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Background/Aims: Allopurinol is a urate-lowering agent that is commonly used
to prevent chemotherapy-related hyperuricemia. Allopurinol hypersensitivity
syndrome (AHS) is a disorder involving multiple organs, which may be accompa-
nied by cutaneous adverse reactions. We identified the characteristics and clinical
outcomes of chemotherapy-associated AHS in patients with hematological malig-
nancies.

Methods: This retrospective single-center study included 26 AHS patients (11
with and 15 without hematological malignancies) admitted to Seoul St. Mary’s
Hospital. AHS was defined using the criteria of Singer and Wallace. Comparisons
were made using the Mann-Whitney U test and Fisher exact test as appropriate.
Results: In patients with a hematological malignancy and AHS, statistically
significant differences were observed in terms of younger age at onset; shorter
duration of exposure; higher starting and maintenance doses of allopurinol;
lower incidence of eosinophilia, leukocytosis, and underlying renal insufficien-
cy; and more frequent occurrence of fever compared to AHS patients without a
hematological malignancy. Two AHS patients with a hematological malignancy
were examined for human leukocyte antigen (HLA)-B typing, but neither patient
harbored the HLA-B*5801 allele. All of the patients ceased allopurinol treatment,
with most patients making a full recovery. Two patients in the study died; howev-
er, these deaths were unrelated to AHS. One patient developed serious sequelae of
AHS that required hemodialysis.

Conclusions: Physicians who prescribe allopurinol for the prevention of chemo-
therapy-related hyperuricemia should be aware of the unique risk of AHS, even in
patients with hematological malignancies who do not have known risk factors for
AHS. Novel urate-lowering agents should be considered alternative treatments.
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INTRODUCTION

Allopurinol is a xanthine oxidase inhibitor that is widely
used to treat recurrent acute gouty arthritis, tophi, urate
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nephropathy, and uric acid kidney stones [1], and can be
used prophylactically to prevent chemotherapy-induced
hyperuricemia. Use of allopurinol for the treatment of
asymptomatic hyperuricemia has also become com-
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mon, due to a series of reports demonstrating improve-
ments in chronic kidney disease (CKD) and improved
cardiovascular outcome in high-risk patients following
allopurinol treatment [2,3].

Allopurinol hypersensitivity syndrome (AHS) was first
reported by Lang [4] in 1979, and diagnostic criteria were
established in 1986 [s]. AHS is categorized as a severe cu-
taneous adverse reaction (SCAR) [6]. Recent EuroSCAR
studies demonstrated that allopurinol is the leading
cause of Stevens-Johnson syndrome (SJS) and toxic epi-
dermal necrolysis (TEN) in Europe and Israel [7,8]. Fur-
thermore, mortality associated with AHS has been esti-
mated at 32%, which is higher than other drug-induced
SCARs [7].

Allopurinol has long been used for the prevention of
hyperuricemia in patients undergoing chemotherapy,
particularly leukemia and lymphoma patients who are
more susceptible to developing tumor lysis syndrome
[9,10]. The majority of current treatment guidelines, in-
cluding those set forth by the National Comprehensive
Cancer Network, recommend allopurinol as first-line
therapy for patients with hyperuricemia accompanied
by tumor lysis syndrome [11,12]. Hematological malig-
nancies are often accompanied by severe comorbidities
such as infection and neutropenia. Developing AHS can
significantly increase the duration of treatment when
accompanied by these aforementioned comorbidities.

In the present study, we identified differences between
cases of AHS in patients with and without a hematolog-
ical malignancy. We also investigated the clinical char-
acteristics and treatment outcomes for AHS in patients
with hematological malignancies.

METHODS

Patients and controls
We retrospectively reviewed the medical records of pa-
tients with AHS who were treated at Seoul St. Mary’s
Hospital, Korea, a tertiary care university hospital and
referral center, between January 2005 and June 2013. All
of'the study protocols were approved by the Institution-
al Review Board of Seoul St. Mary’s Hospital prior to ini-
tiation of the study.

Allopurinol was prescribed to prevent chemothera-
py-related hyperuricemia in all patients with hemato-
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logical malignancies. Of the 3,227 patients admitted for
treatment of a hematological malignancy, 11 developed
AHS. The control group consisted of 2,785 patients re-
ceiving allopurinol for the treatment of recurrent gouty
arthritis, tophi, urate nephropathy, uric acid kidney
stone, and asymptomatic hyperuricemia. From this
cohort, 15 patients were identified as having AHS that
was not accompanied by a hematological malignancy.
Subjects were excluded from this analysis if they had in-
complete clinical data or a definitive hypersensitivity to
another drug. The final cohort of AHS patients consist-
ed of11 patients with, and 15 patients without, a hemato-
logical malignancy; all of the patients were Korean.

