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Abstract: The incidence and prevalence of drug-induced liver injury appear to be increasing globally,
for example, with the introduction of checkpoint inhibitors. Several reviews have been published in
the last decade on the epidemiology of DILI, both among hospitalized patients and in the general
population, as well as from retrospective and prospective studies on DILI. Most of these reviews have
not focused on newly recognized agents that have recently changed the landscape of DILI. Apart
from liver injury associated with antibiotics, oncological agents, particularly checkpoint inhibitors,
are increasingly being recognized as causing liver injury. The type of liver injury associated with
these agents is not idiosyncratic but rather an indirect type of injury. Furthermore, recently, COVID-19
vaccines and green tea extract have been found to lead to liver injury. Checkpoint inhibitors have
revolutionized the treatment of many malignancies, such as malignant melanoma, lung cancer, and
renal cancer. Via the activation of T cells, they can increase immune activity against malignant cells,
but at the same time, they can decrease immune tolerance and therefore lead to immune-related
adverse effects in many organs. The most common adverse effect in clinical practice is liver injury.
A recent prospective study demonstrated an 8% frequency of DILI due to the use of checkpoint
inhibitors among patients with malignant melanoma and renal cancer. This rate is much higher than
observed with drugs, leading to idiosyncratic liver injury. Shortly after the implementation of the
worldwide vaccination program against COVID-19, several case reports were published on suspected
vaccination-induced autoimmune-like hepatitis occurring shortly after the vaccination. At first, these
reports were met with skepticism, but currently, around 100 reports have been published, and cases
of positive recurrence have been reported. The clinical, biochemical, immunological, and histological
features are indistinguishable from classic autoimmune hepatitis (AIH). These reactions are very
similar to drug-induced autoimmune-like hepatitis (DI-ALH) due to drugs such as nitrofurantoin,
minocycline, and infliximab, which do not relapse after a short course of corticosteroids, which is
the general rule in classic autoimmune hepatitis (AIH). Green tea extract has been found to be a
well-documented cause of acute hepatocellular liver injury with jaundice. A strong HLA association
has been reported, showing a high prevalence of HLA-B*35:01 among patients suffering from green
tea-induced liver injury. Overall, 3% of patients recruited in the DILIN study were supplemented
with green tea extract as one of the ingredients. In a prospective population-based study from Iceland,
green tea was implicated in approximately 8% of patients with DILI.

Keywords: drug-induced liver injury; checkpoint inhibitors; COVID vaccination; AIH; DI-ALH;
green tea extract

1. Introduction

Drug-induced liver injury (DILI) is a potential adverse effect of many drugs, and
idiosyncratic DILI is a major health concern [1]. DILI has attracted increasing interest
among researchers in recent years, particularly with the introduction of new oncological
agents, such as checkpoint inhibitors [2]. DILI is also a major concern for regulatory
authorities that should ensure the safety of drugs to protect users and the pharmaceutical
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industry. DILI is one of the most common reasons for the termination of drug development
of otherwise promising therapeutic agents in pre-clinical studies. DILI has become one
of the major reasons for the withdrawal of drugs shortly after being put on the market.
Furthermore, DILI is the most common cause of acute liver failure in many parts of the
world. Thus, the overall burden of drug-induced liver injury seems to be increasing
worldwide [1,2].

