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Abstract
Essential thrombocythemia is well-known to transform to other 
myeloid disorders, such as leukemia; however, the risk for develop-
ment of lymphoma is not as well studied. This case report discusses 
a 76-year-old man with a history of prefibrotic post-essential throm-
bocythemia myelofibrosis on ruxolitinib, who developed anemia, 
thrombocytopenia, and leukocytosis with peripheral blasts. Results of 
a bone marrow biopsy and PET and CT scans revealed stage IV leu-
kemic diffuse large B-cell lymphoma. Several days after cessation of 
ruxolitinib, the patient developed fevers, hypotension, and low-grade 
disseminated intravascular coagulation, and subsequently developed 
spontaneous tumor lysis syndrome, which resulted in death. This case 
is unique in several aspects: it highlights the rare possibility of lympho-
matous transformation of myeloproliferative disorders, an unusual 
presentation of lymphoma masquerading as leukemia, and the possi-
bility of ruxolitinib withdrawal syndrome. Additionally, this case serves 
as a reminder that the use of novel therapies should be adopted after 
a thorough assessment of long-term risks, including those associated 
with abrupt withdrawal. (J Natl Compr Canc Netw 2015;13:281–287)
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U/L (normal ≤220 U/L). Quantitative reverse tran-
scription-polymerase chain reaction was negative for 
BCR/ABL1. Results of a bone marrow biopsy showed 
nearly 100% cellularity, with 3% blasts and numer-
ous atypical megakaryocytes of mononuclear and hy-
polobulated bizarre forms and areas of megakaryocyte 
aggregates. Reticulin staining showed grade 1 to 3 
reticulin fibrosis. JAK2 V617F mutation was positive. 
Early post-essential thrombocythemia myelofibrosis 
was diagnosed, and ruxolitinib treatment was initiated 
and the dose of anagrelide reduced, which resulted in 
improvement of weight loss and fever and the resolu-
tion of splenomegaly. One month before presentation 
to the referring institution, the patient developed pro-
gressive anemia with a hemoglobin level of 8.3 g/dL, 
which was attributed to CKD and ruxolitinib use, and 
he was started on epoetin alfa. Other home medica-
tions included vitamin D, furosemide, gemfibrozil, hy-
drochlorothiazide, losartan, metoprolol, tamsulosin, 
aliskiren, aspirin, ruxolitinib, and anagrelide. Rux-
olitinib, anagrelide, and aspirin were withheld by the 
referring institution 1 week before transfer to UNMC. 
Family history was significant for lymphosarcoma in 
his father and colon cancer in a daughter at the age 
of 25 years. 

On physical examination at UNMC, the patient 
had blood pressure of 162/98 mm Hg, heart rate of 90 
beats per minute, temperature of 37.8ºC, and respi-
ratory rate of 20 breaths per minute. He had multiple 
ecchymoses over both upper and lower extremities, 
enlargement of multiple cervical and inguinal lymph 
nodes, and dried blood in the posterior pharynx and 
nasal cavities. His abdomen was distended, but soft 
and nontender. The spleen was palpable 8 cm below 
the left costal margin. The remainder of the exami-
nation was unremarkable.

Laboratory evaluation revealed WBC count of 
12,000/mcL with 48% blasts, hemoglobin level of 
11.3 g/dL, platelet count of 24,000/mcL, prothrom-
bin time of 17.7 seconds, activated partial thrombo-
plastin time of 30 seconds, fibrinogen level of 454 
mg/dL, D-dimer value of greater than 4.0 mcg/mL, 
and antithrombin activity of 57% (suggestive of 
low-grade disseminated intravascular coagulation). 
Peripheral blood showed numerous circulating lym-
phoma cells but no schistocytes (Figure 1). Serum 
creatinine level was 2.3 mg/dL, blood urea nitrogen 
level was 98 mg/dL, and levels of sodium and potassi-
um were 131.0 and 3.7 mmol/L, respectively. Results 

