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Background: Antithyroid drugs (ATDs) can lead to the development of agranulocytosis, which is the most serious adverse effect.
Characteristics of ATD-induced agranulocytosis (AIA) have seldom been reported due to the rarity. In this study, we character-
ized the clinical features for AIA in Korean patients.

Methods: We retrospectively reviewed data from patients with AIA diagnosed between 1997 and 2014 at four tertiary hospitals.
Agranulocytosis was defined as an absolute neutrophil count (ANC) below 500/mm’.

Results: The mean age of the patients (11 males, 43 females) was 38.2+14.9 years. Forty-eight patients (88.9%) with AIA had
fever and sore throat on initial presentation, 20.4% of patients developed AIA during the second course of treatment, and 75.9%
of patients suffered AIA within 3 months after initiation of ATD. The patients taking methimazole (n=39) showed lower levels of
ANC and more frequent use of granulocyte-macrophage colony-stimulating factor than propylthiouracil (n=15) users. The medi-
an duration of agranulocytosis was 5.5 days (range, 1 to 20). No differences were observed between the long (=6 days) and short
recovery time (<5 days) groups in terms of age, gender, ATDs, duration of ATDs, or initial ANC levels. Four patients (7.4%) who
were taking ATDs for less than 2 months died of sepsis on the first or second day of hospitalization.

Conclusion: The majority of AIA incidents occur in the early treatment period. Considering the high fatality rate of AIA, an early
aggressive therapeutic approach is critical and patients should be well informed regarding the warning symptoms of the disease.
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INTRODUCTION

Graves’ disease is the most common cause of hyperthyroidism.
In Korea, the overall incidence is 0.72 per 1,000 persons/year
(males 0.40 and females 1.03), and its prevalence is 3.40/1,000
persons (males 2.09 and females 4.70) [1]. The treatment mo-

dalities involve antithyroid drugs (ATDs), radioactive iodine
therapy (RAI), and total thyroidectomy. ATDs are used as an
initial treatment for Graves’ disease in 97.1% of patients in Ko-
rea and are generally well-tolerated agents [2]. ATDs can cause
transient and minor adverse reactions such as benign leukope-
nia, urticaria, rash, arthralgia, and arthritis in 1% to 5% of pa-
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tients, and agranulocytosis, severe toxic hepatitis, vasculitis,
and lupus-like syndrome are very rare but fatal. Agranulocyto-
sis, which is defined as a granulocyte count below 500/mm?, is
a life-threatening adverse reaction of ATDs [3]. Reports on the
characteristics of agranulocytosis are limited because its inci-
dence is rare, occurring in 0.1% to 0.5% of patients [4,5]. Sev-
eral studies have shown that ATD-induced agranulocytosis
(AIA) occurs more frequently in elderly patients and within the
first 3 months of treatment [6-8]. In Korea, the largest AIA
study included 13 patients in a single center [9], and other stud-
ies consisted only of several case reports [10-15]. Therefore, in
the present study, we reviewed data from AIA patients at four
tertiary hospitals in Korea and investigated their clinical char-
acteristics.

METHODS

Patients and methods

Data from fifty-four patients (43 females and 11 males) with
Graves’ disease who developed AIA and were treated at Chon-
nam National University Hwasun Hospital, Asan Medical Cen-
ter, Samsung Medical Center, and Pusan National University
Hospital between 1997 and 2014 were retrospectively evaluat-
ed. Only 37% of patients (20/54) were diagnosed and treated
for Graves’ disease at the hospital where they were admitted.
The remaining 34 patients were referred from primary physi-
cians after being diagnosed with AIA. Agranulocytosis was de-
fined as a granulocyte count below 500/mm’. Patients were ad-
mitted to the hospitals due to symptoms such as fever or sore
throat or agranulocytosis detected incidentally on routine labo-
ratory follow-up tests. ATDs were stopped immediately and
antibiotics and/or granulocyte-macrophage colony-stimulating
factor (GM-CSF) treatment started. We defined the resolution
of AIA as recovery of granulocyte counts to 500/mm?® or more.
We reviewed and compared the clinical and laboratory reports
according to the type of ATD and the recovery time from AIA.

Ethics statement
This study was reviewed and approved by the Institutional Re-
view Board of each participating hospital.

Statistical analyses

SPSS version 21 (IBM Co., Armonk, NY, USA) was used for
all statistical analyses. Continuous variables are shown as me-
dian values (the smallest variable and the largest variable) and
mean=standard deviation. Categorical variables are expressed
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as rates and proportions. The unpaired Student ¢ test, Mann-
Whitney U test (nonparametric test), chi-square test, and Fisher
exact test were used for statistical analyses. A P<0.005 was
considered to indicate statistical significance.

