REVIEW ARTICLE

Drug-Induced liver Injury Associated with Severe Cutaneous Hypersensitivity

Send Orders for Reprints to reprints@benthamscience.net

Current Pharmaceutical Design, 2019, 25, 3855-3871

Reactions. A Complex Entity in Need of a Multidisciplinary Approach

Judith Sanabria-Cabrera

1,24,

Inmaculada Medina-Caliz"**, Simona Stankevi¢iiité®, Antonio Rodriguez-

Nicolés4, Marina Almarza-Torres', M. Isabel Lucena'*®* and Ratl J Andrade™®

!Servicio de Farmacologia Clinica, Instituto de Investigacién Biomédica de Malaga-IBIMA, Hospital Universitario Virgen de la Vic-
toria, Universidad de Mdalaga, Malaga, Spain; 2UCICEC IBIMA, Plataforma SCReN (Spanish Clinical Research Network), Madrid,
Spain; *Hospital of Lithuanian University of Health Sciences, Kaunas, Lithuania; *Servicio de Inmunologia, Hospital Universitario
Virgen de las Nieves, Granada, Spain; *Servicio de Aparato Digestivo, Instituto de Investigacion Biomédica de Mdalaga-IBIMA, Hos-
pital Universitario Virgen de la Victoria, Universidad de Mdlaga, Mélaga, Spain; *Centro de Investigacion Biomédica en Red de
Enfermedades Hepaticas y Digestivas (CIBERehd), Madrid, Spain

ARTICLE HISTORY

Received: October 03, 2019
Accepted: November 06, 2019

Dol
10.2174/1381612825666191107161912

Abstract: Idiosyncratic drug-induced liver injury (DILI) occasionally occurs in the setting of severe cutaneous
adverse reactions (SCARs), including Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN) and
drug reaction with eosinophilia and systemic symptoms (DRESS). This strengthens the proposed immunologic
mechanism associated with this adverse reaction. DRESS exhibits the most common association with DILI.
SCARs have a wide spectrum of heterogeneous clinical presentations and severity, and genetic predisposition has
been identified. In the context of SCARs, DILI present a different clinical picture, ranging from mild injury to
acute liver failure. Elucidating the role of DILI in the clinical presentation and outcome of SCARs represents a
challenge due to limited information from published studies and the lack of consensus on definitions. The cho-
lestatic and mixed pattern of liver damage typically predominates in the case of DILI associated with SCARs,
which is different from DILI without SCARs where hepatocellular is the most common injury pattern. Only a few
drugs have been associated with both DILI and SCARs. Is this article, the criteria used for DILI recognition
among SCARS have been revised and discussed, along with the drugs most commonly involved in these syn-
dromes as well as the outcome, prognostic factors and the need for a multidisciplinary approach to improve the
management of DILI in the context of SCARs.
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hepatocellular.

1. INTRODUCTION

Idiosyncratic (unpredictable, specific to an individual) drug
reactions are often life-threating. They can target a/most any organ,
however, the skin, blood cells and liver are the most commonly
affected, being a major concern among clinicians and health
authorities. Idiosyncratic drug-induced liver injury (DILI) is a rare
adverse reaction to drugs and other xenobiotics and a challenging
liver disorder due to the presence of a wide range of clinical and
pathological phenotypes and the absence of specific diagnostic
biomarkers. While an immune mechanism of liver damage has long
been considered to occur in a fraction of DILI cases as a down-
stream event, genome-wide association (GWA) studies in the recent
years have identified class I and II human leukocyte antigen (HLA)
alleles that influence the susceptibility to DILI due to a variety of
drugs [1]. This underscores the important role of the adaptive im-
mune system at the early stages of the damage occuring in the cel-
lular cascade, even in instances where clinical manifestations, sug-
gesting an immune-mediated damage, are absent [2]. Indeed, DILI
usually occurs without typical hypersensitivity features (rash, fever
or peripheral eosinophilia, which occur with a frequency ranging
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from 15% to 23% [3, 4]. However, these features are important
because they highlight the immune-allergic reaction to drugs during
the DILI causality assessment [5]. In addition, DILI is more com-
monly related to the anti-infective pharmacological group across
large prospective DILI cohorts in Western countries and India [3, 4,
6].

Moreover, DILI can occur in the setting of systemic symptoms
of a more generalized immune-allergic syndrome in which liver
damage may not be the most prominent manifestation, instead skin
reactions typically dominate the clinical picture. Severe cutaneous
adverse reactions (SCARs) can manifest in a spectrum of heteroge-
neous clinical presentations with severity ranging from exanthema
to Stevens-Johnson syndrome (SJS) and toxic epidermal necrosis
(TEN), including drug reactions with eosinophilia and systemic
symptoms (DRESS). These syndromes display some common char-
acteristics, such as the delayed onset of symptoms after drug initia-
tion and a strong genetic association involving the HLA region,
which underscores the relevance of immune pathogenesis [7-9]. An
intriguing peculiarity of these types of reactions is that drugs do not
have a common signature. Instead, some patients develop a liver
injury, skin reactions, or both. So far, the HLA-A*31:01 allele been
identified as a risk allele only for carbamazepine, shared by both
SCARs and DILI clinical phenotypes [10]. Clearly, the number of
causative drugs associated with SCARs and DILI is limited, with
the most commonly involved therapeutic groups being anti-
infective, anti-epileptics drugs and allopurinol [11-13].

© 2019 Bentham Science Publishers
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In the existing literature on serious cutaneous adverse reactions
related to drugs, the associated liver injury has often been over-
looked and/or inconsistently defined. In this review, idiosyncratic
DILI is discussed in the setting of drug-induced hypersensitivity
syndrome, its phenotypic presentation, culprit drugs and the out-
come and analysis of the pathogenesis and genetic risk factors.

2. DEFINITIONS AND DIAGNOSTIC CRITERIA

2.1. Stevens-Johnson syndrome (SJS) and Toxic Epidermal
Necrolysis (TEN)

SJS and TEN are considered a type of delayed-hypersensitivity-
T-cell-mediated reaction and are the most serious conditions among
SCARs [14]. They occur with a similar spectrum of adverse cuta-
neous reactions and are distinguished by the affected body surface
area (BSA). The current classification proposed by French in 2006
is more clear : SJS is defined as an area of skin detachment below
10% of the BSA, TEN is detachment above 30% of the BSA and
SJS/TEN overlap is when detachment affects 10% - 30% of the
BSA [15]. The Phenotype Standardization Project provided a con-
sensus definition of these phenotypes [16]. Clinical presentation
includes a prodromal phase (fever, malaise), followed by painful
cutaneous and mucous membrane lesions (ocular, oral and genital)
with severe, often hemorrhagic, erosions of the mucous membrane.
Mucocutaneous involvement and complete epidermal necrosis are
typical pathological features of SIS/TEN. Other systemic manifes-
tations can also occur, such as secondary internal organ involve-
ment (mainly renal, but also pulmonary and hepatic involvement is
frequent) [16,17].

2.2. Drug Reaction with Eosinophilia and Systemic Symptoms
(DRESS)

This immune-mediated reaction occurs with variable clinical
phenotypes and severity. The multinational Registry of Severe Cu-
taneous Adverse Reactions (RegiSCAR) [18] states that DRESS
cases must have at least three of the following systemic features:
acute skin rash, fever above 38°C, enlarged lymph nodes, internal
organ involvement, or hematological abnormalities, including lym-
phocytosis, lymphocytopenia, eosinophilia or thrombocytopenia.
The terminology of this hypersensitivity-drug reaction is controver-
sial, and the acronym DRESS is still questioned, as eosinophilia is
not a mandatory criterion in this syndrome. DRESS is a diagnosis
of exclusion that presents different skin features, predominantly
urticaria and exanthema, among others. The extent of skin detach-
ment is variable [16, 19]. Other terms used to describe the hyper-
sensitive cutaneous adverse reactions include hypersensitivity syn-
drome (HSS), drug-induced hypersensitivity syndrome (DIHS) or
drug-induced delayed multiorgan hypersensitivity —syndrome
(DIDMOHS) [16].

