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Biocryst
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» Patent for HLA-A*32:01 tests for diagnosis of vancomycin DRESS

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

this presentation
| will discuss the pharmacogenomics and immunopathology

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



Part |: Vancomycin DRESS

e Understand primary HLA association

e 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
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Case Questions?

What is the likely diagnosis?
s 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?



CLINICAL DIAGNOSIS &
RECOGNITION IS KEY: DRESS

* Top drugs still sulfa antibiotics,
allopurinol and anticonvulsants

e 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)

Krantz M, Phillips E JAMA Dermatology 2023 Jan 11
Mizikawa et al JAAD 2019; 80(3):670-678

j Possible signs and symp

= Fever
+ Elevated white blood cell
count (eosinophilia)
= Lymph node swelling
» Major crgan inflammation
(liver, kidneys, heart)

Widespread rash

(face, trunk, arms, legs:

Facial —= 8
swelling

G Drugs that commonly cause DRESS symptoms

Seuzure drugs Infection or common skin treatments Lout treatment
Lamotrigine Vancomycin Allogurinol
Phenytoin Trimethoprim-sulfamethoxazole
Carbamazeping Minocycling

@- Treatment under physician supervision

» Stop taking known culprit drug or suspected drugs started in the last 2 to 8 weeks
¥ For mild cases, sterold creams may be used: for severe cases, oral or intravenous
immunosuppressant drugs may be needed

* Frequent follow-ups with medical specialists needed e it
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Presentation Notes
Why the * on Mizikawa?  Can it be removed?


Causes of DRESS in FAERS over time

Percentage of DRESS Cases Associated With Allopurinal,

Vancomycin, Lamotrigine, Carbamazepine, and TMP-SMX in FAERS ::si:r;ﬁF;:ndd:ﬂmmﬂ::“mm‘::: ﬁ
2 from 2002 to 2019 in the US Food and
] Drug Administration Adverse Event
ﬂ ,;5 Reporting System
% @ = Sara Beth Bluestein, MD"*, Roger Yu, BA™"*,
g E Cosby Stone, Jr., MD, MPH', and
E = Elizabeth J. Phillips, MD™"*
2
%% = Clinical Inplications
£8 e o ,
5 i o OF drug reaction with eosinophilia and systemic
& symproms cases identified in the Food and Drug
= Administration Adverse Event Reporting System, five
T T I T T drugs account for more than 50% of cases and three have
2000 2005 %,D 10 2015 2020 actiomable HLA risk factors iduutifying implcml.'matinn
sl strategics for prevention and earlier djagnmis.
Allopurinol Vancomycin
Lamntrigin,a Ca mamazeﬂine J ALLERGY CLIN IMBMUNDOL PRACT p 3208-11
e TMP-SM X VOLUME 5, NUMBER &

*FDA Adverse event reporting system




HLA A*32:01 vs. Vancomycin DRESS frequency by country

Allele frequency ® Vancomycin DRESS frequency

France
us
LK

Spain

Japan

0.0% S5.0% 10.0%: 15.0%

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)
Items = E Comments
2 W] [  Maculopapular rash developing > 3
Tt NU Y weeks after starting with a limited#
Enlarged lymph nodes NU Y ] emand 22 different areas
Bsophla207 L2 NU Y Soelwhen Lo 0Lor2ay drugs
10% if WBC ¢40  101L {WBC <40 1L e Prolonged clinical symptoms after
Atypica lymphocytosis NU Y discontinuation
Skin rash Rash suggesting DRESS: 2 2 sympoms: purpuric e Fever (>38°C)
Extent > 50% of BSA NU Y lesions (other than legs), infillration, facial edema,

e Liver abnormalities (ALT>100 U/L)*

Rash suggesting DRESS S psoriasiform desquamation ) 9
Skin biopsy sugeesting DRSS~ N YU * Leuko cytosis (> 11x10 / I—)
Organ involvement N Y Sore foreach organ involvement, maximal score: e Atypical lymphocytosis (>5%)
Rash resolution 2 15days N Y  Eosinophilia (> 1.5 x 109/L)
Excluding other causes NU Y Score 11f 3 tests of the following tests were

