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Abstract
In some patients with chronic myeloproliferative neoplasms, myelofibrosis (MF) develops as natural evolution of the disease. 
The aim of this study was to analyze predictive factors that may cause MF in polycythemia vera (PV) and essential thrombo-
cythemia (ET) patients. This retrospective study was conducted on PV and ET patients who attended our hospital between 
2008 and 2019. The development of MF during follow-up was recorded, and comparisons were made of the patients who 
developed MF and those who did not develop MF. Evaluation was made of 126 ET and 105 PV patients. During follow-up 
period, MF had developed 5.7% of PV and 7.1% of ET patients. It was determined that JAK-2 mutant allele burden, lym-
phocyte count, vitaminB12 levels, and grade of bone marrow fibrosis at diagnosis had statistically significant impact on 
the development of MF in all patients. In the logistic-regression analysis, it was found that initial hemoglobin, hematocrit, 
neutrophil-to-lymphocyte ratio, and monocyte count for PV patients; vitaminB12, the presence of splenomegaly; and BM 
fibrosis at diagnosis for ET patients have statistically significant effect on MF development. The results of the current study 
demonstrated that some parameters especially vitamin B12 levels can be used as predictive markers for the development of 
MF.
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Introduction

Both polycythemia vera (PV) and essential thrombo-
cythemia (ET) are BCR-ABL negative myeloproliferative 
neoplasms (MPNs) and the main underlying mechanism of 
these disorders is clonal hematopoiesis and overproduction 
of one or more myeloid lineages in the bone marrow (BM) 
[1]. Diagnosis of these diseases are made according to World 
Health Organization (WHO) criteria [2].

Myelofibrosis (MF) is a clonal MPN that is characterized 
by development of reticulin or collagen fibrosis in the BM 
stroma [3]. MF, may develop de novo (primary myelofibrosis 
[PMF]), or may occur during the clinical course of PV or 
ET [4]. Post-polycythemia vera MF (PPV-MF) and post-
essential thrombocythemia MF (PET-MF) are diagnosed 
according to consensus criteria established by the Interna-
tional Working Group for MPN Research and Treatment 
(IWG-MRT) (Table 1) [5].

Transformation to MF usually occurs 7–20 years after 
diagnosis in ET and PV patients [6–8]. The cumulative 
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incidence of developing MF at 15 years has been reported 
to be 12–21% for PV and 9–10% for ET [8]. When MF 
develops during the course of PV or ET, the survival of the 
patients is shortened in addition to a deterioration in quality 
of life due to increased constitutional symptoms. The most 
common symptoms are fatigue, night sweats, fever, weight 
loss, and bone pain [9]. Patients with PPV or PET-MF may 
show significantly different disease characteristics compared 
to patients with PMF in terms of clinical presentation or 
prognosis [10].

Predictive factors that may cause MF in the course of PV 
and ET have been investigated in many studies. The aim of 
this study was to examine our PV and ET patients who were 
followed in our center and compare them with the literature.

Patients and methods

This study was conducted on PV and ET patients who 
attended the Hematology Department of Diskapi Yildirim 
Beyazit Training and Research Hospital between 2008 and 
2019. A total of 231 patients were retrospectively analyzed. 
The diagnosis of MPN was made according to the 2008 
WHO criteria [11]. High-risk and low-risk categories were 
evaluated in PV and ET patients according to age and previ-
ous thrombosis history [12].

A record was made for all patients of the date of diag-
nosis, demographic and clinical characteristics, physical 
examination findings, treatment management, and follow-
up period. Status of JAK2 V617F, CALR ve MPL muta-
tions, which genetic analysis from peripheral blood had 
performed by using PCR, were recorded. The percentage of 
mutant JAK-2 allele burden of the patients was categorized 

as 0–29%, 30–59%, and 60–100% to reveal the relationship 
more clearly. Hematological parameters were examined at 
the time of diagnosis, including hemoglobin (Hb) level, 
hematocrit (Hct) level, white blood cell count (WBC), neu-
trophil count, lymphocyte count, monocyte count, platelet 
count, platelet distribution width, mean platelet volume 
(MPV), lactate dehydrogenase (LDH), ferritin, and B12 
vitamin levels. The presence of BM fibrosis at diagnosis 
was recorded. European classification was used for grading 
fibrosis at the time of diagnosis (grade 2–3: diffuse, often 
coarse fiber network with no evidence of collagenization 
(negative trichrome stain) or diffuse, coarse fiber network 
with areas of collagenization (positive trichrome stain)).

Patients who developed MF during the follow-up period 
were recorded. The diagnosis of PPV-MF and PET-MF was 
made according to the IWG-MRT group criteria [5]. In all 
patients who developed MF, grade 2 or grade 3 reticulin 
or collagen fibrosis was demonstrated by bone marrow 
biopsy. These patients (PostMPN-MF) were compared with 
patients who did not develop MF (Non-MF). This compari-
son was made by including all patients, as well as PV and 
ET separately.

