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Abstract

Background: Stevens-Johnson syndrome (SJS) and Toxic Epidermal Necrolysis (TEN), caused by allopurinol therapy, are
strongly associated with the human leukocyte antigen (HLA), HLA-B*5801. Identification of HLA-B*5801 genotype before
prescribing allopurinol offers the possibility of avoiding allopurinol-induced SJS/TEN. As there is a paucity of evidence about
economic value of such testing, this study aims to determine the cost-effectiveness of HLA-B*5801 testing compared with
usual care (no genetic testing) before allopurinol administration in Thailand.

Methods and Finding: A decision analytical and Markov model was used to estimate life time costs and outcomes
represented as quality adjusted life years (QALYs) gained. The model was populated with relevant information of the
association between gene and allopurinol-induced SJS/TEN, test characteristics, costs, and epidemiologic data for Thailand
from a societal perspective. Input data were obtained from the literature and a retrospective database analysis. The results
were expressed as incremental cost per QALY gained. A base-case analysis was performed for patients at age 30. A series of
sensitivity analyses including scenario, one-way, and probabilistic sensitivity analyses were constructed to explore the
robustness of the findings. Based on a hypothetical cohort of 1,000 patients, the incremental total cost was 923,919 THB
(USD 29,804) and incremental QALY was 5.89 with an ICER of 156,937.04 THB (USD 5,062) per QALY gained. The cost of gout
management, incidence of SJS/TEN, case fatality rate of SJS/TEN, and cost of genetic testing are considered very influential
parameters on the cost-effectiveness value of HLA-B*5801 testing.

Conclusions: The genetic testing for HLA-B*5801 before allopurinol administration is considered a highly potential cost-
effective intervention in Thailand. The findings are sensitive to a number of factors. In addition to cost-effectiveness
findings, consideration of other factors including ethical, legal, and social implications is needed for an informed policy
decision making.
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Introduction

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis

(TEN) are acute life-threatening conditions. SJS is characterized

by high fever, malaise and a rapidly developing blistering

exanthema of macules and target-like lesion, accompanied by

mucosal involvement. TEN has similar presentations with an event

more extensive skin detachment and a higher mortality rate [1].

Although the incidence of SJS/TEN is as low as 0.4 to 6 persons

per million populations each year [1–3], the mortality rate for this

condition has been estimated at 5–50% and 30–70% of patients

surviving SJS/TEN suffer from long-term sequelae of the disease

such as severe dry eye syndrome [4–7]. There are many causes of

SJS/TEN such as chemical exposures, mycoplasma pneumonia,

viral infections, and immunizations but the most common causes

are medications (,80%) [7]. Allopurinol is one of the most

frequent drugs associated with SJS and TEN [8,9].
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Allopurinol, an inhibitor of xanthine oxidase, is the most

commonly used urate-lowering agent in clinical practice. It is the

treatment of choice for urate overproduction or tophaceous gout,

nephrolithiasis, and urate nephropathy [10–15]. Allopurinol

should be started at low dose (100 mg/day) and increased slowly

by 100 mg every 2–4 weeks to achieve a serum uric acid level of

6 mg/dl or less (max dose is 800 mg/day). The usual prescribed

dose was 300 mg/day [11,12,16]. In patients with renal insuffi-

ciency, allopurinol was usually started on 50–100 mg/day and

gradually titrated until achieve goal of uric acid level [11].

Besides allopurinol, several drugs were used to reduce uric acid

levels in gouty patients with hyperuricemia. Febuxostat is a new

xanthine oxidase inhibitor with a different chemical class from

allopurinol. It is recommended as an alternative for allopurinol-

intolerant patients and can be prescribed at unchanged doses for

patients with mild-moderate renal or hepatic impairment.

However, this drug is available in the US and Europe, but not

in some other countries such as Thailand [11,12,14,15]. Proben-

ecid, a uricosuric agent, can be used as an alternative to a xanthine

oxidase inhibitor in patients with normal renal function [10–

12,14–16]. Previous studies reported that probenecid was equiv-

alent to or more effective than allopurinol in gouty patients with

normal renal function who excrete uric acid less than 800 mg/

24 hours [11,17]. However, its use is limited by its contraindica-

tion in patients with nephrolithiasis and patients with renal

insufficiency [10–12,14,15,17]. Benzbromarone is another drug

for gout management. It is more potent than probenecid and can

be used in patients with a creatinine clearance as low as 25 ml/

min. However, hepatotoxicity has led to its removal from some

markets worldwide but it is still available in Thailand [10,12].

Although allopurinol is generally well tolerated by most patients,

cutaneous adverse reactions to this drug occur in 2% of patients

[18]. The cutaneous adverse reactions induced by allopurinol

range from mild skin rash to severe cutaneous adverse reactions

(SCARs) including Stevens-Johnson syndrome (SJS),toxic epider-

mal necrolysis (TEN), drug hypersensitivity syndrome or drug

reaction with eosinophilia and systemic symptoms (DRESS)

[1,8,19]. Recently, various studies reported the strong associations

of between the genetic marker, HLA-B*5801, and allopurinol-

induced SJS/TEN [1,8,20]. However, there is a paucity of

evidence about the cost-effectiveness of HLA-B*5801 genetic

testing before allopurinol administration. The identification of

genetic factors predisposing to development of allopurinol-induced

SJS/TEN offers the possibility of avoiding this drug in individuals

with such susceptibility. Given the serious life-threatening conse-

quences, long-term sequelae after developing SJS/TEN, and the

availability of the alternative drugs; pharmacogenetic testing for

HLA-B*5801 before allopurinol administration may be justifiable

and valuable in preventing SJS/TEN caused by allopurinol. From

the policy maker’s perspective, information on value for money for

this intervention would facilitate informed decision making. This

study aims to determine cost-effectiveness of HLA-B*5801 testing

before allopurinol administration using societal perspective.

