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Objectives: To evaluate the efficacy and safety of erlotinib
for the treatment of advanced hepatocellular carcinoma

(HCO).

Methods: A systematic literature search was undertaken in
June 2015. Phase /111 trials of erlotinib for the treatment
of advanced HCC were included. A descriptive analysis
was applied. The study was conducted in College of
Medicine, Honghui Hospital, Xi’an Jiaotong University,
Xi’an, China, between June 2015 and January 2016.
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Results: Ten trials, comprising 9 phase II and one
phase III trial, were included in the systematic review.
The tumor response rate was 0% in 4 of the phase II
trials, <10% in 3 of the phase II trials and the phase III
trial, and >20% in 2 of the phase II trials. The disease
control rate was 42.5-79.6% in most studies. Three
studies reported a median progression-free survival (PES)
of 6.5-9.0 months, although PFS was <3.5 months in
most studies. Most trials reported a median overall
survival of 6.25-15.65 months. The most frequent grade
3/4 toxicities were fatigue (11.9%), diarrhea (10%),
increased alanine and aspartate transaminases (7.3%),
and rash/desquamation (6.9%).

Conclusion: Erlotinib provides efficacious and well-
tolerated treatment for advanced HCC. However,
more detailed investigations of HCC pathogenesis and
evaluation of sensitive patient subsets are needed to
improve outcomes of patients with advanced HCC.
Additional well-designed, randomized, controlled trials
are needed to evaluate the efficacy and safety of erlotinib
as monotherapy or combination with other drugs for

advanced HCC.
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lobally, hepatocellular carcinoma (HCC) is the

most common primary malignant liver tumor in
adults and the third-most frequent cause of cancer-
induced mortality."* Because early-stage HCC typically
has no symptoms and monitoring is infrequently
performed, most patients with HCC are diagnosed at
an advanced or unresectable stage.” For advanced or
unresectable HCC, the treatment options are few, and
therapeutic outcome is poor.” Erlotinib, an epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitor,
is orally bioavailable. Erlotinib can inhibit proliferation,
invasion, metastasis, and angiogenesis in tumor cells.>
Some clinical trials have evaluated erlotinib for the
management for advanced HCC,”"! but these studies
are compromised by having small and underpowered
sample sizes. There is no comprehensive summary of
these trials; therefore, the true impact of erlotinib on
advanced HCC is unknown. We conducted a systematic
literature review of the currently available data to obtain
a full overview of the efficacy and safety of erlotinib for
the treatment of advanced HCC.

Methods. Search strategy. In June 2015, we
systematically ~ searched the Cochrane Library
database, the World Health Organization trial registry,
clinicaltrials.gov, MEDLINE, and EMBASE without
language or year restrictions. We used the following
search terms: “Erlotinib”, “Tarceva’, “OSI-774”,
“hepatocellular carcinoma OR hepatoma OR liver cell
carcinoma OR hepatocellular cancer”, and “unresectable
OR advanced”. The bibliographies of all eligible articles
and related reviews were searched manually to retrieve
any additional relevant articles not discovered by
electronic searches.

Inclusion and exclusion criteria. We included any
articles that reported phase II/I11 trials of erlotinib for
the treatment of unresectable or advanced HCC. The
exclusion criteria were animal studies and meeting
abstracts that did not report data for the outcomes of
interest. Two independent reviewers initially screened
and excluded studies based on the titles and abstracts.
The remaining publications were scrutinized for relevant
outcomes of interest.

Study design. A systematic literature review of phase
/11T trials of erlotinib for the treatment of unresectable
or advanced HCC was performed.

Outcome measures. Based on the National Cancer
Institute Common Terminology Criteria (version 2.0)
and Response Evaluation Criteria in Solid Tumors
(RECIST version 1.0) criteria, tumor responses and
toxicities were assessed.

Data extraction. Data extraction was performed and
cross-checked independently by 2 reviewers using a
standard data extraction form. Any discrepancies were
determined by consensus with involvement of the
third investigator if necessary. The following data were
extracted when available: detailed information regarding
erlotinib, including dosages, treatment regimen, number
of cycles, and line of treatment; response evaluation,
including complete response rate (CR), partial response
rate (PR), progressive disease rate (PD), stable disease
rate (SD), in addition to 2 indirect index: response
rate (RR, CR + PR), and disease control rate (DCR,
CR + PR + SD); prognosis, including progression-free
survival (PES), time-to-progression (TTP), overall
survival (OS); and the incidence of toxicities.
Statistical analysis. We planned to combine suitable
data to calculate the risk ratios with 95% confidence
intervals for dichotomized variables and the weighted
mean difference for continuous variables. A meta-
analysis was planned using Review Manager (The
Cochrane Collaboration, Version 5.2). If it proved
impossible to combine the data for analysis, as an
alternative, a descriptive analysis would be employed.