Statistical analysis

Data obtained in the study were analyzed statistically using 
the SPSS Statistics 20 software (IBM, Armonk, NY, USA). 
Descriptive data were given as percentages. The Independ-
ent Samples t-test (t-table value) was used to compare two 
independent groups with normal distribution of the measure-
ment values, and the Mann–Whitney U-test (Z-table value) 
was applied to data not showing normal distribution. χ2-
cross tables were used to examine the relationships between 

Table 1  IWG-MRT recommended criteria for of post-polycythemia vera myelofibrosis and post-essential thrombocythemia myelofibrosis

LDH, lactate dehydrogenase; PPV-MF, post-polycythemia vera myelofibrosis; PET-MF, post-essential thrombocythemia myelofibrosis

Criteria for PPV-MF Criteria for PET-MF

Required criteria: Required criteria:
1. Documentation of a previous diagnosis of polycythemia vera as 

defined by the WHO criteria
1. Documentation of a previous diagnosis of essential thrombocythemia 

as defined by the WHO criteria
2. Bone marrow fibrosis grade 2–3 (on 0–3 scale) or grade 3–4 (on 

0–4 scale)
2. Bone marrow fibrosis grade 2–3 (on 0–3 scale) or grade 3–4 (on 0–4 

scale)
Additional criteria (two are required): Additional criteria (two are required):
1. Anemia or sustained loss of requirement of either phlebotomy (in 

the absence of cytoreductive therapy) or cytoreductive treatment for 
erythrocytosis

1. Anemia and a ≥ 2 gr/dl decrease from baseline hemoglobin level

2. A leukoerythroblastic peripheral blood picture 2. A leukoerythroblastic peripheral blood picture
3. Increasing splenomegaly defined as either an increase in palpable 

splenomegaly of ≥ 5 cm (distance of the tip of the spleen from the 
left costal margin) or the appearance of a newly palpable spleno-
megaly

3. Increasing splenomegaly defined as either an increase in palpable 
splenomegaly of ≥ 5 cm (distance of the tip of the spleen from the left 
costal margin) or the appearance of a newly palpable splenomegaly

4. Development of ≥ 1 of three constitutional symptoms: 10% weight 
loss in 6 months, night sweats, unexplained fever (> 37.5 °C)

4. Development of ≥ 1 of three constitutional symptoms: 10% weight 
loss in 6 months, night sweats, unexplained fever (> 37.5 °C)

84 Journal of Hematopathology (2022) 15:83–93



1 3

qualitative variables. Only the variables with statistical sig-
nificance in the univariate analysis were included in the mul-
tivariate Cox regression model. Two-sided p values < 0.05 
were considered statistically significant. Survival was esti-
mated from Kaplan–Meier curves. Comparisons between the 
patient groups were made using the log-rank test.

Ethical approval and informed consent

All procedures performed in this study were conducted in 
accordance with the ethical standards of the institutional 
and/or national research committee and the 1964 Declaration 
of Helsinki and its subsequent amendments or comparable 
ethical standards.

Results

Overall patients

A total of 231 MPN patients, comprising 126 ET and 105 
PV, were included in the study. The distribution of demo-
graphic and disease characteristics of the patient subgroups 
is given in Table 2. MF developed in 15 (6.4%) patients 

after a mean follow-up period of 226 (95% CI: 199.0–253.0) 
months.

Patients developing MF and patients without MF were 
compared. A statistically significant difference was found 
in terms of lymphocyte count according to MF status 
(Z =  − 2.610; p = 0.009). The lymphocyte count at the time 
of diagnosis (initial PV or ET diagnosis) of patients with 
MF was significantly lower than that of non-MF patients 
(1.5 ×  109/L [1.1–2.2] vs 2.0 ×  109/L [0.6–7.1]; p = 0.009). 
LDH values at the time of diagnosis of patients with MF 
were significantly higher than those of non-MF patients 
(291.0 U/L [222.0–504.0] vs 253.5 U/L [140.0–625.0]; 
p = 0.026). The vitamin B12 levels of patients with MF 
were statistically significantly higher than those of non-
MF patients (438.0 pg/mL [138.0–881.0] vs 281.5 pg/mL 
[79.0–1298.0]; p = 0.017). A statistically significant rela-
tionship was detected between development of MF and the 
presence of BM reticuline fibrosis at the time of diagnosis 
PV or ET (p < 0.05). It was determined that non-MF patients 
predominantly had no reticuline fibrosis in BM at diagnosis, 
while approximately half of the MF patients had BM fibrosis 
at the time of diagnosis PV or ET (≥ grade 1). The com-
parisons of all the parameters according to MF development 
status of all the patients are given in Table 3.

Table 2  The distribution of 
demographic and disease 
characteristics of the patient 
subgroups

a Presence of grade 1 and higher reticulin or collagen fibrosis in the bone marrow
b European classification (on 0–3 scale)

Variable (N = 247) PV (n = 105) ET (n = 126) All (n = 231)

