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Abstract \\
Introduction: The efficacy of gefitinib supplementation for breast cancer remains controversial. We conduct a systematic review |
and meta-analysis to explore the influence of gefitinib supplementation vs placebo on the efficacy of breast cancer.

Methods: \We have searched PubMed, EMbase, Web of science, EBSCO, and Cochrane library databases through February 2019
and included randomized controlled trials assessing the effect of gefitinib supplementation vs placebo on overall response for breast
cancer patients. This meta-analysis was performed using the random-effect model.

Results: Seven randomized controlled trials involving 927 patients were included in the meta-analysis. Overall, compared with
control group for breast cancer, gefitinib supplementation revealed no obvious impact on complete response (risk ration [RR]=1.19;
95% confidence interval [Cl]=0.58 to 2.44; P=.63), progressive disease (RR=0.81; 95% CI=0.59-1.11; P=.18), partial response
(RR=0.67; 95% Cl=0.36-1.25; P=.21), stable disease (RR=1.02; 95% Cl=0.65-1.60; P=.92), nausea or vomiting (RR=0.99;
95% Cl=0.73-1.33; P=.93), but was associated with increased incidence of diarrhea (RR=2.80; 95% Cl=2.23-3.52; P < .00001),
decreased incidence of hot flash (RR=0.53; 95% CI=0.37-0.78; P=.001), and improved incidence of adverse events (RR=1.12;
95% Cl=1.05-1.19; P=.0006).

Conclusions: Gefitinib supplementation may provide no positive effect on complete response, progressive disease, partial
response or stable disease for breast cancer patients, but with the increase in adverse events.

Abbreviations: EGFR = epidermal growth factor receptor, Cl = confidence interval, RCTs = randomized controlled trials, RR =

risk ratio.
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1. Introduction

Many patients with breast cancer have the positive expression of
estrogen (ER) receptor,!'™! but endocrine therapy is effective in
only half of primary breast cancer./**! Several mechanisms may
account for the reduced effectiveness of endocrine therapy.
Epidermal growth factor receptor (EGFR) is commonly
expressed in breast cancer, indicating a poor prognosis and
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failure of responding to endocrine therapy.[®”! Immunohisto-
chemical analyses reveal that 30% of ER-positive tumors are
positive for EGFR, and this proportion is up to 51% to 77% in
some cases./*~1%]

Gefitinib, a 4-anilinoquinazolone, is known as a well-tolerated
inhibitor of EGFR, and produces objective responses in lung
cancer." In patients with metastatic colorectal cancer, EGER has
strong correlation with response to anti-EGFR treatment."?! The
presence of specific mutations in colorectal cancer and breast
cancer were rarely found.”! Gefitinib was reported to induce the
growth inhibition of endocrine-resistant MCF-7 breast cancer cells
via reducing AKT and MAPK phosphorylation, and produced a
synergistic effect with tamoxifen administration.>4!

However, current evidence is insufficient for routine clinical
use of gefitinib supplementation for breast cancer, although
several studies have reported the efficacy of gefitinib in these
patients.”">7'81 To our knowledge, this study is the first meta-
analysis of randomized controlled trials (RCTs) to assess the
impact of gefitinib supplementation on overall response in
patients with breast cancer.

2. Materials and methods

This systematic review and meta-analysis were performed based
on the guidance of the Preferred Reporting Items for Systematic
Reviews and Meta-analysis statement and Cochrane Handbook
for Systematic Reviews of Interventions.”*°! No ethical
approval and patient consent were required because all analyses
were based on previous published studies.
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2.1. Literature search and selection criteria

We systematically searched several databases including PubMed,
EMbase, Web of science, EBSCO, and the Cochrane library from
inception to February 2019 with the following keywords:
“gefitinib,” and “breast cancer.” The reference lists of retrieved
studies and relevant reviews were also hand-searched and the
process above was performed repeatedly in order to include
additional eligible studies.
The inclusion criteria were presented as follows:

(1) study design was RCT,

(2) patients were diagnosed with breast cancer, and

(3) intervention treatments were gefitinib supplementation vs
placebo.

Patients with unstable or uncompensated respiratory, cardiac,
hepatic, or renal disease were excluded.