2.3. Liver Injury Associated with SCARs

The liver is the organ most frequently involved in SCARs. The
criteria for the definition of DILI used among the different studies
on SCARs are quite variable. Although every liver injury associated
with SCARs is assumed to be DILI, other potential liver diseases
were not excluded in the majority of retrospective studies, which
focused on skin toxicities (Table 1).

The most widely recognized and accepted definition of DILI
was proposed by an international expert group consensus, which
recommended specific serum aminotransferase cut-off points for
case qualification, which take into account the current high preva-
lence of nonalcoholic fatty liver disease (NAFLD) or mild increases
in transaminases that usually resolve during treatment and exhibit
an adaptive response, in order to avoid false-positive cases [20,21].
However, even DILI definitions adopted in prospective DILI regis-
tries and DRESS/SJS/TEN studies show significant variations rang-
ing from very strict criteria [3, 11, 22] to a wide range of liver bio-
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chemical alterations [12, 23, 24], unspecific information, such as
transaminitis [25, 26] or undefined [27] (Tables 1 and 2).

According to the criteria used in the RegiSCAR study, the asso-
ciated liver dysfunction in DRESS is defined as alanine aminotrans-
ferase (ALT) >2 x ULN (upper limit of normal) or conjugated bili-
rubin >2 x ULN on at least 2 successive dates or aspartate
aminotransferase (AST), total bilirubin and alkaline phosphatase
levels all >2 x ULN [18]. In the prospective DRESS study by
Walsh et al. [28], liver injury definition was very similar to the
RegiSCAR study except for the presence of increases in gamma-
glutamyl transpeptidase (GGT) values in the diagnostic criteria.
Thus, the lack of harmonization of the DILI criteria makes it diffi-
cult to compare the studies with regard to severity and outcome as
some may consider patients with only mild elevations in liver bio-
chemistries.

On the contrary, in different DILI registries, the definitions of
liver injury have more stringent pre-established thresholds [20,21].
The US DILIN study reported jaundice (serum bilirubin 2.5 mg/dL)
or coagulopathy (international normalized ratio >1.5) with
elevations in ALT, AST or ALP levels; or, in the absence of jaun-
dice or coagulopathy, elevations of ALT or AST >5 x ULN or ALP
>2 x ULN were observed [3]. In the Indian registry [29], SJIS/TEN
associated liver dysfunction was considered when patients fulfilled
any of the following criteria, AST or ALT >3 x ULN with symp-
toms; AST or ALT >5 x ULN; ALP >2 x ULN; TB >2 mg/dL with
AST/ALT or ALP elevated.

2.4. Causality Assessment

The Algorithm for Drug Causality for Epidermal Necrolysis
(ALDEN) is used for SJS/TEN causality assessment. ALDEN is a
widely used clinical diagnostic tool that categorizes drugs into dif-
ferent grades of probability: very probable, probable, possible, un-
likely, and very unlikely [30]. However, the need for refinement of
this scale to improve its validity and objectivity has recently been
suggested [31]. For the characterization of DRESS cases, the Reg-
iSCAR study group has established the precise criteria for its
evaluation and assessment [18]. The standard liver-specific diag-
nostic tool for DILI causality assessment is the CIOMS (the Coun-
cil for International Organizations of Medical Sciences) / RUCAM
(Roussel Uclaf Causality Assessment Method) scale that does not
take into account the presence of immunoallergic manifestations
and efforts are ongoing to improve its performance [32]. Interest-
ingly, the general Naranjo Adverse Drug Reactions Probability
Scale lacks validity and should not be recommended in DILI ascer-
tainment [33].

3. OVERVIEW OF DILI IN THE SETTING OF SEVERE
CUTANEOUS ADVERSE REACTIONS

Most of the available information of DILI associated with
SCARs comes from retrospective studies on limited cohorts of
SCARs patients [11-13, 23, 24, 26, 27, 34, 35] (Table 1). These
studies were mainly from Asia (Singapore, Korea Taiwan and Thai-
land) and scarcely from Europe and Oceania (France and Austra-
lia), indicating that this type of cutaneous adverse reaction is more
frequent in Asians. To our knowledge, no study from Africa has
been published so far, but there are studies that include African
patients [35, 36]. The number and characteristics of the included
patients varied among studies. Only one study included pediatric
patients (n =10) [26]. The largest study on SJS/TEN including 76
cases was conducted using cross-linkage of multiple databases [11].

In prospective studies (Table 2), most of the information came
from DILI registries and two other prospective DRESS cohorts.
Prospective DILI registries include the Spanish DILI Registry [22],
Latin-American DILI Registry [22], the US DILIN study [3] and
the Indian Registry [29]. The number of DILI patients with SCARS
was small, except for the RegiSCAR study, which is the largest
international registry in which 8 countries participated: Austria,
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Table 1. Retrospective studies addressing severe cutaneous adverse reactions (SCARs) and drug-induced liver injury (DILI).
Han, Koh Fang et al, Hiransuthi- Skowron Lin et al, Lee et al, Su et al, Chen et al, Ang et al, Eshki et al,
and Wong, 2018[11] kul etal, 2015[13] 2013(12] | 2014[25] 2010[24] 2010[34] 2009[35]
2019[26 Australia 2015[23 :
. [26] etal, (23] Taiwan Korea Singapore Taiwan Singapore France
Singapore, 2016[27] France
Pediatric Thailand
population
Years 2006 — 2016 2004-2014 2004-2014 2005-2013 2000-2013 2008- 2007-2011 1998-2008 2003-2008 1995-2006
2011
N of 10 104 52 45 72 136 42 60 27 15
SCARs
Total 10 12 52 45 72 33 2 60 27 15
DRESS 10 (100%) 6 (50%) 49 (94.2%) 24 (53%) 62 (86%) 29 (70%) 2 (100%) 48 (80%) 26 (96.3%) 9 (60%)
cases, N
N, (%)
with liver
injury
Total - 76 - - - 30 30 - - -
SIS/TEN 23 (36%) 11(30%) | 4(13%)
cases, N
N, (%)
with liver
injury
DRESS
manifesta-
tions
Time to 19.6 ND 16 (median) ND ND ND 22.5 20.7 26.7 ND
onset (5-42) (9-27) (15-30) (3-37) (3-84)
days,
mean
(range)
Acute skin Rash (100%), Acute general- Rash Spongiosis | Skin eruption Rash Rash Diffuse Morbilli- Exanthema
eruption Desquama- ised exanthe- (100%) (55%) (100%) (100%) (100%) exanthema- form cuta- (100%)
(%) tion, purpura matous pustu- keratino- tous eruption neous erup-
losis cyte (100%); tion (81.5%)
(10.6%), damage Exfoliative
Linear IgA (53%) dermatitis
bullous der- (12%);
matosis
Blistering or
(1.9%), .
Erythema pu[pu'rlc
. eruption
multiforme
(10%)
(2.9%)
Fever, (%) Yes ND Yes Yes Yes ND ND Yes Yes ND
(100%) (78.8%) (95%) (79%) (87%) (77.8%)
Edema, Facial edema ND Facial edema Facial No ND ND ND Facial ede- Facial
(%) (40%) (7.7%), edema ma (33%) edema
Lip swelling periorbital (72%) (100%)
(20%) edema
(5.8%)
Eosino- Yes (70%) Yes (54%) Yes (57.7%) Yes (97%) Yes (58%) Yes (38%) ND Eosinophilia Yes (81.5%) ND
philia (>0.78 (>700/ (>700/ pL) (52%)
(>500/ x10°/L) uL)
L), (%)

