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Abstract

Background: Recognizing intolerance or resistance to hydroxyurea (HU), which
is related to the high risk of a disease transformation and reduced survival in es-
sential thrombocythemia (ET), is crucial to making a reasonable decision about
second-line therapy. We assessed the prognostic impact of the modified European
LeukemiaNet (mELN) criteria used in a recent MAJIC-ET trial by analyzing the
incidence of resistance or intolerance to HU and the survival outcome compared
with those of the ELN criteria.

Methods: We retrospectively compared the development of HU resistance or in-
tolerance according to the ELN and mELN criteria for 148 high-risk ET patients
receiving HU between 2014 and 2018. The maximum tolerated dose for defining
HU resistance was used in the mELN criteria.

Results: The median age of patients was 65years (range, 36-87), with a median
follow-up of 3.6years (range, 1.1-6.4). Two thromboembolic events were ob-
served during HU treatment. When applying the ELN criteria, 10 patients (6.9%)
were resistant (n = 5 [3.4%]) or intolerant (n = 5 [3.4%]) to HU in comparison
with 22 patients (15%, 14 [9.8%]) resistant and 8 [5.5%] intolerant when apply-
ing the mELN criteria. Transformation to myelofibrosis and acute myeloid leuke-
mia occurred in 2 (1.4%) patients and 1 (0.7%) patient, respectively, as defined by
the ELN criteria compared with 3 (2.1%) and 2 (1.4%) patients as defined by the
mELN criteria. In multivariate analysis of transformation-free survival, HU re-
sistance defined by the mELN criteria but not the ELN criteria was an independ-
ent prognostic factor. In addition, HU resistance as defined by both sets of criteria
was an independent risk factor for inferior overall survival. Intolerance of HU did
not have any prognostic impact on survival.

Conclusions: The mELN criteria are useful for identifying high-risk ET patients
who might be eligible for second-line therapy in practice, which should be vali-
dated in a prospective setting.
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1 | INTRODUCTION

Essential thrombocythemia (ET) is a classic Philadelphia-
negative myeloproliferative neoplasm associated with
high risk of thrombotic/hemorrhagic complications and
progression to myelofibrosis (MF) or acute myeloid leuke-
mia (AML)."® The main treatment goal for patients with
ET is to prevent thrombosis or bleeding events without in-
creasing the risk of transformation, based on thrombosis
risk.** According to the International Prognostic Score for
Essential Thrombocythemia (IPSET)-thrombosis model,
the risk of thrombosis is estimated on the basis of age
older than 60years, a history of thrombosis, presence of
a JAK2V617F mutation, and/or cardiovascular risk fac-
tors, and patients are categorized into four risk groups
(very low, low, intermediate, and high)."® Recently, the
European LeukemiaNet (ELN) recommended cytoreduc-
tion therapy in high-risk patients with ET (age >60 with
JAK2V617F mutation or documented thrombosis history).
Hydroxyurea (HU) with daily low-dose aspirin is consid-
ered the frontline therapy for these patients, supported by
data from four randomized studies.®® However, approxi-
mately 20% of ET patients receiving cytoreduction therapy
experience intolerance or resistance to HU, which is asso-
ciated with high risk of disease transformation, inferior
prognosis, and reduced overall survival.>*'° Recognizing
intolerance or resistance to HU is important to make ap-
propriate decisions about second-line therapy to achieve
disease control.

In 2007, the ELN suggested a unified definition of re-
sistance and intolerance to HU for ET patients for use in
scientific trials to establish endpoints for frontline therapy
with HU or inclusion criteria for second-line therapy after
HU.'"'2 However, the definition was based on a consensus
approach and was not supported by evidence-based data;
therefore, it is necessary to be validated in the clinical
circumstances.'"!3 Recently, the MAJIC-ET trial,'* a ran-
domized, phase 2 study, evaluated the efficacy and safety
of ruxolitinib compared with those of the best available
treatment in ET patients who were resistant or intolerant
to HU. In addition, a modification of the ELN criteria for
HU resistance and intolerance was used. In this trial, the
maximum tolerated dose (MTD) of HU and a minimum
HU dose of 2000mg/day in the ELN criteria were used
for defining HU resistance. Unlike the ELN criteria, pro-
gressive hepatosplenomegaly or occurrence of thrombo-
embolic/bleeding complications while on HU treatment

was included as criteria for HU resistance. In addition,
mucocutaneous symptoms, leg ulcers, HU-related fever,
and other unacceptable HU-related side effects, which are
frequently observed in clinical practice, were included as
criteria for HU intolerance.

