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Purpose: Hepatic injury is a common side effect following tyrosine kinase inhibitor (TKI)
therapy and our understanding usually comes from clinical trials. In this retrospective study,
we aimed to investigate the characteristics, risk factors and regimen-related differences of
epidermal growth factor receptor (EGFR)-TKI-related hepatic toxicity in patients with
advanced lung adenocarcinoma (LAD).

Patients and Methods: Liver function tests were documented in 424 patients admitted into
the Shanghai Chest Hospital between January 2014 and December 2016 with advanced (I1IB/
IV) LAD who received first-line gefitinib, erlotinib or icotinib. Hepatotoxicity was graded
according to the Common Terminology Criteria for Adverse Events (CTCAE), version 4.0.
The clinical spectrum and onset time of hepatic injury were evaluated. The risk factors of
hepatic dysfunction were determined using a logistic regression analysis.

Results: A total of 87 (20.5%) patients experienced hepatotoxicity and 5.7% were of grade 3/4
liver dysfunction. The median onset time of hepatotoxicity was 7 weeks. Presence of hepatitis
virus (HR: 2.593, 95% CI: 1.090-6.170, P=0.031) and pretreatment liver impairment (HR:
3.460, 95% CI: 1.746-6.855, P<0.001) were risk factors associated with increased risk of
hepatotoxicity. Gefitinib (HR: 1.872, 95% CI: 1.028-3.412, P=0.040) and erlotinib (HR:
3.578,95% CI: 1.683-7.609, P=0.001) had increased risk of hepatotoxicity compared to icotinib.
Conclusion: The different toxic profile of EGFR-TKIs should be taken into account in the
choice of treatment based on the patients’ comorbidity.

Keywords: lung adenocarcinoma, hepatotoxicity, tyrosine kinase inhibitor, gefitinib,
erlotinib, icotinib

Introduction

Lung adenocarcinoma (LAD) accounts for the majority of lung cancer which is one
of the leading causes of cancer-associated mortality worldwide." The development
of epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs)
dramatically improves the prognosis of LAD patients harboring EGFR sensitive
mutations. However, TKI-related liver injury is commonly seen.? It took place in
12-70% of patients depending on different treatment and study populations.®”
While mild hepatotoxicity usually diminished with prompt intervention, severe
liver dysfunction may result in treatment delay or suspension. The current under-
standing of EGFR-TKI-related hepatotoxicity, however, mostly comes from clinical
trials with stringent selection criteria. The real-world safety properties, the risk
factors and agent-related difference of hepatotoxicity have not been largely studied.
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In this retrospective study, we reviewed records of
patients receiving gefitinib, erlotinib and icotinib as the
first-line treatment for advanced LAD. Characteristics, risk
factors and regimen-related differences of hepatotoxicity
were investigated for a deeper understanding of TKI-

related hepatotoxicity.

Patients and Methods

Patients

Medical history of all patients admitted into the Shanghai
Chest Hospital, China between January 2014 and
December 2016 were reviewed. The inclusion criteria for
this study were: 1) age greater than 18 years; 2) patholo-
gically confirmed as LAD; 3) advanced stage (IIIB or
IV); 4) EGFR mutated and receiving first-line TKIs (gefi-
tinib, erlotinib, or icotinib) with complete laboratory
data. 5) observation time after TKI initiation >2 months.
Patients receiving concurrent chemotherapy with TKIs
were excluded. The enrollment process was carried out
on consecutive patients and included all patients meeting
the criteria. Among total of 2704 newly diagnosed stage
IIIB/IV lung adenocarcinoma patients who were admitted
into the hospital during the period, 593 EGFR mutated
patients received fist-line TKIs. A total of 424 patients
were included in the final analysis after excluding those
with incomplete laboratory data (n=62), TKIs other than
gefitinib, erlotinib or icotinib (n=41), TKIs administration
<2 months (n=52) and concurrent therapy (n=14). The
study was approved by the hospital’s ethic committee
and was performed in accordance with the ethical stan-
dards of the Declaration of Helsinki. Informed consent
was waived due to the retrospective nature of the study
and the analysis used anonymous clinical data.

Data Collection

Baseline characteristics including age, sex, smoking his-
tory, drinking history, stage, Eastern cooperative oncology
group (ECOG) performance score (PS), pretreatment liver
function, whether or not having liver metastases was
recorded. Hepatitis B and C virus serology were per-
formed for all patients at the baseline visit. Patients with
positive hepatitis B virus surface antigen (HBsAg) and
hepatitis C virus antibody (HCV-Ab) were recorded.
Drinking for a minimum of 6 months with an alcohol
consumption >50 g/day was defined as having a drinking
history.

