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Abstract

Background: Essential thrombocythemia (ET) is one of the “clas-
sic” Philadelphia chromosome negative (Ph-) myeloproliferative neo-
plasms characterized by sustained thrombocytosis, increased mega-
karyopoiesis and high risk of vascular complications. ET is very rare
in childhood. The annual incidence is approximately 1 per 10,000,000
in children less than 14 years, and about 60 times lower than adults.
The genetic landscape and clonal features in childhood ET has not
been well defined. There is no evidence-based guidance on the diag-
nosis of childhood ET.

Methods: Medical records of 28 pediatric patients (age < 14 years at
diagnosis) with ET were reviewed and evaluated to characterize the
different mutation profiles and to evaluate the treatment modalities
used and the potential long-term outcome.

Results: More than half of the patients were found to have positive
history of parental consanguinity (57.1%) whereas positive fam-
ily history was documented for more than a quarter of our patients
(28.6%). Janus kinase 2 gene (JAK2) V617F mutation was positive in
two of 26 patients (7.7%). Myeloproliferative leukemia virus onco-
gene (MPL) exon 10 and calreticulin (CALR) mutations were tested
in eight patients, which were negative for all of them. Treatment in-
cluded low-dose aspirin (LDA) in seven patients (50%), combination
of LDA with hydroxyurea in three patients (21.4%), hydroxyurea in
two patients (14.3%), combination of platelets apheresis with LDA
and anagrelide in one patient each (7.1%). During the treatment, two
patients experienced stroke (7.1%), one patient developed Budd-Chi-
ari syndrome (3.6%) and one patient developed azoospermia (3.6%).

Conclusions: The incidence of ET in children is extremely low in
Saudi Arabia. Most of the children with ET were asymptomatic, and
thrombocytosis was often discovered incidentally. JAK2 V617F mu-
tation has no known impact on the prognosis or on the outcome of
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the disease in the pediatric age group that is in contrast to the adult
ET. Children less than 1 year are at high risk for complications par-
ticularly during acute precipitating infectious episode. The potential
complications and clinical course of pediatric ET are unpredictable.
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Introduction

Essential thrombocythemia (ET) is one of the subtypes of
breakpoint cluster region protein/Abelson murine leukemia
viral oncogene homolog 1 (BCR/ABLI)-negative myeloprolif-
erative neoplasms (MPNs). It is a clonal hematopoietic stem
cell disorder that is characterized by isolated thrombocytosis
and is associated with complications such as thrombosis, hem-
orrhage, and progression to myelofibrosis or acute myeloid
leukemia. ET is a disorder occurring predominantly in middle-
age adults. The disorder is very rare in childhood and adoles-
cence [1-3]. The annual incidence of ET is approximately 1 per
10,000,000 in children less than 14 years and about 60 times
lower than that of adults [4-6].

The past decade and a half has enabled us to understand ET
better due to the developments made in the field of molecular
pathogenesis. Discovery of Janus kinase 2 gene (JAK2) V617F
in 2005, followed by myeloproliferative leukemia virus onco-
gene (MPL) mutations in 2006 and calreticulin (C4ALR) muta-
tions in 2013 has contributed to a more subtle understanding of
disease pathology, diversity of clinical presentation and diag-
nostic possibilities [7-11]. The most frequent driver mutation
seen is JAK2 V617F, which is found in about 99% of patients
with polycythemia vera (PV), 55% ET, and 65% in primary
myelofibrosis (PMF) [12]. The genetic landscape and clonal
features in childhood ET has not been well defined.

For a diagnosis of ET to be consistent with the World
Health Organization (WHO) criteria it has to have a platelet
count of > 450 x10%/L, presence of one of the three above
mentioned driver mutations or in their absence the exclusion of
other causes of thrombocytosis (reactive and clonal), and bone
marrow morphologic assessment, especially for distinguish-
ing ET from prefibrotic PMF and “masked” PV [13, 14]. In
addition to clonal thrombocytosis, some patients with ET can
have clinical signs of mild splenomegaly, leukocytosis, micro-
vascular symptoms, thrombotic and bleeding complications
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while running the risk of leukemic transformation or fibrotic
progression as time goes on.

Herein we present our retrospective analysis of 28 patients
treated at our institution. Our aim was to evaluate and char-
acterize the different mutation profiles associated with ET in
our indigenous population and assess the treatment modalities
used along with their potential long-term outcome.

