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Abstract

Background Allopurinol is the primary therapy for the
management of chronic gout. Utilization of allopurinol has
increased in tandem with the growing prevalence of gout
globally. This exposes more patients to the risk of allo-
purinol hypersensitivity (AH), a rare adverse reaction
characterised by a spectrum of cutaneous reactions and
systemic manifestations. Severe forms of AH have been
associated with high mortality. The pathophysiology
underlying this reaction remains unknown, but several risk
factors have been proposed.

Objective The aim of this study was to review all pub-
lished cases of AH documented in the literature in order to
better understand the constellation of factors predisposing
to this reaction, building on previous reviews by Lupton
and Odom [163], Singer and Wallace [8]) and Arellano and
Sacristan [9]).

Methods A literature search was conducted in MED-
LINE and EMBASE to identify relevant articles pub-
lished between January 1950 and December 2012, with
no language restrictions imposed. Articles that were
included reported either allopurinol-induced cutaneous
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manifestations alone or satisfied the diagnostic criteria
for AH as defined by Singer and Wallace.

Results Nine hundred and one patients (overall AH
cohort) were identified from 320 publications. Of these
patients, 802 satisfied the Singer and Wallace criteria
(‘Singer and Wallace’ cohort) while 99 patients had only
mild cutaneous manifestations (‘non-Singer and Wallace’
cohort). Data were often incomplete; hence the results
reported reflect the fractions of the subsets of the cohort
where the data in question were available. In the overall
AH cohort, 58 % (416/722) were male. The majority
(73 %; 430/590) of patients were Asian. Renal impair-
ment (48 %; 182/376) and hypertension (42 %; 160/376)
were the most common chronic conditions; accordingly,
diuretics (45 %; 114/252) and antihypertensives (39 %;
99/252) were the most prevalent concomitant medications.
Allopurinol was prescribed for approved indications
(chronic gout and chemoprophylaxis) in only 40 % (186/
464) of patients. The median allopurinol dose was
300 mg/day (range 10-1,000 mg/day) and was taken by
50 % (168/338). There was no significant association
between a higher dose (>300 mg/day) and an increased
risk of severe cutaneous manifestations [odds ratio (OR)
1.76; 95 % CI 0.73-4.22; p = 0.23]. Approximately 90 %
(489/538) of patients developed AH within 60 days of
initiating allopurinol therapy. Serum oxypurinol (the
active metabolite of allopurinol) concentration was only
recorded in six patients, four of whom had levels within
the putative therapeutic range of 30-100 pmol/L. The
HLA-B*5801 allele was present in 99 % (166/167) of
patients tested, with the majority (147/166) being of
Asian ancestry. The all-cause mortality rate was 14 %
(109/788) with 94 AH-related deaths, all of which
occurred in the cohort meeting the Singer and Wallace
criteria.
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Limitations The publications included in this review uti-
lized different laboratory reference ranges to classify the
non-cutaneous manifestations of AH; this may have
introduced some variation in the cases identified as AH. A
majority of the articles included in this analysis consisted
of case reports and series—publication types that are not
recognized as best-quality evidence; this thus limited the
conclusions we could draw about the many risk factors we
were interested in evaluating.

Conclusions Risk factors associated with AH, such as
concomitant diuretic use, pre-existing renal impairment
and recent initiation of allopurinol, were commonly
present in AH patients; however, their role in the
mechanism of AH remains to be established. A clear
risk factor was the HLA-B*5801 status; this was espe-
cially relevant in Asian populations where there is a
higher carriage rate of the allele. High allopurinol dose,
previously suggested to be a risk factor, was not con-
firmed as such. The paucity of well-documented case
reports and studies of AH render it difficult to draw
more concrete conclusions or construct a meticulous
profile of patients at risk of AH. Future case reports of
AH need to be better documented to contribute to
understanding the risks for, and mechanisms of, AH.

1 Background

Allopurinol, the primary therapy for the management of
chronic gout, hyperuricaemia associated with the treatment
of malignancies, and renal stones accompanied by hype-
ruricosuria, has been widely used since its introduction in
the early 1960s [1, 2].

Allopurinol and its major metabolite oxypurinol directly
inhibit uric acid synthesis by inhibiting xanthine oxidase
(oxidoreductase), an enzyme that catalyzes the conversion
of the purine derivative hypoxanthine to xanthine and,
subsequently, xanthine to uric acid [3, 4]. The longer half-
life of oxypurinol (approximately 23 h) compared with
allopurinol (1.2 h) indicates that it is the former that is
largely responsible for the urate-lowering effect of allo-
purinol [4].

Allopurinol is generally well tolerated, with approxi-
mately 1-5 % of patients reporting minor side effects such
as gastrointestinal intolerance, mild fever and/or a mild
rash [5, 6]. Allopurinol hypersensitivity (AH), a rare
adverse reaction to allopurinol, is characterised by a
combination of cutaneous manifestations [which may
range in severity, from relatively benign maculopapular
rashes to more lethal forms, including Stevens—Johnson
syndrome (SJS) and toxic epidermal necrolysis (TEN)],
fever, hepatic dysfunction, renal impairment, eosinophilia

A\ Adis

and leukocytosis [7]. Although the precise incidence of AH
is not known, it has been estimated to be approximately
0.1 %, and the resulting mortality for the severest forms of
AH, such as SJS and TEN, has been reported to be as high
as 27 % [8-10].

Despite case reports dating back to 1970, the precise
pathogenesis underlying this syndrome remains largely
unknown. Early studies implicated the accumulation of
oxypurinol, in particular because of renal impairment, as
a primary factor for the development of AH [11]. Sev-
eral other risk factors for AH have been proposed
including concomitant diuretic use, renal insufficiency
itself, recent allopurinol initiation, high allopurinol
dose, and the HLA-B*5801 genotype [12]. The starting
dose of allopurinol has also been recently proposed as a
risk factor by Stamp and colleagues [13], who found
that patients commenced on >1.5 mg of allopurinol per
unit estimated glomerular filtration rate (eGFR) were
more likely to develop AH.

Epidemiological data suggest that the prevalence of
gout is increasing in both Western and Asian countries,
with higher rates observed in specific ethnic groups (such
as the Taiwanese Han Chinese, New Zealander Maoris
and Pacific Islanders and Australian Aborigines) [14-21].
Coinciding with the rising prevalence of gout is the
increasing number of prescriptions for allopurinol being
dispensed globally. In the US alone, approximately 12
million prescriptions for allopurinol were dispensed by
outpatient retail pharmacies in 2008, representing a 47 %
increase since 2002 [22]. In Australia, allopurinol
remains the foremost urate-lowering therapy, accounting
for more than 98 % of all dispensed medications for gout
[23]. A large number of patients are, therefore, at risk of
developing AH, which is particularly problematic as so
little is known about this syndrome. Although the inci-
dence of AH is low, allopurinol has been found to be the
leading drug-induced cause of SJS and TEN in Europe
and Israel, overtaking other well-known drugs associated
with such reactions, including carbamazepine, phenytoin
and the sulphonamides [24, 25]. Consequently, there is
some urgency to better understand the factors that pre-
dispose to AH.

A previous review on AH by Arellano and Sacristan [9]
identified 101 cases documented in the literature between
1970 and 1990 based on the criteria previously employed
by Singer and Wallace [8]. We herein review all cases
reported in the literature between 1950 and 2012 utilizing
the same criteria but broadened to include cases of cuta-
neous manifestations only which, we believe, better
encompass the spectrum of hypersensitivity reactions to
allopurinol. The aim was to better define a risk factor
profile for AH.
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2 Methods
2.1 Search Strategy

A literature search was performed in MEDLINE and
EMBASE to identify potentially relevant articles published
between January 1950 and December 2012. The search
string employed to search the two databases is presented in
Table 1. No language restrictions were imposed. While our
search string algorithm may not have captured every pub-
lished case of AH, we are confident that any that were
missed would not alter the results of this review.

2.2 Selection Criteria

References retrieved from the MEDLINE and EMBASE
search were cross-checked against each other to remove
duplicate records. Literature that was not formally pub-
lished (such as conference proceedings and dissertations)
was excluded. The resulting articles were assessed by two
independent reviewers (CSK, SNR) who screened the titles

Table 1 Search strategy to identify cases of allopurinol hypersensi-
tivity indexed in MEDLINE and EMBASE

String  Search terms

1. (Allopurinol or oxypurinol or gout suppressants).sh. or (315-
30-0 or 2,465-59-0).r or (allopurinol or allopurinoli or
allopurinolum or alopurinol or alopurinolis or oxypurinol
or oxipurinol).af.

2. (Kidney failure or kidney diseases or kidney/ci,im,pa,pp or
renal insufficiency or nephritis or glomerulonephritis).sh.
or (renal failure or kidney failure or renal impairment or
kidney impairment or nephropathy or nephritis or
glomerulonephritis).af.

