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Abstract

Background: Tyrosine kinase inhibitors (TKIs) are widely used for patients with cancer, although
liver injury has been observed in a small proportion of these patients. The aim of this study was to
investigate the mechanisms underlying TKIl-induced liver injury according to HLA polymorphisms.

Methods: We systematically searched three electronic databases (PubMed, PMC, EmBase, and the
Cochrane library) to identify studies that evaluated the impact of HLA polymorphisms on the
incidence of TKIl-induced liver injury in cancer patients as of November 2018. The summary odds
ratios (ORs) with 95% confidence intervals (Cls) were calculated using a random-effects model.
Further, sensitivity analysis and publication bias assessments were also performed.

Results: In the final analysis, four studies that involved a total of 12,181 patients were included.
Three of the studies included patients who received lapatinib, and the other study included patients
who received pazopanib. Overall, carriers of HLA-DQA1%02:01 were associated with an increased
risk of liver injury (OR: 6.85; 95%Cl: 2.34-20.02; P<0.001). Furthermore, HLA-DQB1%*02:02 was
correlated with a greater risk of liver injury (OR: 5.61; 95%Cl: 2.80—11.25; P<0.001). Finally,
HLA-DRB1*#07:01 was significantly correlated with a greater risk of liver injury (OR: 4.06; 95%ClI:
2.33-7.09; P<0.001).

Conclusions: The findings of this meta-analysis confirmed that three polymorphisms of HLA were
significantly associated with an increased risk of TKl-induced liver injury. Further work will be

required to determine these relationships in patients with specific characteristics.
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Introduction

Adverse drug reactions (ADRs) are widely
found in all hospital admissions, which account for
6.5% of all patients and occur in 15% of inpatients [1].
The burden of ADRs is large in terms of the number of
beds and economic costs [3]. To date, ADRs are
known to show a large inter-individual variation and
have even caused life-threatening episodes or
fatalities in some patients. The overall prevalence of
serious and fatal ADRs was 6.7% and 0.32% in
inpatients, respectively [4]. The reason for the
inter-individual differences in ADRs could be
environmental (including co-administered drugs,

foods, smoking, drinking, and underlying disease)
and genetic factors. Currently, ADRs mostly result
from unintended pharmacological or non-
pharmacological interactions, which were mediated
by T cells, and the clinical symptoms vary from a mild
delayed rash to a life-threatening cutaneous
pathology, including systemic or organ disease [5].
Tyrosine kinase inhibitors (TKIs) have already
been approved for the treatment of various cancers.
Although TKI has an acceptable safety profile, grade 3
alanine aminotransferase (ALT) elevation and serious
liver injury with hyperbilirubinemia were observed in
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1.6% and 0.2% of patients, respectively [6]. Previous
studies have already demonstrated that HLA
allele-DRB1*07:01 was a risk factor for lapatinib-
induced liver injury. However, although the impact of
the HLA allele-DRB1*07:01 was strong and accounted
for greater than 80% of lapatinib-induced liver
injuries, only 10% of carriers have reported liver
injury after receiving lapatinib for one year [7-9].
Those authors stated that this could be accounted for
by HLA antigen presentation to CD4* T cells and
activation of an inflammatory immune response,
which could cause hepatocyte damage.

Several studies have investigated the role of
HLA polymorphisms (HLA-DQA1*02:01, HLA-
DQB1*02:02, and HLA-DRB1*07:01) and the risk of
TKI-induced liver injury [7,9-11]. Therefore, we
conducted this meta-analysis to summarize available
studies to determine associations between HLA
polymorphisms and the risk of TKI-induced liver
injury in patients with various cancers.