In this study, we aimed to assess the prognostic impact
of the modified ELN (mELN) criteria for resistance and
intolerance to HU in the MAJIC-ET trial. We analyzed the
incidence of resistance or intolerance to HU and the sur-
vival outcome according to both sets of ELN and mELN
criteria.

2 | MATERIALS AND METHODS

2.1 | Patients and study design

From January 2010 to December 2020, a total of 357 pa-
tients (>18years) diagnosed with ET according to the
World Health Organization (WHO) 2008 classification was
screened at Ewha Womans University Mokdong Hospital.
Among them, 165 patients who met the criteria for high-
risk ET based on the IPSET-thrombosis model were in-
cluded in this study. The high-risk ET patients who had
insufficient data regarding HU treatment (n = 12) and re-
ceived other first-line therapies such as anagrelide (n = 5)
were excluded from this study. Finally, a total of 148 pa-
tients with high-risk ET were analyzed retrospectively.
The following clinical information was collected: age at
diagnosis, sex, underlying comorbidities (especially, car-
diovascular disease), complete blood count profile at diag-
nosis (white blood cells, hemoglobin, and platelets), lactate
dehydrogenase (LDH) level, ET-related microvascular
symptoms, mutation status (JAK2V617F, MPL, CALR),
presence of previous thrombosis event, the daily dose of
HU, presence of disease transformation (AML or MF), and
survival data. Toxicity data were assessed by the Common
Terminology Criteria for Adverse Events (CTCAE) version
4.0. Based on the ELN guidelines, the criteria for response
were defined as follows: (1) complete response (CR), plate-
let count <400x10%/L, no disease-related symptoms, nor-
mal spleen size, and white blood cell count <10x10°/L; (2)
partial response (PR), platelet count <600x10°/L or de-
crease >50% from baseline; and (3) no response (NR), any
response that did not satisfy CR or PR. The appearance of
HU resistance and intolerance was assessed by both ELN
criteria and mELN criteria used in the MAJIC-ET trial at
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TABLE 1 Definition of resistance or intolerance to hydroxyurea in patients with ET

ELN criteria

HU resistance

(1) Platelet count >600x 10°/L after
3 months of at least 2 g/day of HU
(2.5 g/day in patients with a body
weight >80kg)

(2) Platelet count >400x 10°/L and WBC
<2.5%10°/L at any dose of HU

(3) Platelet count >4000x 10°/L and
hemoglobin less than 10 g/dL at any
dose of HU

HU intolerance

(1) Presence of leg ulcers or other
unacceptable mucocutaneous
manifestation at any dose of HU

(2) HU-related fever

Modified ELN criteria

(1) Platelet count >600 x 10°/L after 8 weeks of at least 2 g/day or MTD of HU

(2) Platelet count >400x 10°/L and WBC <2.5x10°/L at any dose of HU (for a period of at
least 8 weeks)

(3) Platelet count >400x 10°/L and hemoglobin <11 g/dL at any dose of HU (for a period of
at least 8 weeks)

(4) Platelet count persistently <100 x 10°/L at any dose of HU (for a period of at least
8 weeks)

(5) Progressive splenomegaly or hepatomegaly (enlargement by more than 5 cm or
appearance of new splenomegaly or hepatomegaly) on HU treatment

(6) Not achieving the desired stable reduction of WBC when leukocytes are a target of
therapy after 8 weeks of at least 2 g/day or MTD of HU

(7) Thrombosis or hemorrhage (including transient ischemic attack) while on therapy

(1) Presence of leg ulcers or other unacceptable HU-related nonhematological toxicities,
such as unacceptable mucocutaneous manifestations, gastrointestinal symptoms,
pneumonitis, or fever at any dose of HU.