Definitions and variables

AHS was defined using the standard criteria set forth by
Singer and Wallace [s]. These criteria consist of a clear
history of exposure to allopurinol, and a lack of exposure
to another drug known to cause similar clinical symp-
toms, along with two of the major criteria (worsened re-
nal function, acute hepatocellular injury, or rash) or one
major criterion and one minor criterion (fever, eosino-
philia, or leukocytosis). The definition of rash included
SJS, TEN, erythema multiforme (EM), diffuse maculo-
papular rash, or exfoliative dermatitis. Severe skin man-
ifestation was defined as SJS or TEN. Renal function
measurements were based on serum creatinine levels
and the estimated glomerular filtration rate (eGFR) cal-
culated using the Modification of Diet in Renal Disease
equation. Pre-existing renal impairment was defined as
baseline eGFR < 60 mL/min. Acute hepatocellular inju-
ry was defined as aspartate aminotransferase > 35 IU/L
or alanine aminotransferase > 35 IU/L. Leukocytosis and
eosinophilia were defined as white blood cell (WBC)
counts > 11.0 x 10° cells/L and eosinophil counts > 6% of
the total WBC count [13].

Demographic, clinical, and laboratory profiles

Along with the standard demographic characteristics
(age, sex, and underlying disorders), clinical, laboratory,
and HLA allele data were collected at the time of AHS
onset. Information about the presence of major and mi-
nor criteria for AHS, the starting and maintenance dos-
ages of allopurinol, duration of exposure to allopurinol,
concomitant use of diuretics, AHS treatment modali-
ties, and clinical outcomes of AHS were also obtained.
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Statistical analysis

Comparisons of continuous values between the two
groups were performed using the Mann-Whitney U
test. Results are presented as median with interquartile
range. Categorical variables, such as proportions, were
compared between groups using the Fisher exact test.
Values of p < 0.05 were indicated statistical significance.
All of the tests were performed using SPSS version 18.0
(SPSS Inc., Chicago, IL, USA).

RESULTS

Clinical characteristics and laboratory profiles of 11
AHS patients with hematological malignancies
Clinical characteristics of the 11 AHS patients with he-
matological malignancies are summarized in Table 1.
Seven patients had underlying lymphoma, three had
acute myeloid leukemia, and one had essential throm-
bocytosis. With the exception of patient 3, all of the pa-
tients exhibited skin manifestations of AHS. Of the 10
patients presenting with skin manifestations, only pa-
tient 8 had severe skin manifestations; 10 of the 11 pa-
tients presented with an accompanying fever. The du-
ration of allopurinol exposure ranged from 5 to 23 days.
Starting doses ranged from 300 to 450 mg, with a stan-
dard 300 mg maintenance dose used in all AHS patients
with hematological malignancy.

Laboratory results for the 11 AHS patients with he-
matological malignancy are shown in Table 2. Three
patients exhibited deterioration of renal function, and
five had elevated transaminase levels at the time of AHS
onset. None of the patients displayed leukocytosis or eo-
sinophilia. Two of the patients were screened for human
leukocyte antigen (HLA) type, although neither patient
was found to carry the HLA-B*5801 allele.

Comparisons between AHS patients with and with-
out a hematological malignancy

Next, clinical and laboratory characteristics were com-
pared between AHS patients with and without a hema-
tological malignancy (Table 3). Statistically significant
differences were observed in onset age, duration of ex-
posure to allopurinol, starting and maintenance dosag-
es of allopurinol, percentage of combined leukocytosis
and eosinophilia, presence of fever as a manifestation of
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Table 1. Clinical characteristics of 11 AHS patients with a hematological malignancy

unit of eGFR,

Starting dose per
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2.0

300

300

Maculopapular rash

Lymphoma

31
AHS, allopurinol hypersensitivity syndrome; eGFR, estimated glomerular filtration rate; AML, acute myeloid leukemia; EM, erythema multiforme; TEN, toxic epider-

mal necrolysis.
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Table 3. Comparison of clinical and laboratory profiles between patients with AHS with and without a hematological malig-

