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ABSTRACT

Background: Myeloproliferative neoplasms (MPNs) are clonal hematopoietic disorders. The mutation BCR-ABL is sine qua non for
diagnosis of chronic myeloid leukemia and JAK2 V617F is present in majority of cases of polycythemia vera (PV), essential thrombocythemia
(ET) and primary myelofibrosis (MF). Recent 2016 classification consigns importance to BM morphology as mutations are not universal.
Identification of specific features would aid diagnosis of JAK2V617F negative MPN. This study aims to assess utility of peripheral blood and
bone marrow morphology in myeloproliferative neoplasms in correlation with BCR-ABL and JAK2V617F.

Methods: A retrospective 7 years study of peripheral blood, bone marrow aspirate (BMA) and bone marrow biopsy (BMB) of 44 cases of
myeloproliferative neoplasms with BCR-ABL and JAK2 V617F mutation analysis.

Results: Forty four cases of MPNs including 24 (54.5%) cases of CML, 7 (15.9% ) cases of PV, 5 (11.3%) cases of MF, 3 (6.8%) cases of
ET, and 5 (11.3%) cases of MPN-U. MPV and LDH were significantly higher in MF in comparison to PV and ET. Higher haemoglobin (Hb)
and platelets were seen in PV and ET. Dwarf MKs with hypolobated, cloud like nuclei in CML (fig 1), large MKs with staghorn nuclei were
seen in ET. normal sized MKs with cloud like hypolobated forms in PV(fig2) and cloud like atypical dysmorphic nuclei with dense clustering
were seen in MF.

Conclusion: Hb, mean platelet volume (MPV), and LDH in conjunction with MK morphology aids in the diagnosis of MPNs. These findings
will enable accurate diagnosis in JAK2 negative MPNs and benefit low resource center.
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Introduction

Myeloproliferative neoplasms (MPN) are group of clonal
disorders of hematopoietic stem cell origin. The newer
classification system of MPN incorporated mutations
discovered in the JAK2 and MPL genes. Newer genetic
mutations like CALR and CSF3R are also being associated
with MPNs, 23431

Somatic mutation in JAK2 was related to the three
disease entities in MPNs.4%! Morphology of MKs
has been emphasized in literature in the diagnosis of
these conditions, but confusion pervades regarding
terminologies used in their description. This results
in underutilization of BM morphology and increasing
reliance on genetic markers.

This study is an attempt to study the peripheral blood and
BM and identify specific MK features in the subcategories
of MPNs in correlation with BCR-ABL and JAK2 V617F
mutation. The main focus of our study was on MK number,
morphological types, pattern, localization, along with other
hematopoietic cells, in BM along with clinical features,
Hb, WBC count , platelet count, MPV, PDW and LDH.
These features were correlated with final diagnosis

Materials and Methods

This was a retrospective and prospective hospital based
study, from January 2011 to December 2017 including
review of clinical presentation, peripheral blood, BMA,
and BMB along with clinical features in cases with BCR-
ABL and JAK2 V617F mutation studies. The study was
conducted in tertiary care centre. A total of 44 cases of
MPN with genetic studies were collected during this
time period. The peripheral smear and BMA smears
were stained by Leishman stain. BMBs were stained by
routine hematoxylin and eosin (H&E). Reticulin staining
was performed by Gomori’s method and graded using
WHO guidelines.™

The peripheral blood, BMA and BMB slides were studied
with emphasis on megakaryocytic morphology and
pattern. MK morphology definitions were considered for
the study.™

Proportions, graphs and tables were used to analyze data.
Chi-square value (c?) and Fischer test, were applied as
appropriate. P value of <0.05 was considered significant.
Analysis was done using SPSS version 17.0 .Clearance
from institutional ethics committee was taken.
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Result

A total of 44 cases diagnosed as MPN on complete blood
count, peripheral blood examination, BMA and BMB with
cytogenetic mutation study were included. This constituted
24 cases (54.4%) of chronic myeloid leukemia, 7 cases
(46.6%) of PV, 3 cases (6.8%) of ET, 5 cases (11.4 %)
were of MF and 5 cases (11.4%) of myeloproliferative
neoplasm-unclassified.