3. (Liver diseases or hepatitis or liver failure, acute or liver/
ci,im,pa,pp or granuloma).sh. or (hepatitis or hepatic failure
or liver failure).af.

4. (Epidermal necrolysis, toxic or Stevens—Johnson syndrome
or drug eruptions or skin diseases or skin ulcer or skin).sh.
or (toxic epidermal necrolysis or TEN or Lyell’s or Lyells
or erythema multiforme or Stevens—Johnson or Stevens
Johnson or SJS or erythematous or maculopapular or
exfoliative dermatitis or severe cutaneous adverse reaction
or SCAR or rash).af.

Fever.sh. or fever.af.
Eosinophilia.sh. or eosinophilia.af.

Leukocytosis.sh. or (leukocytosis or leucocytosis).af.

® =N oW

(Drug toxicity or drug hypersensitivity or vasculitis).sh. or
(toxicity or hypersensitivity or vasculitis or DRESS or
(drug rash with eosinophilia and systemic symptoms) or
AHS or allopurinol hypersensitivity syndrome).af.

9. (2 and 3) or (2 and 4) or (3 and 4)

10. (2 and 5) or (2 and 6) or (2 and 7) or (3 and 5) or (3 and 6) or
(3 and 7) or (4 and 5) or (4 and 6) or (4 and 7)

11. 1 and (4 or 8 or 9 or 10)

and abstracts for eligibility for inclusion. Where abstracts
were not available, the complete articles were assessed for
inclusion. Eligibility for inclusion in this review was based
on fulfilment of the 1986 Singer and Wallace [8] diagnostic
criteria for AH outlined below:

(1) Clear history of exposure to allopurinol
(2) Clinical picture, including:

a. at least two of the following major criteria:

i.  worsening renal function

ii. acute hepatocellular injury

iii. rash (including diffuse maculopapular rash,
exfoliative dermatitis, erythema multiforme
or toxic epidermal necrolysis);

OR
b. one of the major criteria plus at least one of the
following minor criteria:

i. fever
ii. eosinophilia
iii. leukocytosis
(3) Lack of exposure to another drug which may have
caused a similar clinical picture.

As noted, in order to obtain a more complete picture of
reactions to allopurinol, cases in which only a cutaneous
manifestation was present were included in the dataset.

The full text of selected articles deemed to be potentially
relevant were then evaluated. Articles were excluded at this
stage if (i) there was only mean or population data avail-
able instead of individual patient data; (ii) there was a lack
of clinical data which had originally been alluded to in the
abstract; or (iii) the imputability of allopurinol as the
causative agent of the hypersensitivity reaction was inad-
equate due to the involvement of other suspect drugs.
Discrepancies between the reviewers concerning the
inclusion and/or exclusion of studies were resolved by
adjudication by two independent reviewers (KMW, ROD).

2.3 Data Extraction

Data extracted by six authors (CSK, SNR, NW, DMR,
MWHS, DRWK), where available, were age, sex, ethnic-
ity, medical history, concomitant medications, and perti-
nent baseline laboratory markers, allopurinol usage (daily
dose, duration and indication), hypersensitivity manifesta-
tions (cutaneous, renal, hepatic and haematological
abnormalities, fever and mucosal involvement), significant
laboratory tests (oxypurinol concentrations, lymphocyte
stimulation test [LST] and HLA-B*5801 allele screening),
hypersensitivity treatment and outcome (recovery, mortal-
ity and other sequelae). Other atypical symptoms and
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unique observations (such as raised viral titres) were also
recorded. Renal function was assessed by calculating the
eGFR, using the Chronic Kidney Disease-Epidemiology
Collaboration (CKD-EPI) formula [26], where serum cre-
atinine concentrations were available. Authors of the
studies included in this review were not contacted for
additional information; only the data that were already
available in the publications were extracted.

2.4 Reference Ranges

For hypersensitivity manifestations that could be quantified
by their respective laboratory markers, the presence or
absence of such manifestations was established by utilizing
the reference ranges in Table 2.

2.5 Statistical Analysis

Descriptive data are presented as mean (SD), median,
proportions (%) or range where appropriate. Odds ratios
(ORs) and corresponding 95 % confidence intervals (Cls)
were calculated to evaluate the associations between allo-
purinol dose and the development of severe cutaneous
reactions, allopurinol dose and mortality, allopurinol indi-
cation and mortality, as well as AH manifestation and
mortality. Differences between groups were analysed using
the % test, Fisher’s exact test and paired ¢ test. A p-value of
0.05 or less was considered statistically significant. All
calculations were performed using the statistical software

Table 2 Reference ranges utilised for determination of the allopu-
rinol hypersensitivity (AH) manifestations [463]

AH Laboratory parameter Abnormal
manifestation range
Renal Serum creatinine (sCr)* >120 pmol/L
Creatinine clearance (CrCL) <60 mL/min
Estimated glomerular filtration = <60 mL/min/
rate (eGFR) 1.73 m?
Blood urea nitrogen (BUN) >6.7 mmol/L
Hepatic Aspartate aminotransferase >35 IU/L
(AST)
Alanine aminotransferase (ALT) >35 IU/L
Alkaline phosphatase (ALP) >35 IU/L
Total bilirubin (TBIL) >17 pmol/L
Haematological White blood cell (WBC) count  >11.0 x 10°/L
Eosinophils >6.0 % of
WBC
Fever Temperature >37.5 °C

* The upper limit for serum creatinine concentration was chosen to be
120 pmol/L (instead of 150 pmol/L as indicated in the Oxford
Clinical Handbook of Medicine) so as to be concordant with standard
clinical practice
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program GraphPad Prism, Version 5.04 (GraphPad Soft-
ware, Inc., San Diego, CA, USA).

It should be noted that complete datasets for the vari-
ables were not available, as these data were not always
reported in the publications (e.g. not all patients had con-
comitant medications recorded). Thus, each variable
investigated in this review is quantified relative to a dif-
ferent ‘n’, often a small figure in comparison to the total
number of cases in the overall AH cohort.

3 Results

A total of 320 articles [1, 5, 7, 8, 11, 27-341] were
retrieved from records identified in the MEDLINE and
EMBASE databases. The flow diagram (Fig. 1) delineates
the literature search results, indicating the exclusions at
each step, leading to the final cohort of 901 cases.

Of the 901 cases of AH, 624 (69.2 %) satisfied the
Singer and Wallace criteria. In addition, there were 178
patients who were reported as having only severe cutane-
ous manifestations [erythema multiforme (EM), SJS and
TEN] and did not have sufficient data recorded about the
presence or absence of other manifestations. As SJS and
TEN rarely occur without fever [342], the 178 patients
were included in the Singer and Wallace cohort, giving a
total of 802 Singer and Wallace AH cases. The remaining
99 patients who did not meet the Singer and Wallace cri-
teria were reported to have mild cutaneous reactions. Some
authors refer to the latter as maculopapular erythema
(MPE) and suggest a different mechanism to that causing
AH [279].

Only 278 of the 802 Singer and Wallace patients had
laboratory parameters reported to validate the systemic
manifestations and, hence, be definitively identified as
cases of AH.

3.1 Demographics and Baseline Clinical Parameters

The demographic features of the overall AH cohort are
summarised in Table 3. There was a preponderance of
patients aged 50 years and above, constituting more than
74 % of the AH cohort. The majority of patients (73 %) were
of Asian ancestry, with a quarter of these patients reported as
Han Chinese from Taiwan, Hong Kong and China.

Surprisingly, clinical parameters relevant to AH were
reported only for a small minority of patients (Table 4). Of
the 72 patients with serum urate values available, only one
was not hyperuricaemic. Data on renal function, such as
serum creatinine concentration, creatinine clearance
(CrCL) and eGFR were also available only for a limited
number of patients. Of these, 93 % of patients had renal
impairment (e€GFR <60 mL/min).
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Excluded after abstract screening,
with reasons (N = 4191):

e Conference proceedings and
dissertations

e Failure to meet Singer &
Wallace criteria or absence

DATA EXTRACTION & ANALYSIS

Articles selected for full-text of allopurinol-attributed
. . cutaneous manifestation
retrieval:
N =617
Excluded after full-text screening,
with reasons (N = 297):

e Only mean or population
data available instead of
individual patient data

Articles included in this review: e Lack of clinical data which

N =320 (901 patients with Allopurinol
Hypersensitivity)

- Studies (53 papers, 279 patients)
- Case reports (177 papers, 177 patients)

- Case series (90 papers, 445 patients)

had originally been alluded
to in the abstract

e Inadequate evidence of
allopurinol being the
causative agent due to
presence of concomitant
medications which were not
apparent in the abstract

3.2 Comorbidities and Concomitant Therapies

Data on pre-existing chronic conditions and medication his-
tory were available for 376 and 252 patients, respectively
(Table 5). Renal impairment and hypertension were the two
most prominent comorbidities. More than a quarter of patients
had a history of multiple (i.e. three or more) comorbidities.
Given the prevalence of compromised renal function
and hypertension in the patient cohort, unsurprisingly,
diuretics and antihypertensives were the most common

therapeutic agents that patients were taking prior to com-
mencing allopurinol. At least 62 patients were on both
medications. Three or more medications were used by 54
patients (21 %).