Table 1 contd....
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Han, Koh Fang et al, Hiransuthi- Skowron Lin et al, Lee et al, Su et al, Chen et al, Ang et al, Eshki et al,
and Wong, 2018[11] kul etal, 2015[13] 201312 | 2014[25] 2010[24] 2010[34] 2009(35]
2019[26 Australia 2015[23 i
. [26] etal, (3] Taiwan Korea Singapore Taiwan Singapore France
Singapore, 2016[27] France
Pediatric Thailand
population
Lympho- Atypical Periferal Lym- Atypical Lymphocyto- Lympha- Leukocy- Atypical Lym- Lympha-
cyte activa- lymphocyte lymphocytosis phopenia Lympho- sis (68%) denopathy tosis/ lymphocytes phopenia denopathy
tion, (%) (90%) (45.5%) (51.9%) cytes (23%) cosino- (63%) Lym- (32%) (100%)
Lymphade- Atypical (82%) philia phocytopenia Atypical
0,
nopathy lymphocyte Enlarged (54.3%) (45%) lymphocyto-
(80%) (26.9%) lymph Lymphocyto- sis
L)fmphocy- nodes sis (25%) (18%)
tosis (26.9%) (51%)
Organ Myalgia ND Kidney Kidney ND, Focused Kidney GI Kidney Kidney Kidney
involvement (10%) (15.4%) (31%) on descrip- (39%) System (40%) (14.8%) (33%)
other than CNS Lung (3.8%) tion liver Lung (13%) Lung (33%) Lung
liver, (% drowsiness, inju
o8 | ¢ Other (1.9%) jury (11%) Cardiac (67%)
rotatory
Pancreas (15%) Pan-
nystagmus)
(5%) creas (5%)
(10%)
Abdomi-
nal/epigastri
¢ pain (20%)
HVV-6 5 evaluated, ND ND Yes (16%) No ND ND No ND 7 evalu-
reactivation 1 positive ated, 6
positive
DILI crite- Transamini- (Aithal et al, ND RegiS- RegiSCAR AST or Transa- Liver en- Elevation of ND
ria tis 2011) CAR criteria ALT >40 minitis zymes serum
criteria IU/L, >2xULN transa-
ALP>120 minases
IU/L,
TB>1.2
mg/dL, or
PT>1.3
INR
DILI char-
acteristics,
N (%)
Age, years, 11.2 55 (median) 33 (median) 64 (me- 49 (median) 53 47 51 49 38
mean “-17) (45-66) (2-86) dian) (6-88) (11-71) (6-90) (18-86) (15-71)
(range) (3-87)
Female, N 4 (40) 14 (42) 37(71) 25 (55) 33 (53) 28 (46) 3(50) 34 (56) 14 (54) 6(67)
(%)
Time to ND ND 16 ND ND 22.5 ND 21 ND ND
DILI onset, (9-27) (3-76)
days; mean
(range)

Table 1 contd....
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Han, Koh and Fang et al, Hiransuthi- Skowron Lin et al, Lee et al, Su et al, Chen et Ang et al, Eshki et
Wong, 2019[26] 2018[11] kul etal, 2015[13] 2013[12] 2014[25] al, 2010[34] al,
Singapore, Australia etal, 2015[23] Taiwan Korea Singapore 2010[24] Singapore 2009[35]
Pediatric 2016[27] France Taiwan France
population Thailand
Jaundice, 1(10) 8(27) ND ND ND ND ND ND ND ND
N (%)
Type of ND Hep 10 (30) ND ND Hep 12 (19) ND ND ND ND ND
liver Mix 23 (70) Chol 23 (37)
injury, N Mix 17 (27)
(%) Unknown 10
a7
Severity ND Severe 6 ND Identify Identify 38 severe ND ND ND ND
(18.2%) severe extreme liver dys-
(transa- group function
minases (transa- (AST or
>5 ULN) minases > 10 ALT >80
xULN) IU/L)
Recovery 100% 64% 96.1% 93% 100% 88% 100% 90% 100% 67%
(%)
ALF/Deat 0/0 2/1 1/1 0/0 0/0 0/0 0/0 0/0 0/0 1/1
h,N
Total 0 12 2 3 0 7* 1* 6 0 3
death, N
Culprit
drugs, N
SJS/TEN - - - - - Allopurinol | Allopurinol - - -
(3) %)
NSAIDs Ceftriaxone
3) (C)
Anticon- Cefazolin
vulsants (1) 2)
Antineo- Carba-
plastics (1) mazepine
(3)
DRESS, Trimethoprim- Cepha- Phenytoin Antibiot- Allopurinol Beta-lactam | Allopurinol Allopuri- Allopurinol Al-
hepatitis sulfamethoxa- losporins (8), (12) ics (23) (15) (7) (1) nol (19) (6) lopurinol
zole (3) Vancomycin Nevirapine Antiepi- Phenytoin Allopurinol Phenytoin Phenytoin Phenytoin (4) 3)
carbamazepine (7), 9) leptics (5) (10) 3) (1) (11) Carba- Mino-
(2), phenobarbi- Penicillins Allopurinol Allopuri- Sulfona- NSAIDs Dapsone mazepine (4) cycline
tone (2), (6), (8) Cotri- nol (5) mides/ (2) (10) Pyrimeth- 2)
sulfasalazine (1) Nevirapine moxazole sulfones (13) Sulfona- Carba- amine and
amoxicillin- 3), 7 Dapsone (8) mide (2) mazepine dapsone (4)
clavulanic Trimethoprim Carba- Anticon- 3) Trimethoprim
acid (1) /sulfamethoxa mazepine (7) | vulsants (2) Cotrimox- -
Levetiracetam zole (3) azole (3) sulfamethoxa-
1) Lamotrigine zole (4)
),
Phenytoin (2
Causality ND Naranjo et al A modifica- ND ND WHO- ND Criteria of Based on the ND
assess- ALDEN tion of UMC Naranjo patient’s
ment, WHO-UMC causality history
N (%) causality assessment
score categories

*Do not specify if the cause of death is liver related. DILI criteria Aithal et a/, 2011: ALT >5xULN or ALP > 2xULN or ALT >3xULN and TB >2 mg/dL. RegiSCAR criteria:
(ALT>2xULN or TB>2 on at least 2 different dates or AST>2xULN or ALP and TB elevated on at least one date). Severe DILI: elevated ALT/ALP reaching criteria for DILI and
bilirubin>2xULN and one more of the following: INR >1,5; ascites and/or encephalopathy; disease during<26weeks and absence of underlying cirrhosis; Any other organ failure
considered to be due to DILI. Abbreviations: ALDEN: Algorithm for Drug Causality for Epidermal Necrolysis; Chol: cholestatic. DRESS: Drug reaction with eosinophilia and sys-
temic symptoms; GI: gastrointestinal; Hep: hepatocellular; Mix, mixed; ND: no data; RegiSCAR: International Registry of Severe Cutaneous Adverse Reactions; RUCAM: Roussel
Uclaf Causality Assessment Method; SJS: Stevens Johnson syndrome: skin detachment <10%; TEN: toxic epidermal necrosis: skin detachment >30% plus widespread purpuric
macules or flat atypical targets; WHO-UMC: World Health Organization-Uppsala Monitoring Center.
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AST or ALT>5xULN or
ALP>2xULN or TB >2
mg/dL with AST/ALT or

ALP elevated

in presence of jaundice
or coagulopathy with
any levels of ALT,
AST, ALP

Table2. Prospective studies addressing severe cutaneous adverse reactions (SCARs) and drug-induced liver injury (DILI)
Spanish DILI Latin-America DILI Indian Registry, DILIN, 2015[3] RegiSCAR, Walsh et al,
Registry, 2018[22] Registry, 2016[29] USA 2013[18] 2013[28]
N=920 2018[22] N=748 N=899 Multinational” UK
N=300 N=201 N=27
Years 1994-2018 2011-2018 1997-2014 2004-2013 2003-2009 2005-2011
N of SCARs 35 18 36 9 117 27
Total DRESS cases, N 32 18 - - 117 27
N, (% with liver injury) 32 (100%) 18 (100%) 86 (74%) 27 (100%)
Total SJIS/TEN cases, N 3 - 36 9 - -
N, (% with liver injury) 3 (100%) 36 (100%) 9 (100%)
DRESS manifestations
Time to onset days, ND ND 24 ND 22 (median) 27
mean (range) (5-50) (1049)
Acute skin eruption (%) Rash (100%) Rash (100%) Rash (100%) Rash (100%) Rash (100%) Urticated
papular exanthema
(48%)
Erythema multi-
forme-like (30%)
Morbilliform
erythema (11%)
Exfoliative
erythroderma (11%)
Fever, (%) Yes (31%) Yes (78%) ND ND Yes (90%) Yes (100%)
Edema, (%) ND ND ND ND Yes (76%) 23 (85%)
Eosinophilia (>500/ pL), Yes (83%) Yes (72%) ND No Yes (95%) Yes (93%)
(%) (Eosinophils 8%) (=700/ pL) (>400/ uL)
Lymphocyte activation, Lymphopenia Lymphopenia (22%) ND ND Atypical lympho- Lymphadenopathy
(%) (46%) cytes (89%)
(67%), Lymphade-
nopathy (54%)
Organ involvement other No No No No Kidney (37%) Kidney (7%)
than liver, (%) Lung (32%) Cardiac (4%)
HVV-6 reactivation ND ND ND ND 58 evaluated, 21 ND
positive
DILI criteria (Aithal et al,2011) (Aithal et al, 2011) AST or ALT>3xULN + | ALT or AST>5XxULN | RegiSCAR criteria Transaminase >
symptoms or ALP>2xULN; 2xULN on two

