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Background: To determine the efficacy and safety of anti-angiogenic drugs combined with erlotinib in the
treatment of advanced non-small cell lung cancer (NSCLC), we performed a meta-analysis of 10 randomized
controlled trials (RCTs).

Methods: An clectronic literature search of PubMed, Cochrane Library, Embase, and other databases
was performed. Literature was retrieved on December 2, 2019. We collected and compared RCTS on anti-
angiogenic drugs combined with erlotinib (A + E) for NSCLC, and analyzed outcomes including overall
survival (OS), objective response rate (ORR), progression-free survival (PFS), and incidence of severe adverse
events (grade >3 AEs).

Results: Compared with the control group, combined treatment did not increase the ORR (RR 1.03,
95% CI: 0.95-1.11, P=0.52) or prolong OS (HR 1.03, 95% CI: 0.91-1.17, P=0.24); however, a significant
improvement was seen in PFS (HR 0.63, 95% CI: 0.57-0.70, P<0.001). The subgroup analysis showed that
patients with epidermal growth factor receptor (EGFR) mutations and patients with adenocarcinoma could
benefit from combination therapy, as could those from Asian populations. Although combination therapy was
found to carry an increased incidence of grade 3 or higher adverse events including diarrhea and proteinuria,
these remained within controllable levels.

Conclusions: Anti-angiogenic drugs used in combination with erlotinib can significantly prolong PFS in
patients with advanced NSCLC.
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Introduction epidermal growth factor receptor tyrosine kinase inhibitors

Lung cancer remains the leading cause of death among (EGFR-TKIs) are associated with a higher tumor response

cancer patients worldwide, and approximately 85% of lung rate, longer progression-free survival (PFS), and better
cancers are non-small cell lung cancer (NSCLC) (1). quality of life compared to conventional chemotherapy.

A series of clinical trials have demonstrated that First-generation EGFR-TKIs, such as erlotinib, are the
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first-line treatment for advanced NSCLC (2-6). Although
60-80% of EGFR-positive tumor patients respond to
these drugs, due to drug resistance, the median PFS rate
is still low approximately 1 year) (4,6-8). Osimertinib is a
third-generation EGFR-TKI used to treat NSCLC and is
generally well tolerated. In the FLAURA study, the PFS
of osimertinib reached 18.9 [95% confidence interval (CI)
15.2-21.4] months, and the updated result indicated that
the overall survival (OS) reached 39 months (9). However,
by analyzing the FLAURA study results, there was no
statistically significant difference in the subgroups with or
without exon 21 mutations. Furthermore, the OS of the
Asian population did not exceed that of the European and
American populations.

At present, it is still controversial whether osimertinib
can replace erlotinib or gefitinib as the first-line treatment
for patients with EGFR mutations. Therefore, the search
for combination therapy is still of great importance to
improving the survival of patients with advanced NSCLC.
Anti-angiogenic drugs are mainly divided into endogenous
angiogenesis inhibitors and indirect angiogenesis
inhibitors. The indirect route features drugs targeting
vascular endothelial growth factor (VEGF)/VEGF
receptor (VEGFR), mainly including VEGF neutralizing
antibodies and selective VEGFR-TKIs, such as sunitinib.
In preclinical studies, compared with single inhibition of
the EGFR pathway, the dual blocking of the EGFR and
VEGF pathways was found to improve anti-tumor activity.
Multiple clinical trials have shown that the combination
of the VEGF-neutralizing antibody bevacizumab and
EGFR-TKIs has a good effect, supporting the potential
of dual pathway inhibition of EGFR and VEGF (10-15).
Therefore, in this study, we explored the efficacy and
safety of VEGF neutralizing antibodies, combined with
erlotinib.

