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   Disclaimers
•  all processes I will discuss are active not passive
•         ChatGPT was not used in the development or content of 

this presentation
• I will discuss the pharmacogenomics and immunopathology 

relevant to small molecule severe cutaneous adverse drug 
reactions (SCAR)



Part I: Vancomycin DRESS
• Understand primary HLA association
• Understand other risk factors for vancomycin 

DRESS
• Understand potential use of HLA beyond 

screening



Case
• 53 year old women started on vancomycin for infected 

breast implants
• Levofloxacin + fluconazole added
• 6 days later (and 3 weeks following initiation of 

vancomycin) she develops fever, skin rash with facial 
edema and lymphadenopathy followed by eosinophilia 
and increased ALT and acute kidney injury

• Hepatitis without rash relapse on weaning steroids –
slower wean over 16 weeks

• Follow-up over 5 years negative for sequelae





Case Questions?
• What is the likely diagnosis?
• Is this drug related?
• Is there a most likely implicated drug (antibiotic) 

and how would you determine this?
• Can this be prevented or preempted?
• Can antibiotic choice and drug safety be 

preserved in the future?



Krantz M, Phillips E JAMA Dermatology 2023 Jan 11

• Top drugs still sulfa antibiotics, 
allopurinol and anticonvulsants

• Can involve any organ
• Diverse skin morphologies and 

pathologies
• Relapse and/or late complications 

(autoimmune) occur 1/10
• RegiSCAR, J-SCAR and Bocquet are 

scoring systems that assign 
probability

• Early and late risk and severity 
scoring (CMV disease risk)

CLINICAL DIAGNOSIS & 
RECOGNITION IS KEY: DRESS

Mizikawa et al JAAD 2019; 80(3):670-678

Presenter
Presentation Notes
Why the * on Mizikawa?  Can it be removed?



Causes of DRESS in FAERS over time

*FDA Adverse event reporting system

p 3208-11



• Risk allele carriage frequency of HLA A*32:01 by each of the top 5 countries 
reporting DRESS compared to the rate of reported vancomycin-specific DRESS 
for each country

Bluestein et al J Allergy Clin Immunol Pract 2021 Aug;9(8):3208-3211



Classification & Phenotype
DRESS (RegiSCAR) DiHS (Japanese Consensus Group)

• Maculopapular rash developing > 3 
weeks after starting with a limited# 
drugs

• Prolonged clinical symptoms after 
discontinuation

• Fever (>38o C)
• Liver abnormalities (ALT>100 U/L)*
• Leukocytosis (>11 x 109/L)
• Atypical lymphocytosis (>5%)
• Eosinophilia (> 1.5 x 109/L)
• Lymphadenopathy
• HHV-6 Reactivation

*other organ involvement also
*Bocquet description 1996 – Skin eruption + eosinophilia and addition systemic abnormalities



DRESS TIME 
COURSE AND 
MANIFESTATIONS

• Hama et al J Allergy Clin Immunol Pract
• . 2022 May;10(5):1155-1167



Diverse Clinical and Histopathological Characteristics

Pathology is not necessarily distinct for 
DRESS and requires clinical correlation

Awad et al J Allergy Clin Immunol Pract 2023 Mar 7

Presenter
Presentation Notes
AGEP  is characterized by a widespread erythematous and pustular rash with fever, neutrophilic leukocytosis and mild eosinophilia.
 



o Vancomycin DRESS 
occurs a median of 21-
22 days following 
dosing

JAMA Dermatol 2022 Dec 1;158(12):1449-1453



o Younger age a risk 
factor for vancomycin 
DRESS

o Higher vancomycin 
trough level a risk 
factor for vancomycin 
DRESS

JAMA Dermatol 2022 Dec 1;158(12):1449-1453



MRGPRX2 Agonists associated 
with non-IgE mediated reactions

• Fluoroquinolones 
(ciprofloxacin>moxifloxacin> 
levofloxacin)

• Vancomycin
• Neuromuscular blocking 

agents 
• Morphine/opioids (not 

fentanyl)
• Radiocontrast dye
• Injectable peptidergic drugs 

(icatibant, leuprolide, 
octreotide, sermorelin, 
cetrorelix)



Case Questions?
• What is the likely diagnosis?
• Is this drug related?
• Is there a most likely implicated drug (antibiotic) 

and how would you determine this?
• Can this be prevented or preempted?
• Can antibiotic choice and drug safety be 

preserved in the future?