Age, mean ± SD 57.57 ± 14.41 58.52 ± 16.68 58.09 ± 15.67
Bone marrow fibrosis at diagnosis (n,%)
Yesa 6 (5.7%) 20 (15.9%) 26 (10%)
No 99 (94.3%) 106 (84.1%) 205 (90%)
Bone marrow fibrosis  gradeb at diagnosis (n,%)
Grade 1 3 (50%) 10 (50%) 13 (50%)
Grade 2 3 (50%) 8 (40%) 11 (42.3%)
Grade 3 0 2 (10%) 2 (7.7%)
Driver mutations
JAK2 V617F ( +) 101/105 81/126 182/231
Exon 12 ( +) 0/1 0/11 0/12
CALR ( +) 0/1 7/22 7/23
MPL ( +) 0/1 0/22 0/23
Splenomegaly (n,%)
Yes 49 (47.6%) 35 (27.8%) 84 (35.8%)
No 54 (52.4%) 91 (72.2%) 145 (64.2%)
Thromboembolic complication (n,%)
Yes 11 (10.5%) 14 (11.1%) 25 (10.8%)
No 94 (89.5%) 112 (88.9%) 206 (89.2%)
Follow-up mean range, month 263 [257–268] 161 [143–178] 226 [199–253]
Final status
Nonsurvivor 1 (1.0%) 10 (7.9%) 11 (4.8%)
Survivor 104 (99.0%) 116 (92.1%) 220 (95.2%)
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The mutational status of the patients was analyzed. JAK-2 
V617F gene mutation was detected in 80% of both non-MF 
patients and post-PV/ET MF patients. The presence of the 

JAK-2 mutation was not significant in terms of development 
of MF. The JAK-2 mutant allele burden was determined to 
be a significant variable in terms of the development of 

Table 3  Comparison of all 
parameters according to MF 
development status

a Presence of grade 1 and higher reticulin or collagen fibrosis in the bone marrow
b European classification (on 0–3 scale)
Hb, hemoglobin; Hct, hematocrite; Plt, platelet; WBC, white blood cell; LDH, lactate dehydrogenase; PLR, 
platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; MLR, monocyte to lymphocyte ratio

Variable Non-MF (n = 216) Post-MF (n = 15) p

Age at diagnosis, years
Median [min–max]

61.0 [9.0–85.0] 50.0 [38.0–88.0] 0.590

Cardiovascular risk factor (n,%)
Yes 129 (59.7%) 8 (53.3%) 0.787
No 87 (40.3%) 7 (46.7%)
Thrombosis history (n,%)
Yes 25 (11.6%) - 0.381
No 191 (88.4%) 15 (100.0%)
Jak-2 617 V mutation (n,%)
Yes 173 (80%) 12 (80%) 0.9
No 43 (20%) 3 (20%)
Jak-2 mutant allele burden
0–29 86 (49.8%) 1 (12.5%) 0.000
30–59 56 (32.3%) 1 (12.5%)
60–100 31 (17.9%) 9 (75.0%)
CALR mutation ( +) 7/22 0/22 0.001
MPL mutation ( +) 0/22 0/22 0.291
Hb, gr/dl 15.45 ± 2.50 14.25 ± 2.50 0.075
Hct 48.6 [25.6–68.6] 44.5 [28.0–56.0] 0.175
WBC count, ×  109/L 10.4 [3.2–29.5] 10.8 [4.5–19.2] 0.550
Neutrophil count, ×  109/L 6.9 [2.0–25.1] 7.3 [2.7–16.8] 0.401
Lymphocyte count, ×  109/L 2.0 [0.6–7.1] 1.5 [1.1–2.2] 0.009
Monocyte count, ×  109/L 0.6 [0.1–3.5] 0.5 [0.2–0.8] 0.084
PLT count ×  109/L 639.8 [110.0–3199.0] 639.5 [261.0–1388.0] 0.812
Pct % 0.5 [0.1–2.7] 0.5 [0.2–1.7] 0.949
MPV 8.0 [5.1–11.4] 8.1 [6.2–12.2] 0.550
LDH U/L 253.5 [140.0–625.0] 291.0 [222.0–504.0] 0.026
Ferritin ng/mL 28.6 [2.0–454.0] 29.0 [6.7–399.0] 0.125
Vitamin B12 pg/mL 281.5 [79.0–1298.0] 438.0 [138.0–881.0] 0.017
PLR 338.9 [48.4–1999.4] 343.3 [174.0–1110.4] 0.296
NLR 3.6 [1.1–27.1] 3.7 [1.7–14.7] 0.093
MLR 0.3 [0.1–5.1] 0.3 [0.1–0.6] 0.580
Splenomegaly at diagnosis (n,%)
Yes 129 (59.7%) 8 (53.3%) 0.787
No 87 (40.3%) 7 (46.7%)
Bone marrow fibrosis at diagnosis (n,%)
Yesa 20 (9.3%) 6 (40.0%) 0.003
No 196 (90.7%) 9 (60.0%)
Bone marrow fibrosis  gradeb at diagnosis (n,%)
Grade 1 11 (55%) 2 (33.3%) 0.500
Grade 2 8 (40%) 3 (50%)
Grade 3 1 (5%) 1 (16,4%)
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myelofibrosis. When the post-PV/ET MF patients were 
examined, it was determined that 75% of these patients had 
JAK-2 allele burden ≥ 60%. Of the patients who did not 
develop MF, 86% had JAK-2 allele burden of ≤ 29%.

CALR and MPL mutation analysis could be applied to 
a total of 22 patients. CALR mutation was observed in 7 
patients in the non-MF group, and no CALR mutation was 
detected in the post-MF group. MPL mutation was detected 
negative in both groups.

