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Histological and genetic characterization and follow-up of 
130 patients with chronic triple-negative thrombocytosis

Chronic thrombocytosis may be reactive in nature, be 
driven by inherited genetic characteristics (e.g., THPO, 
MPL, JAK2 mutations) or be caused by an acquired mye-
loid malignancy (mainly myeloproliferative neoplasm 
[MPN]). The diagnostic workup of isolated thrombocyto-
sis therefore requires testing for inflammation/iron defi-
ciency, consideration of a family history, a bone marrow 
examination and the search for "classical" MPN driver 
mutations (BCR-ABL1, JAK2V617F, CALR exon 9, 
MPLW515L/K). According to the World Health Organiza-
tion (WHO) classification, the diagnosis of essential 
thrombocytosis (ET) requires typical histological fea-
tures.1 In the absence of a driver mutation, histological 
characterization is the only element allowing classifica-
tion of thrombocytosis as ET. However, a number of pa-
tients with a clinical presentation of "triple-negative" 
acquired thrombocytosis do not display the character-
istic histological features of ET or of MPN, raising the 
question of appropriate therapeutic management. In-
deed, in the presence of "high-risk" features (age >60 
years, a history of thrombosis), cytoreductive therapy 
has been demonstrated to reduce the thrombotic risk 
in MPN patients; however, when the diagnosis of MPN is 
uncertain because of the lack of typical histological fea-
tures, it is not known whether patients would benefit 
from cytoreductive treatment. Previous studies have 
shown that next-generation sequencing (NGS) could de-
tect variants in 12 to 73% of cases of triple-negative 
thrombocytosis2-5 Variants can be acquired in genes fre-
quently mutated in myeloid malignancies or may be 
identify as germline variants in genes involved in mega-
karyocytic proliferation, even in the absence of a familial 
history of thrombocytosis (mainly JAK2, MPL).6,7 Efforts 
at finding a common genetic alteration in triple-negative 
ET have, in fact, reinforced the idea that this group of 
patients is heterogeneous, with clonal or non-clonal 
hematopoiesis and identification of additional acquired 
as well as constitutive JAK2, MPL or SH2B3 variants, but 
no common recurrent anomaly.6,7   
In a cohort of 130 patients with chronic, non-reactive 
triple-negative thrombocytosis, we first had bone mar-
row biopsies reviewed by experts of the French group of 
hematopathologists (GEBOM), then asked whether tar-
geted NGS could help reach a diagnosis. We also asked 
whether the outcome of patients was predicted better 
when the diagnostic classification was based on genetic 
and/or histological features. 
Patients followed at Angers or Brest university hospitals, 

