
Implementing HLA testing to prevent Stevens Johnson Syndrome:
A view through an implementation science lens

Sony Tuteja, PharmD, MS, BCPS, FAHA
Director, Pharmacogenomics, Penn Center for Genomic Medicine
Research Assistant Professor of Medicine
Department of Medicine
Division of Translational Medicine and Human Genetics
University of Pennsylvania Perelman School of Medicine
sonyt@pennmedicine.upenn.edu

CPIC meeting June 20, 2024

mailto:sonyt@pennmedicine.upenn.edu


2

Acronyms
SJS / TEN Stevens-Johnson Syndrome / toxic epidermal necrolysis 
SCAR Severe cutaneous adverse reactions
DRESS Drug reaction with eosinophilia and systemic symptoms
HSR Hypersensitivity reaction



3

The problem: Stevens-Johnson Syndrome / toxic epidermal necrolysis 

‣ Life threatening, immunologically mediated severe cutaneous adverse drug reaction
‣ Mortality rate of 15-20% (>50% in elderly and immunocompromised)
‣ Incidence of 1-2 per million persons per year in the US, higher globally
‣ Medications implicated in 8 of 10 cases

• Allopurinol 
• Antiepileptic medications (carbamazepine, phenytoin, phenobarbital, lamotrigine) 

‣ Prescreening for HLA markers can prevent SJS/TEN and other SCAR for some drugs
‣ But testing is not performed universally (with the exception of HLA-B*57:01 and abacavir)

‣WHY?
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Implementation science bridges the evidence-to-practice gap 

Implementation Science

Eccles and Mittman. Implementation Science 2006
Morris Z. J of Royal Society of Medicine. 2011

17-20 years

14% of research reaches 
target recipient

The study of methods to promote the systematic uptake of research findings and other 
evidence-based practices into routine clinical practice 
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More than efficacy / effectiveness 

CFIR framework. Damschroder 2022; Implementation Science 17: 75.
Best S. et al. npj Genomic Medicine 2021; 6: 5.

Intervention 
Characteristics
- Evidence strength and 

quality

- Complexity

- Cost

Outer Setting
- Guidelines
- Reimbursement

Inner Setting
- Culture

- Readiness

- Resources

- Leadership 
engagement

- Organization priority

- Access to information

Individuals
- Knowledge and 
      beliefs
- Self efficacy
- Biases

Process
- Planning

- Engaging

- Executing

- Evaluating
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Applying an implementation science framework
‣ Describe the evidence base for HLA testing
‣ Identify evidence- to- practice gaps
‣ Review barriers and facilitators to implementation
‣ Selecting implementation strategies
‣ Systems to monitor, evaluate, and sustain implementation
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N=980 PGx N=976 control

N=1956

HSR
Immunologically 
confirmed

0% 2.7% P<0.001

Clinically 
diagnosed

3.4% 7.8% P<0.001
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4483 negative 372 (7.7%) positive

N=4855

4120 took CBZ 367 did not take CBZ
215 alternative meds

0 SJS / TEN
6 Severe cutaneous events
252 Mild cutaneous events

0 SJS / TEN
1 Severe cutaneous event
5 Mild cutaneous events



9

2339 negative 571 (19.6%)positive

N=2910

2173 took allopurinol 569 did not take allopurinol
354 alternative meds

0 SJS / TEN
0 Severe cutaneous events
119 Mild cutaneous events

0 SJS / TEN
0 Severe cutaneous events
3 Mild cutaneous event
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Guidance regarding HLA testing
Drug Gene / Allele FDA CPIC guideline Other
Abacavir HLA-B *57:01 BOXED WARNING- testing required Level A Infectious Disease 

Society of America
Allopurinol HLA-B *58:01 Recommended for at risk populations 

-African, Asian (Han Chinese, 
Korean, Thai), and Native 
Hawaiian/Pacific Islander ancestry

Level A American Society 
of Rheumatology

Carbamazepine HLA-B *15:02

HLA-A *31:01

BOXED WARNING- required for 
genetically at risk populations (Asian)
HLA-A 31:01 not mentioned

Level A

Oxcarbazepine HLA-B *15:02 Should be avoided in patients 
positive for HLA-B*1502 unless the 
benefits clearly outweigh the risks.

Level A

Phenytoin HLA-B*15:02
CYP2C9

Consider avoiding phenytoin as an 
alternative to carbamazepine in 
patients who are positive for HLA-
B*1502 or in CYP2C9*3 carriers.