A meta-analysis of erlotinib combined with bevacizumab
(E + B) was conducted by Zhou et al. (16); however, other
VEGEF neutralizing antibodies were not considered in their
study, nor was the efficacy of the combination treatment
evaluated for patients with brain metastasis. To address this
knowledge gap, we conducted a meta-analysis of available
clinical studies in the field of NSCLC. In this study,
combination therapy with monotherapy was compared via
a meta-analysis, and the objective response rate (ORR),
OS, PFS, and the incidence of severe adverse events were
examined. From the perspective of precision medicine, we
also conducted subgroup analyses of the specific factors
affecting PFS and severe adverse events. We present the
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following article in accordance with the PRISMA reporting
checklist (available at http://dx.doi.org/10.21037/apm-
20-1621).

Methods
Study selection

The articles were screened by a researcher. The quality
of the retrieved studies was assessed by two researchers
independently, and data were extracted and cross-checked
in accordance with the systematic review and meta-analysis
(PRISMA) guidelines (17). Disagreements between the two
researchers were resolved by negotiation after discussion
with the entire team.

Search strategy

On 2 December 2019, a literature search was performed
of electronic databases including PubMed, Embase, Web
of Science, and the Cochrane Library, as well as several
international conference databases including the American
Society of Clinical Oncology, the European Society of
Medical Oncology, European Cancer Conference, and the
World Lung Cancer Conference. The focus of the literature
search was published randomized controlled trials (RCTs)
of combinations of anti-angiogenic drugs and erlotinib for
the treatment of NSCLC. The keywords were “Non-small
cell lung cancer” (MeSH), “Erlotinib”, “Anti-angiogenesis”,
“Ramucirumab”, “Bevacizumab”.

The inclusion criteria were as follows: (I) Published
RCT5; (II) the experimental group was A + E combination
therapy; (III) the anti-angiogenic drugs were monoclonal
antibodies; (IV) patients with advanced-stage (IIIb/IV/
relapsed) NSCLC confirmed histologically or cytologically;
(V) patients were aged 18 years or above; (VI) the language
of the included documents was English; (VII) at least one
of the clinical outcome indicators (ORR, PES, or OS) was
reported in the trial; (VIII) grade 3-5 adverse events or
specific adverse events identified and graded by the National
Cancer Institute's common terminology criteria for adverse
events.

The exclusion criteria were as follows: (I) The drug was
not approved by any regulatory agencies; (II) known EGFR
Thr790Met mutation; (IIT) research on animals or cadaver
studies; (IV) studies where data was unavailable or studies
that did not have valid data; Meta-analyses, case reports,
and retrospective reports.
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Figure 1 Flowchart of literature screening.

Data extraction

Patient baseline data were independently extracted from
RCTs that met the inclusion criteria by the two researchers.
The anti-angiogenic monoclonal antibodies included
bevacizumab and ramucirumab. The extracted data included
the authors of the article, year of publication, number of
enrolled patients, sex ratio, race, histology, EGFR status,
and the ratio of brain metastases (Table 1).

Quality evaluation

The two researchers used the Cochrane Handbook for
Systematic Reviews of Interventions (26,27) to assess
the risk of bias. Using the Cochrane Collaboration tool,
every study has a high, low, or unclear risk of bias. If
the two researchers differed in their interpretation, the
disagreement was resolved through discussion.
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Outcome measures

(I) PFS: the time from randomization to tumor
progression or death;

(II) OS: the time from randomization to death, which
is considered the best treatment endpoint in cancer
clinical trials;

(IIT) ORR: the proportion of patients whose tumors shrank
to a certain degree and remained unchanged for a
while, including cases of complete remission (CR) and
partial remission (PR);

(IV) Subgroup analysis of PFS: the purpose of this meta-
analysis was to explore the efficacy and safety of
combined medications, and simultaneously to conduct
a subgroup analysis of PFS to find the population that
could benefit from these treatments. Specifically, the
subgroup analysis was performed to determine the
effects of pathology, race, the presence or absence of
EGFR mutation, mutation status, and the presence or
absence of brain metastasis on the PFS results;

(V) The incidence of grade 3-5 adverse events (rash,
diarrhea, hypertension, proteinuria, fatigue,
hemorrhage, and fatigue) were analyzed.