Methods

Data Sources, Search Strategy, and Selection
Criteria

This review was conducted and reported
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Statement
issued in 2009 [12]. Any study that investigated the
relationship between HLA polymorphisms and
TKI-induced liver injury in patients with various
cancers was eligible for inclusion, and no restrictions
were placed on language or publication status (i.e.,
published, in press, or in progress). We systematically
searched PubMed, PMC, EmBase, and the Cochrane
library databases for studies published prior to
November 2018 and wused (“human leukocyte
antigen” or “human leukocyte antigens” or “HLA”)
AND (“afatinib” OR “alectinib” OR “axitinib” OR
“bosutinib” OR “brigatinib” OR “cabozantinib” OR
“ceritinib” OR “cobimetinib” OR “crizotinib” OR
“dabrafenib” OR “dasatinib” OR “erlotinib” OR
“everolimus” OR “gefitinib” OR “ibrutinib” OR
“imatinib” OR “lapatinib” OR “lenvatinib” OR
“neratinib” OR “nilotinib” OR “nintendanib” OR
“osimertinib” OR “palbociclib” OR “pazopanib” OR
“ponatinib” OR “regorafenib” OR “ribociclib” OR
“ruxolitinib” OR “sirolimus” OR “sorafenib” OR
“sunitinib” OR “temsirolimus” OR “tofacitinib” OR
“trametinib” OR “vandetanib” OR “vemurafenib” OR
“tyrosine kinase inhibitor” OR “TKI”) AND (“adverse
drug reaction” OR “adverse event” OR “ADR”) as the
search terms. Details of the search strategy used for
PubMed are presented in Table S1. Reference lists of
published studies and reviews were screened for

additional references. The study topic, study design,
exposure, disease status, intervention, and outcome
variables of these studies were used to identify any
potential included studies.

The literature search and study selection were
carried out by two authors who independently used a
standardized approach; any inconsistencies between
these two authors were settled by group discussion
until a consensus was reached. A study was eligible
for inclusion if the following criteria were met: (1) the
study had an observational design (cross-sectional,
cohort, and case controlled study); (2) all patients
received TKI therapies; (3) the study included patients
with various cancers; (4) all studies reported HLA
polymorphisms as exposure; and (5) all studies had to
have reported the effect estimate of TKI-induced liver
injury. Exclusion criteria are listed below: (1)
duplicated studies; (2) reviews, case report,
communication, and comments; (3) studies reported
no desirable data; and (4) studies included duplicate
populations.

Data Collection and Quality Assessment

Data extraction was conducted using a
standardized data extraction sheet by two authors;
any inconsistencies were examined and adjudicated
independently by an additional author who referred
to the original studies. Data collected included the
first author’s name, publication year, sample size,
mean age, number of men and women, number of
Caucasians and Asians, cancer sites, intervention, and
reported outcomes. The Newcastle-Ottawa Scale was
employed to assess methodological quality, which is
comprehensive and has been partially validated for
evaluating the quality of observational studies [13].
This method consisted of selection (4 items),
comparability (1 item), and outcomes (3 items).

Statistical Analysis

We examined the relationship between HLA
polymorphisms and risk of TKI-induced liver injury
based on the effect estimate and 95% CI published in
each study. The summary odds ratios were calculated
to investigate the impact of HLA polymorphisms on
the risk of TKI-induced liver injury in various cancers
using random-effects models [14,15]. Heterogeneity
among included studies was evaluated using the Q
statistic; P-values < 0.10 were considered to indicate
significant heterogeneity [16,17]. Sensitivity analysis
was conducted by removing each individual study
from the overall analysis [18]. Subgroup analysis was
not conducted because a small number of studies
were included. Funnel plots, Egger tests, and Begg
tests were calculated to evaluate publication biases
[19,20]. If significant publication bias was observed,
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the trim and fill method was used to calculate the
adjusted outcomes [21]. All reported P-values were
two-sided, and those P-values that were less than 0.05
were considered to be statistically significant.
Statistical analyses were performed using STATA
software (version 12.0; Stata Corporation, College
Station, TX, USA).

Results

Literature Search

The results of the study selection process are
shown in Figure 1. Our initial search identified 1489
publications that reported an association of HLA
alleles and adverse reactions to TKI agents. After
screening the titles, 224 duplicate studies were
excluded. A further 1244 publications were excluded
after scanning the abstracts and a further 17
publications were excluded after reviewing the full
study reports. Ultimately, 4 studies were included in
our final meta-analysis [7,9-11]. The eligible studies

included discovery and confirmatory analysis using a
dataset from previous trials. A manual search of the
reference lists of these studies did not yield any new
eligible studies. General characteristics of the
included studies are presented in Table 1.