successive

dates or bilirubin >
2xULN on two
successive dates or
AST, GGT and ALP
>2xULN at least

once

(Table 2) Contd....
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Spanish DILI Latin-America DILI Indian Registry, DILIN, 2015]3] RegiSCAR, Walsh et al,
Registry, 2018[22] Registry, 2016[29] USA 2013[18] 2013[28]
N=920 2018[22] N=748 N=899 Multinational UK
N=300 N=201 N=27
DILI characteristics,
N (%)

Age, years, mean 53 42 32 33 48 (median) 40
(range) (16-82) (16-76) (11-60) (2-68)
Female 16 (46) 10 (56) 19 (53) 7(77) 65 (55) 17 (63)

Time to DILI onset, days; 39 28 ND 24 16 ND
mean (range) (5-121) (2-60) (2-64) (9-27)
Jaundice, (%) 25(71) 13 (72) 22 (61) 8(89) ND ND
Type of liver injury, Hep 16 (46) Hep 7 (39) Hep 13 (36) Hep 7 (78) ND ND
N (%) Chol 7 (20) Chol 6 (33) Mix 18 (50) Mix 2 (22)
Mix 12 (34) Mix 5(28) Chol 5 (14)
Severity, N (%) Severe 2 (6) Severe 4 (22) Severe 21 (58) Severe” 3 (33) ND ND

Recovery, N (%) 35(100) 18 (100) 23 (64) 5(56) 84 (98) 24 (89)

ALF/Death, N 0/0 0/0 4/13* 0/1 0/0 2/0
Total death, N 0 0 13* 4 2% 3%
Culprit drugs, N
SJS/TEN Ciprofloxacin (1) - Phenytoin (8) Lamotrigine (2) - -
Ibuprofen (1) Nevirapine (6) Azithromycin (2)
Carbamazepine (1) Dapsone (5) Carbamazepine (1),
Carbamazepine (4) Moxifloxacin (1),
Cephalexin (1),
Diclofenac (1),
Nitrofurantoin (1)
DRESS, hepatitis Amoxicillin- Carbamazepine (3) - - Carbamazepine (23) Phenytoin (6)
clavulanate (7) Allopurinol (2) Allopurinol (21) Carbamazepine (6)
Carbamazepine (2) Lamotrigine (2) Sulfasalazine (8) Minocycline (3)
Allopurinol (2) Phenytoin (8) Sulfasalazine (3)
Sulfamethoxazole Lamotrigine (8) Allopurinol (2)
and Trimethoprim
(2
Causality assessment RUCAM RUCAM RUCAM DILIN Causality Expert decision by | DRESS classification
N (%) score 14 (40) highly 2 (11) highly probable 18 (50) probable Committee consensus scoring system
probable 10 (56) probable 18 (50) highly probable 235 (22) definite 39 (33) very probable 14 (52) probable
17 (49) probable ALDEN 466 (43) highly likely 54 (46) probable 13 (48) definite
17 (47.2) probable 198 (18) probable
19 (52.7) very probable

*Do not specify if the cause of death is liver related.

*Multinational: Austria, England, France, Germany, Israel, Italy, Taiwan and the Netherlands.

DILI criteria Aithal et al, 2011: ALT >5xULN or ALP > 2xULN or ALT >3xULN and TB >2 mg/dL. RegiSCAR criteria: (ALT>2xULN or TB>2 on at least 2 different dates or
AST>2xULN or ALP and TB elevated on at least one date). Severe: elevated ALT/ALP reaching criteria for DILI and bilirubin>2xULN and one more of the following: INR >1,5;
ascites and/or encephalopathy; disease during<26weeks and absence of underlying cirrhosis; Any other organ failure considered to be due to DILI “severe: jaundice and signs of
hepatic or other organ failure

Abbreviations: ALDEN: Algorithm for Drug Causality for Epidermal Necrolysis; Chol: Cholestatic; DRESS:Drug reaction with eosinophilia and systemic symptoms; Hep, Hepato-
cellular; Mix, mixed; .ND: no data; RegiSCAR: International Registry of Severe Cutaneous Adverse Reactions; RUCAM: Roussel Uclaf Causality Assessment Method; SJS: Stevens
Johnson syndrome: skin detachment <10%; TEN: toxic epidermal necrosis: skin detachment >30% plus widespread purpuric macules or flat atypical targets.
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England, France, Germany, Israel, Italy, Taiwan and the Nether-
lands. In most of the published retrospective and prospective stud-
ies analyzed, DRESS cases are more frequent than SIS/NET. In the
largest cohort of SIS/TEN from a DILI Registry in India [29], only
36 patients were included. As expected, more comprehensive in-
formation on liver involvement in SCARs was reported in the pro-
spective DILI registries (Tables 1 and 2) except for the unique ret-
rospective study by Lin et al. [13] that aimed to analyze the charac-
teristics of liver injury in DRESS.

The causality assessment approach that was used differed
among the studies. Lee ef al. [12] used the WHO Uppsala Monito-
ring Centre causality categories, Chen et al. [24] employed the
criteria of Naranjo et al., while Fang ef al. [11] used both the Na-
ranjo and ALDEN scores. However, in other studies, it was unclear
which approache was used for case ascertainment.

The reported DILI prevalence varies among different types of
SCARs. Consistent with the literature, in patients with DRESS, the
liver was the most commonly involved organ in 50% to 100 % of
the cases (Tables 1 and 2). On the contrary, only 17% to 31% of the
published showed that liver was the most affected organ in
SJS/TEN patients. Noticeably, these figures were influenced by the
DILI definition applied to each study.

4. CLINICAL PHENOTYPES AND OUTCOME OF DILI AS-
SOCIATED WITH SCARS

While acknowledging that the liver is the organ that is the most
frequently involved in hypersensitivity syndromes caused by drugs,
its full characterization has been relatively neglected so far in the
existing literature with regard to the dominant cutaneous involve-
ment.

4.1. Demographic Data

The mean age of patients presenting DILI associated with
SCARs ranged from 32 to 64 years (Tables 1 and 2). The lower
mean age observed in the US DILIN [3] and the Indian DILI regis-
try [29] can be explained by the inclusion of pediatric patients. In
general terms, females are overrepresented compared to males in
the majority of published studies, representing up to 71% of the
cases. Despite that, the comparison of DRESS patients with and
without liver involvement does not support the hypothesis that fe-
male sex is a risk factor for DILI [11,12] (Tables 1 and 2).

4.2. Clinical Presentation

DRESS has a heterogeneous presentation with a broad spectrum
of clinical features. Studies conducted in different geographic areas
also display some individual and unique features, possibly reflect-
ing the differences caused by diagnostic criteria, genetic factors,
ethnicity, drugs involved and the healthcare systems, among others.
Unfortunately, comparisons among different SCARs cohorts [28,
37] do not provide detailed information on liver involvement.

The typical course of DRESS is that it presents prodromal
symptoms, such as fever and itching, followed by variable cutane-
ous eruptions and lymphadenopathy; subsequently, systemic symp-
toms occur, including gastrointestinal, hepatic, renal, cardiac, he-
matological, neurologic and thyroid [16, 19]. However, in the study
by Lin et al., liver injury preceded skin eruption in 9.7% of the
patients, suggesting that there might be some mild liver injury dur-
ing the early prodromal phase, which could go unnoticed [13]. On
the other hand, Lee at al. reported that patients with SJS/TEN pre-
sented hepatic involvement characterized by biochemical abnor-
malities without clinical jaundice. Therefore, future studies should
determine the time of the onset of liver abnormalities compared to
skin toxicity.