Overall survival in essential thrombocythemia is 
excellent, with some patients living as long as the 
general population.1 Over time, essential thrombo-
cythemia may develop into other myeloid disorders, 
such as post-essential thrombocythemia myelofibro-
sis or acute leukemia, with less than a 5% risk of leu-
kemic transformation in essential thrombocythemia, 
which is considered the lowest among myeloprolif-
erative neoplasms.2 However, distinction from early 
or prefibrotic primary myelofibrosis is important be-
cause the latter is associated with a greater risk of 
progression to leukemic transformation and death.1 
In essential thrombocythemia, the risk of leukemic 
transformation increases with advanced age, anemia, 
platelet count greater than 1000 x 109/L,2 and after 
the first decade from diagnosis.3 Additionally, the de-
velopment of myelofibrosis can increase the risk for 
subsequent leukemic transformation.4 Although leu-
kemic transformation is a well-known complication 
of essential thrombocythemia, the risk for develop-
ment of lymphoma is not as well studied.

Case Report
A 76-year-old man was referred to the University of 
Nebraska Medical Center (UNMC) for multiple epi-
sodes of epistaxis; skin bruises; intermittent fevers; 
fatigue; anorexia; a few episodes of diarrhea; and 
dyspnea during the preceding week. At the referring 
institution, he was found to have severe anemia and 
thrombocytopenia, and received platelet and packed 
red blood cell transfusions. A nasal endoscopy was 
performed and a bleeding vessel was cauterized.

Previous medical history was significant for 
chronic kidney disease (CKD) stage III, hypertension, 
hypertriglyceridemia, gout, benign prostatic hypertro-
phy, transurethral resection of prostate, laser resection 
of penile cancer, resection of squamous cell carcino-
ma of the skin, and essential thrombocythemia with 
del(9)(q13q22). Essential thrombocythemia, diag-
nosed 12 years previously, was initially treated with 
hydroxyurea until 10 months before presentation, 
when it was discontinued because of the develop-
ment of leg ulcers, and anagrelide was initiated. Sev-
en months before presentation, he developed weight 
loss, intermittent fever, symptomatic splenomegaly 
with the tip palpable 6 cm below the left costal mar-
gin, new anemia (hemoglobin level, 10.4 g/dL), and 
elevated lactate dehydrogenase (LDH) levels of 407 
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for other blood chemicals, including bicarbonate and 
calcium, and liver-function tests were unremarkable. 
Urine and blood cultures were negative.

Based on these findings, the patient was started 
on allopurinol and intravenous normal saline infu-
sion. Two days after hospitalization, his temperature 
increased to 38.2ºC and he was started on intrave-
nous cefepime. Results of repeat urine and blood 
cultures were negative. Bone marrow biopsy showed 
markedly hypercellular bone marrow (95%) with 
increased large lymphoid cells, decreased myeloid 
and erythroid cells, increased megakaryocytes with 
abnormal morphology and dysplasia (Figure 2), and 
grade 3/3 reticulin fibrosis (Figure 3). Flow cytometry 
of the bone marrow showed a population of interme-
diate to large-sized mature B cells expressing CD19, 
CD20, CD38, CD45, BCL6, MUM1, and moderate-
density λ light chains (Figure 4), but lacked CD3, 
CD5, CD10, CD33, and CD34, and were negative 
for myeloperoxidase or Sudan Black B. Cytogenetic 
analysis revealed a complex karyotype with more 
than 5 cytogenetic aberrations, including del(17)
(p11.2p13). Fluorescence in situ hybridization stud-
ies showed rearrangement of BCL6 but not BCL2 or 
CMYC (see Appendix 1, available online, in this ar-
ticle, at JNCCN.org). Integrated 18F-fluorodeoxyglu-
cose PET/CT scan of the skull to mid-thigh showed 
multiple enlarged and hypermetabolic cervical, 
mediastinal, retrocrural, iliac, and inguinal lymph 
nodes; an enlarged spleen at 20 cm with a maximum 
standardized uptake value of 7.2; and a small splenic 
infarct (Figure 5). Therefore, a diagnosis of stage IV 

leukemic diffuse large B-cell lymphoma (DLBCL), 
activated B-cell subtype was established.