RESULTS

Characteristics of 54 patients with AIA

The mean age of the 54 patients was 38.2+14.9 years (range, 9
to 72). Fever and sore throat occurred in 48 patients during the
median of 4 days (range, | to 23) before diagnosis, and the re-
maining six patients without any symptoms were diagnosed
during a routine complete blood count (CBC) test during a
checkup. The six asymptomatic patients had the CBC per-
formed within 1 month of AIA onset, and the white blood cell
(WBC) counts showed lower normal range levels (range, 2,000
to 4,100/mm®) except in one patient (5,710/mm?). Among the
48 patients with fever, 16 patients had the CBC test performed
within 1 month, and 68.8% of them (11/16) showed mild leu-
kocytopenia (range, 1,100 to 4,000/mm?®). In five patients who
had their WBC levels measured within 5 days before AIA on-
set, the absolute neutrophil count (ANC) levels were less than
1,000/mm?. AIA developed during the first course of treatment
in 43 patients (79.6%), and 11 patients experienced adverse
events during the treatment for relapsed Graves’ disease, with a
prior uneventful course of the same ATD treatment. Thirty-nine
patients (72.2%) were taking methimazole (MMI) and 15 pa-
tients (27.8%) were taking prophylthiouracil (PTU). The medi-
an ATD treatment duration before AIA was 44 days (range, 4 to
3,808), and the numbers of interval days between the two drugs
were similar. The onset time distribution was: within 30
(27.8%), 60 (64.8%), and 90 days (75.9%). Eight patients
(14.8%) developed AIA over 3 years while taking ATD. The
average doses of MMI and PTU given at the onset of AIA were
23.0+10.8 mg/day (range, 5 to 60) and 282.1+114.1 mg/day
(range, 75 to 450), respectively. No patient experienced other
adverse effects, including skin eruptions or pruritus. All pa-
tients stopped taking ATDs immediately and were treated with
broad-spectrum antibiotics. GM-CSF was used in 44 patients
for 1 to 17 days. ANC counts were elevated above 500/mm’
between 1 and 20 days (median, 5.5) after the treatment. Of the
48 patients with available follow-up records, RAI was admin-
istered to 40 patients, thyroidectomy was performed in four pa-
tients, ATD was changed to another drug in two patients, and
the remaining two patients received no additional treatment.
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Table 1. Characteristic of Patients with AIA according to the ATD
Characteristic MMI (n=39) PTU (n=15) P value
Age, yr 35.6+14.6 45.1+13.8 0.033
Male sex 6(15.4) 5(33.3) 0.142
ATD duration, day 48 (4-3,808) 32(10-2,173) 0.997
Daily dose at the time of diagnosis, mg/day 23.0+10.8 282.1+114.1
First therapy/relapsed cases 33/6 10/5 0.142
Febrile episodes 36(92.3) 12 (80.0) 0.197
Fever duration, day 4.5 (1-23) 4 (1-21) 0.837
ANC at the time of diagnosis, /mm?® 10 (0-440) 190 (0-480) 0.001
Recovery period, day 6 (1-19) 2.5(1-20) 0.401
GM-CSF 36(92.3) 8(53.3) 0.003
Duration of GM-CSF, day 4.5 (1-16) 2 (1-17) 0.489
Death 3(7.7) 1(6.7) 0.897
Values are expressed as mean+SD or number (%).
AIA, ATD-induced agranulocytosis; ATD, antithyroid drug; MMI, methimazole; PTU, propylthiouracil; ANC, absolute neutrophil count; GM-CSF,
granulocyte-macrophage colony-stimulating factor.

Incidences of AIA

All of the 12 enrolled patients at Samsung Medical Center were
newly diagnosed with Graves’s disease, and prescribed ATD at
the hospital where they were admitted. During the same study
period, 9,855 patients were newly diagnosed with Graves’ dis-
ease, and treated with ATD. The estimated incidence of AIA
was 0.12%.

Characteristics of patients according to the ATD and
treatment duration

The patients treated with PTU were older than patients treated
with MMI (45.1+13.8 vs. 35.6+14.6, P=0.033). Differences
in gender, duration of treatment, and duration of fever between
the two drugs were not observed. The patients taking MMI
showed lower ANC levels and higher frequency of GM-CSF
use than PTU users. The recovery time was similar between the
two groups (Table 1). There were no differences in age, gender,
type of ATD used, initial ANC levels, recovery time, and fatali-
ty according to the duration of ATD treatment (<30 days vs.
>30 days; =60 days vs. >60 days; and <3 years vs. >3 years).

