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Abstract 
Diffuse large B-cell lymphoma (DLBCL) represent the most frequently non-Hodgkin’s lymphoma (NHL) (over 30%), especially in developing 
countries. Many associations of NHL with another neoplasia were described following chemotherapy or radiotherapy regimens. The coexistence 
of DLBCL with myeloproliferative neoplasms (MPNs) JAK2V617F positive at the onset was very rare reported in the literature. We describe a 
clinical case of a 52-year-old man who presented both diagnoses at the onset – DLBCL and MPN – polycythemia vera (PV) type. The patient 
was treated with two CHOP cycles (Cyclophosphamide, Hydroxydaunorubicin, Oncovin, Prednisolone) followed by six R-CHOP (Rituximab-
CHOP) cycles, together with a platelet-reducing agent, achieving remission for 20 months, followed by a relapse which is under treatment. 
The clonally expansion of an abnormal pluripotent hematopoetic stem cell could be responsible for both, PV and DLBCL. However, recent 
reports suggested the possible involvement of two different clones. The clinical significance and the role of JAK2 mutation in the evolution 
of patients with NHLs, including DLBCL are still unknown. Further genetic and clinical studies have to point out common gene mutations 
for the two diseases and their connection with the diseases behavior under the treatment. Conclusions: The coexistence of NHLs and 
especially DLBCLs and MPNs JAK2 positive is very rare. Although DLBCL alone has good prognosis, other prognostic factors should be 
checked when it is associated with PV. The presence of JAK2V617F seems to be a candidate but whose role in DLBCL evolution, natural 
or under treatment has to be cleared up. 
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 Introduction 

Diffuse large B-cell lymphoma (DLBCL) represent 
the most frequently non-Hodgkin’s lymphoma (NHL) 
(over 30%), especially in developing countries [1, 2]. 
An alternative microarray technology (gene expression 
profiling – GEP) allowed the identification of three types 
of DLBCL not otherwise specified (NOS): GEP profile 
of germinal center B-cells (GCB-like), GEP profile of 
activated peripheral B-cell (ABC) and few cases that 
cannot be classified in these categories (type 3 DLBCL). 
The GEP classification is very important for prognosis 
of these patients: ABC-DLBCL patients have a worse 
prognostic than GCB-DLBCL [3]. GCB-DLBCL subtype 
is associated with amplifications of the REL loci, BCL-2 
translocations and hypermutations of the immunoglobulins 
loci; the other type, ABC-DLBCL is associated with 
activation of the nuclear factor-kappa B (NF-κB) pathway. 
The amplifications at 9p corresponding to JAK2 was 
associated with DLBCL primary mediastinal subtype [2]. 
Patients with myeloproliferative neoplasms (MPNs), 
especially patients with polycythemia vera (PV) have 
JAK2V617F mutation (93% of patients with PV; 50% 

patients with primary myelofibrosis or essential thrombo-
cythemia) [4]. The presence of JAK2V617F mutation was 
not implicated in evolution of other lymphoproliferative 
disease, like B-cell chronic lymphocytic leukemia (B-
CLL) [5]. In MPNs patients, this mutation plays a major 
role in myeloid maturation induced by cytokines and grows 
factors signaling (including interleukin-3, erythropoietin, 
granulocyte and granulocyte-macrophage colony-stimu-
lating factor, thrombopoietin). A few patients also have 
associated chromosomal abnormalities (9p or 20q deletion) 
[6]. 

The association between NHLs and PV is rare [7, 8]. 
Although an infrequent event, the spectrum of clinical 
situations gathers together no more than three different 
forms: (a) either the two diseases are coexisting from the 
onset, especially in previously untreated patients [8–12], 
(b) or, much more rarely, the myelodysplastic syndrome 
is following the lymphoma and its therapy [13–15], (c) 
or lymphoma was reported subsequent to diagnosis of PV 
[7, 16, 17]. We will present a clinical case of one patient 
with simultaneously diagnosis of DLBCL and PV and will 
make a brief review of the other 18 cases about we could 
find data reported in the literature. Written informed 
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consent was obtained from the patient for publication of 
this case report and the accompanying images. 