Results. Study characteristics. The process of study
selection is shown in Figure 1. Ultimately, 10 trials were
included in the present systematic review.”'® The basic
characteristics of the included trials are shown in Table 1.
Inter-study heterogeneity in the different inclusion and
exclusion criteria, the differences in drug combinations,
and dosages and treatment regimens precluded a meta-
analysis to compare the efficacy and safety of erlotinib
versus control treatment. Furthermore, most trails
were single-arm and phase II trials without a control
arm, except one phase III randomized controlled trial
(RCT), preventing us from conducting a meta-analysis.
Therefore, the findings of this study are reported using
a descriptive analysis.

Tumor response. Tumor RR and PR rates were
0-25.0%. Four of the phase II trials reported a 0%
tumor RR,*'%!%15 while <10% was reported in 3 of the
phase II trials and the phase III trial,”'"'*!¢ and >20%
in 2 of the phase II trials (Table 2).”'° There were no
CRs in the phase II trials, but 2 (0.6%) patients showed
a CR in the phase III RCT." In most trials, 40-50% of
patients had SD after erlotinib treatment.”!"!%1>

Disease control rare. The DCR was 42.5-79.6%
in most studies. The DCR in 4 phase II trials was
50-80%,”*'*!* and the DCR in 3 phase II trials and
the phase III RCT was 40-50% (Table 2).%'"'>¢ For
the remaining phase II trials, one reported a DCR of
28%,"® whereas the other reported a DCR of 0%."?
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1226 records identified
through database searching

> 254 duplicates removed

972 records screened

865 records irrelevant after
reading title and/or abstract

A

107 records assessed for
eligibility

97 records removed by
inclusion/exclusion criterion

10 studies included in
systematic review

Figure 1 - Study selection process for the systematic review of phase
II/II trials of erlotinib for the treatment of unresectable or
advanced hepatocellular carcinoma.

Progressionﬁee survival/tz'me—to—pmgressz'on. The
median PFS or TTP in all studies was 1.81-9.0 months.
Three of the included studies reported a median PFS
of 6.5-9.0 months,*'° but most reported a PES of <3.5
months (Table 2).7:!1-16

Overall survival. The median OS in all studies was
4.37-15.65 months. Nine of the 10 trials reported a
median OS of 6.25-15.65 months,”'"'>'¢ except one
phase II trial that reported an OS of 4.37 months
(Table 2).12

Toxicities. The phase II trials of Thomas et al’ and
Kaseb et al'® were performed in the same institution,
and the latter sample (n=59) included that of the
former (n=40). Therefore, we included only the study
of Kaseb et al'® during toxicity analysis. In addition,
due to the differences in the study types, we did not
combine the phase III RCT data with the phase II study
data. Eventually, the toxicity was assessed using the data
combined from 8 phase II trials (n=260).7%1*-1>

The most typical reported toxicities, experienced
by 220% of patients, regardless of grade, were diarrhea
(57.3%), rash/desquamation (55.4%), fatigue (46.2%),
nausea (26.9%), dry skin (26.9%), acne (26.9%),
anorexia (26.5%), increased alanine and aspartate
transaminases (22.7%), and epistaxis (21.5%). Grade 1
and grade 2 toxicities were most frequently reported.
Within grade 3/4 toxicities, those that occurred in more
than 5% of patients were fatigue (11.9%), diarrhea
(10%), increased alanine and aspartate transaminases

Table 1 - Basic characteristics of included studies in systematic review of phase II/III trials of erlotinib for the treatment of unresectable or advanced

hepatocellular carcinoma.

