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Abstract: Hepatotoxicity of chemotherapeutic agents such as methotrexate, oxaliplatin, and irinotecan have
been well documented and characterized allowing for careful management by oncologists during administration.
However, the rapid advance of the field of oncology and introduction of new classes of therapies such as small mol-
ecule inhibitors and immunotherapies have introduced new hepatotoxicity challenges and management strategies.
This work is a compilation of the hepatotoxicity and recommended management of various chemotherapies and
targeted agents, with a focus on the newer classes of targeted anticancer agents.
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Introduction

While newly developed anticancer therapies
have resulted in advances in outcomes and
patient survival, these improvements have
been accompanied by a host of side effects
such as neurotoxicity, nephrotoxicity, and car-
diotoxicity [1-3]. In addition to these side
effects, hepatotoxicity has also been identified
as a limiting factor in the use and administra-
tion of anticancer therapies. As new, targeted
cancer therapies continue to be developed,
oncologists and hepatologists must work clo-
sely to monitor patients for hepatotoxicity and
intervene to avoid permanent liver damage [4].

The liver plays a key role in the metabolism of
a variety of drugs and toxins and thus is espe-
cially susceptible to damage induced by drugs
including cytotoxic chemotherapy regimens.
Additionally, drug induced liver injury can ex-
hibit a multiplicative effect in which previous
damage can feed-forward resulting in impair-
ed drug metabolism and further toxicity. He-
patotoxicity can result from damage to struc-
tures such as the liver sinusoids, vasculature,
bile ducts, and direct damage to hepatocytes
themselves. Additionally, occlusion of vascular
and ductal structures, toxic metabolite forma-
tion, and inflammatory cell infiltration into the
liver parenchyma can induce damage. As a

result, proper monitoring and strategies such
as discontinuation or dose-modification of
pharmacologic agents is commonly required
when hepatotoxicity occurs [5-7]. General me-
chanisms of anticancer therapy hepatotoxicity
are outlined in Figure 1.

A wide variety of drugs exhibit hepatotoxicity
that must be monitored for including, but not
limited to, drugs such as acetaminophen,
amiodarone, amoxicillin-clavulanate, and the
statins. Additionally, conventional chemothera-
peutic agents have well characterized hepato-
toxic effects with some of the most common
identified agents including methotrexate, irino-
tecan, and oxaliplatin [8]. Hepatotoxicity re-
lated to administration of chemotherapeutic
agents includes elevations of liver function
tests (LFTs), drug-induced hepatitis, veno-
occlusive disease, steatohepatitis, as well as
potential chronic manifestations such as fibro-
sis and liver failure [9-11]. Typically, chemother-
apy induced hepatotoxic can be properly man-
aged via close monitoring for elevations in LFTs
that are suggestive of liver injury and dose
reductions, with discontinuation of the offend-
ing agent if LFT recovery to normal levels is
refractory to dose reduction [9-11]. Further
complications to treatment strategy and man-
agement results from the complex nature of
cancer patients, as many present with addition-
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Figure 1. General mechanisms of anticancer treatment hepatotoxicity.

al conditions including previous liver injury. In
cases in which liver function is already compro-
mised, care must be taken to properly adjust
drug dosages and to tailor therapy regimens
correspondingly [12].

Special considerations for hepatotoxicity of
nonspecific chemotherapy agents targeting
either primary or metastatic liver tumors re-
quire mention, including cases in which radio-
therapy is used in addition to adjunctive thera-
py as well as the treatment of malignancies
with hepatic metastasis such as colorectal car-
cinoma (CRC). Radiation therapy has been em-
ployed to target tumors within the liver using
both external irradiation and radioemboliza-
tion, but these techniques have been associat-
ed with either direct hepatotoxicity or a syner-
gistic increase in hepatotoxicity of adjuvant
chemotherapy regimens. Agents that have
been shown to cause increased hepatotoxicity
in conjunction with radiation therapy include
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vincristine, doxorubicin, and dactinomycin [10,
11, 13]. Additionally, anticancer therapy hepa-
totoxicity in cases of liver metastasis from CRC
tumors are of special concern due to the poten-
tial for hepatectomy-limiting liver damage to
occur. Adjunctive treatments used before sur-
gical resection of CRC and hepatic metastasis
that have been shown to cause hepatotoxicity
include 5-flourocuracil, irinotecan, and oxali-
platin [14, 15]. Special care must be taken in
these circumstances to avoid surgery limiting
hepatotoxicity and to intervene with dose
reduction or discontinuation if initial signs of
hepatotoxicity are detected [16, 17].