 Case presentation 

Patient’s status at admission 

A 52-year-old male, without significant medical history, 
was admitted in the Emergency County Hospital, Pitesti, 
Romania, for altered health state, nocturne sweats, weight 
loss, lymphadenopathies. On clinical examination, the 
patient was afebrile, with good general state [performance 
status ECOG 1 (Eastern Cooperative Oncology Group)], 
multiple peripheral mobile unpainful lymphadenopathies 
(supraclavicular, axillar and inguinal), with a diameter of 
1–3 cm; bloating, upper abdominal increased sensitivity, 
and liver border at the 2 cm bellow costal margin, consis-
tency moderately increased, rounded edge, spleen palpable 
with bottom pole from 2–3 cm below costal border. 

Clinical laboratory investigations 

The white blood cell (WBC) count showed leukocytosis 
(18 500/mm3) with slight left shift deviation, without 
blasts or promyelocytes but with basophils (3%), high 
platelet count (869 000/mm3) with giant platelets and 
platelet aggregates, but hemoglobin (Hb) and hematocrit 
(Ht) in normal values (Hb 15.2 g/dL, Ht 41.9%). Blood 
biochemistry was normal except lactate dehydrogenase 

(LDH) level, which was mild elevated (250 IU/mL). 
Serology was negative for hepatitis viruses (HBV, HCV). 
Serum erythropoietin (EPO) was very low (<1 U/mL). The 
mutant homozygote status for JAK2V617F was determined 
by real-time polymerase chain reaction (RT-PCR). 

Pathology and immunohistochemistry (IHC) 

We performed a bone marrow trephine biopsy (BMB) 
from posterior-superior iliac crest, after local anesthesia. 
After fixation in 10% buffered formaldehyde, BMB sample 
was decalcified for 3–4 hours in Na2EDTA (Disodium 
ethylenediaminetetraacetate), processed and paraffin 
embedded. The sections of 4 μm were stained with 
Hematoxylin–Eosin (HE). The BMB histological exami-
nation revealed a hypercellular bone marrow, with pan-
myelosis (Figure 1a), normal myeloid:erythroid (M:E) ratio 
(3:1), moderate megakaryocytic hyperplasia with giant 
hyperlobulated megakaryocytes, dispersed and in small peri-
vascular clusters (Figure 1b), without lymphoid infiltration. 

We have also performed biopsy of an axillary lymph 
node. The microscopic examination of the lymph node was 
typical for a large cell NHL (loss of normal architecture, 
diffuse malignant infiltrate with large-sized atypical 
lymphoid cells, round vesicular nucleus, 2–4 medium-sized 
nucleoli, moderately basophilic cytoplasm) (Figure 2, a 
and b). 
 

 
Figure 1 – Bone marrow biopsy: (a) Hypercellularity, panmyelosis; (b) Clusters of large megakaryocytes. HE staining: 
(a) ×100; (b) ×400. 

 
Figure 2 – Lymph node biopsy: (a) Diffuse large cells lymphoid infiltrate; (b) Tumor cells are large lymphoid cells, with 
vesicular nucleus and 2–3 nucleoli. HE staining: (a) ×100; (b) ×400. 
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IHC staining was carried out on paraffin sections using 
MaxPolymer Novolink (Leica, UK), in accordance with 
the manufacturer’s protocol. We performed IHC stainings 
with B-cell marker anti-CD20 (clone L26, 1:250 dilution, 
Novocastra, Leica, UK) and T-cell marker anti-CD3 (clone 
LN10, 1:400 dilution, Novocastra, Leica, UK). 

The tumor was diffusely positive for CD20 (Figure 3) 
and CD3 negative. 

 
Figure 3 – Lymph node biopsy: tumor cells are large 
B-cells, CD20 positive. IHC staining for CD20, ×200. 

The final diagnosis was DLBCL associated with MPN, 
JAK positive homozygous, PV type. 

Computed tomography (CT) scans performed for 
DLBCL staging showed mild hepatomegaly (right hepatic 
lobe 17.4 cm, left hepatic lobe 7 cm), moderate spleno-

megaly (16.7 cm), two inguinal adenopathies (3.5/3.2 cm 
and 3.2/3.6 cm) with homogenous structure, without 
pulmonary or mediastinal lesions, advocating for III B 
clinical stage of DLBCL. The prognosis score, according 
to the Revised International Prognostic Index (R-IPI) 
was 2, meaning a good prognosis. 

