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Abstract

Background: Lung cancer is a heterogeneous disease with multiple signaling pathways influencing tumor cell survival and
proliferation, and it is likely that blocking only one of these pathways allows others to act as salvage or escape mechanisms
for cancer cells. Whether combined inhibition therapy has greater anti-tumor activity than single inhibition therapy is a
matter of debate. Hence, a meta-analysis comparing therapy inhibiting both VEGFR and EGFR signaling pathways with that
inhibiting EGFR signaling pathway alone was performed.

Methodology and Principal Findings: We searched PubMed, EMBASE database and the proceedings of major conferences
for relevant clinical trials. Outcomes analyzed were objective tumor response rate (ORR), progression-free survival (PFS),
overall survival (OS) and toxicity. Besides, subgroup analyses were performed to investigate whether the combined
inhibition therapy is best performed using combination of selective agents or a single agent with multiple targets. Six
trials recruiting 3,302 patients were included in the analysis. Combined inhibition therapy was associated with a 3%
improvement in OS as compared with single-targeted therapy, but this difference was not statistically significant (HR, 0.97;
95% Cl, 0.89-1.05; P =0.472). Patients receiving combined inhibition therapy had significant longer PFS than the group with
single-targeted therapy (HR, 0.80; 95% Cl, 0.67-0.95; P =0.011). There was no difference in the ORR between the groups (OR,
1.44; 95% Cl, 0.95-2.18; P=0.085). Subgroup analysis revealed that combined inhibition therapy using combination
regimens was associated with statistically significant improvement in both ORR and PFS. Toxicity was greater in combined
inhibition therapy.

Conclusions: There is no evidence to support the use of combined inhibition therapy in unselected patients with advanced
NSCLC. However, given the significant advantage in ORR and PFS, combined inhibition therapy using combination regimens
may be considered for further evaluation in subsets of patients who may benefit from this treatment.
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Introduction (VEGF or VEGFA) is a key circulating proangiogenic factor which
binds to receptors present on endothelial cells (mainly VEGFR2)
[2,3]. VEGF binding induces receptor dimerization and results in
autophosphorylation which promotes binding of a number of
signaling molecules and activation of intracellular signaling
pathways pivotal to the process of angiogenesis [4]. In the
pathologic state, VEGF production is increased by tumor cells,
which stimulates the endothelial cells in existing vessels to promote
the production of new vasculature via direct stimulation of

Non-small-cell lung cancer (NSCLC) accounts for approxi-
mately 80-85% of all cases of lung cancer, and is the most
common cause of cancer death in industrialized countries [1].
With the notion that a “efficacy plateau” has been achieved with
traditional cytotoxic chemotherapy, the treatment armamentari-
um for advanced NSCLC has expanded to include molecular
targeted therapies that act specifically against key components of
cellular pathways involved in tumor growth, progression, and cell
death. Vascular endothelial growth factor (VEGF) and epidermal
growth factor receptor (EGFR) inhibitors are two key molecular
targeted therapies in NSCLC. Vascular endothelial growth factor

signaling pathways and induction of downstream gene expression
[5]. The EGFR is a receptor tyrosine kinase (TK) of the ErbB/
HER family. It is expressed at high levels on the surface of many
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epithelial tumours, including NSCLC and is activated by a variety
of ligands principally transforming growth factor alpha and
epidermal growth factor [6]. Ligand binding to EGFR induces
receptor homo- or hetero-dimerization and results in the
activation of an intracellular tyrosine kinase domain. Receptor
activation signals key downstream pathways that regulate cell
proliferation, differentiation, and survival [7]. Given their prom-
inent role in tumour growth, invasion, and metastasis, the VEGFR
and EGFR signaling pathway present feasible targets for
pharmacologic intervention in NSCLC, and several agents have
demonstrated encouraging antitumor activity. The addition of
bevacizumab, a monoclonal antibody against VEGF, to paclitaxel
and carboplatin provided clinical benefit in previously untreated
non-squamous advanced NSCLC [8]. And the small-molecule
EGFR inhibitors, gefitinib and erlotinib, has both demonstrated
anti-tumor activity in the treatment of advanced NSCLC [9-11].