Since hepatotoxicity of established chemother-
apies have been well described, this review will
briefly touch on their associated liver toxicities
as well as the epidemiology of cancer therapy
associated liver damage and monitoring strate-
gies for hepatotoxicity. Classes of chemothera-
pies that cause hepatotoxicity include the anti-
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tumor antibiotics, alkylating agents, plati-
num agents, antimetabolites, antimicrotubular
agents, and topoisomerase inhibitors. The rest
of this review will place more focus on the
hepatotoxicity of new classes of anticancer
therapies. These targeted agents include anti-
HER-2 therapies, targeted small molecule
inhibitors such as VEGF and tyrosine kinase
inhibitors, immune checkpoint inhibitors (ICl),
and chimeric antigen receptor T (CAR-T) cells.
Tables 1 and 2 provide an overview of the
hepatotoxic effects associated with chemo-
therapy and targeted agents, respectively, as
well as their management.

Epidemiology of cancer therapy hepatotoxicity

The rate of drug associated liver injury within
the general population is estimated at about
15.4-23.3 cases per 100,000 people based
on a prospective cohort study performed in
Iceland [18]. More recent study of a retrospec-
tive cohort in mainland China reported a drug
associated liver injury rate of between 20.86-
26.74 cases per 100,000, with the population
level differences potentially being attributed to
diet and the use of traditional Chinese medi-
cines [19]. While these general population
rates provide a baseline picture of hepatotoxic-
ity incidence, specific drugs exhibit consider-
ably higher hepatotoxicity rates, for example,
amoxicillin-clavulanate therapy has an estimat-
ed rate of liver injury of 8-22% between differ-
ent studies [20]. In examples of nonspecific
chemotherapeutic agents, study of a cohort of
breast cancer patients receiving doxorubicin
found a hepatotoxicity rate of 30.4% while
study of head and neck squamous cell carci-
noma patients receiving cisplatin and docetax-
el found a hepatotoxicity rate of 22.2% [21, 22].
Hepatotoxicity rates for newer, targeted thera-
pies have been monitored in clinical trials as
new treatments have been developed. ICls tar-
geting CTLA-4, PD-1, and PD-L1 have a hepato-
toxicity rate between 5-10% in patients receiv-
ing treatment, usually characterized by elevat-
ed LFTs [23]. Additionally, small molecule vas-
cular endothelial growth factor (VEGF) inhibi-
tors and tyrosine kinase inhibitors (TKIls) have
reported all-grade hepatotoxicity rates of bet-
ween 6.6-15.5% and 25-35%, respectively [24,
25]. These values highlight the need for close
monitoring for treatment related hepatotoxicity
in patients receiving anticancer therapy.
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Monitoring for hepatotoxicity

Hepatotoxicity represents a relatively common
and potentially serious side effect of antican-
cer therapies. Hepatotoxicity can manifest in
many different ways ranging from acute, tran-
sient elevations in LFTs such as bilirubin or
liver enzymes to long term complications such
as cirrhosis or liver failure if liver damage pro-
gresses unnoticed [7]. Thus, proper recogni-
tion of patients at risk for hepatotoxicity before
anticancer treatment is started and continued
evaluation of patients receiving treatment for
liver injury by their oncologist is essential. As
previously mentioned, the liver plays a key role
in the metabolism of drugs and their potentially
toxic metabolites, therefore, the presence of
existing liver damage or dysfunction calls for
careful adjustment of drug dosing as well as
adjustment of the drugs within a given patients
therapy regimen [12]. LFTs represent the pri-
mary baseline measure of liver function and
health in patients receiving anticancer therapy,
and elevations in LFTs represent a majority of
therapy-related hepatotoxicity [11, 26]. In a
prospective study exploring baseline liver func-
tion in patients with unresectable hepatocellu-
lar carcinoma who were treated with lenvati-
nib, patients with higher liver function scores
(based on albumin-bilirubin grading and Child-
Pugh scoring) less adverse effects and a lower
rate of treatment discontinuation due to ad-
verse events [27]. These results suggest that
baseline liver function evaluation represents a
prospective measurement that can predict the
likelihood of hepatotoxicity in patients recei-
ving anticancer treatment. In the event of ele-
vated LFTs suggestive of hepatotoxicity, other
evaluation strategies including liver biopsy,
ultrasound, and magnetic resonance imaging
can be employed to visualize structural dam-
age. For example, magnetic resonance imaging
has been employed to visualize potential liver
damage in patients receiving oxaliplatin thera-
py prior to surgery for metastatic CRC [28].
Looking to the future, studies have begun to
evaluate new blood biomarkers that can indi-
cate drug induced liver damage, with one such
study identifying that levels glutamate de-
hydrogenase, caspase cleaved K18, osteopon-
tin, and macrophage colony-stimulating factor
receptor represented potential candidate bio-
markers for drug induced liver damage evalua-
tion [29].
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Table 1. List of chemotherapy agents which cause hepatotoxicity