Patient outcome 

The patient was treated with two CHOP cycles 
[Cyclophosphamide, Hydroxydaunorubicin (Adriamycin), 
Oncovin (Vincristine) and Prednisolone], followed by six 
cycles of CHOP with anti-CD20/Rituximab (R-CHOP) 
chemotherapy. He has also received Anagrelidum (a platelet-
reducing agent) 0.5 mg×2 daily. 

The patient achieved hematological remission of 
DLBCL, confirmed by positron emission tomography (PET) 
scans, after eight months, but relapsed after 20 months with 
pleural effusion and mediastinal tumor. He was planned 
for another chemotherapy schedule, R-ICE type (Rituximab, 
Ifosfamid, Carboplatin and Etoposidum) and his treatment 
is ongoing. 

 Discussion 

The association between a MPN, especially PV and 
a NHL at the time of diagnosis is rare, as we already 
mentioned above. We identified in the literature only  
26 cases, including ours, in the last 50 years since Heinle 
et al. [9] reported the first case with this association 
(Table 1). 

Table 1 – Synopsis of cases identified in the accessible literature with non-Hodgkin’s lymphoma and polycytemia vera 
since the first case communicated in 1966 by Heinle et al. [9] (modified after Papageorgiou et al. [8] and Jeong et al. 
[12] and extended) 

No. Year Ref. Gender 
Age 

[years] 
Type of NHL Therapy Outcome 

Simultaneous at the onset 

1 2016 [12] F 61 Follicular (grade 1) 
Local excision; radiation; 
phlebotomy; Aspirin; HU 

NHL – CR; stabilization of 
Hct; leukocytosis; 
thrombocytosis 

2 2014 [20] M 14 
Mixed diffuse lymphocytic 
kidney infiltration 

Chemotherapy (NoS) 

Favorable after 
chemotherapy 
Improvement in renal 
parameters 

3 2002 [10] M 66 Follicle center cell (grade 1) m-BACOD; MIT + PDM; HU 

NHL – CR and reduction 
of PV; 
PV – recurrence of after 
four years of chemotherapy
withdrawal 

4 1991 [19] M 20 Immature phenotype 

CHOP + VM26 
CNS prophylaxis (MTX + DEX) 
PDN + VCR + DNM + Asparaginase 
m-BACOD 

No response and 
progression of NHL, 
followed by close mortality

5 1988 [21] M 73 Plasmacytoid, colon Melphalan NoS 

6 1985 [22] F 53 Large B-cell Chemotherapy (NoS) 
Favorable after 
chemotherapy 

7 1981 [23] NoS NoS Diffuse, lymphocytic RAMI RAMI 

8 1966 [9] F 86 Lymphocytic 
Phlebotomy + radioactive 
phosphorus 

RAMI 

9 2016 OC M 52 DLBCL R-CHOP 

NHL – CR after eight 
months and relapse after 
20 months 
Under treatment with new 
scheme 

NHL first at the onset 

10(1) 2013 [15] M 72 
DLBCL – brain 
(three years before PV) 

RAMI RAMI 
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No. Year Ref. Gender 
Age 

[years] 
Type of NHL Therapy Outcome 

11(2) 2011 [26] M 90 Follicular (24 years before PV) NoS NoS 

12(3) 2006 [14] M 64 Small lymphocytic CTX + VCR + PDN and RXB 
Favorable post-
chemotherapy 
Hb and EPO normalized 

13(4) 1996 [13] F 74 
Diffuse centroblastic 
(11 years before PV) 

ADM + VCR + PDN + MTX 
NHL – remission 
PV – NoS 

14(5) 1992 [24] M? NoS 
DLBCL 
(4.5 years before PV) 

CTX and Procarbazine 
NHL in CR 
PV – NoS 

PV first at the onset 

15(1) 2011 [26] M 75 DLBCL (10 years after PV) NoS NoS 

16(2) 2011 [26] M 64 DLBCL (23 years after PV) NoS NoS 

17(3) 2011 [26] M 79 DLBCL (9 years after PV) NoS NoS 

18(4) 2009 [27] F 69.6 DLBCL (6.6 years after PV) NoS NoS 

19(5) 2009 [27] M 65.6 Mantle cell (1.6 years after PV) NoS NoS 

20(6) 2009 [27] M 79.9 NoS (10.9 years after PV) NoS NoS 

21(7) 2006 [17] NoS NoS DLBCL RAMI RAMI 

22(8) 2002 [7] F 61 
DLBCL, high-grade 
malignancy, oral cavity  
(17 years after PV) 