2.2. Data extraction and outcome measures

Some baseline information was extracted from the
original studies, and they included first author, number of
patients, age, the number of positive estrogen receptor,
progesterone receptor and human EGFR 2, detail methods
in 2 groups. Data were extracted independently by 2 inves-
tigators, and discrepancies were resolved by consensus. We
contacted the corresponding author to obtain the data when
necessary.

The primary outcomes were complete response and progres-
sive disease. Secondary outcomes included partial response,
stable disease, nausea and vomiting, diarrhea, hot flash, and
adverse events.

2.3. Quality assessment in individual studies

The methodological quality of each RCT was assessed by the
Jadad Scale which consisted of 3 evaluation elements: randomi-
zation (0-2 points), blinding (0-2 points), dropouts and
withdrawals (01 points).*!! One point was allocated to each
element if they were conducted and mentioned appropriately in
the original article. The score of Jadad Scale varied from 0 to
5 points. An article with Jadad score <2 was considered to have
low quality. The study was thought to have high quality if Jadad
score 23_[221

2.4. Statistical analysis

We assessed the risk ratio (RR) with 95 % confidence interval (CI)
for dichotomous outcomes (complete response, progressive
disease, partial response, stable disease, nausea and vomiting,
diarrhea, hot flash, and adverse events). Heterogeneity was
evaluated using the I statistic, and I* > 50% indicated significant
heterogeneity./*3! The random-effects model was used for all
meta-analysis. We searched for potential sources of heterogene-
ity when encountering significant heterogeneity. Sensitivity
analysis was performed to detect the influence of a single study
on the overall estimate via omitting one study in turn or
performing the subgroup analysis. Owing to the limited number
(<10) of included studies, publication bias was not assessed.
Results were considered as statistically significant for P <.05. All
statistical analyses were performed using Review Manager
Version 5.3 (The Cochrane Collaboration, Software Update,
Oxford, UK).

Medicine

3. Results

3.1. Literature search, study characteristics, and quality
assessment

Figure 1 showed the detail flowchart of the search and selection
results. Five hundred thirty-eight potentially relevant articles
were identified initially. Finally, seven RCTs were included in the
meta-analysis.[1518:24-261

The baseline characteristics of the included RCTs were shown
in Table 1. These studies were published between 2007 and 2016,
and the total sample size was 927. The gefitinib was administered
at the dose of 250 mg daily, and its combination drugs included
anastrozole,!'>17 18] tamoxifen,'® epirubicin and cyclophospha-
mide,***! epirubicin and paclitaxel.?®! Jadad scores of the 7
included studies varied from 3 to 5, and all 7 studies had high-
quality based on the quality assessment.

3.2. Primary outcomes: complete response and
progressive disease

The random-effect model was used for the analysis of primary
outcomes. After including four RCTs for the analysis of complete
response, 171824 the results found that compared to control
group for breast cancer, gefitinib supplementation showed no
substantial impact on complete response (RR=1.19; 95% CI=
0.58-2.44; P=.63) with no heterogeneity among the studies (I* =
0%, heterogeneity P=.91, Fig. 2). The meta-analysis of those
four RCTs involving 484 patients revealed that gefitinib
supplementation demonstrated no obvious effect on progressive
disease (RR=0.81; 95% CI=0.59-1.11; P=.18) compared to
control group, and no heterogeneity remained among the studies
(I*=0%, heterogeneity P=.52, Fig. 3).

3.3. Sensitivity analysis

There was no heterogeneity for the primary outcomes, and thus
we did not perform sensitivity analysis via omitting 1 study in
turn to detect the heterogeneity.

3.4. Secondary outcomes

In comparison with control intervention for breast cancer,
gefitinib supplementation had no remarkable impact on partial
response (RR=0.67; 95% CI=0.36-1.25; P=.21; Fig. 4) or
stable disease (RR=1.02; 95% CI=0.65-1.60; P=.92; Fig. 5)
after performing the analysis of 4 RCTs and 484
patients.!!>171824] The meta-analysis of 5 included RCTs!'>~
18,261 Jemonstrated similar incidence of nausea and vomiting
between 2 groups (RR=0.99; 95% CI=0.73-1.33; P=.93;
Fig. 6). Additionally, gefitinib supplementation was associated
with the increase in diarrhea (5 RCTs and 710 patients! 5718261,
RR=2.80; 95% CI=2.23-3.52; P<.00001; Fig. 7) and the
decrease in hot flash (4 RCTs and 669 patients!'> '8, RR =0.53;
95% CI=0.37-0.78; P=.001; Fig. 8). The incidence of adverse
events in gefitinib supplementation group was higher than that in
control group (2 RCTs and 350 patients"®'7); RR=1.12; 95%
CI=1.05-1.19; P=.0006; Fig. 9).