The time to the onset of DRESS (drug-rash presentation) is
between 2 to 8 weeks; however, information related to the time to
DILI onset is limited. The median latency reported by the prospec-
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tive RegiSCAR study was 22 days (IQR 17-31), however, it has
been suggested that it may vary depending on the culprit drug [18].
In prospective cohorts from DILI registries, the average time to
DILI onset ranges from 28 to 39 days, but information regarding
the onset of cutaneous involvement is lacking. On the other hand,
SJIS/TEN seems to have a shorter time to the onset of rash
compared to DRESS, i.e. between 5 to 28 days (ALDEN causality
assessment criteria). In the prospective Indian DILI cohort of
SJS/TEN cases, the average time to DILI onset was 24 days, while
in the US DILIN study, it was 14 days [3, 29]. Therefore, the time
to DILI onset in patients with SJS/TEN is shorter than that in DILI
patients without skin reactions, typically ranging for 60 to 90 days
[3.4,38].

Information regarding the type of liver injury among patients
from retrospective SCARs cohorts is very limited. Apparently,
mixed/cholestatic (up to 64% of cases) pattern of liver damage is
the most common among SCARs, particularly in DRESS cases [11,
13]. In the majority of prospective DILI cohorts, the predominant
type of liver damage is hepatocellular (>60% of DILI cases), while
cholestatic and mixed cases raised up to 40% of DILI cases (3,4).
Similar to what has been described for DILI [39], SCARs patients
with cholestatic-type of injury were older [13]. The pattern of liver
damage reported in association with SJS/TEN has been less consis-
tent, with a predominant mixed/cholestatic pattern (64%) in India
[29], while in the US DILIN cohort it was mainly hepatocellular
(78%) [3]. These differences could reflect the signature of the dif-
ferent culprit drugs involved in liver injury. In fact, in a limited
number of cases, the liver injuries in allopurinol-DRESS and
phenytoin-DRESS were of the cholestatic-type, whereas most of the
patients with liver injuries in carbamazepine-DRESS and sulfona-
mide/sulfones-DRESS had a hepatocellular or mixed type of inju-
ries [12, 13]. Indeed, recent data from 123 patients with DRESS
provided evidence that the occurrence of hepatitis, latency period
and severity of the reaction differs according to the culprit drug
[40]. In addition, the type of liver injury reported partially depends
on the time when the injury occurred, as hepatocellular cases tend
to progress towards mixed or even cholestatic pattern later in the
follow-up [41,42]. The assumption that the type of liver injury may
differ according to the drug-hypersensitivity phenotype needs fur-
ther research.

4.3. Severity

Characterizing the severity of the liver injury in the course of
SCARs presents a challenge since it depends on the severity criteria
applied and available information. Among the retrospective DRESS
cohorts, the severity definitions applied were inconsistent and inap-
propriate as some were only based on the low transaminase eleva-
tions (Table 1). Despite these limitations, a retrospective Korean
study reported [12] that more severe and prolonged hepatocellular
injuries were more frequent in DRESS compared to SIS/NET. In
contrast, the definition of severity is consistent across DILI Regis-
tries and is based on the International Consensus Criteria [20],
which include a category where patients must meet at least one of
the following criteria: INR >= 1.5, ascites, encephalopathy or other
organ failures due to liver injury. Among the DRESS patients, the
frequency of severe cases ranged from 6% to 22% (Spanish DILI
Registry and Latin-American DILI Registry, respectively), while in
SJS/TEN, higher frequency of the severe cases was reported rang-
ing from 33% to 58% (US DILIN and Indian registry, respectively),
as well as 2 ALF cases were reported by the Indian registry (Table
2).

It has been suggested that a relationship between dermatolog-
ical features and the severity of the liver damage exists. However,
this association is difficult to assess because of the heterogeneous
pattern of cutaneous involvement and skin biopsy findings. In a
small study, patients with histological findings of basal cell vacuo-
lar degeneration and necrotic keratinocytes more frequently had an
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erythema multiforme (EM)-like cutaneous phenotype and more
severe hepatic involvement. Three patients died, in which 2 died
due to unsuccessful liver transplantation [28].

Available histological information on 7 out of 16 patients with
acute liver failure (ALF)-DRESS in a study showed the presence of
activated and irregular lymphocytes with a cytotoxic phenotype
[43], the origin of which is unclear, although the authors proposed
that those observed in the peripheral blood, skin and liver were
triggered by a combination of both anti-drug and anti-viral immune
responses. Eosinophils were observed inconsistently, while Kupffer
cell hyperplasia with erythrophagocytosis was an unexpected find-
ing. The most extensive necrosis (40% and 90%) was observed in 2
patients who required liver transplant [43].

4.4. Outcome & Prognostic Factors

SCARs can be severe, leading not only to skin detachment and
subsequent infectious complications but also to multiorgan failure
and significant mortality. The estimated mortality rate of SIS pa-
tients is up to 10%, and is greater (30%) in patients with SJIS/TEN
overlap. The worst-case scenario included ten patients affected with
extensive BSA, whose mortality rate is almost 50% [16, 44].

Whether a pre-existing liver disease is a risk factor for DILI in
SCARs patients remains unclear. While in a retrospective SCARs
cohort of patients from Australia, the underlying liver disease did
not seem to be a risk factor for DILI, due to the small sample size
and the fact that severity of liver disease was not specified pre-
cludes reaching solid conclusions [11]. In addition, in a retrospec-
tive SCARs cohort study from Taiwan, patients with HBV or HCV
did not appear to have hepatic involvement [24] (Chen et al., 2010).
Furthermore, patients with HIV/AIDS have been shown to have an
increased risk of developing SJS/TEN with DILI. Surprisingly,
however, mortality was lower in patients with HIV (12.5% vs 36%)
in a study from India [29].

In several studies, mortality was found to be higher in SCARs
associated with liver injury, especially in those including patients
with SJS/TEN and associated DILI, with 4 ALF cases in the Indian
study [3,29]. A lower eosinophil count is another risk factor that
could be associated with severe DILI [45]. In the study of Lin et al.
[13], severe cases of serum transaminases > 10 x ULN were found
to have a lower number of eosinophils in the dermis. It is possible
that in such instances, a genetic background favors the reduced
eosinophil count as shown in DILI patients with a low-producing
IL-10 genotype, which has been associated with more severe drug-
induced liver injury [45]. Furthermore, the absence of eosinophils
in severe DILI has also been confirmed in biopsy samples [46].

The mortality rate of DRESS syndrome is about 10%, most
commonly due to acute liver failure [19]. However, few cases due
to ALF were found in the studies of Walsh et al. (n=2) [28], Hiran-
suthiku et al. (n=1) [27] and Eshki et al. (n=1) [35]. However, no
instances of ALF cases (leading to liver transplantation or death)
were reported in the Spanish and Latin-American DILI Registries
(Table 2). In the RegiSCAR study, 98% of the cases recovered,
only two cases died and the primary cause of death was not speci-
fied [18]. These data cast doubts on the actual figures of mortality
rate in DRESS. No phenotypic markers with a prognostic value are
currently available for severity in DRESS [28, 43].