Agent Hepatotoxic Effect Management Ref

Antitumor Antibiotics
1. Dactinomycin Elevated LFTs » Elevated ALT/AST - Decrease dose, D/C agent if refractory [9, 10, 21]
2. Doxorubicin Veno-occlusive disease * Veno-occlusive disease - D/C agent, supportive care for complications of portal hypertension
3. Mitomycin

Alkylating agents
1. Busulfan Elevated LFTs * Elevated LFTs - Decrease dose, D/C agent if refractory [9-11]
2. Melphalan Veno-occlusive disease * Veno-occlusive disease - D/C agent, supportive care for complications of portal hypertension
3. Cyclophosphamide

Platinum based agents
1. Oxaliplatin Elevated LFTs * Elevated LFTs - decrease dose, D/C agent [4, 10, 38]
2. Cisplatin Steatohepatitis » Steatohepatitis - D/C agent
3. Carboplatin Veno-occlusive disease * Veno-occlusive disease - D/C agent, supportive care for complications of portal hypertension

Antimetabolites
1. Methotrexate Elevated LFTs * Elevated LFTs - decrease dose, D/C agent if refractory [9-11, 26, 88]
2. 6-Mercaptopurine Hepatitis * Hepatitis - decrease dose, D/C agent if refractory; corticosteroids
3. Azathioprine Hepatic Cholestasis * Hepatic Cholestasis - D/C agent
4. Cytarabine Hepatic Fibrosis * Hepatic Fibrosis - D/C agent
5. Fluorodeoxyuridine
6. Gemcitabine

Antimicrotubular Agents
1. Paclitaxel Elevated LFTs * Elevated LFTs - decrease dose, D/C agent if refractory [9-11, 26]
2. Docetaxel Hepatitis * Hepatitis - decrease dose, D/C agent if refractory; corticosteroids
3. Vincristine
4. Vinblastine

Topoisomerase Inhibitors
1. Irinotecan Elevated LFTs * Elevated LFTs - decrease dose, D/C agent if refractory [4,9-11]
2. Etoposide Steatohepatitis » Steatohepatitis - D/C agent
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Table 2. List of targeted agents which cause hepatotoxicity

Agent

Hepatotoxic Effect

Management

Reference

HER-2 Inhibitors
1. Trastuzumab
2. Lapatinib

Small molecule TKIs and VEGF-inhibitors
1. Imatinib
2. Vemurafenib
3. Erlotinib
4. Gefitinib
5. Crizotinib
6. Sorafenib
7. Bosutinib
8. Lapatinib
9. Nilotinib
10. Pazopanib
11. Regorafenib
12. Sunitinib
Checkpoint Inhibitors
1. Nivolumab
2. Pembrolizumab
3. Atezolizumab
4. Darvalumab
5. Avelumab
6. Tremelimumab
7. Ipilimumab
CAR-T Cells

Elevated LFTs

Sinusoidal Obstruction Syndrome ¢

Hepatitis

Elevated LFTs

Hepatitis

Cholestatic Hepatitis
Granulomatous Hepatitis
Hepatocellular Liver Injury
Acute Liver Failure

Elevated LFTs
Hepatitis
Cholestatic Liver Injury

Hepatocellular Liver Injury

Elevated LFTs

* Cholestatic Hepatitis - D/C agent

* Granulomatous Hepatitis - D/C agent

* Hepatocellular Liver Injury - D/C agent, corticosteroids

« Acute Liver Failure - D/C agent, corticosteroids; liver transplant

Elevated LFTs - D/C agent

[45-47, 52, 55]