(2) Disease-related symptoms not controlled by HU

Abbreviations: ET, essential thrombocythemia; ELN, European LeukemiaNet; HU, hydroxyurea; MTD, maximum tolerated dose; WBC, white blood cell.

any point in the disease course while on HU (Table 1).
MTD is defined as the highest tolerated dose of HU that
can be administered to patients with ET without causing
moderate to severe toxicity (more than grade 2 toxicity).
Depending on patients condition, HU usually was admin-
istered at a starting dose of 1000 mg/day and was increased
until a minimum effective dose was achieved. If the pa-
tient experienced HU intolerance, a reduction of dose was
allowed at the discretion of the attending physician. All
patients received antiplatelet agents such as low-dose as-
pirin or clopidogrel unless absolute contraindication for
each drug was indicated. This study was approved by the
Institutional Review Board of Ewha Womans University
Mokdong Hospital and was performed in compliance with
the Declaration of Helsinki.

2.2 | Statistical analysis

Continuous and categorical variables are summarized as
median, mean, or number of patients and percentage, re-
spectively. Overall survival (OS) was defined as the time
interval between the date of diagnosis and the date of
death by any cause. Transformation-free survival (TFS)
was estimated from the date of diagnosis to the date of
disease transformation. Kaplan-Meier analysis was used
to estimate cumulative survivals, and the differences be-
tween survival curves were analyzed using the log-rank
test. All p values presented were two-sided and p <0.05
was considered statistically significant. All statistical anal-
yses were performed using SPSS version 24.0 (IBM.).

3 | RESULTS

3.1 | Baseline characteristics

Patient and disease characteristics at diagnosis are sum-
marized in Table 2. The median age was 65years (range,
36-87) at the time of diagnosis, and 90 (60.8%) patients
were male. Among all patients, 121 (81.8%) were older
than 60years. Eighteen patients (12.2%) had a history of
thrombosis before being diagnosed with ET. Of them,
myocardial infarction (n = 5) and deep vein thrombosis
(n = 5) were the most common thrombotic events in ar-
terial and venous sites, respectively. Two patients had a
history of bleeding (intracranial hemorrhage and colon di-
verticular bleeding). Most patients had at least one cardio-
vascular risk factor such as hypertension (37.2%), diabetes
mellitus (16.9%), or dyslipidemia (33.1%). Forty-four pa-
tients received antiplatelet agents such as aspirin (n = 32),
clopidogrel (n = 8), or both (n = 4) at diagnosis. The me-
dian platelet count was 880 x 10°/L (range, 480-1500), and
hepatosplenomegaly on physical examination or imaging
was present in 12.8% of patients. Regarding mutation sta-
tus, 72 patients (48.6%) harbored a JAK2V617F mutation.
MPL and CALR mutations were found in 19.6% and 12.8%
of patients, respectively.

3.2 | HU treatment outcomes

The median daily dose of HU was 1000 mg (range, 500-
2000mg), and only one patient received more than
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TABLE 2 Baseline characteristics of high-risk ET patients
treated with hydroxyurea

Characteristics N =148
Age at diagnosis, median (range), years 68 (46-87)

Age >60years, n (%) 121 (81.8)
Male/female, n (%) 58 (39.1)/90

(60.8)

Cardiovascular risk, n (%)

Hypertension 55(37.2)

Diabetes mellitus 25(16.9)

Dyslipidemia 49 (33.1)

Others 8(5.4)
History of thrombosis events, n (%) 18 (12.2)

Arterial events 10 (6.8)

Venous events 8(5.4)
History of any bleeding events, n (%) 2(1.4)
Antiplatelet medication, n (%)

Aspirin 32(21.6)

Clopidogrel 8(5.4)

Both aspirin and clopidogrel 4(2.7)
CBC profiles at diagnosis, median (range)

WBC count (x10°/L) 8.8 (4.5-23)

Hemoglobin (g/dL) 14.8 (8.3-18.5)

Platelet count (x10°/L) 880 (480-1500)
High LDH level, n (%) 102 (68.9
Hepatosplenomegaly, n (%) 19 (12.8)
Microvascular symptoms, 1 (%) 69 (46.6)
Mutation status, n (%)

JAK2V617F mutation 72 (48.6)

MPL mutation 29 (19.6)

CALR mutation 19 (12.8)

Triple negative 5(3.4)

Missing 21(14.2)
Daily dose of hydroxyurea, mg/day

Mean/median/range 1142/1000/500-

2500
>2 g/day 1(0.7)

Abbreviations: CBC, complete blood count; WBC, white blood cell; LDH,
lactate dehydrogenase.