The commonest age group affected was between 40 to
60 years in all disease categories except MPN-U where
majority of cases were under 40 years of age. Males were
affected predominantly in all the five disease entities with
M: F ratio of 1.1:1 in CML, 6:1 in PV, 2:1 in ET, 3:2 in MF
and 4:1 in MPN-U.

Weakness was the most common symptom in CML (95.8%)
in 22 out of 24 cases, 6 out of 7 cases of PV (85.7%), one
case of ET (33.3%), all 5 cases of MF (100%) and 4 out of 5
cases (80%) of MPN-U. The patients of PV also presented
with plethora in 6 out of 7 cases (85.7%). Thrombotic and
bleeding episodes were noted in 4.5% cases of PV and ET
respectively. Fatigue, abdominal pain, fever, weight loss,

palpitation, and giddiness were other overlapping features.
Splenomegaly was the most common physical sign (100%)
among all disease

The hemoglobin, total white cell count and platelet
parameters are depicted in Table 1. Comparison of MPV
showed lower values in PV compared prefibrotic MF.
PDW showed similar values for all the entities of MPN
(table 2). The LDH and serum uric acid is given in Table 3.

Significant peripheral smear findings included red cell
crowding in all cases (100%) of PV cases. Basophils
were present in all the cases of MPN in peripheral smears
studied.

In BMA and BMB increased cellularity and panmyelosis
was seen in all cases (100%) of PV, ET, MPN-U.
Myelofibrosis revealed normal to increased cellularity in 3
cases (60 %) and decreased cellularity in 2 cases ( 40 %).
Dry tap was noted in 2 cases (40 %). The morphology of
MKSs in bone marrow in the different categories is enlisted
in Table 4, 5. The p value obtained in all the features of
MK morphology was found to be less than 0.05. Reticulin
grading in different MPNSs is shown Table 6.

TABLE 1: Mean and range of Haemoglobin, total RBC count, total WBC count and platelet count in MPNs.

CML 9.2 (5-12.5) 3.2 (1.70-5.04) 157.50 (3-506) 3.50 (0.13-15.6)
PV 18.9 (18.4-19.8) 6.8 (5.25-8.12) 14.81 (8-21) 4.26 (2.14-8.06)
ET 12.9 (11.1-15.6) 5.4 (4.56-6.64) 20.67 (11-28) 8.54 (6.08-12.38)
MF 11.8 (11-13.1) 5.07 (3.86-6.94) 32.94 (6-55) 5.19 (0.30-8.62)

MPN-U 11.6 (6.5-16.4) 5.40 (3.15-6.99) 18.70 (10-36) 7.20 (2.46-11.49)

(CML- chronic myeloid leukemia, PV - Polycythemia vera, ET-Essential thrombocythemia and MF- Myelofibrosis and MPN-U- Myeloproliferative neoplasm-

Unclassified )

Table 2: Comparison of Mean platelet volume and Platelet distribution width in various entities of Myeloproliferative

neoplasms.

CML 9.10 (7.2-13.3) 15.57 (9-19.9)
PV 8.55 (7.1-10.2) 18.1 (17.6-18.5)
ET 8.7 (8.5-8.9) 18.5 (18.3-19)
MF 9.5 (8.5-11.3) 18 (17-19.1)

MPN-U 9.4 (7.3-10.4) 18.5 (18.6-19)

TABLE 3: Mean value and range of LDH and Uric acid in MPNs.

CML 1115 (9309-2420) 6.13 (2.4-7.8)
PV 577.7 (379-796) 8.2 (6.2-9.8)
ET 487 (476-498) 5.2 (4.9-5.5)
MF 1016 (1000-1030) 6.5 (6.2-6.8)

MPN - U 432 (304-560) 4.75 (4.5-5)
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TABLE 4: Comparison of Megakaryocytic number and size in bone marrow biopsy in PV, ET and MF and MPN-U. (P value <

0.05 for size chi square test).

