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Background: Myelofibrosis (MF) is often associated with chronic myeloid leukemia, 
myelodysplastic syndrome and primary myeloproliferative neoplasms (MPN), but few num-
ber cases of malignant lymphoma with myelofibrosis was reported, and a few cases about 
follicular lymphoma with MF were found. Here we described a case of follicular lymphoma 
(FL) complicated by myelofibrosis.
Case Presentation: A 43-year-old man was diagnosed with follicular lymphoma (FL) 
complicated by MF, besides, the lymphoma staging of this patient was AnnArbor IV 
B. The cytokines of plated-derived growth factor (PDGF), basic fibroblast growth factor 
(b-FGF), vascular endothelial growth factor (VEGF), tumor necrosis factor α (TNF-α), 
interleukin-1β (IL-1β), interleukin-2 (IL-2), and transforming growth factor-β (TGF-β) 
were positive, while JAK2V617F, MPL, and CALR mutations were negative. After first 
course of chemotherapy, the peripheral blood and MF improved. The systemic superficial 
lymph nodes and spleen were significantly narrowed after the third cycle of 
chemotherapy.
Conclusion: The production of various cytokines, such as b-FGF, TNF-α, TGF-β, PDGF, 
IL-1β, IL-2, IL-6, IL-10, may contribute to the development of MF.
Keywords: follicular lymphoma, myelofibrosis, immunohistochemistry, cytokines

Introduction
We described a case report of simultaneous follicular lymphoma with myelofi-
brosis, which leads to a serious of problem in diagnosis, etiology and treat-
ment, and promotes us to critically review the literature. Follicular lymphoma 
(FL) is the second most common lymphoma in western countries, accounting 
for about 35% of all of non-Hodgkin’s lymphoma (NHL).1,2 In China, folli-
cular lymphoma accounts for a slightly lower proportion of non-Hodgkin’s 
lymphoma, but it is still a common type.3 Follicular lymphoma is an indolent 
B-cell lymphoma typically presenting with diffuse lymphadenopathy, bone 
marrow involvement, and splenomegaly. Extranodal involvement is less 
common.2 The majority of FL patients have the characteristic of t(14;18) 
(q32;q21) translocation, which results in the overexpression of the BCL-2 
protein.4 In most cases, immunohistochemical staining is positive for CD19, 
CD20, CD10, monoclonal immunoglobulin and bcl-2 protein.2 Myelofibrosis 
(MF) is characterized by the increase in BM stromal fibers composed of 
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reticulin and collagen.5 A wide variety of hematologi-
cal malignancies result in myelofibrosis, including 
chronic myeloid leukemia, acute megaloblastic leuke-
mia, hairy cell leukemia and myelodysplastic syn-
drome. But MF complicated with malignant 
lymphoma is rare,6 and we found a few case reports 
of FL with myelofibrosis.7,8

Case Presentation
A 43-year-old-man presented us with enlarged lymph 
nodes from May 2020, and he was treated at the local 
hospital. Then he developed sore limbs and pancytope-
nia, therefore, he was referred to our department in late 
August. A detailed medical history was collected: body 
temperature 36.6°C, pulse 88/minute, respiration 22/ 
minute, blood pressure 128/69 mmHg, clear conscious-
ness, pallor of the complexion and palpebral conjunc-
tiva, and splenomegaly. A few enlarged lymph nodes 
were palpable in bilateral cervical, axillary and ingu-
inal regions, the largest of which measuring about 4 cm 
in size is located in the right inguinal region. The main 
symptom of this patient is significant splenomegaly and 
pancytopenia.

