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Adverse Drug Reactions: Classification
� ON TARGET  REACTIONS 

f Predictable from the known primary 
or secondary pharmacology of the 
drug

f Clear dose-dependence relationship 
within the individual  

� OFF TARGET REACTIONS
f Not predictable from a knowledge of 

the basic pharmacology of the drug 
and can exhibit marked inter-
individual susceptibility 

f Complex  dose-dependence

Hypersensitivity
an inappropriate immune response leading to tissue 
damage from an otherwise non-toxic agent
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Serious Adverse Drug Reactions and 
Human Leucocyte Antigens (HLA) 
� On short arm of chromosome 6
� Involved in the pathogenesis of 

immune-mediated adverse drug 
reactions

Abacavir 
hypersensitivity
HLA-B*57:01 
Decrease incidence 
from 7% to <1%



Carbamazepine Hypersensitivity

� More complicated than abacavir
hypersensitivity

� Different phenotypes
f Skin (mild → blistering)
f Liver
f Systemic (DRESS)

� Complex metabolism with over 30 
metabolites
f Bioactivation to toxic metabolites via 

different pathways
f In vitro studies parent compound 

leads to immune reactions via 
several mechanisms

N

C

NH2

O

145RH([O]CBZ)PYFYAPELLFFAK159 

Carbamazepine-modified HSA at His146



CPT, 2012
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� To prospectively identify subjects at risk for SJS
� 4877  CBZ naive subjects from 23 hospitals 
� 372 (7.7%) were HLA-B*1502 were positive – NOT 

given CBZ
� No patients developed SJS (compared with 

historical controls)

• Recommended for testing in US, 
European and SE Asian drug labels 
prior to drug prescription

• In patients of SE Asian origin

• Has reduced incidence of SJS/TEN 
where testing has been undertaken



Liverpool
22 patients with HSS

• Replicated in Japanese, 
Chinese, South Korean, 
Canadian and EU 
populations

• NNT = 47
• Cost-effective
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� Prospective study in 36 hospitals in 1202 patients
� HLA-A*31:01 patients given other drugs (17.5% positive)
� 23 patients (2%) had cutaneous ADRs (no patients SJS/TEN; 3 DRESS)
� Compared with historical controls, genotyping reduced the incidence of 

cADRs by 40-60%
� Warranted in clinical practice



HLA-A*31:01 and B*15:02 Allele Frequencies

HLA-A*31:01
SmPC: Information only

HLA-B*15:02
SmPC: Mandatory





Benzylpenicillin Imipenem Ceftriaxone

• Cross-reactivity is related to structural similarities among their chain 
determinants; e.g. between penicillin and cephalosporins (30%)

• Penicillins and carbapenem/aztreonam <1%
• Cross reactivity to recognition of the beta-lactam ring – affecting all 

beta-lactams – is EXCEPTIONAL



FLUCLOXACILLIN
HEPATITIS
HLA-B*57:01

CO-AMOXICLAV
HEPATITIS
HLA-DRB1*15:01-
DQB1*06:02-
HLA-A*02:01



HLA Allele Associations

HLA-B*57:01

Abacavir

Flucloxacillin

HLA-A*33:01

Terbinafine Fenofibrate Ticlopidine



Progress and 
achievements

Development of a stepwise screening approach to assess the intrinsic immunogenicity of 
drugs

• Identification of HLA alleles 
as predisposing factors 

• Generation of a HLA-typed 
cell bank of 1200 donors

• Development of methods 
to prime naïve T-cells to drugs

• Demonstration that 
immune checkpoint inhibitors 
negatively regulate activation 
of drug-specific T-cells

• Definition of relationship 
between HLA allele expression 
and development of T-cell 
responses