Normal 45.8% 0% 0% 20% 0%

Number Increased 50% 100% 100% 80% 100%
Decreased 4.2% 0% 0% 0% 0%

Normal 0% 100% 0% 100% 100%
Size Small 95.8% 0% 0% 0% 0%
Large 4.2% 0% 100% 0% 0%
Normal 4.2% 0% 33.3% 0% 0%

Cytoplasm Small 91.7% 85.7% 0% 100% 100%
Large 4.2% 14.3% 66.7% 0% 0%

TABLE 5: Comparison of Megakaryocytic nuclear features and clustering in subcategories of MPNs . (P value < 0.05 for
nuclei, lobation, clustering, chi square test).

Staghorn 4.3% 4.2% 66.3% 20% 40%

Nuclel Cloud like 79.1% 78.2% 33.7% 60% 60%

Dysmorphic 0% 6.3% 0% 8.3% 0%

Bare nuclei 8.3% 8.3% 0% 20% 0%

Normal 0% 0% 0% 0% 0%

Lobation Hyperlobation 16.7% 14.3% 100% 20% 40%

Hypolobation 82.3% 85.7% 0% 80% 60%

No 4.2% 0% 0% 0% 0%

Clustering Loose 91.7% 41.9% 33.7% 40% 60%

Dense 8.3% 58.1% 66.7% 60% 40%

TABLE 6: Comparison of reticulin stain in BMB in subcategories of MPNs (P value < 0.05 for reticulin).

0 4.2% 14.3% 0% 0% 0%

o 1 87.5% 71.4% 100% 0% 80%
Reticulin

2 8.3% 14.3% 0% 80% 20%

3 0% 0% 0% 20% 0%

Fig. 1: Dwarf hypolobated MKs in Chronic myeloid
neoplasm, Leishman stain X 400.
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Fig. 2: Cloud like, hypolobated nuclei of MKs, Leishman
stain X 400.
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Discussion

Transformation of hematopoietic stem cell forms the main
essence of myeloproliferative neoplasms. 5 The different
entities included under MPN have cardinal morphologic
features which help in distinguishing them from each
other. Despite these differences these disorders share many
common attributes too. Hence, it is imperative to recognize
features which can help in distinguishing them from one
another. Our study of MPNs assessed clinical, biochemical
and BM changes with emphasis on the morphology of
MAKSs specific changes in MPNs.

In our study CMLs, commonly presented with weakness
(23 out of 24 cases, 95.8%) and splenomegaly (21 out of
24 cases, 87.5%). Jameel et al [ found splenomegaly in
98% of cases. The MPV value was found to be normal for
the cases of CML and a high normal value was noted for
PDW. Similar findings were reported in studies done by
other authors ¥ High LDH values (mean 1115 u/L) were
noted in comparison to other MPNs. The marginal increase
in the PDW value is contributed by an increase in both
small and large platelets. ¥ We observed dwarf MKs with
cloud like nuclei and hypolobation (Fig 1). Schelkar et al !
provided evidence regarding morphological differences in
MKs based on ultrastructural measurement and dwarf MKs
were not seen in any other categories of MPN except CML

Presence of myelocytes, increased number of segmented
neutrophils, eosinophilia and basophilia seen in peripheral
smear as well as both BMA and BMBs in all the cases,
further support the diagnosis of CML in comparison to PV,
ET, MF and MPN-U.

Cases of PV, ET and MF in our study exhibited unique
clinical, blood and BM highlights along with other
overlapping features. All cases of MPNs presented with
weakness and splenomegaly, patients of PV presented with
thrombotic events and ET predominated with bleeding
episodes. The mean Hb value (18.9g/dl) and total RBC
count (6.8 x10°/L) was higher in PV compared to other
categories of MPN. Mean total WBC count was the highest
in MF (32.94 x10°/L) followed by ET (20.67x10°L) and
PV (14.81x10°L).