m-BACOD 
Local radiotherapy 

Oral lesion – CR 
Favorable at 10 months 
after treatment 

23(9) 1995 [16] M? NoS Anaplastic B-cell (Ki-1) RAMI RAMI 

24(10) 1994 [25] NoS NoS B-cell, high-grade malignancy RAMI RAMI 

25(11) 1994 [25] NoS NoS B-cell, high-grade malignancy RAMI RAMI 

26(12) 1994 [18] M 78 
Cutaneous T-cell 
(one year after PV) 

Phlebotomy 
Photochemotherapy 

Resolution of skin lesion; 
stabilization of Hct; leuko-
cytosis; thrombocytosis 

Ref: Reference; NHL: Non-Hodgkin’s lymphoma; F: Female; HU: Hydroxyurea; CR: Complete remission; Hct: Hematocrit; M: Male; NoS: Not 
specified; m-BACOD: Second-generation combination chemotherapy regimen – Methotrexate (MTX), Bleomycin, Adriamycin/Doxorubicin 
(ADM), Cyclophosphamide (CTX), Oncovin–Vincristine (VCR), Dexamethasone (DEX); MIT: Mitoxantrone; PDM: Prednimustine; PV: Poly-
cythemia vera; CHOP: Regimen containing CTX, ADM, VCR and Prednisone (PDN); VM26: Teniposide; CNS: Central nervous system; DNM: 
Daunomycin; RAMI: Restricted access to minimal information; OC: Our case; DLBCL: Diffuse large B-cell lymphoma; R-CHOP: Regimen 
which combines CHOP with Rituximab (RXB); EPO: Erythropoietin. 

 
Clinical morphological aspects 

A first remark is concerning the sequence the two 
diseases appeared in the patient’s life. The most numerous 
group, gathering together almost half of the identified 
cases, is the one including those cases with PV as the 
first disease. At the opposite, the least numerous group, 
including only five cases, was the one where the NHL 
arose the first. 

A second remark is concerning the NHL’s morphology. 
More than 45% of the identified cases were B-cell 
lymphomas and two-thirds of these belonged to the 
group where PV was first at the onset. 

Overall, the association between the two types of 
proliferation was most frequently encountered in men, 
with some differences. Thus, in the group with NHL at 
the onset almost all cases were males whereas in the group 
with both diseases discovered at the onset, one-third of 
the cases were females. The males prevailed also in the 
group with PV at the onset even one-quarter of the cases 
had no gender specification. Finally, the males were 
prevailing in the group with B-cell lymphomas too but in 
one-quarter of cases, the patients’ gender was not specified. 

The age range is also different from one group to 
another. Thus, the group with NHL at the onset seems to be 
the preserve of elderly people whereas in the group with 
both diseases at the onset we found also young patients, of 
14 and 20 years old. In the group with PV at the onset, two-
thirds of patients had the age specified and it was higher 
than 60 years. In the group with B-cell lymphomas, patients 
were adults over 50 years and elderly but, again, we have 
to mention the lack of data in one-third of the cases. 

The therapeutic strategy was focused in most of the 
cases and irrespective the group on the lymphoproli-
ferative disease. In only four cases [9, 10, 12, 18] are 
mentioned therapeutic procedures for PV. Unfortunately, 
we have to mention again that the restricted access to 
the published data (half of the cases) did not allow a 
complete assessment of the applied therapy. If we do not 
take into consideration the 15 cases with no data concerning 
the patient’s outcome, then in most of remaining cases 
the outcome was favorable first and foremost for the NHL. 
There was only one case [19] where the complex and 
sustained chemotherapy could not stop the progression 
of the lymphoproliferative disease and the patient died. 

The prognosis of our patient was good (score IPI 2, 
PET scan negative). Patient was treated by R-CHOP 
chemotherapy schedule for DLBCL, but he relapsed after 
20 months with mediastinal determination. 

To treat patients with different concurrent cancers, 
including lymphoproliferative and myeloproliferative 
neoplasms, is a difficult task. In the past, IPI score brought 
more information about the prognosis of DLBCL patients. 
In present, many investigations improve the prediction of 
outcome for treatment of these patients. Fluorodeoxy-
glucose–positron emission tomography (FDG-PET) brings 
an important role in predicting of outcome after completion 
of first-line therapy for DLBCL patients. 