Sinusoidal Obstruction Syndrome - D/C agent, manage complications of portal hypertension

Hepatitis - D/C agent

Elevated LFTs - decrease dose, D/C agent if refractory

Hepatitis - D/C agent

Elevated LFTs - monitor closely; if severe D/C agent, initiate corticosteroids

Hepatitis - corticosteroids, D/C agent, immunosuppressants if severe

[10, 11, 58-62, 89-92]

[74-78, 80, 90, 93]

Cholestatic Liver Injury - D/C agent, corticosteroids, ursodeoxycholic acid

Hepatocellular Liver Injury - D/C agent, corticosteroids, antithymocyte globulin, mycophenolate mofetil

Elevated LFTs - D/C agent; corticosteroids if severe

[84, 87]
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Risk factors for hepatotoxicity

The risk of drug therapy related hepatotoxicity
can be altered by a variety of patient specific
factors. For example, factors that increase risk
of acetaminophen related hepatotoxicity inclu-
de alcohol use, the parallel use of other hepa-
totoxicity drugs, and genetic polymorphisms in
genes such as glutathione synthase [30, 31].
As the hepatotoxicity of cancer related treat-
ments has been further characterized, more
focus has moved to the identification of pati-
ent specific risk factors that contribute to in-
creased risk of toxicity especially in the more
recently developed targeted agents. A retro-
spective study of melanoma patients who
received immune checkpoint inhibitor therapy
found that concurrent infection and subse-
quent antibiotic treatment represented poten-
tial contributors to increased hepatotoxicity
risk [32]. The tyrosine kinase inhibitors repre-
sent another class of therapies that patient
specific factors that increased hepatotoxicity
rates have been explored for. A retrospective
study of non-small cell lung cancer patients re-
ceiving crizitonib found that the use of proton
pump inhibitors as well as the presence of liver
disease or hepatitis B virus infection were cor-
related with higher hepatotoxicity rates [33].
Similar results were seen with patients taking
lapatinib, erlotinib, and imatinib with patients
receiving proton pump inhibitors having higher
rate of hepatotoxicity [22, 34, 35]. Additionally,
other factors that increased hepatotoxicity
rates in patients receiving these treatments
included CYP3A4 inducers in patients recei-
ving lapatinib or erlotinib and low patient body
weight in patients receiving imatinib.

Hepatotoxicity of broad-spectrum chemothera-
py classes

Broad spectrum chemotherapy has traditional-
ly represented the backbone of anticancer ther-
apy regimens. Chemotherapy typically in-
duces cellular damage that results in impaired
cell division or apoptosis of rapidly dividing
cells. The nonselective characteristics of tradi-
tional chemotherapeutic agents result in off
target adverse effects including, but not
limited to, hepatotoxicity. The hepatotoxic
effects of traditional chemotherapies include
elevation of LFTs, hepatitis, cholestasis, steato-
hepatitis, and hepatic veno-occlusive disease.
A wide variety of classes of chemotherapies
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have been shown to cause hepatotoxicity
including the antitumor antibiotics, alkylating
agents, platinum agents, antimetabolites, anti-
microtubular agents, and topoisomerase inhi-
bitors [9-11]. The management of chemothera-
py induced hepatotoxicity has primarily em-
ployed the use of decreased medication doses
in the face of hepatotoxicity or the discontinua-
tion of the offending agent if the liver injury
remains refractory to dose decreases. While
traditional chemotherapy agents have been
extensively reviewed (see refs. [9-11]), new lit-
erature continues to study and report cases of
hepatotoxicity due to chemotherapy.

As chemotherapeutic agents continue to be
further studied, mechanisms of their off-target
toxicities have been of interest to better under-
stand and avoid severe side effects of therapy.
For example, research exploring the mecha-
nism of methotrexate related hepatotoxicity
identified the activation of inflammatory path-
ways and cytokines, upregulation of pro-apop-
totic mediators, and reactive oxygen species
(ROS) formation as contributing factors to liver
damage. Additionally, the group found that
18B-glycyrrhetinic acid, a potentially hepato-
protective molecule, was able to diminish the
hepatotoxic mechanisms associated with me-
thotrexate [36]. Another study exploring the
mechanisms of doxorubicin related hepatotox-
icity found that ROS production, membrane
lipid peroxidation, upregulation of pro-apoptotic
genes such as Bax, and impaired mitochondrial
energy metabolism all contributed to liver dam-
age [37]. As the mechanisms of chemotherapy
related hepatotoxicity continue to be elucidat-
ed, new therapies to attenuate these deleteri-
ous hepatic effects can be explored and
developed.