Platelet count was the highest in ET (8.54 x10°/L) followed
by MPN-U (7.2 x10°/L), MF (5.19 x10°/L).The mean value
of MPV in PV (mean 8.55fL) was akin to ET (mean 8.7)
and lower than the corresponding values in MF ( mean
9.50). Hence MPV may be of value in differentiating
PV from prefibrotic MF. However significant difference
was not noted in the PDW among the different MPNs as
described by other authors. 1% MPV and PDW play a
significant role in differentiating reactive thrombocytosis

www.pacificejournals.com/apalm

from ET as the former has low mean platelet volumes. [
Other studies have also found that PDW value in MPNs is
higher due to heterogeneity of platelet size. (%%

Serum LDH values were noticeably lower in PV (mean
577.70/L), ET (mean 487 U/L) and MPN- U (mean 432
U/L) in comparison to MF (mean 1016U/L). Serum LDH
values, twice the upper limit of normal has been found to
reasonably good discriminator of ET and PV from MF by
some authors though overlaps with other conditions can
occur.l't1

BMA and BMB exhibited trilineage hypercellularity in
all MPNs except in cases of overt myelofibrosis (4.5%)
where the bone marrow yielded dry tap in BMAs and was
hypocellular due to fibrosis. The MKs exhibited distinct
features in the subtypes of MPNs. MKs in PV were normal
sized with mature cytoplasm (100%) with cloud like
nuclei (79.2%) , hypolobation (85.7 % ) and arranged in
both loose (57.1%) and dense clusters( 42.9%). In contrast
ET was predominantly characterized by large (66.3%),
hyperlobated MKs (100%) with staghorn nuclei (66.7%)
in dense clusters as noted by some authors. Normal sized
MKs (100%)with hypolobated (80%), cloud like (60%)
dysmorphic nuclei characterized MFs. These finding
have been highlighted by few authors and deserve greater
attention.['1413]

Normal sized MKs with cloud like hypolobated nuclei
were an overlapping feature of PV and MF. These
similarities are probably attributed to the allele burden and
disease presentation in JAK2 V617F mutation MPNs with
increased chances for the MF to resemble PV with higher
copy number of mutated JAK2 V617F mutation.[*1617:18]

Grade 1fibrosis was seen in 71.4% cases of PV, all cases
(100%) and (80%)of MPN-U. In MF, (80%) exhibited
grade 2 fibrosis while in 20% grade 3 overt fibrosis
was evident. These findings were similar to study done
by Thiele et al " Michiels et al 314 Role of MKs in
mediating marrow fibrosis has been recognized in MPNs.
Tentative hypothesis include increased release by MKs of
growth factors like TGF- 3 and PDGF along with aberrant
P selectin distribution which induces fibroblasts to produce
collagen.'*!** [ncreased production of lysyl oxide (LOX)
by fibrogenic cells has also been implicated. LOX oxidizes
the PDGF receptor and enhances proliferation of the low
ploidy megakaryocytes. (2122231

It is intriguing how a single mutation in JAK2V617 results
in a spectrum of diseases of MPNs though microRNA
methylation and other synergic mutations may play a
role. It is often difficult to differentiate PV and ET from
prefibrotic MF.[24 25261 Similarly it is may be challenging
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to differentiating post PV and post ET myelofibrosis. In
other studies, the simultaneous presence of loose clusters
of large MKs and nuclear hyperlobation was significantly
associated with ET and not in the prefibrotic and fibrotic
Myelofibrosis. They also noted the association of dense
clusters of MKs with maturation defects and bulbous
nuclei pointed to a diagnosis of MF as also seen in our
study.?’2#2 Hence recognizing these specific features will
facilitate differentiation between PV,ET and MF and aid
accurate diagnosis when mutations are not identified.

Conclusion

MPNs consist of a diverse group of clonal disorders. We
found that MPV and LDH were significantly higher in MF
in comparison to PV and ET while higher Hb and platelets
were seen in PV and ET. MKs exhibited distinctive
features. Dwarf MKs arranged in loose clusters with
cloud like, hypolobated nuclei predominated in CML. PV
exhibited, both dense and loose clusters of normal sized
MKs with hypolobated cloud like nuclei. In contrast,
giant mature MKs with staghorn, hyperlobated nuclei in
dense clusters were noted in ET. Small to normal sized
megakaryocytes with dysmorphic hypolobated nuclei were
seen in dense clusters in MF. However, MPN-U showed
overlapping features clinically and in BM with other
MPNSs. Hence, clinical and hematological findings along
with characteristic megakaryocytic features can help arrive
at an accurate diagnosis of MPNs and is relevant in the
present era.

This study needs to be validated with the newer genetic
mutations introduced in the 2016 classification of MPNs in
a larger patient sample size.
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