doi: 10.2169/internalmedicine.9282-21
Intern Med 61: 3323-3328, 2022
http://internmed.jp

Internal Medicine

The Japanese Society of Internal Medicine

[ ORIGINAL ARTICLE ]

Causes of Thrombocytosis: A Single-center Retrospective
Study of 1,202 Patients

Yoko Edahiro "®, Yasumitsu Kurokawa'?, Soji Morishita*’, Takamasa Yamamoto”,
Marito Araki>’ and Norio Komatsu "

Abstract:

Objective Thrombocytosis can occur as a primary event accompanying hematological diseases or as a sec-
ondary event. Since the publication of the World Health Organization classification in 2008, thrombocytosis
is now generally defined as a platelet count above 450x10°/L. Furthermore, the discovery of driver-gene mu-
tations in myeloproliferative neoplasms (MPNs) has simplified the diagnostic approach for thrombocytosis.
To identify the causes of thrombocytosis using this new definition, we conducted a retrospective study.
Methods We identified outpatients and inpatients aged 20 years or older with platelet counts >450x10°/L in
a half-year period at a single institute and analyzed the causes of thrombocytosis and associated clinical char-
acteristics.

Results Among 1,202 patients with thrombocytosis, 150 (12.5%) had primary and 999 (83.1%) had secon-
dary thrombocytosis. Of these patients with primary thrombocytosis, 129 (86%) had at least 1 molecular
marker indicative of MPNs. The major causes of secondary thrombocytosis were tissue injury (32.2%), infec-
tion (17.1%), chronic inflammatory disorders (11.7%) and iron deficiency anemia (11.1%). The median plate-
let count and the incidence of thrombosis were significantly higher in patients with primary thrombocytosis
than in those with secondary thrombocytosis.

Conclusion Thrombocytosis mainly occurs as a secondary event; however, it is important to determine the
cause of and prevent thrombosis, particularly in cases of primary thrombocytosis.

Key words: thrombocytosis, myeloproliferative neoplasms, essential thrombocythemia, thrombotic events

(Intern Med 61: 3323-3328, 2022)
(DOI: 10.2169/internalmedicine.9282-21)

agnosis of ET in the 1970s (1); however, this was later re-

Introduction

An elevated platelet count, also known as “thrombocyto-
sis,” can occur as a primary event accompanying hemato-
logical diseases or as a secondary event. The most frequent
hematological diseases that cause thrombocytosis are
myeloproliferative neoplasms (MPNs), including essential
thrombocythemia (ET), polycythemia vera (PV) and chronic
myeloid leukemia (CML), myelodysplastic syndromes
(MDS) and MDS/MPN. The Polycythemia Vera Study

Group proposed a platelet count of >1,000x10%/L for the di-

vised to 600x10°/L (2, 3). Following this revision, in the 3rd
edition of the World Health Organization (WHO) classifica-
tion system for tumors of hematopoietic and lymphoid tis-
sues (WHO 2001 criteria), the criterion for ET was defined
as a platelet count >600x10°/L (4). Subsequently, in the 4th
edition of the WHO classification (WHO 2008 criteria), the
threshold platelet level was reduced to 450x10°/L (5). This
was due to several concerns that the earlier threshold of 600
x10°/L might not have detected the early phase of this dis-
ease (6). In addition, the discovery of the JAK2V617F muta-
tion (7-10) made it possible to lower the threshold. Accom-
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panying these changes, the British Committee for Standards
in Haematology also proposed a threshold platelet count of
450x10°/L for the diagnosis of ET (11, 12). Finally, the re-
vised 4th edition of the WHO classification (WHO 2017 cri-
teria) maintained the platelet threshold at 450x10°/L (13);
thrombocytosis is therefore now generally defined as a
platelet count above 450x10°/L.

The major change concerning the diagnostic criteria of
ET from the WHO 2008 criteria to the WHO 2017 criteria
is the addition of driver-gene mutations associated with ET.
As mentioned above, the JAK2V617F mutation was found
in the majority of patients with Philadelphia chromosome-
negative MPNs in 2005 (7-10), and approximately half of
patients with ET harbor the JAK2V617F mutation. The
second-most common mutation is in calreticulin (CALR)
exon 9, which is detected in 20-30% of patients with
ET (14, 15), and 3-5% of patients with ET harbor the MPL
gene mutations (16). These driver-gene mutations are clearly
described in the WHO 2017 criteria as the major diagnostic
criteria (13) and have become important molecular markers
to diagnose MPNs.