In the logistic regression analysis, using the backward 
method, based on the MF status in all patients, all the param-
eters were included in the model. In addition to the JAK-2 
mutant allele burden, lymphocyte count, vitamin B12 levels, 
and grade of BM fibrosis at diagnosis were determined to 
have a statistically significant impact on the development 
of MF (p < 0.05); lymphocyte count OR = 0.232 [95% CI: 
0.062–0.8191; p = 0.023], vitamin B12 value OR = 1.003 
[95% CI: 1.000–1.007; p = 0.025], and grade of bone mar-
row fibrosis OR = 8.428 [95% CI: 2.021–35.144; p = 0.003]. 
The logistic regression analysis results of all the patients are 
given in Table 4.

The mean OS could not be calculated and there was 
no significant difference in terms of survival according to 
MF status as a result of the Log Rank (Mantel-Cox) test 
(p > 0.05).

Patients with polycythemia vera

MF developed in 6 (5.7%) of 105 PV patients during the 
mean follow-up period of 263 months (95% CI: 257–268). 
The PPV-MF and non-MF patients were compared.

The hemoglobin and hematocrit values of the PPV-MF 
patients were significantly lower than those of the non-MF 
patients (15.9 gr/dl [15.6–17.9] vs 17.5 gr/dl [15.0–23.0]; 
p = 0.018 and 50.7 [48.6–56.0] vs 54.0 [47.3–68.6]; 
p = 0.048, respectively). The monocyte count of the PPV-
MF patients was significantly lower than that of the non-
MF patients (0.4 ×  109/L [0.2–0.6] vs 0.6 ×  109/L [0.1–3.5]; 
p = 0.029). The NLR values of the PPV-MF group were 
significantly higher than those of the non-MF patients (7.9 
[3.7–14.7] vs 4.0 [1.1–27.1]; p = 0.037). A statistically sig-
nificant relationship was found between development of MF 

Table 4  Evoluation of the factors affecting the development of myelofibrosis in all patients and subgroups with logistic regression analysis

* Ref.category: Presence of grade 1 and higher reticulin or collagen fibrosis in the bone marrow ( +); A: Splenomegaly ( −)
Hb, hemoglobin; Hct, hematocrite; NLR, neutrophil to lymphocyte ratio; ET, essential thrombocytosis; PV, Polycythemia vera

Variable Β Standart error Wald SD p OR 95.0% confidence 
interval OR

Lower Upper

All patients
Jak-2 allele burden
60–100 3.131 1.082 8.368 1 0.004 22.897 2.744 191.024
Lymphocyte  − 1.461 0.644 5.155 1 0.023 0.232 0.066 0.819
Vitamin B12 0.003 0.002 5.047 1 0.025 1.003 1.000 1.007
Bone marrow fibrosis at diagnosis* 2.132 0.729 8.561 1 0.003 8.428 2.021 35.144
First line treatment duration 0.022 0.007 8.852 1 0.003 1.022 1.007 1.037
Constant  − 3.108 1.287 5.829 1 0.016 0.045
Patients with PV
Hb  − 1.060 0.518 4.206 1 0.040 0.520 0.125 0.954
Hct  − 0.644 0.309 4.346 1 0.037 0.525 0.287 0.962
NLR 0.345 0.150 5.294 1 0.021 1.412 1.052 1.892
Monocyte  − 7.135 3.334 4.579 1 0.032 0.001 0.000 0.549
Bone marrow fibrosis at diagnosis* 2.534 1.340 3.575 1 0.059 12.599 0.911 17.143
Constant 31.737 15.505 4.190 1 0.041 6.065
Patients with ET
Jak-2 allele burden
60–100 3.379 1.200 7.931 1 0.000 29.333 2.793 308.027
Lymphocyte  − 1.576 0.846 3.471 1 0.062 0.207 0.039 1.085
Vitamin B12 0.004 0.002 5.387 1 0.020 1.004 1.001 1.007
Splenomegali A 2.054 0.874 5.518 1 0.019 7.800 1.405 43.288
Bone marrow fibrosis at diagnosis* 2.027 0.852 5.664 1 0.017 7.590 1.430 40.283
Constant  − 2.908 1.422 4.180 1 0.041 0.055
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and BM fibrosis (≥ grade 1) at initial diagnosis (p < 0.05). 
When calculated according to the patients who were applied 
with BM biopsy during PV diagnosis, it was determined that 
4% of non-MF patients and 33.3% of PPV-MF patients had 
BM reticuline fibrosis at diagnosis of PV. Comparisons of 
all the parameters according to MF development in patients 
with PV are shown in Table 5.

A statistically significant relationship was detected 
between the MF status and the JAK-2 mutant allele bur-
den in PV patients (p < 0.05). Of the non-MF patients, 
40 (41.6%) had 0–29% JAK-2 mutant allele burden, and 
5 patients (100.0%) with PPV-MF had 60–100% JAK-2 
mutant allele burden. In the logistic regression analysis, 

the JAK-2 mutant allele burden was not found to be a sig-
nificant variable in terms of MF development in patients 
with PV.

In the logistic regression analysis, using the backward 
method based on MF status in patients with PV, the Hb, Hct, 
NLR, and monocyte values were found to be statistically 
significant (p < 0.05) and OR was found to be 0.520 for Hb, 
0.525 for Hct value, 1.412 for NLR, and 0.001 for monocyte 
count. The logistic regression analysis for PV patients is 
shown in Table 4.

No significant difference was deterrmined in terms of sur-
vival according to MF status (p > 0.05) and treatment status 
(p > 0.05) as a result of the Log Rank (Mantel-Cox) test.