Sample Design of Cycles of erlotinib
Study Country Line P parent study/ Treatment regimen yees
size median (range)
phase
Philip 20057 USA firstor second line 38 Single-arm/II E 150 mg po qd 5 (1-26)
Thomas 20078 USA first line 40 Single-arm/II E 150 mg po qd 2 (1-16)
Thomas 2009° USA firstor second line 40 Single-arm/II E 150 mg po qd + B 10 mg/kg iv q2w 6(1-13)
Kaseb 2012 USA firstor second line 59 Single-arm/II E 150 mg po qd + B 10 mg/kg ivq2w  86% of patients
completed =8 cycles
Philip 2012" USA second line 27 Single-arm/II E 150 mg po qd + B 10 mg/kg iv q2w 2 (1-12)
Yau 2012 China >second line 10 Single-arm/II E 150 mg po qd + B 10 mg/kg iv q2w 3 (2-3)
Govindarajan 2013% USA first line 21 Single-arm/II E 150 mg po qd + B 15 mg/kg iv q3w  E:3(1-21); B:3(1,22)
Hsu 2013 Korea, first line 51 Single-arm/II E 150 mg po qd + B 5 mg/kg iv q2w Unclear
Philippines, and
Taiwan
Chiorean 2012 USA first line 14 Single-arm/II  E 150 mg po on days 2-7, 9-14, 16-28, Unclear
D 30 mg/m* IV on days 1, 8, 15 of each
28-day cycle
Zhu 2015'¢ Europe, North first line 720 RCT/ I S 400 mg po bid + E 150 mg po qd vs S+E:3
and South S 400 mg po bid + P 150 mg po qd S+ P:4
America, and the
Asia-Pacific region
E - erlotinib, B - bevacizumab, S - sorafenib, P - placebo, D - docetaxel, RCT - randomized controlled trial
1186 Saudi Med J 2016; Vol. 37 (11)  www.smj.org.sa
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Table 2 - Efficacy of studies included in systemic review of phase II/III trials of erlotinib for the treatment of unresectable or advanced

hepatocellular carcinoma.

CR PR SD RR DCR Median PFS/ TTP Median OS
Study Treatment
n (%) (mo)

Philip 20057 E 0 (0.0 3 (9.0 17 (50.0) 3 (9.0 20 (59.0) 3.2 13
Thomas 2007* E 0 (0.0 0 (0.0) 17 (42.5) 0 (0.0) 17 (42.5) 6.5 6.25
Thomas 2009’ E+B 0 (0.0 10 (25.0) 17 (42.5) 10 (25.0) 27 (67.5) 9.0 15.65
Kaseb 2012 E+B 0 (0.0 14 (23.7) 33 (55.9) 14 (23.7) 47 (79.6) 7.2 13.7
Philip 2012" E+B 0 (0.0 1 (2.1) 11 (40.7) 1 (2.1) 12 (44.4) 3.0 9.5
Yau 2012" E+B 0 (0.0 0 (0.0 0 (0.0 0 (0.0 0 (0.0) 1.81 4.37
Govindarajan 2013" E+B 0 (0.0 0 (0.0) 5 (28.0) 0 (0.0) 5(28.0) 2.57 8.33
Hsu 2013 E+B 0 (0.0) 3 (6.0) 24 (47.0) 3 (6.0) 27 (53.0) 2.9 10.7
Chiorean 2012" E+D 0 (0.0 0 (0.0 6 (46.0) 0 (0.0) 6 (46.0) 3.5 6.7
Zhu 2015 E+S 2(0.6) 22 (6.1) 135(37.3) 24 (6.6) 159 (43.9) 3.2 9.5

P+S 1(0.3) 13 (3.6) 174 (48.6) 14 (3.9) 188 (52.5) 4.0 8.5

CR - complete response, PR - partial response, SD - stable disease, RR - response rate (CR+PR), DCR - disease control rate (CR+PR+SD),
PES - progression-free survival, TTP - time-to-progression, OS - overall survival, mo - months, E - erlotinib, B - bevacizumab, S - sorafenib,

P - placebo, D - docetaxel

(7.3%), and rash/desquamation (6.9%). For the
phase III trial,’ the overall rates of emergent adverse
events (AEs) (100% versus 99.2%) and drug-related
AEs (95.0% versus 95.2%) were similar between the
sorafenib plus erlotinib and sorafenib plus placebo
groups.

In the phase II studies, 2 patients died: one due
to complications after experiencing gastrointestinal
hemorrhage,” and one due to acute respiratory failure
caused by pneumonia that was deemed unrelated to the
study drugs."" In the phase III RCT, the frequency of
emergent AEs leading to death was similar between the
arms; 72 (20.3%) patients in the sorafenib plus placebo
group and 80 (22.1%) patients in the sorafenib plus
erlotinib group died of grade 5 emergent AFEs.'¢

Adverse reactions led to 5 (13%) patients
withdrawing from a phase II trial, but the details of
their adverse reactions were unclear.” In another phase
IT study,” 7 (17.5%) patients withdrew due to fatigue,
proteinuria, delayed wound healing, and gastrointestinal
hemorrhage. One phase II study' reported that 6
(10%) patients were excluded owing to grade 3-4
gastrointestinal hemorrhage. In the remaining phase II
studies,*!""" there were no toxicity-related withdrawals.
In the phase IIT RCT,' the incidence of emergent AEs
resulting in withdrawal was similar in the sorafenib plus
erlotinib (45.0%) and sorafenib plus placebo (45.6%)

groups.