Despite all of these improvements, the benefits associated with
these agents are modest and serve to stress the need for novel
therapeutic approaches. Increasing evidence has suggested that
solid tumors have multiple salvage and resistance pathways that
allow them to circumvent inhibition of a single signaling pathway
[12]. Furthermore, NSCLC is a heterogeneous disease and it is
believed that there is multi-level cross-stimulation among targets
along several pathways of signal transduction that lead to tumor
malignancy [13]. In fact, EGFR is known to regulate the
production of VEGF and other proangiogenic factors [14], and
increased VEGF expression has been associated with resistance to
EGFR inhibition in a human tumor xenograft model of NSCLC
[15]. Thus, it is likely that blocking only one of these pathways will
be insufficient for providing any meaningful therapeutic outcomes.
Therefore, a logical strategy for improving anti-tumor efficacy is
inhibition of both VEGFR and EGFR signaling pathways, which
may help increase suppression of oncogenic processes involved in
disease progression [5,16-18]. Actually, several preclinical studies
have showed an enhanced benefit from combination EGFR and
VEGFR inhibitors in lung cancer cell lines [19,20]. And combined
blocking of VEGFR and EGIR signaling was found to have the
potential to overcome primary or acquired resistance to EGFR
inhibitors in xenograft models [15,21].

However, several randomized trials [22-27] comparing therapy
inhibiting both VEGFR and EGFR signaling pathways with that
inhibiting EGFR signaling pathways alone have been conducted
and the results were various. Uncertainty remains regarding the
presence and magnitude of any improvement in anticancer
efficacy of the strategy of combined inhibition of the VEGFR
and EGFR signaling pathways for advanced NSCLC. And we
were unable to locate any meta-analyses that analyzed and
summarized the evidence on the combined inhibition therapy.
Hence, we performed a systematic review and meta-analysis of
randomized controlled trials to evaluate the effects of the strategy
of combined inhibition of the VEGFR and EGFR signaling
pathways on overall survival, progression-free survival, response
rate and toxicity in patients with advanced NSCLC.

Methods

Search strategy and selection criteria

For inclusion in this meta-analysis, randomized controlled trials
were required to compare therapy inhibiting both VEGFR and
EGFR signaling pathways with that inhibiting EGFR signaling
pathway alone in the treatment of patients with stage IIIB or IV
NSCLC. Approach to inhibiting both VEGFR and EGFR
signaling pathways could be a single agent with multiple targets
or a combination of targeted agents. Trials comparing the
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combined inhibition therapy with a combination of an agent
targeting EGFR signaling pathway and a cytotoxic chemotherapy
were not eligible.

Relevant studies were identified by searching PubMed, and
EMBASE up to Nov 2011 without language restrictions. We
performed the search by using the terms “NSCLC,” “non-small-
cell lung cancer,” “carcinoma and non-small-cell lung,”
“VEGFR,” “EGFR,” “clinical trial,” and “randomized trial.”
This search was supplemented by a manual search the annual
meeting proceedings of American Society of Clinical Oncology
(ASCO) and European Society of Medical Oncology (ESMO)
from 2004 to 2011. The relevant reviews and meta-analyses
regarding the role of combined inhibition therapy for NSCLC
patients were examined for potential inclusive trials. Moreover, we
also searched in http://www.who.int/triasearch and http://www.
ClinicalTrials.gov websites for information on registered random-
ized controlled trials.

Data extraction and quality assessment

Data abstraction and quality assessment were conducted
independently by 2 reviewers using a standardized approach.
Disagreements were adjudicated by a third reviewer after referring
to the original articles.

Data retrieved from the reports included publication details,
methodological components, and trial characteristics such as
sample size, interventions, and outcome measures. End points of
interest included overall survival (OS), progression-free survival
(PFS), objective tumor response rate (ORR) and adverse events
(AEs). The quantitative 5-point Jadad scale [28] was used to assess
the quality of the inclusive trials based on the reporting of the
studies” methods and results.