2000mg/day for at least 8 weeks. HU-related adverse ef-
fects occurred in 30.4% of patients and generally were
grades 1 and 2 and developed within 5 months after HU
treatment. Intermittent mild cytopenia (anemia and leu-
kopenia) and mucocutaneous hyperpigmentation were
observed frequently, sometimes leading to dose reduc-
tion or temporary discontinuation. Regarding treatment
response, the best response during the course of HU treat-
ment was CR in 85 patients (55.9%), PR in 56 patients

(39.2%), and NR in 7 patients (4.9%). No HU-related death
or secondary nonhematologic malignancy was observed.

3.3 | HU resistance

Overall, resistance to HU was shown in 5 (3.5%) and 14
(9.8%) patients when using the ELN and the mELN cri-
teria, respectively. One patient received 2500 mg/day of
HU for 3 months, which was defined as HU resistance by
both sets of criteria. Seven patients had a platelet count
>600x0°/L after 3 months of therapy at diverse HU
doses, ranging from 1500 to 2000 mg/day (median 1500).
Even though insufficient platelet response was achieved
during treatment, no further HU dose escalation (more
than 2000 mg/day) was performed due to the presence of
HU-related adverse effects and physician concern for the
occurrence of such toxicities, which was defined as resist-
ance to HU by the MTD concept used in the mELN cri-
teria. Three (2.1%) patients met the criteria of resistance
due to anemia (hemoglobin <10 g/dL) with a platelet
count >400x10°/L at an HU dose of 1000mg (n = 2) or
1500mg (n = 1). Leukopenia (2.2x10°/L) with a plate-
let count >400x10%/L occurred in one patient at a dose
of 1500 mg/day. This patient stopped HU treatment and
received only antiplatelet therapy. No patients displayed
progressive hepatosplenomegaly. A total of two thrombo-
embolic events were observed during HU treatment (tran-
sient ischemic attack and deep vein thrombosis), which is
categorized as resistance as defined by the mELN but not
the ELN criteria. No bleeding events occurred during HU
therapy. HU-resistant patients defined by the ELN criteria
or the mELN criteria switched to either a reduced dose of
HU combined with anagrelide therapy (n =3 vs.n=9) or
anagrelide monotherapy (n = 2 vs. n = 5).

3.4 | HU intolerance

HU intolerance was found in 5 (3.4%) and 8 (5.6%) pa-
tients when applying the ELN and the mELN criteria,
respectively (Table 3). Mucocutaneous manifestations
(hyperpigmentation, aphthous ulcer, and mucositis) were
the most common HU-related toxicities and developed in
5 (3.4%) patients. Two (1.4%) patients had grade 3 HU-
related nausea/vomiting at a dose of 1500 mg/day, which
resolved after HU discontinuation. ET-related persistent
fatigue was not improved in one patient even though the
daily HU dose was increased from 1000mg to 2000 mg.
No leg ulcers or HU-related fever was observed during
the study period. All HU-intolerant patients switched
from HU therapy to either reduced HU dose plus ana-
grelide combination therapy or anagrelide monotherapy,
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TABLE 3 Occurrence of HU resistance and intolerance: The
ELN versus the modified ELN criteria

Modified
ELN ELN
(n=148) (n=1438)
Resistance or intolerance, n (%) 10 (6.9) 22(15)
Resistance, n (%) 5(3.4) 14 (9.8)
PLT > 600 x 10°/L after 8 weeks of 1(0.7) 8(5.6)
at least 2 g/day or MTD of HU
PLT>400x 10°/L and 1(0.7) 1(0.7)
WBC <2.5%10°/L at any dose
of HU*
PLT>400x 10°/L and hemoglobin 3(2.1) 3(2.1)
<11g/dL at any dose of HU*
PLT persistently <100x10°/L at — 0(0)
any dose of HU*
Progressive splenomegaly or — 0(0)
hepatomegaly
Thrombosis or hemorrhage — 2(1.4)
(including TTA) while on
therapy
Intolerance, n (%) 5(3.4) 8(5.6)
Unacceptable mucocutaneous 5(3.4) 5(3.4)
manifestations
HU-related fever 0(0) 0(0)
Other unacceptable — 2(1.4)
nonhematological toxicities®
Disease-related symptoms not — 1(0.7)

controlled by HU

Abbreviations: HU, hydroxyurea; ELN, European LeukemiaNet; PLT,
platelet; MTD, maximum tolerated dose; WBC, white blood cell; TIA,
transient ischemic attack.