3.3 Indications for Allopurinol Prescription
and Dosage

Reasons for initiating allopurinol were identifiable in 464
patients (Table 6). More than 45 % of patients were being
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Table 3 Characteristics of patients in the overall allopurinol hyper-
sensitivity patient cohort (n = 901)

Patient demographics [n (%)]
Sex*®
Males 416 (57.6)
Females 306 (42.4)
Age (years)b
Mean + SD 59.8 + 16.1
Median 61
Range 8-96
Geographical ancestry®
Europe 83 (14.1)
Africa 40 (6.78)
Americas 31 (5.25)
Oceania 6 (1.02)
Asia 430 (73.0)
Taiwan! 112 (26.0)
China® 79 (18.4)
Japan 42 (9.77)
Thai 35 (8.14)
Korea 27 (6.28)
Hong Kong 21 (4.88)
India/Sri Lanka 4(0.93)
The Philippines 3 (0.70)
Cambodia 3 (0.70)
Indonesian 1(0.23)
Singapore 1(0.23)
Laos 1(0.23)
Vietnam 1 (0.23)
Pakistan 1 (0.23)
Not further defined 99 (23.0)

* Sex was specified for 722 of the 901 subjects
 Age was specified for 701 of the 901 subjects
Ancestry was specified for 590 of the 901 subjects

c

4 Of the 112 Taiwanese patients, 52 were identified as Han Chinese.

Of the 79 Chinese patients, 39 were identified as Han Chinese. Of the
21 Hong Kong patients, 20 were identified as Han Chinese

treated with allopurinol for asymptomatic hyperuricaemia,
whilst 13 % were taking the drug to treat an acute attack of
gout.

Data on allopurinol dosing were available for 339
patients (Table 6). The median allopurinol dose was
300 mg/day (range 10-1,000 mg/day). Five patients were
on 50 mg/day while one patient was on 10 mg/day [119,
241, 279, 286, 334]. Fifteen patients received allopurinol
doses 500 mg or greater daily. There was one patient each
on 500, 900 and 1,000 mg/day, eight patients on 600 mg/
day and four patients on 800 mg/day [1, 5, 27, 64, 234,
238, 261, 271, 276, 295, 321, 324, 333]. Renal function
prior to AH was available for only one of these 15 patients;
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Table 4 Baseline clinical parameters [relevant to allopurinol hyper-
sensitivity (AH)] of patients in the overall AH patient cohort
(n =901)

Baseline (pre-AH) clinical parameters

Serum urate (umol/L)*

Mean + SD 639 + 124

Median 636

Range 370-960
Serum creatinine (umol/L)b

Mean + SD 239 + 141

Median 177

Range 87-672
Reported creatinine clearance (mL/min)*

Mean + SD 39 + 26

Median 30

Range 1-100

Calculated estimated glomerular filtration rate (eGFR)
by Chronic Kidney Disease-Epidemiology Collaboration
(CKD-EPI) [mL/min/1.73 m?]®

Mean + SD 31 + 18
Median 29
Range 6-99

* Pre-AH serum urate concentrations were only available for 72 of
the 901 patients

® Pre-AH serum creatinine concentrations were only available for 71
of the 901 patients

¢ Pre-AH creatinine clearances were only available for 38 of the 901
patients

4 Pre-AH eGFR values were only able to be derived (using the CKD-
EPI formula) [26] for 69 of the 71 patients who had serum creatinine
concentrations available; age was not stated for the remaining two
patients, hence we were unable to determine the pre-AH eGFR of
these patients

the patient who was on a dose of 900 mg/day had pre-
existing moderate kidney disease (eGFR of 40 mL/min/
1.73 m?) [234].

Of the 339 patients for whom allopurinol dosage was
known, 23 had pre-AH CrCL values available [31, 32, 41,
80, 81, 87, 111, 121, 129, 145, 155, 163, 170, 178, 184,
207, 250, 340]. Only two patients were receiving doses
recommended (R) for their renal function. One patient
received a dose 100 mg lower than recommended (R —
100), while the remainder (20 patients) were receiving
higher than recommended doses. Of this latter subset,
seven received doses 150 mg above the recommended
(R + 150), five received R + 100, two patients each
received R + 200 and R + 50, respectively, and the other
four patients received R + 250, R + 270, R + 300 and
R + 350. There were five fatalities out of the 23, with two
occurring in the R + 50 group and one each in the
R 4+ 100, R + 150 and R + 200 groups. Severe cutaneous
reactions were only observed in five of the 23 patients, two
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Table 5 Chronic conditions and common concomitant therapies
noted in the overall allopurinol hypersensitivity patient cohort
(n =901)

n (%)
Chronic illnesses®
Renal impairment 182 (48.4)
Hypertension 160 (42.5)
Neoplasm/malignancy 39 (10.4)
Diabetes type 11 44 (11.7)
Chronic heart failure 29 (7.7)
Others® 294 (78.2)
Concomitant medications®
Diuretics 114 (45.2)
Antihypertensives 99 (39.3)
Digoxin 31 (12.3)
Colchicine 35 (13.9)
Probenecid 4 (1.6)
Others® 155 (61.5)

4 Data on co-existing chronic illnesses were available for 376 of the
901 subjects

 Other conditions include, but are not limited to, renal disorders
other than renal impairment (n = 54), cardiac or cardiovascular dis-
eases other than chronic heart failure (n = 53), rheumatic diseases
other than gout (n = 26), metabolic disorders (n = 24), infections
(n = 24), autoimmune disorders (n = 19), respiratory disorders
(n = 14), neurological disorders (n = 13), other haematological dis-
orders (n = 10), other hepatic diseases (n = 10), gastrointestinal
disorders (n = 10), ocular diseases (n = 6), allergies (n = 6) and
immunological disorders (n = 4)

¢ Data on the use of medications commonly observed in the gout
population were available for 252 of the 901 subjects. Patients were
usually on more than one medication

4" Authors may be contacted for the full list of medications

of whom developed fatal EM (R + 150 group and R + 200
group, respectively). The remaining three patients devel-
oped SJS (R — 100 group), EM (R + 150 group) and TEN
(R + 200 group), all with non-fatal outcomes.

3.4 Time to Onset of Allopurinol Hypersensitivity
(AH)

The latency period to the onset of the hypersensitivity
reaction was chronicled in 538 patients (Fig. 2). The mean
(SD) time to reaction was 10 (46) weeks, with the median
being 3 weeks; however, this period of quiescence was
exceedingly variable, with some patients (n = 15) devel-
oping hallmark features of the reaction as early as 1 day
after allopurinol initiation, whereas in other patients
(n = 15) symptoms only manifested more than 1 year after
commencement of therapy. However, over 90 % of
patients developed AH within 8-9 weeks of commencing
allopurinol treatment.

Table 6 Patterns of allopurinol dosing and indication in the overall
allopurinol hypersensitivity patient cohort (n = 901)

Allopurinol usage n (%)

Dose (mg/day)*
<100 6 (1.8)
100 68 (20.1)
150 2 (0.6)
200 70 (20.7)
300 168 (49.7)
400 927
>500 15 (4.4)

Indication”
Diagnosis of gout® 164 (35.3)
Asymptomatic hyperuricaemia 210 (45.3)
Chemoprophylaxis 22 (4.7)
Acute gout attack® 62 (13.4)
Other! 6 (1.3)

 Daily dose of allopurinol was known for 339 of the 901 patients.
One patient (8-year-old female) was given a dose of 8.5 mg/kg
bodyweight but patient’s weight was not reported in the paper; thus,
this patient was excluded from the final allopurinol dose analysis
(n = 338)

® Indication for allopurinol use was known for 464 of the 901 patients

¢ A diagnosis of gout and an acute attack of gout in patients were
accepted as such if stated in the publications; no attempts were made
to verify the validity of the gout diagnosis or the classification of an
‘acute’ attack as the very first attack

9 Other (non-approved) indications included worsening leg pain
(n = 2), and back pain, ureterolith, cystitis and stage Il essential
hypertension (n = 1 each) [64, 86, 143, 215, 261, 287]

3.5 Hallmark Clinical Manifestations and Laboratory
Findings during AH

A summary of the clinical features documented during the
course of AH in the Singer and Wallace cohort (n = 802)
is presented in Tables 7 and 8.

3.5.1 Major Criteria

Cutaneous manifestations were recorded in 787 (98 %) Singer
and Wallace patients, with no further details available (vis-a-
vis the type of skin alteration) for 196 (25 %) of these patients.
The most frequent cutaneous lesion reported, occurring in 314
(40 %) patients, were the severe cutaneous reactions of SJS
and TEN. MPEs occurred in 187 (24 %) patients. Exfoliative
dermatitis (ED) and EM were far less common.

