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Abstract

Objective: To describe the multifactorial etiologies of extreme thrombocytosis (EXT) in different care
settings and the frequency of finding an occult malignancy.
Patients and Methods: We conducted a retrospective chart review at Mayo Clinic from January 1,
2011, through December 31, 2016. Adult patients who had at least 2 readings of platelet counts greater
than 1000�109/L within 30 days of each other were included. We determined the causes of EXT on
the basis of preset definitions of precipitating factors and identified the dominant causes on the basis of
the trend of platelet counts.
Results: A total of 44,490 patients had thrombocytosis, and 305 patients (0.7%) had EXT. In 242
patients (79.3%), EXT was multifactorial. Surgical complications (54.1%) and hematologic malig-
nancies (27.9%) were the 2 most dominant causes. Thirty-eight patients (12.5%) had new diagnoses of
malignancies, mostly myeloproliferative neoplasms. In inpatients, surgical complications (71.9%),
concurrent/previous splenectomy (50.5%), and infections (44.9%) were the most common causes,
whereas hematologic malignancies (56.9%), iron deficiency (36.7%), and previous splenectomy
(28.4%) were the most common causes in outpatients. Hematologic malignancy was 3.4 times more
likely to be the cause of EXT in outpatients than in inpatients (56.9% vs 16.8%), and a new diagnosis
of hematologic malignancy was 1.9 times more likely to be made in outpatients (15.6% vs 8.2%).
Eighty-four percent of patients had resolution of EXT within 30 days. One patient died during the
period of EXT. Nonsurgical patients with hematologic malignancies had the most prolonged period of
EXT.
Conclusion: Extreme thrombocytosis is a multifactorial hematologic condition, and its etiology differs
substantially between inpatients and outpatients. Occult hematologic malignancies are uncommon in
EXT when other major causes are present.
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T he major causes of thrombocytosis
can be categorized as reactive (sec-
ondary) and clonal (primary).1 Before

the advent of automated blood cell counters,
extreme thrombocytosis (EXT; defined as
platelet count >1000�109/L) was once
considered a rare event. It was thought that
most of the patients with EXT had clonal he-
matologic disorders on the basis of the
Mayo Clin Proc. n August 2019;
www.mayoclinicproceedings.org n
assumption that inflammation rarely causes
such an extraordinary effect on platelet pro-
duction.2 However, 2 subsequent studies sug-
gested otherwise. The first study, a
retrospective analysis of 280 patients with
EXT seen at an institution from 1964 to
1983, found that only fewer (14%) had hema-
tologicmalignancies.3 A second single institu-
tional series also found that among the 126
94(8):1542-1550 n https://doi.org/10.1016/j.mayocp.2019.01.041
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ETIOLOGIES OF EXTREME THROMBOCYTOSIS
patients identified with EXT from 1994 to
1999, most (55%) had reactive thrombocyto-
sis. However, they reported a much higher
proportion of patients with hematologic ma-
lignancies (45%).4 In both studies, each case
of EXT was attributed to a single cause and
the nature of the patient population and care
setting were not taken into consideration. In
addition, these studies were conducted
several decades ago, and etiologies of EXT
may have changed over time. Therefore, this
study was performed to determine the
contemporary causes of EXT in both the inpa-
tient and outpatient settings. The likelihood
of diagnosing an occult malignancy during
the evaluation of EXT was also analyzed. We
hypothesized that EXT is amultifactorial con-
dition and its pathophysiology depends on
the care setting inwhich a patient is evaluated.
PATIENTS AND METHODS
We performed a retrospective analysis of
adult patients (aged �18 years) seen at
Mayo Clinic, Rochester, Minnesota, from
January 1, 2011, through December 31,
2016. Patients who had at least 2 readings
of platelet counts greater than 1000�109/L
within 30 days of each other were identified.
Patients who declined bone marrow studies
despite physicians’ recommendations were
excluded (n¼3). The causes of EXT for
each patient were determined using the
following definitions:

1. Trauma: Any major trauma requiring
surgery under general anesthesia within
30 days before the first reading of EXT.

2. Surgery: Major surgery under general
anesthesia within 30 days before the first
reading of EXT.

3. Asplenia: Any history of splenectomy or
splenic infarction. We marked “concur-
rent splenectomy” if the patient received
splenectomy within 30 days before the
first reading of EXT.

