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Aims: Concerns have increased about the risk of fatal adverse events (FAEs) associated with
molecular targeted agents (MTAs) in the treatment of advanced hepatocellular carcinoma
(HCC). The purpose of this study is to investigate the overall incidence and risk of FAEs in
advanced HCC with administration of MTAs by using a meta-analysis of available clinical
trials.

Materials and methods: Electronic databases were searched for relevant articles before March
2017. Eligible studies were selected according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement. Pooled incidence, Peto ORs and 95% Cls
were calculated according to the heterogeneity of selected studies.

Results: A total of 4,716 HCC participants from 10 randomized controlled trials (RCTs) were
finally considered for this meta-analysis. The pooled incidence of death due to MTAs was 2.1%
(95% CI 1.6%—-2.8%) with a Peto OR of 1.79 (95% CI 1.07-3.01; p=0.027) in comparison
with controlled groups. Subgroup analysis according to biological agents showed that brivanib
treatment in HCC patients significantly increased the risk of developing FAEs (Peto OR 3.97;
95% CI 1.17-13.51; p=0.028) but not for sorafenib (Peto OR 1.78; 95% CI 0.54-5.89; p=0.34)
and other MTAs (Peto OR 1.43; 95% CI 0.75-2.76; p=0.28). Sensitive analysis showed that
the pooled results were influenced by removing each single trial. The most common causes of
FAEs were hepatic failure (22.2%) and hemorrhage (13.3%), respectively.

Conclusion: Clinicians should be aware of the risks of FAEs during the administration of
MTAs in advanced HCC patients, especially for patients with abnormal liver function. However,
the use of sorafenib remains justified in its approved indications due to their potential survival
benefits and limited toxicities.

Keywords: liver cancer, clinical trials, novel molecular agents

Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related mortality
in the world, with more than 696,000 deaths being identified annually.'? Globally,
substantial geographic variation exists in incidence, with the highest incidence rates
occurring in East and South-East Asia and in Middle and Western Africa. The man-
agement of HCC is a major health problem worldwide. Despite the implementation of
screening programs for high-risk individuals, approximately 70% of HCC patients have
intermediate-stage or advanced-stage disease at the time of diagnosis. The prognosis
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ofadvanced HCC patients is very poor, with a median overall
survival (OS) time of about 7 months.3

In recent years, improved knowledge of hepato-
carcinogenesis has led to the identification of novel drugs for
the treatment of HCC.*® In general, these drugs target key
molecules or signaling pathways which regulate cell growth
and proliferation, angiogenesis, or invasion.” Until now,
sorafenib, an oral multi-targeted tyrosine kinase inhibitor
(TKI), remains the only approved systemic treatment for
unresectable advanced or metastatic HCC, due to its signifi-
cant survival benefit in two large Phase III trials (SHARP
and ORIENTAL).*® In addition to sorafenib, other TKIs,
such as brivanib, sunitinib, or regorafenib, and an oral small-
molecular serine-threonine kinase inhibitor everolimus, have
been in development to treatment HCC both in the first-line
setting and for use following sorafenib failure. However,
these signaling pathways play an important role in vascular
function and physiological angiogenesis, thus inhibition of
these pathways by these molecular targeted agents (MTAs)
has been found to cause serious adverse events (AEs),
including hepatic failure, bleeding, and thromboembolic
events.''? In addition, several published meta-analyses have
found that the use of these MTAs significantly increases the
risk of developing fatal adverse events (FAEs) in cancer
patients.'*!*"'” However, to our best knowledge, the overall
incidence and risk of FAEs associated with MTAs in HCC
patients remains undetermined. As a result, we conduct this
meta-analysis of randomized controlled trials (RCTs) to
investigate the overall incidence and risk of FAEs associated
with MTAs in advanced HCC.

Materials and methods

Data source

Following the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement, we
performed an independent review of related citations from
PubMed, Embase, and Cochrane Library electronic databases
up to March 2017.'8 The search keywords were “molecular

EEINT3

targeted agents”, “sorafenib”, “sunitinib”, “regorafenib”,

EEINT3

“ramucirumab”, “brivanib”, “everolimus”, “pazopanib”,
“vandetanib”, “fatal adverse events”, and “randomized
controlled trials”. The search was restricted to clinical trials
published in English. Additionally, relevant articles in the
reference lists of recent meta-analyses that investigated
MTAs in HCC patients were also searched. In order to avoid
duplication, only the most complete, recent studies were

considered for analysis.