Methods

Overview
A decision analytic model was developed to evaluate the clinical

and economic outcomes of testing for HLA-B*5801 genotype

before allopurinol administration compared with usual care. The

use of Markov model is needed to reflect long-term outcomes

because some surviving SJS/TEN patients may suffer from long-

term sequelae (Figure 1). A cost-utility analysis was conducted in

accordance with pharmacoeconomic guideline in Thailand [21].

The results were presented as an incremental cost per quality-

adjusted life years (QALYs). Time horizon was life-time and the

discount rate of 3% was applied to both cost and outcome [21,22].

We conducted a cost-utility analysis using a decision tree

combined with Markov models using the societal perspective to

calculate the expected costs and outcomes in allopurinol patients

aged 30 years old and older, which is in the most common age

range (30–39 years old) of SJS/TEN cases reported to Thai Health

Product Vigilance Center (HPVC) [23]. The hypothetical cohort

of 1,000 patients requiring allopurinol for preventing or treating

gouty patients with hyperuricemia, and tophaceous gout was

entered into the model. In the usual care strategy, all patients

received standard care of allopurinol without genetic testing. In

contrast, in the genetic testing strategy, patients underwent HLA-

B*5801 testing before allopurinol administration. Those who were

identified as positive for HLA-B*5801 allele received the

alternative drug (probenecid), whereas all other negative testing

received allopurinol. According to the American College of

Rheumatology (ACR) guideline, febuxostat is recommended as

the alternative choice for management of gout [14], however this

drug is not available in Thailand. Therefore, we decided to use

probenecid as an alternative in our model because of several

reasons. First, probenecid has been available in Thailand for a

long time and most physicians are familiar with this drug. Second,

this drug was recommended for patients with gout where

allopurinol was not tolerated, or contraindicated

[10,11,14,15,17]. Third, there were evidences supporting that

the efficacy of probenecid is similar to that of allopurinol in

patients with normal renal function [10,11,17,24]. Therefore, we

assumed that all patients received probenecid as an alternative in

this model have normal renal function. We did not include cost of

renal function test in the model because renal function test was a

routine laboratory test recommended for all gout patients in

Thailand [10]. To confirm whether the efficacy of probenecid and

allopurinol is comparable, we conducted a systematic review and

meta-analysis of randomized controlled trials directly comparing

both products and found no evidence demonstrating any statistical

and clinical differences in terms of gouty attack rate and serum

uric acid level (Appendix S1). For gout with mild to moderate

renal insufficiency, benzbromarone was recommended as an

alternative drug [10–12,15]. Although the efficacy of benzbro-

marone is similar to allopurinol, it is not commonly used in

Thailand and other countries because of the concern of drug-

induced hepatotoxicity [10–12,15].

A Markov model was constructed to estimate long-term effects

of HLA-B*5801 testing, which consisted of 2 health-states

including gout (with and without long-term complications) and

death. The model mimicked what would happen in real life as

patients were followed till death. Because some of these patients

may suffer from long-term sequelae of SJS/TEN, we took into

account the probability of having long-term ocular complication.

Based on a study conducted in Asian population by Yip et al. [6],

37.6% of SJS/TEN patients developed late ocular complications.

The model took into account the sequelae associated with SJS/

TEN e.g. corneal scars and visual loss which had been reported as

disabling permanent sequelae [25].

Likelihood of Events
The probabilities of clinical events used in the decision model

are shown in Table 1. The incidence of allopurinol-induced SJS/

TEN is varying from 0.79 to 2.41 per 1000 persons (0.079 to

0.241%) with average of 1.6 per 1000 persons. This incidence was

derived from the previously published study conducted by

Limkobpaiboon et al [26] as they represented Thai subjects.

Cost-Effectiveness Analysis of HLA-B*5801 Testing
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The prevalence of HLA-B*5801 genotyping was 15% and ranged

from 12% to 18% [27,28]. The prevalence of each study was

calculated from allele frequency reported of HLA-B*5801 in Thai

population from Allele Frequency Net Database (AFND) [28].

The pooled prevalence was obtained from a meta-analysis of

HLA-B*5801 prevalence in the 4 studies of Thai population

[27,28].

The probability of allopurinol-induced SJS/TEN in patient

with and without HLA-B*5801 was calculated from the following

formulae using conditional probabilities [29] where Ia = incidence

of allopurinol-induced SJS/TEN; I1 = incidence of allopurinol-

induced SJS/TEN in patient with HLA-B*5801; I0 = incidence of

allopurinol-induced SJS/TEN in patient without HLA-B*5801;

P = prevalence of HLA-B*5801 in Thai population; and OR =

odds ratio of the association between HLA-B*5801 and allopu-

rinol-induced SJS/TEN:

Ia~½I1 � P�z½I0 � (1{P)� ðEquation 1Þ

I1~½I0 �OR� ðEquation 2Þ

However, as we know neither the incidence of allopurinol-induced

SJS/TEN in patients with nor without HLA-B*5801 specifically,

but we know the incidence of allopurinol-induced SJS/TEN (Ia)

[26], prevalence of HLA-B*5801 in Thai population (P) [27,28],

and the association between HLA-B*5801 and allopurinol-

induced SJS/TEN (OR) [8,20]. Thus, according to equation 1

and 2, then the incidence of allopurinol-induced SJS/TEN in

patients without HLA-B*5801 can be calculated as below.