After a thorough discussion, the patient and his 
family decided against future resuscitation and intu-
bation. Subsequently, the patient developed hypo-
tension that was managed with fluid resuscitation 
and discontinuation of antihypertensive medica-
tions. He did not develop any further fevers and was 
otherwise stable. On day 5 of hospitalization, the pa-
tients’ absolute lymphoma cell count decreased from 
5600 to 500/mcL. Laboratory test results showed 
increased levels of creatinine (4.4 mg/dL), blood 
urea nitrogen (127 mg/dL), LDH (767 U/L; normal 
up to 192 U/L), uric acid (20.9 mg/dL), phospho-
rus (7.4 mg/dL), metabolic acidosis (bicarbonate of 
16 mmol/L and anion gap of 17 mmol/L), potassium 
(4.7 mmol/L), and calcium (8.6 g/dL). A diagnosis of 
spontaneous tumor lysis syndrome (TLS) with acute 
kidney injury in addition to CKD was established. 
Rasburicase was administered, and the patient re-
ceived 1 session of hemodialysis. Soon after, the pa-
tient became increasingly oliguric and developed a 
metabolic encephalopathy. At this point, the family 
decided to switch to comfort measures only, and the 
patient died peacefully on day 6 of hospitalization.

Discussion
The patient developed DLBCL 12 years after diag-
nosis of myeloproliferative disorder. Although es-
sential thrombocythemia is known to transform into 

Figure 1  Peripheral blood smear shows several large cells with ir-
regular nuclear contour, open chromatin, small nucleoli, deep-blue 
cytoplasm, and cytoplasmic vacuoles (Wright-Giemsa, original magnifi-
cation x1000). 

Figure 2  Bone marrow biopsy shows marked hypercellularity with 
sheets of large lymphoid cells containing multiple small nucleoli (He-
matoxylin and eosin, original magnification x400).
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other myeloid disorders, such as acute leukemia, 
this case illustrates the rare possibility of developing 
lymphoma and an unusual presentation of DLBCL 
with circulating lymphoma cells. From 1996 to 2010, 
only 29 cases of leukemic DLBCL were diagnosed at 
UNMC and Emory University School of Medicine.5 
The unusual presentation of lymphoma masquerad-

ing as leukemia and the rarity of the association be-
tween myeloproliferative disorders and lymphoma 
can potentially result in a misdiagnosis of acute leu-
kemia. Therefore, a high index of suspicion and a 
thorough bone marrow biopsy evaluation using im-
munohistochemistry, flow cytometry, and cytogenet-
ic studies and traditional morphological assessment 
are important for accurate diagnosis. 

Patients with essential thrombocythemia are at 
an increased risk of developing hematologic malig-
nancies, such as non-Hodgkin’s lymphoma (NHL), 
and nonhematologic malignancies. In a Danish popu-
lation–based cohort study, the standardized incidence 
ratios of developing nonhematologic and hematologic 
malignancies among patients with essential thrombo-
cythemia were 1.2 and 5.0, respectively, compared 
with the general population.6 In an Italian single-cen-
ter study, standardized incidence ratios for developing 
NHL and chronic lymphocytic leukemia in patients 
with essential thrombocythemia were 2.6 and 12.4, 
respectively. In 2 of 3 patients with lymphoid neo-
plasms, the JAK2 V617F mutation was also present in 
lymphoid cancer cells, thus indicating that the origin 

Figure 4 Flow cytometry shows a large population of mature B cells expressing CD45 (A), CD20 and CD38 (B), and moderate-density λ 
light chains (C and D).