Apart from liver injury associated with antibiotics, which are among the most com-
monly used drugs in the world, oncological agents, particularly checkpoint inhibitors, are
increasingly recognized as causes of liver injury. In a recently published paper from a
reference hospital in Barcelona, anticancer drugs were the most common cause of DILI [1].
In the prospective European DILI network, recruiting patients from 2016 to 2021, the most
common single causative drug classes were antibacterials (40%), followed by antineoplastic
and/or immunomodulating agents (27%) [2]. In recent years, several papers have been
published on the epidemiology of DILI [3–6]. The first studies on the epidemiology of
DILI were retrospective studies that originated from the General Practitioners Database
in the UK [7–9]. Only a few prospective studies on the incidence of DILI in the general
population have been undertaken, such as those in France [10], Iceland [11], the US [12],
and China [13] (Table 1). The first population-based study on DILI was undertaken in
France during the years 1997–2000, reporting an annual crude incidence of 13.9 cases
per 100,000 inhabitants per year [10]. If spontaneous reporting to the French Regulatory
authorities was taken into consideration, DILI was at least 16 times more frequent than
those obtained by spontaneous reporting [10]. Thus, if the results were extrapolated to the
whole general population in France, more than 8000 cases could occur in France per year,
leading to approximately 500 deaths [10]. The second population-based study performed
was also a nationwide study that included the total population of Iceland and found an
incidence of 19 cases per 100,000 inhabitants annually [11]. A much lower incidence of
DILI was found in the first population-based study in the USA, with only 2.7 cases per
100,000 adults [12], than in previously mentioned studies from Europe [10,11]. The latest
population-based study originated from Mainland China, reporting an estimated annual
incidence in the general population of 23.8 per 100,000 persons [13]. The methodology of
this study has been criticized [14]. The main criticism was based on the fact that there were
no entrance criteria for diagnosis, especially not based on liver tests, the identity of drugs
was not known in 44% of patients, and the study included predominantly hospitalized
patients, which generally translates to cases of severe disease; thus, it is difficult to explain
the low mortality of 0.39% [14]. Many studies have analyzed the proportion of patients
with DILI among both hospitalized patients and outpatients [15–22]. Some retrospective
studies have tried to assess the incidence of DILI. Crude incidence rates of DILI in the UK
were reported to be 2.4 per 100,000 per year [17]. Remarkably, similar incidence rates of
2.3 per 100,000 were demonstrated among outpatients in a hepatology clinic in Sweden [21].
The incidence rates obtained in retrospective surveys are probably an underestimation of
the true incidence due to the underreporting of adverse reactions, difficulties in finding
these cases in medical record registries due to the lack of uniform diagnoses, and difficulties
performing causality assessments in retrospective studies. Therefore, incidence figures
obtained in prospective studies are probably more reliable as cases of DILI can be carefully
searched for. In a study of DILI focused on an outpatient hepatology clinic in Sweden for
the first time across a 10-year period, a DILI diagnosis was made in 6% of all cases, 3% were
undergoing follow-up after hospitalization, and the other 3% of patients were referred liver
test evaluations [21].
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Table 1. The table shows prospective studies performed on DILI, showing the study period, crude
incidence rate per 100,000 inhabitants annually, gender proportions, most common drug type, and
mortality. Ref = reference.

Sgro et al., 2002 Ref.
[10] n = 34

Bjornsson et al., 2013
Ref. [11]

n = 96

Vega et al., 2017
Ref. [12]

n = 23

Shen et al., 2019 Ref.
[13]

n = 25,927

Country France Iceland USA China

Study period 1997–2000 2010–2011 2014 2012–2014

Incidence 13.9 per 100,000 19.1 per 100,000 2.7 per 100,000 23.8 per 100,000

Females (%) 65% 54% 57% 49%

Most common drug type Antibiotics Antibiotics Antibiotics HDS

Mortality 2/34 (5.9%) 1/96 (1%) 0% 0.39%

Recently, interest in hepatotoxicity related to the use of oncological drugs has increased
considerably, and recommendations on the management of these patients are constantly
changing as data on different phenotypes are emerging. A number of other agents have
been reported in case reports to be associated with DILI, but the most commonly well-
recognized implicated agents are checkpoint inhibitors.

Other agents that have recently been reported to lead to DILI and that have gained
much interest recently are COVID-19 vaccines and herbal and dietary supplements (HDSs)
that have green tea extract as one of the ingredients.

The aim of this review is to provide an update on the epidemiology and frequency
of these relatively newly recognized agents, checkpoint inhibitors, COVID-19 vaccines,
and HDSs that contain green tea extracts. Thus, DILI has been reported in relation to
conventional drugs and HDSs.

2. Liver Injury Due to Checkpoint Inhibitors

The use of checkpoint inhibitors (CPIs) has revolutionized the treatment of many solid
malignancies and has been shown to improve the prognosis of patients with advanced tu-
mors, such as malignant melanoma and lung and renal cancer. Various types of checkpoint
inhibitors have been developed, which are defined by the main targets of the CPIs, such as
cytotoxic T lymphocyte-associated antigen-4 (CTLA4), programmed cell death-ligand-1
(PDL1), and programmed cell death protein-1 (PD1) [23]. Thus, via the activation of T cells,
they can increase the immune activity against malignant cells. However, they can decrease
immune tolerance, leading to adverse immune-related effects in many organs.