*For a period of at least 8 weeks.

°Such as unacceptable gastrointestinal symptoms or pneumonitis at any
dose of hydroxyurea, except fever.

resulting in favorable responses and tolerable safety
profiles.

3.5 | Transformation and overall survival
Overall, at a median follow-up of 3.6years (range, 1.1-6.4),
transformation to MF and AML occurred in 8 (5.5%) and
4 (2.8%) patients, respectively. Of them, 7 died of disease
transformation. Transformation to MF or AML was seen in
three patients and one patient in the HU-resistant group as
defined by the mELN criteria. In HU-resistant patients de-
fined by the ELN criteria, two patients experienced disease
transformation to MF (n = 1) or AML (n = 1). There was
only one disease transformation (1 MF) in HU-intolerant
patients as defined by both sets of criteria.
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In terms of TFS, HU-resistant or intolerant patients
showed reduced TFS compared with those who had no
resistance or intolerance to HU when using the mELN
(p<0.001) and the ELN (p = 0.021) criteria (Figure 1A,D).
Univariate analysis showed that TFS was significantly
different between HU-resistant patients and nonresis-
tant patients despite the criteria applied (hazard ratio
[HR] = 3.83, 95% confidence interval [CI], 1.754-8.569;
p = 0.003) in the mELN criteria and HR = 2.19, 95% CI
1.071-4.505, p = 0.029 in the ELN criteria (Figure 1B,C,
Table 4). No statistically significant association was ob-
served between HU-intolerance and TFS when applying
either ELN or mELN criteria (p = 0.337 and p = 0.092,
respectively) (Figure 1C,F). In addition, univariate anal-
ysis of TFS showed that older age (>70years, HR = 2.52,
95% CI 1.160-5.501, p = 0.012), presence of anemia (Hb
<12g/dL, HR = 2.92, 95% CI 1.248-12.233, p = 0.019),
prior thrombosis history (HR = 4.25, 95% CI 2.506-24.785,
p = 0.015), leukocytosis (>1O><109/L, HR = 1.82, 95% CI
1.105-3.568, p = 0.041), and high LDH levels (HR = 1.68,
95% CI1.114-2.425, p = 0.025) were associated with worse
TFS in the present cohort. In multivariate analysis of TFS,
older age (>70years, HR = 6.81, 95% CI 2.668-17.528,
p<0.001), presence of anemia (Hb <12g/dL, HR = 5.55,
95% CI 1.745-17.655, p<0.001), and resistance to HU ac-
cording to the mELN criteria (HR = 3.825, 95% CI 1.687-
8.851, p = 0.001) were independent prognostic factors
(Table 4).

In terms of OS, HU-resistant/intolerant patients dis-
played an inferior OS compared with those who had
no resistance/intolerance to HU when applying either
the mELN (p = 0.008) or the ELN (p = 0.021) criteria
(Figure 2A,D). Univariate analysis of OS showed that HU
resistance was significantly associated with inferior OS by
either mELN (HR = 2.89, 95% CI 2.789-18.124, p = 0.015)
or ELN (HR =2.12,95% CI12.689-12.677, p = 0.025) criteria
(Figure 2B,E). However, intolerance to HU did not show
any prognostic impact on OS for either of the two sets of
criteria that were applied (Figure 2C,F). In addition, uni-
variate analysis of OS showed that older age (>70years,
HR = 3.90, 95% CI 2.244-13.571, p<0.001), presence of
anemia (Hb <12g/dL, HR = 2.36, 95% CI 1.651-11.584,
p = 0.028), prior thrombosis history (HR = 4.85, 95% CI
2.561-27.884, p<0.001), and high LDH levels (HR = 1.92,
95% CI 1.993-16.232, p = 0.019) were associated with
worse OS in the present cohort. In multivariate analysis of
OS, older age (>70years, HR = 4.85, 95% CI 2.347-15.471,
p<0.001), prior thrombosis history (HR = 5.66, 95% CI
2.784-29.456, p = 0.002), and resistance to HU according
to mELN (HR = 4.11, 95% CI 2.933-20.477, p<0.001) or
ELN (HR = 3.98, 95% CI 2.743-16.941, p = 0.001) criteria
were independent prognostic factors (Table 4).
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FIGURE 1 Transformation-free survival. Patients with either resistance or intolerance (A), resistance (B), and intolerance (C) to
hydroxyurea as defined by the modified ELN criteria. Patients with either resistance or intolerance (D), resistance (E), and intolerance (F) to