[ ]
performed and all were negative: HAV, HBV, HCV, Lymp hadeno pat hy

Mycoplasma, Chlamydia, ANA, blood eulture ° HHV-6 Reactivation
ANA: anti-nuclear antibody; BSA: body surface ares; HAV: hepatis A virus; HBV: hepaliliﬁ B
virus; HCV: hepatits C virus; N: no; U unknown; WBC: white blood cell : yes, *other o rgan involvement also

*Bocquet description 1996 — Skin eruption + eosinophilia and addition systemic abnormalities



DRESS TIME
COU RSE AN D e Hama et al J Allergy Clin Immunol Pract

e . 2022 May;10(5):1155-1167

MANIFESTATIONS



Diverse Clinical and Histopathological Characteristics

Variable n %
General rash morphology
Extent >50% body surface arca 67 44
Erythroderma 14 9
Rash unspecified 2819
No rash 1 07
Mucosal involvement M4 16
Specific rash morphology <
Maculopapular 100 66 Spraae BEG L il
Patchiplagque 0 7 AN
Infilirative 6 4 ' Fain e
Purputi 6] AT 1 LT R
Targetshargetoid 1 3 Pathology is not necessarily distinct for
Exfoliative 7 18 DRESS and requires clinical correlation
Desquamation H s
Blistering 6 11 Variable n_%
Pustules 8 3 Skin hiopsy findings
Crusting 4 3 Spongiosis 21
Interface dermatitis (inclueding interfoce lichenosd reaction) 27 18
Deremal interstitial or perivascular infilerate 47 3
Eosinephilic infiltrate 1 35
Unspecafied bl “consistent with DRESS™ 12 B
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AGEP  is characterized by a widespread erythematous and pustular rash with fever, neutrophilic leukocytosis and mild eosinophilia.
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LE]_—‘TER 12 MARCH 2015 | YOL 519 | NATURE | 237
MRGPRX2 Agonists associated

s B 10 8 s e | D2 T

Identification of a mast-cell-specific receptor crucial with non-Igk mediated reactions

for pseudo-allergic drug reactions

Berdnmyin 13, McNell, Privasics Pundir’, Somva Mecker?, Liang Han®, Braciey §, Ursdens”, Marisnns Beks™ & Xlnrhoeg Do

* 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?
s 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?

Fever, rash,
Iymphadenopathy,
Transaminitis, AKI

Vancomycin

Fluconazole

Levofloxacin

it i kil nini i i i i e

Day 0123456789101112131415161718192021 2223 242526



v-interferon ELISpot Responses to Vancomycin over Time

250+
2 200- "
(&7 = 18
= o
g 150 Soan
— Case 1 Vancomycin
= 100+ DRESS * 21
2 e
Case 2 Rifampin DRESS Positive response
0 — —_——— !
0 5 10 45 50

Months from Acute DRESS
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B
Research Role of Drug-Specific Adjunctive Blood Tests

Patient PBMCs (fresh or frozen)

e Clinical pre-test probability is important and CMV pp65 Vancomycin 500 meg/ml
a negative test does not alter that

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

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

e Concentrations needed are often supra-
pharmacological

* Rare cells in peripheral blood (Cells in y-INTERFERON ELISpot
SJS/TEN blister fluid may be more sensitive)

Too numerous to count 465 spots per million

Antigen specific T-cells producing y-INF

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
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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



Diagnostic Clues for Clinical Phenotype

Vancomycin AGEP 2013
7 days post exposure Intradermal Skin testing 2017 ~ December 2020

il

intradermal testing
Feburary 2021

Intradermal at 48 hours 3 weeks post acute Intradermal at 48 hours

COVID-19 Infection
-Skin and Patch Testing with AGEP

Mimics the Acute Reaction Retained Skin-test Positivity Remotely
-HLA-A*32:01+ vancomycin AGEP



Unusual Case of DRESS and AGEP in Same Patient
2013 07/2021 | 09/2021

Acute AGEP 24 hours following
metronidazole and levofloxacin

09/2021

Acute DRESS on vancomycin
And ceftriaxone

Vancomycin Skin Test Positive
| 28 HLA-A*32:01 Positive

Positive skin test to metronidaz'(lale
("AGEP” response



Ex Vivo Approaches to Predict Cross-reactivity
HLA-A*32:01+vancomycin DRESS
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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.



