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A B S T R A C T
Background Essential Thrombocytemia (ET) is a clonal stem cell disease that manifests itself  with 
proliferation in the megakaryocytic lineage in the bone marrow, with clinical presentations ranging from 
asymptomatic to bleeding and thrombosis spectrum. In medical treatment, aspirin and/or monitoring are 
recommended for low-risk patients, while cytoreductive therapy is recommended for high-risk patients. 
Cytoreductive therapy is often used in patients with a very high platelet count (>1,000,000/mm3). The first 
choice in cytoreductive treatment is hydroxyurea, and anagrelid treatment is preferred in the young patient 
group and patients with hydroxyurea resistance/intolerance. This study aimed to evaluate the effects of  
the JAK2 mutation, which is associated with high risk, in the patient group receiving anagrelide therapy.
Material and Methods The files of  patients diagnosed with ET according to 2016 WHO criteria and 
followed up under anagrelide therapy in our center between January 2002 and December 2021 were 
reviewed retrospectively. In addition to the demographic data of  the patients, diagnostic tests, bone marrow 
evaluations, JAK2 mutation status, and laboratory data were noted. Patients were divided into two groups 
according to JAK2 mutation positivity and negativity. The obtained data were compared between the two 
groups.
Results Thirty-three patients (male/female: 20/13) treated with Anagrelide for the diagnosis of  ET were 
included in the study. It was observed that 14 (42%) of  the patients were positive for JAK2 mutation. There 
was no significant difference between the groups regarding age at diagnosis, gender, duration of  anagrelide 
use, and bone marrow fibrosis degrees. When the laboratory tests were compared at the time of  diagnosis, 
the WBC count was significantly higher in the JAK2 positive group; other series were similar. When the 
last control laboratory data of  the patients were compared, leukocyte, neutrophil, and hemoglobin levels 
were observed to be significantly higher in JAK2 positive patients, while LDH levels were significantly 
lower.
Conclusions It was observed that JAK2 mutation positivity, which is associated with high risk in ET risk 
staging, did not negatively affect anagrelide treatment response. In ET patients, leukocytosis (>11.000/
mm3) has been identified as a risk factor for the whole lifespan. It was observed that the WBC counts of  
the patients who were positive for JAK2 were significantly higher at the time of  diagnosis and during the 
treatment process. Since the LDH level after treatment is higher in patients with positive JAK2 mutation, it 
has been evaluated that JAK2 mutation may play a role in resistance to cytoreductive therapy.
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Introduction

Polycythemia vera (PV), essential thrombocyt-
hemia (ET), and primary myelofibrosis (PMF) are 
included in the BCR-ABL negative myeloprolife-
rative neoplasms (MPN) group.1 Clonal prolifera-
tion and cytokine hypersensitivity are essential in 
distinguishing them from reactive states.2 Mutati-
ons that occur directly or indirectly in the Janus 
Kinase (JAK2) signal are essential in the pathoge-
nesis of  MPNs. The JAK2 mutation was positive 
in >95% of  PV patients, while positive in 60% of  
ET and PMF patients. JAK2 is a non-receptor 
tyrosine kinase responsible for converting signals 
from class 1 cytokine receptors required for eryth-
ropoiesis, thrombocytopoiesis, myelopoiesis, and 
granulocyte-colony stimulating factor.3 JAK2 is 
inactive, bound to clas1 cytokine receptors in the 
unstimulated state. The two most common mu-
tations in JAK2 (V617F and exon 12 mutations) 
cause JAK2 activation without class 1 receptor 
stimulation.1 In medical treatment, aspirin and/
or monitoring are recommended for low-risk pa-
tients, while cytoreductive therapy is used for hi-
gh-risk patients. Cytoreductive treatment is often 
recommended in patients with a very high platelet 
count (>1,000,000/mm3). The first choice in cyto-
reductive treatment is hydroxyurea, and anagrelid 
treatment is preferred in the young patient group 
and patients with hydroxyurea resistance/intole-
rance. Our study aimed to evaluate the effects of  
JAK2 mutation on clinical and laboratory data be-
fore and after treatment with anagrelide.

Material and Methods

After obtaining approval from the local 
ethics committee approval, the files of  patients 
diagnosed with ET according to 2016 WHO 
criteria4 and followed up with anagrelide therapy 
between January 2002 and December 2021 in our 
center were retrospectively reviewed. Of  the 122 
patients whose files were evaluated, 33 patients 
whose JAK2 mutations were examined before 
treatment and who came to their regular follow-
ups were included in the study. In addition to 
the demographic data of  the patients, diagnostic 
and more recent laboratory values, bone marrow 
evaluations, and JAK2 mutation status were 
noted. Bone marrow fibrosis was scored between 

0 and 4, with fibrosis four being the most severe. 
Patients were divided into two groups according to 
JAK2 mutation existence. The obtained data were 
compared between the two groups.

