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Abstract

Background: Report on the changes of diagnostic criteria since 1970 and correspondence due to the development of new therapeutic drugs during long term clinical
period.

Patients and method: The subjects were Fifty-five ET patients who were 21-95years old who newly diagnosed Sendai Blood Disease Center (renaming Sendai
Tomita Hospital from March 2013) between 1991 year and 2010 year. As a substitute for bone biopsy for convenient diagnostic tool, we diagnosed essential
thrombocythemia (ET) by the smear sample of bone marrow aspiration focusing on platelet production of megakaryocyte cytoplasm.

Result: We classified megakaryocytes into 7 types (0 to 5 and U) with platelet counts in the cytoplasm. We named Type U which was filled and spilling out
platelets from megakaryocyte. Type U was not observed in our experienced 25 chronic myeloid leukemia cases, 10 polycythemia vera cases and another hematologic
malignancies. The proportion of seven types was Type 0 was 35.9%, type 1 4.7%, type II 6.0%, type III 3.0%, type IV 0.8%, type NK 4.4% and type U was 45.2%
respectively.

30 males and 25 females, the age at the time of diagnosis was the median 64 years and range 21 to 95 with 61.8% above the age 60 years. The observation periods was
from 17 months to 303 months and the median was 94 months.

The main goal in ET is to prevent thrombohemorrhagic complications and the same for older patients. The frailty of elderly people, 15 of the 19 patients who
stopped receiving medical examination was brought about by falls and aspiration pneumonia which caused the physical condition to decrease, not accompanied by
ET treatment. The cause of frailty in older ET patients was irrespective ET treatment, and so on based on risk-adapted therapy was necessary for older ET patients.

Conclusion: Megakaryocytes of ET patients showed platelet-free production and overproduction of platelets in cytoplasm. Based on risk-adapted therapy was

necessary for frail older ET patients.

Introduction

Essential thrombocythemia (ET) is one of a group of related
myeloproliferative neoplasms (WHO 2008). The earliest description of
thrombocythemia by di Guglielma in 1920 and by Epstein and Goedel
in 1934.In 1960, thrombocythemia was established as a separate disease
entity on a clinic pathologic basis. Strict diagnostic criteria for ET were
first established in the 1970s by the polycythemia vera study group
(PVSG) [1,2]. And the approach to the diagnosis and management of
ET is steadily changing and strengthening to lower platelet count [3-5],
influenced by advances in molecular biology.

Even in an era when ET was little known about the molecular
pathogenesis, and showed a clonal disorder, the majority of patients
with ET can expect a normal life expectancy in the first 15 years of
disease [6].

Patients who were diagnosed in the age when molecular/
pathologically defined entities are not established, have reached the
stage of disease progression while sending a long term almost normal
life and necessary to review the treatment policy [6,7].

Regarding the diagnosis of ET, before 2001 World Health
Organization criteria for thrombocythemia [8] were disseminated, we
are based on PVSG criteria and we focused on the platelet count and the
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megakaryocyte cytoplasm and hiatus of megakaryocyte proliferation
by bone marrow aspiration. Unlike the bone marrow biopsy method,
the bone marrow aspiration method is immediately after obtaining the
specimen and has the advantage of rapid diagnosis.Thrombosis and
hemorrhagic complications are the most frequent clinical complication
observed in ET patients [9-12]. Vascular complications [13-17] had
been studied as the predictive factor.

Normalization of platelet counts was recommended [10,18,19] but
hydroxycarbamide (HC) was reported mutagenesis or leukemogenesis [20].

Tefferi proposed a risk stratification schema for patients with ET
based on epidemiological evidence [21]. Consensus-based practice
guidelines for the therapy of ET developed in Italy [22] and an
algorithm was recommended in ET patients [7,23].
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In 2009, European Leukemia Net proposed response criteria for ET
[24,25]. ET patients expected to have long-normal life should be treated
with drugs without adverse effects and without vascular complications
[14,26].

Therapy goals are individualized and driven by the patient’s
stratification and symptomatology [27-29]. We report the clinical
course of ET patients during a quarter century in single institution in
Japan as it responded to the change of the diagnostic criteria and the
development of therapeutic drugs and reported on the outcome for
frail older patients.