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

Extensive Rash —6.8% of individuals with Eurcpean
P ancestry carry HLA-A®32:01

Eosinophilia

Fewer

'|.. a n-:1:||111,rn:|n

T DrE SS F‘amnl ~20% of HLA-A*32:01+

/ will develop DRESS
J! \‘ Hepatitis

1y

Il:r|11 sirmaent
3 ﬁiﬂ 5,
Vancomycin-Specific T -cell Infiltrate Therefore, ~75 would need to be
IFNy ELISpot Response on Biopsy tested to prevent one case

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

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



Propertion without DRESS
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*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



Vancomycin DRESS and HLA-A*32:01

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

v' PREEMPT- intervene early
if patient at risk

v' DIAGNOSIS — adds to
causality (with clinical and
functional assessments)

~6.8% of individuals with European
ancestry carry HLA-A®332:07
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~20% of HLA-A*32:01+
will develop DRESS

Therefore, ~75 would need to be
tested to prevent one case

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



A Rapid Allele-Specific Assay for HLA-A*32:01
to Identify Patients at Risk for Vancomycin-
Induced Drug Reaction with Eosinophilia and
Systemic Symptoms

Francois X. Rwandamuriye,” Abha Chepra,”' Katherine . Konvinse,” Linda Choo,* Jason A. Trubiano,'™ Christian M. Shaffer,
Mark Watson, * Simon A. MallaL*'" and Elizabeth J. Phillips®-=*"'
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[he Journal of Molecular Magnostics, Vol. 21, No. 5, September 2019



Vancomycin DRESS: Global Distribution May not be Equal

e Vancomycin use differs
globally
e Duration of
vancomycin use differs
globally
* Median time to
DRESS = 3 weeks
e Prevalence of risk
alleles (HLA-A*32:01
differs globally)
e HLA risk outside of
HLA-A*32:01 in
different populations

0 0.100 0.250 1

http://www.allelefrequencies.net/



http://www.allelefrequencies.net/

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

Vancomycin Vancomycin Vancomycin BioVU
DRESS tolerant tolerant Populatio
cases controls controls (all) n
(n=78) (HLA-A*32:01 (n =2,702) (n =
positive) 94,489)
(n =113)
HLA-A*32:01 5/78 1/105 1/2,702 113/94,489
Homozygous (6.4%) (0.96%) (0.037%) (0.12%)
Krantz et al February 2023 - Journal of Allergy and Clinical Immunology P<0.0001

DOI:10.1016/),jaci.2022.12 798



Original Article

Vancomycin-iInduced Liver Injury, DRESS, and
HLA-A*32:01

Bilal A. Asif. MD", Christopher Koh, MD, MHSc®, Elizabeth J. Phillips. MD", Jiezhun Gu, PhD", Yi-Ju Li, PhD",

Huiman Barnhart, PhD", Naga Chalasani, MD", Robert J. Fontana, MD", Paul H. Hayashi, MD, MPH',

Victor J. Navarro, MD®, and Jay H. Hoofnagle, MD"; for the Drug Induced Liver Injury Network (DILIN)  Berhesda and Silver
Spring, Md; Nashville, Tenn; Durham, NC; Indienapelis, Ind; and Philadelphia, Pa

TABLE IV. Vancomycin hepatotoxicity: 9 cases

DRESS Duration of Time to Peak Severity Causality
Case HLA-A (1) HLA-A (2) Rash Fever Eos Renal DRESS score therapy (d) onset (d) R value Pattern bilirubin score score
1 AF32:01 AF32:01 1 1 1 1 Yes 8 37 20 28.2 HC 3.0 4 3
2 A*25:01 A*32:01 1 1 1 1 Yes o 22 22 e Mix 0.9 1 2
3 AF02:01 A*03:01 1 1 1 | Yes 4 15 10 o9 HC 1.9 3 3
4 AF24:02 AF24:02 0 0 0 0 No 1 1 6" 0.6 Chol 14.3 2 3
-} AF26:01 A*32:01 1 )| Unk 1 Yes 3 26 27 3.4 Mix 19.4 <+ 3
6 AF01:01 A*32:01 1 1 1 1 Yes <% 31 20 0.8 Chol 0.7 1 2
%l AF03:01 A*32:01 1 1 1 Unk Yes 8 18 16 0.2 Chol 3.3 3 3
8L A*32:01 A*33:03 1 1 1 | Yes 6 30 16 2.1 Mix 38.6 5 3
oF A*01:01 A*32:01 1 1 1 1 Yes 6 30 19 1.7 Chol 13.0 4 2