Discussion. This systematic review provides a
comprehensive overview of the current evidence of
the efficacy and safety of erlotinib for the treatment of
advanced HCC. Although it was impossible to perform

an overall meta-analysis for several reasons, in general,

the results reported in these studies demonstrate
that erlotinib is efficacious and well-tolerated in the
treatment of advanced HCC.

When used as monotherapy, the DCR of etlotinib
for advanced HCC was good, but the RR was poor,”*
suggesting that erlotinib alone exhibited modest
antitumor activity. However, the promising DCR, TTP,
and OS rates in these studies encouraged clinicians
to explore the use of erlotinib in conjunction with
other anticancer therapies. For example, erlotinib was
administered in combination with bevacizumab in
6 phase II trials;>'* among these 6 trials, 4 phase II
trials were included in another systematic review on
bevacizumab performed by Fang et al.'” Erlotinib has
also been combined with docetaxel in another study,"”
and with sorafenib in a phase III RCT.'® Only 2
studies,”' with overlapping study populations, showed
superior RRs for the combination of bevacizumab
with erlotinib  when compared with erlotinib
monotherapy.”® However, other drug combinations did
not show any significant benefits for RR.'"'* Most of
the drug combinations™'"'*¢ showed similar or slightly
better DCRs compared with erlotinib monotherapy,”*
except for the combinations used in the study by
Govindarajan et al'? and Yau et al,” both of which
utilized bevacizumab. All combined therapy studies,
except one with bevacizumab,'” demonstrated similar
or slightly improved PES/TTP and OS rates compared
with erlotinib monotherapy.”*

None of the trials reported any unexpected toxicities,
and most were grade 1 or 2 in severity. In the phase II
studies, there were only 2 patient deaths; one was due
to pneumonia'' and deemed unrelated to treatment,
and the other was due to gastrointestinal bleeding that

Saudi Med ] 2016; Vol. 37 (11) 1187
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occurred during study, but whether it was treatment-
related was not disclosed.” Overall, the number of
withdrawals due to AEs was low. In the phase III RCT,
the difference in the death or withdrawal rates between
the 2 study groups was not significant, suggesting that
most were related to sorafenib rather than erlotinib.'
Therefore, the safety analysis in these reports suggested
that erlotinib was safe and well-tolerated.

Although sorafenib is the only approved standard
treatment for advanced HCC, the survival benefit
is relatively modest according to 2 studies.'®" In the
SHARP trial,'® the DCR and median OS rates were
43% and 10.7 months, and in the Asia-Pacific region
phase III RCT, they were 35.3% and 6.5 months."”
Overall, the effect of erlotinib for the treatment of
advanced HCC in all the trials evaluated in this present
study, except for that of Yau et al,'* is comparable with
that of sorafenib.'® Yau et al'* reported that none
of their enrolled 10 patients, who were resistant to
sorafenib, responded to the therapeutic combination of
erlotinib and bevacizumab. This conclusion suggested
that patients who were resistant to sorafenib would
not obtain any clinical benefit from treatment with
erlotinib or bevacizumab, and the trial was terminated
early due to poor patient response. For this reason,
the data from that study should be interpreted with
caution. However, Kaseb et al'’ indicated that PFS
and OS in response to erlotinib plus bevacizumab were
shorter in those previously treated with sorafenib (PFS
of 6.7 months and OS of 9.6 months) when compared
with treatment-naive patients (PFS of 7.4 months and
OS of 15.0 months). This might suggest further that in
sorafenib non-responders, erlotinib plus bevacizumab
may not be an appropriate treatment regimen.