for ET or chronic thrombocytosis, were included if their 
platelet count at diagnosis was >400x109/L, there was 
no reactive cause (iron deficiency, splenectomy, inflam-
mation) for the raised platelet count and they did not 
have JAK2V617F, CALR exon 9 or MPLW515L/K mutations 
(as determined by allele-specific quantitative polyme-
rase chain reaction [PCR] analysis, PCR fragment length 
polymorphism and quantitative PCR followed by allelic 
discrimination using probe competition, as previously 
described).8 Bone marrow biopsies had been performed 
in all patients, 118 of which were available for central re-
view. All patients were >18 years old and provided 
written informed consent, in accordance with law n. 
2004-800 of 2004 and law n. 2012-300 of 2012. The 
median age at diagnosis was 53 years old (range, 18-84) 
and 72% were females.  
Among the 130 patients with triple-negative thrombo-
cytosis, bone marrow biopsy led to a diagnosis of 
ET/MPN in 79, while in 45 patients, the biopsy was not 
in favor of MPN and in six the diagnosis was unclear (in-
sufficient quality). After central review of the bone mar-
row biopsies by GEBOM experts, the repartition was 
broadly similar (Figure 1A), but the tissue provided was 
considered insufficient for a clear diagnosis in eight pa-
tients. Overall, 24 (18%) patients finally changed cat-
egories after review of the bone marrow biopsies (13 
initially in favor of a MPN were reclassified as non-MPN; 
whereas 6 initially considered not in favor of a diagnosis 
of MPN were finally considered MPN).  
Since a histological diagnosis between MPN and non-
MPN may be subject to variability and some patients still 
had unclear diagnosis, we wondered whether a muta-
tional analysis with targeted NGS of 24 genes commonly 
mutated in MPN (Online Supplementary Table S1) could 
help with the diagnostic discrimination of patients. 
Among 130 tested patients, a total of 57 variants were 
found in 38 patients, who displayed one (n=28), two 
(n=6) or more (n=4) variants, while 92 (71%) patients had 
none (Online Supplementary Table S2). The most fre-
quently affected genes were MPL, ASXL1, SH2B3, JAK2, 
TET2 and DNMT3A (Figure 1B). Overall, pathogenic/likely 
pathogenic variants were found slightly more frequently 
in patients considered as having MPN after bone marrow 
biopsy review (33 variants in 17/69 (25%) vs. 10 variants 
in 8/50 (16%) in non-MPN patients, P=not significant). 
Acquired MPL mutations were found in ten patients in-
itially considered “triple-negative” because only 
W515K/L mutations had been screened for. Three of 
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Figure 1. Diagnoses modified, mutations detected by next-generation sequencing in the triple-negative cohort, and incidence of 
thrombotic events in untreated and treated patients in the triple-negative groups compared to JAK2- and CALR-mutated con-
trols. (A). Initial and modified diagnoses after bone marrow review and next-generation sequencing (NGS) analysis. Top. Repartition 
of diagnoses according to successive classifications: (left) at initial diagnosis (before bone marrow biopsy review by GEBOM and 
NGS); (middle) after bone marrow biopsy review; (right) after targeted NGS. Bottom. Sankey diagram showing the proportion of 
patients whose diagnosis was modified by bone marrow biopsy review and/or NGS analysis. (B). Molecular landscape of the 
whole cohort. (Left) number of mutations per gene classified per category (pathogenic, likely pathogenic, germline and of uncer-
tain significance); (left) repartition of genes mutated according to diagnosis before targeted NGS analysis (MPN, no-MPN, uncertain 
diagnosis); (right) repartition of mutated genes according to diagnosis after targeted NGS analysis (MPN, no-MPN, constitutional 
thrombocytopenia). (C). Thrombosis-free survival in untreated and treated patients with triple-negative thrombocytosis compared 
to JAK2- and CALR-mutated controls. Survival curves are represented by Kaplan-Meier plots with log-rank associated tests and 
Cox models for multivariate analysis. Statistics were performed with R software (v4.0.3, Vienna, Austria). MPN: myeloproliferative 
neoplasm (i.e., essential thrombocythemia); no-MPN : histology/NGS not in favor of myeloproliferative neoplasm; VUS: variant of 
unknown significance.
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these mutations affected W515 (W515A in 2 patients, 
W515S in 1 patient), one affected S505 and the others 
were scattered in the whole gene, in regions coding 
extracellular as well as intracellular domains. 
Germline variants were found mostly in the JAK2 and 
MPL genes (in 9 and 3 patients, respectively) (Figure 1B), 
most of which were confirmed to be germline by Sanger 
sequencing on nail DNA. Interestingly, germline MPL 
variants were found in the non-MPN group whereas 
germline JAK2 variants were mainly found in the MPN 
group, suggesting that these variants favor the devel-
opment of a “true” MPN phenotype. Some of these JAK2 
variants have been described in contexts different from 
that of familial thrombocytosis, such as JAK2R1063H 
which was shown to enhance signaling and lead to a 
distinct phenotype in JAK2V617F-positive MPN.9 How-
ever, it is interesting to note that patient B358, who 
presented with isolated thrombocytosis and a bone 
marrow biopsy suggestive of MPN, has an 11-year-old 
daughter with thrombocytosis, an isolated R1063H vari-
ant at NGS screening and a bone marrow biopsy also 
showing characteristics of MPN. Also, a young patient 
(A005) with thrombocytosis and a bone marrow biopsy 
suggestive of ET, displayed a previously described 
JAK2T875N variant,10-12 which was confirmed as germline 
on examination of nail DNA. He had thrombosis resulting 
in cerebral and thoracic spinal cord ischemia and, 2 
years after diagnosis, he developed polycythemia. In ad-
dition, rare variants (mean allele frequency <0.1) of JAK2 
and MPL in our cohort were significantly more frequent 
than in a local control cohort (from the French Exome 
Project Database), further suggesting their significance 
in chronic thrombocytosis. 
In order to assess whether NGS data could better dis-
criminate thrombocytosis patients with a higher risk of 
complications, we reclassified patients with an acquired 
pathogenic or likely pathogenic variant in the “MPN” 
group, irrespective of their histology. Similarly, patients 
with germline variants in JAK2 or MPL were reclassified 
as having constitutional thrombocythemia. Overall, ap-
plying these criteria in the “non-MPN” group, NGS was 
not informative for 39 patients, allowed confirmation of 
non-MPN in four (constitutional thrombocythemia) and 
prompted reclassification into the “MPN” group in nine 
patients. In the MPN group, NGS was not informative for 
44 patients, allowed confirmation (acquired 
pathogenic/likely pathogenic variant) in 17 and prompted 
reclassification into constitutional thrombocythemia in 
eight patients. For the 11 patients for whom bone mar-
row biopsy was not able to provide a classification, NGS 
did not give additional information in nine, but detected 
an acquired mutation in two patients: DNMT3AD835M 
(variant allele frequency, 2%) and CBLL380P (variant al-
lele frequency, 3%), allowing a reclassification to MPN. 