I0~Ia7½(OR � P)z(1{P)� ðEquation 3Þ

Based on a study in 81 Thai patients, the strong association

between HLA-B*5801 and allopurinol-induced SJS/TEN was

found. The odds ratio (OR) was 348.33 (95% confidence interval

(CI) of 19.15–6336.88) [8,20]. After calculation using the formulae

in equation 3 and 2, the incidences of allopurinol-induced SJS/

TEN in patients with and without HLA-B*5801 were 0.01049

(10.49 per 1,000) and 0.00003 (0.03 per 1,000), respectively.

The probability of death attributable to allopurinol-induced

SJS/TEN was based on a previously published study [26]

conducted in a tertiary hospital in Bangkok, Thailand. Of 136

severe cutaneous adverse reactions (SCAR) patients included in

this study, 97 patients were diagnosed as SJS/TEN and 11 died

(11.34%). We used 11.34% as case-fatality rate for patients with

SJS/TEN. The transition probability from no-events to death was

based on the age-specific mortality rate (ASMR) for Thai

population [30]. In this analysis, we assume that the probability

of developing SJS/TEN is zero when the alternative drug

(probenecid) is used since there is no evidence of SJS/TEN cases

caused by probenecid reported to Thai HPVC [23].

Utility. The model took into account the quality of life of

patient with gout and sequelae associated with SJS/TEN, e.g.

corneal scars and visual loss which had been reported as disabling

permanent sequelae [25]. There was no study and utility data in

Thai patients with gout and dry eye syndrome. The utility of

Figure 1. Decision analytic model. SJS = indicated Stevens-Johnson syndrome; TEN = toxic epidermal necrolysis; M = markov model.
doi:10.1371/journal.pone.0094294.g001
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patients with gout was estimated from a multi-country study

conducted by the Institute of Medical Science that assessed the

health-related quality of life of patients with gout in Europe [31].

The health-related quality of life was measured from 417

European patients by the EQ-5D. The average EQ-5D value

with gout (including both treated and untreated) was 0.710 (95%

CI 0.638–0.736)[31].The utility of dry eye syndrome (DES) had

been measured using time trade off (TTO) technique in 2

published studies. The utility values were meta-analyzed using a

random-effects model [32,33]. The summary utility value of DES

was 0.68 (95%CI 0.57–0.79). Since there was no data for utility of

gout patients with DES in any country, we estimated the utility

using multiplicative approach as recommended by Ara et al

[34].Thus, the utility in gout patients with dry eye syndrome used

in this study was 0.48 (95%CI 0.40–0.56) [31–33].

Test Characteristics. The HLA-B*5801 genetic testing,

evaluated in this study, was developed and test by Department

of Medical Sciences (DMSC), Thailand. Both sensitivity and

specificity of this test were 100% [DMSC, personal communica-

tion]. To incorporate test characteristics into the decision tree

model, we used the conditional probabilities which were calculated

using Bayesian analysis [29] as shown in Figure 2 where P =

prevalence, S = sensitivity, and Sp = Specificity. Positive predictive

value (PPV) is the proportion of patients who truly have HLA-

B*5801 variant allele among those with positive test results; while

negative predictive value (NPV) is the proportion of patients who

truly have no HLA-B*5801 variant allele given the negative test

results. The PPV and NPV can be calculated using the following

formulae [35] (equation 4 and 5) and shown in Figure 2 which

was previously illustrated in another model [36].

Table 1. Input parameters.

Parameters Base case Range (min-max) Source(s)

Epidemiological data

Incidence of allopurinol-induced SJS/TEN in Thai population 0.0016 0.00079–0.00241 [26]

Prevalence of HLA-B*5801 in Thai population 0.15 0.12–0.18 [27,28]a

Probability of death among SJS/TEN 0.1134 0.0503–0.1765 [26]

Probability of DES in SJS/TEN patients 0.3760 0.2882–0.4704 [6]

Test characteristics

Sensitivity 1.000 NA DMSC

Specificity 1.000 NA DMSC

Gene-disease association

Association between HLA-B*5801 and allopurinol-induced SJS/TEN in Thai population 348.33 19.15–6336.88 [8,20]

Costs (THB, year of costing: 2013)

Direct medical care costs

Annual cost of SJS/TEN management 15440.275 339.40–129492.25 [38]

Cost of HLA-B*5801 testing 1,000 800–1,200 DMSC

Annual drug cost of allopurinol 411.99 137.33–823.99 [39]

Annual drug cost of probenecid (alternative) 1,277.50 1,277.50–2,555.00 [39]

Annual cost of gout management 7,512 149–474,254 BCRH b

Annual cost of DES management 4,043.90 3,235.12–4,852.68 Expert

Direct non-medical care costs

Cost of transportation for patient with SJS/TEN 151.93 121.54–182.32 [22,38]

Cost of transportation for relative of patient with SJS/TEN 1,030.09 824.07–1,236.10 [22,38]

Cost of additional food for relative of patient with SJS/TEN 379.44 303.55–455.33 [22,38]