Mucosal involvement was also described frequently,
with ulceration of the ocular, oral, oesophageal and genital
mucosae being the most prevalent.

Although acute renal and hepatic injury were reported in
325 (40 %) and 308 (38 %) patients, respectively, only 188
and 153 of these patients, correspondingly, had the relevant
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Fig. 2 Duration of allopurinol 25 4
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laboratory parameters reported. The data from the 188
patients indicated quite severely compromised renal func-
tion (Table 8).

There were only 10 matched pairs for CrCL and 54 pairs
for eGFR comparing baseline pre-AH values with values
during AH. CrCL declined by an average of 31 % and
eGFR by 54 % (p < 0.001 and p < 0.0001, respectively).
Similarly, markers of hepatic function were grossly ele-
vated compared with normal reference ranges (Table 8).

In the non-Singer and Wallace cohort (n = 99), all
patients were reported to have had only a mild cutaneous
reaction to allopurinol and no systemic symptoms.
Approximately 45 % of patients were simply noted to have
a rash or skin eruption. MPEs were reported in 36 patients,
while ED was observed in five patients. Other cutaneous
changes included urticaria (n = 4), bullous exanthema and
fixed drug eruptions (n = 2 each), and eczematous rash,
lupus erythematosus, erythema annulare centrifugum, acute
generalised exanthematous pustulosis and eosinophilic
pustular folliculitis (n = 1 each).

3.5.2 Minor Criteria

Fever was common; of 347 (43 %) patients reported with
fever, only 134 patients had values recorded, with the mean
(SD) temperature being 389 (0.7)°C and range
37.6-41.5°C. Presence of leukocytosis and eosinophilia
was noted in 182 and 250 patients, respectively, with actual
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laboratory parameters available for confirmation for 118
and 141 patients, correspondingly. Leukocyte and eosino-
phil counts were exceedingly raised, with the mean (SD)
leukocyte count being 18.0 (7.5) x 10°/L and the mean
(SD) eosinophil count being 20.9 (12.8) % (Table 8).

3.6 Other Aspects of AH

Non-specific symptoms observed in several patients included
diarrhoea, nausea, anorexia, malaise, chills, dizziness,
myalgia and sore throat. Other clinical manifestations such as
lymphadenopathy, leukopenia, thrombocytopenia, neutrope-
nia, agranulocytosis, interstitial pneumonitis, metabolic
acidosis, tachycardia, hypovolaemia, tachypnoea and hypo-
tension were also recorded.

Immunoglobulin G (IgG) antibody titres against various
viruses such as human herpesvirus (HHV)-6, HHV-7,
Epstein—Barr virus (EBV) and cytomegalovirus (CMV)
were markedly elevated in some patients, indicating reac-
tivation of latent viral infections. These patients tended to
be diagnosed with Drug Rash with Eosinophilia and Sys-
temic Symptoms (DRESS) or Drug-Induced Hypersensi-
tivity Syndrome (DIHS) [94, 97, 105, 108, 122, 138], with
DRESS and DIHS being subsets of AH [279].

Isolated findings of autoantibodies were documented
in two patients; one developed antinuclear antibodies
(ANA) and antiribonucleoprotein (anti-RNP) antibodies
after 3 years of allopurinol therapy, while the other
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Table 7 Clinical manifestations of allopurinol hypersensitivity (AH)* reported in the Singer and Wallace cohort of 802 patients
n (%) Laboratory
data available®
(% of n)
Major criteria Worsening renal function 325 (40.5) 188 (57.8)
Acute hepatic injury 308 (38.4) 153 (49.7)
Cutaneous change 787 (98.1) -
Simple rash 19 (2.41) -
MPE*® 187 (23.8) -
ED 31 (3.94) -
EM 24 (3.05) -
SJS/TEN 314 (39.9) -
Other® 16 (2.03) -
Not specified® 196 (24.9) -
Combinations of the major criteria All three major criteria 186 (23.2) 107 (57.5)
Cutaneous + renal 129 (16.1) 62 (48.1)
Cutaneous + hepatic 111 (13.8) 40 (36.0)
Renal + hepatic 6 (0.75) 3 (50.0)
Minor criteria Fever 347 (43.3) 134 (38.6)
Leukocytosis 182 (22.7) 118 (64.8)
Eosinophilia 250 (31.2) 141 (56.4)
Combinations of the minor criteria All three minor criteria 96 (12.0) 51 (53.1)
Fever 4+ leukocytosis 43 (5.36) 16 (37.2)
Fever + eosinophilia 68 (8.48) 23 (33.8)
Leukocytosis + eosinophilia 25 (3.12) 14 (56.0)
Strict fulfilment of Singer and Wallace criteria Two major OR one major + one minor 624 (77.8) 278 (44.5)

# Manifestations of AH as defined by Singer and Wallace [8]

" Applicable to all manifestations, with the exception of cutaneous manifestations, which could be quantified by their respective laboratory

markers (refer to Table 2)

¢ MPE, as noted in the methods, is used by some authors to indicate a simple rash without systemic manifestations and with a mechanism
different from AH [279]; however, a simple rash of the MPE type in association with other Singer and Wallace criteria can make a diagnosis of

AH

4 Other cutaneous manifestations reported include petechial rash, haemorrhagic rash, eczematous rash, lupus erythematosus, bullous lesions/
exanthema, urticaria, erythema annulare centrifugum, acute generalized exfoliative pustulosis, follicular toxic pustuloderma, blisters, skin lesions

and fixed drug eruptions

¢ The presence of any skin manifestation, even if there were no further details as to the type of skin alteration, was accepted as such when

indicated in the publications

developed peri-nuclear antineutrophil cytoplasmic anti-
bodies (p-ANCA) within 3 weeks of allopurinol com-
mencement [76, 87].

3.7 Serum Oxypurinol Concentrations

Serum oxypurinol concentrations were only available for 6
(herein referred to as patients A—F) of the 653 patients [11,
181, 185, 188, 203, 218]. Four patients (A, C, D and E) had
concentrations that were within the putative therapeutic
range of 30-100 pmol/L (A: 9.3 pmol/L; C: 50 pmol/L; D:
50 pumol/L; E: 86 pmol/L); serum samples, however, were
drawn at different time points after the last allopurinol dose
(A, E: 336 h; C, D: 8 h). As the putative therapeutic range

refers to a 6-9 h window post-allopurinol dose, patient E
was likely to have been above the therapeutic range ini-
tially, given the extensive time interval between the last
allopurinol dose and the time point of blood sampling. The
remaining two patients (B, F) had serum oxypurinol con-
centrations above the upper limit of the recommended
therapeutic range (B: 126 pumol/L; F: 267 umol/L); timing
of the serum samples, however, was not stated.

Information about renal function preceding the onset of
AH was available for four of these six patients; all four had
pre-existing severe renal impairment (as indicated by a low
eGFR value) preceding the AH reaction (A: 11 mL/min/
1.73 m* B: 11 mL/min/1.73 m* E: 12 mL/min/1.73 m*;
F: 28 mL/min/1.73 m?).
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Table 8 Laboratory parameters of allopurinol hypersensitivity (AH) manifestations® in the Singer and Wallace cohort (n = 802)

Variable N Mean (SD) Median Range
Major criteria
Hepatic AST (IU/L) 124 357 (687) 135 36-5,595
ALT (IU/L) 122 358 (396) 215 37-2,222
ALP (IU/L) 26 518 (361) 387 116-1,366
TBIL (mmol/L) 12 110 (83) 93 18-289
Renal Serum Cr (pmol/L) 161 461 (338) 354 88-1,945
CrCL (mL/min) 30 20.4 (15.6) 17.2 1-70
BUN (mmol/L) 115 37.4 (27.6) 30.3 7-176
eGFR (mL/min per 1.73 m?)° 160 17.8 (13.6) 13.1 2-63
Minor criteria
Fever Temperature (°C) 134 38.9 (0.7) 39.0 37.6-41.5
Leukocytosis WBC count (x 109/L) 118 18.0 (7.5) 15.5 11.1-65.3
Eosinophilia Eosinophils (%) 141 20.9 (12.8) 15.4 7.0-64.2

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, BUN blood urea nitrogen, CKD-EPI Chronic Kidney
Disease-Epidemiology Collaboration, CrCL creatinine clearance, eGFR estimated glomerular filtration rate, Serum Cr serum creatinine,

TBIL total bilirubin, WBC white blood cell
# Manifestations of AH as defined by Singer and Wallace [8]

" The eGFR values were derived using the CKD-EPI formula [26]. There were 99 patients who had data on serum creatinine, age and sex but not
race—they were assumed to be non-African American for purposes of eGFR calculation

Table 9 Clinical management of allopurinol hypersensitivity (AH)
and outcome in the overall AH patient cohort (n = 901)

n (%)
Treatment modality®
None 60 (14.6)
Glucocorticosteroids 285 (69.2)
Intravenous immunoglobulin 37 (8.98)
Antibiotics 75 (18.2)
Dialysis 27 (6.55)
Outcome”
Recovery 679 (86.2)
All-cause mortality 109 (13.8)
Mortality from AH 94 (86.2)
Mortality from unrelated complications 15 (13.8)

4 Data on treatment strategies employed were available for 412 of the
901 patients. Several patients received combination therapy with
those therapies listed

® Data on outcome subsequent to the AH reaction were available for
788 of the 901 patients

3.8 Results of Patch Tests and Lymphocyte
Stimulation Tests (LSTs)

Of the ten patients in the AH cohort who underwent patch

testing [64, 82, 87, 152, 167, 182, 233, 328], seven returned
negative results (six of whom were tested with allopurinol,
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with the remaining patient being tested with oxypurinol),
while three returned positive results with allopurinol.