Limited information exists regarding DRESS presentation in
children. DRESS seems to be less common in children than in
adults, but liver involvement is similar to that in adults [26, 47]. In
addition, children have a lower mortality rate due to DRESS syn-
drome than adults, regardless of the association with DILI. The
reasons for these differences are unclear, however, the better out-
come in children with SJS may be related to the use of lower doses
of medication, lack of comorbidities and drug interactions, and
different susceptibility to certain drugs [48, 49].
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5. DRUGS INDUCING LIVER INJURY ASSOCIATED WITH
SEVERE CUTANEOUS ADVERSE REACTIONS

Even commonly used medicines, which are considered to be
safe, are involved in SCARs. Similarly, DILI is also caused by a
large number of substances. However, only a restricted group of
medications are deemed responsible for both DILI and SCARs. The
causative drugs for either SJIS/TEN or DRESS associated with liver
injury in different DILI registries (Table 2) were anti-infective,
non-steroid anti-inflammatory drugs (NSAIDs), and anti-epileptic
drugs. In addition, allopurinol was the culprit drug of DRESS in 27
instances, but interestingly, it was not recorded as the causative
agent in any case of SJS/TEN (Tables 1 and 2). The most common
culprit drugs in SCARs may somewhat differ between different
geographic regions, reflecting differences in drug prescription pat-
terns (i.e. nevirapine, dapsone). However, for the DRESS syn-
drome, the leading drugs and the drug classes are the same in most
studies. For drug classes, these are the anti-infectives (including,
but not limited to, antituberculous drugs, beta-lactam antibiotics),
antiepileptic drugs (importantly, aromatic anticonvulsants, but also
lamotrigine), NSAIDs, and allopurinol. In the Taiwanese and Sin-
gaporean population, allopurinol was the most common causative
agent for DRESS [24,25]. Moreover, allopurinol is consistently
related to DRESS not only in the Asian population but also in
Europeans. Allopurinol and its metabolite oxypurinol interact with
T-cells, and in the carriers of the HLA-B*58:01 allele, the suscepti-
bility to hypersensitivity of this phenotype increases [50]. It is even
more likely for this reaction to occur if a high concentration of oxy-
purinol is present, as is the case of patients with renal insufficiency
[50].

As the aromatic antiepileptic drugs (such as phenytoin, carba-
mazepine, oxcarbazepine, phenobarbital) have long been associated
with hypersensitivity, their common involvement in SCARSs is not
surprising [51], having the potential for cross-reactivity. Phenytoin,
phenobarbital, and carbamazepine are metabolized to hydroxylated
aromatic compounds. Since arene epoxides are suggested to inter-
mediate in the hypersensitivity reaction, it is possible that this
shared reactive metabolite is responsible for the adverse effect [S1].
Antiepileptic drugs were also the most frequent therapeutic group
implicated in DRESS with phenytoin, carbamazepine and lamo-
trigine as representative drugs, followed by anti-infective and al-
lopurinol [13, 37].

In a study including subjects who developed SCARs, and a part
of them concomitantly developed DILI, a total of 59 drugs were
deemed responsible for the SCARs-DILI injury. The leading group
of drugs was antimicrobials, and the leading culprit drug was beta-
lactam antibiotics [11]. Other agents involved were anticonvulsants
(including lamotrigine, phenytoin, valproate), leflunomide,
methotrexate, sulfasalazine, allopurinol, NSAIDs, and also herbals.

A recent study from India found overlaps in causative agents
between SCARs with and without DILI. In their report, the anti-
convulsants, sulfonamides, anti-infectives (including beta-lactams
predominantly), antituberculous drugs, antiretroviral, NSAIDs (di-
clofenac, celecoxib) and leflunomide were also indicated as com-
mon causative agents for SCARs-DILI [29].

Data of the pediatric population is very scarce. A small cohort
was identified, described retrospectively by Han et al. [26]. How-
ever, the drugs that were identified as culprit drugs did not differ
from those described for adult populations. The identified classes
were anti-infective and anti-epileptic (including levetiracetam)
drugs. In a pooled analysis using data from two multicenter interna-
tional case-control studies, a severe cutaneous adverse reaction
study and a multinational severe cutaneous adverse reaction (Eu-
roSCAR) study, anti-infective sulfonamides, phenobarbital, carba-
mazepine, and lamotrigine were the drugs with highest risk of
SJS/TEN in children < 15 years of age [49]. The list of culprit drug
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of SCARs and DILI is continuously growing as newer medicines,
such as the anticancer drug imatinib, are being identified [52].

5.1. Immune Checkpoint Inhibitors

Immune checkpoints are crucial regulators of the immune sys-
tem. Programmed cell death protein 1 (PD-1, CD279) is a cell sur-
face receptor expressed predominantly by activated T-cells. It inter-
acts with the programmed death-ligand (PD-L1, CD274) expressed
on APCs and has a negative regulatory role that promotes T-cell
apoptosis. Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
is a similar cell surface receptor expressed in T cells that interacts
with the CD80 and CD86 ligands expressed on APCs to downregu-
late T-cell activation leading to anergy [53]. The inhibition of PD-1
and CTLA-4 consequently enhances the T-cell activity. The devel-
opment of immune checkpoint inhibitors, such as PD-1 (nivolumab
and pembrolizumab) and CTLA-4 (ipilimumab) inhibitors, has a
major impact on cancer therapy and represents a paradigm shift
from targeting tumor cells to targeting immune cells. However,
these agents have a distinctive set of immune-related adverse events
(irAEs) in numerous locations in the body. The most common
irAEs include rash, colitis and hepatitis [54]. Between 30% and
50% of patients treated with Ipilimumab or PD-1 inhibitors
experience dermatologic adverse effects [55, 56]. Despite rash be-
ing a common irAE, SJS/TEN and DRESS are rarely reported with
immune checkpoint-inhibiting treatments [S5, 57, 58]. Due to the
possibility of potentially fatal complications, it is important to keep
SJS/TEN and DRESS in consideration while dealing with patients
on immune checkpoint point inhibitor treatments for rash, eosino-
philia, liver profile elevation or acute renal failure. Early recogni-
tion of DRESS and consequent discontinuation of the causative
agent are key steps in clinical management and patient safety.

6. PHYSIOPATHOLOGY AND HOST RISK FACTORS

The exact physiopathology of idiosyncratic immune-mediated
adverse reactions is still not completely understood. However, it is
generally believed to be multifactorial involving drug/pharmaco-
logical, environmental and host factors that ultimately influence
patient susceptibility and phenotype [7, 59]. Furthermore, T-cell
mediated immune responses are thought to be an essential factor in
the pathogenesis of the severe drug hypersensitivity reactions, such
as DRESS and SJS/TEN [50]. This is supported by findings of a
study demonstrating the drug-specificity of CD4 and CD8 T-cells
cloned from blood lymphocytes or skin lesions of patients with a
variety of drug hypersensitivity reactions [60, 61]. Carbamazepine-
specific CD4 and CD8 T-cells displaying different effector func-
tions and homing characteristics persist for many years after the
resolution of clinical symptoms in the blood of patients who had
carbamazepine hypersensitivity[62]. Furthermore, the infiltration of
cytotoxic CD8 T-cells in blister fluid and the involvement of CD8
T-cells and the natural killer (NK) cells in keratinocyte damage has
been demonstrated in SJS/TEN [63, 64].

The major histocompatibility complex (MHC) molecules, en-
coded by human leukocyte antigen (HLA) genes, have a central role
in T-cell activation through antigen presentation and are believed to
play arole in drug hypersensitivity through immune reactions mani-
festing as SJS/TEN or DRESS-related symptoms [61]. Drugs or
intermediate drug metabolites are generally not immunogenic per se
but can bind to endogenous molecules and subsequently trigger an
immune response. Three different hypotheses have been proposed
to explain drug-induced immune system activation: the hap-
ten/prohapten model, pharmacological interaction or p-i model, and
the altered peptide repertoire model [9, 65, 66] (Fig. 1).

The haptens are small molecules that are unable to induce an
immune response by themselves but can bind covalently to larger
molecules, such as proteins (carrier), and trigger an immune re-
sponse. The prohaptens, on the other hand, must first be
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Fig. (1). Immunopathogenic models of idiosyncratic adverse reactions. (A)
Prohapten/hapten model: A drug or a reactive metabolite covalently binds to
an endogenous carrier protein, generating a hapten-protein complex. This
complex is processed by APCs and presented to the TCR on HLA mole-
cules. (B) Pharmacological interaction or p-i model. A drug or a metabolite
binds noncovalently to either the HLA or TCR, directly eliciting a T-cell
response in a peptide-independent manner. (C) In the altered peptide reper-
toire model, drugs are hypothesized to bind non-covalently to the HLA-
binding cleft, allowing the presentation of different/new self-peptides to the
T-cells. (4 higher resolution / colour version of this figure is available in the
electronic copy of the article).

metabolized by the liver to produce haptens in order to bind to a
carrier [9]. In the hapten model, the offending drug or a reactive
metabolite covalently binds to endogenous proteins generating hap-
ten-protein adducts. When this complex is processed into an antigen
by antigen-presenting cells (APCs), and presented on MHC mole-
cules, these modified peptides can be perceived as for-
eign/pathogenic by T-cells and can elicit an immune response [65,
66]. The activation of effector T-cells results in a local response at
the sites where hapten-protein adducts were generated and pre-
sented by APCs, while the activation of central memory T-cells
results in lymph node involvement [9].
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In the pharmacological interaction or p-i model, it is hypothe-
sized that a drug or an intermediate drug metabolite binds non-
covalently to either the MHC molecule or T-cell receptor (TCR)
and directly elicits T-cell responses in a peptide-independent man-
ner, without the need to be previously processed or metabolized.