Patients who are PET negative have a 0% to 16% 
probability of relapse, compared with 87% to 100% of 
PET-positive patients [28]. DLBCL patients with negative 
and mild metabolism PET/CT following first-line treatment 
had good prognosis, who needed no additional therapy 
[29]. 
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Pathogenic and genetic aspects 

The nature of the relationship between NHL, especially 
high grade, and PV is not clear [13]. The studies of last 
decades could not prove clearly a mechanism of coexistence 
of the two diseases, without any previous cytotoxic or 
radiation exposure [8, 12] or of a mechanism by which 
one can induce other, taking into consideration that they 
can be sequential at the onset. There are many hypotheses 
concerning their mechanisms of appearance, both when 
it happens sequentially or in the same time. 

Thus, when we talk about coexistence: 
▪ The coincidence cannot be excluded [13]; 
▪ Chromosomal abnormalities consisting in random 

mutations that occur in distinct initiating cells in both 
PV and NHL are suggesting the possible involvement of 
two different clones [12, 25, 30]; 

▪ Both malignancies may have evolved by clonal 
expansion of the same abnormal pluripotent hematopoietic 
stem cell although the karyotypes were not studied [13, 
16]. 

When we talk about sequence of the onsets: 
▪ The genomic instability characteristic to myelo-

proliferative neoplasms may contribute to subsequent 
lymphoproliferative neoplasms occurrence [26, 27]; 

▪ PV could be secondary to the ectopic production of 
erythropoietin by the lymphoma cells [14]; 

▪ PV could develop as a consequence of therapy for 
the NHL. However, there are an increasing number of 
patients surviving long term after chemotherapy for the 
malignant lymphoproliferative disease [13]. 

The genetic investigations could represent further a 
key tool in the elucidation of the relationship between the 
two types of proliferation. A starting point was the study 
of tyrosine kinase gene JAK2 (Janus Kinase 2) mutations. 
Thus, the JAK2V617F mutation, a point mutation in the 
JAK2 gene, has an important role in the pathogenesis  
of the MPNs. The JAK2 mutation induces the activation 
of the JAK-STAT signaling pathway, and leads to 
autonomous cell growth [31, 32]. 

The JAK2V617F was identified not only in MPNs 
patients, but also in NHL patients. However, the detection 
of JAK2 mutation in NHL is rare. For instance, Wang  
et al. reported the presence of JAK2 V617F allele in only 
three of 237 patients with lymphoid neoplasms [8, 31, 
32]. Another study reported that patients with primary 
mediastinal DLBCL have a relative increase in JAK2 
transcripts, but the JAK2 signaling in these cases was 
represented by mechanisms distinct from JAK2V617F or 
JAK2 exon 12 activating mutations, described in MPNs 
[33]. 

Najfeld et al. showed that patients with Ph-negative 
MPNs and non-MPNs have two types of JAK2 rearran-
gements. Gain and amplification of JAK2 was primarily 
observed in patients that were JAK2V617F-positive; 
rearrangements of JAK2 were seen in patients who lacked 
the JAK2V617F mutation. There are many JAK2 rearran-
gements, including a novel JAK2-NF-E2 interaction, JAK2 
translocation to chromosomes 3, 4, 12, 14, and 21 and 
detection of TEL/ETV6-JAK2 translocation. In NHL 
patients, the presence of JAK2 attracts multiple gene 
partners and may contribute to disease progression [34]. 

In other studies, the presence of JAK2V617F mutation 

was not found in normal B- and T-lymphocyte populations 
and had no relevance in B-CLL patients because no 
evidence that the proliferative behavior of B-CLL clone 
is mediated through this mutation was found [35, 36]. 

The patterns of gene expression, as well as individual 
genes have also had an important prognostic significance. 
Three genes (LMO2, BCL6 and FN1) were correlated 
with prolonged survival and three (BCL2, CCND2 and 
SCYA3) were correlated with shorter survival. Expression 
of bcl-6 and CD10 was associated with a favorable 
outcome compared with MUM1 or cyclin D2 expression. 

However, the clinical significance and the role of 
JAK2 mutation in the evolution of patients with NHLs, 
including DLBCL are still unknown [32]. 