Previously, a large study reported the causes of thrombo-
cytosis (platelet count >500x10°/L) in 2,000 cases in an
adult Turkish population (17). In this study, only 3.3% of
the patients had primary thrombocytosis, and approximately
half of them were diagnosed with ET. Since the definition
of thrombocytosis has now changed, and the driver-gene
mutations allow for the clear differentiation between primary
and secondary thrombocytosis, a fresh assessment to identify
the cause of thrombocytosis using this new definition is
warranted.

Therefore, we conducted a retrospective study to investi-
gate the causes of thrombocytosis and the clinical character-
istics of patients with thrombocytosis.

Materials and Methods

We retrospectively identified outpatients and inpatients
aged 20 years or older with thrombocytosis (platelet count
>450x10°/L) between July and December 2017 at Juntendo
University Hospital, which is a 1,051-bedded hospital pro-
viding advanced treatment with approximately 1,250,000 ad-
missions annually. Both new patients and patients regularly
receiving medical care at this hospital were included in the
current study. If a patient showed elevated platelet counts
twice or more during the given period, the highest platelet
count was considered for the analysis. The clinical features
of each patient were retrieved from the electronic medical
records. The patients’ age, sex, diagnosis, medical history
and laboratory data were recorded. Symptomatic thrombosis
included cerebral infarction, transient ischemic attack, myo-
cardial infarction, angina pectoris, deep venous thrombosis,
pulmonary embolus, splenic infarction, aortic thrombosis
and portal thrombosis. This study was approved by the insti-
tutional ethics committee of Juntendo University Hospital
(#18-135).

Continuous variables are described as the median and
range and were compared between the groups using the
Mann-Whitney U test for two groups and the Kruskal-Wallis
test for three or more groups. Categorical variables are de-
scribed as counts and percentages and were compared be-
tween groups using the chi-square test. Statistical computa-
tions were performed using EZR (18).

Results

During the half-year period, 1,202 patients from 30 de-
partments aged 20 years or older showed elevated platelet
counts (>450x10°/L). The Department of Hematology saw
the largest number of patients (n=169), followed by the De-
partment of Gastroenterology (n=125), Department of Rheu-
matology (n=92), Department of Gynecology (n=88), De-
partment of General Thoracic Surgery (n=83) and others
(Supplementary material 1). Most patients who visited the
Department of Hematology were diagnosed with primary
thrombocytosis, while only a few patients in other depart-
ments were diagnosed with primary thrombocytosis.

Of the 1,202 patients diagnosed with thrombocytosis, 150
(12.5%) and 999 (83.1%) were diagnosed with primary and
secondary thrombocytosis, respectively. The causes of
thrombocytosis in 53 patients (4.4%) were not identified.
The most common disease leading to primary thrombocyto-
sis was ET, which was seen in 106 patients (70.7%), fol-
lowed by PV (n=26; 17.3%) and other hematological dis-
eases (n=18; 12%) (Fig. 1a). Of these 150 patients with pri-
mary thrombocytosis, 129 (86%) had at least 1 molecular
marker among JAK2 gene mutations, CALR gene mutations,
MPL gene mutations, or the BCR-ABLI fusion gene indica-
tive of MPNs. In particularly, among patients with the most
common disease of ET, 55 (51.9%) harbored JAK2V617F
mutations, 30 (28.3%) harbored CALR gene mutations, and
4 (3.8%) harbored MPL gene mutations.

The major causes of secondary thrombocytosis included
tissue damage (n=322; 32.2%), infection (n=171; 17.1%),
chronic inflammatory disorders (n=117; 11.7%), iron defi-
ciency anemia (IDA) (n=111; 11.1%) and malignancy (n=
95; 9.5%) (Fig. 1b). The median platelet count was 523x10°/
L (range: 451-1,020x10°/L) in patients with tissue damage,
523x10°/L (range: 451-1,125x10°/L) in those with infection,
517x10°/L (range: 451-934x10°/L) in those with chronic in-
flammatory disorders, 491x10°/L (range: 451-1,103x10°/L)
in those with IDA and 560x10°/L (range: 455-1,137x10°/L)
in those with malignancy. Significant differences in the
platelet counts were found between patients with these 5
major causes of secondary thrombocytosis (p<0.001) as well
as between the patients with IDA and those with tissue dam-
age (p=0.009), those with infection (p=0.013), and those
with malignancy (p<0.001). Among causing
thrombocytosis, respiratory infections (n=51), urinary tract
infections (n=23) and soft-tissue infections (n=22) were the
most common causes. The most common malignancies caus-
ing thrombocytosis were lung cancer (n=15), gastric cancer

infections

3324



Intern Med 61: 3323-3328, 2022 DOI: 10.2169/internalmedicine.9282-21

(@)

(b)

Figure 1.