Recently published case reports of chemother-
apy related hepatotoxicity include toxicity relat-
ed to oxaliplatin treatment as well as a cis-
platin and 5-FU regimen [38, 39]. The patient
experiencing oxaliplatin hepatotoxicity present-
ed with esophagogastric varices secondary to
veno-occlusive disease during a follow up visit
3.5 years after receiving oxaliplatin therapy for
liver metastasis [38]. The case report of a
patient receiving cisplatin and 5-FU outlines
the onset of severe hepatitis that was preced-
ed by an elevation in LFTs and was successful-
ly treated with discontinuation of the chemo-
therapy regimen and initiation of corticoste-

Am J Cancer Res 2021;11(7):3461-3474



Hepatotoxicity with chemotherapy

roids (dexamethasone) [39]. Both of these
cases highlight the rare but potentially severe
hepatotoxicity that can occur due to chemo-
therapy and the need to closely monitor the
hepatic function of patients receiving chemo-
therapy as well as continued monitoring for
long-term sequela of chemotherapy associated
hepatotoxicity. Management strategies in the
face of chemotherapy associated hepatotoxici-
ty can be found in Table 1 and primarily involve
dosage decreases or discontinuation of the
hepatotoxic agent.

Hepatotoxicity of targeted agents
HER-2 inhibitors

HER-2 or Human Epidermal Growth Factor
Receptor 2 is a proto-oncogene that is mu-
tated in between 15-20% of breast cancer
tumors [40]. Amplification of HER-2 signaling
promotes oncogenic pathways including cell
growth, proliferation, and cell survival via the
PIBK-AKT-mTOR-RAS-MAPK signaling pathway
[41]. Trastuzumab is an anti-HER-2 antibody
that can either be used as a HER-2 singling
antagonist or can be conjugated to cytotoxic
molecules such as emtansine to directly de-
liver chemotherapy to HER-2 positive cancer
cells for antitumor effects [42]. Targeted thera-
pies against HER-2 such as trastuzumab/
trastuzumab emtansine have contributed to
improved outcomes in HER-2 positive breast
cancers and now are being evaluated for activ-
ity against other HER-2 positive cancers [43].
While trastuzumab continues to be widely us-
ed in the treatment of HER-2 positive tumors,
it also can cause hepatotoxicity via direct dam-
age to hepatocytes and subsequent upregula-
tion of TNF-alpha signaling that further contrib-
utes to hepatocyte damage [44].

Case reports of hepatotoxicity secondary to
trastuzumab continue to be published, includ-
ing a patient who experienced elevated LFTs
six months after starting trastuzumab, a pa-
tient who experienced recurrent LFT eleva-
tions with trastuzumab rechallenge, and two
patients who experienced long term hepatic
veno-occlusive disease years after treatment
[45-47]. In the first two cases in which the
patients experienced increased LFTs, discon-
tinuation of trastuzumab administration was
sufficient for the LFT levels to return to normal
[45, 46]. Treatment of the patients experienc-
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ing hepatic veno-occlusive disease involved
management and treatment of sequela of por-
tal hypertension including esophageal varices
and hepatic encephalopathy [47].

Data from clinical trials has allowed for estima-
tion of trastuzumab/trastuzumab emtansine
hepatotoxicity rates. A prospective, phase Il
study of Japanese breast cancer patients
receiving trastuzumab emtansine found that
60.3% of patients experienced any grade he-
patotoxicity with AST/ALT elevations as the
most commonly occurring hepatotoxic event.
However, the hepatotoxicity for nearly all the
patients was transient with only one patient
requiring a dose decrease due to liver damage
[48]. Additional data from a meta-analysis of
seven trials of breast cancer patients found
that those receiving trastuzumab emtansine
had a relative risk of 3.24 for experiencing all-
grade AST/ALT elevation vs control treatment
[49]. Finally, a small trail of the treatment of
HER-2 positive non-small cell lung cancer
(NSCLC) patients with trastuzumab emtansine
reported a rate of 3 out of 15 or 20% patients
experiencing hepatotoxicity [50]. Taken togeth-
er, these findings call for careful monitoring of
patients receiving trastuzumab therapy so that
potentially serious hepatotoxicity can be prop-
erly managed before long-term liver injury
occurs.