Sorafenib can block vascular endothelial growth
factor (VEGF) and platelet-derived growth factor
(PDGF) receptor signaling,***' whereas erlotinib blocks
EGEFR signaling;® it was hoped that the combination
might have a synergistic anticancer effect. Because
the combination of erlotinib and sorafenib showed
promising antitumor efficacy in a phase I trial,”* and
erlotinib showed moderate efficacy in phase II studies,”®
phase II trials were skipped and a phase III trial was
performed directly. Finally, this combination provided
no synergistic benefit.' In this study, we used SEARCH
trial,'® erlotinib plus sorafenib as a first-line treatment
in advanced HCC patients had similar OS (p=0.408)
and TTP (p=0.18) outcomes compared with placebo
plus sorafenib. Possible reasons for the failure of this
trial to produce any meaningful effect in advanced

HCC patients might be explained by the findings of

1188 Saudi Med J 2016; Vol. 37 (11)
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a study conducted by Sieghart et al*® in a rat model
of HCC. Sieghart et al® found that treatment with
erlotinib and sorafenib was not superior to the effect of
sorafenib alone in vitro or in vivo, suggesting a lack of
any synergistic or additive effect between the 2 drugs.
However, they also suggested that erlotinib-induced
VEGEF expression might have contributed to the failure
of the combination therapy.” This trial demonstrates
that we should perform research systematically
following the study-design strategy guidelines, instead
of carry out large-scale phase III trials without a clear
signal of efficacy from earlier-phase studies.

HCC trials are characterized by study population
heterogeneity and are, therefore, complex to interpret
and dissect.'”® Drugs that target all HCC subtypes will
need to be explored, and there is room for such drugs,
especially for the second-line or third-line treatments.
There is an intensive requirement for valid biomarkers to
enable selection of suitable subgroups of HCC patients
who would be more likely to achieve an objective
response to specific anticancer agents.** For example,
erlotinib efficacy is affected by the T790M mutation
in the EGFR kinase in non-small-cell lung cancer.”
Therefore, such cases should encourage analogous
studies with biomarkers to predict erlotinib efhicacy in
future phase I1II trials.

Moreover, sample augmentation or incorporation of
a control arm in phase II studies would reduce selection
bias and decrease the risk of random effects to obtain an
impartial comparison for outcome analysis.'®** These
approaches might reduce the possibility of negative
outcomes for future phase III trials.

In all of the included trails, except 2 trails,
the objective response rate was low, but it may be
inappropriate to apply this extremely stringent
parameter. As alternative endpoints in these studies,
DCR, PES/TTPE and OS have thus been adopted.
However, DCR, PES/TTP and OS are endpoints
that reflect not only treatment effect but also tumor
behavior.?”” Perhaps it would be better to use primary
endpoints to measure the treatment effect of erlotinib.

All of the previous observations remind us to
optimize the design of trails, augment sample size, select
sensitive subset populations, and use better primary
endpoints in order to improve the therapeutic effect in
patients with advanced HCC.

There are some limitations in the present systematic
review. First, publication bias may affect this area of
study and research. In this systematic review, data for
one study"” were derived from an abstract because the
full-text publication could not be identified, preventing

9,10
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a more in-depth analysis. Second, heterogeneity among
trials could affect the validity of the present results. Only
one study was an RCT, and most of phase II studies
had no head-to-head comparisons. Furthermore,
heterogeneity may exist owing to the differences in
patients’ characteristics, drug dosages, and treatment
regimens, which impedes comparisons between studies.
Third, there could be discrepancies in the measurement
of outcome measures. For example, PFS is frequently
confused with TTP* and an unequivocal definition of
PES is seldom provided.

In conclusion, these results are encouraging, and
suggest that erlotinib may be a relatively efficacious and
well-tolerated treatment for advanced HCC. Owing to
the small sample size and lack of controls, this conclusion
is not definitive. Although the efficacy of erlotinib was
not confirmed in the sole phase III trial, it should
not be discarded as a possible treatment option and
should be evaluated in future. Given the better overall
survival observed in most phase II trials and because
treatment of advanced HCC remains unstandardized
and unsatisfactory, it is worth determining whether
erlotinib can be of benefit to patients with advanced
HCC. In future studies, further investigation of the
underlying pathogenesis of HCC and exploration of
sensitive subset populations are warranted to enhance
the effect of erlotinib, thereby improving survival
outcomes in patients with advanced HCC. Meanwhile,
this systematic review has identified the need for more
well-designed RCTs to evaluate the efficacy and safety
of erlotinib as monotherapy and in combination with

other drugs for advanced HCC.

Acknowledgment. 7he authors would like to thank Li-Qiao Ge,
Department of Surgery, First Affiliated Hospital of Xian Medical
University for assistance with this studys early development, and
Dong-Yuan Cao, Stomatological Hospital, Xian Jiaotong University
Health Science Center, Xi'an, China for providing writing assistance.

References

1. International Agency for Research on Cancer, World Health
Organization. GLOBOCAN 2012: Estimated cancer incidence,
mortality and prevalence worldwide in 2012. [Accessed 2016
August 18]. Available from: http://globocan.iarc.fr/Pages/
fact_sheets_population.aspx

2. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 2012; 142: 1264-1273.