O et
[ pv
0 vmF

A MDs/MPN

0 oL

O MPN-U

D Tissue damage

[ Infection

[ chronic inflammatory disorders
[:] Iron deficiency anemia
] Malignancy

[] Atter chemotherapy
[[] Miscellaneous

[[] Bleeding

D Post-splenectomy

[E] Drug related

] Hemolysis

(a) Causes of primary thrombocytosis. (b) Causes of secondary thrombocytosis. ET: es-

sential thrombocythemia, PV: polycythemia vera, MF: myelofibrosis, MDS/MPN: myelodysplastic/
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(n=9), esophageal cancer (n=9), pharyngeal cancer (n==8),
malignant lymphoma (n=8) and colorectal cancer (n=7).

The patients’ clinical characteristics are shown in Table.
Patients with primary thrombocytosis showed significantly
higher platelet counts than those with secondary thrombocy-
tosis (median: 786x10°/L vs. 518x10°/L, p<0.001). In addi-
tion, leukocyte counts (median: 9.2x10°/L vs. 7.8x10°/L, p<
0.001), hemoglobin levels (median: 13.6 g/dL vs. 11.0 g/dL,
p<0.001), hematocrit counts (median: 41.8% vs. 33.9%, p<
0.001) and lactate dehydrogenase levels (median: 253 U/L
vs. 191 U/L, p<0.001) were significantly higher in patients
with primary thrombocytosis than in those with secondary
thrombocytosis. A history of thrombosis was found in
15.3% of patients with primary thrombocytosis. Although
100 patients with secondary thrombocytosis had a history of
thrombosis, only 12 cases of thrombosis were linked to
thrombocytosis (1.2%), and the most common thrombosis
was deep vein thrombosis/pulmonary embolism (Supplemen-
tary material 2). The prevalence of thrombosis was signifi-
cantly higher in patients with primary thrombocytosis than

in those with secondary thrombocytosis (15.3% vs. 1.2%, p<
0.001). Six cases of thrombosis accompanied with primary
thrombocytosis occurred within 1 year prior to the diagnosis
among the 23 evaluated cases.

We defined a platelet count of 451-700x10°/L as mild
thrombocytosis, 701-900x10°/L as moderate thrombocytosis,
901-1,000x10°/L as severe thrombocytosis and >1,000x10°/L
as extreme thrombocytosis (19). When the patients were
classified into these categories, more than 90% of those with
secondary thrombocytosis had mild thrombocytosis (Fig. 2).
Furthermore, the proportion of patients with extreme throm-
bocytosis was 30% in the primary thrombocytosis group but
only 0.6% in the secondary thrombocytosis group (p<0.001).

Discussion

The causes of thrombocytosis have been reported in sev-
eral studies. However, to our knowledge, this is the largest
study to date analyzing the causes of thrombocytosis defined
by a platelet count of >450x10°/L in adults. In our study, we
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Table.

Clinical Characteristics of Patients with Primary and Secondary Thrombocytosis.