Table 5  Comparison of all 
parameters according to 
the status of myelofibrosis 
development in patients with 
PV

a Presence of grade 1 and higher reticulin or collagen fibrosis in the bone marrow
PV, polycythemia vera, Hb, hemoglobin; Hct, hematocrite; Plt, platelet; WBC, white blood cell; LDH, lac-
tate dehydrogenase; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; MLR, mono-
cyte to lymphocyte ratio

Variable Non-MF (n = 99) Post-MF (n = 6) p

Age at diagnosis, years
Median [min–max]

61.0 [19.0–80.0] 48.0 [38.0–66.0] 0.078

Cardiovascular risk factor (n,%)
Yes 64 (64.6%) 4 (66.7) 0.645
No 35 (35.4%) 2 (33.3)
Thrombosis history (n,%)
Yes 11 (11.1%) - 0.506
No 88 (88.9%) 6 (100.0%)
Jak-2 mutant allele burden
0–29 40 (41.6%) - 0.004
30–59 33 (34.3%) -
60–100 23 (24.1%) 5 (100.0%)
Hb, gr/dl 17.5 [15.0–23.0] 15.9 [15.6–17.9] 0.018
Hct 54.0 [47.3–68.6] 50.7 [48.6–56.0] 0.048
WBC count, ×  109/L 11.5 [6.5–23.8] 17.0 [10.8–19.2] 0.052
Neutrophil count, ×  109/L 8.2 [3.5–21.7] 14.0 [7.3–16.8] 0.052
Lymphocyte count, ×  109/L 2.1 [0.6–4.6] 1.8 [1.1–2.2] 0.123
Monocyte count, ×  109/L 0.6 [0.1–3.5] 0.4 [0.2–0.6] 0.029
PLT count ×  109/L 474.0 [110.0–1932.0] 553.5 [261.0–639.5] 0.704
Pct % 0.4 [0.1–1.5] 0.4 [0.2–0.5] 0.772
MPV 8.2 [6.2–11.4] 8.3 [7.8–9.0] 0.714
LDH U/L 253.0 [140.0–485.0] 272.3 [253.5–468.0] 0.096
Ferritin ng/mL 24.8 [4.8–349.0] 27.3 [6.7–73.0] 0.852
Vitamin B12 pg/mL 268.0 [97.0–957.0] 288.8 [138.0–461.0] 0.348
PLR 238.3 [48.4–685.7] 306.4 [174.0–425.5] 0.176
NLR 4.0 [1.1–27.1] 7.9 [3.7–14.7] 0.037
MLR 0.3 [0.1–5.1] 0.3 [0.1–0.3] 0.557
Splenomegaly at diagnosis (n,%)
Yes 45 (45.5%) 4 (80.0%) 0.185
No 54 (54.5%) 1 (20.0%)
Bone marrow fibrosis at diagnosis (n,%)
Yesa 4 (4.0%) 2 (33.3%) 0.037
No 95 (96.0%) 4 (66.7%)
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Patients with essential thrombocythemia

MF developed in 9 (7.1%) of 126 ET patients during the 
mean follow-up period of 161 months (95% CI: 143–178). 
The PET-MF and non-MF patients were compared.

The lymphocyte count of the PET-MF patients was sta-
tistically significantly lower than that of non-MF patients 
(1.5 ×  109/L [1.2–2.0] vs 2.0 ×  109/L [0.7–7.1]; p = 0.033). 
The initial ferritin levels of those with PET-MF were sig-
nificantly higher than those of the non-MF patients (71.0 ng/
mL [28.6–399.0] vs 37.0 ng/mL [2.0–454.0]; p = 0.043). The 
vitamin B12 levels of the PET-MF patients were significantly 
higher than those of the non-MF patients (505.0 pg/mL 

[202.0–881.0] vs 289.0 pg/mL [79.0–1298.0]; p = 0.019). 
A statistically significant relationship was detected between 
MF status and the presence of splenomegaly and BM fibrosis 
(≥ grade 1) at ET diagnosis (p < 0.05). Splenomegaly at the 
time of ET diagnosis was determined in 38 (24.8%) non-
MF patients and 6 (66.7%) PET-MF patients. In the analysis 
applied according to the patients who underwent BM biopsy 
during ET diagnosis, it was found that 13.7% of non-MF 
patients and 44.4% of PET-MF patients had BM fibrosis at 
ET diagnosis. Comparisons of all the parameters according 
to MF development in patients with ET are given in Table 6.

A statistically significant relationship was detected 
between the MF status and the JAK-2 mutant allele burden 

Table 6  Comparison of all 
parameters according to 
the status of myelofibrosis 
development in patients with ET

a Presence of grade 1 and higher reticulin or collagen fibrosis in the bone marrow
ET, essential thrombocytosis, Hb, hemoglobin; Hct, hematocrite; Plt, platelet; WBC, white blood cell; 
LDH, lactate dehydrogenase; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; MLR, 
monocyte to lymphocyte ratio