Study Characteristics

The 4 studies included a total of 12,181 patients
with various cancers. All of the included studies were
published between 2011 and 2017, and 502-8381
individuals were included in each study. Three
studies included patients with breast cancer [7,9,11],
and the other study included patients with various
cancers [10]. Furthermore, three studies included
patients who received lapatinib [7,9,11], and one
study included patients who received pazopanib [10].
Two of the included studies had a score of 8 [9,11],
while the remaining two studies had a score of 7
[7,10].

Table 1. Baseline characteristic of studies included in the systematic review and meta-analysis

First author Publication year Sample size Mean age Men/Women Caucasian/ Asian Cancer sites  Intervention NOS
(years) score
Xu [10] 2015 2190 58 916/2174 1655/439 Various Pazopanib 7
Spraggs [11] 2017 8381 NA 0/8381 NA Breast cancer Lapatinib 8
Spraggs [7] 2011 502 56.8 0/512 366/118 Breast cancer Lapatinib 7
Schaid [9] 2014 1108 51.7 0/1108 782/288 Breast cancer Lapatinib 8

Records identified through database
searching: PubMed; PMC; EmBase; and
Cochrane Library (n=1489)

v

Duplicates removed (n=224)

Record screened (n=1265)

Articles excluded (n=1244)
Reviews, case report (n=587)
Irrelevant (n=657)

Full text articles assessed (n=21)

Articles excluded (n=17)
Affiliate trials (n=1)

No desirable outcomes (n=8)
Review (n=8)

4 studies included

Figure 1. Flow diagram of the literature search and trial selection process.
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Figure 2. The relationship between HLA-DQAI1*02:01 and TKI-induced liver injury.
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HLA-DQAI1%02:01

The association between HLA-DQA1*02:01 and
TKI-induced liver injury was studied in a total of 3
cohorts in 2 studies [7,9]. The study conducted by
Spraggs et al indicated significant increased risk of
TKI-induced liver injury in patient’s carrier
HLA-DQA1*02:01 in exploratory study (OR: 2.60) and
confirmatory study (OR: 9.00) [7]. Further, Schaid et al
indicated HLA-DQA1*02:01 carriage as a predictor of
lapatinib-induced liver injury as compared with
HLA-DQA1*02:01 noncarrier (OR: 14.08) [9]. The
summary OR showed that HLA-DQA1*02:01 was
associated with an increased risk of TKI-induced liver
injury (OR: 6.85; 95%CI: 2.34-20.02; P<0.001; Figure 2),
but potential evidence of significant heterogeneity
was observed (P = 0.013). As a result, a sensitivity
analysis was conducted and after each study was
sequentially excluded, the conclusion was not affected
(Figure S1). Finally, no significant publication bias
was detected across the included studies (P-value for
Egger: 0.937; P-value for Begg: 1.000; Figure 3).

HLA-DQB1%02:02

The potential association between
HLA-DQB1*02:02 and TKI-induced liver injury was
investigated in a total of 3 cohorts in 2 studies [7,9].
Both significant differences were observed for
exploratory study (OR: 2.90) and confirmatory study
(OR: 6.90) in the study conducted by Spraggs et al [7].
Moreover, Schaid et al indicated the risk of
lapatinib-induced liver injury was significantly
increased in patient’s carrier HLA-DQB1*02:02 (OR:
8.64) [9]. We noted that HLA-DQB1*02:02 was
associated with an increased risk of TKI-induced liver
injury (OR: 5.61; 95%Cl: 2.80-11.25; P<0.001; Figure 4),
and moderate heterogeneity was observed (P=0.122).
After the sequential exclusion of each study from all
of the pooled analyses, the conclusion was unaffected

(Figure S2). No significant publication bias was
detected across the included studies (P-value for
Egger: 0.838; P-value for Begg: 1.000; Figure 3).