The laboratory findings at the time of admission are 
shown in Table 1. His serum levels of LDH, β2 micro-
globulin and IL-6 were elevated. In addition, his serum 
level of vascular endothelial growth factor (VEGF) was 
normal (Figure 1). The detection of EB virus was 
negative. Flow cytometry (FC) was performed on the 
peripheral blood specimen because of dry tap aspira-
tion. Monoclonal B lymphocytes accounted for 1.47% 
of karyocyte in peripheral blood samples. The aberrant 
lymphocytes population expressed CD19, CD20, 
CD10, FMC7, CD81, cKappa, and partially 
expressed CD79b, CD200, CD22, CD1d, sIgM but 
did not express CD11c, CD103, CD5, CD23, CD43, 
CD38, CD25, sIgD, cLambda, and CD138. The immu-
nophenotyping by FC was consistent with the pheno-
type of CD5-, CD10+ monoclonal B lymphocytes 
(Figure 2). The biopsy of right cervical lymph node 
combining with the immunohistochemistry supported 
the diagnosis of follicular lymphoma (3A). 
Immunostaining revealed that the tumor cells were 
positive for CD20, CD79α, Bcl-2, Bcl-6, CD10, PAX- 
5, CD5 (Interfollicular region), CD3 (Interfollicular 
region), CD43 (Interfollicular region), CD21 (FDC 
net), CD23 (FDC net), MUM-1, VEGF, b-FGF, TNF- 
α, TGF-β, PDGF, IL-1β, IL-2, IL-6, IL-10 and negative 

for SOX-11, CD38, CD138, Kappa, Lambda, 
CyclinD1. Ki-67 stain showed nuclear positivity in 
60% nodal tumour cells and 30% extranodal tumour 
cells (Figure 3)

Table 1 The Laboratory Findings

CRP CRP 35.19mg/L↑

CBC WBC 1.36×109/L↓
NE 0.88×109/L↓
LY 0.32×109/L↓
EO 0.01×109/L↓
RBC 1.93×1012/L↓
Hb 57.00g/L↓
PLT 59.00×109/L↓

ESR ESR 97mm/h↑

Coagulation Fbg 4.35g/L↑
DD 1.93mg/L FEU↑

Coombs test Direct Coombs test Negative
Indirect Coombs 

test

Negative

β2 microglobulin β2-MG 4.58ug/mL↑

ANA ANA Weak positive 

1:100

RCT RCT% 3.16%↑

Biochemistry T.P 63.4g/L↓
GLOP 19.8g/L↓
ALP 125.8U/L↑
LDH 488.1U/L↑
HBD 360.4U/L↑
Mb 77ng/mL↑
FBG 7.16mmol/L↑
P 1.74mmol/L↑
Mg 0.73mmol/L↓
Uric acid 506.5umol/L↑
TG 1.85mmol/L↑
HDL 0.70mmol/L↓
Apo A1 0.93g/L↓

Serum iron 
metabolism

Fer 581.4ng/mL↑
UIBC 55.00umol/L↑

Interleukin-6 IL-6 17.10pg/mL↑

Notes: ↑Denotes above the upper limit of the reference range, ↓denotes below 
the lower limit of the reference range. 
Abbreviations: CBC, complete blood count; CRP, C-reactive protein; WBC, 
white blood cell; NE, neutrophil; LY, lymphocyte; Eo, eosinocyte; RBC, red blood 
cell; Hb, hemoglobin; PLT, plate; ESR, erythrocyte sedimentation rate; Fbg, fibrino-
gen; DD, Ddimer; RCT, reticulocyte; T.P, total protein; GLOB, globulin; ALP, alkaline 
phosphatase; LDH, lactate dehydrogenase; HBD, hydroxybutyrate dehydrogenase; 
Mb, myoglobin; GLU, FBG, fasting blood glucose; TG, triglyceride; HDL, high 
density lipoprotein; Apo A1, Apolipoprotein A1; Fer, ferritin; UIBC, unsaturated 
iron binding capacity; IL-6, interleukin-6.
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Figure 1 The changes of β2-MG, IL-6, VEGF, LDH. The series of β2-MG, IL-6 are drawn on the primary axis, and the series of VEGF, LDH are drawn on the secondary axis.