Statistical analysis

For time-to-event data, the log hazard ratios (HRs) and their
variances were estimated using the methods proposed by Parmar
[29] when confidence intervals (Cls) of HRs were reported. The
summary HRs and their 95% CIs were estimated using a general
variance-based method.

For objective tumor response rate (ORR) and toxicities,
estimates of the treatment effects were obtained from the number
of events reported in each arm and combined using the methods
reported by Mantel and Haenszel [30]. To calculate ORR,
patients obtaining complete response or partial response were
considered as responders. The AEs of treatments were analyzed as
drug-related WHO grades 3 or greater toxicity. An odd ratio (OR)
>1 indicates a higher tumor response rate and more toxicity in the
combined inhibition arm.

The %2 test and I? statistic were employed to assess variability
across studies attributable to heterogeneity beyond chance [31]. A
p-value greater than 0.10 for the 2 test and an I? value less than
25% were interpreted as signifying low-level heterogeneity. When
there was no statistically significant heterogeneity, a pooled effect
was calculated with a fixed-effect model; otherwise, a random-
effect model was employed. Subgroup analyses were performed to
determine if the results were influenced by different approaches to
inhibiting both VEGFR and EGFR signaling pathways (a single
agent or a combination of agents). We also assessed the probability
of publication bias with Egger’s test [32] and Begg-Mazumdar test
[33]. Statistical significance was defined as a two-tailed p-value less
than 0.05. All statistical analyses were conducted with the software
Stata 11.0.
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Results

Trial characteristic

Our systematic search identified 2570 potentially relevant
abstracts, of which 12 potentially eligible trials that had
investigated combined inhibition therapy versus single inhibition
therapy were identified (Figure 1). Of these, six trials were
excluded: 4 trials [34-37] compared combined inhibition of
EGFR and non-VEGFR signaling pathways (c-MET, HDAC,
mTOR) with single inhibition of EGFR signaling pathway; 1 trial
[38] was maintenance trial and 1 trial [39] did not assess relevant
outcomes.

Finally, 6 trials including 3,302 patients that met the inclusion
criteria were included in the meta-analysis. Four trials [22-24,27]
were published in full articles, while two [25,26] were published
only as meeting abstracts. All trials included patients with stage
IIIB to IV NSCLC. 2 trials [22,23] assessed vandetanib, a single
multi-targeted agent inhibiting both VEGFR and EGFIR signaling
pathways, whereas the other 4 trials [24-27] assessed a combina-
tion of targeted agents as combined inhibition therapy. Table 1
summarized the characteristics of the 6 included trials.

Jadad scale was used to assess the quality of the included trials.
Opverall, one trial [24] had a Jadad score of 5, and five [22,23,25—
27] scored 4.

Potential articles from PubMed, EMBASE,
and the Cochrane (n=2570)

EGFR plus VEGFR vs. EGFR Inhibition in NSCLC

Overall Survival (OS)

Data for OS were available from 5 trials [23-27] including
3,134 patients. The data of the trial by Natale et al. [22] was
excluded from the analysis of OS in our meta-analysis because the
two-part crossover design might confound assessment of the effect
of vandetanib on OS. Combined inhibition therapy was associated
with a 3% improvement in OS as compared with single inhibition
therapy, but this difference was not statistically significant (HR,
0.97; 95% CI, 0.89-1.05; P=0.472; Figure 2). There was no
significant heterogeneity for OS among the individual trials
(P=0.88; *=0.0%), and no evidence of significant publication
bias was detected (Egger test, P=0.956; Begg-Mazumdar test,
P=1.000).

Results were similar when subgroup analyses were conducted,
with no differences detected between single inhibition therapy and
combined inhibition therapy with either a single agent or a
combination of agents (Figure 2).