4. Discussion

Combining endocrine therapy and molecularly targeted agents
has emerged as an effective strategy to delay or overcome
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Figure 1. Flow diagram of study searching and selection process.

endocrine resistance in metastatic breast cancer.?”*?! Previous
studies reported that the mammalian target of rapamycin and
CDK4/6 (Cyclinedependent kinase) inhibition was able to
augment the anti-tumor activity of endocrine treatment.>%3!!
Several targeted agents improved the outcome of patients with
hormone receptor (HR)-positive metastatic breast cancer.3234
In addition, gefitinib benefited to the reversal of resistance to
estrogen deprivation and fulvestrant in human epidermal EGFR 2
(HER2)-positive and HR-positive breast cancer in the xenograft
model.!!

Several studies reported the efficacy of gefitinib supplemen-
tation for breast cancer. In previously untreated postmeno-
pausal women with HR-positive metastatic breast cancer,
gefitinib served as the adjunctive therapy to anastrozole and
resulted in the improvement in progression-free survival
compared to placebo (median progression-free survival, 14.7
vs 8.4 months).!'”! One phase II trial assessed the gefitinib
combined with tamoxifen in patients with HR-positive
metastatic breast cancer, and the results found that gefitinib
might enhance the activity of endocrine therapy in specific

subsets of endocrine-sensitive patients with the EGFR-depen-
dent resistance.!®!

In contrast, gefitinib was used for the neoadjuvant setting of
HR-positive primary breast cancer, and the results revealed no
obvious benefit for breast cancer when combined with
anastrozole.”””'®! Our meta-analysis found that gefitinib supple-
mentation therapy showed no positive influence on complete
response, progressive disease, partial response or stable disease
for breast cancer, but revealed the increase in adverse events such
as diarrhea.

Several factors may be responsible for these inconsistency and
failure to translate preclinical findings into clinical benefit. Firstly,
only gefitinib monotherapy results in high response rates in
patients with estrogen receptor-positive and tamoxifen-resistant
breast cancer,*® and thus there may be the inverse correlation
between the expression of EGFR and estrogen receptor.
Secondly, incomplete understanding of molecular mechanisms
of endocrine sensitivity may lead to the failure to obtain clinical
benefits, and there is little known about the effective inhibition of
EGEFR signaling. Thirdly, breast cancer patients with previous
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Bernsdorf 2011 (1) 73 51.9%

7 71 7
Cristofanilli 2010 1 43 1 50 6.8%
Smith 2007 7 109 4 79 36.1%
Tryfonidis 2016 1 27 0 2 81%
Total (95% CI) 250 234 100.0%
Total events 16 12

Heterogeneity: Tau? = 0.00; Chi? = 0.55, df =3 (P = 0.91); P=0%
Test for overall effect: Z=0.48 (P = 0.63)
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Figure 2. Forest plot for the meta-analysis of complete response.

Control group

dy o e N ota e
Bernsdorf 2011 (1) 5 71 2 73 3.8%
Cristofanilli 2010 22 43 33 50 77.6%
Smith 2007 5 109 4 79 5.9%
Tryfonidis 2016 6 27 10 32 127%
Total (95% CI) 250 234 100.0%
Total events 38 49

Heterogeneity: Tau? = 0.00; Chi? = 2.26, df = 3 (P = 0.52); ? = 0%
Test for overall effect: Z=1.33 (P =0.18)

Risk Ratio Risk Ratio
q “ ndom asng QI

2.57 [0.52, 12.82)

0.78 [0.54, 1.10] i

0.91 [0.25, 3.27] —
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Favours [experimental] Favours [control]

Figure 3. Forest plot for the meta-analysis of progressive disease.

exposure to adjuvant endocrine therapy may reduce the efficacy
of gefitinib supplementation.