Figure 2 Flow cytometry of peripheral blood. (A–F) Before chemotherapy, the aberrant lymphocytes population expressed CD19, CD20, CD10, cKappa; (H–M) after 
three courses of chemotherapy, these became negative.
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Bone marrow aspiration yielded a dry tap, and the 
bone marrow biopsy showed active myeloproliferative 
activity. Granulocytes were rare, mainly in the mature 
stage; erythroid cells were rare, mainly middle and late 
erythrocytes; the number of megakaryocytes was nor-
mal, mainly polymorphonuclear cell; the proliferation 
of lymphocytes was active, and the proliferation of 
collagen fibers can be seen in mesenchymal tissue of 
bone marrow. The immunostaining showed that the 
aberrant lymphocytes population was positive for 
CD34, CD117, CD61, CD3, CD20, CD138, E-CAD, 
MPO, CD45RA, VEGF, b-FGF, TNF-α, TGF-β, 
PDGF, IL-1β, IL-2, IL-6, IL-10. The reticular fiber 
staining was grade 3 (Figure 4). Bone marrow 
examination of our hospital showed atypical lympho-
cytes, accounting for about 80% of lymphocytes. And 
the peripheral blood smear showed tear-drop cells. The 
PET images were consistent with the performances of 
AnnArbor IV: General hypermetabolic enlarged lymph 
nodes were be seen in both sides of diaphragm, espe-
cially in the abdomen; the metabolism of bone 
marrow and left kidney was elevated. In addition, the 

PET scan showed splenomegaly obviously without 
hypermetabolism, which were induced by MF probably 
(Figure 5). The patient underwent peripheral blood 
examinations for JAK2, MPL, and CALR mutations, 
and all of these are negative. Fluorescence in situ 
hybridization (FISH) analysis performed on paraffin 
embedded tissue sections from the right cervical 
lymph node were positive for the BCL2 (18q21) split 
signal and IGH/BCL2 fusion signal, and negative for 
MYC rearrangement and BCL6 (3q27) split signals 
(Figure 6).

Based on those, the patient was diagnosed with FL 
(3A, AnnArbor IVB) complicated by MF. In the first 
course of chemotherapy, the patient received the R-COP 
therapy (rituximab 700mg, ivgtt: day 0; cyclophospha-
mide 600mg, ivgtt: day 1; vindesine 3mg, ivgtt: day 1; 
prednisone 100mg, p.o: day 1–5). After the improve-
ment of hemogram, he was given the R-CHOP therapy 
(rituximab 700mg, ivgtt: day 0; cyclophosphamide 
800mg, ivgtt: day 1; doxorubicin 60mg, ivgtt: day 1; 
vindesine 4mg, ivgtt: day 1; prednisone 100mg, p.o: day 
1–5). During the second course, the patient developed 

Figure 3 The immunostaining of right cervical lymph node for cytokines. (A) (b-FGF;×200), positive; (B) (IL-1β;×200), positive; (C) (IL-2;×200), positive; (D) (IL-6;×200), 
positive; (E) (IL-10,×200), positive; (F) (MUM-1×200), positive; (G) (PDGF×200), positive; (H) (TGF-β×200), positive; (I) (TNF-α×200), positive; (J) (VEGF×200), positive; 
(K) HE, ×40.
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serious adverse gastrointestinal reactions, so prednisone 
was replaced by methylprednisolone. The pancytopenia 
was responding well to treatment (Table 2). The immu-
nostaining of bone marrow showed the tumor cells were 
negative for CD19, CD117, b-FGF, TNF-α, TGF-β, 
PDGF, IL-1β, IL-2, IL-6, IL-10, except for VEGF after 
two courses (Figures 7 and 8). After the first course, the 
MF in the bone marrow improved. The reticular fiber 
staining was grade 1 (Figure 7). And the serum LDH, 
β2-MG and IL-6 levels were declined, but these para-
meters were still higher than that in normal cases. After 
two courses of chemotherapy, the serum levels of LDH, 
β2-MG and IL-6 continued to fall to normal levels. 
However, the serum VEGF level elevated a lot. After 
the third course, VEGF level was declined, but IL-6 and 

LDH elevated again (Figure 1). Meanwhile, the serum 
levels of IL-1β, IL-8, IL-10, TNF-α were normal. The 
PET images showed improvement of the lymphadeno-
pathy (Figure 5).