Liver injury associated with CPIs is a specific type of immune-mediated DILI and the
so-called indirect type of DILI based on the immune-directed actions of the agents [24].
The cause of liver injury by agents leading to so-called indirect liver injury has more to do
with what they do rather than what they are [24]. Indirect injury was recently identified
as a separate entity from dose-dependent direct toxicity, such as that associated with an
overdose of acetaminophen or idiosyncratic DILI [24]. A classic example is the induction of
immune-mediated hepatitis due to TNF-alpha inhibitors or checkpoint inhibitors.

Studying the epidemiology of the hepatotoxicity associated with CPIs has been ham-
pered by the definitions of liver injury, limited data on competing etiologies in clinical trials,
cohorts originating from tertiary referral centers, and the differences between patients
treated with monotherapy and combination therapies.

In clinical trials, ALT elevations have been reported in 3–15% of cases, with some
being transient and others with 5–20 × ULN up to 3% [25–28]. Retrospective studies in
tertiary referral centers have demonstrated that 2%-8% of patients had grade 3–4 ALT
elevations [28–31].

However, data from clinical trials and retrospective studies could be an underestima-
tion as real-life prospective studies have provided higher frequencies (see below). In a
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large cancer center in Texas, among 5762 patients treated with CPIs, 100 (2%) developed
hepatotoxicity, occurring in a higher proportion of recipients of combination therapy (9.2%)
when compared to monotherapy (up to 1.7%) [29]. Apart from liver injury associated
with the use of CPIs, other immune-related adverse effects are common in these patients
that can induce symptoms from many organs, such as colitis, pneumonitis, dermatitis,
and hypophysitis. Hepatitis is the most common adverse effect encountered in clinical
practice [29].

Patients receiving combination regimens have constantly been found to have a greater
risk than those treated with monotherapy [29–34]. Previous studies have also shown that
melanoma patients have a greater risk of hepatotoxicity as they often receive combination
therapy in their treatment regimens. Several studies have found that CTLA-4 inhibitors
have a higher risk of liver injury than anti-PD1 agents [29–34]. However, in a recent
systematic review and network meta-analysis focused on monotherapy with CPIs, the
overall risk of immune-mediated hepatotoxicity related to CTLA-4 inhibitors did not differ
significantly from that of PD-1 inhibitors [34]. The overall incidence of hepatotoxicity was
4.1% [34]. The highest incidence of hepatotoxicity was observed with triple therapy, and
the overall incidence of hepatotoxicity was similar between different dual regimens [34].
Interestingly, no direct relationship was found between the risk of liver injury and drug
dose, whether monotherapy or combination therapy was used [34]. In another systematic
review, a combination of CPIs was associated with a 5% rate of grade 3–4 [35], which was
similar to the overall risk of 4.1% reported in a more recent review. However, retrospective
real-life studies have demonstrated higher frequencies of hepatotoxicity. Among melanoma
patients in the Netherlands treated with CPIs, severe hepatitis occurred in 20.7% associated
with combination therapy of different CPIs, 2.6% for ipilimumab monotherapy, and 1.8% for
PD-1 inhibitor [32]. In another study on melanoma patients from Canada, approximately
half developed > grade 3 hepatotoxicity at a median of 34 days after the first dose [33].
Thus, real-life cohort studies have found higher frequencies of hepatotoxicity than what
has been observed in clinical trials. However, causality assessments relating to DILI can be
challenging in clinical practice in these patients, as has been demonstrated in recent studies
undertaken by experts in DILI [36,37]. Patients treated with CPIs who have advanced
malignancy can have both liver and bone metastases and often receive multiple drugs, and
a thorough medical assessment is important to rule out competing etiologies.

A study from Michigan focused on patients receiving pembrolizumab for the treatment
of solid organ tumors. In that study, only 20 (29%) liver injury cases were adjudicated as
probable drug-induced DILI [36]. These patients were significantly more likely to have
a hepatocellular/mixed injury pattern (65% vs. 12%) and be treated with corticosteroids
(55% vs. 12%) and have lower mortality (45% vs. 76%) during follow-up [36].