LSTs were performed in 29 patients in the AH cohort,
with 21 patients returning negative results with allopurinol.
Of these 21, one patient also returned a negative LST to
oxypurinol, while nine patients returned a positive LST to
oxypurinol. Furthermore, 2 of the 21 patients underwent
patch testing with allopurinol, returning a positive and
negative result each. Of the eight patients with a positive
LST to allopurinol, one patient returned a negative LST to
oxypurinol while another patient had a negative patch test
with allopurinol.

3.9 HLA-B*5801 Genotyping

The presence of the HLA-B*5801 allele was demonstrated
in 166 patients [125, 241, 271, 276, 278, 279, 311, 327,
329], 160 of whom were from the Singer and Wallace AH
cohort. The remaining six patients had only mild MPEs.
Of the 166 patients, 146 were of Asian background.
Approximately 75 % of these Asian patients belonged to
the Han Chinese ethnic group. The HLA-B*5801 allele
was also confirmed in 20 non-Asian patients, of whom 16
were of European ancestry. There was one patient who
returned a negative result for the allele; this patient was of
Han Chinese ethnicity from Hong Kong and had developed
EM after 28 days of 300 mg allopurinol therapy [276].
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Table 10 Comparison table of mortality rates between and within cohorts
Recovery All-cause AH-related Odds ratio Fisher’s
[n (%)] mortality [n (%)] mortality [n (%)] (95 % CI) exact test
Singer and Wallace (N = 696)* 590 (84.8) 106 (15.2) 94 (13.5) 5.33 (1.66-17.2)" p = 0.0006"
28.6 (1.76-466)* p < 0.0001*
Non-Singer and Wallace (N = 92)* 89 (96.7) 33.3) 0 (0)
Severe Singer and Wallace (N = 280)" 217 (77.5) 63 (22.5) 57 (20.3) 2.52 (1.65-3.84)2 p < 0.00012
2.65 (1.69-4.14)22 p < 0.000122
Mild Singer and Wallace (N = 416)" 373 (89.7) 43 (10.3) 37 (8.9)

* Of the overall allopurinol hypersensitivity (AH) cohort of 901 patients, 802 belonged to the Singer and Wallace cohort while the remaining 99
patients were designated as the non-Singer and Wallace cohort. Outcome of AH was known for 696 of the 802 Singer and Wallace patients and
92 of the 99 non-Singer and Wallace patients

° In the Singer and Wallace cohort of patients where outcome was known (i.e. n = 696), 280 patients had severe cutaneous reactions (such as
erythema multiforme, Stevens—Johnson Syndrome and toxic epidermal necrolysis) while the remaining 416 patients had milder cutaneous

reactions (including maculopapular exanthema)

 The all-cause mortality rate in the Singer and Wallace cohort was compared against that of the non-Singer and Wallace cohort

! The AH-related mortality rate in the Singer and Wallace cohort was compared against that of the non-Singer and Wallace cohort

2Within the Singer and Wallace cohort, the all-cause mortality rate in the subset with severe cutaneous reactions was compared against that of the

subset with milder cutaneous reactions

22Within the Singer and Wallace cohort, the AH-related mortality rate in the subset with severe cutaneous reactions was compared against that of

the subset with milder cutaneous reactions

Additionally, three Japanese patients were found to
carry the HLA-B58 serotype; one developed the DIHS
subset of AH while the other two patients developed the
more severe reactions of SJS and TEN [247].

3.10 AH Treatment and Outcomes

Data on treatments were available for 412 patients
(Table 9). Withdrawal of allopurinol, either immediately
upon presentation with AH symptoms or as soon as a
diagnosis of AH was established, was reported in 234
(57 %) patients. The majority of patients (69 %) received
glucocorticosteroid therapy, in either the systemic, oral or
topical form. Antibiotics, dialysis and intravenous immu-
noglobulin (IVIg) were also relatively common, indicative
of the severity of AH. Multimodal treatment involving
various combinations of the above-mentioned therapies
was more prevalent than unimodal treatment options.

Patient outcome could be ascertained for 788 of the 901
patients (Table 9). The overall mortality rate was 14 %,
with 94 deaths directly attributed to AH and its sequelae.

Results for mortality were similar in the Singer and
Wallace sub-cohort (n = 802) (Table 10). Severe cutane-
ous involvement (EM, SJS and TEN) was found to be
associated with significantly higher odds of both all-cause
and AH-related mortalities, compared with milder cutane-
ous involvement (Table 10).

Complications were described in 94 patients, with
pathogenic infections and/or accompanying septicaemia
being the most common, occurring in 47 patients. Twenty-
six of these 47 patients succumbed to their infections.

3.11 Statistical Analysis

There was no association between higher allopurinol dose
(>300 mg/day) and the development of severe cutaneous
reactions (EM, SJS and TEN), all-cause mortality or AH-
related mortality. However, allopurinol indication was
found to be associated with AH-related mortality, with
prescription for non-approved indications carrying an
almost fourfold increased risk of death, compared with
prescription for approved indications (OR 3.85; 95 % CI
1.76-8.45; p = 0.0003). Of the various Singer and Wallace
manifestations during AH, worsening renal function was
found to carry the highest odds ratio for both all-cause
mortality (OR 2.98; 95 % CI 1.97-4.51; p < 0.0001) and
AH-related mortality (OR 3.11; 95 % CI 1.99-4.84;
p < 0.0001). Other manifestations such as hepatic dys-
function (OR 1.59; 95 % CI 1.05-2.39; p = 0.03 for all-
cause mortality) and fever (OR 1.69; 95 % CI 1.13-2.54;
p = 0.01 for all-cause mortality, and OR 1.81; 95 % CI
1.17-2.79; p = 0.009 for AH-related mortality) were also
found to be associated with mortality, although these were
less significant.
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4 Discussion

4.1 Relationship of AH to Dose of Allopurinol
and Renal Function

It has been thought that patients who develop AH are more
likely to be renally impaired and to be taking maintenance
allopurinol doses of between 300 and 400 mg daily [11].
Thus, the most common risk factors proposed for AH have
been the maintenance dose of allopurinol and renal func-
tion; both relate to the concentration of the primary and
active metabolite, oxypurinol, which is excreted renally.
Dosing in accordance with renal function has thus been
advocated.

Consistent with a dose-association hypothesis, the
majority (85 %) of patients who developed AH were being
treated with a daily maintenance dose of allopurinol
50-300 mg above that recommended by the guidelines of
Hande et al [11]. The modal daily maintenance dose of
allopurinol for the AH cohort (300 mg/day) is, however,
also the most common dose used to treat patients with gout
[343-346]. The proliferation in allopurinol usage world-
wide, particularly of affordable generics and higher-dose
formulations (such as 200 and 300 mg dosages) may also
account for the frequency with which these doses feature in
AH cases [22, 24].

Many studies have drawn a link between the higher-
than-recommended maintenance doses and the occurrence
of AH [343, 345, 347, 348]. Results from the EuroSCAR
project, for example, revealed that allopurinol doses
>200 mg/day were associated with a significantly
increased risk for SJS and TEN compared with lower doses
(adjusted OR 36; 95 % CI 17-76) [24]. By contrast, our
review revealed that daily doses of >200 mg were not
associated with an increased risk of serious AH, namely
SJS and TEN, compared with a lower dose (OR 0.58; 95 %
CI10.33-1.02). However, as dose appropriateness according
to renal function (viz. the guidelines of Hande et al.) could
not be ascertained for the majority of our AH cohort, we
were not able to assess whether a higher-than-recom-
mended maintenance dose as per the guidelines by Hande
et al. [11] is an irrefutable risk factor for AH.