Progression-Free Survival (PFS)

All 6 trials [22-27] including 3,302 patients provided PFS
results. The meta-analysis revealed that combined inhibition
therapy yielded a clinically and statistically significant 21%

(n=2137)

Abstracts and title excluded during first screening

Articles reviewed in details (n=433)

Articles excluded (n=427)
Not non-small-cell lung cancer
Not RCT design
Not assess combined inhibition therapy
Not appropriate control arm

6 additional articles included
by searching the meetings and
websites

Potentially appropriate articles to be included
in meta-analysis (n=12)

Articles excluded (n=6)
4 articles compared combined inhibition of EGFR and
non-VEGFR with single inhibition of EGFR

1 articles did not assess relevant outcomes
1 article was maintenance trial

A

Articles included in meta-analysis (n=6)

Figure 1. Identification process for eligible studies.
doi:10.1371/journal.pone.0040178.g001
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Median OS (months)

EGFR plus VEGFR vs. EGFR Inhibition in NSCLC

Study Combined inhibition  Single inhibition OS HR (95% Cl) Weight(%)
arm arm

Single agent :
Ronald B. Natale(2011)" 6.9 7.8 i 1.01(0.89, 1.16) 40.1
Subtotal (fixed model) — 1.01(0.88,1.15) 40.1
Test for efficacy: p = 0.883 :
Test for heterogeneity: ( I’=.,%=., p=.) :

|

Combination of agents :
Roy S Herbst(2011) 93 9.2 —m 0.97 (0.80, 1.18) 18.6
David R. Spigel2011)° 80 45 . 0.89 (059, 1.34) 4.2
H.J.M. Groen(2011) " 8.2 76 Hm 1.07 (0.70, 1.61) 4.1
R Govindan(2011)'® 9.0 8.5 1— 0.92(0.80,1.07) 33.0
Subtotal (fixed model) —— = 0.94 (0.85, 1.05) 59.9
Test for efficacy: p = 0.294 3
Test for heterogeneity: ( 1°= 0.0%, x’= 0.59, p = 0.900) |

|

Overall (fixed model) 0.97 (0.89, 1.05) 100.0
Test for efficacy: p = 0.472
Test for heterogeneity: (I’= 0.0%,%’= 1.19, p = 0.879)

[ T 1

5

Favours combined inhibition arm

8 1 p
Favours single inhibition arm
Hazard ratio

Figure 2. Comparison of overall survival between combined inhibition therapy and single inhibition therapy.

doi:10.1371/journal.pone.0040178.9g002

improvement in PFS compared with single inhibition therapy
(HR, 0.80; 95% CI, 0.67-0.95; P=0.011; Figure 3).

Nevertheless, there might be substantial heterogeneity in the
HRs for PFS from the individual trials (P = 0.002; I* = 73.7%) and
we incorporated it into random-effects model. Furthermore,
subgroup analysis was conducted according to the different
approaches to inhibiting both VEGFR and EGFR signaling
pathways. Combined inhibition therapy using combination
regimen demonstrated clinically substantial and statistically
significant improvement in PFS (HR, 0.75; 95% CI, 0.63-0.90;
P=0.002, Figure 3) with much less heterogeneity ((P=0.13;
2 = 47%). However, no significantly statistical differences in PFS
were detected between combined inhibition therapy with a single
multi-targeted agent and single inhibition therapy (HR, 0.85; 95%
CI, 0.61-1.19; P=0.349, Figure 3).

No evidence of publication bias was found using Egger test

(P=0.596) or Begg-Mazumdar test (P =1.000).

Objective Tumor Response Rate (ORR)

Data for ORR was available from 6 trials [22-27] including
3,273 patients. Combined inhibition therapy was associated with
11.00% absolute tumor response rate while single inhibition
therapy yielded 8.39%, however, this difference was not statisti-
cally significant (OR, 1.44; 95% CI, 0.95-2.18; P=0.085;
Figure 4). There was some evidence of heterogeneity for ORR
among the individual trials (P =0.07; I*=50%). No evidence of
significant publication bias was detected (Egger test, P=0.421;
Begg-Mazumdar test, P=0.452).

PLOS ONE | www.plosone.org

In the subgroup analysis of combined inhibition therapy using a
single multi-targeted agent, the result was consistent, with no
significant difference in ORR  between combined inhibition
therapy and single inhibition therapy (OR, 2.12; 95% CI, 0.30—
14.71; P=0.448, Figure 4).