hydroxyurea as defined by the ELN criteria. ELN, European LeukemiaNet

4 | DISCUSSION

We evaluated criteria for resistance or intolerance to HU,
which are used widely in cytoreduction therapy for high-
risk ET cohorts. This study showed that the mELN criteria
had prognostic value in predicting TFS and OS, like the
ELN criteria. Due to the clinical importance of recogniz-
ing intolerance or resistance to HU, which is related to
disease progression and inferior survival, ELN experts
proposed standardized criteria for evaluating clinically
significant resistance and intolerance to HU in ET to sup-
port clinical decision-making.'* These criteria have been
evaluated in clinical trials for ET, having gained general
acceptance in both research studies and clinical prac-
tice." Previous studies showed that about 10% of patients
with ET were intolerant or resistant to HU when the ELN
criteria were applied."**!* In the present study, 6.9% of
patients were classified as HU resistant or intolerant, a
relatively low incidence compared with levels reported in
previous studies.”**!* It is probable that the short median
time of follow-up played a role in this result because re-
sistance to HU was infrequent and usually occurred late
during the course of ET.

In routine practice, it is not always easy to achieve ad-
equate platelet response at high HU doses. Many physi-
cians tend not to prescribe high-dose HU due to concern
over HU-related toxicities, which are associated with the
dose. In several reported studies, the median daily dose
of HU usually did not exceed 2000 mg, which is similar to

the average dose in our cohort.*”***>"” In our study, only
one patient received more than 2000 mg/day of HU for at
least 3 months, finally failing to achieve a platelet count
<600x10°/L and was defined as HU resistant based on
the ELN criteria. Seven patients had insufficient platelet
response at HU doses less than 2000 mg/day, which was
defined as resistance to HU only by the mELN criteria. By
introducing the concept of MTD, even if physicians did
not use high-dose HU (>2000mg/day) to achieve a better
balance between disease control and toxicity, the criteria
for resistance were broadened, allowing the identification
of patients with HU resistance who might benefit from
secondary therapeutic options. Because high-dose HU
administration does not seem to be common, it might
be more appropriate for daily clinical practice to use the
mELN resistance criteria. In addition, persistent throm-
bocytopenia (<100x10°/L) at any dose of HU could be
a meaningful indicator of resistance because it could re-
flect better a lack of hematopoietic reserve and near dis-
ease transformation than a dose-dependent process, like
anemia and leukopenia, which were included in the ELN
resistance criteria. As the concept of HU resistance ex-
pands, the new mELN criteria can help physicians more
accurately identify patients who need second-line therapy
for ET in real-world practice. However, further studies in
large populations aimed at validating these findings are
warranted.

Previously, it was shown that anemia, old age, previ-
ous thrombosis, and extreme thrombocytosis (platelet
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FIGURE 2 Overall survival. Patients with either resistance or intolerance (A), resistance (B), and intolerance (C) to hydroxyurea as
defined by the modified ELN criteria. Patients with either resistance or intolerance (D), resistance (E), and intolerance (F) to hydroxyurea as