Cost of transportation for patient with gout 1,194.63 1,004.09–1,385.16 [22]

Cost of additional food for relative of patient with gout 440.06 385.03–495.08 [22]

Cost of transportation for patient with DES 607.72 486.18–729.26 [22]

Cost of additional food for relative of patient with DES 223.86 179.09–268.63 [22]

Outcomes

Life expectancy of Thai population (at 30 years old) 42.7 - [41]

Utility value of patient with gout 0.71 0.638–0.736 [31]

Utility value of patient with gout and dry eye syndrome 0.48 0.40–0.56 [31–33] c

Discount rate (% per year) 3 0–6 [42]

aData from meta-analysis.
bCalculated from Buddhachinaraj Regional Hospital (BCRH) database using ICD-10 for identification of patients.
cCalculated from utility of patients with DES and utility of gout patients using multiplicative method.
SJS = Stevens-Johnson syndrome; TEN = toxic epidermal necrolysis; THB = Thai baht; DES = dry eye syndrome; DMSC = Department of Medical Sciences, Thailand.
doi:10.1371/journal.pone.0094294.t001
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PPV~(S � P)7½P � Sz(1{P) � (1{Sp)� ðEquation 4Þ

NPV~½Sp � (1{P)�7½P � (1{S)z(1{P) � Sp� ðEquation 5Þ

Costs
The costs included (i) direct medical care costs e.g. costs of SJS/

TEN management, costs of gout management, costs of HLA-

B*5801 testing, costs of allopurinol drug, and costs of alternative

drug (probenecid), and (ii) direct non-medical care costs e.g. cost of

transportation and additional food for patient who visiting hospital

for gout, dry eye syndrome (DES) and SJS/TEN. We did not

incorporate indirect cost because incorporation of productivity

gained could result in double counting with utility values included

in cost-utility analysis [21].

All costs were estimated for Thai settings from literature

providing cost estimates and from a retrospective database

analysis. The costs were converted at the rate of 31Thai Baht

(THB) per 1 USD [37]. Cost of SJS/TEN management was

obtained from the previous study which calculated from 151

patients diagnosed with SJS/TEN (ICD-10 codes: L51.1 and

L51.2) using the database of a 1000-bed tertiary care hospital

located in the northern part of Thailand [38]. The average cost for

SJS/TEN management was 15,440 THB (USD 498). The annual

cost of allopurinol drug and alternative drug (probenecid) were

retrieved from Drug and Medical Supplies Information Center

(DMSIC) database [39] and calculated as 412 THB (USD 13) and

1,278 THB (USD 41), respectively. Median costs of allopurinol

(100 mg/tab) and probenecid (500 mg/film coated tab) were

0.376 THB (USD 0.012) per tab and 1.747 THB (USD 0.056) per

tab, respectively. Cost of HLA-B*5801 testing was obtained from

Department of Medical Sciences (DMSC) with the cost of 1,000

THB (USD 32) including fee charge of OPD visiting. The annual

medical care cost of gout management was obtained from 477

patients diagnosed with gout (ICD-10 codes: M10) using the

database from year 2008-2010 of a 1000-bed tertiary care hospital

located in the northern part of Thailand. Costs of allopurinol and

probenecid were excluded from the total cost of gout manage-

ment, and then the annual medical care cost of gout management

was calculated using ratio of cost to charge (0.77) [38]. The

average annual medical care cost of gout management was 7,512

THB (USD 242).

Direct non-medical costs included cost of transportation, and

additional food cost for patient who visiting hospital for SJS/TEN,

gout, and DES (a long-term sequelae of SJS/TEN). These costs

were based on the standard cost lists for health technology

assessment in Thailand [22] and number of visit for gout and

DES. These standard costs were collected by face-to-face interview

of 900 patients from all areas around Thailand. All costs were

converted to 2013 value using the medical-care consumer price

index (CPI) [40].

Base-case Analyses
The results of the cost-utility analysis were presented as an

incremental cost per quality- adjusted life year (QALY) gained for

HLA-B*5801 testing versus no testing before allopurinol admin-

istration. Quality-adjusted life year (QALY) gained was defined in

terms of the gained in years of quality life. This can be calculated

by multiplying of expected probabilities of each strategy, life

expectancy, and utility. Life expectancy (LE), the average number

of years that a person of a given age is expected to remain alive,

was obtained from Ministry of Public Health, Thailand [41]. In

addition, the number of SJS/TEN cases and death-related SJS/

TEN avoidance were also presented.

Sensitivity Analyses
To determine the robustness of our analysis, we conducted

sensitivity analyses including one-way, scenario, and probabilistic

sensitivity analyses (PSA).An alternative choice for gout manage-

ment such as benzbromarone was used in a scenario sensitivity

analysis. We also varied the age of cohorts simulated our analyses

since SJS/TEN were reported in cases with a wide range of age.

A series of sensitivity analyses were performed to investigate the

effects of altering parameters within plausible ranges including

epidemiologic data, test characteristics, gene-disease association,

and costs (Table 1). Discount rate from 0–6 was used in the model

[42]. The results of one-way sensitivity were presented using a

tornado diagram. The threshold for being cost-effective is defined

at 1.2 times Gross National Income (GNI) per capita or 160,000

THB (USD 5,161) [43].