In a landmark prospective study, all patients with melanoma and renal cancer treated
with CPIs in a tertiary referral center at Nottingham University Hospital in the UK, as
well as two other tertiary centers in Cambridge and Leeds from the same period, were
included [37]. The patients underwent thorough medical evaluations, and causality assess-
ments were performed with RUCAM [38], followed by an adjudication process carried out
by experts in DILI. Hepatoxicity occurred in 38/432 (8.8%) of cases after the exclusion of
9/47 (19%) of patients with acute liver injury. The most commonly excluded patients were
those who presented with cholestatic liver injury. The highest risk of liver injury was found
in melanoma patients receiving a combination therapy of ipilimumab and nivolumab,
followed by nivolumab, in approximately 28% [37]. In a study from Nottingham, the
incidence rate was calculated using the number of patients and their time at risk and found
an overall incidence of hepatotoxicity due to CPIs of 11.5 cases per 1000 person-months,
and the highest incidence rate was observed among melanoma patients treated with combi-
nation therapy, in 38 per 1000 person-months [37]. The results of this prospective study
demonstrated that despite the strict predetermined criteria, the frequency of DILI was
higher than that reported in clinical trials [34,35]. The overall incidence rate of approxi-
mately 9% of DILI in this real-life study, which included a thorough causality assessment,
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is much higher than even the rates of the most frequent drugs that lead to idiosyncratic
DILI. A prospective population-based study from Iceland, which took place prior to the
marketing of CPIs, demonstrated that the highest risk of DILI was associated with users
of azathioprine, occurring in 1 out of 133 users (0.8%) [12]. The second-highest risk was
associated with infliximab, which is also a type of indirect liver injury, which was found in
1 out of 148 users (0.7%) [11]. Thus, it seems that the highest risk of hepatotoxicity reported
so far is with the use of checkpoint inhibitors. The common use of CPIs has resulted in a high
prevalence of DILI due to the use of these agents in recent DILI cohort studies [1,2,39]. After
antibiotics, antineoplastic/immunomodulating agents were the second-most commonly
implicated agents in the Pro-Euro-DILI (Prospective European DILI) study, being found
in 27% of all DILI cases [2]. Remarkably, similar figures were reported from a prospective
DILI registry in Australia, established in 2016, where antineoplastic/immunomodulating
agents were the second-highest drug class after antibacterial drugs in terms of leading to
DILI, as found in 22% of cases [39]. The aforementioned DILI registry studies from Europe
and Australia started recruiting patients in 2016, which was before the widespread use of
CPIs and, it was found that, in recent years, reports of liver injury seem to be increasing.
In a recent study from Barcelona focused on referrals with suspicion of DILI from 2018
to 2023, the most common drug class leading to DILI were antineoplastic drugs in 20/76
(26%), most commonly nivolumab [1]. Apart from referrals to the hepatology unit, during
the study period, an additional 126 patients with DILI due to CPIs who were not referred
to a hepatologist were identified [1].

3. Liver Injury Due to COVID-19 Vaccines

Shortly after the implementation of the worldwide vaccination program against
COVID-19, a case report by Bril et al. on suspected vaccination-induced autoimmune-like
hepatitis was published [40]. These authors described a 35-year-old woman who developed
jaundice one week after her first dose of the Pfizer-BioNTech vaccine. She was found to
have experienced a hepatocellular reaction, with positive autoantibodies and a liver biopsy
compatible with AIH. The authors raised concerns relating to vaccine-induced autoim-
munity but were careful in their interpretation and suggested that the association could
be coincidental [40]. However, during 2021 and 2022, at least 19 additional case reports
or case series were published on this association [41–62]. Most of the patients reported
have been isolated case reports; however, one series that included 16 patients has also
been published [55]. Moreover, a study of this association from 18 countries, consisting
mostly of previously published case reports, has been published [60], and a description
of the histological and serological features of these patients has been analyzed [61]. The
clinical features of the cases that developed autoimmune-like hepatitis shortly after the first
report [42–61] were remarkably similar. Patients had a hepatocellular-type liver injury with
classical biochemical features and histological and clinical features of genuine or classic
autoimmune hepatitis. The vast majority of patients were treated with corticosteroids with
a prompt response and the rapid resolution of their liver injury. As around 100 cases have
been described, there does not seem to be any doubt that there is a causal relationship
between vaccination and autoimmune-like hepatitis. In early reports, the authors them-
selves were hesitant to describe a causal relationship, and some have doubted causality
due to the fact that liver test results have rarely been available prior to the administra-
tion of the vaccination [62]. However, a positive rechallenge has been reported [48]. Efe
et al. described a liver injury occurring after the first dose of COVID-19 vaccine, with
improvement of liver injury but a rapid increase in liver test values after the second dose
was administered [60]. Thus, it seems clear that vaccination against COVID-19 can lead to
“drug-induced autoimmune like hepatitis (DI-ALH). A report from a recent workshop on
DI-ALH has been published in the Journal of Hepatology [63]. DI-ALH was defined as a
liver injury with laboratory and/or histological features that are indistinguishable from
autoimmune hepatitis (AIH). In the review, it was stated that more than 40 different drugs
have been shown to have well-documented potential to cause DIöALH [63]. Drugs such as
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nitrofurantoin, hydralazine, methyldopa, minocycline, infliximab, and herbal and dietary
supplements (such as Khat and Tinospora cordifolia) have been implicated in leading
to DI-ALH. Unfortunately, specific markers of the disease that can distinguish between
DI-ALH and genuine AIH are lacking. A management algorithm for patients with liver
injury and an autoimmune phenotype was proposed in a review [63].