Patients and method
Patients

The subjects were Fifty-five ET patients excluded by careful review
of medical history and current and previous laboratory data who were
21-95years old who newly diagnosed Sendai Blood Disease Center
(renaming Sendai Tomita Hospital from March 2013) between 1991
year and 2010 year.

Diagnosis

Diagnosis of ET was an unexplained and persistent thrombocytosis
and reactive thrombocytosis was excluded by careful review of the
medical history and current and previous laboratory data. The number
of platelets which is the diagnostic criterion was 600X10°/L [8,15]
until 2008 and thereafter 450X10°/L [30,31]. Diagnosis of ET was
strengthened platelet count accordance to guidelines.

In Japan, since bone biopsy had not been widely done till recently,
bone marrow aspirate which could be carried out on a daily popular,
and megakaryocytes in bone marrow blood smear were carefully
assessed with the platelet counts within the megakaryocyte cytoplasm
for evaluating feasibility of the diagnosis of the ET.

In the bone marrow aspirated smear sample, we classified
megakaryocytes with platelet counts seven types, especially filled
and spilling out with adjacent shedding platelets as type U (Figure
1), because, megakaryocyte with filled and spilling out with adjacent
shedding platelets was not observed in 25 Philadelphia positive myeloid
leukemia cases ,10 polycythemia vera cases and another hematologic
malignancy cases. type 0; Megakaryocytes without platelet production,
type I, Platelet production; less than 10, type II; Platelet production
more than 10, type III, Prominent, type IV; Extremely high platelet
production and type V; naked megakaryocytic nuclei.

Gene mutation
Unable to obtain patient consent because of high cost.
Therapy

After diagnosis with ET, according to diagnostic criteria [8,15,30]
treatments were started immediately or sometimes after observation.

Antiplatelet agent

We recommended the use of low dose aspirin (81 mg/day, range 40
mg/day - 100 mg/day) in all patients. The use of aspirin with anagrelide
deserved specific consideration given [14].

Cytoreductive therapy

From 1991 to 2002, 27 ET patients were started the cytoreductive
therapy with Esquinone (CQ) [ 32] 0.5 mg as a platelet-lowering oral
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agent. From 2002 to 2010, 28 ET patients were started with HC 1000
mg orally. Until the number of platelets was normalized, CQ was
adjusted to 0.25 mg each and that the normalized amount dose was
continuously administered for maintenance. CQ was prescribed until
June 2005, when production and sales were canceled, after which it
switched to Hydroxycarbamide (HC).

Anagrelide

After commencing sales anagrelide on Nov. 2014 in Japan, as a
general rule, we changed prescriptions with patient consent from
hydroxyurea to anagrelide while prescribing data on the literature of
both drugs because anagrelide is more expensive than hydroxyurea.

Treatment goal

Once cytoreductive therapy was instituted, we adjusted to maintain the
normalizing platelet count without myelosuppression and adverse effects.

Statistical analysis

The visit duration curves were plotted by the Kaplan-Meier method
and compared by the log rank test.

Results

The main clinical and laboratory features of the 55 patients at
diagnosis are presented in table 1. 30 patients were male and 25
were female. The median age, at diagnosis was 64 years, range 21 to
95, with 61.8% above the age 60 years. The median platelets count
was 871x/10°/L, range 510-2839. The median leukocyte count was
10.1x10°/L, range 4.3- 23.0. The median hemoglobin was 13.6g/
dL, range7.3-18.3. No patient had an abnormality in chromosome
examination. In Japan, the JAK2V617F mutation was not covered by
public health insurance, and so, no one wanted the examination.

In the bone marrow aspirated smear sample, we classified
megakaryocytes with platelet counts of megakaryocyte cytoplasm
type 0; Megakaryocytes without platelet production, type I, Platelet
production; less than 10, type II; Platelet production more than 10, type
III, Prominent, type IV; Extremely high platelet production and naked
megakaryocytic nuclei and type U (Figure 1) filled and spilling out
platelets from megakaryocyte. The average percentage was that type 0
was 35.9%, type I 4.7%, type II 6.0%, type III 3.0%, type IV 0.8%, type
NK 4.4% and type U was 45.2% respectively (Table 2). Type 0 and type
U were a large proportion.