Lapatinib represents another member of the
anti-HER-2 family of targeted therapies against
HER-2 positive breast cancer that is addition-
ally being explored in the treatment of other
HER-2 positive cancers, similarly to trastuzum-
ab [51]. Hepatotoxicity related to lapatinib
treatment occurs similarly to that of trastuzum-
ab, but other work found an additional mecha-
nism of liver injury in which lapatinib increases
the accumulation of combination chemothera-
py via inhibition of ATP-binding cassette trans-
porters [52]. Lapatinib induced hepatotoxicity
has been associated with HLA-DQA1*02:01
and HLA-DRB1#*07:01 and a report outlining a
case of lapatinib induced hepatitis that res-
ponded to therapy discontinuation exhibits the
potential for lapatinib associated hepatotoxici-
ty [53-55].

Small molecule TKIs and VEGF inhibitors

Small molecule TKIs and VEGF inhibitors repre-
sent a broad category of targeted anticancer
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therapies used to treat wide variety of cancer
types. These drugs are designed to target spe-
cific signaling molecules or cell receptors to
block oncogenic pathways such as angiogene-
sis, growth signaling, and cell-cycle amplifica-
tion and allow for patient-tailored treatment
based on the mutational profile of their cancer
[56, 57]. While these drugs have vastly impro-
ved patient outcomes, they also are accompa-
nied by a host of side effects including hepato-
toxicity. As previously mentioned, VEGF inhibi-
tors have a reported hepatotoxicity rate bet-
ween 6.6-15.5% while TKIs have a reported
hepatotoxicity rate between 25-35% highlight-
ing the need for close monitoring and interven-
tion by clinicians administering these treat-
ments [24, 25].

A number of case reports providing examples
of TKI and VEGF inhibitor associated hepato-
toxicity and their management have been pub-
lished, including severe cases of fatal toxicity.
Sorafenib, a Raf/PDGFB/VEGF inhibitor, has
been associated with hepatitis, with one case
report describing progression from hepatitis to
ultimately fatal hepato-renal failure in a renal
cell carcinoma patient who was unable to be a
candidate for liver transplant [58]. Hepatotoxi-
city associated with the VEGF inhibitor Pazo-
panib was reported in a case outlining two
patients, each of whom experienced cholestat-
ic hepatitis, with one of the cases being fatal
[59]. Vemurafenib, a commonly used BRAF in-
hibitor, has been associated with hepatotoxici-
ty including a case of granulomatous hepatitis
that progressed to chronic cholestasis even
with treatment discontinuation [60]. Imatinib is
another commonly used TKI that has activity
against Philadelphia chromosome positive ch-
ronic myeloid leukemia, however it has been
associated with potentially severe hepatotoxic-
ity. One recent case reported a patient who
experienced hepatocellular liver injury that was
refractory to treatment discontinuation but did
resolve with treatment with methylpredniso-
lone [61]. These cases provide examples of
the potentially severe nature of hepatotoxicity
associated with TKIs and VEGF inhibitors and
the need for close monitoring of patients who
are receiving these therapies so that the pro-
per management steps such as dose reduction
and discontinuation of the offending agent can
be initiated, as seen in Table 2.

Another interesting phenomenon that has
emerged with the large number of TKls and
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VEGF inhibitors that have been developed is
that therapies that inhibit the same signaling
pathway may not cause liver injury upon
rechallenge with a new agent in a patient who
has previously experienced hepatotoxicity. For
example, two separate case reports outlined
the successful transition and treatment of
patients who experienced and recovered from
gefitinib associated hepatotoxicity to erlotinib,
another EGFR inhibitor that blocks the same
pathway as gefitinib [62, 63]. Subsequent case
reports have confirmed this EGFR inhibitor
treatment strategy with successful treatment
of patients with afatinib after both gefitinib and
erlotinib hepatotoxicity occurred [64, 65]. The
principle of successful rechallenge with a new
agent in the face of treatment related hepato-
toxicity due to TKls and VEGF inhibitors ap-
pears applicable to treatments targeting other
signaling pathways as well, with cases of suc-
cessful transitions of therapy from sunitinib to
sorafenib and imatinib to dasatinib reported in
the literature [66, 67].