Patients with

Patients with

p value (primary

All patients* throl:;i)ri)lz;}tlosis thri)erflgr;(clgltzsis t%i?it%;ﬁ:j;s

(n=150) (n=999) thrombocytosis)
Median age, years (range) 60 (20-97) 60 (20-88) 59 (20-94) 0.227
Male, n (%) 545 (45%) 75 (50%) 453 (45%) 0.293
Platelet count, median in 10%/L (range) 530 (451-2,761) 786 (451-2,761) 518 (451-1,137) <0.001
Leukocyte count, median in 10%/L (range) 7.9 (2.2-120.5) 9.2(3.2-120.5) 7.8 (2.2-30.7) <0.001
Red blood cell count, median in 10'%/L (range)  3.98 (1.60-7.78) 4.63 (2.09-7.78) 3.92 (1.60-6.53) <0.001
Hemoglobin, median in g/dL (range) 11.3 (4.6-20.2) 13.6 (8.6-20.2) 11.0 (4.6-18.0) <0.001
Hematocrit, median in % (range) 349 (15.8-61.1) 41.8 (27.5-61.1) 33.9 (15.8-54.1) <0.001
Lactate dehydrogenase, median in U/L (range) 197 (13-3,795) 253 (19-1,090) 191 (13-3,795) <0.001
History of thrombosis related to thrombocytosis  36/1,201 (3.0%) 23/150 (15.3%) 12/999 (1.2%) <0.001

* Patients with primary and secondary thrombocytosis, and patients with unidentified causes of thrombocytosis are included.

12(?.0%)
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Figure 2. Severity of elevated platelet counts in primary and secondary thrombocytosis. The sever-

ity of elevated platelet counts was defined as follows: mild thrombocytosis (451-700x10°/L), moderate

thrombocytosis  (701-900x10°/L),
thrombocytosis (>1,000x10°/L).

severe

identified 150 patients (12.5%) with primary thrombocytosis
in the total cohort of 1,202 patients with thrombocytosis,
and of these 150 patients with primary thrombocytosis, 129
(86%) had at least 1 molecular marker. These data under-
score the importance of analyzing molecular markers to dif-
ferentiate primary thrombocytosis from secondary thrombo-
cytosis.

The association between malignancies and thrombocytosis
has been reported in several studies, and a recent systematic
review suggested that thrombocytosis may be an early
marker of specific types of malignancies (20). In our study,
malignancy was the causative factor in 95 (9.5%) of the 999
patients with secondary thrombocytosis. Given these find-
ings, we believe that it is important to exclude the presence
of malignancy from the differential diagnosis of thrombocy-
tosis if a patient shows thrombocytosis of unknown cause.

Rose et al. reported the causes of thrombocytosis (>500x
10°/L) in 801 cases, of which only 5.2% (n=42) were diag-
nosed as primary thrombocytosis (21). Among them, ap-
proximately half (n=22) were ET, 24% (n=10) were PV,

thrombocytosis

(901-1,000x10°/L), and extreme

2.4% (n=1) were CML, and others (n=9) were unspecified
myeloproliferative disorders. They particularly emphasized
thrombocytosis secondary to infection, which was the largest
cause of thrombocytosis, being seen in 47.9% of the pa-
tients. Another study, reported by Griesshammer et al. on
732 patients with thrombocytosis (2500x10°/L) revealed that
12% (n=89) had primary thrombocytosis (22). The causes of
secondary thrombocytosis were tissue damage, infection,
malignancy and chronic inflammation, which were similar to
the causes identified in our study. The report also showed
that the incidence of thromboembolic complications in pa-
tients with primary thrombocytosis (12.4%) was higher than
that in patients with secondary thrombocytosis (1.6%). The
difference between these two studies and our own is in the
definition of thrombocytosis and the driver-gene mutations.
The ratio of primary thrombocytosis in our study was simi-
lar to that described in the Griesshammer’s report, while
Rose’s report showed a very low rate of primary thrombocy-
tosis. The patients in Rose’s study were enrolled between
March and December 2005, when the JAK2V617F mutation
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had just been discovered; thus, most of the patients were
likely not tested for the driver-gene mutations. This may be
the reason for the low rate of primary thrombocytosis. An-
other reason might be that the authors emphasized secon-
dary thrombocytosis due to infectious causes but not hema-
tological diseases, and whether or not a hematologist was
involved in the study is unclear. Therefore, the diagnosis of
primary thrombocytosis might have been missed among pa-
tients in whom the causes were unknown, which accounted
for 7.4% of the study population. In contrast, although the
study by Griesshammer, et al. was also conducted before the
discovery of driver-gene mutations, the analyses were con-
ducted by hematologists, which might have affected the re-
sults due to an emphasis on the diagnosis of MPNs (22). To
account for the difference in the definition of thrombocyto-
sis, i.e. a platelet count of >450x10°/L versus >500x10°/L,
we analyzed the data of patients with a platelet count >500x
10°/L (n=755) and found that 141 patients (18.7%) had pri-
mary and 593 patients (78.5%) had secondary thrombocyto-
sis. Among 447 patients with a platelet count in the range of
450x10°/L to 500x10°/L, primary and secondary thrombocy-
tosis were seen in 9 (2.0%) and 406 patients (90.8%), re-
spectively. Consequently, raising the threshold of platelet
count resulted in an increased rate of patients with primary
thrombocytosis. Therefore, the discrepancy in the ratio of
primary thrombocytosis with respect to the previous reports,
might not be due to the different definitions of thrombocyto-
sis.