4. Infection: (a) Active infection with defin-
itive microbiological evidence within 14
days before the first reading of EXT or
(b) receiving therapeutic antibiotics for
recent infections at the time of EXT.
Mayo Clin Proc. n August 2019;94(8):1542-1550 n https://doi.org/1
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5. Inflammation (noninfectious): (a) Identi-
fiable inflammatory disorder with active
symptoms, abnormal C-reactive protein
levels or erythrocyte sedimentation
rate, within 14 days before the first
reading of EXT or (b) receiving treat-
ment for previously diagnosed inflam-
matory conditions.

6. Hematologic malignancy: (a) Diagnosis of
any myeloproliferative neoplasm (MPN)
or (b) non-MPN hematologic malig-
nancies which had at least 1 reading of
thrombocytosis (platelet count
>450�109/L) within 12 months before
the first reading of EXT that could not
be attributed to other causes. Extreme
thrombocytosis caused by hematologic
malignancies was considered clonal
thrombocytosis, whereas EXT not
caused by hematologic malignancies
was considered reactive thrombocytosis.

7. Nonhematologic malignancy: Thrombo-
cytosis at the time of the diagnosis of
nonhematologic malignancy that could
not be attributed to other causes.

8. Medications: (a) Received medications
known to be associated with thrombocy-
tosis (eg, romiplostim and eltrombopag)
within 14 days before the first reading of
EXT or (b) received myelosuppressive
chemotherapy resulting in thrombocyto-
penia within 30 days before the
first reading of EXT (rebound
thrombocytosis).5

9. Iron deficiency: Reduced iron stores
within 1 year before the first reading of
EXT. If patients had received iron sup-
plements since the last report of iron
deficiency and mean corpuscular vol-
ume had returned to normal before
EXT, the previously diagnosed iron defi-
ciency would be considered resolved at
the time of EXT.

10. Hemorrhage: Symptomatic bleeding in a
critical area or region not caused by
trauma or surgery, with a fall in hemoglo-
bin level of at least 20 g/L (1.24 mmol/L)
or with requirement of transfusion of at
least 2 units of red blood cells within 30
days before the first reading of EXT.
0.1016/j.mayocp.2019.01.041 1543

https://doi.org/10.1016/j.mayocp.2019.01.041
http://www.mayoclinicproceedings.org


645 Had EXT from 2011 through 2016

308 Had EXT lasting >1 d

85 Excluded because of lack of
follow-up platelet counts

3 Excluded because of declined bone
marrow biopsy recommendation

305 Included in the final analysis

252 Excluded because of brief periods
of EXT:
  • 222 with EXT for only 1 d
  • 30 with intermittent episodes
     of EXT, each episode lasting
     only 1 d

FIGURE 1. Study flowchart. EXT ¼ extreme thrombocytosis.
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11. Electroconvulsive therapy: Received elec-
troconvulsive therapy within 14 days
before the first reading of EXT.

One author (R.W.H.) classified the po-
tential cause(s) for each case of EXT accord-
ing to the above definitions. Cases not easily
defined by the first author were reviewed by
a second author (A.R.) and the senior inves-
tigator (R.S.G.) and discussed in confer-
ences. The number of causes for each case
of EXT was tabulated. For cases with multi-
ple causes, we analyzed the trend of platelet
counts to determine the dominant cause. We
performed separate analyses for patients who
developed EXT in the inpatient and outpa-
tient settings. Lastly, the 30-day trend of
platelet counts was analyzed according to
the major causes of EXT to determine the
natural history. The study was approved
and informed consent waived by the Mayo
Clinic Institutional Review Board.

RESULTS

Study Inclusion
A total of 44,490 unique patients were
found having thrombocytosis (platelet
count>450�109/L) from 2011 to 2016. Among
them, 645 patients (1.4%) had EXT. We
Mayo Clin Proc. n August 2019;
identified 305 patients who met the inclusion
criteria (Figure 1), including 109 outpatients
(35.7%)and196 inpatients (64.3%).Themedian
age was 57 years (range, 18-95 years; inpatients,
54.5 years; outpatients, 63 years), and the me-
dian highest platelet count was 1242�109/L.