Variable Non-MF (n = 117) Post-MF (n = 9) p

Age at diagnosis, years 62.0 [9.0–85.0] 63.0 [39.0–88.0] 0.513
Cardiovascular risk factor (n,%)
Yes 65 (55.6%) 4 (44.4%) 0.730
No 52 (44.4%) 5 (55.6%)
Thrombosis history (n,%)
Yes 14 (12.0%) - 0.596
No 103 (88.0%) 9 (100.0%)
Jak-2 mutant allele burden
0–29 45 (63.3%) 1 (16.7%) 0.000
30–59 20 (28.1%) 1 (16.7%)
60–100 6 (8.6%) 8 (66.6%)
Hb, gr/dl 13.7 [8.3–17.4] 13.0 [9.2–15.6] 0.368
Hct 41.96 ± 5.16 39.94 ± 7.45 0.276
WBC count, ×  109/L 10.1 [3.2–29.5] 10.8 [4.5–16.1] 0.501
Neutrophil count, ×  109/L 6.9 [2.0–25.1] 7.3 [2.7–13.3] 0.719
Lymphocyte count, ×  109/L 2.0 [0.7–7.1] 1.5 [1.2–2.0] 0.033
Monocyte count, ×  109/L 0.6 [0.1–2.4] 0.6 [0.3–0.8] 0.641
PLT count ×  109/L 802.0 [450.0–3199.0] 742.0 [412.0–1388.0] 0.399
Pct % 0.6 [0.2–2.7] 0.5 [0.4–1.7] 0.715
MPV 7.9 [5.1–11.3] 8.1 [6.2–12.2] 0.582
LDH U/L 253.5 [152.0–625.0] 299.0 [222.0–504.0] 0.133
Ferritin ng/mL 37.0 [2.0–454.0] 71.0 [28.6–399.0] 0.043
Vitamin B12 pg/mL 289.0 [79.0–1298.0] 505.0 [202.0–881.0] 0.019
PLR 450.8 [95.9–1999.4] 450.8 [249.5–1110.4] 0.712
NLR 3.5 [1.1–12.9] 3.7 [1.7–9.0] 0.626
MLR 0.3 [0.1–1.5] 0.3 [0.2–0.6] 0.197
Splenomegaly at diagnosis (n,%)
Yes 29 (24.8%) 6 (66.7%) 0.014
No 88 (75.2%) 3 (33.3%)
Bone marrow fibrosis at diagnosis (n,%)
Yesa 16 (13.7%) 4 (44.4%) 0.035
No 101 (86.3%) 5 (55.6%)
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in ET patients (p < 0.05). JAK-2 mutant allele burden at 
0–29% was determined in 44 (62.8%) non-MF patients, and 
at 60–100% in 8 (66.0%) PPV-MF patients. In the logistic 
regression analysis, JAK-2 mutant allele burden was deter-
mined to be a significant variable in terms of the develop-
ment of myelofibrosis. Patients with JAK-2 mutant allele 
burden of ≥ 60 were 29,333 times more likely to develop 
myelofibrosis than patients with JAK-2 mutant allele burden 
of ≤ 29.

In the logistic regression analysis, using the backward 
method based on MF status in patients with ET, all param-
eters were included in the model and vitamin B12, the pres-
ence of splenomegaly and BM fibrosis at diagnosis were 
found to be statistically significant (p < 0.05 and OR: 1.004; 
7.800; 7.590, respectively). The logistic regression analysis 
for ET patients is given in Table 4.

No significant difference was determined in terms of sur-
vival according to MF status (p > 0.05) and treatment status 
(p > 0.05) as a result of the Log Rank (Mantel-Cox) test.

Discussion

MF is characterized by fibrosis in bone marrow stroma and 
extramedullary hematopoiesis. Splenomegaly and cytope-
nias, especially transfusion related anemia and constitutional 
symptoms, are usually seen [13]. Fibrotic transformation 
may occur in the clinical course of PV and ET, which are 
relatively benign diseases, known as post-PV MF and post-
ET MF [3].

In a study from the Mayo Clinic, fibrotic transformation 
rates were found to be 12.5% in PV and 10.3% in ET [14]. 
In another study, MF evolution was seen to occur in PV 
at the rate of 12–21% and in ET rate at 9–10% [8]. The 
frequency of development of MF is higher in PV patients 
than in ET patients and this complication occurs later dur-
ing the course of the disease [15, 16]. The percentage of 
myelofibrosis development in the current study was 7.1% in 
ET patients and 5.7% in PV patients, which were lower rates 
than reported in previous studies. This may have been due 
to some missing data because of the retrospective design of 
the current study and insufficient follow-up times. Again, in 
contrast to previous literature, fibrotic transformation was 
more common in the current study patients with ET.

Hyperactivation of the JAK-STAT pathway, which causes 
abnormal myeloproliferation and excessive release of proin-
flammatory cytokines, is mainly responsible for MF patho-
genesis. Most patients with MF have JAK2 (Janus kinase 2, 
located on chromosome 9p24) (60% of cases); CALR (calreti-
culin, located on chromosome 19p13.2) (20% of cases); and 
MPL (myeloproliferative leukemia virus oncogene, located on 
chromosome 1p34) (10% of cases) mutations [17, 18].