As shown in Fig. 2, the ratio of patients with extreme
thrombocytosis was significantly higher in patients with pri-
mary thrombocytosis than in those with secondary thrombo-
cytosis (p<0.001). Only 8.9% of patients with secondary
thrombocytosis had platelet counts >700x10°/L, while the
ratio was 64.7% in patients with primary thrombocytosis
(Fig. 2). In addition, the proportion of patients with platelet
counts >900x10°/L was only 1.3% in those with secondary
thrombocytosis, whereas it was 38.0% in those with primary
thrombocytosis. On analyzing these results from a different
perspective, among patients who had platelet counts >700x
10°/L, 97 (50.8%) had primary thrombocytosis, and 89
(46.6%) had secondary thrombocytosis. Furthermore, among
the patients who had platelet counts >900x10°/L, 57 (80.2%)
had primary thrombocytosis, and 13 (18.3%) had secondary
thrombocytosis. These results underscore the importance of
identifying primary thrombocytosis, especially when patients
show platelet counts >700x10°/L. In contrast, 0.6% of pa-
tients (n=6) with extreme thrombocytosis did not have a pri-
mary causative disease. Instead, these patients had tissue
damage (n=1), infection (n=1), IDA (n=1), malignancy (n=
1) or other conditions that resulted in extreme thrombocyto-
sis. Therefore, although rare, the possibility of secondary
thrombocytosis underlying the etiology of patients with ex-
treme thrombocytosis should not be overlooked within the
differential diagnosis.

The risk of thrombosis in patients with secondary throm-
bocytosis as well as secondary erythrocytosis has been fre-

quently discussed. Recently, Nguyen et al. reported the dif-
ference in thrombosis rates between patients with PV and
secondary erythrocytosis (23). In their report, the occurrence
of thrombosis was lower in patients with secondary erythro-
cytosis than in those with primary erythrocytosis. Similarly,
in our study, the incidence of thrombosis was lower in pa-
tients with secondary thrombocytosis than in those with pri-
mary thrombocytosis, which was consistent with the find-
ings in the study by Griesshammer et al. (22) and Aydogan
et al. (17). However, there were a number of thrombotic
events that we presumed were unrelated to thrombocytosis
because they occurred when the platelet count was in the
normal range or due to other reasons. Further studies are
therefore necessary to analyze the relationship between
thrombotic events and secondary thrombocytosis.

The main limitation of this study is that this was an elec-
tronic medical records-based retrospective study, which
might not have accurately diagnosed the cause of thrombo-
cytosis. The driver-gene mutations were not analyzed in all
patients with thrombocytosis, which may have led to the di-
agnosis of secondary thrombocytosis instead of primary
thrombocytosis. Finally, the Department of Hematology in
our hospital follows more MPN patients than other hospi-
tals, and some patients are referred to our hospital under
suspicion of MPN; thus, we might have had more patients
with primary thrombocytosis than other general hospitals.
Nevertheless, this is the first study concerning the causes of
thrombocytosis since the latest definition of thrombocytosis
(threshold of 450x10°/L) came to be widely accepted.

In conclusion, we conducted the largest retrospective
study to date from a single institute and showed that, in
more than 80% of the patients, thrombocytosis occurred due
to secondary events. The severity of thrombocytosis, leuko-
cyte counts, hemoglobin levels, hematocrit counts and lac-
tate dehydrogenase levels can aid in differentiating between
primary and secondary thrombocytosis. Furthermore, driver-
gene mutations provide useful information for the diagnosis.
The risk of thrombotic events is higher in patients with pri-
mary thrombocytosis than in those with secondary thrombo-
cytosis; therefore, we emphasize the importance of deter-
mining the cause of thrombocytosis, which can ultimately
aid in preventing thrombotic events, particularly in cases of
primary thrombocytosis.
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