Causes of EXT
Multiple factors contributed to EXT in 242 pa-
tients (79.3%), whereas only a single factor
was identified in the remaining 63 patients
(20.7%). In total, 210 patients (68.9%) had
reactive thrombocytosis alone, 33 patients
(10.8%) had clonal thrombocytosis alone,
and 62 patients (20.3%) had both. For multi-
factorial EXT cases, we identified the domi-
nant cause for each case on the basis of the
trend of platelet counts as well as the clinical
events at the time, and categorized all 305
cases of EXT in Table 1. Surgical complica-
tions were the dominant cause (54.1%), fol-
lowed by hematologic malignancy without
recent surgery (27.9%). Although commonly
seen in patients with EXT, infection and/or
inflammation (8.9%), asplenia (2.0%), or
iron deficiency (0.3%) was rarely the domi-
nant cause of EXT, and they usually coexisted
with recent surgeries or hematologic malig-
nancies. Medications were the dominant
cause of EXT in 19 patients (6.2%). Of these
19 patients, 12 (3.9%) were prescribed medi-
cations associated with thrombocytosis
whereas 7 (2.3%) had rebound thrombocyto-
sis after myelosuppressive chemotherapy. In
the former, medications included gemcita-
bine (41.7%), romiplostim (25.0%), pegfil-
grastim/filgrastim (25.0%), and eltrombopag
(8.3%), whereas in the latter, they included
antimitotic agents (topoisomerase inhibitors
[doxorubicin, daunorubicin, etoposide, and
idarubicin] and others [decitabine and bleo-
mycin]; 85.7%), antimetabolites (pemetrexed
and cytarabine; 57.1%), and alkylating agents
(cisplatin, carboplatin, and ifosfamide;
42.9%). Two patients (0.7%) had EXT caused
by hemorrhagic shock after catheterization
procedures for portal vein thrombosis. Two
patients (0.7%) received electroconvulsive
therapy (not shown in Table 1) right before
EXT, but both of them also had hematologic
malignancies.
94(8):1542-1550 n https://doi.org/10.1016/j.mayocp.2019.01.041
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TABLE 1. Major Combinations of Causes of Extreme Thrombocytosis in 305 Patientsa

Major causes

Surgical
complications

Hematologic
malignancy

Infection/
inflammation Medications Splenectomy

Nonsurgical
hemorrhage

Iron
deficiency n (%)

Surgical complications:
165 (54.1%)
Trauma þ/� 8 (2.6)
Trauma þ/� Concurrent 19 (6.2)b

Nontrauma þ/� þ/� 47 (15.4)
Nontrauma þ/� Concurrent þ/� 63 (20.7)
Nontrauma þ/� Previous þ/� 18 (5.9)
Nontrauma þ þ/� þ/� 3 (1.0)
Nontrauma þ Concurrent þ/� 6 (2.0)
Nontrauma þ Previous 1 (0.3)

Hematologic malignancy
without surgery:
85 (27.9%)

þ þ/� 60 (19.7)

þ Previous þ/� 5 (1.6)

þ þ þ/� 16 (5.2)

þ þ Previous 4 (1.3)

Infection/inflammation
without surgery or
hematologic malignancy:
27 (8.9%)

þ þ/� 19 (6.2)

þ Previous þ/� 8 (2.6)

Medications: 19 (6.2%)

Directc þ/� 4 (1.3)

þ Directc Previous 2 (0.7)

Directc Previous þ/� 6 (2.0)

Reboundd 5 (1.6)

Reboundd Previous 1 (0.3)

Nontrauma Reboundd 1 (0.3)

Others: 9 (3.0%)

Previous þ/� 6 (2.0)

þ/� þ 2 (0.7)

þ 1 (0.3)

Total

166 (54.4%) 95 (31.1%) 163 (53.4%) 19 (6.2%) 139 (45.6%) 2 (0.7%) 47 (15.4%) 305
aþ ¼ present; � ¼ not present.
bIncludes 2 trauma cases managed with Gelfoam embolization of the splenic artery, leading to splenic infarction.
cMedications associated with thrombocytosis: gemcitabine, romiplostim, pegfilgrastim, filgrastim, and eltrombopag.
dRebound thrombocytosis after myelosuppressive therapy: antimitotic agents (doxorubicin, daunorubicin, etoposide, idarubicin, decitabine, and bleomycin), antimetabolites
(pemetrexed and cytarabine), and alkylating agents (cisplatin, carboplatin, and ifosfamide).