Alk, Alkaline phosphatase; ALT, alanine aminotransferase; Chol, cholestatic; HC, hepatocellular; Mix, mixed; R = (ALT/ULN = Alk P/ULN); ULN, upper limit of normal; Unk, unknown.
*History of jaundice after previous exposure to vancomycin.

Flnitially, concomitant medications thought to be an unlikely cause that on re-review was considered at least probable.

iBlack, fatal outcome after reexposure after onset of DRESS syndrome and acute exacerbation of liver and renal injury.



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 | Strongly Associated with SCAR

DRUG | CAUSES SYNDROME Risk | 100% Number Screening andjor
Negative 2| Needed diagnosis?
SCAR HLA- Predictive to test
Value Across to
Populations prevent
HIM
Abacavir N Abacavir hypersensitivity | B*57:01 ¥ Pre-prescription screening
Allpurinol | Y DRESSor SIS/TEN | B*5801 | N Screening or diagnosis
Carbamazepine Y SIS/TEN only | B*15:02 N Screening or diagnosis
i DRESS »>» SIS/TEN | A*31:01 N Risk stratification/diagnosis
Dapsone Y | DRESSorSIS/TEN  |B*13:01 = N Screening or diagnosis
Nevirapine Y SIS/TEN | C*04:01 N Screening or diagnosis
Trimethoprim- Y DRESS or SIS/TEN B*13:01 N Screening or diagnosis
sulfamethoxazole
Vancomycin Y DRESS | A*32:01 N Risk stratification or
| diagnosis
Deshpande et al. Clin Pharmacol Ther 2021 Sep;110(3):607- Gibson et al. J Allergy Clin Immunol 2023 Feb;151(2):289-300

615



HLA testing as “Secondary Prevention”

= i nl

74 vyear old man gout &
hypertension  presented 6
weeks later having had history
consistent with DRESS
(RegiSCAR 6) occurring on
simultaneous administration of
allopurinol and ceftriaxone.

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

uric acid seen
records

= No history of allo
use obtained
from transfer
medication record

= 67 year old woman
transferred with SIS/TEN
= Mysterious decrease in

in lab

purinol
initially
or

= 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

Facilitate early recognition
and discontinuation of the
likely culprit medication

Diagnosis, integrated
management and future
drug safety




Quality assured
inexpensive test

Eases clinical practice/
shared patient

decision-making

Improve
patient/family/healthcare
provider confidence

drug safety

Unique niche (lack of
safe/effective medication
alternatives)

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

“secondary prevention”

Information transfer to
community healthcare

providers including
pharmacy

Pharmacogenomic
Implementation
Toolkit



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

S

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



VIEWPOINT

Christopher .
Goodman, MD
Departmentof
Medicine, University of
South Carolina School
of Meicine, Columbia

Allan®, Brett, MD
Department of
Medicine, Univerely of
South Carolina School
of Medicine, Columbia,

Beware of how to interpret genetic information

Race and Phamnacogenomics-Personalized Medicine

or Misguided Practice?

JAMA. 2021 Feb 16;325(7):625-626

The use of race in clinical decsion-making is coming
under increasing scrutiny in part because of growing
recognition that race-based diagnosis and treatment
reflect flawed social,biological, and genetic assump-
tions. Despite this concern, guidelines, algorithms,
and advisory and regulatory bodies (indluding the US
Food and Drug Adminitration [FDA])regulaly userace
inways that influence clinical decisions For example,
race-based “corrections” have been deemed prob-
lematic in algorithms, risk scores, and physiologic

Race-based pharmacogenetic screening
recommendations may result in
considerable practice variation and
stereotyping, with unknown clinical
consequences and reinforcement

of preexisting beliefs about race

s biological construct.