Clinical end points definition

FAEs have been defined by the National Cancer Insti-
tute’s Common Terminology Criteria for Adverse Events
(CTCAE) as deaths occurring during a clinical trial as a result
of exposure to an experimental drug. Most of the included
studies did report the specifics of study deaths. For deaths
unrelated to AEs, the guidelines required that any death
occurring within 30 days of intervention be reported. We
excluded events that were reported as related to disease pro-
gression, but included all events with unspecified attribution
and included events regardless of attribution to treatment,
provided that they were not related to disease progression.
In rare situations, “Death NOS (not specified)” or “Sudden
Death” was available when death could not be attributed to
a CTCAE term.

Study selection

The primary objective of the present study was to evaluate
the association between MTA treatment and treated related
deaths in advanced HCC patients; therefore, only RCTs with
a direct comparison between MTAs, alone or in combination
with another anticancer agent and a controlled therapy were
included. Articles were first screened on the basis of title
and abstract to identify eligible RCTs. Phase I, single-arm
Phase II trials and randomized trials with MTAs in both
arms were excluded for analysis. RCTs reported as meeting
abstracts without detailed data on AEs were also excluded.
Clinical trials that met the following criteria were included:
prospective RCTs that randomly assigned patients to MTAs
treatment or controls; and with available data regarding
incidence and cause of FAEs.

Data extraction

Data abstraction was conducted independently by two inves-
tigators, and any discrepancy between the reviewers was
resolved by consensus. The numbers of FAEs and reported
specific causes in both treatment and control arms were
extracted from text or appendix of the trial publications.
For multiple reports of the same trial, we used data from the
longest follow-up. For all eligible trials, we also extracted
the following information: first author’s name, year of
publication, trial phase, number of enrolled subjects, treat-
ment arms, number of patients in treatment and controlled
groups, median age, and median progression-free survival.

Statistical method
The primary summary measures were incidence, Peto
ORs, and corresponding 95% Cls. All statistical analyses
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were performed by using Version 2 of the Comprehensive
MetaAnalysis program (Biostat, Englewood, NJ, USA).
For the calculation of incidence, the number of patients
with FAEs in the MTA group and the total number of
patients receiving MTAs were extracted; the proportion of
patients with FAEs and 95% CI were derived for each study.
To calculate Peto ORs, patients assigned to MTAs were
compared only with those assigned to control treatment
in the same trial. We used the Peto method to calculate
ORs and 95% CIs because this method provided the best
confidence interval coverage when dealing with low event
rates.'” Between-study heterogeneity was estimated using
the y*-based Q statistic.? The /* statistic was also calculated
to evaluate the extent of variability attributable to statistical
heterogeneity between trials. A statistical test with a p-value
less than 0.05 was considered significant. Study quality was
assessed by using the Jadad scale based on the reporting of
the studies” methods and results.?!

Results

Search results

We initially found 1,500 reports. After excluding review
articles, Phase I studies, case reports, editorial, letters, com-
mentaries, meta-analyses and systematic review (Figure 1),
we selected 13 prospective clinical trials. Three RCTs were
removed from the meta-analysis because both groups
received MTAs treatment.”?2* Finally, a total of 10 RCTs
were included for analysis in the present study.®*** There

Potentially relevant records identified
through database searching (1,500)

Excluded (n=1,487):

Duplicated reports

Basic research

Phase | trials and single arm |l trials
Methodologic trial description
Review articles

Case reports

A

Full text articles assessed for
eligibility (n=13)

Trials excluded (n=3):
Both group received MTAs (n=3)

Eligible trials for meta-analysis (n=10)

Figure | Studies eligible for inclusion in the meta-analysis.
Abbreviation: MTAs, molecular targeted agents.

were no FAEs observed in two included trials, conducted by
Cheng et al® and Kudo et al.?

Study characteristics

Ten trials including a total of 4,716 patients were included in
the final analysis. Table 1 lists the baseline characteristics of
patients and studies. The quality of each study was roughly
assessed according to the Jadad scale. Ten trials were double
blinded and placebo controlled, thus had a Jadad score
of 5. Eight trials used MTAs as monotherapy, and two as
add-on or combination therapy. MTA was compared with
active controls or placebo/BSC alone in two and eight trials,
respectively. Eight trials were Phase I1I randomized trials and
the remaining two trials were Phase II clinical trials. FAEs
were defined by the CTCAE version 3.0 or 4.0 criteria in all
the included trials.