nancy

AHS with a hematological ~ AHS without a hematological

Clinical and laboratory profile T e pvalue
Onset age, yr 39.0 (31.0-64.0) 60.0 (50.0-72.0) 0.047
Women 3(273) 6 (40.0) 0.683
Duration of allopurinol exposure, day 10.0 (7.0-12.0) 35.5 (16.8—70.0) 0.003
Initial dose of allopurinol, mg 300.0 100.0 (100.0-200.0) <0.001
Starting dose per unit of eGFR, mg/mL/min 3.9 (2.1-5.2) 4.7 (2.2-6.5) 0.478
Maintenence dose of allopurinol, mg 300.0 100.0 (100.0-200.0) <0.001
Leukocytosis o 8(53.3) 0.007
Eosinophilia o 6 (40) 0.024
Liver function worsening 5(45.5) 6 (40) 1.000
Renal function worsening 3(27.3) 4(26.7) 1.000
Underlying renal insufficiency o 0 (66.7) 0.001
Fever 10 (90.9) 7(46.7) 0.036
Concomitant use of diuretics 3(27.3) (46.7) 0.428
Severe skin manifestation (SJS or TEN) 1(9.1) 4(26.7) 0.356

Values are presented as median (interquartile range) or number (%). p values were calculated using the Mann-Whitney U test
for the continuous variables, and Fisher exact test for the categorical variables.
AHS, allopurinol hypersensitivity syndrome; eGFR, estimated glomerular filtration rate; SJS, Stevens-Johnson syndrome;

TEN, toxic epidermal necrolysis.

Table 4. Treatments and clinical outcomes of 11 allopurinol hypersensitivity syndrome patients with a hematological malignancy

Patient Glucocorticoid Antihistamine Hepatotonics Sequelae
1 - - - None
2 Intravenous and topical Oral antihistamine + None
glucocorticoid
3 Oral glucocorticoid Intravenous antihistamine + None
4 Intravenous and topical Intravenous and oral - None
glucocorticoid antihistamine
5 Intravenous glucocorticoid Intravenous antihistamine - None
6 Topical glucocorticoid Intravenous and oral - None
antihistamine
7 Intravenous and topical Oral antihistamine - None
glucocorticoid
g Intravenous and topical - + Expired due to subdural
glucocorticoid hemorrhage hemodialysis
due to azotemia
9 Intravenous glucocorticoid Oral antihistamine - Expired due to pneumonia
10 Topical glucocorticoid Oral antihistamine - None
11 Intravenous glucocorticoid Intravenous and oral - None

antihistamine
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DISCUSSION

Allopurinol has been used since the 1960s to prevent re-
current acute gouty arthritis [14]. It is a structural isomer
of hypoxanthine that is capable of inhibiting xanthine
oxidase, resulting in decreased serum urate levels. In-
dications for allopurinol include recurrent acute gouty
arthritis, urate-induced nephropathy or lithiasis, tophi
formation, and tumor-lysis-syndrome-related hyper-
uricemia. Allopurinol is not currently indicated for the
treatment of asymptomatic hyperuricemia, but many
physicians prescribe it for asymptomatic hyperuricemia
based on the results of a series of recent studies. Hyper-
uricemia is an independent risk factor for several dis-
eases, including hypertension, cardiovascular disease,
renal disease, and metabolic syndrome [15-17]. Limited
data demonstrating a protective effect of allopurinol
in cardiovascular disease and CKD have led to the in-
creased use of allopurinol in these patients [2,3], with a
proportional increase in the allopurinol-induced con-
ditions SJS and TEN [7,8]. Considering that allopurinol
is primarily used as first-line therapy for chemothera-
py-related hyperuricemia [11,12], AHS has emerged as an
important health-care-related complication.

Since a case in which allopurinol caused a severe cu-
taneous complication with systemic symptoms was first
described by Kantor [18], AHS has been occasionally re-
ported. Singer and Wallace [5] suggested diagnostic cri-
teria for AHS in 1986; since then, several retrospective
studies have been performed to identify risk factors for
AHS. In a meta-analysis of all published cases of AHS
to date, Ramasamy et al. [19] identified several risk fac-
tors for AHS, including pre-existing renal insufficiency,
concomitant use of diuretics, recent initiation of allopu-
rinol, and presence of the HLA-B*3801 allele. Of these,
only the HLA-B*5801 allele was identified as a definite
risk factor for AHS, whereas those remaining are sus-
pected risk factors [19]. The HLA-B*3801 genotype has
shown increased odds ratios for AHS in multiple stud-
ies, particularly among Asian populations [20-23]. High-
er odds ratios between HLA-B*5801 and AHS have also
been observed in Koreans with CKD and in Han Chi-
nese and Taiwanese populations, compared to Euro-
pean and Japanese cohorts [20-22,24-26]. This suggests
that genetic variation other than HLA-B*5801 may have
a role in the occurrence of AHS. All of the patients in
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this study were Korean; two patients who were screened
for the HLA-B type did not harbor the HLA-B*5801 al-
lele. Because many hematological malignancies arise
from complex genetic backgrounds, such as single-nu-
cleotide polymorphisms and copy number abnormali-
ties [25,27,28], it is likely that genetic variation other than
HLA-B*5801 play a role in the development of AHS in
patients with hematological malignancies.