Our study revealed that the paucity of cases reported 
in the literature and the lack or restricted access to the 
data included in the identified reports could not offer 
solid arguments in favor of certain influence of PV on 
NHL prognosis. Further genetic and clinical studies who 
should gather together a significant number of cases have 
to point out common gene mutations for the two diseases 
and their connection with the diseases behavior under the 
treatment. 

 Conclusions 

The coexistence of NHLs and especially DLBCLs and 
MPNs JAK2 positive is very rare. Although DLBCL alone 
has good prognosis, other prognostic factors should be 
checked when it is associated with PV. The presence of 
JAK2V617F seems to be a candidate but whose role in 
DLBCL evolution, natural or under treatment has to be 
cleared up. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 
[1] Klapper W, Kreuz M, Kohler CW, Burkhardt B, Szczepa-

nowski M, Salaverria I, Hummel M, Loeffler M, Pellissery S, 
Woessmann W, Schwänen C, Trümper L, Wessendorf S, 
Spang R, Hasenclever D, Siebert R; Molecular Mechanisms 
in Malignant Lymphomas Network Project of the Deutsche 
Krebshilfe. Patient age at diagnosis is associated with the 
molecular characteristics of diffuse large B-cell lymphoma. 
Blood, 2012, 119(8):1882–1887. 

[2] Tirado CA, Chen W, García R, Kohlman KA, Rao N. Genomic 
profiling using array comparative genomic hybridization define 
distinct subtypes of diffuse large B-cell lymphoma: a review 
of the literature. J Hematol Oncol, 2012, 5:54. 

[3] Hill BT, Sweetenham J. Clinical implications of the molecular 
subtypes of diffuse large B-cell lymphoma. Leuk Lymphoma, 
2012, 53(5):763–769. 

[4] Wang X, LeBlanc A, Gruenstein S, Xu M, Mascarenhas J, 
Panzera B, Wisch N, Parker C, Goldberg JD, Prchal J, 
Hoffman R, Najfeld V. Clonal analyses define the relation-
ships between chromosomal abnormalities and JAK2V617F 
in patients with Ph-negative myeloproliferative neoplasms. 
Exp Hematol, 2009, 37(10):1194–1200. 

[5] Hussein K, Brakensiek K, Ballmaier M, Bormann M, Göhring G, 
Buhr T, Bock O, Kreipe H. B-CLL developing in a patient with 
PV is not affected by V617F mutation of the Janus kinase 2. 
Eur J Haematol, 2006, 77(6):539–541. 

[6] Bueso-Ramos CE, Vardiman JW. Diagnosis and classification 
of the BCR-ABL1-negative myeloproliferative neoplasms. In: 
Verstovsek S, Tefferi A (eds). Myeloproliferative neoplasms: 
biology and therapy. Humana Press, Springer Science + 
Business Media, New York, 2011, 1–39. 



Viola Maria Popov et al. 

 

318 

[7] Castellano S, Carbone M, Carrozzo M, Broccoletti R, Pagano M, 
Vasino MA, Gandolfo S. Onset of oral extranodal large B-
cell non-Hodgkin’s lymphoma in a patient with polycythemia 
vera: a rare presentation. Oral Oncol, 2002, 38(6):624–626. 

[8] Papageorgiou MV, Alexopoulou A, Kontopidou F, Filiotou A, 
Koskinas J, Pectasides D. Concomitant diagnosis of myelo-
proliferative neoplasm and non-Hodgkin’s lymphoma in a 
patient with portal vein thrombosis. Anticancer Res, 2011, 
31(4):1467–1469. 

[9] Heinle EW Jr, Sarasti HO, Garcia D, Kenny JJ, Westerman MP. 
Polycythemia vera associated with lymphomatous diseases 
and myeloma. Arch Intern Med, 1966, 118(4):351–355. 

[10] Rizzi R, Liso A, Pannunzio A, Carluccio P, Specchia G, Liso V. 
Concomitant primary polycythemia vera and follicle center cell 
non-Hodgkin lymphoma: a case report and review of the 
literature. Leuk Lymphoma, 2002, 43(11):2217–2220. 