What is the most likely drug in 
our Case?



γ-interferon ELISpot Responses to Vancomycin over Time

Case 1 Vancomycin 
DRESS

Case 2 Rifampin DRESS Positive response



HLA-A*32:01+ Vancomycin DRESS

CASE



γ-INTERFERON ELISpot

• Clinical pre-test probability is important and 
a negative test does not alter that

• At >50 spots/well, 100% specific, 50% 
sensitive (validation needed)

• Use integrated with other testing (e.g. skin 
and HLA)

• Concentrations needed are often supra-
pharmacological

• Rare cells in peripheral blood (Cells in 
SJS/TEN blister fluid may be more sensitive)

Copaescu et al. Front Pharmacol 2021 Jan 12;11:573573
Trubiano et al.  J Allerg Clin Immunol Pract 2018;6(4):1287-1296 
Porter et al. J Invest Dermatol 2022;142(11):2920-2928
Awad et al. JACI Global 2022;1(1):16-21

Research Role of Drug-Specific Adjunctive Blood Tests

CMV pp65 Vancomycin 500 mcg/ml

Too numerous to count 465 spots per million

Patient PBMCs (fresh or frozen)

Antigen specific T-cells producing  γ-INF

Presenter
Presentation Notes
measure the frequency of antigen-specific T cells by measuring the number of cytokine-secreting cells within the blood
 ELISPOT is performed using a PVDF or nitrocellulose membrane 96-well plate pre-coated with an antibody specific to the secreted protein.



SCAR Responses are Durable Over Time: Avoid Drug Permanently
2013 2021

Acute Vancomycin DRESS Vancomycin Skin Test Positive
              HLA-A*32:01+

Blumenthal et al. JAMA Dermatol 2022 Dec 1;158(12):1449-1453 (High vancomycin trough levels associated with DRESS)
Awad et al JACI in practice.2023 (in press)  – LongSCAR - skin test responses are durable





Unusual Case of DRESS and AGEP in Same Patient
2013 09/2021

Acute DRESS on vancomycin 
And ceftriaxone 
 

Vancomycin Skin Test Positive
HLA-A*32:01 Positive

07/2021

Acute AGEP 24 hours following 
metronidazole and levofloxacin

09/2021

Positive skin test to metronidazole 
(”AGEP” response



Ex Vivo Approaches to Predict Cross-reactivity

Nakkam et al J Allerg Clin Immun 2021 Jan;147(1):403-405.
doi: 10.1016/j.jaci.2020.04.056. Epub 2020 May 19.

-low cross-
reactivity between 
vancomycin, 
teicoplanin and 
telavancin
-cross-reactivity 
was predicted in 
2/15 by a shared 
class II HLA 
haplotype

HLA-A*32:01+vancomycin DRESS



HLA-A*32:01 is strongly associated with vancomycin-induced 
drug reaction with eosinophilia and systemic symptoms

Konvinse et al J Allergy Clin Immunol. 2019;144(1):183-192
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DRESS develops typically after a median 3 week exposure to the culprit medication and has a mortality rate of up to 10%. Vancomycin, which is used to treated methicillin-resistant Staphylococcal aureus, has emerged as the top cause of DRESS in the United States. Clinical features include rash, diffuse rash, elevated blood eosinophils, and organ inflammation, such as nephritis and hepatitis. In a cohort study that include 23 vancomycin DRESS patients, 19 carried HLA-A*32:01. In the Vanderbilt Biobank, of patients with European ancestry, approximately 6.8% of individuals carry HLA-A*32:01. Based on time-to-event analysis, 20% of patients treated with vancomycin for 4 weeks will go on to develop DRESS. Therefore, the number needed to test to prevent 1 case of vancomycin-induced DRESS is approximately 75. However, given that that the positive predictive value of HLA-A*32:01 is only 20%, there is a dire need to close this positive predictive gap with discovery of additional genetic risk factors outside of HLA that confer susceptibility to DRESS.