In addition, a probabilistic sensitivity analysis (PSA) was

conducted to examine the effect of all parameters uncertainty

simultaneously using a second order Monte Carlo simulation

Figure 2. Decision tree for calculating the effectiveness of diagnostic test. p = probability; P = prevalence; S = sensitivity; Sp = specificity;
PPV = positive predictive value; NPV = negative predictive value.
doi:10.1371/journal.pone.0094294.g002
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performed by Microsoft Excel 2010 (Microsoft Corp., Redmond,

WA). All input parameters were assigned a probability distribution

to reflect the feasible range of values the each parameter could

attain (Table 1). The rational for distributional assumption

selection for each variable has been given detail elsewhere [44,45].

The beta distribution was chosen for probability variables, utilities,

and test characteristics parameters, which were bounded by zero

to one, gamma distribution and log-normal were used for all cost

parameters and genetic-outcome association parameter (risk ratio;

RR), respectively. In addition, the expected net monetary benefit

(NMB) was calculated for each iteration. The results were also

presented as cost-effectiveness acceptability curves.

Results

Base-case Analysis
In the base-case analysis, genetic testing for HLA-B*5801 before

allopurinol administration led to an absolute decrease in the

incidence of SJS/TEN of 1.57 cases per 1,000 exposures, and a

decrease in the incidence of death attributable to SJS/TEN of 0.18

cases per 1,000 exposures (Table 2). Based on a hypothetical

cohort of 1,000 patients as given in table 2, the incremental total

cost was 923,919 THB(USD 29,804) and incremental QALY was

5.89, thus the ICER was156,937 (USD5,062) per QALY gained.

Compared with usual care, the genetic testing strategy before

allopurinol administration was a cost-effective intervention, based

on a standard cost-effectiveness threshold of 160,000 THB (USD

5,161) per QALY gained in Thailand (year 2013).

Sensitivity Analyses
A series of one-way sensitivity analyses of other parameters were

shown in figure 3. The uncertainty in medical care cost of gout

management has the largest influence on the ICER. When cost of

gout management was varied from 149 to 474,254 THB (USD 4.8

to 15,298), the ICER was 151,594 to 495,645 THB (USD 4,890to

15,989) per QALY gained, respectively. Besides, incidences of

allopurinol-induced SJS/TEN, discount rate, and probability of

death with SJS/TEN in Thai population also have the large

influence on the ICER. When the benzbromarone (median cost/

tab: 6.95 THB or USD 0.224) was used as alternative drug instead

of probenecid (median cost/tab: 1.75 THB or USD 0.056), ICER

was shifted from 156,937 to 156,989 THB (USD 5,062to 5,064)

per QALY gained. When the age at start was varied from 25 to 50

years old, the ICER was changed from 148,708 to 221,803 THB

(USD 4,797 to 7,155) per QALY gained.

In the probabilistic sensitivity analysis, genetic testing increased

both costs and QALY in all iterations (Figure 4). At the threshold

of 160,000 THB (USD 5,161) per QALY gained, 49.4% of the

iterations were cost-effective (Figure 5).

Discussion

Our analysis suggests that performing HLA-B*5801 testing

prior to allopurinol administration reduces the number of SJS/

TEN cases and may prevent death attributable to SJS/TEN in

patients with gout. To the best of our knowledge, this is the first

economic evaluation study evaluating pharmacogenetic testing of

HLA-B*5801. The information derived from our study will be

used as part of crucial information for policy decision making.

Even though there is no direct value of the incidence of

allopurinol-induced SJS/TEN in patients with HLA-B*5801 allele

in Thailand, we believe that the calculated incidence is likely to be

highly valid. The incidence of allopurinol-induced SJS/TEN in

Thailand was estimated as 0.16% [26]. The overall odds ratio of

the association of the HLA-B*5801 gene and allopurinol-induced

SJS/TEN in Thai was based on a meta-analysis study as 348

Table 2. Outcome measures following base-case analysesa.

Outcome measure Genetic testing Usual care Difference b

Incidence (per 1,000 exposures)

SJS/TEN 0.0256 1.6000 21.574 (98.37%) c

Death in SJS/TEN cases 0.0029 0.1814 20.179 (98.40%) c

Cost-effectiveness analysis (n = 1,000)

Costs (THB, year of costing 2013)

Direct medical care costs 190,614,332.36 189,684,493.13 929,839.22

Cost of HLA-B*5801testing 1,000,000.00 0 1,000,000.00

Annual drug cost 9,859,037.22 9,886,186.08 227,148.86

Cost for SJS/TEN 395.46 24,704.44 224,308.98

Annual cost for gout 179,754,073.32 179,721,980.15 32,093.17

Annual cost for DES 826.36 51,622.47 250,796.12

Direct non-medical care costs 39,116,395.55 39,122,315.90 25,920.35

Cost for SJS/TEN visiting 39.99 2,498.34 22,458.35

Cost for gout visiting 39,116,185.63 39,109,201.85 6,983.78

Cost for DES visiting 169.93 10,615.56 210,445.63

Total costs 229,730,727.91 228,806,808.89 923,919.02

Quality-adjusted life year gained (QALY) 16,989.49 16,983.60 5.89

Incremental cost per QALY (THB) 156,937.04

aBase-case analysis is the patient who is 30 year old which analyzed in societal perspective.
bCalculated by values of genetic testing minus usual care.
cPercentage of preventable cases when doing genetic testing before allopurinol administration compared with usual care.
doi:10.1371/journal.pone.0094294.t002
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[8].The calculated incidence of allopurinol-induced SJS/TEN

among subjects with HLA-B*5801 gene was based on highly

internal valid sources, leading to the reliable estimate.