Laboratory and Hepatotoxicity

Assessment

Liver function was examined at baseline visit, at least
biweekly for the first 2 months after TKIs therapy and
every 1-2 months afterwards. Parameters including aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), and total bilirubin (TBil) were examined and
results were reported as ULN values. Hepatotoxicity was
graded according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 4.0. The onset time of
hepatotoxicity was defined as the interval from the date of
starting TKIs to the time of hepatotoxicity detected.
Duration of hepatotoxicity was defined as the interval
between the detection of abnormal liver function and the
time liver function returned to normal.

Statistical Analysis

Baseline characteristics were quantified by applying
descriptive statistics. The association between variables
and hepatic dysfunction during treatment were evaluated
using a logistic regression analysis. All statistical analyses
were performed using SPSS 22.0 software (IBM, Armonk,
NY, USA). A p-value of less than 0.05 was considered
statistically significant.

Results

A total of 424 patients receiving EGFR-TKI were
included. The overall study population was 185 (43.6%)
male, with a median (IQR) age of 60 (53—-67) years. Most
patients (78.8%) were in stage IV. Patients with ECOG PS
2 accounted for 9.4%. The number of patients with pre-
treatment liver impairment was 45 (10.6%). A total of 25
patients showed the presence of hepatitis virus, among
whom 23 had positive HBsAg, 1 had positive HCV-Ab
and 1 had both positive HBsAg and HCV-Ab. Patients’
clinical characteristics are summarized in Table 1.

The Frequency, Mode, Onset and

Duration Time of Hepatotoxicity

A total of 87 (20.5%) patients experienced hepatotoxicity
after TKI administration. Mild liver dysfunction (grade 1/
2) accounted for the majority (n=82, 94.3%) while 5
(5.7%) patients
hepatotoxicity.

were diagnosed with >

grade 3

The majority of hepatic toxicity were presented as an
elevation of ALT/AST and a small proportion had
increased TBil levels (Figure 1).
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Table | Patient Demographics and Baseline Characteristics

Variable All Patients (n=424), n (%)
Age, median (IQR) 60 (53-67)
Age
<70 years 355 (83.7%)
270 years 69 (16.3%)
Gender
Male 185 (43.6%)
Female 239 (56.4%)

Smoking Status

Never 313 (73.8%)

Ever 111 (26.2%)
Drinking History

No 416 (98.1%)

Yes 8 (1.9%)

HBsAg or HCV-Ab

Absent 399 (94.1%)

Present 25 (5.9%)
Pretreatment Liver Impairment

No 379 (89.4%)

Yes 45 (10.6%)
ECOG PS

0~1 384 (90.6%)

2 40 (9.4%)
Stage

1B 39 (9.2%)

v 334 (78.8%)

Recurrent 51 (12.0%)
Liver Metastasis

No 405 (95.5%)

Yes 19 (4.5%)
TKI Regimen

Gefitinib 215 (50.7%)

Erlotinib 57 (13.4%)

Icotinib 152 (35.9%)

Abbreviations: HBsAg, hepatitis B virus surface antigen; HCV-Ab, hepatitis C virus
antibody; ECOG PS, Eastern Cooperative Oncology Group performance score.

The median (IQR) onset time of hepatotoxicity was 7
(4-10) weeks with a range from 1 to 96 weeks. For patients
with severe hepatotoxicity (> grade 3), the median duration of

liver dysfunction was 6 weeks (range: 4—15 weeks) (Figure 2).

Risk Factors for Hepatotoxicity and
Different Profiles Among TKis

The multivariate analysis showed that presence of hepatitis
virus (HR: 2.593, 95% CI: 1.090-6.170, P=0.031) and

pretreatment liver impairment (HR: 3.460, 95% CI: 1.746—
6.855, P<0.001) were two risk factors associated with
increased risk of hepatotoxicity. Age, gender, smoking and
drinking history, ECOG PS, stage and the presence of liver
metastasis were not significantly associated with the occur-
rence of liver injury (Table 2).