Characteristics of patients according to the recovery time

The mean recovery time was 6.3+4.7 days (median, 5.5;
range, 1 to 20). We divided the subjects into two groups on the
basis of the median recovery time (5.5 days); a short recovery
group consisting of patients who recovered within 5 days and a
long recovery group of patients requiring 6 days or more to re-
cover from AIA. The risk factors for the delayed recovery
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group were not identified. No differences were observed in
age, gender, type of ATD used, duration of treatment, or initial
ANC levels between the two groups.

Fatal cases

Among 54 patients with AIA, four patients (one male, three fe-
male) died from sepsis on the 1st and 2nd day of hospitaliza-
tion. The mean age was 41.01+19.9 years (range, 21 to 62). The
patients were admitted to the hospitals with septic shock 4 to 7
days after the onset of fever. Three patients were taking MMI
for 2 months, the dosages of which were 15 mg in two patients,
and 30 mg in one patient before disease presentation, and one
patient was started on 300 mg PTU 27 days before admission.
All of the patients had bacteremia, and cultured bacteria were
positive for Pseudomonas aeruginosa, Enterobacter cloacae,
and Streptococcus pneumonia.

DISCUSSION

In the present study, which is to date the largest in Korea, we
analyzed 54 AIA patients. AIA occurred within the first 3
months after initiation of ATDs in 76% of patients, but compli-
cations developed even after 3 years of treatment or in relapse
cases treated with the same drugs in previously unaffected pa-
tients. Five patients with fever and mild neutropenia (ANC,
500 to 1,000/mm?) developed AIA within 5 days and their
ANC and febrile symptoms were recovered after ATDs were
discontinued. The patients treated with MMI showed lower
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ANC levels, but their recovery times from AIA did not differ.
ATDs are the common treatment modality for Graves’ dis-
ease in Korea [2]. ATDs are associated with a variety of minor
adverse effects including urticaria, arthralgia, and gastrointesti-
nal upset in 1% to 5% of patients as well as life-threatening
complications such as agranulocytosis and hepatitis. AIA risk
factors are not well established because of its low incidence of
occurrence. Recently, Nakamura et al. [7] analyzed 754 AIA
patients, the largest study to date. The results showed that AIA
tends to occur abruptly within 3 months after initiation of ther-
apy, and elderly patients and females are more susceptible to
AIA. In our study, 76% of patients were diagnosed with AIA
within the first 90 days of treatment, similar to the observations
in other published reports [7,9]. Importantly, AIA can occur
even 3 years or more after the initiation of ATD therapy or in
relapse patients with a previously uneventful course of the
same drug therapy [4,16]. Although controversial, several stud-
ies have reported that elderly patients are susceptible to agranu-
locytosis [6,7], and have a higher rate of death [17]. In our
study, the mean age of AIA patients and fatal cases were 38
years and 41 years, respectively. The mean onset age of Graves’
disease was 44 years according the Medicare claims data pro-
vided by the Health Insurance Review and Assessment Service
in Korea [1]. Therefore, it was difficult to make conclusions re-
garding the use of age as a risk factor of AIA. Other risk factors
for AIA include the types and dose of ATDs. Several studies re-
ported that patients with low-dose MMI therapy showed a low-
er risk of agranulocytosis compared with a high-dose MMI or
PTU [4,6,18,19]. We could not determine an association with
the dose of drugs because various dosages were initiated in pa-
tients with AIA. In our study, 72% patients of AIA were given
MMLI. Although, it is difficult to make conclusions on the basis
of this study, it is considered that MMI is a much more com-
mon prescription than PTU; for example, from 2007 to 2011,
MMI was prescribed to 54.8% with Graves’ disease, whereas
PTU was prescribed to 42.9% patients with Graves’ disease in
Korea [1]. Patients taking MMI showed more severe agranulo-
cytosis, but the recovery time was not different than in patients
taking PTU. There are no studies directly comparing PTU and
MMI; thus, it is difficult to interpret the meaning of more se-
vere agranulocytosis in patients taking MMI. Five febrile pa-
tients with mild neutropenia (ANC, 500 to 1,000/mm®) devel-
oped agranulocytosis within 5 days. During the same study pe-
riod, two patients with mild neutropenia without symptoms of
fever or sore throat were taking MMI for 5 and 42 months. One
patient who developed AIA 5 months after the initiation of drug
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therapy showed recovered ANC levels 3 months later without
any treatment change and another patient had persistent mild
neutropenia without any symptoms and signs despite continu-
ing MMI. Therefore, cessation of ATDs should be considered
in symptomatic neutropenic patients.