HLA-DRB1*07:01

The association between HLA-DRB1*07:01 and
TKI-induced liver injury was investigated in a total of
9 cohorts in 4 studies [7,9-11]. All of included cohorts
reported  significantly = associations  between
HLA-DRB1*07:01 and TKI-induced liver injury except
the confirmatory study conducted by Xu et al [10].
HLA-DRB1*07:01 was associated with an increased
risk of TKI-induced liver injury (OR: 4.06; 95%ClL:
2.33-7.09; P<0.001; Figure 5). Heterogeneity was
observed in the magnitude of the effect across trials
(P<0.001); however, the conclusion was not affected
after the sequential exclusion of each study from the
pooled analyses (Figure S3). Although the Begg test
(P=0.466; Figure 3) showed no significant publication
bias, significant publication bias was detected using
the Egger test (P=0.002; Figure 3). These conclusions
were not changed after adjusting for publication bias
using the trim and fill method (Figure 6) [21].

Discussion

This is first meta-analysis to evaluate the
potential role of HLA polymorphisms and risk of
TKI-induced liver injury. This meta-analysis was
based on observational studies and investigated any
potential relationship between HLA polymorphisms
and the risk of TKl-induced liver injury. This
comprehensive quantitative study included 12,181
patients with various cancers from 4 individual
studies with broad range patient characteristics. The
findings from this meta-analysis suggest that each of
the three genotypes in HLA polymorphisms were
correlated with an increased risk of TKI-induced liver
injury. None of the results changed upon excluding
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each individual study. This finding could help
determine the specific safety profile of each drug
based on its predicted treatment effects derived from
host genomic data.

Spraggs et al found that breast cancer patients
who were homozygous carriers of HLA-DRB1*07:01
were associated with an increased risk and severity of
lapatinib-induced aminotransferase elevation
compared with subjects who were heterozygous
carriers of HLA-DRB1*07:01 [11]. The reasons for this
association were that perturbation of HLA-mediated
presentation of antigens by lapatinib could have
caused immune-mediated hepatocyte injury [22,23].
Furthermore, HLA-DRB1*07:01 protein could link

CD4* T-cell activity to the initiation of hepatic cell
damage. In addition, Spraggs et al indicated that
lapatinib could induce adaptive immune responses,
and metabolites of lapatinib could bind covalently to
proteins to form haptens, which could result in T-cell
driven immune activation and inflammatory tissue
damage [7,24,25]. Finally, in breast cancer patients,
Schaid et al concluded that HLA-DRB1*07:01 could
regarded as a predictor of the risk of
lapatinib-induced liver injury, suggesting an immune
pathology [9]. They point out that HLA-DRB1*07:01
or DQA1*02:01 protein isoforms could present
antigens to CD4* T-cell that were associated with an
immune-mediated attack on hepatocytes [6].
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Other HLA polymorphisms associated with
TKI-induced liver injury have been reported. Those
HLA polymorphisms were not included in our
meta-analysis because only one study reported such
relationships. For example, Xu et al included
discovery and confirmatory analysis to show the
impact of four-digit HLA alleles on alanine
aminotransferase elevation in pazopanib-treated
patients with various cancers. They found that
HLA-B*57:01 conferred a greater risk of alanine
aminotransferase elevation in patients who received
pazopanib than in non-carriers [10]. They suggest that
HLA-B*57:01 carriers should be excluded as recipients
of pazopanib.

This meta-analysis has some limitations. First, a
relatively small number of studies were included, and
stratified analysis was not conducted. Second, the
study included patients who received various drugs
and had cancer at different sites. Third, publication
bias was observed as this meta-analysis was based on
published studies. Fourth, although three of the
included studies reported the number of Caucasians
and Asians, the impact of HLA polymorphisms on
TKI-induced liver injury according to ethnicity was
not assessed in all of the included studies. Finally,
details of the stratified analyses were not evaluated
because pooled data were used.

In conclusion, the results of this meta-analysis
validated that the HLA alleles HLA-DQA1*02:01,
HLA-DQB1*02:02, and HLA-DRB1*07:01 significantly
contribute to the risk of TKI-induced liver injury. This
result could support the clinical treatment of patients
with TKI-induced liver injury. Future studies should
be conducted to validate the predicted value of HLA
polymorphisms on liver injury.
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