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

HLA-A"3101 Higher Risk
T

This patient is homozygous for the T allelé of Ihe rs1061235 A>T
polymarphism indicating presence of the HLA-A*3101 allele or
cerain HLA-A33 alleles. This genotype suggests a higher risk

of sefious hypersensitivity reactions, including Stevens-Johnson
syndrome (SJ5), toxic epidermal necrolysis {TEN), maculopapular
eruptions, and Drug Reaction with Eosinophilia and Systemic
Sympioms when {aking certain mood stabilizers

HLA-B*1502 Mormal Risk
Mot Present

This patient does not camy the HLA-B*1502 aliele or a closely
related 15 allele. Absence of HLA-B*1502 and tha closely related
*15 alleles suggests normal risk of serious dermatologic reactions
including toxic epidermal necrolysis (TEN) and Stevens-Johnson
gyndrome (5J5) when taking cerain maed stabilizers.



Racial and Ethnic Differences in Antiseizure

Medications Among People With Epilepsy on Medicaid

A Case of Potential Inequities :
Wt P Seeshen, PO, etk g Feemander Saca Vg, MO Phikg M. Abert, PO, Dy L 0, D, :
Tiemoky L Cesieki ) DL VB, B C b, M P S L Wellams, P, Mt . Sargs D o

0, Warta Safsto, VD, 20 San W Koroukan, RO W—

Keweliy: (Gcal Practve M25 e 0001, ot 00,1212 (R O000ONN0RT 000

lm-a-'fw-cn

W e
e e
il T e

» 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 | HLA allele prevalent in AA (only 10% overall
AA in VUMC BioVu)

Garon S, JACI 2017;139:2



FDA Wording

53 Serious Dermatologic Reactions

DILANTIN can cause severe cutaneous adverse reactions (SCARS), which may be fatal. Reported reactions in
phenytoin-treated patients have included roxic epidenmal necrolysis (TEN), Stevens-Johnson syndrome (SJS),
acute generalized exanthematons pustulosis (AGEP), and Diig Reaction with Ecsinophilia and Systemic
Symproms (DRESS) [ee Warnings and Precoutions (5.4)]. The onset of symploms i nsaally within 28 days,
but can occur later. DILANTIN should be discontinned at the first sign of a rash, unless the rash is clearly not
drug-related. If signs or symptoms suggest a severe cutanecus adverse reaction. use of this dmg should not be
resimed and altemative therapy should be considered. If a rash occurs. the patient should be evaluated for signs
and symproms of SICARS.

Smidies i patients of Chinese andestry have found a strong assodianon between the nsk of developing SIS TEN
and the presence of HLA-B*1502. an inherited allelic variant of the HI A B gene. in patients using
carbamazepine. Limited evidence suggests that HLA-B* 1502 may be a risk factor for the development of

SIS TEN mn patients of Asian ancestry taking other antiepileptic drigs associatéd with SIS TEN, mchding
phemviom. In addition, retrospective, case-control. genome-wide association shudies in patients of southeast
Asian ancesiry have also identified an increased nisk of 5CARs in carniers of the decreased function CYP2C0*3
variant, Which has also been associated with decreased clearance of phenytoin Consider avoiding DILANTIN
as an alternative to carbamazepine in patients who are positive for HLA-B* 1502 or in CYP2C9* 3 camiers [see
Use in Specific Populations (8.7) and Clinical Pharmacolagy (12.5)].

The wise of HLA-B*1502 or CYP2CD genotypinz has unportant hnutations and onist never substitite for
appropriate clinical vigilance and patient management. The role of other possible factors in the development of,
and morbidity from,. SIS/TEM. such as antiepileptic drag (AED) dose. compliance. concomitant medications.
comorbidities, and the level of denmatologic monitoning have pot been studied.