Statistical Analysis
The study’s statistics were made in SPSS 26.0 

(Chicago, IL) for Mac. Continuous variables 
are given with a mean, standard error, median, 
minimum and maximum values, while categorical 
variables are given numbers and percentages. The 
Shapiro Wilk test was used to determine the normal 
distribution. Independent-samples t-test was used 
to compare groups since it was observed to be 
suitable for normal distribution. Fisher’s exact chi-
square test was used for intergroup comparisons 
of  categorical variables. p<0.05 was considered 
statistically significant in the study.

Results

Thirty-three patients (male/female: 20/13) who 
were treated with Anagrelide between 2002-2022 
with ET diagnosis in our center were included 
in the study. The mean age of  the patients was 
48.96±11.94 years. It was observed that 14 (42%) 
of  the patients were positive for JAK2 mutation. 
There was no significant difference between the 
groups regarding age at diagnosis, gender, duration 
of  anagrelide use, and bone marrow fibrosis levels. 
When the laboratory tests at the time of  diagnosis 
were compared, it was observed that the leukocyte 
count was significantly higher in the JAK2 positive 
group (11,940±3,524 vs. 9,313±2,737/mm3, 
p=0.024). Although the platelet count was lower in 
JAK2 positive patients at the time of  diagnosis, the 
difference could not reach statistical significance 
(879,285±272,731 vs. 1,030,021±424,448/mm3, 
p=0.254). It was noted that other parameters were 
similar.

In the comparison of  the data at the last control 
visit, it was determined that JAK2 positive patients’ 
leukocyte (10,209±2,570 vs. 8,026±1,905/
mm3, p=0.010), neutrophils (6,626±1,977 vs. 
5,248±1,356/mm3, p=0.029) and hemoglobin 
(13.28±1.55 vs. 11.66±2.22 g/dL, p=0.027) levels 
were significantly higher, and LDH (216±28.55 
vs. 281±95.22 U/L, p=0.049) levels were 
significantly lower. Although a lesser decrease was 
observed in the decrease in platelet count with 



anagrelide treatment in the JAK2 positive group, 
the difference between the groups did not reach 
statistical significance. The number of  patients 
whose bone marrow biopsy was available at 

diagnosis was 16 (48%). There was no significant 
difference between the groups regarding the degree 
of  fibrosis (Table 1).
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Table 1. Comparison of the data according to JAK2 mutation status.

MPV: mean platelet volume, BUN: blood urea nitrogen, AST: aspartate aminotransaminase, 
ALT: alanine aminotransaminase, LDH: lactate dehydrogenase.
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Discussion 

Our study observed that the JAK2 mutation 
did not cause a significant difference in terms of  
age, gender, age at diagnosis, and bone marrow 
fibrosis, and the effect on myeloid, erythroid, 
megakaryocytic series was similar at the time of  
diagnosis. After anagrelide treatment, patients with 
JAK2 mutation were found to have a significantly 
higher platelet count and lower LDH levels. 

Although the frequency of  JAK2 mutations in 
ET patients was found to be 60% in the literature, 
JAK2 mutation was found to be positive in 42% 
of  the patients in our study.5 Rumi et al.6 reported 
that they observed a male/female ratio of  167/299 
among 466 JAK2 patients and the median age 
at diagnosis of  50 (15-92). Our current study 
observed that the JAK2 positive male/female 
ratio was 9/5 in favor of  the male gender, and 
the median age at diagnosis was 42 (20-59). This 
may be related to the relatively lower number of  
patients and the younger patients in the patient 
group who started on Anagrelide. Younger median 
age at diagnosis may also be associated with 
switching to Anagrelide rather than Hydroxyurea 
at more youthful generations for the concern of  
leukemogenic effects.

It has been reported that 10-15% of  patients 
with ET and PV progressed to myelofibrosis 
within a median of  15 years.7 In our study, no 
transformation into myelofibrosis was observed 
in accordance with laboratory data after 
approximately eight years of  follow-up. Among 
the patients whose bone marrow biopsy was 
performed at the time of  diagnosis, patients with 
positive JAK2 mutations had lower fibrosis scores, 
but it was determined that the difference could not 
reach statistical significance.