A recent study by Stamp and colleagues [13] identified
the starting dose of allopurinol to be a significant risk factor
for AH. They found that AH patients had initiated allopu-
rinol at a higher dose than matched, unaffected controls
(183.5 £ 14.0 mg/day vs. 112.2 £ 6.3 mg/day; p < 0.001).
Stamp et al. suggested a very conservative allopurinol
starting dose of 1.5 mg per unit eGFR to mitigate the risk of
AH in new allopurinol users. We were not able to confirm
this association in our review as the doses reported in the
publications we analysed were largely maintenance doses
(or assumed to be maintenance doses, if not stated
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explicitly). However, it should be noted that there is likely to
be a difference in the risk for AH between low starting
allopurinol doses which are gradually escalated and higher
starting allopurinol doses. This important point should be
explored further.

A lack of a dose-association for AH risk is supple-
mented by evidence from a spate of studies demonstrating
that (i) a lower allopurinol dose does not diminish the risk
of AH [10, 81, 241, 349]; (ii) hypersensitivity occurs
despite dose adjustment for renal function [10, 251, 350,
351]; (iii) hypersensitivity can occur even with normal
renal function [37, 153, 188]; (iv) no statistical difference
in dose is usually observed between hypersensitive patients
and tolerant patients [271, 276, 352]; and (v) doses above
300 mg/day (achieved by means of upward titration) are
safe and tolerable [353—-355]. We therefore speculate that
AH is most likely not dose-associated, although the rate of
increase of dose is not excluded as a risk factor [13].

4.2 Oxypurinol Concentrations

The published, putative therapeutic range of oxypurinol
concentrations is 30-100 pmol/L, 6-9 h post allopurinol
dose [356-359]. Studies that demonstrated strongly posi-
tive LST results with oxypurinol in patients with AH fur-
ther implicated oxypurinol in the pathogenesis of AH [182,
198], while the significant inverse relationship between
serum oxypurinol concentration and CrCL was the basis for
dose adjustment according to renal function, mentioned
above.

However, the paucity of serum oxypurinol measure-
ments in case reports of AH, as unequivocally demonstrated
in this review, makes it difficult to authenticate any rela-
tionship between serum oxypurinol concentration and the
incidence of AH. Notably, only six cases of AH reported the
associated oxypurinol concentrations; of these, four patients
had serum concentrations of oxypurinol within the thera-
peutic range. Furthermore, serum oxypurinol concentra-
tions above the therapeutic range are frequently reported in
patients, including those with renal insufficiency, without
serious adverse events ensuing [360, 361].

Unfortunately, the concerns of toxicity and, adherence
to the dosing guidelines of Hande et al., have resulted in
sub-optimal management of gout and hyperuricaemia in a
majority of patients; up to 50 % of patients fail to achieve
target serum urate concentrations. A revision of the ther-
apeutic range and guidelines is now required [348, 360].

4.3 Hyperuricaemia, Gout and Quality of Care
Key quality-of-care indicators for the management of gout

have been developed [362]. Asymptomatic hyperurica-
emia, in the absence of (i) a prior history of gouty arthritis
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or tophaceous deposits; (ii) a prior history of nephrolithi-
asis or hyperuricosuria; and (iii) ongoing treatment of
malignancy, is not an indication for urate-lowering therapy
(such as allopurinol). However, the current review found
that indicators are rarely adhered to, with 45 % of the AH
cohort receiving allopurinol for hyperuricaemia alone, a
non-approved indication. Again, this finding is concordant
with previous studies, with treatment rates of asymptomatic
hyperuricaemia ranging from 21 to 57 % [271, 363, 364].
Four previous reviews of patients with AH found that
allopurinol was prescribed for asymptomatic hyperurica-
emia in 55, 67, 56 and 75 % of patients, respectively [8, 9,
11, 163].

Treatment of asymptomatic hyperuricaemia stemmed
from the results of the Framingham Study, which found
that hyperuricaemia was associated with a risk of devel-
oping acute gouty arthritis and nephropathy [365]. Despite
later studies [366—-368] demonstrating that hyperuricaemia
did not impair renal function in either gouty and asymp-
tomatic hyperuricaemic subjects, and that only an esti-
mated 20 % of hyperuricaemic individuals would
experience a gout attack [369], treating hyperuricaemia (by
means of allopurinol) became prevalent and this practice
appears to have continued. This is likely due to re-
emerging data that proposes that hyperuricaemia is an
independent risk factor for hypertension, cardiovascular
and renal disease, and metabolic syndrome [370-380].
Additionally, there have been data demonstrating that hy-
peruricaemia correlates with future kidney injury in those
with normal renal function [381], and allopurinol treatment
of asymptomatic hyperuricaemic individuals with chronic
kidney disease (CKD) can conserve renal function for up to
1 year [382]. As the strength of such associations grows,
and given the rising prevalence of hyperuricaemia in sev-
eral countries (US: 21.2 % in males and 21.6 % in females;
Australia: 23 % in males; Thailand: 18.4 % in males and
7.8 % in females; China: 21.6 % in males, 8.6 % in
females), it is conceivable that allopurinol may be indi-
cated as prophylaxis for asymptomatic hyperuricaemia in
those with cardiovascular or renal risk factors.

Apart from asymptomatic hyperuricaemia, approxi-
mately 15 % of AH cases were prescribed allopurinol
inappropriately for acute attacks of gout and for other
miscellaneous conditions. This is significantly higher than
the rate reported by Neogi et al. [383], who found that 5 of
110 (4.5 %) patients who consulted a physician for recur-
rent attacks of gout were prescribed allopurinol acutely.

Another study which examined allopurinol prescribing
habits in a teaching hospital observed that 47 % of patients
without appropriate indications were prescribed allopurinol
[350]. This could be partly because junior doctors often
continue to prescribe whatever drugs the patient was on in
the community. Similar results were seen in an Australian

study which examined the prescribing patterns in gout,
whereby 42 % of general practitioners and 7 % of rheu-
matologists initiated urate-lowering treatment after a single
acute gout attack [291]. There are data suggesting that,
after the first attack, approximately 38 % of patients do not
experience a recurrent attack for 1 year, while there is no
recurrence for at least 10 years in 7 % of patients [384].
Given this and a quality-of-care indicator which advocates
commencing urate-lowering therapy only in hyperuricae-
mic patients who experience at least two attacks per year,
allopurinol introduction following an initial attack of gout
is unwarranted [362, 363].

4.4 Risk Factors
4.4.1 Ethnicity

The overwhelming majority of patients (82 %) who con-
stitute the burden of ambulatory care of gout in the US are
Caucasian; [385] African-Americans, and Asian and Paci-
fic Islanders account for only 6 and 8 %, respectively. By
contrast, Asians constituted the majority (73 %) of the AH
cohort in our study. The general prevalence of gout in
Asians has traditionally been lower than that of Caucasians
[14-21]. Hence, the overwhelming representation of
Asians in the AH cohort, in particular by those from East
Asia, is striking. This observation mirrors that of Stamp
et al. [13], who found that New Zealanders of Chinese
origin had an increased propensity to develop AH, com-
pared with New Zealanders of European ancestry (OR
70.8; p = 0.005).

This increased risk stems from the higher carriage rate
of the HLA-B*5801 allele in the Chinese population
(allelic frequency of 8.9 % from the dbMHC database)
[386]. A genetic predilection to allopurinol-induced cuta-
neous reactions was initially identified in a study which
found that 15/17 patients of southern Chinese descent who
developed AH possessed the HLA-B17 serotype [relative
risk (RR 15); 95 % CI 10.3-209.2; p = 1.7 x 107°], of
which the HLA-B58 serotype is a subtype [387]. This
observation was later substantiated by Hung et al. [241],
who identified the specific allele to be HLA-B*5801. In the
latter study, all 51 patients (Han Chinese from Taiwan)
with severe cutaneous adverse reactions (SCAR) due to
allopurinol carried the HLA-B*5801 allele, compared with
15 % of allopurinol-tolerant controls (OR 580.3; 95 % CI
34.4-9,780.9; p=4.7 x 107**) and 20 % of healthy
controls (OR 393.5; 95 % CI 23.2-6,665.26; p = 8.1 x
10718, Polymorphisms in other alleles (HLA-C*0302,
HLA-A*3303, HLA-C*0801 and HLA-DRB1*0301) were
thought also to contribute to the pathogenesis of allopuri-
nol-induced SCAR [241, 388]. Hung et al. [241] suggested
that the HLA-B*5801 allele, while essential, was not
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sufficient, as allopurinol-tolerant patients also possessed
the allele; however, this conclusion has been disputed by
Lonjou et al. [329], who found that only 61 % of allopu-
rinol-induced SJS/TEN patients (most of whom were
Europeans) carried the HLA-B*5801 allele and concluded
that the allele was neither essential nor sufficient. The
lower frequency (0.8 %) of the HLA-B*5801 allele in the
European population [386] may explain the results of
Lonjou and colleagues.