In the altered peptide repertoire model, drugs were found to
non-covalently bind to the HLA-binding cleft, thereby altering the
specificities of MHC-peptide binding [65, 66]. This results in the
ability of different self-peptides to bind to the modified MHC-
binding cleft. Although being endogenous and not new to the cell,
these peptides may have not been previously found in the MHC
molecules, and therefore can be perceived as neoantigens by the T-
cells.

6.1. Genetic Factors

Several pharmacogenetic studies have found associations be-
tween HLA alleles and the predisposition to adverse drug reactions
(Table 3). Regarding drug hypersensitivity with cutaneous manifes-
tations, the specific HLA class I alleles have been identified for a
number of drugs. While HLA-B*58:01 appears to be a common
risk allele for allopurinol-induced SCARs, DRESS and SJS/TEN in
various ethnicities, predisposition  to carbamazepine-induced
SJS/TEN has been found with both HLA-A*31:01 and HLA-
B*15:02, potentially depending on the ethnicity and genetic back-
ground [67-75]. Interestingly, the HLA-B*15:02 allele also appears
to be a risk factor for SIS/TEN caused by lamotrigine, oxcar-
bazepine and phenytoin in Han Chinese [76, 77]. Similarly, Han
Chinese HLA-B*13:01 carriers seem to have a higher risk of devel-
oping DRESS if treated with dapsone and a higher risk of SIS/TEN
when treated with phenytoin and salazosulfapyridine [36, 76, 78].
This demonstrates that there is an apparent overlap of HLA risk
alleles, whereby the same allele can increase the risk of different
phenotypes as well as increase the risk of hypersensitivity reactions
due to different causative agents. This has also been noted for DILI.
For example, the HLA class II alleles DRB1*15:01-DQB1*06:02
were found to be associated with increased risk of DILI caused by
amoxicillin-clavulanate as well as lumiracoxib [79, 80]. A recent
meta-analysis has found that the HLA-A*31:01 allele is a shared
risk allele between the SCARs and DILI induced by carbamazepine
in patients of the European ancestry. However, the association was
stronger for SCARs than for DILI, which suggested a difference in
antigen presentation between the skin and liver tissue [10].

HLA-B*57:01 is a well-established risk factor for abacavir
hypersensitivity [81]. The same allele was later found to also in-
crease the risk of DILI due to flucloxacillin and potential pa-
zopanib-related alanine aminotransferase elevations as identified in
recent clinical trials [82, 83]. The mechanistic role of abacavir,
however, differs somewhat from that of flucloxacillin. Abacavir has
been demonstrated to bind directly and specifically to the HLA-
B*57:01 protein and cause an inappropriate immune response,
while flucloxacillin seems to bind covalently to endogenous pro-
teins resulting in the presentation of modified self-peptides to T
cells [84, 85].

Genetic screening for HLA-B*57:01 prior to prescription has
been proven to be very effective and reduces the incidence of
abacavir hypersensitivity [86]. In addition to being clinically effec-
tive, prospective screening of HLA-B*57:01 is also cost-effective
and mandatory for testing HLA-B*57:01 prior to abacavir prescrip-
tion which has now been approved by the Foods and Drug Admini-
stration in the US and the European Medicines Agency and conse-
quently implicated in clinical practice [87, 88]. This is not the case
for the flucloxacillin DILI, which is associated with a significantly
lower positive predictive value for the same HLA alleles than
abacavir hypersensitivity. Hence, prospective screening for HLA-
B57*01 prior to flucloxacillin prescription would have a low clini-
cal impact and is consequently not a cost-effective way of reducing
the number of flucloxacillin hepatotoxicity cases [89].
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Similarly, screening for HLA-B*15:02 prior to carbamazepine
prescription is mandatory, in particular, in the South East Asian
population, due to the strong association between this allele and
carbamazepine-induced SJS/TEN [90]. Genetic screening for
HLA-A*31:01 before prescribing carbamazepine has also been
demonstrated to be cost-effective, and could reduce the incidence of
serious, and sometimes fatal, cutaneous adverse reactions by identi-
fying patients at risk and select alternative therapies [91, 92]. Un-
like HLA-B*15:02 which is specific for carbamazepine SJS/TEN in
the South East Asian patients, HLA-A*31:01 appears to be a
broader risk factor that predisposes to various phenotypic forms of
carbamazepine hypersensitivity. In addition, this has been demon-
strated in a number of populations, including Europeans, with vary-
ing effect sizes [92].

However, mandatory screening is not yet implicated for HLA-
A*31:01, although information on the association between this
allele and hypersensitivity is now included in the carbamazepine
label.

6.2. Virus Reactivation in DRESS

A relationship between viral infections and DRESS develop-
ment has been observed. Several studies have linked the
reactivation of the human herpesvirus-6 (HHV-6) to the develop-
ment of DRESS [93, 94]. A Japanese study found increased anti-
HHV-6 IgG titers in 62% of patients with drug rash and systemic
symptoms 2-4 weeks after the onset of the symptoms [95]. The
reactivation of other herpes viruses, such as HHV-7, Epstein-Barr
virus and cytomegalovirus, has also been reported in DRESS pa-
tients [94, 96, 97]. Virus reactivation in DRESS seems to have an
impact on the disease progression with more severe organ involve-
ment and potentially prolonged course [94, 95, 97, 98].

In 2010, Picard et al. proposed that DRESS development after car-
bamazepine, allopurinol or sulfamethoxazole exposure was the
result of cutaneous and systemic manifestations of an immune re-
sponse mainly mediated by CD8+ T lymphocytes, directed against
herpes viruses [96].

CONCLUSION AND FUTURE PERSPECTIVES

In conclusion, drug-induced systemic hypersensitivity reactions
associated with DRESS and SJS/TEN lack systematic collection of
detailed information with regard to the time of appearance and spe-
cific type of skin rashes, histological phenotype, evolution and as-
sociated components of hypersensitivity, such as eosinophil count
and lymphocyte activation, which preclude the identification of
prognostic risk factors for the pattern of liver injury, severity and
outcome. In addition, data analysis when the liver injury manifests
in relation to skin rashes and whether resolution or progression to a
worst outcome parallels the cutaneous manifestations is scarce.

Conceivably, patients would seek consult a dermatologist or a
hepatologist depending on symptom predominance. Presumably,
when jaundice is present, it will be the hepatologist who takes care
of the patient, while if hypersensitivity reactions predominate, the
patient will probably consult a dermatologist. Thus, for advancing
in the characterization of clinical phenotypes, identification of risk
factors and proper management of reactions affecting both the skin
and the liver an interdisciplinary approach is recommended. The
assessment of SCARs associated with liver injuries would improve
by input from a multidisciplinary team including hepatologists,
dermatologists and other specialists.

