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histologically analyzed according to the patients’ age and mutational
status, although no differences were found.
Histological reevaluation also identiﬁed cases with morphological
features, suggesting an MPN other than ET. Among the 6 JAK2V617Fmutated cases, 1 showed histological features of polycythemia vera
(PV) and another of preﬁbrotic early primary myeloﬁbrosis (pre-PMF).
The remaining 4 mutated cases exhibited a BM picture consistent
with ET. Re-evaluation of the 12 triple negative (3NEG) cases revealed
features consistent with ET in 9 cases, 2 cases compatible with prePMF (Figure 1 A-C), and 1 case with characteristics of secondary
thrombocytosis (ST).
These results provide insight into the complex scenario of high
platelet counts in childhood. Thrombocytosis is indeed a common
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Figure 1. Representative histological features of pediatric cases with (A) ST,
(B) ET, and (C) pre-PMF. (A) Normocellular BM with scattered nondescript MK. (B)
Loose clusters of MKs with hypersegmented (staghorn-like) nuclei. (C) Tight clusters
of atypical MKs with bulbous (cloud-like) nuclei. Hematoxylin and eosin stain, original
magnification 310 and 320; Leica DM4000 B optic microscope, DFC420 camera
and acquisition software (Leica Microsystems, Milan, Italy).
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Essential thrombocythemia (ET) is a myeloproliferative neoplasm
(MPN) that mainly affects middle-aged patients. Although pediatric
cases occur, they are rare, and their molecular features considerably
differ from the adult counterparts: JAK2V617F mutation occurs in only
25% of cases,1 CALR mutations are found in ,10% of patients,2 and the
MPLW515L mutation is anecdotal.3 Overall, ,40% of children with
unexplained, long-lasting thrombocytosis have a clonal marker of ET.2
After the release of the 2001 World Health Organization (WHO)
classiﬁcation,4 bone marrow (BM) evaluation has become a cornerstone
of ET diagnosis. However, the majority of studies has focused on adults,
and little is known about the role of BM biopsy in pediatric ET. In fact,
BM biopsy is seldom performed in children with a clinical picture
of ET due to the invasiveness of the procedure. The main objective of
this study was to explore the relevance of BM histology in children
with high platelet counts in order to identify possible differences in: (1)
primary vs reactive/secondary thrombocytosis (PedST) of childhood;
and (2) pediatric (PedET) vs adult (AdET) cases of ET.
Treatment-naive diagnostic BM samples were collected from
21 pediatric patients clinically diagnosed with ET according to the
2008 WHO diagnostic criteria in 7 Italian pediatric centers (2011-2016).
All cases were reviewed (separately and in joint sessions) by 2
hematopathologists (M.P., E.S.) who were blind to any clinical and/or
molecular information. Six BM samples of PedST were used as controls,
5 of which had lymphoma and 1 prolonged spontaneously remitted
thrombocytosis. The histological features were compared with those of
36 consecutive AdET cases, which were strictly diagnosed according to
the 2008 WHO criteria and enrolled during the same time period as the
children. Statistical analyses were performed on data recorded at the time
of diagnosis. The study was approved by the local ethics committee.
Clinically, PedET was characterized by higher median platelet
counts than those in AdET, (PedET: 1251 3 109/L; AdET:
681 3 109/L), more frequent splenomegaly (PedET: 14 of 21 cases
[67%]; AdET: 7 of 36 cases [19.4%]), and abdominal pain (PedET:
4 of 21 cases [19.0%]; AdET: 0 of 36 cases) (P , .001).
PedET differed from PedST in key histological parameters
(Figure 1A-B). PedET showed higher megakaryocyte (MK) density5
(37.5 MK/mm2 vs 9.2 MK/mm2; P , .001), loose MK clusters (21 of
21 [100%]), and occasional grade-1 reticulin ﬁbrosis (6 of 21 [28.5%]),
which was never documented in PedST cases (Table 1).6 Thorough
morphological and immunohistochemical evaluation showed similar
features in PedET and AdET, despite higher BM cellularity (as is
commonly seen in children7), and higher MK density was reported in
the pediatric group. This increase in MK density in children was due to
higher cellularity values (ie, the differences in MK density were not
statistically signiﬁcant after adjusting for cellularity). PedET was also
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Table 1. Main features in pediatric and adult thrombocytosis

Age, y, median (range)
Sex (male/female)
JAK2V617F
CALR (type 1/2)
MPLW515L
3NEG
Cellularity, %, median (range)

PedET (n 5 21)

PedST (n 5 6)