Positive associations between HLA-B*5801 and allo-
purinol-induced SCAR have also been reported in Hong
Kong Han Chinese, Japanese, Koreans, Thai and Euro-
peans [141, 276, 311, 327, 329, 351, 388, 389]. The
strength of these associations correlate with the frequency
with which the HLA-B*5801 allele occurs in these pop-
ulations [390].

In this review, HLA-B*5801 was reported in 166
patients, 109 of whom were reported to be of Han Chinese
ethnicity from Taiwan, Hong Kong and China [241, 271,
276, 278]. Of the remaining 57 HLA-B*5801 positive
patients, 37 were from other Asian countries such as
Thailand (n = 27) and Japan (n = 4); 16 were of European
ancestry, two of African ancestry and one from Oceania
[125, 279, 311, 327, 329]. Additionally, three Japanese
patients were positive for the HLA-B58 serotype [247].
This is not surprising, given the HLA-B*5801 allele fre-
quencies observed in these populations (Han Chinese:
7.3-10.4 %; Thailand: 8.6 %; North-East Asia: 6.1 %;
Europe: 0.8 %; Africa: 2.9 %; and Oceania: 2.5 %, from
the dbMHC database) [386]. Despite the higher carriage
rate of the HLA-B*5801 allele in Asian populations in
general than in European populations, a recent meta-anal-
ysis demonstrated that the strength of the association
between HLA-B*5801 and allopurinol-induced SJS/TEN
was as strong in the non-Asian population (OR 101.45;
95 % CI 44.98-228.82) as it was in the Asian population
(OR 74.18; 95 % CI 26.95-204.14), indicating that HLA-
B*5801 screening prior to allopurinol commencement
could be useful in different populations [391].

To date, there has been no formal evaluation of the cost-
effectiveness of HLA-B*5801 screening to prevent cases of
AH. A small study from Thailand utilized a decision ana-
lytical model to determine the cost price threshold for
HLA-B*5801 genotyping that would be economical from a
healthcare provider’s point of view. They estimated that, to
be cost effective, an HLA-B*5801 test would need to be in
the range of $US13-$35 [392]; however, one must note
that since this is not a routine test, it is not widely available.
Furthermore, it is also time-consuming (turnover times are
reported to be 3—4 weeks) and, currently, it is in the
vicinity of $US150.00, based on private laboratory
estimates. [393] The HLA-B*5801 allele has a low-to-
moderate sensitivity but high specificity in cases of
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allopurinol-induced SJS/TEN; however, the positive pre-
dictive value of the allele for the development of AH is
low, because of the very low incidence of AH and the
reasonably high carriage rate of the HLA-B*5801 allele in
Asian sub-populations (e.g. approximately 10 % in the Han
Chinese). Thus, HLA-B*5801 as a population screening
tool on its own does not appear to be an effective pre-
ventive measure against AH, even in high-risk populations
which have a higher carriage rate of the allele, such as the
Han Chinese and Thai. [279] However, at this stage of our
knowledge, HLA-B*5801 genotyping might be beneficial
in individual patients who are about to initiate allopurinol,
if they are of certain Asian ethnic backgrounds; these
patients should be advised about the availability of such a
test so that they can choose to be genotyped if they are
concerned about the risk (although small) of AH.

4.4.2 Age, Comorbidities and Polypharmacy

Older age, pre-existing multiple comorbidities and poly-
pharmacy were characteristic of the AH cohort, associa-
tions which are reflective of the clinical profiles of primary
users of allopurinol. Gout increases in prevalence with age
and occurs 3—4 times more frequently in men than women,
although this difference disappears when women reach
menopause [394-398]. Therefore, given that the median
age of male patients was 60 years and that of female
patients was 65 years, the sex discrepancy usually seen in
gout was not observed in the AH cohort, with females as
likely to be affected by AH as males.

Patients with gout and/or hyperuricaemia manifest sev-
eral types of comorbidities, with hypertension, cardiovas-
cular disease, CKD, hyperlipidaemia and diabetes being
the most prevalent [13, 399-402]. The results of this
review are in line with the afore-mentioned studies,
whereby renal impairment, hypertension, diabetes and
heart failure were the most commonly reported pre-existing
conditions in AH patients. Secondary hyperuricaemia as a
consequence of chemotherapy is also an accepted indica-
tion for allopurinol treatment. It was then unsurprising that
malignancies were reported in more than 10 % of AH
patients. Approximately 10 % of the AH cohort had four or
more co-existing comorbidities; however, the majority
(54 %) had a minimum of two comorbidities.

The prevalence of comorbidities in the AH cohort was
paralleled by the prevalence of prescription medication use.
Polypharmacy is frequent in patients with gout and/or
hyperuricaemia [399, 403—410]. Prescription medication
use in the AH cohort (where known) was common, with the
use of antihypertensives (including diuretics) being docu-
mented in over 84 % of patients. Although polypharmacy
was observed on a smaller scale in the AH cohort, with only
approximately one-fifth of patients using three or more
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concomitant medications, this could have been due to the
tallying of medications according to drug class, e.g. anti-
hypertensives, instead of counting each single medication.

4.4.3 Reactivation of HHV-6

Reactivation of HHV-6 occurs exclusively in patients with
DRESS/DIHS. This association is such that it is now
included as a diagnostic criterion sensitive and specific for
DRESS/DIHS [411-413]. It has been proposed that reac-
tivation of HHV-6 or EBV triggers a sequential reactiva-
tion cascade of other herpes viruses, namely HHV-7 and
CMV [411]. This is consistent with the detection of these
viruses in some of the DRESS/DIHS patients in the AH
cohort but not in patients with other drug eruptions.

The functional role of herpes virus reactivation in the
pathogenesis of DRESS/DIHS remains uncertain. It has
been suggested that certain drugs can interact with T cells
which have retained the virus from an antecedent infection.
Activation of these T cells causes reactivation of the viral
genome, triggering a cellular and humoural response, thus
leading to the onset of the DRESS/DIHS syndrome [414].
A recent study by Hirahara and colleagues [415] showed
that EBV DNA was more prevalent in SIS/TEN patients
than in DRESS/DIHS patients (78 vs. 30 %); SJS/TEN
patients also had significantly higher titres of anti-herpes
simplex virus IgG than DRESS/DIHS patients. Although
we did not encounter any cases of SIS/TEN with virus
reactivation, this is probably because studies of viral loads
were not conducted.

4.4.4 Time to Onset of AH

In terms of risk mitigation, knowing the time after com-
mencing treatment that a patient is most likely to develop
AH is useful. The mean time has been reported to range
from 3.5 to 6 weeks [8, 9, 163]. For our AH cohort, the
mean (+SD) time to onset was longer (10 £ 46 weeks).
More appropriately, we found a median time to onset of
3 weeks, similar to that seen previously [13, 276, 279,
351]. However, approximately 90 % of cases in our AH
cohort occurred within 8.6 weeks (or 60 days), a rather
shorter period than the 25.7 weeks (or 180 days) recently
reported by Stamp et al. [13].

Sub-analysis revealed that SJS and TEN patients had a
median time to onset of 21 days, which is comparable to
the 20 days observed in the EuroSCAR study [416].
Another finding of EuroSCAR and that of its predecessor,
the SCAR study, was that allopurinol therapy beyond
8 weeks posed no significant risk for the development of
SJS and TEN (EuroSCAR study: univariate RR 1.4; 95 %
CI 0.7-3.0. and SCAR study: crude RR 0.5; 95 % CI
0.1-4) [417] compared with therapy duration <8 weeks

(EuroSCAR study: univariate RR 261; 95 % CI 36—c0, and
SCAR study: crude RR 52; 95 % CI 16-167) [25]. A
similar association was found in this study, whereby the
risk of developing SJS and TEN was significantly higher
when the duration of allopurinol therapy was 8 weeks or
less compared with a longer duration (RR 6.6; 95 % CI
2.2-20.0; p < 0.0001).

Fifteen patients who developed AH did so 1 year or
more after commencing allopurinol. We suggest that a
possible explanation for this delay could be the short epi-
sodic use of allopurinol. Several studies have documented
the exceptionally poor compliance to medication in
patients with gout [346, 418—421]. Reasons for allopurinol
non-compliance include (i) disenchantment with treatment
when gout flares are not averted; (ii) a mistaken belief that
allopurinol can be ceased once gouty symptoms subside,
resulting in intermittent use when symptoms recur; (iii)
aversion to the notion of lifelong therapy; (iv) failure to
remember to take the medication; (iv) concerns about
potential adverse effects; and (v) inability to afford the
drug due to financial duress [346, 422-425].