Due to the widespread and potentially serious
nature of hepatotoxicity related to TKIs and
VEGF inhibitors, more recent studies have at-
tempted to outline the hepatotoxicity rates of
specific agents as well as factors that incre-
ase risk or contributed to hepatotoxicity of
these agents. Hepatotoxicity associated with
individual TKI agents is quite common, with
studies finding hepatotoxicity rates of 39.6%
for gefitinib and up to 32% for regorafenib, with
a second study of regorafenib reporting a fatal
hepatotoxicity rate of 0.33% [68-70]. A retro-
spective cohort study of the hepatotoxicity of
individual VEGF inhibitors found hepatotoxicity
rates of up to 41.5% for pazopanib, 49.4% for
bevacizumab, 37.9% for sorafenib, and 42.6%
for sunitinib [71]. Further study evaluating the
specific hepatotoxicity rates and phenotypes of
TKI and VEGF inhibitors will allow oncologists to
better tailor treatment for patients and quickly
identify liver injury when it occurs.

Looking to the future, new research into the
hepatotoxicity of TKls and VEGF inhibitors is
exploring the various factors that potentially
contribute to liver injury or susceptibility to tox-
icity. A retrospective analysis examining a co-
hort of patients receiving erlotinib found that
hepatotoxicity was increased 2.7-fold in pa-
tients who were also receiving CYP3A4 induc-
ers, 3.5-fold in patients using H2-antagonists,
and that the presence of liver metastasis and
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increased age were significant hepatotoxicity
risk factors [34]. A similar retrospective analy-
sis exploring hepatotoxicity of imatinib found
that the incidence of hepatotoxicity was incre-
ased 3.8-fold in patients receiving H2-antag-
onists, 2.3-fold in patients receiving high dose
imatinib therapy (> 400 mg), and 8-fold and
5.2-fold for patients with preexisting liver dis-
ease or latent hepatitis B virus, respectively
[35]. Another recently published multi-center
retrospective analysis examining several TKls
found similar results that H2-antagonists and
CYP3A4 inducers increase hepatotoxicity, indi-
cating that these factors should be avoided if
possible in patients receiving TKI therapy to
avoid increased risk of liver injury [25]. In addi-
tion to identifying exogenous risk factors such
as pharmacologic agents that can contribute to
increased hepatotoxicity risk of TKIs and VEGF
inhibitors, risk stratification based on endoge-
nous factors such as genetic profiles holds
promise as personalized medicine continues to
develop. One such study exploring the pharma-
cogenomics of a prospective patient cohort
found that single nucleotide polymorphisms in
genes coding for EGFR, CYP3A5, and cyto-
chrome p450 reductase were correlated with
hepatotoxicity [72]. Further studies into the
genetic risk factors of TKls and VEGF inhibitors
will provide the background needed to develop
genetic risk factor panels that used to tailor
anticancer treatment based on a patient’s
genotype.

Immune checkpoint inhibitors

Immune checkpoint inhibitors (ICls) represent
one of the most exciting recent developments
in anticancer therapy. These therapies block
regulatory pathways that normally attenuate
immune function and thus disinhibit immune
cells to destroy cancer cells. The two current
pathways that ICls target include CTLA-4 and
PD-1 signaling, however, this disinhibition of
immune function brings about side effects due
to autoimmune damage to self-tissues includ-
ing the liver. Histological study of liver biopsy
samples in patients experiencing ICl associat-
ed hepatotoxicity found a predominantly lobu-
lar pattern of hepatitis and notable infiltration
of CD3+ and CD8+ T cells into the liver paren-
chyma in the samples, supporting a mecha-
nism of injury due to autoimmune attack of the
liver [73]. These findings provide support for
the common management strategy of ICI relat-
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ed hepatotoxicity, which includes discontinua-
tion of the offending agent as well as cortico-
steroids to attenuate immune cell activity, with
the use of methylprednisolone and mycoph-
enolate mofetil advised in the case of refracto-
ry toxicity, as outlined in Table 2 [74, 75].