Incidence and risk of FAEs with MTAs

For calculating the overall incidence of FAEs associated
with MTAs, a total of 2,652 HCC patients receiving MTAs
were included. No FAEs were observed in two trials. The
pooled incidence of FAEs related with MTAs was 2.1%
(95% CI 1.6%—-2.8%). For calculating the risk of FAEs
associated with MTAs, a total of 4,716 patients were finally
included in the present study. The pooled risk of develop-
ing FAEs was 1.79 (95% CI 1.07-3.01, p=0.027) in HCC
patients receiving MTAs in comparison with controls
(Figure 2). We also did a sensitivity analysis to examine
the stability and reliability of pooled ORs by sequential
omission of individual studies (the pooled results are shown
after removing each indicated study in Figure 3). The leave-
one-out analysis was performed by omitting one study in
turn, as indicated in Figure 3. The results indicated that the
estimate of the pooled ORs became non-significant after
omitting the trials conducted by Llovet et al*® or Kudo et
al?’ (Figure 3). Both of these trials assessed the efficacy and
toxicities of brivanib in the treatment of advanced HCC,
which suggested that brivanib had more toxicities than the
placebo. Then, we performed subgroup analysis accord-
ing to the specific targeted drugs, and found that all of the
subgroup analyses indicated a trend toward an increased
risk of FAEs associated with MTAs in HCC patients. In
addition, the use of brivanib in HCC significantly increased
the risk of developing FAEs (Peto OR 3.97, p=0.028). In
agreement with our result, higher incidences of treatment
discontinuation from AEs was observed with brivanib versus
sorafenib (43% vs 33%) in a large Phase III head-to-head
trial for advanced HCC patients, although both brivanib
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Table | Baseline characteristic of the 10 trials

Reference Phase Total Treatment arms Median Median Median No for FAEs Jadad
age (years) PFS oS analysis score

Cheng et al® 1] 271 Sorafenib 400 mg bid po 51 28 6.5 150 0 5
Placebo 52 1.4 42 76 0

Abou-Alfa et al® |l 90 Doxorubicin + sorafenib 400 mg bid po 66 6 13.7 47 3 5
Doxorubicin + placebo 65 2.7 6.5 49 2

Kudo et al?* 11l 458 Sorafenib 400 mg bid po + TACE 69 5.4 29.7 229 0 5
Placebo + TACE 70 37 NR 229 0

Llovet et al?® 1] 395 Brivanib 800 mg qd po 64 42 9.4 263 6 5
Placebo 62 2.7 8.2 132 0

Kudo et al” 1] 502 Brivanib 800 mg qd po 57 12 264 249 4 5
Placebo 59 10.9 26.1 253 |

Zhu et al*® 1] 546 Everolimus 7.5 mg/d 67 3 7.6 362 I 5
Placebo 64 2.6 7.3 184 4

Bruix et al 1] 1,114 Sorafenib 400 mg bid po 58 8.5 NR 556 4 5
Placebo 60 8.4 NR 558 2

Kang et al*® Il 202 Axitinib 5 mg bid po 6l 3.6 12.7 134 3 5
Placebo 63 1.9 9.7 68 2

Zhu et al* 11l 565 Ramucirumab 8 mg/kg 64 2.8 9.2 283 7 5
Placebo 62 2.1 7.6 282 4

Bruix et al*! 11l 573 Regorafenib 160 mg 64 3.1 10.6 379 7 5
Placebo 62 1.5 7.8 194 2

Abbreviations: PFS, progression-free survival; OS, overall survival; FAEs, fatal adverse events; qd, once daily; bid, twice daily; po, oral administration; TACE, transarterial

chemoembolization; NR, not reported.

and sorafenib showed similar antitumor activity.** Based
on these findings, brivanib could not be recommended as
first-line treatment for advanced HCC due to its severe
toxicities.

Specific cause of FAEs

Individual specified and non-specified causes of FAEs are
listed in Table 2. Of the 45 FAEs on the treatment arms and
17 FAEs on the controlled arms, 13.3% and 5.9% were of
non-specified etiology, respectively. Of those FAEs that were
specified, the most common causes of FAEs associated with
MTAs in NSCLC were hepatic failure (22.2%) and hemor-
rhage (13.3%), respectively.

Publication bias

Begg’s funnel plot and Egger’s test were performed to assess
the publication bias of the literature. There was no evidence
of obvious publication bias among included trials for the
meta-analysis of FAEs in the present study (Begg’s test:
p=0.85; Egger’s test: p=0.45, respectively; Figure 4).