ETIOLOGIES OF EXTREME THROMBOCYTOSIS
Diagnoses of New Malignancies
Thirty-eight patients (12.5%) were diagnosed
with new malignancies, including 33
hematologic malignancies (86.8%) and 5 non-
hematologic malignancies (13.2%) (Table 2).
Mayo Clin Proc. n August 2019;94(8):1542-1550 n https://doi.org/1
www.mayoclinicproceedings.org
In most of these patients (20 patients
[52.6%]), patients were undergoing clinical
evaluation in the outpatient setting.Myelopro-
liferative neoplasms accounted for 30 of the 33
cases of newly diagnosed hematologic
0.1016/j.mayocp.2019.01.041 1545
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TABLE 2. New Malignancies Diagnosed During the Evaluation of Extreme
Thrombocytosis

Type of malignancy

Setting

Inpatient Outpatient Combined

Hematologic malignancies 16 (88.9) 17 (85.0) 33 (86.8)
Essential thrombocytosis 7 (38.9) 10 (50.0) 17 (44.7)
Chronic myeloid leukemia 4 (22.2) 2 (10.0) 6 (15.8)
Polycythemia vera 2 (11.1) 1 (5.0) 3 (7.9)
Primary myelofibrosis 1 (5.6) 1 (5.0) 2 (5.3)
Undifferentiated myeloproliferative neoplasms 1 (5.6) 1 (5.0) 2 (5.3)
Diffuse large B-cell lymphoma 1 (5.6) 1 (5.0) 2 (5.3)
Acute myeloid leukemia 0 (0.0) 1 (5.0) 1 (2.6)

Nonhematologic malignancies 2 (11.1) 3 (15.0) 5 (13.2)
Colon cancer 1 (5.6) 1 (5.0) 2 (5.3)
Ovarian cancer 0 (0.0) 1 (5.0) 1 (2.6)
Gastric cancer 0 (0.0) 1 (5.0) 1 (2.6)
Squamous cell carcinoma of the mandible 1 (5.6) 0 (0.0) 1 (2.6)

Data are presented as No. (percentage).
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malignancies. Essential thrombocytosis was
the most common newly diagnosed hemato-
logicmalignancy (44.7%), followed by chronic
myeloid leukemia (15.8%) and polycythemia
vera (7.9%). All the 5 patients with nonhema-
tologic malignancies had clinical signs and
symptoms of malignancies, and EXT occurred
during the evaluation ofmalignancies in either
the postoperative (n¼4) or the postbiopsy
setting thatwas complicated byhepatic abscess
(n¼1).
Influence of Care Settings
We calculated the frequency of each factor as
a cause of EXT and presented the results
based on the care settings in Figure 2A.
For inpatients, surgery (71.9%), asplenia
(50.5%; including 36.7% with concurrent
splenectomy and 13.8% with previous sple-
nectomy), and infection (44.9%) were the
most common causes of EXT. Most of the
asplenia (72.7%) and infections (77.3%)
followed recent surgeries. For outpatients,
hematologic malignancy (56.9%), asplenia
(36.7%), and iron deficiency (28.4%) were
the most common. Hematologic malignancy
was 3.4 times more likely to be the cause of
EXT in outpatients than in inpatients (56.9%
vs 16.8%), and a new hematologic malig-
nancy was 1.9 times more likely to be diag-
nosed in outpatients (15.6% vs 8.2%).
Mayo Clin Proc. n August 2019;
As most cases of EXT were multifacto-
rial, the 5 most common clinical scenarios
for inpatients and outpatients are displayed
Figure 2B. For inpatients, all the top 5
most common scenarios were combinations
between nontrauma surgery or asplenia and
infection or inflammation. For outpatients,
3 of the top 5 most common scenarios
were combinations of hematologic malig-
nancy or iron deficiency and infection or
inflammation. The remaining 2 were non-
trauma surgery from recent hospitalization
and medications.

Outcomes
One patient died during the period of EXT.
The cause of death was bleeding from
portal vein puncture during endoscopic
retrograde cholangiopancreatography and
not considered as a direct result of EXT.
Sixteen patients were lost to follow-up
before resolution of their EXT (platelet
count �1000�109/L). Of the remaining
288 patients, 242 (84.0%) had resolution of
EXT within 30 days whereas 46 patients
(16.0%) had prolonged EXT (>30 days),
with its duration between 31 and 389 days.
Only 14 patients (4.9%) had EXT for more
than 90 days. If the duration of EXT for
those who were lost to follow-up or died
was assumed to be until the last platelet
count on record, the median duration of
EXT and prolonged EXT was 7 days (range,
2-389 days) and 48 days (range, 31-389
days), respectively.