Figure 3  Reticulin stain on bone marrow biopsy shows grade 3 of 3 
reticulin fibrosis (reticulin, original magnification x400).
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of cancer was from JAK2 V617F–mutated common 
lymphoid-myeloid hematopoietic progenitor cells.7 
JAK2 V617F mutation has been identified in both B 
and T lymphocytes of patients with myeloprolifera-
tive neoplasms,8 which further supports this possibil-
ity. Other postulated mechanisms of development of 
lymphoma in essential thrombocythemia include the 
presence of common carcinogen- and therapy-related 
complications. Autocrine cytokine secretion and ac-
tivation of JAK are being recognized more in several 
lymphoma subtypes. In the activated B-cell subtype 
of DLBCL, as in the present patient, gain-of-function 
MYD88 mutation results in autocrine secretion of 
cytokines, such as interleukin (IL)-6 and IL-10, and 
autocrine JAK activation, which promote survival of 
cancer cells. In addition, the activation of JAK signal-
ing has been linked with the expression of oncogene 
MYC in lymphomas.9 In primary myelofibrosis, several 
cytokines, including IL-6 and IL-10, are increased and 
correlate with specific phenotypic manifestation and 
prognosis.10 Therefore, it is theoretically appealing to 
hypothesize that JAK activation and an abnormal cy-
tokine profile may be the link between myelofibrosis 
and DLBCL, activated B-cell subtype. Finally, in one 
study, 3.5% of patients with polycythemia vera treated 
with chlorambucil developed lymphoma,1 suggesting 
the possibility of therapy-related events.

Therapeutic agents can influence the probability 
of disease transformation in myeloproliferative disor-
ders. Use of alkylating agents, such as chlorambucil 
and radiophosphorus, have been associated with the 
development of leukemia,1 and therefore have fallen 
out of favor. Although hydroxyurea has been a con-
cern, it has not been found to be associated with an 
increased risk of leukemic transformation.1 However, 
the sequential use of more than 1 cytotoxic agent 
may be a risk factor for leukemic transformation, and 
hydroxyurea may increase leukemic risk in combina-
tion with other cytotoxic agents.11 The risk of leu-
kemic transformation with ruxolitinib, which was 
approved based on 2 phase III trials with a median 
follow-up of 1 year, is unclear.12,13 A subgroup analy-
sis of a phase I/II study with a much longer follow-
up showed an approximately 10% risk of both leu-
kemic transformation and withdrawal syndrome.14 
Abrupt cessation of ruxolitinib has been associated 
with withdrawal syndrome manifested by symptom 
relapse, painful enlargement of splenomegaly, septic 
shock–like syndrome, cytopenias, disseminated in-
travascular coagulation, and tumor lysis.15,16 In the 
present patient with renal dysfunction, ruxolitinib 
was used in combination with anagrelide. Use of this 
combination therapy and its use in renal dysfunction 
are not supported by current evidence.12,13 Ruxoli-
tinib should be judiciously used only in symptomatic 
patients with intermediate- or high-risk myelofibro-
sis based on the dynamic International Prognostic 
Scoring System. In the present patient, levels of 
electrolytes and creatinine were normal at presenta-
tion (uric acid and LDH levels were not available); 
however, within a few days of ruxolitinib cessation, 
he developed spontaneous TLS and other complica-
tions. Therefore, ruxolitinib withdrawal might have 
contributed to the overall clinical deterioration of 
the patient. Therapy with ruxolitinib results in sig-
nificant suppression of inflammatory cytokines,17 and 
its abrupt cessation is thought to result in cytokine 
rebound resulting in withdrawal syndrome, includ-
ing TLS. Gradual cessation of ruxolitinib may pre-
vent these complications, whereas the reinitiation of 
ruxolitinib and use of glucocorticoids may be useful 
in the management of withdrawal syndrome.15,16 

The role of various therapeutic agents in the 
development of lymphomatous transformation in 
myeloproliferative disorders remains unclear. In one 
report, a woman with post–polycythemia vera my-

Figure 5  Integrated 18F-fluorodeoxyglucose PET/CT scan shows en-
larged and hypermetabolic spleen and multiple lymph nodes.
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elofibrosis developed Burkitt-like large B-cell lym-
phoma with complex karyotype less than 2 months 
after starting ruxolitinib (prior bone marrow biopsy 
showed no evidence of lymphoma and cytogenetic 
abnormalities).15 The present patient had DLBCL 
with complex karyotype and presented with circu-
lating lymphoma cells. Such unusual presentations 
of common diseases also suggest the possibility of 
novel or unusual causes, such as ruxolitinib alone 
or in combination with other agents. Because of the 
lack of long-term follow-up data on ruxolitinib, fur-
ther studies are needed to clarify the risk of disease 
transformation with ruxolitinib and the risk of lym-
phomatous transformation associated with several 
therapeutic agents used alone or as a part of sequen-
tial therapy in myeloproliferative disorders.