3. Kim DY, Han KH. Epidemiology and surveillance of
hepatocellular carcinoma. Liver Cancer 2012; 1: 2-14.

4. Cheng JW, Lv Y. New progress of non-surgical treatments for
hepatocellular carcinoma. Med Oncol 2013; 30: 381.

5. Van den Eynde M, Baurain JE, Mazzeo F, Machiels JP. Epidermal
growth factor receptor targeted therapies for solid tumours.

Acta Clin Belg 2011; 66: 10-17.

6. Hirte HW. Profile of erlotinib and its potential in the treatment
of advanced ovarian carcinoma. Onco Targets Ther 2013; 6:
427-435,

7. Philip PA, Mahoney MR, Allmer C, Thomas J, Pitot HC,
Kim G, et al. Phase II study of Erlotinib (OSI-774) in patients
with advanced hepatocellular cancer. J Clin Oncol 2005; 23:
6657-6663.

8. Thomas MB, Chadha R, Glover K, Wang X, Morris J, Brown
T, et al. Phase 2 study of erlotinib in patients with unresectable
hepatocellular carcinoma. Cancer 2007; 110: 1059-1067.

9. Thomas MB, Morris JS, Chadha R, Iwasaki M, Kaur H, Lin
E, et al. Phase II trial of the combination of bevacizumab
and erlotinib in patients who have advanced hepatocellular
carcinoma. J Clin Oncol 2009; 27: 843-850.

10. Kaseb AO, Garrett-Mayer E, Morris ]S, Xiao L, Lin E,
Onicescu G, et al. Efficacy of bevacizumab plus erlotinib for
advanced hepatocellular carcinoma and predictors of outcome:
final results of a phase II trial. Oncology 2012; 82: 67-74.

11. Philip PA, Mahoney MR, Holen KD, Northfelt DW, Pitot
HC, Picus ], et al. Phase 2 study of bevacizumab plus erlotinib
in patients with advanced hepatocellular cancer. Cancer 2012;
118: 2424-2430.

12. Yau T, Wong H, Chan P, Yao TJ, Pang R, Cheung TT, et al.
Phase II study of bevacizumab and etlotinib in the treatment
of advanced hepatocellular carcinoma patients with sorafenib-
refractory disease. Invest New Drugs 2012; 30: 2384-2390.

13. Govindarajan R, Siegel E, Makhoul I, Williamson .
Bevacizumab and erlotinib in previously untreated inoperable
and metastatic hepatocellular carcinoma. Am J Clin Oncol
2013; 36: 254-257.

14. Hsu CH, Kang YK, Yang TS, Shun CT, Shao YY, Su WC, et
al. Bevacizumab with erlotinib as first-line therapy in Asian
patients with advanced hepatocellular carcinoma: a multicenter
phase II study. Oncology 2013; 85: 44-52.

15. Chiorean EG, Ramasubbaiah R, Yu M, Picus J, Bufill JA, Tong
Y, et al. Phase II trial of erlotinib and docetaxel in advanced and
refractory hepatocellular and biliary cancers: Hoosier Oncology
Group GI06-101. Oncologist 2012; 17: 13.

16. Zhu AX, Rosmorduc O, Evans TR, Ross PJ, Santoro A, Carrilho
FJ, et al. SEARCH: a phase III, randomized, double-blind,
placebo-controlled trial of sorafenib plus erlotinib in patients
with advanced hepatocellular carcinoma. J Clin Oncol 2015;
33:559-566.

17. Fang P, Hu JH, Cheng ZG, Liu ZE Wang JL, Jiao SC. Efficacy
and safety of bevacizumab for the treatment of advanced
hepatocellular carcinoma: a systematic review of phase II trials.
PLoS One 2012; 7: e49717.

18. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E,
Blanc JE et al. Sorafenib in advanced hepatocellular carcinoma.
N Engl ] Med 2008; 359: 378-390.

19. Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim ]S, et al.
Efficacy and safety of sorafenib in patients in the Asia-Pacific
region with advanced hepatocellular carcinoma: a phase III
randomised, double-blind, placebo-controlled trial. Lancer
Oncol 2009; 10: 25-34.

20. Gauthier A, Ho M. Role of sorafenib in the treatment of
advanced hepatocellular carcinoma: An update. Hepatol Res
2013; 43: 147-154.

21. Zhao Y, Adjei AA. Targeting Angiogenesis in Cancer Therapy:
Moving Beyond Vascular Endothelial Growth Factor. Oncologist
2015; 20: 660-673.