AdET (n 5 36)

10 (1-16)

7.8 (2-5)

51.8 (30-80)

14/7

2/4

10/26

6

NA

14

NA

9 (4/5)

2 (1/1)
1

NA

2

12

NA

11

80 (55-95)

80 (50-80)

MKD, MK/mm2, median (range)

37.5 (10-107)

9.2 (6-14)

MKD/BM cellularity, median (range)

46.6 (13-134)

15.6 (11-19)

55 (20-80)
18.3 (9-55)
45.8 (15-105)

Presence of MK loose clusters, n (%)

21 (100)

0

Presence of MK dense clusters, n (%)

3 (14)

0

36 (100)
0

Presence of BM reticulin fibrosis, n (%)

6 (28.5)*

0

6 (16.7)

ﬁnding in children.8 Most cases are secondary/reactive forms, which
spontaneously normalize over time. Rare hereditary thrombocytosis
has also been documented.9 Primary thrombocytosis is extremely rare,
with an estimated incidence of ;1 per 10 million annually.10
The differential diagnosis of pediatric thrombocytosis may be
challenging in clinical practice, and, unlike in adults, molecular biology
is of limited value. Children with suspected ET have indeed low rates
of driver mutations2,3,11,12 with a lower allele burden than adults.13
Consequently, molecular studies cannot deﬁnitively identify the nature
of several putative pediatric ET cases. Histological evaluation may
prove to be of greater value, but little has been reported in the literature
so far. The only few available studies have either examined single cases
or small series of pediatric ET and have reported variable results.14,15
Moreover, another large study about pediatric ET did not speciﬁcally
address BM importance.16
Our study is seemingly the largest published study on BM
histology in pediatric patients with clinically diagnosed ET to date.
Among 21 children, 20 cases had BM ﬁndings consistent with MPN
(ET: n 5 16; PV: n 5 1; pre-PMF: n 5 3) and 1 3NEG case had a
histological picture of ST. The ﬁndings of histologically conﬁrmed ET
were distinct from those of PedST, and are thus consistent with the data
reported by Thiele et al17 in adults. Likewise, the BM ﬁndings of
PedET were similar to those of AdET, irrespective of the mutational
status. Furthermore, the interpathologist agreement regarding the ﬁnal
diagnosis and the assessment of each histological parameter was
excellent (k index .0.80).
Histological re-evaluation has demonstrated occasional discrepancies between the original clinical diagnosis and the morphologically
integrated one. Critical re-evaluation of the diverging cases reveals
the importance of BM evaluation in putative cases of pediatric ET.
In particular, 1 JAK2V617F-mutated case could have been a masked
PV.18 The clinical history of this patient revealed transient increases
in hemoglobin and hematocrit levels (.95th percentile for age) and
transient ischemic attacks. Transient ischemic attacks occurred in
another JAK2-mutated ET girl. Similarly, 1 girl with a JAK2V617Fmutated MPN (originally interpreted as ET) had a histological picture
of pre-PMF. Her clinical history reported Budd-Chiari syndrome during
infancy with hepatopulmonary syndrome, portal thrombosis, and
progressive splenomegaly (a clinical picture of suspected primary
myeloﬁbrosis [PMF]).
The 3NEG cases highlight the importance of BM biopsy for
accurate diagnosis, in that 11 out of 12 cases were consistent with an
MPN. In particular, 2 3NEG cases presented a pre-PMF–like BM
picture, supporting the idea that PMF can rarely occur in pediatric
patients.19 In the remaining 9 3NEG children with both clinical and

histological features of ET, very low mutant allele burdens20,21 and/or
unusual MPN-associated mutations22 might be present. Of note,
histology was consistent with ST in 1 case, suggesting that a subset
of 3NEG ET is indeed misdiagnosed ST.23 We have recently observed
2 cases of putative 3NEG ET (BM not available for histologic
evaluation) who spontaneously achieved hematological remission after
15 years of sustained thrombocytosis. All of these cases illustrate
the importance of BM evaluation, possibly in tertiary centers, for
diagnosing pediatric MPN.24
In conclusion, the data presented in this study clearly show that BM
evaluation is pivotal for ET diagnosis among the pediatric population,
as it is for adults. BM assessment proves particularly helpful in the
differential diagnosis between ET and its clinical mimickers (ie, PMF,
PV, and ST) and should be part of the diagnostic workup of children
with long-lasting unexplained thrombocytosis, together with several
other clinical, laboratory, and molecular parameters.
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MKD, megakaryocytes density; NA, not available.
*Two of these cases had histological features consistent with pre-PMF, 1 had masked PV, and 3 had ET.