Regimen-Related Differences of

Hepatotoxicity
The difference in hepatotoxicity among gefitinib, erlotinib
and icotinib was compared through multivariate regression
analysis by incorporating all other clinical characteristics.
The results showed that there was no significant differ-
ence in hepatotoxicity between gefitinib and erlotinib (HR:
1.693, 95% CI: 0.874-3.285, P=0.119). However, both
gefitinib (HR: 1.872, 95% CI: 1.028-3.412, P=0.040) and
erlotinib (HR: 3.578, 95% CI: 1.683-7.609, P=0.001) pro-
duced more events of hepatotoxicity compared to icotinib
(Table 3)

Discussion

The current study investigated the nature, the risk factors
and regimen-related differences for hepatic toxicity in
advanced LAD patients receiving first-line EGFR-TKI
therapy. Our findings confirmed that most hepatotoxic
events were mild and occurred within the first 2 months.
Patients with pretreatment liver impairment and the pre-
sence of the hepatitis virus were more susceptible to liver
impairment. A Chinese homegrown EGFR-TKI-icotinib
seemed to be superior to gefitinib or erlotinib when the
liver issue was concerned.

EGFR-TKI-induced liver injury is commonly seen clini-
cally. Single clinical trials on lung cancer reported a variable
incidence ranging from 12% to 70%, with 1-18% of cases
presenting with >3 grade hepatotoxicity.” ’ The heterogeneity
of the studied population may explain the various incidences
of liver dysfunction in trials. In this retrospective study, we
evaluated all patients including who would normally be
excluded in the clinical trials. Despite scant real-world evi-
dence of TKI-induced hepatotoxicity, a latest meta-analysis
incorporating 43 studies claimed an overall incidence of 20%
for all grade hepatotoxic events, which were in consistent with
our results.® Our findings demonstrated that hepatic toxicity
related to EGFR-TKIs is well tolerable. A small proportion of
patients developed severe hepatic events were discontinued
with EGFR-TKI and retreated with decreased dose or
switched to other types of EGFR-TKI after hepatoprotective
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Figure | Characteristics of hepatotoxicity in patients receiving first-line EGFR-TKIs.
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Figure 2 Onset time of EGFR-TKI-induced hepatotoxicity.

treatment. All patients recovered after the prompt interven-
tion. Concerning the treatment outcome of this specific sub-
group, suggests that TKI-induced
hepatoxicity is not an on-target effect linked to its efficacy.”
A previous study based on a few cases of EGFR-TKI induced

current  evidence

hepatotoxicity revealed that the approximate median progres-
sion-free survival (PFS) was 281 (range: 206-527) days
which was consistent with the PFS results of first-generation
EGFR-TKI in clinical trials on non-small cell lung cancer
(NSCLC)."
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Table 2 Logistic Regression Analysis for Hepatic Toxicity in Patients Undergoing First-Line EGFR-TKI Treatment
Variable Liver Dysfunction, No. (%) Univariable Analysis Multivariable Analysis
No Yes Odds Ratio (95% CI) P Odds Ratio (95% CI) P

Age

<70 years 281 (83.4) 74 (85.1) Reference Reference

270 years 56 (16.6) 13 (14.9) 0.882 (0.458-1.698) 0.706 0.986 (0.425-2.284) 0.973
Gender

Male 147 (43.6) 38 (43.7) Reference Reference

Female 190 (56.4) 49 (56.3) 0.998 (0.620-1.605) 0.992 1.515 (0.736-3.119) 0.260
Smoking Status

Never 252 (74.8) 61 (70.1) Reference Reference

Ever 85 (25.2) 26 (29.9) 1.264 (0.751-2.127) 0.378 1.600 (0.719-3.563) 0.250
Drinking History

No 331 (98.2) 85 (97.7) Reference Reference

Yes 6 (1.8) 2 (23) 1.298 (0.257-6.546) 0.752 0.843 (0.150-4.729) 0.846
HBsAg or HCV-Ab

Absent 320 (95.0) 76 (87.4) Reference Reference

Present 17 (5.0) I (12.6) 2.724 (1.226-6.055) 0.014 2.593 (1.090-6.170) 0.031
Pretreatment Liver Impairment

No 312 (92.6) 67 (77.0) Reference Reference

Yes 25 (7.4) 20 (23.0) 3.725 (1.956-7.097) 0.000 3.460 (1.746—6.855) <0.001
ECOG PS

0~1 304 (90.2) 80 (92.0) Reference Reference

2 33 (9.8) 7 (8.0) 0.806 (0.344-1.890) 0.620 0.881 (0.296-2.619) 0.820
Stage 0.148 0.145

B 29 (8.6) 10 (11.5) Reference Reference

I\ 272 (80.7) 62 (71.3) 0.661(0.306—1.427) 0.292 0.657 (0.289-1.492) 0.315
Recurrent 36 (10.7) 15 (17.2) 1.208(0.473-3.086) 0.692 1.268 (0.467-3.443) 0.641
Liver Metastasis

No 324 (%96.1) 81 (93.1) Reference Reference

Yes 13 (3.9) 6 (6.9) 1.846 (0.681-5.006) 0.228 2.397 (0.829-6.932) 0.107

Abbreviations: HBsAg, hepatitis B virus surface antigen; HCV-Ab, hepatitis C virus antibody; ECOG PS, Eastern Cooperative Oncology Group performance score.