Passamonti et al.[19] showed that high JAK2 mutant 
allele burden was associated with post PV MF, while in 
another study [6], the presence of JAK2 mutation was found 
to be associated with a lower risk of fibrotic transformation 
in ET patients. JAK-2 gene mutation was detected in 80% 
of both non-MF patients and PET and PPV-MF patients. 
The JAK-2 mutation status was observed to have no effect 
on the development of myelofibrosis in the current study. 
It was also observed that patients with JAK-2 mutant allele 
burden of ≥ 60 were 22,897 times more likely to develop 
myelofibrosis than patients with JAK-2 mutant allele burden 
of ≤ 29. In other words, the increase in JAK-2 mutant allele 
burden was found to be a risk factor for the development of 
myelofibrosis.

ET patients with CALR mutations were found to have 
higher incidence of myelofibrosis, compared with JAK2-
mutated patients. In the ET patients with type 1 CALR 
mutation, the development of myelofibrosis was observed 
more frequently than in patients with type 2 mutation. MPL 
mutations have also been associated with an increased risk 
of fibrotic transformation in ET [20]. In the current study, 
CALR mutation positivity was not determined in any of the 
patients with post-PV MF or post-ET MF. Although CALR 
mutation analysis could not be performed on all patients, 
it can be suggested from these data that CALR mutation 
positivity is not related to MF development.

Many previous studies have investigated the factors that 
may be associated with MF transformation.

In PV, although multiple factors have been determined to 
affect the development of fibrotic transformation, elevated 
leukocyte count (> 15 ×  109/l) is the most frequently reported 
factor [19]. It has been shown in other studies that leuko-
cytosis (15 ×  109/l), grade of bone marrow reticuline fibro-
sis, long disease duration, or JAK-2 mutation allele burden 
(> 50%) may cause MF in PV patients [19, 21, 22]. In the 
current study, low hemoglobin and hemotocrit levels, low 
monocyte count, and increased neutrophil lymphocyte ratio 
(NLR) at the time of diagnosis were found to be associ-
ated with fibrotic transformation in PV patients. NLR is 
the proportion of absolute neutrophil count to lymphocyte 
count, and this is known to be well correlated with systemic 
inflamation and disease activity in chronic inflammatory 
disorders or malignancy [23, 24]. It has been reported that 
patients with a higher fibrosis grade in the bone marrow had 
a higher NLR [25]. The reason for the relationship between 
increased NLR and myelofibrosis in the current study may 
have been chronic inflammation that causes the release of 
fibrogenic cytokines such as transforming growth factor B1 
in PV [26] or myeloproliferation itself. There are no studies 
showing the relationship between monocyte level or hemo-
globin/hematocrite values of PV patients at initial diagnosis 
and the development of MF. Moreover, most diseases with 
inflammation are associated with monocytosis rather than 

90 Journal of Hematopathology (2022) 15:83–93



1 3

monocytopenia [27]. In the current study, it was observed 
that MF was seen more frequently in patients with both low 
monocyte count and low hemoglobin/hematocrite values 
when they were initially diagnosed with PV. However, the 
reason for this relationship is not fully understood.

Studies have shown that advanced age at diagnosis and 
the presence of anemia are related to the development of MF 
in ET patients [28]. In the current study, elevated vitamin 
B12 levels, the presence of splenomegaly, and bone marrow 
fibrosis at the time of ET diagnosis were observed to increase 
the risk of myelofibrosis. In patients with MPN, increased 
cell turnover may cause vitamin B12 and folate deficiency. 
However, in most hematological disorders vitamin B-12 
levels are higher because vitamin B-12 levels do not show 
the actual vitamin status but methylmalonic acid (MMA) or 
HoloTranscobalamine (HoloTC) are more sensitive [29]. To 
the best of our knowledge, there is no information in litera-
ture showing the relationship between vitamin B12 level and 
myelofibrosis in PV and ET patients. In the current study, 
it was found that MF developed more frequently in both ET 
and total MPN patients with elevated vitamin B12 levels at 
the time of initial diagnosis. In our opinion, the elevation of 
vitamin B12 may be related to the inflammation status at the 
time of diagnosis, and may be related to the elevation of the 
acute phase reactant, transcobalamin.

The role of inflammation in the development of mye-
lofibrosis is well known. Chronic inflammation increases 
genomic instability and clonal evolution to myelofibrosis 
[30]. According to this idea, elevated vitamin B12 level 
(due to the increase in transcobalamin level), which may 
give a clue about the severity of inflammation when patients 
are diagnosed with PV and ET, may be associated with the 
development of MF in the future.

Splenomegaly often occurs when MF develops in PV or 
ET patients. In these patients, splenomegaly is generally not 
observed during the initial diagnosis of PV or ET.

In the current study, myelofibrosis was more likely to 
develop in ET patients who had splenomegaly when initially 
diagnosed with ET.

Reticuline or collagen fibrosis in the bone marrow has 
been reported in 11% of PV patients and in even fewer ET 
patients at diagnosis [31]. In the current study, the presence 
of reticuline fibrosis at initial ET diagnosis was found to be 
associated with PET-MF. The same results were achieved in 
the overall patient group. When logistic regresion analysis 
was performed according to the patients who underwent BM 
biopsy during ET diagnosis, it was found that 13.7% of non-
MF patients and 44.4% of PET-MF patients had BM fibrosis 
at diagnosis. In the overall patient group, 9.3% of non-MF 
patients and 40% of post-PV/ET MF patients had BM fibro-
sis at diagnosis. Consequently, bone marrow fibrosis at the 
time of diagnosis can be considered a predictive value in 
terms of MF development, especially in ET patients.