Level A
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Applying an implementation science framework
‣ Describe the evidence base for HLA testing

• Do we have evidence that it works? YES
• What are the benefits of testing? (prevents serious cases SJS)

‣ Identify evidence- to- practice gaps
‣ Review barriers and facilitators to implementation
‣ Select implementation strategies
‣ Systems to monitor, evaluate, and sustain implementation
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Cases of SJS and TEN reported to FDA adverse reporting system 
(FAERS) database associated with carbamazepine and 
oxcarbazepine

Int J Clinical Practice, Volume: 75, Issue: 8, 2021, DOI: (10.1111/ijcp.14273) 
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Cases of SJS and TEN reported to FAERS database associated with 
antiepileptics medications

Borrelli EP. Epilepsia 2018; 59: 2318-2324
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Practice gap: testing is not occurring
‣ In a large biobank 36,424 with PGx results 1

• 2,327 (6.4%) HLA-A *31:01 positive
• 3,543 (9.7%) HLA-B *15:02 positive
• 92 of the HLA positive patients received a prescription for carbamazepine or oxcarbazepine
• 4 (4.3%) experienced a rash that warranted drug discontinuation
• Ancestry- 1 Asian, 2 White, 1 Black

‣ EHR records review from one healthcare system 2
• 3,063 prescriptions for carbamazepine or oxcarbazepine 
• 302 with race coded as “Asian”, “Other”, “Unknown”
• 27 treatment naïve with Asian ancestry 
• 0/6 carbamazepine and 1/6 oxcarbazepine were HLA pre-screened 

1. Shah S. Drug Safety 2021; 44: 601-607
2. Bui VL. Pharmacogenetics and Genomics 2024; 34: 16-19
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Practice gap- an imperfect test
Not all alleles associated with multiple clinical phenotypes of SCAR

Drug HLA risk allele HSS SJS-TEN DRESS/
DIHS

DILI MDE

Allopurinol HLA-B *58:01
Abacavir HLA-B *57:01
Carbamazepine HLA-B *15:02^
Carbamazepine HLA-B *31:01
Phenytoin HLA-B *15:02

HSS, hypersensitivity syndrome; SJS/TEN, Stevens-Johnson syndrome/ toxic epidermal necrolysis; 
DRESS/ DIHS, drug reaction with eosinophilia and systemic symptoms / drug-induced hypersensitivity 
syndrome; DILI, drug induced liver injury; MDE, maculopapular drug eruption

Marks M et al. Frontiers in Medicine 2023; 

^ B75 serotype (15:02 + *15:21, *15:08, *15:11, *15:30, *15:3)
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Practice gap- An imperfect test: low PPV
Drug Gene/allele Populations PPV NPV NNT Onset 

on HSR
Abacavir HLA-B *57:01 >10% India

5-10% EUR
5-10% S. America

48-76% 100% 14-42 ~6 
weeks

Allopurinol HLA-B *58:01 >10% China, Taiwan
>10% India
5-10% Africa

1.5% 100% in 
Han 
Chinese

~500 Weeks-
months

Carbamazepine HLA-B *15:02 >10% Thailand 
5-10% China, Taiwan
<1% Europe

1-2% 100% in 
Asian

400-
3000

4-28 
days

Carbamazepine HLA-A *31:01 5-10% Japan, Korea
1-5% Europe
1-5% Africa

0.2-0.9% 100% 3000-
6000

~8 
weeks

Phenytoin HLA-B *15:02 >10% Thailand 
5-10% China, Taiwan
<1% Europe

0.2-1.4% 100% 400-
3000

~8 
weeks

Hung S et al. Nature Reviews disease primers 2024; 10:30
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Practice gap- cost-effectiveness studies are mixed

Drugs Marker No. 
Articles

Cost-
saving

Cost 
effective

Not cost 
effective

Uncertain

Abacavir HLA-B 
*57:01

8 2 4 1 1

Allopurinol HLA-B 
*58:01

10 1 4 5 -

Carbamazepine
Phenytoin

HLA-B*15:02 7 1 2 4 -
HLA-A*31:01 1 - 1 - -

Total 26 4 (15%) 11 (42%) 10 (38%) 1

Morris SA. Clinical Pharmacology and Therapeutics 2022; 112: 1318 



18

Practice gap- confusion about the appropriate test
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Applying an implementation science framework
‣ Describe the evidence base for HLA testing

• Do we have evidence that it works?
• What are the benefits of testing? (prevent death, serious cases SJS, healthcare costs)

‣ Identify evidence- to- practice gaps
• HLA testing and guidelines are available however, not widely implemented
• Cases of SJS /TEN continue to occur
• Optimal screening strategies have not been developed
• Test characteristics not optimal
• Lack of awareness among prescribers about testing and how to order testing

‣ Review barriers and facilitators to implementation
‣ Select implementation strategies
‣ Systems to monitor, evaluate, and sustain implementation
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Barriers and facilitators at each level
Domain Barriers Facilitators
Outer setting - Fragmented healthcare system

- Cost of testing
- Cost of alternative treatments
- Equity gap

- Disease specific guidelines
- CPIC guidelines
- FDA labels
- Implementation working groups
- Pharmacovigilance registries

Inner setting - Lack of institutional support
- EHR integration of discrete results

- Early screening program 
- Identify early adopters

Individuals - Clinician lack of knowledge 
- Patient lack of awareness
- Impact on family members
- Population admixture

- Targeted education
- Shared decision making
- EHR algorithms suggesting testing

Intervention - Patients are not offered testing
- Testing options unclear
- Low PPV of test

- EHR based alerts 
- Collaborations and patient registries
- Quality inexpensive test 

Process - Lack of time for pre-test counselling
- Send out test (manual process)