3042

LETTERS TO BLOOD

BLOOD, 1 JUNE 2017 x VOLUME 129, NUMBER 22

16. Fu R, Liu D, Cao Z, et al. Distinct molecular abnormalities underlie unique
clinical features of essential thrombocythemia in children. Leukemia. 2016;
30(3):746-749.

6. Kvasnicka HM, Beham-Schmid C, Bob R, et al. Problems and pitfalls in grading
of bone marrow fibrosis, collagen deposition and osteosclerosis - a consensusbased study. Histopathology. 2016;68(6):905-915.

17. Thiele J, Kvasnicka HM, Zankovich R, Diehl V. Relevance of bone marrow
features in the differential diagnosis between essential thrombocythemia and
early stage idiopathic myelofibrosis. Haematologica. 2000;85(11):1126-1134.

7. Friebert SE, Shepardson LB, Shurin SB, Rosenthal GE, Rosenthal NS. Pediatric
bone marrow cellularity: are we expecting too much? J Pediatr Hematol Oncol.
1998;20(5):439-443.

18. Barbui T, Thiele J, Carobbio A, et al. Masked polycythemia vera diagnosed
according to WHO and BCSH classification. Am J Hematol. 2014;89(2):
199-202.

8. Kucine N, Chastain KM, Mahler MB, Bussel JB. Primary thrombocytosis in
children. Haematologica. 2014;99(4):620-628.

19. Slone JS, Smith MC, Seegmiller AC, Sidonio RF, Yang E. Idiopathic
myelofibrosis in children: primary myelofibrosis, essential thrombocythemia, or
transient process? J Pediatr Hematol Oncol. 2013;35(7):559-565.

9. Teofili L, Giona F, Torti L, et al. Hereditary thrombocytosis caused by
MPLSer505Asn is associated with a high thrombotic risk, splenomegaly and
progression to bone marrow fibrosis. Haematologica. 2010;95(1):65-70.

20. Karow A, Nienhold R, Lundberg P, et al. Mutational profile of childhood
myeloproliferative neoplasms. Leukemia. 2015;29(12):2407-2409.

10. Hasle H. Incidence of essential thrombocythaemia in children. Br J Haematol.
2000;110(3):751.

21. Kucine N, Viny AD, Rampal R, et al. Genetic analysis of five children with
essential thrombocytosis identified mutations in cancer-associated genes with
roles in transcriptional regulation. Haematologica. 2016;101(6):e237-e239.

11. Teofili L, Giona F, Martini M, et al. Markers of myeloproliferative diseases in
childhood polycythemia vera and essential thrombocythemia. J Clin Oncol.
2007;25(9):1048-1053.

22. Vainchenker W, Constantinescu SN, Plo I. Recent advances in understanding
myelofibrosis and essential thrombocythemia. F1000 Res. 2016;700.

12. Langabeer SE, Haslam K, McMahon C. CALR mutations are rare in childhood
essential thrombocythemia. Pediatr Blood Cancer. 2014;61(8):1523.
13. Teofili L, Cenci T, Martini M, et al. The mutant JAK2 allele burden in children
with essential thrombocythemia. Br J Haematol. 2009;145(3):430-432.

23. Bertozzi I, Peroni E, Coltro G, et al. Thrombotic risk correlates with mutational
status in true essential thrombocythemia. Eur J Clin Invest. 2016;46(8):
683-689.
24. Barbui T, Thiele J, Passamonti F, et al. Survival and disease progression in
essential thrombocythemia are significantly influenced by accurate morphologic
diagnosis: an international study. J Clin Oncol. 2011;29(23):3179-3184.

14. Giona F, Teofili L, Moleti ML, et al. Thrombocythemia and polycythemia in
patients younger than 20 years at diagnosis: clinical and biologic features,
treatment, and long-term outcome. Blood. 2012;119(10):2219-2227.

DOI 10.1182/blood-2017-01-761767

15. Roy NBA, Treacy M, Kench P. Childhood essential thrombocythaemia. Br J
Haematol. 2005;129(5):567.

© 2017 by The American Society of Hematology

Downloaded from https://ashpublications.org/blood/article-pdf/129/22/3040/1400584/blood761767.pdf by guest on 21 May 2020

5. Pizzi M, Silver RT, Barel A, Orazi A. Recombinant interferon-a in myelofibrosis
reduces bone marrow fibrosis, improves its morphology and is associated with
clinical response. Mod Pathol. 2015;28(10):1315-1323.