In the present study, AHS patients with a hematolog-
ical malignancy displayed significant differences in a
range of clinical covariates compared to AHS patients
without a hematological malignancy. A difference in ~21
years was seen in the age of onset between AHS patients
with and without a hematological malignancy (p = 0.047).
This finding is consistent with other reports of an aver-
age age of onset for AHS without a hematological ma-
lignancy of ~60 years of age. Indeed, several studies have
suggested that old age is a risk factor for AHS [19,29,30].
Therefore physicians have to beware of AHS when ad-
ministering allopurinol to patients with hematological
malignancy even they are younger than usual AHS onset
age. The starting and maintenance doses of allopurinol
were significantly higher in cases of AHS with a hemato-
logical malignancy. Stamp et al. [30] claimed that a start-
ing dose of allopurinol of 1.5 mg per unit eGFR could
reduce the risk of developing AHS. Our data indicated
no significant difference in starting dose per unit eGFR
between AHS patients with and without a hematolog-
ical malignancy (p = 0.478); however, the average start-
ing dose was significantly higher in AHS patients with
a hematological malignancy (p < o.001). This apparent
discrepancy may be due to the higher frequency of un-
derlying renal insufficiency in AHS patients without a
hematological malignancy, resulting in lower starting
doses and accompanying lower mean eGFR in these pa-
tients. New guidelines governing the starting dose of al-
lopurinol have recently been established by the American
College of Rheumatology (ACR), with serial dose escala-
tion recommended in tolerant patients [1]. In our study,
all of the patients received a higher starting dose of allo-
purinol per eGFR than recommended by current guide-
lines, regardless of hematological malignancy status.

Pre-existing renal insufficiency was significantly low-
er in AHS patients with a hematological malignancy.
Despite this being a well-known risk factor for AHS [19],
none of the 11 AHS patients with a hematological ma-
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lignancy exhibited renal impairment prior to the onset
of AHS. This observation is important from a clinical
standpoint, as it suggests that the absence of renal insuf-
ficiency does not indicate a reduced probability of AHS
in patients with a hematological malignancy.

The absence of leukocytosis, eosinophilia, and high
frequency of fever in AHS patients with a hematological
malignancy can be attributed to the influence of chemo-
therapy-induced neutropenia [31]. All cases of AHS with
a hematological malignancy occurred within 23 days
following initiation of allopurinol and chemotherapy,
with a median duration of 10 days. The onset of AHS
was significantly shorter in patients with a hematolog-
ical malignancy than patients without a hematological
malignancy (p = 0.003). Rapid onset of AHS in hemato-
logical malignancy patients is meaningful when consid-
ered alongside a previous meta-analysis, which reported
amean duration of 10 weeks to AHS onset, substantially
longer than that of the AHS patients with a hematologi-
cal malignancy described here [19].

Finally, although the frequency of concomitant di-
uretic use was not significantly different between AHS
patients with and without a hematological malignancy,
patients with a hematological malignancy exhibited a
lower overall frequency. In total, seven of the 15 AHS pa-
tients without a hematological malignancy (46.7%) used
concomitant diuretics, a similar proportion found in a
meta-analysis that reported a 45.2% rate of use [19]. This
lower percentage of concomitant diuretics use is mean-
ingful, as it indicates that patients with hematological
malignancies may develop AHS despite the absence of
concomitant diuretic use, which is a suspected risk fac-
tor. Because diuretics are usually used in patients with
CKD to maintain urine output, the lower frequency of
concomitant diuretic use in AHS patients with a hema-
tological malignancy may be affected by baseline char-
acteristics showing a higher frequency of normal renal
function.