HLA Alleles and CYP2C9*3 as Predictors of
Phenytoin Hypersensitivity in East Asians

Shih-Chi S-l.l:.{.'.lul.n—ﬂing Chen" %%, Wan-Chun Chang®, Chuang Wei Wang™ >, Wen-Lang Fan',
Lai-¥Ying Lu™", Byosuke Makamura', Yoshiro Saivo, Mayumi Ueta™, Shigeru Kinoshisa"™,
Chaonlaphat Sukasem™ """, Kimika Yampayon' "%, Pormpimal I\'.l;j:am_rnrin“. Monraya Malkdlkam'?,

Miwar Salksic' ™'Y, Wichitra Tassanceyalkul'", Michiko Aihara'®, Yu-Tr Lin"®, Chee-Jen Chang"”. Tony Wu'*,

Shuacn-Ta Hung"‘" and Wen-Hung Chmg‘*“'m'

Table 4 Calculations used for number needed to test to prevent one case of phenytoin hypersensitivity and the positive and
negative predictive values with miultiple susceplibility alleles

CYP2Co*3/HLA-B*1.2:01/
HLA-B*15.02y
HLA-B*51-01 Pasitive Negaiive Tatal
ADR positive a -] a+hb Sensitivity = afa + b = 100%
Contral C d c+d Specificity = dfc & d = 1008
Total a+c b+ d a+heg+ds W00,000
PPV = afa + o x 200% MPW = dfb + o x 100% HMT 10 prevent ona
case = 100,000
Phenytoin-SCAR F23.A6 136,54 AL0 Incidence = 0.45%
Controd F2.238.47T T1310.53 899,550 Sensitivily = 71.88%,
Total >2 562 83 77.437.07 200, OO Specificity = T7.66%
PRV = 1.43355% NPY = 99.84% MMT to prevent ona
cade = 310
Phenytolin-SCAR + MPE F412 59 163741 4050 Incidence = 4.05%
Controd 1. 43523 T4 51477 85,850 Sensitivity = 58.57%
Total 23, B4T B2 76.152.18 100,000 Specificiy = TT66%
PRY = 10.1% MPW = OT.B5% MMNT i prevent one case = 43

A jreoreticnl population of 130,000 has been assumed, arg the nuember of idividuals sdth ibe DR cafculntad based an prewvicys reporbed prevalerncss, and the
numbser of ipbgrand pateents caloulated Dy subiracting this Tigun: from 1000, The sensiticty and specilicity of the multiple suscagtiility abeles 1651 for Ehe
phenytoin Fypersersitivily ave bpan fakomn from Table 3 and (ho rumibars in each of the Tour oolls (8, b, o, and d) calouiaied. The peefive and nogative predicive
VEIUEE M NUMEErE Naeeoed 1o tesl witen then caleu Inted oo this numbDers n each sl o, b, e, and d)

CYF, cytacheema PAS0; ADR, Slvorss Jrug rescton, MPE, mEculopapular Goanhedma; NNT, numbar nesded 1o el NFY, negative predictive walue; PPV, posetiee
Iradslive vl SOAR, S6V008 CUtANEGE BdvBree mactans.
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HLA Alleles and CYP2C9*3 as Predictors of
Phenytoin Hypersensitivity in East Asians

Shih-Chi bu"‘l Chun-Bing Ch.:n"l'l**"s w-n Chun Chang®, 'C:I'm.ns—“-'hi Wang™*, Wen-Lang Fan',
I..a--‘l!'“ngl.u « Ryosuke MNaka T W iro Saito . Mlaywermi Lieea®™, Shigeru Kinoshiea®,

Chonlaphat Sukasem™ """, Kimika Tmpu}lm” 2 Pornpimol Jﬁamﬂ-ﬂn“ P ncaya Hnllin.:n

Miwar Saksic' ™', Wichirera Tassaneeyakul'’, de:lknﬁjhm’ -Jr Lin"®, Chee-Ten Chang” T-u-ny"ili"i.l"‘
Shuacn-Ta Hung"‘" and Wen-Fhang Chlmg‘mm'

Table 3 Asscciation of phenytoin bypersensitivity reacticns with singie and multiple susceptibility afleles