Case reports outlining hepatotoxicity related to
ICI therapy have been widely published and
have provided additional insight to the man-
agement of ICl-related hepatotoxicity. One
report of a patient receiving ipilimumab, an
anti-CTLA-4 monoclonal antibody, outlined a
patient who suffered from hepatocellular injury
that was successfully treated with a triple
immunosuppressant therapy of methylprednis-
olone, antithymocyte globulin, and mycopheno-
late mofetil [76]. Additional cases of hepato-
toxicity related to agents targeting the PD-1/
PD-L1 immune checkpoint include a case of
hepatitis in a patient receiving long term treat-
ment with nivolumab and a case of cholestatic
liver injury in a patient receiving pembrolizum-
ab. In both cases, the patients were success-
fully treated with discontinuation of the ICI
agent and systemic corticosteroids [77, 78].
While ICI related hepatotoxicity has the poten-
tial to be successfully treated, fatal cases
have occurred including a recently published
case of fatal cholestatic hepatitis in a liver
transplant patient with a history of hepatocel-
lular carcinoma who was receiving nivolumab
[79]. The serious nature of ICI related hepato-
toxicity and the relative risk of their hepatotox-
icity vs chemotherapy, estimated to be about
2.14 for hepatitis, provides a strong argument
for further study of ICI therapy to determine
risk factors that contribute to predisposition
toward ICI therapy hepatotoxicity [80]. Addi-
tionally, the development of preventative mea-
sures that can balance between preventing
autoimmune toxicity while maintaining antitu-
mor activity of ICls can diminish the side effect
profile of these highly effective therapies.

CAR-T cells

CAR-T cells are another exciting new develop-
ment in the field of oncology that have provid-
ed a new class of treatments for hematologic
cancers including lymphoma and leukemia.
CAR-T cell therapy harnesses the immune sys-
tem similarly to ICI therapy, but unlike the inhi-
bition releasing activity of ICls, CAR-T cells are
patient derived T cells that are engineered to
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target specific markers harbored on tumor
cells [81]. CAR-T cells are being studied for
use against both hematologic and solid malig-
nancies and will become more widely used as
they continue to be developed and improved
[82]. Similar to ICI therapy, CAR-T cells can
cause a variety of serious side effects with the
most common being cytokine release syn-
drome [83]. Additionally, and of note for this
review, CAR-T cells have been shown to cause
hepatotoxicity in the form of elevated LFTs,
however, these effects are typically mild and
usually will spontaneously improve [84]. CAR-T
cells have been studied in patients with hepa-
titis B and C, and the results indicate that the
therapy is safe to use in these patients, without
a significant risk of hepatotoxicity [85, 86].
While most data suggests that hepatotoxicity
due to CAR-T cells is not a cause for concern,
especially compared to other adverse effects
such as cytokine release syndrome, more work
is needed to characterize their hepatotoxicity
profile. One prospective study of treatment of
renal cell carcinoma patients with CAR-T cells
reported that 4 of 12 patients experienced
LFT elevations that necessitated treatment
discontinuation and corticosteroid administra-
tion, with liver biopsy exhibiting CAR-T cell infil-
tration into the hepatic parenchyma due to
hepatic expression of the renal cell carcinoma
antigen targeted by the engineered cells [87].
This study highlights the need to continue to
evaluate the potential for CAR-T cell induced
hepatotoxicity, especially as further develop-
ment focuses on targeting solid tumors that
are more likely to harbor antigenic targets that
are shared with hepatic cells.

Conclusions

In conclusion, hepatotoxicity represents a com-
mon clinical manifestation that is associated
with a variety of anticancer therapies. The
inherent toxicity of anticancer therapies re-
quires oncologists to maintain a broad aware-
ness of their effects on the body, including the
liver. As novel anticancer therapies are devel-
oped, especially targeted agents, clinicians
must remain informed their new side effects,
including hepatotoxicity. This review provides
an overview of the hepatotoxicity of antican-
cer therapies including chemotherapy and tar-
geted agents, as well as their management
strategies. The use of proper monitoring stra-
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tegies, rapid judgment, and appropriate deci-
sion making can allow oncologists to recognize
the manifestation of anticancer therapy hepa-
totoxicity and intervene accordingly.
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