A*31:01
Carbamazepine

A*33:03
Ticlopidine

A*68:01
Lamotrigine

A*02:06
Cold medicines

C*04:01
Nevirapine

B*57:01
Abacavir

B*15:02
Carbamazepine

Phenytoin

B*58:01
Al lopurinol

B*13:01
Dapsone

Trichlorethylene

B*56:02
Phenytoin

B*35:05
Nevirapine

B*44:03
Cold Medicines

B*57:01
Flucloxacillin

DRB1*15:01
Lumiracoxib

Co-amoxiclav

DRB1*07:01
Ximelagatran

Lapatinib
Asparaginase

DRB1*11:01
Statins

DRB1*13:02
Aspirin

DQA1*01:02
Lumiracoxib

DQA1*02:01
Lapatinib

DQB1*02:01
Ximelagatran
Clometacin

DQB1*05:02
Clozapine

DQB1*06:02
Co-amoxiclav
Lumiracoxib

DQB1*06:04
Ticlopidine

DQB1*06:09
Aspirin Skin injury   Liver injury   Other 

Causal HLA alleles

Clinical decision support system 

HISTO SPOT
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Causal HLA alleles HLA-typed PBMC bank

84%

6%

5%

4%

1%

Ethnicity

Mean age 29+/-10 years
Range 18-60 years
Female 64% , Male 36%

• 1200 healthy volunteers recruited
• Sequence based HLA typing performed
• Cell archive of genotyped lymphocytes 

stored at -150°C
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Clinical Syndromes

Abacavir
hypersensitivity

Dapsone
Sulfamethoxazole
Skin reactions

Carbamazepine
Skin reactions 

Allopurinol
Skin reactions

Flucloxacillin
DILI

Amoxicillin/
clavulanic acid
DILI

Ticlopidine
DILI

Ximelagatran
Lapatinib
DILI

HLA-B*5701

HLA-B*1301
none

HLA-B*1502 
HLA-A*3101

HLA-B*5801   

HLA-B*5701

HLA-A*0201   
HLA-DRB1*1501

HLA-DRB1*3303 

HLA-DRB1*0701 
HLA-BQA1*0201

HLA association

Detection of T-cells

Yes Yes class I CD8 only yes 

Patient Volunteer 
T-cells T-cells HLA restriction Phenotype Cytotoxicity 

Yes Yes ? CD4>CD8 ?
Yes Yes class II CD4>CD8 yes

Yes Yes class I CD8 >CD4 yes 

Yes Yes class I CD8 >CD4 yes 

Yes Yes class I CD8 >CD4 yes 

Yes Yes class II CD4>CD8 yes 

No Yes class I CD8>CD4 yes 

Unknown No ? ? ? 
Unknown No ? ? ? 



Associations of Serious Adverse Drug Reactions with HLA Alleles

Prospective studies have shown that HLA genotyping can reduce the incidence of serious ADRs with
• Abacavir (HLA-B*57:01)
• Carbamazepine (HLA-B*15:02 and HLA-A*31:01)
• Allopurinol (HLA-B*58:01)
• Dapsone (HLA-B*13:01)
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HLA Associations with Serious Adverse Drug Reactions



HLA Panel Analytic Validation
� Platform was able to call risk alleles with 100% accuracy at all the loci 

(n=187 healthy volunteers) using sequence based typing as the standard

85% have at 
least 1 risk 
allele

Use
• At time needed
• Store data on EHR
• Pre-emptive 

genotype
• 48 HOUR TURN-

AROUND TIME

Number of Risk Alleles 
per sample

Number of Samples
% of 

samples
0 28 15.0

1 39 20.9

2 14 7.5

3 46 24.6

4 34 18.2

5 11 5.9

6 6 3.2

7 8 4.3

8 1 0.5

Funded by NIHR



Clinical Decision Support



Diagnose

Predict

Exclude Understand

Pre-empt

Monitor

Genomic testing can be used 
for more than prediction



Example of the Use for Diagnosis

� 66 year old man
� Presents with Jaundice
� Patient on flucloxacillin for cellulitis
� Ultrasound – gallstones

� What is the diagnosis?

• HLA-B*57:01 strong association with flucloxacillin hepatitis
• 100% negative predictive value
• Patient was negative for HLA-B*57:01
• Treatment – cholecystectomy
• Not allergic to flucloxacillin – GP informed.  Important as patient 

with history of recurrent cellulitis.



Conclusion

� We do not understand the whole pathway of drug hypersensitivity
� All of us can form drug antigens and can have susceptible HLA alleles, but still not get the 

hypersensitivity reaction
� Other factors including loss of tolerance may be important
� Important to understand this to develop better diagnostic and predictive tests and improve drug 

development

Drug Hypersensitivity
Reaction

Variant and Invariant factors
Genetic and Environmental factors
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