Trends of Platelet Counts
We presented the trends of platelet counts
based on different causes of EXT in
Supplemental Figure A-F (available online
at http://www.mayoclinicproceedings.org).
Most of the patients with recent surgeries
or infection/inflammation had a steady
downward trend of platelet counts within
30 days, whereas many nonsurgical patients
with hematologic malignancies had pro-
longed EXT. Among patients with recent
surgeries, those with recent splenectomy
had slower resolution of EXT than those
without. Of note, patients who received mul-
tiple administrations of platelet-stimulating
94(8):1542-1550 n https://doi.org/10.1016/j.mayocp.2019.01.041
www.mayoclinicproceedings.org
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FIGURE 2. A, Factors associated with extreme thrombocytosis in the inpatient and outpatient settings.
B, Five most common clinical scenarios for extreme thrombocytosis in the inpatient and outpatient
settings. ECT ¼ electroconvulsive therapy; I/I ¼ infection/inflammation; NTS ¼ nontrauma surgery.

ETIOLOGIES OF EXTREME THROMBOCYTOSIS
medications were susceptible to cyclic
thrombocytosis and thrombocytopenia as
they received medications on a regular basis.

DISCUSSION
This largest EXT study to date provides a
contemporary description of the etiologies
Mayo Clin Proc. n August 2019;94(8):1542-1550 n https://doi.org/1
www.mayoclinicproceedings.org
of EXT in both the inpatient and outpatient
settings. Several findings are notable.
Extreme thrombocytosis was a rare occur-
rence (1 in 100) in unselected patients who
had thrombocytosis. In most cases (8 in
10), EXT was multifactorial and likely a
result of cumulative “hits” from various
0.1016/j.mayocp.2019.01.041 1547
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conditions known to cause thrombocytosis.
The dominant cause varied on the basis of
the care setting, with surgery/surgical com-
plications and MPNs predominating in the
inpatient and outpatient settings, respec-
tively. New cancer diagnoses were relatively
uncommon (1 in 8 [12.5%]), especially in
the inpatient setting (1 in 11 [9.2%]), and
they were mostly MPNs. In most cases,
EXT resolved within 30 days of its
presentation.

Although EXT is common in patients with
MPNs, it is extremely rare outside this setting.
In our study of nearly 50,000 patients with
thrombocytosis, only 1.4% had EXT. The 2
major previous studies focusing on EXT did
not report the frequency of EXT in unselected
patients with thrombocytosis.3,4 A relatively
smaller study from Germany consisting of pa-
tients with thrombocytosis (N¼732) reported
a similarly lowEXT rate of 3.8%.6 InMPNs, the
reported rates of EXT at diagnosis were
approximately 50%,7 15%,8 and 4%9 for essen-
tial thrombocytosis, chronic myeloid leuke-
mia, and polycythemia vera, respectively.

Unlike previous studies, which assigned
a single etiology for each patient with EXT
and did not take into account the setting in
which EXT occurred, our study investigated
all potential attributable factors that existed
during the EXT episode and analyzed them
on the basis of whether EXT occurred in
the inpatient or outpatient setting. We found
that in most of the cases (w80%), EXT
could be considered multifactorial and the
combination of factors were context depen-
dent. In the inpatient setting, more than
half of the EXT cases occurred among those
who had major surgeries, mostly in associa-
tion with secondary factors such as concur-
rent or previous splenectomy and
postoperative infectious complications. In
contrast, most patients in the outpatient
setting had a previous diagnosis of hemato-
logic malignancy (mainly MPNs) with or
without concurrent infection or iron
deficiency.