Posibity OF (B5%. ©1} Ly Sansitieity (%] SpecHicity (% PPV NPV %)
CYP2ce=-3
Comral BATE (.02 1.00 - - =
scam FEyaEE (0.0 A7 ST (B.35-38. 241 1osEaT Z0.aT a7 a1 3= Bo<s
SESS TEM 22;6-& A Ay El:rﬂﬁ |9.=13--u zﬁ;l 1. 2PE-AS B3 85 g TS B H1L
DRESS AT ED 2T 16.95 16 93—81_4T) 8311 Zeos aT.ea 65,38 BE.8E
SCAR = MSE ADSR IS (0,210 A0.TAa (5.16-22.F4) A 6EELa 20.85 a7.EL a4 an &6 37
“P‘E 1D.l".l:|]' m.l:lm 4. 500 (1 . 66-10.63) o003 L 2TE 5> 63 a2 O
CYRICE~3/ MLA-B 1300 — = i
[ree——— A= 3TE 0.1 200
SCAR 5\34'1” 0. 4T B.E2 [4-.'&8—10—.4:9& 4 18E 18 a9 >3 a7.23 5866 B3 as
SFS/TEM 33,68 Oa8) 5.23 (38111 083 1 ATE 0= AT.ED av.za a0 za So&1
| DRESS 32,7683 10,513 F.O5 398512 6) S.3aE11 so.Te av.z3 a0.oo e1.38
SCAR 5 MEE 02 3% 00 A 424 (2 A& 33 5 40EAD =8 a0 aroa as =2 oA
MPE @107 {025 2.31 (1.36—3.93) O CHOE a5.23 ar.za ET R T
CYPICH -3 HLA-B~15-0F
(=0t o] 3.:!,,-3?'& Ao oS a0
sScan SO/128 0.48) O.52 [S5.74-15_78) 1.7EE1D as.09 9176 a5 56 Bz a3
SESsTERN 36,65 (D.55) AT B2 (7. AD—25_AT) 2 ABEAT 55.368 S @ Te 53.73 o225
DRESS mz m_a.‘.rl 5. .40 (3 40-12.03) 3. 5?EDM =651 2176 azr 5= B9 Sl
SCAR + MPE B3 /236 (0. AL) 5_B5 (3 F1-9.23 G GEEAE 24 87T ot Ta T Az saaa
~PE j 32,107 (0. Z1F 2. 8B (1. S9-S5 22 0001 056 a1.Te a1 58 8023
CYPICH3/HLA-B+51.01
Ccertroil 2ESATE (ODT) A O
T scan 61T 00,440 B.GT I5.T6—10.208 FASELD  A%TS 2255 o667 sZ.80
SESSTEM 2965 (DaS) ADUOL (5. ITE—18. 561 1 3sE1T aa sz 2255 En Soas
DRESS VES (OAaap 2R (4SS AT . S1p 1.m3E 1L a4z.86 L= asuos =SS
SCAR + MPE B 2E5 (034 6.54 (4. 11055 5.21E4T za_&T az. 55 Ta. 31 oAz
"PE R 2&_!':.“? O3y E 3. ]'5 15 54 A S0E-O5 =3 35 9'2.5-5 arav B:I-\EIH-
CYPICO 2/ HLA- B IR0 HLA- B 1502/ MLA-B *S1:0L
T Coemtrol B8, 3TE (0. 22 100
SCAR ﬂ;lm[ﬂ-i‘?l 8.88 {5 &3-14 01} 2 AEII T .28 TV Eb 53 2T BESOZR
SEESTEM ASFES (074 B2 (5. 3617546} 1.7TEAS  7a.85 T ErE o480
DRESS A8 683 0.T0 B.05 (4. 461453} I B3E13  Eo.84 T.60 ErET FERT
SCAR « MPE 140/ IS (OB} 5.132 (3.58 731 R sa.sT TT.EE 5250 TS s
MPE A8 10T (0.45) 2.83 (1 80-4.44) S82TECE 4485 TT.EE 36,20 T

v — b ulnled by et Fiefrer s acmct bl

IR TR O O WACRDE T  E eDe Bel CER FE D =
WP, et aena PO DHTE S5 dvugll reded Lo i aolicgohle it Senlisies syrripfonrem (N e S0 R, mias ulaRaesuies Gl el § o= DO WP sl bies
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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

HLA-8*15:02 genotype

|
[ HLa-815:02 posinve |

[l:mulsmmw.]
do not use phienyton

|
| HLA-B"15:02 negative® |
|

[

CYPZC genotype |

losphenytoin®

| cvpzcanmanamasts | |

CYP2CT IMAS 1.0 ]

Mo adjustrents reeded
Tram typical dosing
slralegies, Subrmspemd
doses should be adjusied
according o therapeutic
and side effects.