We believe that our findings are contextually relevant to the

Thai health care system for several reasons. Firstly, we used local

data in the analysis, making the results highly applicable to local

context. All cost data were acquired from reliable sources i.e.

database of patients with SJS/TEN in Thailand and Drugs and

Medical Supplies Information Center (DMSIC), Ministry of Public

Health. Moreover, our study was conducted in accordance with

the Pharmacoeconomic guideline in Thailand [21,46]. The

societal perspective undertaken in our analysis was the most

widely recommended perspective.

A number of assumptions used in our study deserved further

discussion. First, we assumed that there is no difference in terms of

both therapeutic benefits and quality of life between patients

receiving allopurinol or probenecid. This might not be necessarily

true in all circumstances. Second, we assumed that all patients

receive probenecid as alternative, implying that all patients have

gout without renal complication. In fact, an alternative drug for

gout with mild to moderate renal complication is benzbromarone.

However, this drug is rarely used in Thailand and may produce

hepatotoxicity. Although febuxostat was recommended as the first

alternative choice for patients who hypersensitivity to allopurinol

in various countries [11,12,14,15], we did not choose this drug in

the model because it was not available in Thailand.

Our study reveals that the cost-effectiveness findings are

sensitive to a number of factors, implying a need to consider

them seriously while evaluating cost-effective analysis. Those

factors include medical care cost of gout management, incidence

Figure 3. Tornado diagram showing a series of one-way sensitivity analyses comparing genetic testing and usual care. The horizon
bars represent the range of the incremental cost-effectiveness ratio (ICER) for one-way sensitivity over the range of parameters. The wider the horizon
bar, the more uncertainty that parameter introduces. The vertical line represents the base-case ICER. X-axis indicated the ICER. THB = Thai baht. The
low and high parameter values are based on the range specified in Table 1.
doi:10.1371/journal.pone.0094294.g003

Figure 4. Cost-effectiveness scatter plot. Each point represents incremental cost (year 2013 values) and Quality adjusted life year gained (QALYs)
between genetic testing and usual care from Monte Carlo simulation with varying model parameters.
doi:10.1371/journal.pone.0094294.g004
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of allopurinol-induced SJS/TEN, probability of death with SJS/

TEN in Thai population, and cost of genetic testing. It is very

important to consider the impreciseness of these parameters as key

variable explaining the findings. For the use of cost-effectiveness

analysis in policy decision making, policy need to take this into

consideration to make informed decision.

We believe that our study finding is highly relevant to those

countries with high prevalence of HLA-B*5801. The prevalence of

such gene was reported as high as 5.5–15% in Thai and Han

Chinese populations, while the prevalence was as low as 0.6% and

0.8% in Japanese and European population [28]. The implication

is that a genotypic testing of the HLA-B allele may be potentially

cost-effective from the societal viewpoint in only countries with

large number of subjects at risk such as those from Southeast Asian

countries and Han Chinese countries or those with high

prevalence of HLA-B*5801.

It is important to note that there are other issues relevant for

policy decision making that have not been considered in our

analysis yet. First, it is possible that the cost of genetic testing might

be lowered if the larger numbers of test kits are purchased. Genetic

testing will be more cost-effective if such cost is lowered. Second,

currently, there is a test kit for genetic testing as all-in-one, which

included HLA-B*1502, HLA-B*5801, and others. The value for

money of such all-in-one testing has not been evaluated in this

study. However, it is highly potential that the cost-effectiveness

value of the test will be better given the broad range of benefits.

Lastly, it must be noted that our analysis has not determined

affordability issue and feasibility for implementing such genetic

testing. In order to implement such test, there is strong need for

ensuring clinicians to have full understanding of genetic test and its

implication.

Conclusion

In summary, the genetic testing for HLA-B*5801 before

allopurinol administration is considered a highly potential cost-

effective intervention in Thailand. The findings are sensitive to a

number of factors. In addition to cost-effectiveness findings,

consideration of other factors including ethical, legal, and social

implications is needed for an informed policy decision making.

Supporting Information

Appendix S1 Comparison of efficacy of allopurinol and
probenecid: a systematic review of randomized con-
trolled trials.

(PDF)

Checklist S1 CHEERS Checklist.

(PDF)

Acknowledgments

The authors would like to thank Prof. Gary Oderda for reviewing our

manuscript. We also thank Ratchadoporn Somkrua, and Piyameth

Dilokthornsakul for data acquisitions and suggestions, and Dr. Teeravee

Hongyok for the invaluable information regarding management of late

ocular complication in SJS/TEN patients in Thailand.

Author Contributions

Conceived and designed the experiments: NC SS WT RM. Performed the

experiments: NC RM SS. Analyzed the data: NC RM SS. Contributed

reagents/materials/analysis tools: NC SS. Wrote the paper: NC RM SS

WT.

Figure 5. Cost-effectiveness acceptability curve. The curves provide the probability of the different strategy being the most cost-effective
option at any willingness to pay value for an additional quality -life year gained for genetic testing.
doi:10.1371/journal.pone.0094294.g005

Cost-Effectiveness Analysis of HLA-B*5801 Testing

PLOS ONE | www.plosone.org 8 April 2014 | Volume 9 | Issue 4 | e94294



References

1. Roujeau JC, Stern RS (1994) Severe adverse cutaneous reactions to drugs.

N Engl J Med 331(19):1272–1285.
2. Chan H, Stern R, Arndt K, Langlois J, Jick S, et al. (1990) The incidence of

erythema multiforme, Sevens-Johnson syndrome, and toxic epidermal necro-
lysis: a population-based study with particular reference to reactions caused by

drugs among outpatients. Arch Dermatol 126(1):43–47.