However, combined inhibition therapy using combination
regimen was assoclated with statistically significant improvement
in ORR compared with single inhibition therapy (OR, 1.66; 95%
CI, 1.19-2.32; P=0.003, Figure 4). And the effect estimate was
not heterogencous among studies (P=0.37; I* = 5%).

Adverse events

A summary of WHO grade 3 or greater adverse events is
reported in Figure 5. Considerable variability in the completeness
of toxicity reporting was found among the studies. Overall,
combined inhibition therapy was associated with a significant
increase in the risk for neutropenia (OR, 7.15; 95% CI, 2.32—
21.96), thrombocytopenia (OR, 3.35; 95% CI, 1.02-10.99),
diarrhea (OR, 3.75; 95% CI, 1.04-13.53), hypertension (OR,
5.55; 95% CI, 2.72-11.34), and fatigue (OR, 1.73; 95% CI, 1.20—
2.50). Heterogeneity among individual trials was found in some
adverse events analyses, possibly due to the different agents.

Discussion

NSCLC is a heterogeneous disease and multiple signaling
pathways influence tumor cell survival and proliferation. Previous
studies tested the hypothesis that the therapy inhibiting both

August 2012 | Volume 7 | Issue 8 | 40178
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Median PFS (months)

Study Combined inhibition  Single inhibition PFS HR (95% Cl) Weight(%)
arm arm

Single agent :
Ronald B. Natale(2009) ' 2.6 1.9 [ | : 0.69 (0.50, 0.96) 135
Ronald B. Natale(2011)'® 2.6 20 = 0.98 (0.87,1.10) 23.0
Subtotal (random model) <‘:> 0.85(0.61, 1.19) 36.5
Test for efficacy: p = 0.349 :
Test for heterogeneity: (| ’= 74.6%, x’= 3.94, p =0.047) |

|

Combination of agents :
Roy S Herbst(2011) 34 17 — 0.62 (0.52,0.75) 20.0
David R. Spigel(2011) " 34 1.9 1 B 0.86 (0.60, 1.22) 12.4
H.J.M. Groen(2011) 7 2.9 20 : B 0.90(0.57, 1.40) 9.5
R Govindan(2011) # 36 20 —— 0.80 (0.69, 0.94) 215
Subtotal (random model) <> 0.75 (0.63, 0.90) 63.5
Test for efficacy: p = 0.002 :
Test for heterogeneity: (I°’= 50.8%, x*= 6.10, p = 0.107) :

Overall (random model) —_— 0.80 (0.67, 0.95) 100.0
Test for efficacy: p=0.011
Test for heterogeneity: ( I’=73.7%, %= 19.01, p=0.002)

5 8 1 2

Favours combined inhibition arm Favours single inhibition arm
Hazard ratio

Figure 3. Comparison of progression-free survival between combined inhibition therapy and single inhibition therapy.
doi:10.1371/journal.pone.0040178.g003

Study Combined inhibition arm Single inhibition arm ORR Odds Ratio Weight
Events /Total Events /Total (95% Cl) (%)
T
Single agent !
Ronald B(2009)"* 7/83 1/85 : 7.74(0.93,64.34) 35
Ronald B. Natale(2011) " 75/623 74/617 l 1.00 (0.71,1.41) 315
Subtotal (random model) 82/706 75/702 <‘£> 2.12(0.30,14.71) 35.1
Test for efficacy: p = 0.448 I
Test for heterogeneity: ( I°’=71.6%, X’=3.52, p = 0.061) :
|
Combination of agents |
Roy S Herbst(2011)"® 38/301 19/306 n = 2.18(1.23,3.88) 227
David R. Spigel(2011)" 9/111 6/55 —l:— 0.72(0.24,2.14) 10.7
H.J.M. Groen(2011)" 3/65 2/67 = 1.57(0.25,9.73) 46
R Govindan(2011)"® 51/480 33/480 -l 1.61(1.02,2.54) 27.0
Subtotal (fixed model) 101/957 60/908 <‘> 1.65(1.16,2.34) 64.9
Test for efficacy: p = 0.003 |
Test for heterogeneity: (1°= 4.8%, ’= 3.15, p = 0.369) :
Overall (random model) 183/1663 135/1610 ‘ 1.44(0.95,2.18) 100.0
Test for efficacy: p = 0.085
Test for heterogeneity: (1°= 50.2%, x’= 10.04, p = 0.074)
T T T 1
.02 2 1 5 50
Favours single inhibition arm Favours combined inhibition arm
Odds ratio