Saudi Med ] 2016; Vol. 37 (11) 1189

WWW.Smj.org.sa


http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
http://dx.doi.org/10.1053/j.gastro.2011.12.061 
http://dx.doi.org/10.1053/j.gastro.2011.12.061 
http://dx.doi.org/10.1159/000339016 
http://dx.doi.org/10.1159/000339016 
http://dx.doi.org/10.1007/s12032-012-0381-y 
http://dx.doi.org/10.1007/s12032-012-0381-y 
http://dx.doi.org/10.1179/ACB.66.1.2062508 
http://dx.doi.org/10.1179/ACB.66.1.2062508 
http://dx.doi.org/10.1179/ACB.66.1.2062508 
http://dx.doi.org/10.2147/OTT.S30373 
http://dx.doi.org/10.2147/OTT.S30373 
http://dx.doi.org/10.2147/OTT.S30373 
http://dx.doi.org/10.1200/JCO.2005.14.696 
http://dx.doi.org/10.1200/JCO.2005.14.696 
http://dx.doi.org/10.1200/JCO.2005.14.696 
http://dx.doi.org/10.1200/JCO.2005.14.696 
http://dx.doi.org/10.1002/cncr.22886 
http://dx.doi.org/10.1002/cncr.22886 
http://dx.doi.org/10.1002/cncr.22886 
http://dx.doi.org/10.1200/JCO.2008.18.3301 
http://dx.doi.org/10.1200/JCO.2008.18.3301 
http://dx.doi.org/10.1200/JCO.2008.18.3301 
http://dx.doi.org/10.1200/JCO.2008.18.3301 
http://dx.doi.org/10.1159/000335963 
http://dx.doi.org/10.1159/000335963 
http://dx.doi.org/10.1159/000335963 
http://dx.doi.org/10.1159/000335963 
http://dx.doi.org/10.1002/cncr.26556 
http://dx.doi.org/10.1002/cncr.26556 
http://dx.doi.org/10.1002/cncr.26556 
http://dx.doi.org/10.1002/cncr.26556 
http://dx.doi.org/10.1007/s10637-012-9808-8 
http://dx.doi.org/10.1007/s10637-012-9808-8 
http://dx.doi.org/10.1007/s10637-012-9808-8 
http://dx.doi.org/10.1007/s10637-012-9808-8 
http://dx.doi.org/10.1097/COC.0b013e318248d83f 
http://dx.doi.org/10.1097/COC.0b013e318248d83f 
http://dx.doi.org/10.1097/COC.0b013e318248d83f 
http://dx.doi.org/10.1097/COC.0b013e318248d83f 
http://dx.doi.org/10.1159/000350841 
http://dx.doi.org/10.1159/000350841 
http://dx.doi.org/10.1159/000350841 
http://dx.doi.org/10.1159/000350841 
http://dx.doi.org/10.1634/theoncologist.2011-0253 
http://dx.doi.org/10.1634/theoncologist.2011-0253 
http://dx.doi.org/10.1634/theoncologist.2011-0253 
http://dx.doi.org/10.1634/theoncologist.2011-0253 
http://dx.doi.org/10.1200/JCO.2013.53.7746 
http://dx.doi.org/10.1200/JCO.2013.53.7746 
http://dx.doi.org/10.1200/JCO.2013.53.7746 
http://dx.doi.org/10.1200/JCO.2013.53.7746 
http://dx.doi.org/10.1200/JCO.2013.53.7746 
http://dx.doi.org/10.1371/journal.pone.0049717 
http://dx.doi.org/10.1371/journal.pone.0049717 
http://dx.doi.org/10.1371/journal.pone.0049717 
http://dx.doi.org/10.1371/journal.pone.0049717 
http://dx.doi.org/10.1056/NEJMoa0708857
http://dx.doi.org/10.1056/NEJMoa0708857
http://dx.doi.org/10.1056/NEJMoa0708857
http://dx.doi.org/10.1016/S1470-2045(08)70285-7 
http://dx.doi.org/10.1016/S1470-2045(08)70285-7 
http://dx.doi.org/10.1016/S1470-2045(08)70285-7 
http://dx.doi.org/10.1016/S1470-2045(08)70285-7 
http://dx.doi.org/10.1016/S1470-2045(08)70285-7 
http://dx.doi.org/10.1111/j.1872-034X.2012.01113.x 
http://dx.doi.org/10.1111/j.1872-034X.2012.01113.x 
http://dx.doi.org/10.1111/j.1872-034X.2012.01113.x 
http://dx.doi.org/10.1634/theoncologist.2014-0465 
http://dx.doi.org/10.1634/theoncologist.2014-0465 
http://dx.doi.org/10.1634/theoncologist.2014-0465 

22.