Materials and Methods

A retrospective case study was conducted at the King Faisal
Specialist Hospital and Research Center (KFSHRC), Saudi
Arabia. Medical records of 28 pediatric patients (age < 14
years at diagnosis) with ET from January 1987 to December
2017 were reviewed and evaluated. Data on demographics, di-
agnosis, hematological parameters and outcome were obtained
from clinical databases and through medical charts review. Af-
ter quality assurance checks, the dataset was then transferred
to IBM-SPSS for Windows Version 20.0 for final analysis.
Furthermore, a literature review of similar studies was con-
ducted, and a comparison was drawn between the findings of
our study and the previous literature.

Statistical considerations

All continuous data are presented as median with minimum
and maximum points, while discrete data are provided as num-
ber (%). Independent-samples Mann-Whitney U test was uti-
lized to test for significance of difference between genders for
continuous data.

Ethical consideration

This study was submitted to the Institutional Review Board
of KFSHRC, Riyadh, Saudi Arabia, and was approved by the
Research Advisory Committee through established procedures
with approval number 2181192.

This study was conducted following international guide-
lines and policies on conducting research on human subjects.
Data of interest collected from the patients” medical records
were secured and governed by the institutional policies on pa-
tient confidentiality and privacy. All patient identifiers were
masked at the time of data collection.

Results

This study showed a female to male ratio of 2.1:1, a female
preponderance was observed. The median age at diagnosis
was 8.8 years (range, at birth - 13.8 years). More than half of
the patients were found to have positive history of parental
consanguinity (n = 16, 57.1%). The patient’s characteristics
and primary disease-related parameters are presented in Table
1.

With a median follow-up time of 71.6 months, all our pa-
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tients were alive at the last follow-up. Patient’s hematologi-
cal parameters at presentation are provided in Table 2. The
median platelet count at presentation was found to be 846.5
x 10%/L with a range of 529 x 10%/L to 2,003 x 10%/L (Fig. 1).
We did not observe statistically significant difference between
the genders for all recorded hematological values, neither any
measure of correlation was found to be statistically signifi-
cant except for hemoglobin (Hb) and red blood cell (RBC)
(Spearman’s tho = 0.755, P < 0.001, Fig. 2). Peripheral blood
film confirmed thrombocytosis in all patients. Their workup
included serum ferritin level, iron profile, prothrombin time
(PT), activated partial thrombin time (PTT), von Willebrand
level and function. PT and PTT were prolonged in 12 (52.2%)
and five (21.7%) patients, respectively. Platelet function assay
(PFA-100) was normal in all three patients, for whom it was
performed. Bone marrow findings confirmed a hyperplastic
megakaryocytic marrow, large and mature morphology with
hyperlobated nuclei and abundant cytoplasm without my-
elofibrosis in all patients. Standard cytogenetic analysis for
BCR/ABL rearrangement showed no detectable abnormali-
ties. JAK2 V617F mutation was positive in two of 26 (7.7%)
patients (Table 3). Clinical and laboratory features of these
patients are provided in Table 4. Median platelet counts were
significantly lower in JAK2 positive cases. Other than JAK?2
V617F mutation, we checked for MPL exon 10 and CALR
mutations in eight patients that was negative for all of them.
Evaluation for von Willebrand (antigen and activity) was per-
formed in all patients, and the level was normal in all patients
(Table 2).

With regards to treatment, half of the patients (n = 14)
were offered treatment while the other half was kept under ob-
servation. Treatment included low-dose aspirin (LDA) in sev-
en patients (50.0%), combination of LDA with hydroxyurea
in three patients (21.4%), hydroxyurea alone in two patients
(14.3%), combination of platelets apheresis with LDA and
anagrelide in one patient each (7.1%). During the treatment
and follow-up period, two of our patients experienced stroke
(7.1%), one patient developed Budd-Chiari syndrome (3.6%)
and one patient developed azoospermia (3.6%). The two pa-
tients who had stroke were on LDA, the patient who developed
Budd-Chiari syndrome was on combination of platelets apher-
esis with LDA, while the patient who developed azoospermia
was receiving hydroxyurea.