- Precision medicine / PGx teams
- Multi-gene panels

Hooker. Am J Med Genet 2021; 187: 95. Sperber. BMC Med Genomics; 2017: 10: 35. 
Tuteja. Clinical Translational Science 2021; 15: 371. Hung. Nature reviews disease primers 2024; 10:30.
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Implementation 
strategies

Plan
Gather data, build buy-in, 
develop relationships, needs 
assessment

Educate Inform stakeholders

Finance Incentives, train and 
support, new funding

Restructure Alter staffing, physical 
structure and data tracking

Quality management Develop tools, remind 
clinicians, feedback

Attend to the policy 
context Accreditation, legal

Powell BJ. Medical Care Research and Review 2012; 69: 123-157.
Powell BJ. Implementation Science 2015; 10: 21.



22

Factors influencing HLA testing and potential strategies

CFIR domain Example factor Potential strategy

Outer setting Rheumatology guidelines 
CPIC guidelines

Disseminate guidelines to primary 
care providers

Inner setting Unclear how and which test to 
order

Streamline the testing options

Characteristics of individuals Clinician lack of awareness for 
the need of testing

Provide education in readily 
accessible format (e.g. UptoDate)

Intervention characteristics Patients are not offered testing Create a pre-test alert in EHR

Process Lack of clinician time for pre-test 
counselling

Create educational materials for 
patients
Engage PGx pharmacists

Powell BJ. Implementation Science 2015; 10:21
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Engaging end-users regarding pharmacogenetic testing

Powell G. BJP 2015; 80: 1149-59.
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Clinician discrete choice results
‣ Odds that respondents selected the test

• decreased by 1% for every £1 increase in cost 
of test

• Increased if the PPV increased, test was 
contained in the formulary, test predicted both 
severe and mild ADRs

• Improvement in PPV from 26% to 70%, 
increased the probability of requesting the test 
almost 8-fold, to 88.6%

Patient discrete choice results
‣ Willing to accept reduction in 12 months 

chance of remission in seizures in exchange 
for a reduction in adverse events.
• 0.58% reduction in remission for 1% reduction 

in skin rash, 3.2% reduction in memory 
problems, and 0.001% reduction in risk of 
severe ADR

• Overall, probably of test uptake 55%

Engaging end-users regarding pharmacogenetic testing

Powell G. BJP 2015; 80: 1149-59.
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Clinician perspectives on HLA testing for allopurinol

“I think it depends on my patients, if they are the type that who are more affluent, good health
literacy and they can afford the febuxostat in the future. I would be more willing to offer
those types of patients the HLA test for them. But if my patient is from the poorer social economic
group and they keep on suffering from gout attack, they need to be on preventive medication. I 
think those are the patients that I would just counsel, please watch out for the side effect, anything 
happens come back immediately.” 

(Doctor 2, female, 7 years of experience, university hospital)

Ng WL. PLoS One 2024; 19: e0296498
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Patient perspectives on HLA testing for allopurinol

“If I see the value of it, I would do it. Because the investment is for your health, and so I will do it. 
Normally I can claim because I’m still working with a company now. So, to my best ability, I will 
claim. But if I cannot claim, what to do, you need to pay myself. Well, to answer your question, in 
short, if I see benefit in it, because there’s an appeal, just find money to afford it.” 
(Patient 11, 52-year-old Malay male, had gout for 12 years, not on allopurinol, follow-up in private 
GP clinic)

Ng WL. PLoS One 2024; 19: e0296498
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Monitor, evaluate, and sustain

Implementation 
Outcomes

Acceptability
Appropriateness 

Feasibility
Adoption
Fidelity

Penetration
Sustainability

Costs

-

*IOM Standards of Care

What?

• Quality 
improvement

• Evidence based 
practice

How?

Implementation

Strategies

Service
Outcomes*
Efficiency

Safety
Effectiveness

Equity
Patient-

centeredness
Timeliness

Patient Outcomes

Satisfaction
Function

Health status/
symptoms

Proctor EK. Adm Policy Ment Health 2009; 36(1)
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Conclusions
‣ Describe the evidence base for HLA testing

• Do we have evidence that it works? YES
• What are the benefits of testing? (prevent death, serious cases SJS, healthcare costs)

‣ Identify evidence- to- practice gaps
• HLA testing and guidelines are available however, not widely implemented
• Cases of SJS /TEN continue to occur
• Optimal screening strategies have not been developed
• Test characteristics not optimal
• Lack of awareness among prescribers about testing and how to order testing

‣ Review barriers and facilitators to implementation
‣ Select implementation strategies
‣ Systems to monitor, evaluate, and sustain implementation
‣ Pay particular attention to issues of equity
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Future directions
‣ Conduct studies across diverse population groups (age, race, gender, ethnicity)
‣ Rigorous evaluation of strategies and contextual modifiers of successful 

implementation
‣ Collaborations to increase power and evaluate multiple contexts
‣ Studies that include genetic and other risk factors
‣ Bolster pharmacovigilance methods to alert new adverse drug effects 
‣ Research to identify additional genetic susceptibility loci
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