Discussion
MF can occur not only after lymphoma, but also at the 
same time or earlier than lymphoma.9 However, when 
MF occurs at the same time with lymphoma, we cannot 
make a final diagnosis of primary myelofibrosis (PMF) 
or secondary myelofibrosis (SMF) easily. Analyses of 
JAK2, MPL, and CAL mutations are highly specific 
for the diagnosis of PMF. Ninety percent of PMF 
patients can be detected a mutation among three genes. 
However, the triple-negative result of gene mutations in 

Figure 4 The immunostaining of bone marrow before treatment. (A) (b-FGF;×200), positive; (B) (CD20;×100), positive; (C) (CD61×100), positive; (D) (IL-10;×200), 
positive; (E) HE 100×; (F) (IL-1β;×200), positive; (G) (PDGF×200), positive; (H) (TGF-β×200), positive; (I) (VEGF×200), positive; (J) reticular fiber staining revealed diffuse 
fibrosis (MF-3) 100×; (K) (IL-2;×200), positive; (L) (IL-6;×200), positive; (M) (TNF-α×200), positive.
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our case cannot make us reach a final definite decision 
since 10% patients with PMF have none of mutation in 
these three genes. Thus, we could not distinguish triple- 
negative PMF from SMF.10,11 However, in this case, the 
diagnosis of primary myelofibrosis lacks necessary cri-
teria: presence of megakaryocytic proliferation and aty-
pia; presence of another clonal marker in the absence of 
JAK2, CALR, or MPL mutation.12 Meanwhile, the MF 
improved after the chemotherapy for FL. Therefore, the 
patient was diagnosed with SMF. The pathological 
mechanisms of MF in patients with malignant lym-
phoma remains unclear, intensive studies are required 
in this condition. The main causes of MF are cytokines 
and growth factors, especially those related to fibrogenic 
properties, such as TGF-β, IL-1, PDGF and so on.13 

And some studies have revealed that cytokines 
including TGF-β, b-FGF and PDGF may play an impor-
tant role for the MF associated with malignant 
lymphoma.14

As we know, a total of 49 cases of lymphoma with 
myelofibrosis have been reported except the present 
case, including 5 cases of Hodgkin lymphoma, 25 
cases of Non Hodgkin’s T-cell lymphoma and 19 cases 
of Non Hodgkin’s B-cell lymphoma. There have been 
a few cases of FL complicated with MF among these 
cases.7,8 The development of the MF are associated with 
the production of various cytokines, such as TGF-β, IL- 
1, PDGF, b-FGF, VEGF.13,15 However, the accurate 
cause of MF with concurrent lymphoma is not clear 
yet. It was reported that MF may be attributable to the 
lymphoma cells producing PDGF in a case of angioim-
munoblastic T-cell lymphoma (AITL) with complicating 
MF. Meanwhile, the b-FGF produced by the bone mar-
row megakaryocytes was considered as an irrelevant 
factor of the development of concurrent MF.15 On the 
contrary, another report showed that b-FGF played an 
important role in the case of MF complicated with 
peripheral T cell lymphoma (PTCL).16 In addition, 

Figure 5 PET/CT finding. (A–C) Before chemotherapy. (The largest lymph nodes was in the lower abdominal mesenteric region 68mm x 42mm, SUVmax =8.2). (D–F) 
After three courses of chemotherapy (The spleen reduced obviously, whose metabolism was normal (SUVmax=2.6)). (A) Widespread lymph node enlargement and 
hypermetabolism, splenomegaly, kidney hypermetabolism (blue arrows) and diffuse bone marrow hypermetabolism. Its inferior border approached the upper margin of pelvis 
(SUVmax= 2.9); (B) spinal hypermetabolism (blue arrow); (SUVmax =9.0); (C) iliac hypermetabolism (blue arrows); (D) no abnormal lymph nodes were found. The volume 
of spleen was smaller than before, and the metabolism of bone marrow, kidney metabolism were normal (red arrows); (E) normal spine metabolism, (SUVmax =3.3) (red 
arrow); (F) normal ilium metabolism (red arrows).
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there were a few other case reports consenting to the 
contribution of cytokines. In a report of peripheral T cell 
lymphoma-not otherwise specified (PTCL-NOS) with 
myelofibrosis, the cytokines of PDGF, TNF-α, and 
TGF-β made a contribution to simultaneous MF, but 
VEGF was not associated with the presence of the 
MF.14 Besides that, several cases implicated that TGF- 
β were associated with simultaneous MF.17–20