Bias analysis

Randomization procedures and allocation concealment were
properly reported in all trials. All of the included trials were
double blinded and thus judged to be at low risk of perfor-
mance and detection bias.

Study name Statistics for each study Events/total Peto OR and 95% CI
Peto Lower Upper
OR limit limit Z-value p-value MTAs group Controls
Abou-Alfaetal?® 1.586 0.264 9515  0.505 0.614 3/47 2/49 &
Llovet et al?® 4578 0830 25239 1.746 0.081 6/263 0/132 i
Kudo et al?’ 3407 0.586 19.805 1.365 0.172 4/249 1/253 =
Zhu et al*® 1.381 0467 4.087 0.584 0.559 11/362 4/184 —il—
Bruix et al*! 1.961 0.394 9749  0.823 0.411 4/556 2/558 =
Kang et al* 0.749 0.115 4.875 -0.303 0.762 3/134 2/68 —_—
Zhu et al® 1736 0527 5721  0.907 0.365 7/283 4/282 ——
Bruix et al*2 1.694 0422 6.802 0.743 0.458 71379 2/194 —
1794 1.069 3.013 2210 0.027  45/2,273 17/1,720 <>
0.01 0.1 1 10 100

Favors MTAs Favors controls

Figure 2 Fixed-effect model of risk ratio (95% CI) of FAEs associated with MTAs in HCC patients.
Abbreviations: FAEs, fatal adverse events; HCC, hepatocellular carcinoma; MTAs, molecular targeted agents.
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Study name Statistics with study removed Peto OR (95% CI)
Lower Upper with study removed
Point limit limit Z-value p-value
Abou-Alfa et al?® 1.815 1.056 3.119 2.157 0.031 -.-
Llovet et al® 1.632 0.947 2.811 1.763 0.078 -.-
Kudo et al? 1.688 0.981 2.904 1.892 0.058 -.-
Zhu et al*® 1.939 1.075 3.498 2.199 0.028 -l
Bruix et al*' 1.776 1.027 3.071 2.055 0.040 -.-
Kang et al?® 1.929 1.125 3.309 2.387 0.017 -.-
Zhu et al® 1.808 1.017 3.215 2.017 0.044 -.-
Bruix et al*? 1.811 1.036 3.166 2.084 0.037 -.-
1.794 1.069 3.013 2.210 0.027 ’
0.01 0.1 1 10 100

Favors MTAs Favors controls

Figure 3 Meta-analysis of FAEs associated with MTAs versus control in HCC patients: “leave-one-out” sensitivity analysis.
Abbreviations: FAEs, fatal adverse events; HCC, hepatocellular carcinoma; MTAs, molecular targeted agents.

Discussion

FAEs are defined as deaths that are secondary to the use of
pharmaceutical agents. It is important to monitor the risk of
FAEs related to newly targeted agents and to develop risk
reduction strategies. Meta-analysis is a powerful statistical
tool to estimate the risk of serious drug-related toxicities
across a range of medical disciplines by a predetermined
method to reduce bias. To our best knowledge, this is the
first meta-analysis to evaluate the association between MTAs
and FAEs in advanced HCC patients. Based on 10 RCTs
involving 4,716 HCC participants, our pooled results dem-
onstrate that the use of MTAs significantly increases the risk
of developing FAEs in advanced HCC. However, sensitive

Table 2 Fatal adverse events by specific type

Events on the Events on
MTA arms

6283033 |32

Adverse events
control arms

Death not otherwise specified

Hepatic failure |Q25:27-29.32.33 52527
Myocardial infarction/ischemia 3231 132
Upper gastrointestinal hemorrhage 3% 2%
Intracranial hemorrhage 33 0
Encephalopathy 3% 0
Renal failure 33033 |30
Pulmonary infection, pneumonitis 32527.30 125
Gastric perforation |30 0
Febrile neutropenia 0 12
Thrombosis or embolism 0 22933
Acidosis |28 0
Cerebral edema |28 0
Cerebrovascular accident |30 0
Interstitial lung disease |30 0
Peritonitis 27730 0
Respiratory failure |30 130
Multiorgan failure |33 130
Sepsis, septic shock 2253 |33

Abbreviation: MTA, molecular targeted agent.

analysis shows that the pooled results are influenced by
removing a single trial, which suggest that further studies
are still needed to clearly determine the risk of FAEs in
HCC patients. The summary incidence of FAEs is 2.1%. It
should be mentioned that all FAE data in the present study
are derived from clinical trials with rigorous inclusion
criteria. Therefore, the risk of FAEs may be even higher in
conventional medical practice.