The conclusion of a workshop of international experts was that it is of great impor-
tance to differentiate DI-ALH from AIH, as patients with DI-ALH rarely require long-term
immunosuppression, whereas patients with AIH mostly require long-term immunosup-
pression [63–65]. COVID-19-vaccination-induced autoimmune-like hepatitis is a type of
DI-ALH. In around 100 reports, no AIH relapse has been reported [40–62]. This is similar
to infliximab-induced AIH-like hepatitis [64] and other drugs with a well-documented
capacity to induce autoimmune-like hepatitis [65]. A recent study on DI-ALH due to
COVID-19 vaccination illustrated lobular hepatitis that was indistinguishable from the
histological features of AIH and had similar serological features of autoimmunity [61].
In this study, there was no control group with AIH, but other studies have shown very
similar biochemical, immunological, and histological features in patients with DI-ALH and
AIH [64–66].

In a recent paper, it was correctly pointed out that no population-based studies have
been undertaken on the risk and characteristics of liver injury following vaccination against
COVID-19 [67]. The authors used a large database in Indiana and found unexplained
liver test abnormalities in 0.038% of individuals following SARS-CoV-19 vaccination [67].
However, a major limitation of the study acknowledged by the authors is that manual
chart review was not undertaken to adjudicate liver injury in order to determine the causal
relationship between vaccine and liver injury. As has been pointed out, database studies
cannot identify DILI without a causality assessment [68].

In conclusion, the COVID-19-vaccination-induced autoimmune hepatitis-like pheno-
type has been well documented in around 100 patients, and there seems no doubt that there
is a causal relationship, as seen with other drugs, which leads to DI-ALH. AIH-like hepatitis
has also been reported after other vaccinations [69,70]. As with other drugs that lead to
DI-ALH, this type of liver injury is important to recognize due to the fact that long-term
immunosuppression is not required in contrast to patients with genuine or classic AIH that
is not related to the use of drugs.

4. Liver Injury from Green Tea Extract

Herbal and dietary supplements (HDSs) are popular in many countries, with one
study showing that 30–40% of the adult US population regularly used HDSs [71]. Thus, in
clinical practice, it is of great importance to ask if patients are taking HDSs as a part of their
medical history.

Green tea derived from the leaves of the Camellia sinensis plants has been considered
to have beneficial effects on health and has been marketed to increase energy levels and
general well-being but mostly for weight loss, although data to support the beneficial
effects are largely lacking.

Liver reactions have been well documented for several HDSs. In DILI studies from
Asia and India, liver injury associated with HDSs is very common [18,19,22]. Thus, HDSs
are well recognized causes of liver injury. In many cases, causality assessments can be
difficult in patients with liver injury after the intake of HDSs due to the lack of information
on the potential hepatotoxicity of the sometimes multiple ingredients. Liver injury due to
HDSs has been increasingly recognized in Europe and North America in recent decades.

In the Spanish Hepatotoxicity Liver Injury registry, the proportion of cases attributed
to HDSs was only 2% in 2006 [72] but increased to 13% for the period 2010–2013 [73].
Similarly, in a prospective DILIN study, HDSs accounted for 16% of those diagnosed with
liver injury related to both conventional drugs and HDSs [74]. This increased from 7%
during 2004–2005 to 19% in 2010–2012 and they are now thought to be involved in around
20% of cases [75].
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The incidence of HDS-associated liver injury in a prospective population-based study
from Iceland was found to be involved in 15/96 (16%) of cases, which were found to be
attributed to the use of HDSs [12]. The overall crude incidence was 19 per 100,000, and
the year and incidence of HDS-related acute liver injury was 3 per 100,000 persons [12]. In
Table 2, the proportion of HDS among patients with DILI is illustrated as well as those with
HDS with green tea extract included.