Figure 4. Comparison of objective tumor response rate between combined inhibition therapy and single inhibition therapy.
doi:10.1371/journal.pone.0040178.g004
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Adverse Events Combined inhibitionarm  Single inhibition arm Odds Ratio Heterogeneity
Events /Total Events /Total (95% ClI) p value Iz—pvalue

Neutropenia 26/584 3/532 _ 7.15(2.32,21.96) 0.001 0.0% 0.755
Anaemia 30/584 20/532 — 1.34(0.75, 2.40) 0.322 0.0% 0.828
Thrombocytopenia 12/584 3/532 p——— 3.35(1.02, 10.99) 0.046 0.0% 0.604
Cough 6/706 9/699 _ 0.66 (0.23, 1.87) 0436  135%  0.282
Dyspnoea 39/1019 47/1012 3 0.81(0.53, 1.26) 0.359 0.0% 0.405
Pneumonia 11/936 9/927 _T 1.12(0.33,3.74) 0.855 34.6% 0.216
Pulmonary Embolism 3/1019 2/1012 e E—— 1.34(0.30, 6.01) 0.705 0.0% 0.482
Diarrhea 121/1207 36/1146 _——— 3.75(1.04, 13.53) 0043  863%  0.001
Nausea 16/1179 14/1176 _T 1.17(0.45, 3.04) 0.742 25.5% 0.261
Vomiting 18/1179 16/1176 _1 1.15(0.45, 2.94) 0.771 27.6% 0.251
Hypertension 50/1603 8/1544 e 5.55(2.72,11.34) 0.000 00%  0.567
Fatigue 87/1290 47/1231 E o 1.73(1.20, 2.50) 0.003 0.0% 0.394
Rash 76/1130 49/1067 _1 1.23(0.44,3.43) 0.692 79.5% 0.002
Anorexia 22/817 14/754 —_T 1.29 (0.26, 6.38) 0.759 51.1% 0.129
Hand—foot Skin Reaction 11/584 5/532 — 1.67 (0.57,4.87) 0.350 0.0% 0.662

[ I I ]

.02 2 1 5 50

Favours combined inhibition arm

Favours single inhibition arm

Odds Ratio

Figure 5. Summary of toxicities grade 3 or greater.
doi:10.1371/journal.pone.0040178.g005

VEGFR and EGFR signaling pathways could improve survival.
Although all randomised trials failed to prove gain in overall
survival, some researchers advocated that new trials with bigger
sample size or proper strategy would be necessary to increase
overall survival. A meta-analysis of the previous publications could
answer some of the questions, including if the combined inhibition
therapy would really benefit the patients and which combined
inhibition approach is better. This systematic review represents the
best current evidence about the combined inhibition therapy in
treatment of advanced NSCLC.

The pooled analysis, with data obtained from 3,302 NSCL
patients, found that the treatment inhibiting both VEGFR and
EGFR signaling pathways does not improve overall survival
among unselected patients. Hence, existing evidence from
randomized controlled trials does not support the use of combined
inhibition therapy for unselected patients with advanced NSCLC.
However, the subset analyses of the trial by Spigel et al. [27]
suggested that sorafenib plus erlotinib was associated a statistically
significant improvement in OS compared with erlotinib alone
among the EGIR wild-type (WT) patients (HR, 0.53; 95% CI,
0.29-0.98; one-sided P=0.019). Similarly, OS advantage for
sorafenib plus erlotinib compared with erlotinib alone was also
suggested among patients with EGFR FISH-negative cancers
(median OS: 10.55 months for sorafenib plus erlotinib vs
4.60months for erlotinib; one-sided P=0.064) [27]. And despite
lack of statistical significance, results of the trial which assessed the
efficacy of addition of bevacizumab to erlotinib also suggested that
patients with EGFR-mutant tumours may benefit from the
combined inhibition therapy (median OS: 18 months for
bevacizumab plus erlotinib vs 12 months for erlotinib; HR, 0.44;
95% CI, 0.11-1.67). These suggest that combined inhibition
therapy has a potential advantage in the treatment of advanced
NSCLC compared with single inhibition therapy, if the subsets of
patients who may benefit from this treatment are identified.