As HCC patients receiving different MTAs are included,
this might influence the incidence and risk of FAE analysis.
Subgroup analysis according to the specific targeted
drugs shows that the use of brivanib in HCC significantly
increases the risk of FAEs (Peto OR 3.97, p=0.028). There-
fore, clinicians should pay more attention to drug-related
toxicities, but not only for antitumor activity. Indeed,
toxicity is a significant concern during the development
of novel targeted agents for advanced HCC. A Phase III
RCT in the first-line setting with a head-to-head compari-
son between the sunitinib and sorafenib was prematurely
discontinued following a review by the Independent Data
Monitoring Committee (IDMC) owing to safety concerns
(more frequent and severe AEs) in the sunitinib arm and the
lack of either superiority or non-inferiority in OS compared
with sorafenib (7.9 vs 10.2 months, two-sided p=0.0014).2
In another Phase III head-to-head trial comparing linifanib
versus sorafenib as first-line treatment for advanced HCC,
the authors also found that linifanib was more toxic than
sorafenib in terms of serious AEs (54% vs 38%), grade 3 to
4 hypertension (20% vs 10%) and grade 3 to 4 liver-related
complications (encephalopathy, ascites, and hyperbiliru-
binemia: 20% vs 10%).2 Although the reasons for these
two Phase III trials failure are heterogeneous, the major
treatment failure reasons include drug-related toxicities

Drug Design, Development and Therapy 2018:12
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Figure 4 Funnel plot for publication bias.

and lack of substantial antitumoral potency. Preclinical
studies found that upregulation of pro-angiogenic signals
such as the fibroblast growth factor receptor (FGFR) sig-
naling pathway might have a crucial role in the acquired
resistance to sorafenib; thus, the dual VEGFR and FGFR
TKI brivanib was one of the most tested in Phase III RCTs
for HCC. However, the first-line trial of a head-to-head
comparison with sorafenib did not meet its primary end
point of demonstrating non-inferiority in OS, despite
similar results in secondary end points (time to progression,
objective response rate, disease control rate assessed by
modified RECIST).** In addition, brivanib was not as well
tolerated as sorafenib, with a higher rate of serious AEs and
AEs leading to discontinuation. Based on these findings, it
seems likely that the marginal differences in OS between
the various molecular drugs that are failed in Phase III trials
might be attributable to differences in toxicity. As a result,
delineated strategies to guide development of other novel
drugs, including better monitoring of treatment-related AEs,
and optimized dose selection for the cirrhotic population,
might be a turning point in the clinical management of
advanced HCC.

Of the reported specified causes of FAEs, the incidence
of hepatic failure (22.2%) and hemorrhage (13.3%) are
numerically higher in the MTAs group. This result is con-
sistent with a previous meta-analysis, which concluded that
targeted agents in HCC were associated with increased risk
of all grade and high grade hemorrhage.** If any bleeding
necessitates medical intervention, permanent discontinuation
of sorafenib should be considered according to the manufac-
turer’s instructions. TKI-induced hepatitis is characterized
by a hepatocellular pattern of liver damage with significant
increases of transaminases which may result in hepatic failure

and death. It has been recommended to regularly monitor
liver function test for patients receiving TKIs. In the case
of significantly increased transaminases without alternative
explanation, such as viral hepatitis or progressing underlying
malignancy, TKIs should be discontinued according to the
manufacturer’s instructions.

Our study has several limitations. First, FAE data were
abstracted from clinical trial results; therefore, we could
not get individual patient information. Second, FAEs are
not the primary end point in all included RCTs, and the
process of attribution of FAEs’ causality by investigators
is an objective process and may be a potential source
of bias. However, the majority of included RCTs in our
study are double blinded and placebo controlled and thus
are determined to be of low risk of bias. Furthermore, in
our sensitivity analysis that excluded open-label trials and
unpublished RCTs, we did not observe any significant
change in the pooled ORs.

Conclusion

The present study has found that the use of MTAs
significantly increases the risk of developing FAEs. Given
the increasing use of MTAs in HCC patients, clinicians
should be aware of the risks of FAEs with MTAs treatment
in HCC patients and prevent accordingly, especially those
caused by liver toxicity.

Disclosure
The authors report no conflicts of interest in this work.
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