Several limitations existed in this meta-analysis. Firstly, our
analysis was based on only seven RCTs, and more RCTs with
large sample size should be conducted to explore this issue.
Secondly, different combination drugs with gefitinib were applied
for breast cancer in the included RCTs, which may produce some
effect on the pooling results. Thirdly, different cancer subtypes

such as HR—positive and negative breast cancer patients were
included in this meta-analysis and may produce some heteroge-
neity, but current limited data was insufficient for performing the
subgroup analysis of cancer subtype. Fourthly, the approval of
the committee on research ethics and informed consent were very
crucial for the RCTs,*”-** but some included RCT did not report
whether the committee on research ethics approved the study and
whether informed consent was obtained.!*:'7-18]

Gefitinib group  Control group
g 0 ents ola ents [ ei

Bernsdorf 2011 (1) 41 71 38 73 37.4%
Cristofanilli 2010 0 43 5 50 4.2%
Smith 2007 40 109 57 79 37.7%
Tryfonidis 2016 5 27 9 32 206%
Total (95% Cl) 250 234 100.0%
Total events 86 109

Heterogeneity: Tau? = 0.25; Chi* = 15.93, df = 3 (P = 0.001); ?=81%
Test for overall effect: Z = 1.25 (P = 0.21)
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Figure 4. Forest plot for the meta-analysis of partial response.
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Figure 5. Forest plot for the meta-analysis of stable disease.
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Gefitinib group  Control group
ante otz ants "

Cristofanilli 2010 15 43 13 50 14.1%
Guarneri 2008 20 32 23 31 24.6%
Osborne 2011 82 153 54 136 28.6%
Smith 2007 14 121 17 85 13.3%
Tryfonidis 2016 14 27 19 32 19.3%
Total (95% CI) 376 334 100.0%

Total events 145 126
Heterogeneity: Tau? = 0.06; Chi? = 9.81, df = 4 (P = 0.04); I> = 59%
Test for overall effect: Z = 0.09 (P = 0.93)
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Figure 6. Forest plot for the meta-analysis of nausea and vomiting.

Gefitinib group  Control group

Cristofanilli 2010 27 43 9 50 12.8%
Guarneri 2008 12 32 T 31 8.3%
Osborne 2011 93 153 31 136 46.3%
Smith 2007 63 121 15 85 21.6%
Tryfonidis 2016 21 27 7 32 11.0%
Total (95% CI) 376 334 100.0%
Total events 216 69

Heterogeneity: Tau? = 0.00; Chiz = 2.73, df =4 (P = 0.60); > = 0%
Test for overall effect: Z = 8.87 (P < 0.00001)

Risk Ratio Risk Ratio
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Figure 7. Forest plot for the meta-analysis of diarrhea.
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Cristofanilli 2010 9 43 14 50 26.4%
Osborne 2011 15 153 25 136 39.7%
Smith 2007 7 121 1 85 17.2%
Tryfonidis 2016 5 36 13 35 16.7%
Total (95% CI) 353 306 100.0%

Total events 36 63
Heterogeneity: Tau? = 0.00; Chi? = 1.54, df = 3 (P = 0.67); = 0%
Test for overall effect: Z=3.28 (P = 0.001)

Risk Ratio Risk Ratio
95% Random, 95%
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Figure 8. Forest plot for the meta-analysis of hot flash.

Gefitinib group  Control group

dy o J a ents ; gh
Cristofanilli 2010 39 43 43 50 18.2%

Osborne 2011 150 153 118 136 81.8%
Total (95% CI) 196 186 100.0%

Total events 189 161
Heterogeneity: Tau? = 0.00; Chi* = 0.70, df = 1 (P = 0.40); * = 0%
Test for overall effect: Z = 3.42 (P = 0.0006)
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Figure 9. Forest plot for the meta-analysis of adverse events.

5. Conclusion
Gefitinib supplementation may show no obvious benefits in

patients with breast cancer with regard to complete response,
progressive disease, partial response or stable disease, and more
studies should be conducted to confirm this issue.
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