HLA-A*32:01 is Strongly Associated With 
Vancomycin DRESS

Konvinse et al J Allergy Clin Immunol. 2019;144(1):183-192

P= 1 x 10-8  conditional logistic analysis; Bonferroni control for multiple comparison

86% 92%

6.3
%



Time to Event Analysis

*approximately 20% of patients carrying HLA-A*32:01 developed DRESS by 4 weeks

Konvinse et al J Allergy Clin Immunol. 2019;144(1):183-192

-end stage renal disease on 
hemodialysis protective 
against DRESS
-immunocompromised 
state protective against 
DRESS



Vancomycin DRESS and HLA-A*32:01

-SCREEN – for emergent 
use not practical but 
DRESS latency >2 weeks

 PREEMPT- intervene early 
if patient at risk

 DIAGNOSIS – adds to 
causality (with clinical and 
functional assessments)

Konvinse et al.  J Allergy Clin Immunol. 2019 Jul;144(1):183-192





Vancomycin DRESS: Global Distribution May not be Equal

http://www.allelefrequencies.net/

• Vancomycin use differs 
globally

• Duration of 
vancomycin use differs 
globally

• Median time to 
DRESS = 3 weeks

• Prevalence of risk 
alleles (HLA-A*32:01 
differs globally)

• HLA risk outside of 
HLA-A*32:01 in 
different populations

http://www.allelefrequencies.net/


Vancomycin 
DRESS 
cases
(n = 78)

Vancomycin 
tolerant 
controls 
(HLA-A*32:01 
positive)
(n = 113)

Vancomycin 
tolerant 
controls (all)
(n = 2,702)

BioVU
Populatio
n
(n = 
94,489)

HLA-A*32:01 
Homozygous

5/78
(6.4%)

1/105 
(0.96%)

1/2,702 
(0.037%)

113/94,489 
(0.12%)

HLA-A*32:01 Homozygosity is Overrepresented in Vancomycin DRESS

Krantz et al P<0.0001





Part 2: Phenytoin SCAR
• How to interpret HLA and other genetic 

information – caveats and implications
• Population based pharmacogenomic 

screening/testing/research not “race”-based
• General future concepts relevant to all 

medications



HLA as a Screening Test
If a risk allele is present it has the same implications 
across race/ethnicity

The performance as a screening test may differ across 
race (negative predictive value)

Different HLA risk alleles may be present in different 
populations



What Determines Number Needed to Test 
to Prevent one Case?

HLA risk allele frequency in the specific population

Prevalence of drug-specific phenotype

Positive predictive value of the HLA risk allele for the 
drug-specific phenotype



HLA Class I Strongly Associated with SCAR

Deshpande et al. Clin Pharmacol Ther 2021 Sep;110(3):607-
615

Gibson et al. J Allergy Clin Immunol 2023 Feb;151(2):289-300



HLA testing as “Secondary Prevention”
 74 year old man gout & 

hypertension presented 6 
weeks later having had history 
consistent with DRESS 
(RegiSCAR 6) occurring on 
simultaneous administration of 
allopurinol and ceftriaxone.

 67 year old woman 
transferred with SJS/TEN

 Mysterious decrease in 
uric acid seen in lab 
records

 No history of allopurinol 
use obtained initially 
from transfer or 
medication record

HLA-B*58:01+ DRESS and SJS/TEN related to allopurinol

 71 year old Caucasian man 
history of rash, facial 
swelling 3 weeks following 
allopurinol

 Treated with steroids 
weaned over 8 weeks

 Records sparse
 RegiSCAR 3



What is the HLA Roadmap in 2023 (Beyond Prevention) 

Avoid the drug in a known 
risk population

Preemptive management 
to identify and monitor a 
high-risk population

Facilitate early recognition 
and discontinuation of the 
likely culprit medication