It is worth noting that mutations with such a low allele 
burden could be considered as clonal hematopoiesis of 
indeterminate potential and the clinical interpretation 
of these cases remains challenging. 
In order to determine whether the NGS-based or histol-
ogy-based classifications allow for a better prognostic 
discrimination, clinical characteristics and evolution 
were assessed in the groups defined by histological 
findings or NGS findings. The demographic, biological, 
and main clinical data of the patients, divided into 
groups according to the initial diagnosis, histology re-
view or the NGS-based diagnosis, are detailed in Table 
1A and Online Supplementary Table S2. Age at diagnosis 
and sex ratio were similar between MPN and non-MPN 
patients whereas MPN patients had higher platelet 
counts and lower leukocyte counts. These findings held 
true regardless of the diagnostic classification applied. 
In contrast, while the ratio of treated versus untreated 
patients was similar in the two groups (MPN and non-
MPN) after initial assessment (67% in MPN vs. 51% in 
non-MPN, P=0.128), it became significantly higher in MPN 
patients after central review (69% vs. 46%, P=0.025), 
suggesting that therapeutic decisions in current clinical 
practice were not based only on the WHO classification 
and/or decisional algorithms. In survival analyses, we 
used information on event status and follow-up time to 
estimate a survival function (median follow-up of 5 
years). 
Overall survival was not significantly different between 
MPN and non-MPN patients whatever the classification 
applied (P values of 0.34, 0.081 and 0.27 for initial, bone 
marrow biopsy-reviewed and NGS classifications, re-
spectively). It is interesting to note, however, that trans-
formation to myelofibrosis or acute leukemia only 
occurred in MPN patients (n=5), according to all classifi-
cations. Similarly, no significant difference was observed 
for event-free survival between the MPN and non-MPN 
groups defined with the three classifications (P values 
of 0.82, 0.66 and 0.68, respectively). However, the pa-
tients reassigned to the MPN group after expert pathol-
ogist review or NGS had more thrombotic events 
compared to other patients with an initial diagnosis of 
MPN or not, suggesting that bone marrow biopsies 
should be examined by highly trained pathologists, and 
that identification of clonal hematopoiesis by NGS is of 
relevance (P=0.0078) (Online Supplementary Figure S1A). 
Since patients in the MPN and non-MPN groups had 
similar evolutions, we wondered whether the presence 
of an acquired “additional” mutation could have an im-
pact on event-free survival (thrombosis or transforma-
tion) or overall survival in the whole triple-negative 
population. The presence of pathological variants did not 
have a statistically significant effect on overall survival, 
but did seem to be associated with a higher risk of 
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Table 1. (A) Demographic, biological and clinical characteristics in each group of patients with triple-negative thrombocytosis 
(with myeloproliferative neoplasm, not with myeloproliferative neoplasm, unclear and constitutional) according to the initial 
diagnosis and the diagnosis made with next-generation sequencing. (B) Comparison of demographic, clinical and biological 
characteristics at diagnosis and evolution of triple-negative patients, JAK2-mutated patients and CALR-mutated patients.

A. Diagnoses of the triple-negative group of patients (N=130)

Diagnosis 

Age at Dx, 
years, 

median 
(range)

Sex
Hemoglobin, 
g/L, median 

(range) 

Platelets 
×109/L, 
median 
(range) 

Leukocytes 
×109/L, 
median 
(range) 

Neutrophils 
×109/L, 
median 
(range) 

CD34+ 
cells/x10-6L, 

median 
(range)

Spleno-
megaly,  
n/N (%)

History of 
thrombosis, 

n/N (%)

Cyto-
reductive 

treatment, 
n/N (%)

In
it

ia
l D

x

MPN  
(N=79)

53  
(18-84)

57F/22M
135  

(107-170)
685  

(442-1800)**
8.1  

(4.1-16)*
4.8  

(2.3-11.7)*
2.7  

(0.8-14)
10/79  
(13)

14/79  
(18)

53/79  
(67)

No-MPN 
(N=45)

53  
(18-79)

30F/15M
135  

(89-169)
580  

(454-1990)
9.6  

(4.9-16)
6.0  

(2.7-14.3)
3  

(1-6.8)
1/45  
(2)