3. Rzany B, Mockenhaupt M, Baur S, Schroder W, Stocker U, et al. (1996)
Epidemiology of erythema exsudativum multiform emajus, Stevens-Johnson

syndrome, and toxic epidermal necrolysis in Germany (1990–1992): structure
and results of a population-based registry. J Clin Epidemiol 49(7):769–773.

4. Gerull R, Nelle M, Schaible T (2011) Toxic epidermal necrolysis and Stevens-

Johnson syndrome: A review. Crit Care Med 39(6):1521–1532.
5. Harr T, French LE (2010) Toxic epidermal necrolysis and Stevens-Johnson

syndrome. Orphanet J Rare Dis 5:39–49.
6. Yip LW, Thong BY, Lim J, Tan AW, Wong HB, et al. (2007) Ocular

manifestations and complications of Stevens-Johnson syndrome and toxic
epidermal necrolysis: an Asian series. Allergy 62(5):527–531.

7. Di Pascuale MA, Espana EM, Liu DT, Kawakita T, Li W, et al. (2005)

Correlation of corneal complications with eyelid cicatricial pathologies in
patients with Stevens-Johnson syndrome and toxic epidermal necrolysis

syndrome. Ophthalmology 112(5):904–912.
8. Somkrua R, Saokaew S, Lohitnavy M, Chaiyakunapruk N (2011) Association of

HLA-B*5801 allele and allopurinol induced Stevens-Johnson Syndrome and

toxic epidermal necrolysis: a systematic review and meta-analysis. BMC Med
Genet 12:118–127.

9. Chiu MLS, Hu M, Ng MHL, Yeung CK, Chan JCY, et al. (2012) Association
between HLA-B*58:01 allele and severe cutaneous adverse reactions with

allopurinol in Han Chinese in Hong Kong. Br J Dermatol 167:44–49.
10. Rheumatism Association of Thailand (2012) Guideline for management of

gout Available: http://thairheumatology.org/attchfile/Guideline%20for%20

Management%20of%20Gout.pdf.Accessed 17 August 2013.
11. Hamburger M, Herbert SB, Adamson III TC, Basile J, Bass L, et al. (2011)

Recommendations for the diagnosis and management of gout and hyperur-
iccemia. Postgrad Med 123(6; Suppl 1):3–36.

12. Burns CM, Wortmann RL (2012) Latest evidence on gout management: what

the clinician needs to know. Ther Adv Chronic Dis 3(6):271–286.
13. Teng GG, Nair R, Saag KG (2006) Pathophysiology, clinical presentation and

treatment of gout. Drugs 66:1547–1563.
14. Khanna D, Fitzgerald JD, Khanna PP, Bae S, Singh MK, et al. (2012) American

College of Rheumatology guidelines for management of gout. Part 1: Systematic
non-pharmacologic and pharmacologic therapeutic approaches to hyperurice-

mia. Arthritis Care Res 64(10):1431–1446.

15. Zhang W, Doherty M, Bardin T, Pascual E, Barskova V, et al. (2006) EULAR
evidence based recommendations for gout. Part II: Management. Report of a

task force of the EULAR Standing Committee for International Clinical Studies
Including Therapeutics (ESCISIT). Ann Rheum Dis 65:1312–1324.

16. Chao J, Terkeltaub R (2009) A critical reappraisal of allopurinol dosing, safety,

and efficacy for hyperuricemia in gout. Curr Rheumatol Rep 11:135–140.
17. Scott JT (1966) Comparison of allopurinol and probenecid. Ann rheum Dis

25:623–626.
18. Wortmann RL (2002) Gout and hyperuricemia. Curr Op in Rheumatol 14:281–

286.
19. Atzori L, Pinna AL, Mantovani L, Ferreli C, Pau M, et al. (2012) Cutaneous

adverse drug reactions to allopurinol: 10 year observational survey of the

dermatology department – Cagliari University (Italy). J Eur Acad Dermatol
Venereol 26(11):1424–1430.

20. Tassaneeyakul W, Jantararoungtong T, Chen P, Lin PY, Tiamkao S, et al.
(2009) Strong association between HLA-B*5801 and allopurinol-induced

Stevens-Johnson syndrome and toxic epidermal necrolysis in a Thai population.

Pharmacogenet Genomics 19(9):704–709.
21. Thai working group on health technology assessment guidelines in Thailand

(2008) Thai health technology assessment guideline. J Med Assoc Thai 91(2):S1–
S88.

22. Riewpaiboon A. (2010) Standard cost lists for health technology assessment.

Available: http://www.hitap.net/costingmenu/. Accessed 27 July 2013.

23. Suwankesawong W (2011) Report of drug-related severe cutaneous adverse
reaction: SJS/TEN. Med Health Prod Bull1 4(1):28–32.

24. Perez-Ruiz F, Calabozo C, Herrero-Beites A, Garcia-Erauskin G, Pijoan J
(2000) Improvement in renal function in patients with chronic gout after proper

control of hyperuricemia and gouty bouts. Nephron 86:287–91.