Furthermore, there is a need for the harmonization of clinical
measurements, definitions, disease severity grading, and outcomes
for the implementation of accurate phenotyping that would allow
the comparison of these cases across DILI or SCARs registries.
This would facilitate further innovative and collaborative research
to identify genetic risk factors associated with liver injury related to
immune-mediated cutaneous reactions and to advance our under-
standing of the underlying biology of these disorders [99].
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Table 3.

reactions (SCARs) according to clinical phenotype and ethnicity.
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Associations between HLA alleles and predisposition for drug-induced liver injury (DILI) and severe cutaneous adverse

Associated Drug HLA Allele Reaction Study type and Cohort Population OR (95% CI) References
X Drug hypersensi- CGS: 18 cases, 167 Abacavir -tolerant controls (Austra-
Abacavir HLA-B*57:01 o . 117 (29-481) [81]
tivity lia)
CGS: 85 cases, 113 Abacavir -tolerant controls (North
. 23.6 (8.0-70.0) [103]
America)
CGS: 42 cases, 28 controls (Hispanic) 30.4 (1.74-530.90) [104]
Allopurinol HLA-B*58:01 SCARs CGS: 51 cases, 93 controls (Han Chinese) 393.51 (23.23-6665.26) [67]
HLA-B*58:01 DRESS CGS: 19 cases, 3200 controls (European) 85.4 (32.52-224.04) [68]
HLA-B*58:01 SJS/TEN CGS: 27 cases, 54 allopurinol-tolerant controls (Thai) 348.3 (19.2-6336.9) [69]
CGS: 6 cases, 3200 controls (European) 99.6 (17-91-553.72) [68]
Carbamazepine HLA-A*31:01 DRESS GWAS: 27 cases, 257 controls (European) 12.41 (1.27-121.03) [71]
GWAS: 36 cases, 420 controls (Japanese) 9.5 (4.6-19.5) [70]
CGS: 10 cases, 710 controls (Han Chinese) 26.3 (7.2-96.5) [105]
CGS: 17 cases, 485 controls (Korean) 12.4 (4.5-34.1) [75]
HLA-A*31:01 SJS/TEN GWAS: 6 cases, 420 controls (Japanese) 33.9 (3.9-295.6) [70]
GWAS: 12 cases, 257 controls (European) 25.93(4.93-116.18). [71]
GWAS: 43 CBZ-SCAR cases, 12 CBZ-DILI cases (Euro- | SCAR: 18.1 (8.03-40.88),
HLA-A*31:01 SCARs/DILI [10]
pean-descent) DILI: 7.3 (2.47-23.67)
HLA-B*15:02 SJS/TEN CGS: 44 cases, 93 controls (Han Chinese) 895(50-15869) [72]
CGS: 21 cases, 300 controls (Malaysian) 16.15 (4.57-62.4) [73]
CGS: 6 cases, 50 controls (Thai) 25.5(2.68-242.61) [74]
CGS: 7 cases, 485 controls (Korean) 18.4 (3.8-88.0) [75]
HRS (DRESS)
Dapsone HLA-B*13:01 GWAS: 39 cases, 833 controls (Han Chinese) 21.67 (10.41-45.12) [36]
/hepatitis
SCARs CGS: 15 cases, 986 controls (Thai) 26.11 (7.27-93.75) [106]
Lamotrigine B*15:02 SIS/TEN CGS: 6 cases and 275 controls (Han Chinese) 89.25 (19.25-413.83) [77]
HLA-A*24:02 DRESS CGS: 3 cases, 253 controls (European) 3453 [107]
Asians: 18.34 (5.10-
L HLA-B*35,HLA- Cutaneous ad- CGS:175 cutaneous adverse events, 101 hepatic adverse
Nevirapine R L 65.99) [108]
Cw*04 verse effects events and 587 controls. (Multiple ethnicities).
Thai: 13.49 (3.56-52.20)
HLA-DRBI1*01 CGS: 6 cases, 15 tolerant controls (European) [109]
Oxcarbazepine HLA-B*15:02 SJS/TEN CGS: 3 cases, 93 controls (Han Chinese) 80.7 (3.8-1714.4) [76]
Phenytoin HLA-B*15:02 SJS/TEN CGS: 4 cases, 50 controls (Thai) 18.5 (1.82-188.40) [74]
CGS: 26 cases, 113 tolerant controls (Han Chinese) 5.1(1.8-15.1) [76]
HLA-B*13:01 SJS/TEN CGS: 26 cases, 113 tolerant controls (Han Chinese) 3.7 (1.4-10.0) [76]
Salazosulfapyridine HLA-B*13:01 DRESS CGS: 6 cases, 283 controls (Han Chinese) 11.16 (1.98-62.85) [78]
Amoxicillin-
A*02:01 (rs2523822) DILI GWAS: 201 cases, 532 controls (European) 2.3 (1.8-2.9) [79]
Clavulanate

(Table 3) Contd....
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Associated Drug HLA Allele Reaction Study type and Cohort Population OR (95% CI) References

DRBI1*15:01,DQB1*06:02 DILI GWAS: 201 cases, 532 controls (European) 2.8(2.13.8) [79]
Lumiracoxib DRBI1*15:01, DOBI1*06:02 DILI GWAS: 41 cases, 176 controls (North American) 1.9 (1.0-3.9) [80]

Antituberculosis .
DQBI1*02:01 DILI CGS: 56 cases, 209 controls (Indian) 1.9 (1.0-3.9) [110]

therapy
GWAS: 59 cases, 111 tolerant controls, 109 population L
X Association not confirmed [111]
controls (Indian)
CGS: 55 cases, 55 tolerant controls (European) Association not confirmed [112]
Flucloxacillin HLA-B*57:01 DILI GWAS: 51 cases and 282 controls (European) 80.6 (22.8-284.9) [82]
i 2,190 patients (107 HLA-B*57:01 carriers, 2083 non

Pazopanib HLA-B*57:01 DILI ) . L [83]

carriers). (Multiple ethnicities)

CI, confidence Interval; CGS, candidate gene study; GWAS, Genome-wide association study.

Interestingly, in addition to the potential bioactivation of drugs
in the skin [100], more recent experimental data suggest that DILI-
associated genes related to immune and inflammatory responses are
expressed in keratinocytes [101], opening the door to the identifica-
tion of individuals susceptible to DILI using the patient’s
keratinocytes. Besides, interesting findings suggest that there might
be a shared genetic risk factor associated with drugs inducing both
SCARs and DILI hypersensitivity reactions. However, this concept
needs to be confirmed for other drugs in further genome-wide asso-
ciation (GWA) studies [10].

Systemic corticosteroids remain the recommended treatment for
SCARs and also for DILI-associated reactions, a practice not rely-
ing on the data from randomized trials and with inconsistent results
in both recovery and mortality [13,34,43]. Nonetheless, the use of
corticosteroids has been justified based on the rationale of improv-
ing regulatory T cell response and clinical symptoms in the acute
phase, and to prevent the development of autoimmune responses
after resolution [102].

The low prevalence of these immune-mediated systemic reac-
tions, heterogeneous clinical phenotypes and the strong genetic
developmental influence represent a strong case for the establish-
ment of large prospective collaborations following standardized
definitions and criteria. Such collaborations will advance research
and understanding of these reactions that would ultimately allow
the development of predictive biomarkers, better patient risk strati-
fication and exploring new and effective treatments.

LIST OF ABBREVIATIONS

AIDS = Acquired immune deficiency syndrome

APCs = Antigen presenting cells

ALDEN = The Algorithm for Drug Causality for Epider-
mal Necrolysis

ALF = Acute liver failure

ALP = Alkaline phosphatase

ALT = Alanine aminotransferase

AST = Aspartate aminotransferase

BSA = Body surface area

CIOMS = The Council for International Organizations of
Medical Sciences

CTLA-4 = Cytotoxic T-lymphocyte-associated protein 4

DIDMOHS = Drug-induced delayed multiorgan hypersensi-
tivity syndrome

DIHS = Drug-induced hypersensitivity syndrome

DILI = Idiosyncratic drug-induced liver injury

DRESS = Drug reactions with eosinophilia and systemic
symptoms

EM = Erythema multiforme

GWA = Genome-wide association

HBV = Hepatitis B virus

HCV = Hepatitis C virus

HIV = human immunodeficiency virus

HLA = Human leukocyte antigen

HSS = Hypersensitivity syndrome

irAEs = Immune-related adverse events

IQR = Interquartile range

MHC = Major histocompatibility complex

NAFLD = Non-alcoholic fatty liver disease

NSAID = Non-steroid anti-inflammatory drugs

PD-1 = Programmed cell death protein 1

PD-L1 = Programmed death ligand

RegiSCAR = Registry of Severe Cutaneous Adverse Reac-
tions

RUCAM = Roussel Uclaf Causality Assessment Method

SCARs = Severe cutaneous adverse reactions

SJS = Stevens-Johnson syndrome

TEN = Toxic epidermal necrosis

TCR = T-cell receptor

ULN = Upper limit of normal
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