We have summarized the causes of EXT
for each case in Table 1 and grouped patients
on the basis of the dominant causes. Surgical
complications and hematologic malignancies
Mayo Clin Proc. n August 2019;
were the 2 most dominant causes. Although
previous studies reported infections and
splenectomy as the 2 most common causes
of EXT, we found that most patients
(w70%) who had infections or inflamma-
tions had recent surgeries and should be
considered surgical complications. Fewer pa-
tients (w10%) who had infections had been
previously diagnosed with hematologic ma-
lignancies. These patients had chronic
thrombocytosis because of hematologic ma-
lignancies, but platelet counts were not
extremely high until they had infections.
The increased platelet counts secondary to
infections were relatively small as compared
with the chronically elevated platelet counts
secondary to hematologic malignancies.
Two-thirds of our patients who had previous
splenectomy had surgeries just before the
development of EXT, and they had mild to
moderate thrombocytosis before the sur-
geries. The impact of surgeries on the
platelet count appeared to be more substan-
tial than the impact of their previous sple-
nectomy. Hence, our study reported that
patients who had infection, inflammation,
or asplenia usually had recent surgeries or
hematologic malignancies, and infection,
inflammation, and asplenia were not as
remarkable causes as recent surgeries and
hematologic malignancies. These findings
suggest that in the absence of myeloid neo-
plasms, EXT usually occurs as a result of
multiple “hits” from several reactive causes
of thrombocytosis occurring in sequence.
Of note, although iron deficiency was com-
mon in outpatients with EXT, most of these
patients (w85%) had concomitant hemato-
logic malignancies.

Two common clinical questions are
encountered during a hematology consulta-
tion for the evaluation of EXT: (1) What is
the likelihood of an occult malignancy?
and (2) What should be the extent of evalu-
ation to rule out such a possibility? These
questions were not addressed by previous
studies.3,4,6 In our study, the discovery of a
new malignancy was relatively uncommon
(w10%) and most were in the outpatient
setting with an abnormal platelet count as
the isolated findingdfeatures highly
94(8):1542-1550 n https://doi.org/10.1016/j.mayocp.2019.01.041
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Major causes present Major causes absent

Persistent EXT

Bone marrow studyTreat causes

Not resolved ≥90 d

Bone marrow study

Resolution <90 d

No further evaluation

Extreme Thrombocytosis
EXT (platelet counts >1000x109/L)

Major Causes
• Recent surgery or trauma
• Myeloproliferative neoplasm
• Active infection
• Medications associated with thrombocytosis

Repeat platelet count

FIGURE 3. Proposed algorithm for workup and management of EXT. EXT ¼ extreme thrombocytosis;
MPN ¼ myeloproliferative neoplasm.

ETIOLOGIES OF EXTREME THROMBOCYTOSIS
suggestive of myeloid neoplasms. Nonhema-
tologic malignancies were discovered in only
5 patients (<2%). Therefore, in our opinion,
an extensive search for an occult malig-
nancy, especially solid tumors, is generally
not necessary, especially in the inpatient
setting. In the outpatient setting, we recom-
mend evaluation for MPNs when an expla-
nation is not evident. A proposed algorithm
for work-up and management of EXT is dis-
played in Figure 3. An observation period of
90 days is defined in Figure 3 on the basis of
the fact that less than 5% of patients in our
study had EXT for more than 90 days.

There are several limitations of our
study. First, the study was conducted at a
major academic center well known for its
work on hematologic malignancies; thus,
referral bias could not be avoided. The pro-
portion of patients with hematologic malig-
nancies in our study (31.1%) was likely
higher than expected in the community
setting. Second, because our inclusion
criteria required cases to have at least 2
Mayo Clin Proc. n August 2019;94(8):1542-1550 n https://doi.org/1
www.mayoclinicproceedings.org
readings of platelet counts greater than
1000�109/L within 30 days to minimize lab-
oratory error and show persistence, 340 pa-
tients were excluded because they had only
1 platelet count revealing EXT. Therefore,
patients who had transient EXT, did not
require a second platelet count after the
initial consultation, or were lost to follow-
up were not included in the study. As a
result, our patient population could have
been sicker, requiring them to be evaluated
and followed for a longer period of time,
enough to have a second platelet count
measured. Third, we did not have clinical
outcomes pertaining to thrombotic or hem-
orrhagic events. We intentionally did not
include such outcomes as attribution of
causes of thromboses and hemorrhages are
difficult to assign. In more than half of our
patients, EXT occurred in a postoperative
setting, while most of the nonsurgical cases
had hematologic malignancies. The largest
study of EXT published before our report
had attempted to describe these outcomes
0.1016/j.mayocp.2019.01.041 1549
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but have questioned the reliability of their
attribution because many patients had
vascular comorbidities and most patients
with MPNs received cytoreductive therapy
anyway.3 The remaining question is whether
EXT from secondary causes would benefit
from antiplatelet therapy. A retrospective
study of EXT in the trauma population sug-
gested that antiplatelet therapy may not
affect inpatient outcomes including mortal-
ity, complications, and hospital stay.10
CONCLUSION
The present study reported that other than
MPNs, EXT is generally a multifactorial he-
matologic condition that resolves over time
with treatment of the underlying causes. The
latter are usually identifiable and related to
the clinical context that is generally obvious.
An extensive search for an occult malignancy
is not necessary unless dictated by other signs
or symptoms.We recommend a bonemarrow
evaluation only if none of the major cau-
sesdrecent surgery, active infection, history
of splenectomy, and MPNsdare present at
the time of EXT evaluation.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online
at: http://www.mayoclinicproceedings.org.
Supplemental material attached to journal ar-
ticles has not been edited, and the authors
take responsibility for the accuracy of all data.
Abbreviations and Acronyms: EXT = extreme thrombo-
cytosis; MPN = myeloproliferative neoplasm