[
f/:'uﬂmrdma. Use tglplu:'.;\‘]

mnilial or koading dosa. For
subsequent doses use
approximabely 25% biss
than typical maintenance
dase, Subsequent doses
ghould e adjusied
according o (harapeutic

drisg MONIGNNG, response

I\-._ and side effects _,/J

Clin Pharmacol Ther. 2021 Feb: 109(2): 302—-309.

]

| cveecorm |

l'(fF'D'I' first dosa, un&ly'pa:ui\
initial or loading dosa. For
subsequen doses w5
approximabily 50°% kess
than typical maintenance
dose. Subsequent doses
should be adjusied
according ko therapeubic

response, and side

drug monitoring,
l.\“_ affects.

o



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

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 Mintzerll, Andrea Gaedigk12, Kelly E. Caudlel13, John T. Callaghan14

“The literature evaluating the association of the HLA-B alleles and phenytoin-induced SIS/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 SIS/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.”

Clin Pharmacol Ther. 2021 Feb: 109(2): 302—-309.
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Using Population Descriptors in Genetics
and Genomics Research: A New Framewaork

for an Evolving Field (2023)

DETAILS
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HLA-B*53:01 Is a Significant Risk Factor of Liver Injury
due to Phenytoin and Other Antiepileptic Drugs in
African Americans

Paala Mecokelts. MID, PhD®, Andeew Dellingen, PhD?, Yi-fwe L, PREY, Human Bamhsan, PhD?, Elizabeth Prllips, MO ano
MNaga -:h.al-asa-n.- MD—‘— l[:-rl:h-e !'_‘lrl_u;: Ir-:fuc-ed I._n.-er In|urgI Pletwench (DILEM) irwestgators

INTRODUICTERN: To inwestigate human leukocybe antigen alleles associabed with liver injury due to antiepileptic drugs
(AEDs) in African Americans CAAD.

METHODS: I this study, 21 AA with AED drug-induced liver injury (DILE), 176 Aaf with DN LI duee to non-AEDs, amnd
S5816 AA population contmeds wene included.

RESLALTE: HILA-F~53:0 1 was significantly associated with aromatic AED-DILI (odds ratio: 4.52, 95% confidencea
interval: 2. 42-8.44 P = 1.446 = 10 =). Phenyboin DILI showed the shr"uﬂasmlm with MLA-
H=*553:001 {(odds ratic: 9.1 7; 95% confidence interval: 3.61-23.28, F= 1.1 = 10-%L The HLA-B"53:
O albele was carmmied by 8 of 9 AA phenybosin DILI cases.

DISCLISSHEN: HLA-E*53:01 is a significant risk facior of liver imjury dues o antiepileptics, particulary phenyboim, i AR,

Arn J Garstroeriterod 2023,:00: 1 -3, htdps:/fdod argf 10, 14309 ajg 0000024 54

Table 1. Association of AED drug-induced liverinjury with human leukocyle antigen alleles across drug classes in African American patients

A'03:01 5.1:{229-15&4:* 0002 o4 03 oo 04 100

Lamoirigine {N = 4} A'3201 2697 (5.40-134.8) 0004 o.07 0.25 il .50 100
AIAEDS(N=21)  @'53:01 452(242-844) 146x10° 0001 038 012 057 75
A2 .22 (1 90-20.38) 0.01 028 0.07 FLEN LR E ar
Mromasc AED(N = 17 B"S3:01 4.54(2.27-9.09) B.7x10"% 0006 038 012 059 a0
A 32407 §.83 [237-2591) 0.005 014 008 0l LN E: &7

MLA B*53.01 is betded tn Nghlight #s stabatical significance in phemyton, All AEDs, and arsmatic AEDs.
AED, antiepieptic drugs: AF, allole frequency; CF, carriage fhequancy: 1, mmmﬁﬂﬂmmmmmmmmm

mmﬂh “odds rtio;
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