Since the JAK2 mutation is a mutation 
that provides a function (spontaneously active 
molecule), a significant increase can be expected 
in all three series.8 

Conclusions

Our study observed that all three sequences 
were similar to those without JAK2 mutation in the 
diagnostic tests and hemogram parameters. After 
approximately eight years of  anagrelide treatment, 

a more significant decrease in cell counts in the 
myeloid and erythroid series was observed with 
anagrelide treatment in those with negative JAK2 
mutations. LDH levels typically increase with 
cellular destruction. Lower LDH levels with lower 
cellular count change after anagrelide treatment 
may suggest that JAK2 mutation should play a 
role in resistance to cytoreduction. Studies with 
more patients would be necessary to prove this 
hypothesis.

Acknowledgment
This study has been presented in 18th Uludag 

Internal Medicine National Winter Congress, 
7th Bursa Family Medicine Association National 
Congress, 12th Uludag Internal Medicine Nursing 
Congress, 3-6 March 2022, Bursa, Turkey.

Conflict of  interest 
The authors declared that there are no potential 

conflicts of  interest with respect to the research, 
authorship, and/or publication of  this article. 

Authors’ Contribution
Study Conception: FO, TGK; Study Design:  

TGK, FO; Supervision:  FO, VO; Data Collection 
and/or Processing: TGK, TE, SE; Statistical 
Analysis and/or Data Interpretation: TGK, FO; 
Literature Review: TGK; Manuscript Preparation: 
TGK; and Critical Review: FO, VO, TE.

References

1. Cross NC. Genetic and epigenetic complexity in 
myeloproliferative neoplasms. Hematology Am Soc 
Hematol Educ Program. 2011;2011:208-14. doi: 10.1182/
asheducation-2011.1.208.

2. Oh ST, Gotlib J. JAK2 V617F and beyond: role of 
genetics and aberrant signaling in the pathogenesis of 
myeloproliferative neoplasms. Expert Rev Hematol. 2010 
Jun;3(3):323-37. doi: 10.1586/ehm.10.28.

3. Scott LM, Tong W, Levine RL, Scott MA, Beer PA, Stratton 
MR, Futreal PA, Erber WN, McMullin MF, Harrison CN, 
Warren AJ, Gilliland DG, Lodish HF, Green AR. JAK2 
exon 12 mutations in polycythemia vera and idiopathic 
erythrocytosis. N Engl J Med. 2007 Feb 1;356(5):459-68. 
doi: 10.1056/NEJMoa065202.

4. Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision 
to the World Health Organization classification of myeloid 
neoplasms and acute leukemia. Blood. 2016;127(20):2391-
405. Blood. 2016 Jul 21;128(3):462-3. doi: 10.1182/
blood-2016-06-721662.

Turk J Int Med 2022;4(Supplement 1):S7-S11           



S11

5. Guglielmelli P, Vannucchi AM. Current management 
strategies for polycythemia vera and essential 
thrombocythemia. Blood Rev. 2020 Jul;42:100714. doi: 
10.1016/j.blre.2020.100714.

6. Rumi E, Pietra D, Ferretti V, Klampfl T, Harutyunyan 
AS, Milosevic JD, Them NC, Berg T, Elena C, Casetti IC, 
Milanesi C, Sant’antonio E, Bellini M, Fugazza E, Renna 
MC, Boveri E, Astori C, Pascutto C, Kralovics R, Cazzola 
M; Associazione Italiana per la Ricerca sul Cancro Gruppo 
Italiano Malattie Mieloproliferative Investigators. JAK2 
or CALR mutation status defines subtypes of essential 
thrombocythemia with substantially different clinical 
course and outcomes. Blood. 2014 Mar 6;123(10):1544-51. 
doi: 10.1182/blood-2013-11-539098.

7. Barosi G, Mesa RA, Thiele J, Cervantes F, Campbell 
PJ, Verstovsek S, Dupriez B, Levine RL, Passamonti F, 
Gotlib J, Reilly JT, Vannucchi AM, Hanson CA, Solberg 
LA, Orazi A, Tefferi A; International Working Group 
for Myelofibrosis Research and Treatment (IWG-MRT). 
Proposed criteria for the diagnosis of post-polycythemia 
vera and post-essential thrombocythemia myelofibrosis: a 
consensus statement from the International Working Group 
for Myelofibrosis Research and Treatment. Leukemia. 2008 
Feb;22(2):437-8. doi: 10.1038/sj.leu.2404914.

8. Dusa A, Staerk J, Elliott J, Pecquet C, Poirel HA, Johnston 
JA, Constantinescu SN. Substitution of pseudokinase 
domain residue Val-617 by large non-polar amino acids 
causes activation of JAK2. J Biol Chem. 2008 May 
9;283(19):12941-8. doi: 10.1074/jbc.M709302200.

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

Turk J Int Med 2022;4(Supplement 1):S7-S11           


	Yer İmi 1