[11] Kuroda H, Abe T, Jomen W, Yoshida M, Matsuno T, Sato M, 
Yamada M, Sakurai T, Fujii S, Maeda M, Fujita M, Naga-
shima K, Murase K, Kato J. Follicular lymphoma complicated 
with myelofibrosis and macroglobulinemia at initial presen-
tation. Rinsho Ketsueki, 2013, 54(11):2068–2073. 

[12] Jeong G, Kim J, Han S, Lee J, Park K, Pak C, Lim JH, Cha HJ, 
Kim H, Jo JC. Coexistence of follicular lymphoma and an 
unclassifiable myeloproliferative neoplasm in a treatment-
naïve patient: a case report. Oncol Lett, 2016, 11(2):1469–
1473. 

[13] Harrison P, Neilson JR, Lumley MA, Milligan DW. Development 
of polycythaemia rubra vera following treatment for centro-
blastic lymphoma. Acta Haematol, 1996, 96(2):113–114. 

[14] Al-Tourah AJ, Tsang PW, Skinnider BF, Hoskins PJ. Para-
neoplastic erythropoietin-induced polycythemia associated 
with small lymphocytic lymphoma. J Clin Oncol, 2006, 24(15): 
2388–2389. 

[15] Elli EM, Belotti A, Cecchetti C, Realini S, Fedele M, Parma M, 
Pogliani EM. Development of JAK2V617F-positive poly-
cythemia vera after chemotherapy-induced remission of 
primary central nervous system diffuse large B cell non-
Hodgkin’s lymphoma: a case report and review of the 
literature. Acta Haematol, 2013, 130(3):142–145. 

[16] Steinberg E, Ben-Dor D, Lugassy G. Anaplastic B-cell (Ki-1) 
lymphoma developing in a patient with polycythemia vera. 
Leuk Lymphoma, 1995, 19(5–6):507–509. 

[17] Mian M, Psenak O, Greil R, Fiegl M, Tzankov A. Diffuse large 
B-cell lymphoma as a second, clonally unrelated lympho-
proliferative disease in a patient with IgM monoclonal 
gammopathy of undetermined significance (MGUS) and 
concomitant polycythemia vera rubra. Leuk Lymphoma, 2006, 
47(5):940–943. 

[18] Cottrill C, Geller A, diSpaltro FX, Weissglass B, Klainer AS, 
Bisaccia E. Control of polycythaemia vera with photochemo-
therapy in a patient with cutaneous T-cell lymphoma. Br J 
Haematol, 1994, 86(1):225–226. 

[19] Kurchan A, Somoza N, Pascuccelli H, Mide S, Padros MR, 
Santiago J, Satz ML, Fainboim L. T lymphoma of immature 
phenotype associated with polycythemia vera. Medicina (B 
Aires), 1991, 51(2):151–154. 

[20] Bhat RA, Khan I, Khan I, Mir MA. Polycythemia, increased 
erythropoietin levels in a patient with renal lymphoma. Adv 
Biomed Res, 2014, 3:147. 

[21] Guzzini F, Cozzi C, Gasparini P, Giussani R, Tomasi A. 
Spontaneous association of a chronic lympho- and myelo-
proliferative disease in the same patient. Description of 2 
cases. Recenti Prog Med, 1988, 79(9):365–369. 

[22] Abdi EA, Ding JC, Cooper IA. Secondary polycythaemia 
associated with large cell lymphoma. Med Pediatr Oncol, 
1985, 13(6):363–365. 

[23] Khojasteh A, Perry MC. Coexistence of diffuse lymphocytic 
lymphoma and polycythemia vera. South Med J, 1981, 74(6): 
771–772. 

[24] Bosch F, Cervantes F, Lopez-Guillermo A, Carreras E, Mont-
serrat E, Rozman C. Polycythaemia vera following non-
Hodgkin’s lymphoma. Leuk Lymphoma, 1992, 8(6):501–502. 

[25] Schlaifer D, Dastugue N, Brousset P, Delsol G, Muller C, 
Rigal-Huguet F, Attal M, Laurent G, Pris J. B-cell lymphoma 
following polycythemia vera: evidence for the involvement of 
two different clones. Leukemia, 1994, 8(5):895–896. 

[26] Rumi E, Passamonti F, Elena C, Pietra D, Arcaini L, Astori C, 
Zibellini S, Boveri E, Pascutto C, Lazzarino M. Increased 
risk of lymphoid neoplasm in patients with myeloproliferative 
neoplasm: a study of 1,915 patients. Haematologica, 2011, 
96(3):454–458. 