As previously described, the expression of these cyto-
kines was immunohistochemically performed to explore 
the mechanism of simultaneous MF with malignant 

lymphoma. In present case, the immunostaining of bone 
marrow showed the negativity for b-FGF, TNF-α, TGF-β, 
PDGF, IL-1β, IL-2, IL-6, IL-10 with the improvement of 
MF, which suggested these cytokines may contribute to the 
development of MF. This case of bone marrow biopsy 
revealed diffuse fibrosis (MF-3) diagnosed with FL (3A, 
AnnArbor IVB). The patient presented enlargement of 
lymph nodes, for example in the bilateral cervical neck, 
bilateral axillae, mediastinum, retroperitoneum before 
treatment, accompanied with spleen enlargement. The 
metabolism of bone was elevated meanwhile. However, 
the lymph node, spleen and bone were normal after three 
courses of chemotherapy. We hypothesize that late disease 
easily complicates with myelofibrosis. This may be related 
to tumor cell invasion into the bone marrow or cytokine 
released during lymphoma cell growth. Lymphoma cells 
may promote fibroblast proliferation and bone marrow 
collagen by secreting TGF-β and b-FGF, leading to the 
development of MF.

In conclusion, our experience is limited to one patient, 
further research is needed to explore the potential patho-
genesis of the FL with MF.

Table 2 The Analysis of Peripheral Blood

Before 
Treatment

After 
First 

Course

After 
Second 
Course

After 
Third 

Course

RBC 1.93×1012/L 3.29×1012/L 4.01×1012/L 4.04×1012/L

Hb 57.00g/L 97.00g/L 125.00g/L 122.00 g/L

WBC 1.36×109/L 3.33×109/L 4.12×109/L 5.04×109/L
PLT 59.00×109/L 135×109/L 214×109/L 175×109/L

Note: The pancytopenia is responding well to treatment.

Figure 6 Fluorescence interphase in situ hybridization on lymph node biopsy. (A) IGH-BCL2 dual-colour dual-fusion probe displays two fused green and red signals, one 
isolated green and one isolated red signal in most of tumour nuclei with t(14;18) (q21;q32)/IGH-BCL2. Arrow indicates positive nuclei. (B) BCL2 dual-colour break-apart 
(BAP) probe shows one co-localised green and red signal, one isolated green and one isolated red signal in most of tumour nuclei; (C) BCL6 dual-colour break-apart (BAP) 
probe shows two co-localised green and red signal; (D) MYC dual-colour break-apart (BAP) probe shows one co-localised green and red signal.
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Figure 7 The immunostaining of bone marrow after one course of chemotherapy. (A) (b-FGF;×200), positive; (B) (CD19;×200), negative; (C) (CD117×200), negative; (D) 
(IL-1β;×200), positive; (E) (IL-2;×200), positive; (F) (IL-6;×200), positive; (G) (IL-10;×200), positive; (H) (PDGF×200), positive; (I) (TGF-β×200), positive; (J) (TNF-α×200), 
positive; (K) (VEGF×100), positive; (L) reticular fiber staining ×200, MF-1.

Figure 8 The immunostaining of bone marrow after two courses of chemotherapy. (A) (b-FGF;×200), negative; (B) (CD19;×200), negative; (C) (CD117;×200), negative; 
(D) (IL-1β;×200), negative; (E) (IL-2;×100), negative; (F) (IL-6;×200), negative; (G) (IL-10;×200), negative; (H) (PDGF×200), negative; (I) (TGF-β×200), negative; (J) (TNF- 
α×200), negative; (K) (VEGF×100), positive; (L) reticular fiber staining 100×, MF 0–1.
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