Discussion

The therapeutic goal in general for ET patients is to avoid
the occurrence of major vascular events while minimizing
the side effects induced by medication. Consensus regarding
the management of adult ET follows a risk-adapted strategy.
Currently, there is insufficient evidence to guide the manage-
ment of childhood ET and usually a conservative approach is
adopted. At our institution we treated our pediatric ET patients
with LDA, if microcirculatory symptoms were present or the
platelet counts were more than 1 million. Hydroxyurea or ana-
grelide was added, if the existing symptoms or the increased
platelet counts did not improve. Otherwise, all other patients
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Table 1. Demographics and Clinical Characteristics (N = 28)

Variables of interest

Female

Male

Overall

Patients, n (%)

Age at diagnosis (years)
Height (cm)

Weight (kg)

Parental consanguinity, n (%)

19 (67.9)

10.0 (0.14, 13.8)
127.0 (61.0, 163.0)
40.1 (6.7, 62.0)

9 (32.1)
6.0 (at birth, 12.1)
132.0 (70.0, 151.0)
28.7 (9.1, 41.0)

28 (100.0)

8.8 (at birth, 13.8)
130.0 (61.0, 163.0)
35.0 (6.7, 62.0)

Negative 12 (42.9)
Positive 16 (57.1)
Symptoms?, n (%)
Headache 4(14.3)
Bleeding 2(7.1)
Vomiting 2(7.1)
Abdominal pain 1(3.6)
Nausea 1(3.6)
Fatigue 1(3.6)
Palpitation 1(3.6)
Myopathy 1(3.6)
Blood group®, n (%)
A+ 5(27.8)
B+ 1(5.6)
O+ 10 (55.6)
AB+ 2 (11.1)

aTwenty patients (71.4%) were asymptomatic. °N = 18. Values are number (%) or median (minimum, maximum).

were managed conservatively with regular follow-up visits

and complete blood count (CBC) every 3 - 6 months.

Table 2. Hematological Profile at Presentation

We studied a total of 28 patients diagnosed with ET.
In our cohort of pediatric patients, the diagnosis of ET was

Parameters Female (n = 19) Male (n =9) Overall (n = 28) P value
Platelets (x 10°/L) 826.0 (529.0, 2,003.0) 848.0 (625.0, 1,556.0) 846.5 (529.0, 2,003.0) 0.562
WBC (x 10%) 8.8 (4.1, 16.5) 9.6 (7.8, 15.9) 9.2 (4.1, 16.5) 0.172
Hb (g/L) 123.0 (101.0, 156.0) 126.0 (119.0, 152.0) 125.5 (101.0, 156.0) 0.383
RBC (x 10'2/L) 4.4 (3.4,5.6) 4.8 (4.5,5.4) 4.6 (3.4,5.6) 0.142
Reticulocyte count (%) 1.3(0.9,2.0) 1.1 (0.7, 1.7) 1.3 (0.7,2.0) 0.267
Reticulocyte count (x 10/L) 60.7 (35.0, 93.0) 55.9 (15.0, 99.0) 55.9 (15.0, 99.0) 0.764
RDW 14.0 (12.1, 18.0) 13.0 (8.0, 15.0) 13.8 (8.0, 18.0) 0.085
MCV 81.8 (70.0, 95.0) 80.2 (75, 88.4) 80.9 (70.0, 95.0) 0.322
MPV 9.1 (8.4,10.5) 8.8 (5.5,10.0) 9.0 (5.5,10.5) 0.129
Serum ferritin 40.0 (18.0, 237.0) 34.4 (23.0, 101.0) 40.0 (18.0, 237.0) 0.809
TIBC 57.6 (49.9, 80.8) 59.0 (53.8, 67.0) 58.1(49.9, 80.8) 0.945
ESR 13.0 (5.0, 222.0) 16.0 (10.0, 113.0) 14.5 (5.0, 222.0) 0.443
vWF antigen 1.51 (0.5, 60.0) 39.5 (0.8, 94.0) 1.51 (0.5, 94.0) 0.556
vWF assay 0.6 (0.4, 50.0) 20.5 (0.6, 49.0) 0.93 (0.42, 50.0) 0.556

Values are median (minimum, maximum). WBC: white blood cell; Hb: hemoglobin; RBC: red blood cell; RDW: red cell distribution width; MCV: mean
corpuscular volume; MPV: mean platelet volume; TIBC: total iron binding capacity; ESR: erythrocyte sedimentation rate; vVWF: von Willebrand factor.
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Figure 1. Platelet count at diagnosis by gender and age.