Toxicity profiles are different for EGFR-TKIs harboring
unique chemical structures. Although there have been no
prospective trials comparing toxicity among different first-
line EGFR-TKIs, a meta-analysis and a pooled analysis
revealed that gefitinib was associated with significantly higher
risks of elevated liver enzymes than erlotinib.”'' However,
another network meta-analysis did not demonstrate the similar
results.® By adjusting for potential affecting covariance, we
confirmed that gefitinib and erlotinib did not differ in hepatic
toxicity. Icotinib is the first homegrown EGFR-TKI approved
by the Chinese Food and Drug Administration (CFDA) for the
treatment of NSCLC. Because of its shorter half-life and

a wider therapeutic window, icotinib has decreased the risk

of drug-related adverse events compared with gefitinib or
erlotinib.'*'* The percentage of icotinib-related elevated
ALT/AST events was 6.8-8.1% in the Phase III trial'> and
only 3.8% based on a meta-analysis including 15 studies of
NSCLC populations. Similar results were found in this study
that icotinib-related abnormal liver function appeared in
12.7% of patients, significantly less than that of gefitinib or
erlotinib. Despite its structural superiority, distinctive metabo-
lite characteristics of icotinib, especially the effect of metabo-
lites M20 and M23 on liver toxic reactions, partly explain the
lower risk of liver impairment.'®

The onset of hepatic toxicity induced by TKIs is usually
within the first 2 months of initiating treatment but may vary

Cancer Management and Research 2020:12
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Table 3 Multivariate Logistic Analysis Comparing Hepatotoxicity
Among Different EGFR-TKI Agent

Variable Liver Dysfunction, No. | Multivariable
(%) Analysis
No Yes Odds Ratio P
(95% CI)
Icotinib 131 (38.9) 19 (21.8)
Gefitinib 167 (49.6) 50 (57.5)
Erlotinib 39 (11.6) 18 (20.7)
Erlotinib vs Gefitinib 1.693 0.119
(0.874-3.285)
Gefitinib vs Icotinib 1.872 0.040
(1.028-3.412)
Erlotinib vs Icotinib 3.578 0.001
(1.683-7.609)

depending on the discrete spectrum of clinical characteristics
and diseases.” In this study, the median onset time of hepa-
totoxicity was 7 weeks, implying that a stringent monitoring
of hepatic function should be performed within the first 2
months after TKI therapy. However, there was still a small
proportion (n=9, 10.3%) of patients developed liver dysfunc-
tion after half a year since the initiation of TKI, reminding
us that a long observation of TKlI-induced side effect is
necessary although all these patients were of mild grade
hepatotoxicity.

The mechanism underlying EGFR-TKI-induced hepato-
toxicity has not yet been well clarified.'” Much of the available
histological information suggested that hepatocellular necrosis
was accounted for the most frequent form of TKI-induced liver
injury.” Our findings confirmed that increased amino-
transferases were the most-seen pattern of liver injury.
Approximately 10% of patients experienced elevated TBil,
indicating a possibility of bile duct epithelial injury and
cholestasis.

Pre-existing diseases such as viral infection or prior liver
damage are related to hepatic toxicity arising during TKI
therapy.'®'® Although TKIs are not generally associated
with hepatitis reactivation, HBV reactivation after the use
of small-molecule TKIs has been reported previously.*® In
this study, hepatitis reactivation was not observed. However,
treatment with antiviral agents could be considered in con-
sultation with specialists in hepatology.

There are several limitations to our study. First, conco-
mitant treatment such as herbal medicine that may affect liver

function was not included in the analysis. Previous studies

demonstrated that polypharmacy might cloud the picture of
hepatotoxicity.?! Second, for patients with hepatitis virus
infection, we were unable to consider patients with concur-
rent virus copy test with the intent to describe more danger-
ous conditions. In addition, we did not separately study the
risk of hepatitis B and C because of the limited sample size of
hepatitis C infection. Third, the current study had a limited
sample size of patients developing hepatic injury; we, there-
fore, did not separately analyze those with more severe
hepatotoxicity (> grade 2) that may provide more clinical
significance since grade 1 hepatic injury was not generally
considered to be significant in clinical practice.

In conclusion, first-generation EGFR-TKI-related hepatic
events are well-tolerable. The different toxic profile of EGFR-
TKIs should be taken into account in the choice of treatment
based on the patients’ comorbidity and drug availability.
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