Bone marrow biopsy is very important to demonstrate 
fibrosis and its grade. It is also necessary for diagnose pre-
PMF and overt primary MF [1]. For the diagnosis of MF, 
grade 2 or 3 reticulin or collagen fibrosis should be demon-
strated in the bone marrow [32]. Prefibrotic PMF, which is 
considered to be the early stage of PMF, and ET are clini-
cally very similar. Performing a bone marrow biopsy in the 
diagnosis of PV and ET is also essential to eliminate the 
confusion between the diagnoses of pre-fibrotic PMF and 
ET, because the differential diagnosis of these two diseases 
is mainly based on the morphological findings of the bone 
marrow biopsy and the grade of fibrosis [33, 34]. Bone mar-
row biopsy findings of prefibrotic MF and ET also show 
changes other than collagen or reticulin fibrosis. While large 
and mature-appearing megakaryocytes are observed in ET; 
immature megakaryocytes with hyperchromatic and irregu-
larly folded nuclei is seen in prefibrotic MF [35].

This study’s result also demonstrated that bone marrow 
biopsy is very important in MPNs not only for the diagnostic 
approach, but because it shows that the grade of fibrosis in 
the bone marrow poses a risk in the development of mye-
lofibrosis and affects the course of the disease. ET and PV 
patients with at least grade 1 (differential diagnosis with pre-
fibrotic MF and not meeting prefibrotic MF criteria) fibrosis 
in the bone marrow at the time of diagnosis should be fol-
lowed more closely and carefully monitored in terms of the 
risk of overt myelofibrosis development.

The clinical significance of reticuline fibrosis at diagnosis 
has not been studied with prospective methods so it has not 
been well documented in the literature. Furthermore, the 
prognostic significance of bone marrow fibrosis at the initial 
MPN diagnosis is not clear. In a previous study, it was deter-
mined that an increase in bone marrow fibrosis from baseline 
by 1 grade was associated with increased risks of fibrotic 
transformation, although it was not associated with shorter 
survival [36]. In this context, the use of JAK2 inhibitors can 
be promising for patients at risk of developing myelofibrosis.

In the current study, a relationship was also determined 
between low lymphocyte count at the time of diagnosis and 
the development of fibrosis when the PV and ET patients 
were evaluated in total. It is known that a decreased lympho-
cyte count may be a characteristic feature of MF but there is 
not enough information about the predictive significance of 
lymphocyte count for fibrotic transformation [37].

The development of myelofibrosis impairs the quality of 
life as well as shortening survival. Hernandez-Boluda et al. 
found that advanced age (> 65 years), anemia (Hb < 10 gr/
dl), and increased blast percentage in peripheral blood, 
hydroxyurea treatment at the time of fibrotic transforma-
tion to be factors that shorten OS in post PV and ET MF 
patients [38]. In a retrospective study of 1099 patients by 
Masarova et al., anemia (Hb < 10 gr/dl), and constitutional 
symptoms were determined to be associated with shorter 

91Journal of Hematopathology (2022) 15:83–93



1 3

OS for PPV-MF, and anemia (Hb < 10 gr/dl), trombocy-
topenia (Plt < 100.000 ×  106/L), constitutional symptoms, 
and peripheral blasts ≥ 1% for PET-MF [39]. Due to the 
low number of patients in the current study who developed 
MF and the relatively short follow-up period, OS could 
not be calculated and thus it was not possible to make 
comparisons with other studies in this respect.

Although allogeneic hematopoietic stem cell transplan-
tation is the only curative treatment for postMPN-MF, pal-
liative treatment options are usually preferred. The treat-
ment of PPV and PET-MF patients is focused on reducing 
splenomegaly-related and constitutional symptoms. The 
JAK1/2 inhibitor, ruxolitinib, has been used successfully 
in this context [40]. The Controlled Myelofibrosis Study 
with oral JAK inhibitor treatment (COMFORT-I/II) reg-
istrative trials also showed that ruxolitinib had a positive 
effect on survival [41]. However, in the current study, tak-
ing palliative therapy had no effect on survival.

In the current study, in the treatment of the non-MF 
group, 4 (1.9%) patients had been using anagralide, 166 
patients had been using HU (76.9%), and 46 (21.2%) 
patients had no indication for treatment. In the post-PV/ET 
MF group, 1 (6.7%) patient had been using anagralide, 11 
(73.3%) patients had been using HU, and 3 (20%) patients 
had no indication for treatment. No statistically significant 
relationship was determined between treatment status and 
MF status (p > 0.05).

There were some limitations to this study, primarily 
that it was a retrospective study from a single center. Sec-
ond, some data may have been lost due to the long disease 
course. The total follow-up period should be longer for 
diseases such as ET and PV, which have survival rates 
close to those of the normal population. Furthermore, 
since detailed genetic studies have only just begun to be 
studied, genetic mutation analysis could not be performed 
for all patients. There is a need for further, larger prospec-
tive studies to definite inferences and strengthen the cur-
rent study results.

In conclusion the results of the current study demon-
strated that independently of initial BM fibrosis, the pres-
ence of splenomegaly and elevated vitamin B12 levels can 
predict the development of PET-MF, whereas elevated 
NLR and lower monocyte, Hb, and Hct can predict the 
development of PPV-MF. Patients with those initial pre-
dictive factors should be monitored more carefully.
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