25. Power WJ, Ghoraishi M, Merayo-Lloves J, Neves RA, Foster CS (1995) Analysis

of the acute ophthalmic manifestations of the erythema multiforme/Stevens-
Johnson syndrome/toxic epidermal necrolysisdisease spectrum. Ophthalmology

102(11):1669–1676.

26. Limkobpaiboon S, Panomvana Na Ayudhya D, Dhana N, Jongjareanprasert K

(2010) Prevalence and mortality rate of severe cutaneous adverse reactions in
Siriraj hospital. Chula Med J 54(5):467–478.

27. Romphruk AV, Romphruk A, Kongmaroeng C, Klumkrathok K, Paupairoj C,
et al. (2010) HLA class I and II alleles and haplotypes in ethnic Northeast Thais.

Tissue Antigens 75:701–711.

28. Gonzalez-Galarza FF, Christmas S, Middleton D, Jones AR (2011) Allele

frequency net: a database and online repository for immune gene frequencies in
worldwide populations. Nucleic Acid Research 39, D913–D919 Available

http://www.allelefrequencies.net/Accessed 14July 2013.

29. Hall GH (1967) The clinical application of Bayes’ theorem. Lancet

9;2(7515):555–7.

30. World Health Organization (2011) Global Health Observatory Data Repository.

Available: http://apps.who.int/ghodata/?vid = 61640. Accessed 17 June 2012.

31. Beard SM, von Scheele BG, Nuki G, Pearson IV (2013) Cost-effectiveness of

febuxostat in chronic gout. Eur J Health Econ: DOI 10.1007/s10198-013-0486-
z.

32. Schiffman RM, Walt JG, Jacobsen G, Doyle JJ, Lebovics G, et al. (2003) Utility
assessment among patients with dry eye disease. Ophthalmology 110(7):1412–

1419.

33. Buchholz P, Steeds CS, Stern LS, Wiederkehr DP, Doyle JJ, et al. (2006) Utility

assessment to measure the impact of dry eye disease. Ocul Surf 4(3): 155–161.

34. Ara R, Brazier J (2012) Comparing EQ-5D scores for comorbid health

conditions estimated using 5 different methods. Med Care 50(5):452–459.

35. Altman DG, Bland JM (1994) Diagnostic tests 2: predictive values. BMJ
309(6947):102.

36. Hobbs FD, Delaney BC, Fitzmaurice DA, Wilson S, Hyde CJ, et al. (1997) A
review of near patient testing in primary care. Health Technol Assess 1(5):1–229.

37. Bank of Thailand (2013) Foreign Exchange Rates. Available: http://www.bot.
or.th/english/statistics/financialmarkets/exchangerate/_layouts/application/

exchangerate/exchangerate.aspx. Accessed 8 July 2013.

38. Wises K, Chunhasewee S, Rattanapan P (2008) Cost of management for

Stevens-Johnson Syndrome or toxic epidermal necrolysis. Phitsanulok: Naresuan
University.

39. Drugs and Medical Supplies Information Center (DMSIC), Ministry of Public
Health. (2013) Reference drug price. Available: http://dmsic.moph.go.th/

price/price1_1.php?method = drug. Accessed 9July 2013.

40. Bureau of trade and economic indices, Ministry of Commerce Thailand (2013)

Report of consumer price index of Thailand. Available: www.price.moc.go.th/
content1.aspx?cid = 1. Accessed 7July 2013.

41. Ministry of Public Health (2009) Public Health Statistics. Bangkok.

42. Permsuwan U, Guntawongwan K, Buddhawongsa P (2008) Handling time in

economic evaluation studies. J Med Assoc Thai 91(Suppl2):S53–S58.

43. Sub-committee of Thai Working Group on Health Technology Assessment
(2013) Meeting report of 2nd annual meeting.

44. Limwattananon S (2008) Handling uncertainty of the economic evaluation
result: sensitivity analysis. J Med Assoc Thai (Suppl 2):S59–S65.

45. Briggs AH (2000) Handling uncertainty in cost-effectiveness models. Pharma-
coeconomics 17(5):479–500.

46. Teerawattananon Y, Chaikledkaew U (2008) Thai health technology assessment
guideline development. J Med Assoc Thai (Suppl 2):S11–S15.

Cost-Effectiveness Analysis of HLA-B*5801 Testing

PLOS ONE | www.plosone.org 9 April 2014 | Volume 9 | Issue 4 | e94294

http://thairheumatology.org/attchfile/Guideline%20for%20Management%20of%20Gout.pdf
http://thairheumatology.org/attchfile/Guideline%20for%20Management%20of%20Gout.pdf
http://www.hitap.net/costingmenu/
http://www.allelefrequencies.net/Accessed
http://apps.who.int/ghodata/?vid=61640
http://www.bot.or.th/english/statistics/financialmarkets/exchangerate/_layouts/application/exchangerate/exchangerate.aspx
http://www.bot.or.th/english/statistics/financialmarkets/exchangerate/_layouts/application/exchangerate/exchangerate.aspx
http://www.bot.or.th/english/statistics/financialmarkets/exchangerate/_layouts/application/exchangerate/exchangerate.aspx
http://dmsic.moph.go.th/price/price1_1.php?method=drug
http://dmsic.moph.go.th/price/price1_1.php?method=drug
www.price.moc.go.th/content1.aspx?cid=1
www.price.moc.go.th/content1.aspx?cid=1