made according to the 2016 WHO criteria in the absence of
other known causes of reactive (secondary) thrombocytosis.
Most of our patients (n = 20, 71.4%) were asymptomatic with
high platelet counts with just a few of them (n = 8, 28.6%)
experiencing symptoms. Our results on thrombocytosis in the
absence of symptoms are comparable to others. Randi et al

reported that majority (60%) of their patients were asympto-
matic as well with other studies showing similar results [13].
Our results are also in line with published literature that has
shown a low incidence of JAK2 V617F mutation in childhood
ET [14-16].

During the follow-up period, four patients developed
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Table 4. Clinical and Laboratory Features? by JAK2 Mutation Positivity (N = 26)

JAK2+ (n = 2) JAK2- (n =24) P value
Age at diagnosis (years) 9.4 (8.9, 10.0) 7.7 (at birth, 13.6) 0.745
Platelets (x 10°/L) 536.0 (529.0, 543.0) 849.0 (529.0, 2,003.0) 0.012
WBC (x 10%) 6.4(4.1,8.7) 9.2 (4.7, 16.5) 0.123
Hb (g/L) 128.5 (101.0, 156.0) 124.5 (110.0, 152.0) 1.000
Reticulocyte count (x 10%/L) 89.5(86.0, 93.0) 55.9 (35.0,99.0) 0.042
Follow-up time (months)® 213.0 (208.4, 218.2) 60.5 (one visit, 228.6) 0.098
Symptoms (at presentations), n (%) 0.474
Asymptomatic 1 (50.0%) 18 (75.0%)
Symptomatic 1 (50.0%) 6 (25.0%)
Weakness 1 (33.3%) None
Fatigue 1(33.3%) None
Myopathy 1 (33.3%) None
Headache None 3(30.0%)
Vomiting None 2 (20.0%)
Abdominal pain None 1 (10.0%)
Nausea None 1 (10.0%)
Palpitation None 1 (10.0%)
Bleeding (spontaneous) None 1 (10.0%)
Bleeding (NOS) None 1 (10.0%)
Complications (during follow-up), n (%) 0.289
None experienced 1 (50.0%) 21 (87.5%)
With issues 1 (50.0%) 3 (12.5%)
Budd-Chiari syndrome 1 (100%) None
Stroke 2 (66.6%) None
Azoospermia 1(33.3%) None

aValues are median (minimum, maximum) unless otherwise specified. ®?Overall follow-up time, median (minimum, maximum): 71.6 months (one visit,

228.6). JAK2: Janus kinase 2 gene mutation; WBC: white blood cell; Hb: hemoglobin; NOS: not otherwise specified.

complications. Two patients experienced stroke, one was an
infant who presented with viral infection with diarrhea at 3
months of age, while the second patient did so in adulthood
following the diagnosis of ET. One of our patients developed
Budd-Chiari syndrome around 15 years after diagnosis of ET.
The last patient developed azoospermia that was probably sec-
ondary to the use of hydroxyurea. In our experience none of
our patients had major complications with regards to leukemic
or myelofibrotic transformation, which is in accordance with
outcomes seen in the younger population [14, 17, 18]. High
platelet count can lead to qualitative deficiency of von Wille-
brand factor (VWF) [19]. Acquired vWF disease can lead to
bleeding in patients with ET. Bleeding was not a complication
seen in any of our patients.

A limitation of our study is that it is a single institution
data with retrospective analysis. Given the rarity of classical
Philadelphia chromosome-negative myeloproliferative neo-
plasms (Ph- MPN5) disorders in children we believe that there
should be both national and international collaborative efforts
to study clinical and biologic parameters prospectively in these
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children. Knowing that majority of our studies patients did not
carry the driver mutations we recommend a conservative ap-
proach for our indigenous population if there are no clinical
concerns for pharmacologic intervention.

Conclusions

In conclusion, our experience shows that most of our children
with ET were asymptomatic, and thrombocytosis was often
discovered incidentally. In our practice pediatric patients are
considered prone to complication particularly during acute
infectious episodes that might place them at risk for dehydra-
tion and subsequent thrombosis. The potential complications
and clinical course of pediatric ET can still be unpredictable.
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