4.5 Laboratory Tests for AH

Both in vivo (e.g. patch test) and in vitro (e.g. LST) tests
can be employed to determine the culpable agent in drug
hypersensitivity reactions [426]; however, the sensitivity
and specificity of these tests vary depending on the drug
being investigated, the type of cutaneous reaction being
elicited, as well as the timing of the tests [427—429]. One
study reported that all allopurinol-induced DRESS patients
(n = 19) returned negative patch tests with allopurinol,
while nine were also negative when tested with oxypurinol,
leading the authors to conclude that patch testing was
unhelpful where allopurinol was implicated [265]. Similar
results have been found in other studies [430, 431]. While
patch testing of the AH cohort returned mostly negative
results, the mixed results perhaps reflect the different
reagents used under varying conditions, such as drug
exposure time and choice of vehicle, which are known to
affect the sensitivity of patch tests [265, 429, 431]. Simi-
larly, the majority of LSTs performed in the AH cohort
were negative, which is concordant with other studies
where LSTs were frequently negative [265, 430]. In a
proportion of the AH cohort, both patch tests and LSTs
were performed simultaneously; however, results were
inconsistent, with only one of the two tests being positive.

It should be acknowledged that while a positive in vivo
or in vitro test is usually a useful indicator of the culpa-
bility of a drug in a hypersensitivity reaction, a negative
test does not exclude the role of the drug in the reaction
[426, 432, 433]. The conflicting results of both tests seen in
the AH cohort suggest that diagnostic testing for AH is
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unreliable; instead, drug provocation (or drug rechallenge)
is the gold standard for identifying the perpetrator drug in
an adverse reaction, but whether this should be attempted
in cases of possible AH needs very careful consideration.

4.6 Manifestations of Allopurinol Hypersensitivity

The skin is often the primary site of manifestation of drug
hypersensitivity reactions; occasionally it may be the only
organ displaying evidence of an adverse reaction [434,
435]. Hence, in order to obtain a more complete repre-
sentation of the various types of hypersensitivity reactions
induced by allopurinol, cutaneous-only reactions were also
incorporated into this review. Thus, while we adopted the
diagnostic criteria for AH as previously defined by Singer
and Wallace [8], we also included cases where only a
cutaneous manifestation was reported.

4.7 Mortality Rates

The overall mortality rate for the AH cohort was 13.8 %,
considerably lower than that reported in previous reviews
(26.3, 27.5 and 26.7 %) [8, 9, 163]. Similarly, a mortality
rate of 25 % was found in Han Chinese patients diagnosed
with allopurinol-SCAR [276], while a study of AH in new
allopurinol users found a mortality rate of 26.7 % [436].
The multicentre EuroSCAR study revealed a mortality rate
of 32 % in allopurinol-SCAR patients [24]. The high
mortality rates observed in these studies were attributable
to the higher proportion of patients with severe reactions
(SJS and TEN) than those with milder hypersensitivity
reactions. In the present cohort, Singer and Wallace
patients diagnosed with EM, SJS or TEN, had a signifi-
cantly higher mortality rate than Singer and Wallace
patients with milder hypersensitivity reactions (20.3 vs.
8.9 %; p < 0.0001). This is in line with the findings of
Atzori et al. [351] who reported that while the overall
allopurinol-related mortality rate was 12 %, it was much
higher (32 %) in the sub-population of patients with SJS
and TEN. As expected, a low all-cause mortality rate (3 %)
was observed in patients with mild cutaneous reactions and
none of the deaths were directly attributable to AH. A few
studies have also reported lower mortality rates in patients
with AH, ranging from 5.3 to 12 %; these studies tended to
have more patients with milder forms of AH [13, 351, 437].

4.8 Clinical Management of AH

There is no specific treatment for AH. The general man-
agement of drug hypersensitivity reactions involves
immediate cessation of the causative agent, supportive care
(which encompasses aggressive skin care and re-estab-
lishment of fluid and electrolyte balance), as well as a
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range of drug therapies, including corticosteroids in most
patients. Immunoglobulin, ciclosporin (cyclosporine),
cyclophosphamide, plasmapheresis and a number of other
exotic choices, dictated more by the desperation of the
clinicians rather than reasonable evidence of effect, have
been reported [414, 438—441].

Despite appearing to be a first-line choice in the treatment
of drug hypersensitivity reactions, controversy continues to
dog the use of corticosteroids, with some studies reporting
increased mortality or lack of efficacy, while other studies
demonstrate a mortality benefit, especially if administered
early on in the reaction as a high dose, short course and with
appropriate tapering [413, 440-442]. Treatment of the AH
cohort was dominated by the use of corticosteroids, with
more than two-thirds of patients receiving this agent. This is
similar to the previous report that 65 % of patients were
treated with corticosteroids [9]. The same review identified a
substantially higher mortality rate in corticosteroid-treated
patients compared with those who did not receive cortico-
steroids (30.3 vs. 9.1 %). By contrast, mortality rates of
patients treated with only corticosteroids did not differ sig-
nificantly from that of patients treated with other agents
(overall mortality: 11.9 vs. 10.9 %; p = 0.7, and AH-mor-
tality: 9.5 vs. 10.0 %; p = 1.0). These data, again, are most
likely explained by the severity of the condition of the
patient driving the prescribing decisions.

Studies have reported conflicting results on the use of
IVIg, with some showing no effect on mortality or pro-
gression of epidermal sloughing [443-446] while others
found earlier cessation of epidermal detachment, lower
mortality and a faster time to re-epithelialization [336,
447-451]. In the present AH cohort, IVIg was used almost
exclusively in patients with SIS and TEN. The overall
mortality rate for patients treated with IVIg was 27 %,
substantially higher than that of the corticosteroid-treated
group (12 %). This is similar to the figures reported in the
EuroSCAR study; mortality rate of IVIg-treated patients
was 34 %, while that of corticosteroid-treated patients was
18 % [452]. It must be noted, however, that the EuroSCAR
study comprised patients with hypersensitivity reactions to
several classes of drug, only one of which was allopurinol.
Although the use of IVIg remains controversial, studies
that have used IVIg suggest that high doses of IVIg
(=2 g/kg) commenced early in the course of the disease do
confer a survival benefit [440, 441, 453-455].

Antibiotics have also been frequently administered as
empirical treatment preceding diagnosis of AH due to
suspicion of an infection underlying the hypersensitivity
reaction. However, prophylactic antibiotic use has been
deemed unnecessary, as it may confound or exacerbate the
clinical picture as a result of unforeseen cross-reactivity
between drugs, or their use may lead to the advent of
resistant pathogens [413, 441].
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5 Limitations

There are several caveats in this study. Firstly, as the
publications included in this analysis utilized different
laboratory reference ranges to classify the manifestations
of AH, this may have introduced some variation in the
definition of AH; however, this was dealt with by adopting
standardized reference ranges across all publications to
standardize the manifestations. Secondly, a majority (over
80 %) of the articles included in this analysis consisted of
case reports and series, publication types that are not rec-
ognized as best-quality evidence; the conclusions we could
draw about the many risk factors for AH we were inter-
ested in evaluating were, accordingly, limited. As with
most retrospective studies, an inherent limitation of this
study was the quality and accuracy of data extraction;
however, as the data collected from the publications for
this study were mostly quantitative, there was little
potential for variability in recording the data. Where
qualitative data, such as descriptions of cutaneous mani-
festations, non-specific symptoms of AH and complica-
tions, were concerned, the study authors who were
involved in data extraction entered the information into a
pre-designed spreadsheet, which allowed consistent coding
and cataloguing of the data.

6 Conclusions and Recommendations

AH is a relatively rare adverse event; however, when it
occurs, the mortality rate is not insignificant. The clearest
risk factor is ethnicity (Han Chinese, notably) and, more
specifically, those possessing the HLA-B*5801 allele.
Greater risk with elevated serum oxypurinol concentrations
due to higher doses of allopurinol and/or impaired renal
function remains unproven. As the mechanism is a hyper-
sensitivity response, classically, dose-independence would
be expected. The rate of increase of dose as suggested
recently by Stamp et al. [13] remains to be established as a
risk factor but the data are suggestive of this association.
Concomitant diuretic use, pre-existing renal impairment
and prescribing for an inappropriate indication are com-
monly present but might represent the prevalence of these
factors in the population sample prescribed allopurinol.
Again, whether these indeed are risk factors remain to be
proven. The risk of AH is greatest in the first few months
after initiation of allopurinol.

Our understanding of AH and details of its underlying
pathophysiological mechanisms remain poor. Advances
have been made in the identification of risk factors for AH;
however, the absence of complete and important data in
most case reports continues to hinder our ability to draw
more concrete conclusions. The incompleteness of adverse

drug reaction (ADR) case reports in general is well-docu-
mented [456-461] and is not confined to AH.

We recommend that all future case reports of AH should
adhere to, or as a minimum, incorporate crucial elements
of, the ADR reporting guidelines proposed by the Inter-
national Society for Pharmacoepidemiology (ISPE) and
International Society of Pharmacovigilance (ISoP) [462].
Importantly, HLA-B*5801 status should also be reported.
This would facilitate the uniform reporting of cases, thus
allowing both direct comparisons of cases as well as sys-
tematic reviews, which may assist in elucidating the
underlying pathophysiology of AH.
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