23.

24.

1190

Erlotinib for hepatocellular carcinoma ... Zhang et al

Duran I, Hotté SJ, Hirte H, Chen EX, MacLean M, Turner
S, et al. Phase I targeted combination trial of sorafenib and
erlotinib in patients with advanced solid tumors. Clin Cancer
Res 2007; 13: 4849-4857.

Sieghart W, Pinter M, Dauser B, Rohr-Udilova N, Piguet
AC, Prager G, et al. Erlotinib and sorafenib in an orthotopic
rat model of hepatocellular carcinoma. J Hepatol 2012; 57:
592-599.

Llovet JM, Pena CE, Lathia CD, Shan M, Meinhardt G, Bruix
J, et al. Plasma biomarkers as predictors of outcome in patients
with advanced hepatocellular carcinoma. Clin Cancer Res 2012;
18: 2290-2300.

25.

26.

27.

28.

Stasi I, Cappuzzo E Second generation tyrosine kinase
inhibitors for the treatment of metastatic non-small-cell lung
cancer. Transl Respir Med 2014; 2: 2.

Yeatts SD. Novel methodologic approaches to phase I, II, and
I trials. Stroke 2013; 44(6 Suppl 1): S116-S118.

Shao YY, Hsu CH, Cheng AL. Predictive biomarkers of
sorafenib efficacy in advanced hepatocellular carcinoma: Are we
getting there? World J Gastroenterol 2015; 21: 10336-10347.
Saad ED, Katz A. Progression-free survival and time to
progression as primary end points in advanced breast cancer:
often used, sometimes loosely defined. Ann Oncol 2009; 20:
460-464.

Authorship entitlement

Excerpts from the Uniform Requirements for Manuscripts Submitted to Biomedical
Journals updated November 2003.
Available from www.icmje.org

conditions 1, 2, and 3.

group, alone, does not justify authorship.

The international Committee of Medical Journal Editors has recommended the
following criteria for authorship; these criteria are still appropriate for those journals
that distinguish authors from other contributors.

Authorship credit should be based on 1) substantial contributions to conception
and design, or acquisition of data, or analysis and interpretation of data; 2) intellectual
content; and 3) final approval of the version to be published. Authors should meet

Acquisition of funding, collection of data, or general supervision of the research

An author should be prepared to explain the order in which authors are listed.

Saudi Med ] 2016; Vol. 37 (11)

WWW.Smj.org.sa


http://dx.doi.org/10.1158/1078-0432.CCR-07-0382 
http://dx.doi.org/10.1158/1078-0432.CCR-07-0382 
http://dx.doi.org/10.1158/1078-0432.CCR-07-0382 
http://dx.doi.org/10.1158/1078-0432.CCR-07-0382 
http://dx.doi.org/10.1016/j.jhep.2012.04.034 
http://dx.doi.org/10.1016/j.jhep.2012.04.034 
http://dx.doi.org/10.1016/j.jhep.2012.04.034 
http://dx.doi.org/10.1016/j.jhep.2012.04.034 
http://dx.doi.org/10.1158/1078-0432.CCR-11-2175 
http://dx.doi.org/10.1158/1078-0432.CCR-11-2175 
http://dx.doi.org/10.1158/1078-0432.CCR-11-2175 
http://dx.doi.org/10.1158/1078-0432.CCR-11-2175 
http://dx.doi.org/10.1186/2213-0802-2-2 
http://dx.doi.org/10.1186/2213-0802-2-2 
http://dx.doi.org/10.1186/2213-0802-2-2 
http://dx.doi.org/10.1161/STROKEAHA.111.000031 
http://dx.doi.org/10.1161/STROKEAHA.111.000031 
http://dx.doi.org/10.3748/wjg.v21.i36.10336 
http://dx.doi.org/10.3748/wjg.v21.i36.10336 
http://dx.doi.org/10.3748/wjg.v21.i36.10336 
http://dx.doi.org/10.1093/annonc/mdn670 
http://dx.doi.org/10.1093/annonc/mdn670 
http://dx.doi.org/10.1093/annonc/mdn670 
http://dx.doi.org/10.1093/annonc/mdn670 

	Title
	Authors
	Abstract
	Affiliation
	Correspondence
	Disclosure
	Introduction
	Methods
	Results
	Figure 1
	Table 1
	Table 2
	Discussion
	Acknowledgment
	References