defined by the ELN criteria. ELN, European LeukemiaNet

>1000 % 10°/L) had prognostic significance relative to ex-
isting risk factors for disease transformation and inferior
OS in ET."*'*! In our study, increased age (>70years),
hemoglobin level below normal, and HU resistance as de-
fined by the mELN criteria were independent risk factors
for poor TFS. Regarding OS, old age, prior thrombosis his-
tory, and HU resistance as defined by both the ELN and
mELN criteria were independent risk factors for inferior
OS. These results are similar to those of previously re-
ported studies."*'* However, in regard to TES, resistance
as defined by the ELN criteria did not maintain prognostic
significance during multivariate analysis, which resulted
from the relatively small number of patients and the short
follow-up time in our study. We demonstrated that resis-
tance to HU was a significant adverse prognostic factor for
survival and hematologic transformation, requiring con-
firmation in a prospective setting. In addition, similar to
the results of previous studies, HU intolerance defined by
both sets of criteria was not identified as an independent
predictor of inferior survival.

In our study, HU intolerance was observed in 3.4% (by
ELN criteria) and 5.6% (by mELN criteria) of patients, re-
spectively, which is slightly lower than that reported in
previous studies.">*!011131419 Aq the criteria for intoler-
ance expanded, the incidence rate of HU intolerance was
higher in the mELN than in the ELN. In clinical practice,
some patient subgroups experienced severe HU-related
adverse effects other than mucocutaneous symptoms,
including gastrointestinal symptoms, loss of appetite, or

weight gain, following discontinuation or dose reduction
of HU and initiation of second-line therapy. In addition,
ET-related symptoms not controlled by HU dose modi-
fication, which significantly impaired the quality of life,
were found in some ET patients. In our study, one patient
experienced intractable fatigue due to ET during HU ther-
apy and achieved tolerable symptom relief after changing
to second-line therapy. However, the current ELN criteria
do not include these symptom categories as intolerance.
Even though intolerance to HU does not entail prognos-
tic significance in survival outcomes when the two sets of
criteria were applied in our study, intolerance due to se-
vere side effects or high disease burden of ET lead to the
reduction of HU and poor compliance to the first-line HU
therapy, potentially interfering with treatment efficacy.
This is thought to be an important and relevant clinical
factor that should be included in the criteria for intoler-
ance. Applying the new definition of intolerance, which
was included in the mELN criteria in this study, early ap-
plication of second-line therapy can be beneficial for the
patients who failed first-line therapy with unacceptable
symptom burden.

Resistance to HU appears to lead to an increased risk
of transformation to MF and AML and death, emphasiz-
ing the importance of second-line therapeutic options
for these patients. Currently, however, there are no defi-
nite guidelines on how to manage patients with high-
risk ET who develop resistance or intolerance to HU. For
these patients, the ELN has recommended anagrelide,
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an inhibitor of megakaryocyte differentiation and prolif-
eration, as a second-line thelrapyg’20 Some small studies
suggest a combination of low-dose HU and anagrelide,
which can be useful in controlling thrombocytosis with
fewer adverse effects for HU-intolerant ET patients.'>'®
In this study, most HU-resistant patients received lower
dose HU plus anagrelide combination therapy after HU
monotherapy at higher doses, which was better tolerated
and led to better control of thrombocytosis. Pegylated-
interferon (peg-IFN) showed outstanding efficacy in
achieving cytoreduction and molecular response in pa-
tients with ET, suggesting that peg-IFN could be effec-
tive in HU-resistant or intolerant patients with ET as
second-line therapy.*"** Unlike a prospective trial of pa-
tients with polycythemia vera, ruxolitinib, a JAK2 inhib-
itor, did not show better efficacy than the best available
therapy in HU-resistant or -intolerant patients with ET
in the MAJIC-ET trial."*

Our study is limited by its retrospective nature, which
might limit the interpretation of the results. Adverse
events could be underestimated due to the retrospective
nature of the study which depended mainly on medical
records offered by attending physicians, not by uniform
documents. In addition, the relatively small number of pa-
tients and short follow-up period might yield unavoidable
selection bias. Even if these limitations undermine the
validity and reliability of the conclusions, the actual data
from this study are helpful for future research.

In conclusion, HU intolerance or resistance, as defined
by mELN criteria, is useful for identifying high-risk ET pa-
tients who might be eligible for salvage therapy. However,
the value of the mELN criteria should be validated in a
prospective setting with large population size.
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