Affiliations (Continued from the first page of this
article.): (A.R., J.H., J.L.O.), Mayo Clinic, Rochester, MN;
Mayo Clin Proc. n August 2019;
Department of Medicine, Albert Einstein Medical Center,
Philadelphia, PA (R.W.H.); and Division of Hematology,
Mayo Clinic, Jacksonville, FL (P.V.).

Potential Competing Interests: Dr Hook receives pay-
ment for lectures and housing and travel reimbursement
from Trinity International University (both outside the sub-
mitted work). Dr Hogan has received a grant from Blood
and Marrow Transplant Clinical Trials Network. Dr Patnaik
serves as a consultant for Stemline Therapeutics (outside
the submitted work). The other authors report no
competing interests.

Correspondence: Address to Ronald S. Go, MD, Division
of Hematology, Mayo Clinic, 200 First St SW, Rochester,
MN 55905 (go.ronald@mayo.edu).
REFERENCES
1. Schafer AI. Thrombocytosis. N Engl J Med. 2004;350(12):1211-

1219.
2. Mitus AJ, Schafer AI. Thrombocytosis and thrombocythemia.

Hematol Oncol Clin North Am. 1990;4(1):157-178.
3. Buss DH, Cashell AW, O’Connor ML, Richards F II, Case LD.

Occurrence, etiology, and clinical significance of extreme throm-
bocytosis: a study of 280 cases. Am J Med. 1994;96(3):247-253.

4. Chuncharunee S, Archararit N, Ungkanont A, et al. Etiology and
incidence of thrombotic and hemorrhagic disorders in Thai
patients with extreme thrombocytosis. J Med Assoc Thai.
2000;83(suppl 1):S95-S100.

5. Go RS. Idiopathic cyclic thrombocytopenia. Blood Rev. 2005;
19(1):53-59.

6. Griesshammer M, Bangerter M, Sauer T, Wennauer R,
Bergmann L, Heimpel H. Aetiology and clinical significance of
thrombocytosis: analysis of 732 patients with an elevated
platelet count. J Intern Med. 1999;245(3):295-300.

7. Wolanskyj AP, Lasho TL, Schwager SM, et al. JAK2 mutation
in essential thrombocythaemia: clinical associations and
long-term prognostic relevance. Br J Haematol. 2005;131(2):
208-213.

8. Sorà F, Autore F, Chiusolo P, et al. Extreme thrombocytosis in
chronic myeloid leukemia in the era of tyrosine kinase inhibi-
tors. Leuk Lymphoma. 2014;55(12):2958-2960.

9. Tefferi A, Rumi E, Finazzi G, et al. Survival and prognosis among
1545 patients with contemporary polycythemia vera: an inter-
national study. Leukemia. 2013;27(9):1874-1881.

10. Saadi Z, Inaba K, Barmparas G, et al. Extreme thrombocytosis in
trauma patients: are antiplatelet agents the answer? Am Surg.
2009;75(10):1020-1024.
94(8):1542-1550 n https://doi.org/10.1016/j.mayocp.2019.01.041
www.mayoclinicproceedings.org

http://www.mayoclinicproceedings.org
mailto:go.ronald@mayo.edu
https://doi.org/10.1016/j.mayocp.2019.01.041
http://www.mayoclinicproceedings.org

	Etiologies of Extreme Thrombocytosis: A Contemporary Series
	Patients and Methods
	Results
	Study Inclusion
	Causes of EXT
	Diagnoses of New Malignancies
	Influence of Care Settings
	Outcomes
	Trends of Platelet Counts

	Discussion
	Conclusion
	Supplemental Online Material
	References


