoietic stem
and progenitor cells in ET and PV cases with coexisting
CLL have demonstrated the absence of the JAK2 V617F and,
in one previous case, a CALR mutation, in the lymphoid
compartment [31–34]. Similar investigations in cases of ALL
arising in MPN have distinguished separate clonal origins
of the two hematopoietic malignancies [35, 36] therefore
weakening the argument for lymphoblastic transformation.
However, it remains possible that the ALL could be derived
from a malignant subclone prior to the acquisition of the
CALR mutation. Low numbers of circulating peripheral
blood lymphoblasts prohibited such a selection procedure in
this case.

Recent evidence suggests that the two most common
CALR mutation types might influence the MPN phenotype
and disease course: type 1 mutations appear to be associated
with PMF phenotype whereas type 2 mutations (a 5-bp
insertion, p.K385fs∗47) are more commonly observed in ET
[37–39]. Type 1 CALR mutations in ET, as evident in the
patient described herein, are also associated with a higher
risk of myelofibrotic transformation although the biological
mechanism(s) for this have yet to be clarified: impaired
calcium signalling and calcium binding activity to mutant
CALR protein have been preferentially demonstrated in type
1CALRmutatedMPN [39]. At present there is no evidence of
equivalence of mutated CALR allele burden between periph-
eral blood and bone marrow; however, of particular note is
the mutatedCALR allele burden after ALL treatment. Mutant
CALR allele burdens greater than 50% are rare in ET and
PMF at diagnosis suggesting the majority of mutations are
heterozygous.The relatively highmutantCALR allele burdens
after ALL treatment might represent loss of heterozygosity in
at least somemutant clones, analogous to that observed in the
progression of JAK2 V617F-positive PV [40].

Hydroxyurea is commonly used for the long term treat-
ment of MPN and is well tolerated in the majority of patients.
Some early debate suggested that hydroxyurea might con-
tribute to or hastens leukemic transformation; however it was
unsure whether transformation was part of the natural
history in such instances [41]. Several large studies have sub-
sequently confirmed that hydroxyurea is not associated with
myelofibrotic or leukemic transformation in MPN [42–45].
Some studies have reported an increased risk of other cancers,
including hematological malignancies, in MPN with myelo-
suppressive treatment speculated to be a potential cause.
Epidemiological evidence of this increased cancer incidence
is supported by noting malignancies prior to MPN diagnosis
thus eliminating the influence ofMPN related treatment [46].
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Figure 1: (a) Bone marrow trephine biopsy at diagnosis of essential thrombocythemia (Hematoxylin and Eosin; magnification ×20); (b)
fragment length detection of the CALRmutation; (c) bone marrow aspirate at diagnosis of acute lymphoblastic leukemia; (d) bone marrow
trephine biopsy following two courses of chemotherapy (Hematoxylin and Eosin; magnification ×20); (e) mutant CALR allele burdens.
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The cooccurrence of MPN and solid tumors may be
attributed to the presence of a predisposing TERT polymor-
phism [47]. Another possible common denominator inMPN
occurring in conjunction with other malignancies is chronic
inflammation, able to potentiate each other’s existence and
progression [48].

While the coexistence ofMPN andmature B cell lympho-
proliferative disorders has been documented, cases of MPN
and ALL are extremely scarce. We describe, to the best of our
knowledge, the clinical course of the first case of pro-B ALL
arising in a patient withCALRmutated ET.The persistence of
the CALR mutated clone following treatment for ALL sug-
gests that long term eradication of both diseases would be
only achievable with AHSCT.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] J.Thiele,H.M.Kvasnicka,A.Orazi, A. Tefferi, andH.Gisslinger,
“Essential thrombocythaemia,” in WHO Classification of
Tumours of Haematopoietic and Lymphoid Tissues, pp. 48–50,
International Agency for Research on Cancer, Lyon, France,
2008.

[2] S. E. Langabeer, H. Andrikovics, J. Asp et al., “Molecular diag-
nostics of myeloproliferative neoplasms,” European Journal of
Haematology, vol. 95, no. 4, pp. 270–279, 2015.

[3] T. Barbui, J. Thiele, A. M. Vannucchi, and A. Tefferi, “Rationale
for revision and proposed changes of theWHOdiagnostic crite-
ria for polycythemia vera, essential thrombocythemia and pri-
mary myelofibrosis,” Blood Cancer Journal, vol. 5, no. 8, article
e337, 2015.

[4] M. Czader and A. Orazi, “Acute myeloid leukemia and other
types of disease progression in myeloproliferative neoplasms,”
American Journal of Clinical Pathology, vol. 144, no. 2, pp. 188–
206, 2015.

[5] R. Hoffman, S. Estren, S. Kopel, S. M. Marks, and R. P. McCaf-
frey, “Lymphoblastic-like leukemic transformation of poly-
cythemia vera,” Annals of Internal Medicine, vol. 89, no. 1, p. 71,
1978.

[6] T. A. Braich, T. M. Grogan, M. J. Hicks, and B. R. Greenberg,
“Terminal lymphoblastic transformation in polycythemia vera,”
The American Journal of Medicine, vol. 80, no. 2, pp. 304–306,
1986.

[7] R. Aitchison, A. J. Black, and M. F. Greaves, “Polycythaemia
rubra vera transforming to acute lymphoblastic leukaemia,”
Clinical and Laboratory Haematology, vol. 9, no. 2, pp. 201–204,
1987.

[8] J. R. Neilson, W. N. Patton, M. D. Williams, E. E. Mayne, and B.
J. Boughton, “Polycythaemia rubra vera transforming to acute
lymphoblastic leukaemia with a common immunophenotype,”
Journal of Clinical Pathology, vol. 47, no. 5, pp. 471–472, 1994.

[9] Y. Arai, M. Masuda, T. Okamura, M. Wada, T. Motoji, and
H. Mizoguchi, “Polycythemia vera progressing to acute lym-
phoblastic leukemia after 13 years,” Rinshō Ketsueki, vol. 37, no.
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