29 patients (52.7%) showed splenomegaly. Before diagnosis, 15
patients were suffered cardiac or cerebral vascular complications (Table 1).

Table 1. Clinical and laboratory characteristics before treatment

Male/Female, n (male %) 30/25
Median age (range), years 64 (21-95)
Age>60 years n (%) 34(61.8)

Median platelet count (range), X10°/L
Median leukocyte count (range), X10°/L

871 (510-2839)
10.1 (4.3-23.0)

Median hemoglobin (range), g/dL 13.6 (7.3-18.3)

Elevated lactate dehydrogenase, n (%) 11 (20)
Chromosome abnormaliteis, n (%) 0

Palpable splenomegaly, n (%) 29 (52.7)
Previous hemorrages, n (%) 0

Previous thrombosis, n (%) 9(16.4)
Thrombosis after diagnosis, n (%) 1((1.8)
Hypertension, n (%) 29 (52.7)
Median follow up (range), months 94 (17-303)
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Table 2. The proportion of the typing according to platelet counts in megakaryocyte cytoplasm

Megakaryocyte Number Type 0 Type I Type 11 Type 111 Type IV Type NK Type U
X10°L % % % % % % %
average 0.51 36 4.6 6 3 0.8 4.4 452
range 022-222 0-88 0-27 0-35 0-30 0-10 0-40 10 - 100

Type 0: Meg akaryocytes without platelet production, Type I: Platelet production less than 10, Type II: Platelet production more than 10, Type III: Prominent, Type IV: Extremely high
platelet production and Type V: naked megakaryocytic nuclei

Table 3. Outcome during follow up

Number (%) Number (%)
Years follow-up Deaths

less than Syears 22 (40) Thrombotic cause

5 - <10 years 17 (30.9) Hemorrhagic cause

10 - <15 years 8 (14.5) Post-ET MF

15 - <20 years 6(10.9) Post-ET AML
more than 20years 2(3.6) Solid tumors

NN RO O

Other causes

Thrombosis
AM 1 Fade-out
TIA 1 asymptome 4

frailty 15

Hematologic
transformation

MF 6
AML 2

Abbreviation: AM: Acute Myocardial Infarction, TIA: Transient Ischemic Attack MF:
Figure 1. Type U of megakaryocyte Myelofibrosis, AML: Acute Myelogenous Leukemia, ET: Essential Thrombocythemia

Probability of visit duration From 1991 to 2002, 27 patients started with CQ 1.0 mg per days
orally as the first-line treatment and who had 11 to 140 days until the
platelet count reached 500 x10°/L or less, and the median was 60 days.
0.8 Maintenance therapy was switched equivalent dose from CQ 0.5 mg to
HC 500mg after June 2005.

1.0

28 patients who administered HC starting dose 1000 mg reached
platelet count 500 x10°/L or less for 5 to 85 days, and the median
17days. Maintenance therapy was making fine adjustments while
checking the platelet count.

Probability of Visit

After November 2014 which became indication of public health
0.0 . : . . . . : : : insurance in Japan, for 16 applicants, maintenance therapy was switched
0 5 10 15 20 25 to anagrelide from HC. Five out of the 16 patients were discontinued
Duration of Visit (years) L. . .
between dosage 3 mg and less and administration period 2 and 3 months
The red solid line showed visit duration of 55 ET patients. as insufficient platelet-lowering effect despite a high cost drug.
1.0

5 patients receiving anagrelide 1 to 2mg were achieving better
likely long-term platelet count than HC. Six of 16 patients examined
leukocytosis after

Only one patient got a transient ischemic attack. Two patients
observed transition to polycythemia and one was leukocytosis under
cytoreductive treatment. Outcome summary showed in table 3. Fifteen
patients between 72 to 98 years old did not visited for frailty. The
frailty of elderly people was brought about by falls and miscarriage
pneumonia which caused the physical condition to decrease, not
accompanied by ET treatment. Four patients between the ages 71
0.0 T w w w and 84 years old passed out of receiving visit in less than 1 year. Two