Diagnosis, integrated 
management and future 
drug safety



Pharmacogenomic 
Implementation 

Toolkit

Quality assured 
inexpensive test

Unique niche (lack of 
safe/effective medication 

alternatives)

Eases clinical practice/ 
shared patient 

decision-making

Provides additional 
information (e.g. drug 
causality/diagnosis) =

“secondary prevention”

Improve 
patient/family/healthcare 

provider confidence 
drug safety

Information transfer to 
community healthcare 

providers including 
pharmacy



Genetic Counselling not just testing is Important

• 21 year old transferred from 
outside hospital

• History of starting on lamotrigine 
2.5 weeks prior

• 3 days prior to admission developed 
throat pain and blistering rash and 
stopped lamotrigine but started 
amoxicillin and ibuprofen

• Rash progressed
• Mother said “genetic testing” was 

done and was negative and they 
had felt reassured

Lamotrigine SJS/TEN in HLA-B*15:02 Negative



Beware of how to interpret genetic information

Phillips et al JAMA Dermatol2022;158(6):607-608



 populations at risk may be more likely to be prescribed medications 
(e.g. first generation antiepileptics such as phenytoin) that cause SCAR

 46% of phenytoin SCAR patients in VUMC BioVu were African American 
>80% sharing same class I HLA allele prevalent in AA (only 10% overall 
AA in VUMC BioVu)

Garon S, JACI 2017;139:2



FDA Wording







Clin Pharmacol Ther. 2021 Feb; 109(2): 302–309.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=32779747


Algorithm for suggested clinical actions based on HLA-B*15:02 and CYP2C9 genotype

Clin Pharmacol Ther. 2021 Feb; 109(2): 302–309.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=32779747


“The literature evaluating the association of the HLA-B alleles and phenytoin-induced SJS/TEN is inconsistent with respect 
to the specific HLA-B allele responsible for this ADR. Interpretation of literature is complicated by the studies’ small 
sample sizes, inconsistent definition of the SJS/TEN 4 phenotype, inconsistent genotyping methodologies and the variety 
of race/ethnic groups in which studies were performed. The strength of the association between HLA-B*15:02 and 
phenytoin–induced SJS/TEN is weaker than the association between HLA-B*15:02 and carbamazepine–induced SJS/TEN 
and the association between HLA-B*57:01 and abacavir hypersensitivity syndrome. Even in the East Asian and 
Central/South Asian populations where HLA-B*15:02 carriage is prevalent, the negative predictive value (NPV) of HLA-
B*15:02 falls significantly short of 100%. This lack of 100% NPV is illustrated by studies that have suggested that HLA-B 
alleles other than HLA-B*15:02, such as HLAB*13:01 and HLA-B*13:15, are associated with phenytoin-induced SJS/TEN (4, 
5). Specific amino acid binding residues in HLA-B shared amongst risk alleles may be important and distinct drug-peptide-
HLATCR interactions may also occur in patients with phenytoin SJS/TEN that do not carry HLA-B*15:02. However, this is 
only one of several non-mutually exclusive mechanisms to explain why different HLA alleles may be implicated in 
phenytoin-induced SJS/TEN (6). The observation of multiple HLA associations underscores the notion that the absence of 
these variants does not rule out the possibility of a patient developing phenytoin-induced SJS/TEN.”

Supplement to: Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2C9 and HLA-B Genotypes 
and Phenytoin Dosing: 2020 Update Jason H. Karnes1 , Allan E. Rettie2 , Andrew A. Somogyi3 , Rachel Huddart4 , Alison E. 
Fohner5 , Christine M. Formea6, Ming Ta Michael Lee7 , Adrian Llerena8, Michelle Whirl-Carrillo4 , Teri E. Klein4,9, 
Elizabeth J. Phillips10, Scott Mintzer11, Andrea Gaedigk12, Kelly E. Caudle13, John T. Callaghan14

Clin Pharmacol Ther. 2021 Feb; 109(2): 302–309.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=32779747
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