[27] Vannucchi AM, Masala G, Antonioli E, Chiara Susini M, 
Guglielmelli P, Pieri L, Maggi L, Caini S, Palli D, Bogani C, 
Ponziani V, Pancrazzi A, Annunziato F, Bosi A. Increased 
risk of lymphoid neoplasms in patients with Philadelphia 
chromosome-negative myeloproliferative neoplasms. Cancer 
Epidemiol Biomarkers Prev, 2009, 18(7):2068–2073. 

[28] Sweetenham JW. Diffuse large B-cell lymphoma: risk strati-
fication and management of relapsed disease. Hematology 
Am Soc Hematol Educ Program, 2005, 2005(1):252–259. 

[29] Ying ZT, Wang XJ, Song YQ, Zheng W, Wang XP, Xie Y, 
Lin NJ, Tu MF, Ping LY, Liu WP, Deng LJ, Zhang C, Yang Z, 
Zhu J. Prognostic value of 18F–FDG PET/CT after first-line 
treatment in patients with diffuse large B cell lymphoma. 
Zhonghua Xue Ye Xue Za Zhi, 2012, 33(10):810–813. 

[30] Wei J, Wang C, Qin YW, Zhu J, Gao YR, Cai Q, Yan SK. 
JAK2 V617F positive essential thrombocythemia developing 
in a patient with CD5– chronic lymphocytic leukemia. Chin 
Med J (Engl), 2012, 125(11):2076–2079. 

[31] Patnaik MM, Knudson RA, Gangat N, Hanson CA, Pardanani A, 
Tefferi A, Ketterling RP. Chromosome 9p24 abnormalities: 
prevalence, description of novel JAK2 translocations, JAK2 
V617F mutation analysis and clinicopathologic correlates. 
Eur J Haematol, 2010, 84(6):518–524. 

[32] Wang YL, Lee JW, Kui JS, Chadburn A, Cross NC, Knowles DM, 
Coleman M. Evaluation of JAK2 in B and T cell neoplasms: 
identification of JAK2(V617F) mutation of undetermined sig-
nificance (JMUS) in the bone marrow of three individuals. 
Acta Haematol, 2007, 118(4):209–214. 

[33] Wu D, Dutra B, Lindeman N, Takahashi H, Takeyama K, 
Harris NL, Pinkus GS, Longtine J, Shipp M, Kutok JL. No 
evidence for the JAK2 (V617F) or JAK2 exon 12 mutations 
in primary mediastinal large B-cell lymphoma. Diagn Mol 
Pathol, 2009, 18(3):144–149. 

[34] Najfeld V, Cozza A, Berkofsy-Fessler W, Prchal J, Scalise A. 
Numerical gain and structural rearrangements of JAK2, iden-
tified by FISH, characterize both JAK2617V>F-positive and 
-negative patients with Ph-negative MPD, myelodysplasia, 
and B-lymphoid neoplasms. Exp Hematol, 2007, 35(11): 
1668–1676. 

[35] Musolino C, Allegra A, Penna G, Centorrino R, Cuzzola M, 
D’Angelo A, Iacopino P, Alonci A. Absence of the V617F 
JAK2 mutation in the lymphoid compartment in a patient 
with essential thrombocythemia and B-chronic lymphocytic 
leukemia and in two relatives with lymphoproliferative disorders. 
Acta Haematol, 2009, 122(1):46–49. 

[36] Stijnis C, Kroes WG, Balkassmi S, Marijt EW, van Rossum AP, 
Bakker E, Vlasveld LT. No evidence for JAK2(V617F) mutation 
in monoclonal B cells in 2 patients with polycythaemia vera 
and concurrent monoclonal B cell disorder. Acta Haematol, 
2012, 128(3):183–186. 

 
 
 
 
Corresponding author 
Mihai Popescu, Professor, MD, PhD, Department of Medical Assistance and Kinesiotherapy, Faculty of Sciences, 
University of Piteşti; Department of Neurosurgery, Emergency County Hospital, 36 Aleea Spitalului, 110283 Piteşti, 
Romania; Phone +40248–287 150, e-mail: mihaipopescu2000@yahoo.com 
 
 
Received: April 8, 2015     Accepted: April 22, 2016 