Table 2. The table shows the most frequently implicated drugs and the proportion of herbal dietary
supplements (HDSs) in large prospective DILI registries. The proportion with HDS-related injury
due to green tea extract in HDS-implicated liver injury. Ref = reference; AAS = anabolic steroids.

Bjornsson et al.,
2013

Ref. [11]
n = 96

Chalasani et al.,
2015

Ref. [76]
n = 899

Stephens et al.,
2017

Ref. [77]
n = 843

Devarbhavi et al.,
2017

Ref. [78]
n = 1288

Bjornsson et al.,
2023

Ref. [2]
n = 246

Country Iceland USA Spain India Europe

Study period 2010–2011 2004–2013 1994–2018 2013–2018 2016–2021

Most common drug Amoxicillin–
clavulanate

Amoxicillin–
clavulanate

Amoxicillin–
clavulanate Anti-TBC drugs Amoxicillin–

clavulanate

HDS and AAS 16% 16% 6% 14% 6%

Green tea extract (%) 8/96 (8.3%) 40/1440 (4%) - - -

Liver injury associated with the use of green tea extract has been increasingly reported
in the medical literature [79–84].

In the original case reports of suspected liver injury due to green tea extract, the
biochemical phenotype was remarkably similar to severe acute hepatocellular reactions,
often with prolonged jaundice [80–83]. Although these original reports were sometimes
met with skepticism, cases with positive rechallenge were reported [79,80], supporting the
role of green tea extract in causing liver injury.

In a landmark paper from the DILIN study, 40/1414 (3%) of the patients enrolled were
attributed to the use of HDSs with green tea as one of the components [85]. As in previous
reports, the liver injury was hepatocellular in 95%, and 83% of patients presented with
jaundice [76]. Latency from the intake of green tea extract occurred within 1 to 3 months of
starting to use the product. In most of the cases, the liver injury was self-limiting. However,
the course was judged as severe in 14 patients (35%), necessitating liver transplantation
in three (8%) [85]. In three cases, a positive rechallenge was reported. Interestingly, HLA
typing revealed a high prevalence of HLA-B*35:01, which was found in 72% of green tea
cases compared to only 15% caused by other supplements, which was similar to the 11%
rate seen in the population controls [85].

As with other HDSs that lead to liver injury, the risk associated with their use in terms
of hepatotoxicity is unclear. In contrast to information on the use of conventional drugs
that can be made available by authorities, at least in some countries [11], data relating
to the sale and use of HDSs are usually unavailable. Thus, the frequency of green tea-
induced liver injury is unclear in the general population. As mentioned above, 3% of
cases with well-documented liver injury were found in the DILIN study to be related to
the use of supplements that contain green tea extract. However, the DILIN study is not
population-based. As mentioned above, in a population-based study from Iceland, 16%
(n = 15) of cases were attributed to the use of HDSs [11]. Among HDSs, 8/15 (53%) of cases
with HDS-associated liver injury used HDSs that included green tea extract, including
the following HDSs: Mega men heart®, Metasys®, serious mass®, and different Herbalife
products (n = 5) [12]. Thus, compared with the 3% rate found in the DILIN study, overall,
eight out of ninety-six (8.3%) had green tea-induced liver injury in an Icelandic study [12].
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In a Latin America DILI study, among forty cases with liver injury due to HDS, eight (18%)
were associated with supplements that included green tea extract [20].

To conclude, liver injury associated with the use of checkpoint inhibitors, COVID-19
vaccines, and green tea extract has been well established. DILI associated with checkpoint
inhibitors seems to be more frequent in real-life studies than idiosyncratic liver injury.
COVID-19 vaccines can induce drug-induced autoimmune hepatitis-like hepatitis, which
responds well to corticosteroids, and patients have not been reported to experience a relapse
of liver injury after initial recovery. Green tea extract has a distinct clinical, biochemical,
and histological phenotype with hepatocellular injury with a strong HLA risk factor.
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