7/45  
(16)

23/45  
(51)

Unclear  
(N=6)

55  
(36-82)

6F/0M
139  

(125-155)
543  

(444-1544)
8.5  

(4.7-23.8)
5.1  

(2.7-22.4)
1.8  

(0.5-3)
0/6 0/6

3/6 
(50)

D
x 

w
it

h 
N

G
S

MPN  
(N=70) 

58  
(18-84)

51F/19M
135  

(107-163)
710  

(444-1800)**
8.1  

(4.1-16.0)*
5.1  

(2.3-11.7)
2.4  

(0.5-14)
6/70  
(9)

14/70 
(20)

49/70 
(70)*

No-MPN 
(N=39)

51  
(18-78)

24F/15M
136  

(89-169)
579  

(442-1990)
9.5  

(4.9-16)
5.8  

(2.7-14.3)
2.6  

(1-10.7)
3/39  
(8)

5/39 
(13)

18/39 
(46)

Constitutional 
(N=12)

40  
(24-71)

9F/3M
141  

(131-170)
524  

(468-788)
9.1  

(6.0-13.9)
6.2  

(3.5-10.5)
2.8  

(1.5-7.4)
2/12  
(17)

2/12 
(17)

7/12 
(58)

Unclear  
(N=9)

62  
(36-82)

9F/0M
137  

(20-155)
550  

(472-1544)
8.8  

(4.7-23.8)
5.7  

(2.7-22.4)
4  

(3-6.8)
0/9 0/9

5/9 
(56)

B. Comparison of triple-negative patients versus patients with mutated essential thrombocythemia

Groups

Age at Dx, 
years, 

median 
(range)

Sex
Hemoglobin, 
g/L, median 

(range)

Platelets 
×109/L, 
median 
(range)

Leukocytes 
×109/L, 
median 
(range) 

Neutrophils 
×109/L, 
median 
(range) 

CD34+ cells 
x10-6/L, 
median 
(range)

Spleno-
megaly,  
n/N (%)

History of 
thrombosis, 

n/N (%) 

Cyto-
reductive 

treatment, 
n/N (%)

Triple-negative 
(N=130)

53  
(18-84)^ 93F/37M

136  
(89-170)§

635  
(442-1990)

8.5  
(4.1-23.8)§

5.4  
(2.3-22.4)§

2.7 
(0.5-14.0)

11/130 
(8)

21/130  
(16)§

79/130  
(61)^

JAK2V617F 
(N=246)

65  
(17-97)

158F/88M
142  

(76-175)
684  

(145-2381)
9.3 

(3.5-23.8)
6.6  

(0.15-19.9)
2.5 

(0.5-14)
20/246 

(8)
81/246  

(33)
226/246  

(92)

CALR exon 9 
(N=98)

60  
(18-88)^^ 49F/49M# 140  

(105-165)
800  

(511-2300)$

7.9  
(4.3-19.5)§

5.1  
(2.5-13.0)§

2.85  
(1.0-17.1)

6/98  
(6)

12/98  
(12)§

86/98  
(88)

Comparisons of quantitative and categorical parameters were performed with Mann-Whitney and Fisher tests, respectively.*P<0.05 vs. No-
MPN group; **P≤0.001 vs. No-MPN group. ^P<0.01 vs. JAK2 and CALR-mutated; ^^P<0.05 vs. JAK2-mutated; #P<0.05 vs. CALR-mutated; §P<0.01 
vs. JAK2-mutated; $P<0.001 vs. triple-negative and JAK2-mutated. Constitutional: constitutional thrombocythemia; MPN: myeloproliferative 
neoplasm; no MPN: histology not in favor of MPN; Dx: diagnosis; M: male; F: female.

events, mainly after a long follow-up (beyond 4 years) 
(Online Supplementary Figure S1B). 
We then compared our cohort of triple-negative patients 
with a control group of 246 patients with JAK2V617F-
mutated ET and 98 with CALR-mutated ET. Age at diag-
nosis, hemoglobin levels and neutrophil counts were 
significantly higher in these JAK2V617F-mutated ET pa-
tients than in our triple-negative patients, and platelet 

counts were higher in the CALR-mutated patients than 
in the triple-negative patients (Table 1B). More impor-
tantly, overall, triple-negative patients had a significantly 
higher incidence of thrombosis than that in patients 
with  JAK2V617F-mutated ET, especially during the first 
years following the diagnosis (hazard ratio=2.76 [95% 
confidence interval: 1.2-6-3]; P=0.0167) (Online Supple-
mentary Figure S1C). The proportion of patients treated 
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Table 2. Main characteristics of patients with triple-negative thrombocytosis who suffered a thrombotic event.