0 5 10 15 20 25 . . . . .
Duration of Visit (years) patients died with leukemic transformation after 8years and 5 years
of diagnosis and four people died after repeating infection caused by
The red solid line showed the visit duration of 21 ET patients leuk iab lofibrotic ch Fi 2sh d the visit durati
under the age of 60.The blue solid line showed 60 years old ET 34 eukopenta by myelolibrotic change. tigure 2 showe € visit duration
patients. curves, and there was a significant difference under 60 years old and
Figure 2. Probability of the visit duration in 55 ET patients. above (p < 0.0028)

0.4 -

Probability of Visi

0.2 -
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Discussion

Even after the diagnostic criteria of ET was proposed in the 1975
by the polycythemia vera study group (PVSG) [1,2], the platelet count
was above 1,000 x10%L, there was much discussion the platelet count
for diagnostic criteria for ET. In 1986 PVSG modified the minimum
platelet count for diagnosis of ET to 600 x10°/L". ET is both long-
term life expectancy in asymptomatic condition, and thrombotic and
hemorrhagic complication associated [32,33]. Hydroxyurea (HU),
one of cytoreductive agents remains about leukemogenicity [20]. It is
important that a diagnostic approach to ET distinguish from reactive
thrombocytosis. After the criteria for ET include a persistent platelet
count of greater than 600 x10°/L, it has been suggested that the platelet
count criterion should be reduced to greater than 400 x10°/L since, in
long-term follow-up studies the clinical course of patients with platelets
count between 400 and 600 x10°/L was found to be distinguishable
from that of patients with a clear of ET. In 2008, the World Health
Organization (WHO) classification system has strengthened the
diagnostic criteria for ET by lowering the threshold platelet count.

It has been suggested that ET can be positively diagnosed by
careful quantitative examination of the bone marrow biopsy [34-37].
But, in Japan bone marrow biopsy did not feel necessity and was not
performed easily until the beginning of 2000. The bone marrow aspirate
which could be carried out on a daily popular, and megakaryocytes in
bone marrow blood smear were carefully assessed type U with filled
and spilling out platelets from megakaryocyte cytoplasm for evaluating
feasibility of the diagnosis of the ET.

Diagnosis of ET is currently based on WHO which does require
bone marrow biopsy in particular to differentiate “true” ET from
prefibrotic/early primary myelofibrosis (prePMF) [31]. Since the
bone marrow aspiration examination is obtained results easily and
faster, we would like to investigate the relationship between Type U
megakaryocyte and biopsy findings and molecular finding.

Now, an acquired mutation of JAK2 was detected as approximately
half of ET patients, but before the JAK2V617F mutation examination
was not easy popular and covered by public health insurance in Japan
so diagnosis by simple, routine and convenient examination was
important.

Thrombosis and hemorrhagic complications are the most frequent
clinical complications observed in ET patients, and so the ET patients
were classified based on thrombotic and hemorrhagic risk [7,9]. We
continued prescription of cytoreductive drugs for asymptomatic
patients with a clinical dilemma of mutagenicity. After the diagnosis, in
order to avoid the occurrence of thrombohemorrhagic complications,
the treatment goal was set to 400 x10°/L platelets, and red blood cells
and white blood cells were within the normal range. No patients
suffered from thrombosis.

ET patients with other hematological transition or resistant or
refractory to HC [29] are good candidates for novel agents, such as
JAK2 inhibitor [28]. Reduced platelet counts with therapies in ET
patients affected vascular modulator changes [38]. The main goal in
ET is to prevent thrombohemorrhagic complications and the same for
older patients. The cause of frailty in older ET patients was irrespective
ET treatment, and so on based on risk-adapted therapy was necessary
for older ET patients.

Conclusion

ET patients expect normal long life. Treatment is required not only
to control the number of platelets to prevent complications including
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cardiovascular symptoms but also to respond to changes in disease
state while confirming red blood cells and white blood cells.
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