The rarity of lymphomatous transformation and 
lack of large-scale studies have prevented the de-
velopment of predictive factors for lymphomatous 
transformation in myeloproliferative disorder. How-
ever, one study showed that the risk of lymphoid 
malignancies in myeloproliferative neoplasms was 
greater among men, patients with a JAK2 V617F–
positive mutation, and patients who were 5 years 
postdiagnosis of myeloproliferative neoplasms.7 In 
one study,3 the risk of leukemic transformation in-
creased substantially with time (1.4%, 8.1%, and 
24.0% in the first 10 years, second decade, and third 
decade, respectively) and contributed to poor sur-
vival in those surviving after the first decade. There-
fore, it is important to monitor patients for disease 
transformation 5 to 10 years after diagnosis. In the 
present patient, in addition to the other factors dis-
cussed previously, the personal and familial history 
of malignancies18 and his older age may have played 
contributory roles in the development of aggressive 
NHL.19–21

A paucity of literature exists regarding the treat-
ment of lymphoma developing concurrently with or 
after the diagnosis of essential thrombocythemia. In 
a retrospective study (N=8), 4 patients with low-
grade lymphoma did not require any therapy, where-
as 3 patients with stage III–IV follicular lymphoma 
and 1 patient with DLBCL received lymphoma-type 
chemotherapy, with all experiencing complete re-
mission of lymphoma and partial or complete remis-
sion of essential thrombocythemia.22 Thus, it is pos-
sible that the presence of essential thrombocythemia 
does not significantly alter the management or re-

mission rate of some patients with lymphoma. How-
ever, the present patient and a patient with Burkitt-
like large B-cell lymphoma that developed soon after 
ruxolitinib initiation15 had complex karyotype and 
multiple comorbidities, resulting in poor outcomes. 
Additionally, leukemic DLBCL may have greater 
early morbidity and mortality. In one study DLBCL 
masquerading as leukemia was associated with a high 
tumor burden, frequent extranodal involvement, 
complex bone marrow cytogenetics, and a high rate 
of complications and death during induction, but 
was associated with an approximately 50% 4-year 
survival rate in patients able to tolerate anthracy-
cline and rituximab-based regimens.5 

Conclusions
This case illustrates that myeloproliferative neo-
plasms tend to transform to other myeloid disorders, 
and that patients are also at risk of developing lym-
phoma. With improvement in survival, it is impor-
tant to be aware of the natural history of chronic 
diseases, such as essential thrombocythemia. This 
understanding allows proper monitoring of potential 
long-term complications and selection of efficacious 
yet safer agents from the available therapeutic arma-
mentarium. New therapies are often responsible for 
improved outcomes; however, their use should be ad-
opted after thorough assessment of their potential ef-
ficacy in providing optimal care and the risks associ-
ated with long-term therapy, including those related 
to abrupt withdrawal.
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painful enlargement of spleen, 
septic shock–like syndrome, dis-
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c.  Reinitiation of ruxolitinib and the 
use of glucocorticoids may be use-
ful in its management.

d.  Ruxolitinib-induced withdrawal 
syndrome is not seen in patients with primary myelofi-
brosis.

3.  True or False: The risk of leukemic transformation is the 
highest within the first 5 years of diagnosis of essential 
thrombocythemia. This risk significantly decreases among 
patients who survive beyond the first decade.
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Posttest Questions
1.  True or False: Essential thrombocythemia is well-known to 

transform to other myeloid disorders such as leukemia. Ad-
ditionally, patients are at an increased risk of developing 
lymphoid malignancies, such as NHL and nonhematologic 
malignancies.

2.  Ruxolitinib therapy results in significant suppression of in-
flammatory cytokines; abrupt cessation of ruxolitinib is be-
lieved to result in cytokine rebound, resulting in withdrawal 
syndrome. Which of the following is NOT true about ruxoli-
tinib-induced withdrawal syndrome?
a.  Gradual cessation of ruxolitinib may prevent this com-

plication.
b.  Withdrawal syndrome may manifest as symptom relapse, 