PLOS ONE | www.plosone.org

Differently, the results of this meta-analysis demonstrated that
combined inhibition therapy yielded a statistically significant
benefit in PFS as compared with single inhibition therapy.
However, it should be noted progression-free survival was not
mmproved when a single multi-targeted agent (vandetanib) was
used to inhibit both the VEGFR and EGFR signaling pathways
while delay in disease progression was observed when a
combination of targeted agents was used for combined inhibition
therapy. Similarly to progression-free survival, improvement in
response rate was only found in combined inhibition therapy using
combination regimen. One potential explanation for the negative
results of combined inhibition therapy using one multi-targeted
agent is its effect on inhibition both the VEGFR and EGFR
signaling pathways is not as specific as that of single-targeted
therapy (e.g. bevacizumab, erlotinib), which may compromise its
overall anti-tumor efficacy. Although tumor biomarker analyses
from the ZODIAC study [40] suggested that consistent trends
toward improved OS, PFS, and objective response rate for
patients with EGFR gene copy number (FISH+) or EGFR
mutation status (MT) tumors were seen with vandetanib group
plus docetaxel versus docetaxel alone, it is not clear whether
vandetanib has a potential advantage in patients with specific
biomarkers as compared with single EGFR signaling pathways
inhibition therapy (e.g. erlotinib). Hence, solid recommendation of
a single multi-targeted agent as combined inhibition therapy could
not be given based on current evidence.

As expected, some toxicity was significantly more severe in
patients who received combined inhibition therapy. Symptomatic
improvement due to tumor shrinkage should be balanced with
increased toxic effects of combined inhibition therapy. And
Concerns remain regarding the impact of the increased toxicity
of combined inhibition therapy on patients’ quality of life.
Unfortunately, data on quality of life were rarely available in
these trials and no conclusions could be drawn. However,
significant increase in some adverse events (like hypertention,
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diarrhea or fatigue) in the combined inhibition therapy arm may
impair quality of life.

The main purpose of the meta-analysis was to present all
available evidence in a systematic, quantitative, and unbiased
fashion. Several technical limitations of this meta-analysis should
be acknowledged. The analysis is not based on individual patient
data, which might provide further insight into the efficacy of the
combined inhibition therapy [41]. Heterogeneity among trials can
be another limitation of our meta-analysis. We applied a random-
effect model that takes possible heterogeneity into consideration
and preformed subgroup analyses according to the combined
inhibition approach to further explore the source of heterogeneity.
It is of interest that most of the variability comes from studies using
a single multi-targeted agent as combined inhibition therapy,
whereas the trials using combination regimen are much more
consistent with one another. Other limitations include publication
status and treatment regimens.

A number of other dual-inhibition strategies (e.g. m-TOR, c-
Met, IGF-1R or histone deacetylase (HDAC) inhibitor plus EGFR
inhibitor) have been studied. The addition of c-Met inhibitor to
erlotinib has demonstrated promising clinical activity in phase 1I
studies [34,42] when compared with erlotinib alone, particularly
among patients with Met over expression and nonsquamous
histology. MET amplification leads to EGFR-independent activa-
tion of the PI3K/Akt pathway through the activation of erbB-3-
dependent signalling and thereby could lead to EGFR inhibitor
resistance [43]. Thus, dual EGFR-Met inhibition has a theoretic
advantage for overcoming Met-mediated resistance to EGFR
inhibitors [44]. The subset analyses of the trial by Spigel et al [42]
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