Patients
Age  

at Dx
Sex

History of 
throm-
bosis 

pre-Dx 

Dx with 
BMB 

review

Mutations 
(VAF%)

Dx with 
NGS

Hb*  
g/L

Platelets* 
×109/L 

Leuko-
cytes* 
×109/L 

Neutro-
phils* 
×109/L 

Age at 
thrombosis, 

years

Cyto-
reductive 
therapy*

Thrombosis  
location

A_004 32 M N No MPN

ASXL1 D1180E 
(47) /  

SH2B3 R265Q 
(48)

No MPN NR NR NR NR 33 N Stroke

A_005 24 M N MPN
 

JAK2 T875N 
(49)

Constitu-
tional 

158 478 5.4 3.4 25 N
Cerebral + thoracic  

spinal cord ischemia

A_013 59 F N ET / ET 115 894 10.2 5.6 60 N Stroke

A_037 69 F N Unclear
 

DMNT3A T835M 
(2)

MPN 113 828 7.8 6.4 72 Y Pulmonary embolism

A_055 71 M N No MPN / No MPN 148 395 6.5 4.1 74 Y TIA

B_008 25 F N ET
 

ASXL1 S846N 
(51)

ET 148 428 4.66 2.19 27 Y
Abdominal  
thrombosis

B_024 47 M Y No MPN / No MPN NR NR NR NR 47/50/52 Y Stroke and 2 TIA

B_044 59 F N ET / ET 133 324 7 4.7 70 Y Stroke

B_053 64 M Y ET / ET 134 269 9.3 7.7 82 Y Myocardial infarction

B_054 65 F N No MPN
 

DNMT3A N797D 
(37)

MPN 110 439 8 6 69 Y
Lower limb  
thrombosis

B_063 74 M N ET / ET 116 461 11.1 8.8 74/81/82 Y
TIA and 2 lower limb 

thromboses

B_344 52 M N No MPN / No MPN 153 441 13.6 9.1 54 N MI and stroke

B_358 43 F N ET
 

JAK2 R1063H 
(51)

Constitu-
tional 

146 400 12.6 8.3 43 N Stroke

*Hematologic values and treatment at the time of thrombosis. Dx: diagnosis; BMB: bone marrow biopsy; VAF: variant allele frequency; NGS: 
next-generation sequencing; Hb: hemoglobin; M: male; F. female; Y: yes; N. no; ET: essential thrombocythemia; preMF: pre-myelofibrosis; 
MPN: myeloproliferative neoplasm; no MPN: histology not in favor of a myeloproliferative neoplasm; Constitutional: constitutional thrombo-
cythemia; TIA: transient ischemic attack; MI: myocardial infarction. 

with cytoreductive therapy was significantly higher in 
CALR-mutated patients (86/98; 88%) and JAK2V617F-
mutated patients (226/246; 92%) than in the triple-
negative patients (79/130; 61%) (Table 1B). To evaluate 
the potential benefit of cytoreductive therapy on throm-
bosis risk, we compared the incidence of thrombosis in 
untreated versus treated patients (the main character-
istics of patients with triple-negative thrombocytosis 
who suffered a thrombotic event are presented in Table 
2). For this purpose, we performed a landmark analysis 
considering first untreated patients and then treated pa-
tients with a starting time of follow-up at treatment 
initiation. This analysis showed an excess risk of throm-
bosis in triple-negative patients among untreated, but 
not among treated patients (Figure 1C). In order to make 

sure that the increased thrombotic risk applied to “true” 
cases of MPN, the analysis was also carried out includ-
ing only patients showing bone marrow histology of MPN 
and/or an acquired clonal mutation, with similar results 
(Online Supplementary Figure S1D). Of note, all five un-
treated triple-negative patients who had thrombotic 
events were in the low-risk group. These elements indi-
cate that cytoreductive strategies might be improved in 
this group of patients. 
In conclusion, this study shows that characterization of 
triple-negative thrombocytosis relies on thorough clini-
cal, biological, histological and genetic characterization. 
A relatively small panel of commonly mutated genes 
allows confirmation or challenges the initial assessment 
in as many as 20% patients each. Besides the demon-
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stration of clonal hematopoiesis, it is of particular inter-
est to study the whole coding sequence of MPL and 
JAK2 to identify a sub set of patients with constitutive 
thrombocytosis and vari ants in these genes. Finally, our 
results showed a higher risk of thrombosis in patients 
with triple-negative thrombocytosis than in ET patients 
with driver mutations, with the risk being especially high 
among patients who do not receive cytoreductive drugs.  
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