Eighty percent of patients (43/54) with agranulocytosis pre-
sented with fever and sore throat due to nasopharyngeal bacte-
rial infection. Broad-spectrum antibiotic therapy is essential
with cessation of the causative drug for the treatment of agran-
ulocytosis [16]. The usefulness of G-CSF or GM-CSF has been
controversial; several reports showed their effectiveness in
shortening the recovery time of agranulocytosis and reducing
morbidity and mortality [20-22]. Because this study was per-
formed retrospectively, we could not determine the effects of
GM-CSF on shortening the recovery time from AIA. Agranu-
locytosis is an autoimmune-mediated response as demonstrated
by anti-granulocyte and anti-neutrophil cytoplasmic antibodies
present in immunofluorescence and cytotoxicity assays [23,24].
Therefore, steroid therapy is occasionally employed for the
treatment of AIA, although the effects are questionable.

Development of sepsis increases mortality when the occur-
rence of AIA is not recognized and therapy is delayed, and
mortality was higher in elderly patients [17]. Since AIA devel-
ops suddenly and prevention is difficult, providing adequate
information to patients is important. Patients need to under-
stand the early signs and symptoms of AIA and should visit the
hospital immediately if they occur. The WBC and ANC of pa-
tients should be monitored once symptoms occur and the ATDs
discontinued immediately until test results are available, espe-
cially for elderly patients. In the present study, 50% of the pa-
tients recovered 6 days after ATDs were discontinued, but the
risk factors for delayed recovery could not be determined. The
four fatality cases developed sepsis 4 to 7 days after fever, but
the risk factors for fatality could not be determined due to the
small number of patients.

In most cases, agranulocytosis occurs abruptly with very low
incidence, and various guidelines exist for the treatment of
Graves’ disease related to regular monitoring of WBC counts
[5,25-27]. Nakamura et al. [7] reported that the time interval
between the last day with normal WBC levels and onset of
agranulocytosis was 33 days in most patients, although some
patients showed a gradual decline in granulocyte count; there-
fore, routine WBC measurement is not recommended. Howev-
er, Tajiri et al. [3] suggested that asymptomatic patients can be
detected through routine CBC monitoring and rescued by dis-
continuing ATD therapy, and regular monitoring of WBC every
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2 weeks for the first 2 months of therapy was recommended in
Japan. In our study, six patients without any symptoms were
diagnosed with agranulocytosis using routine WBC tests, and
WBC levels were low compared with the normal range at 1
month prior to the onset of agranulocytosis. Therefore, al-
though routine monitoring of WBC counts has not been con-
sidered cost-effective in all patients, but monitoring WBC for 3
months after the initiation of ATDs can be helpful for predict-
ing and detecting agranulocytosis in asymptomatic patients. If
low or declining WBC levels are observed in patients receiving
ATD therapy, WBC counts should be monitored to prevent the
development of more severe agranulocytosis.

There were several limitations to this study. First, we were
unable to show the cumulative incidence of AIA according to
duration of taking ATD. We could only estimate the incidence
at one center (Samsung Medical Center), which was 0.12%.
This incidence is in agreement with other published reports
[4,5]. Another limitation of the study is that we did not deter-
mine changes in WBC before AIA development, which is a
limitation of retrospective studies. In total, 67% patients
(16/24) showed mild leukocytopenia within 1 month before
AIA onset. Infrequently, patients showed a tendency to have
declining leukocyte counts before the onset of AIA. Therefore,
CBC monitoring in the early treatment phase could be benefi-
cial. Third, we could not determine the cause of the difference
in ANC levels between patients taking MMI and PTU. A study
with a larger number of patients is necessary to determine the
cause of the difference.

In conclusion, agranulocytosis tends to occur within 3
months after starting ATDs, with the majority of patients expe-
rience fever and sore throat. In clinical practice, physicians
should be aware of AIA and inform patients of the side effects
of ATDs, and consider routine CBC monitoring during the ear-
ly treatment period. Patients with fever and mild neutropenia
were regarded as having agranulocytosis and had to discontin-
ue taking ATDs and undergo close follow-up.
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