The incidence of AHS in patients with a hematolog-
ical malignancy was 0.34% in this study. Side effects of’
allopurinol are reported in 1% to 5% of patients when
mild side effects, such as gastrointestinal intolerance or
mild fever, are included [29,32]. Recently, Kim et al. [33]
reported an incidence of allopurinol-related SCARs of
0.69 per 1,000 person-years. A recent meta-analysis of
AHS patients revealed a total mortality rate 0£13.8%; the
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mortality directly attributable to AHS comprised 86.2%.
In our study, the overall mortality rate was 18.2%, with
all deaths unrelated to AHS. A previous meta-analysis
showed that severe cutaneous manifestations were asso-
ciated with a significantly higher likelihood of mortality
due to all causes, including AHS-related mortality [19]. A
major cause of death in severe skin manifestations (SJS
and TEN) is secondary bacterial infection due to the im-
paired skin barrier. The patients in our study showed
relatively low incidences of SJS and TEN; however, the
mortality rate was similar to previous studies. This sug-
gests that even when not accompanied by severe skin
manifestations, the risk of death in AHS patients with a
hematological malignancy is a concern.

ACR guidelines for the treatment of gouty arthritis
recommend starting allopurinol according to the de-
gree of renal impairment, followed by a gradual increase
in dosage to reduce the risk of AHS [1]. However, it is not
possible to gradually escalate the starting dose of allopu-
rinol according to a patient’s tolerance, or adopt a desen-
sitization protocol, in patients undergoing chemother-
apy because rapid elevation of urate levels is expected
in hematological malignancies [34]. Another option for
these patients may exist in the form of febuxostat and
rasburicase. Febuxostat is a non-purine selective inhib-
itor of xanthine oxidase, which is more effective than
allopurinol in terms of lowering serum urate concen-
trations [35]. Furthermore, febuxostat appears to induce
hypersensitivity syndrome less frequently than allopu-
rinol, and is well tolerated by most AHS patients [34,30].
Rasburicase is a potent recombinant form of urate oxi-
dase, which can metabolize uric acid to the more highly
soluble compound allantoin. It has better effects than
allopurinol in reducing uric acid levels when used as a
preventive drug for tumor lysis syndrome [37]. There-
fore, febuxostat and rasburicase may be good alterna-
tives for the treatment of hyperuricemia, particularly in
patients with hematological malignancies who are likely
to undergo chemotherapy.

Treatment modalities for AHS patients with hema-
tological malignancies are similar to those for AHS pa-
tients without hematological malignancies [19,38]. The
majority of patients recovered without sequelae, with
only patient eight experiencing severe sequelae requir-
ing hemodialysis. The incidence of AHS requiring he-
modialysis was similar to that of a previous meta-anal-
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ysis, which reported hemodialysis in 6.6% of patients.
The major treatment modality was glucocorticoids; oth-
er treatment modalities were used to control concomi-
tant symptoms, such as pruritus. Although intravenous
immunoglobulin (IVIg) did not lower the mortality
rate in AHS patients [39], IVIg may be beneficial to AHS
patients with hematological malignancies, as they are
more prone to infection [40].

The present study was not without its limitations.
First, comparisons were only performed between AHS
patients with and without a hematological malignan-
cy. To clarify the risk factors for AHS in patients with
a hematological malignancy, a comparison with pa-
tients with hematological malignancies who did not
experience AHS following administration of allopuri-
nol should be performed. Second, the presence of gen-
otype HLA-B*;801 was only determined in two AHS
patients with a hematological malignancy. This limita-
tion prevented clarification of the association between
HLA-B*5801 and AHS in patients with a hematological
malignancy. Third, relatively few patients were evaluat-
ed. Due to the low incidence of AHS in patients with
hematological malignancies, a multicenter study is nec-
essary to overcome this limitation.

To summarize, AHS occurs in patients with hemato-
logical malignancies in the absence of most risk factors,
including pre-existing renal impairment or the pres-
ence of the HLA-B*35801 allele. Physicians who prescribe
allopurinol for the prevention of chemotherapy-relat-
ed hyperuricemia must be mindful of the possibility
of development of AHS in this population, even in the
absence of common risk factors. Novel urate-lowering
agents should be considered alternative agents for the
prevention of chemotherapy-related hyperuricemia in
this patient population.

KEY MESSAGE

1. Allopurinol hypersensitivity syndrome (AHS)
can occur in patients with hematological ma-
lignancies who do not otherwise exhibit risk
factors for AHS.

2. Physicians must therefore be aware of AHS
when prescribing allopurinol to such patients.
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