Statistical analysis

Statistical analysis was performed using RevMan version
5.3. Heterogeneity was assessed using the I’ statistic. If
significant heterogeneity was detected (I'>50% or P<0.01),
the random-effects model was used, otherwise the fixed-
effects model was used. Time-event variables, including
OS and PFS, were evaluated based on hazard ratio (HR)
with 95% CI. Dichotomous variables, such as ORR and the
incidence of adverse events, were estimated using the risk
ratio (RR). The forest plot lists the hypothesis test results
for each variable. A sensitivity analysis was performed on
the outcome indicators with significant heterogeneity, and
each included study was excluded to determine the source
of heterogeneity.

Literature search

A total of 10 studies were retrieved from 551 articles that
met our initial inclusion criteria. 57 duplicate studies and 395
unqualified studies were removed. After the full text had been
read, 88 of the remaining articles were excluded. Finally,
10 studies were included in the meta-analysis (Figure I). An
assessment of article quality is shown in Figure 2.
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Figure 2 The assessment results of the risk of bias for included trails.

Experimental groups

A + E was the combined group, and E/E + P/A + C/A/A + P

were the control groups.

Results

Outcome measures

PFS

All 10 studies reported PFS (Figure 34). Studies by Ciuleanu
et al. (18) and Thomas et a/. (19) resulted in significant
heterogeneity (I’=86.1%) and were removed after sensitivity
analysis. After removal, I’ was reduced to 0%, allowing the
use of the fixed-effects model. In the group of A + E vs. E/
E + P and A + E vs. A/A+P, PFS (HR 0.61, 95% CI: 0.55-
0.69, P<0.001; HR 0.68, 95% CI: 0.56-0.82, P<0.001).
However, in the group of A + E vs. A + C, PFS (HR 0.72,

95% CI: 0.42-1.23, P=0.23), combination therapy did not
significantly improve PFS.

(0)
A total of six studies (18-22,25) reported OS (Figure 3B).
Because of the low heterogeneity ( =26%), the fixed-effects
model was used. The results showed that there was no

%2]

significant difference in OS between the combined group and
the control group (HR 1.03, 95% CI: 0.91-1.17, P=0.63).

ORR

A total of eight studies (12,13,18-20,22,23,25) reported the
ORR (Figure 3C). Studies by Herbst et 4l. (25) and Thomas
et al. (19) resulted in significant heterogeneity and were
removed after sensitivity analysis. The fixed effects model was
used because I’<50% after removal. In the A + E vs. E/E + P
and A + E vs. A + C comparisons, combination therapy was
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Figure 3 The forest plot of time-event variables (PFS, OS) and dichotomous variables (ORR, the incidence of adverse events). (A) PFS
for combination therapy of anti-angiogenic drugs plus erlotinib. (B,C) OS, ORR for combination therapy of anti-angiogenic drugs plus
erlotinib.
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not found to be associated with elevated ORR (RR 1.04, 95%
CIL: 0.96-1.13, P=0.30; RR 0.83, 95% CI: 0.51-1.36, P=0.46).

PFS in the subgroup analysis

A total of eight studies (12-13,19,21-25) reported PES
data on EGFR mutations (Figure 44). Compared with the
control group, combination therapy significantly prolonged
the PFS of patients with EGFR mutations (HR 0.60, 95%
CI: 0.52-0.70; P<0.001). In four studies (18,19,21,25), there
was no statistically significant difference in PFS (HR 1.18,
95% CI: 1.00-1.39; P=0.05) between the combined group
and the control group in EGFR wild-type patients.

A total of three studies (12,21,24) reported brain
metastasis subgroup data (Figure 4B). In the combined
treatment group, patients with brain metastases (HR 0.59,
95% CI: 0.40-0.87; P=0.007) and without brain metastases
(HR 0.66, 95% CI: 0.57-0.77; P<0.001) had significantly
extended PFS.

A total of three studies (21,23,25) reported subgroup data
on race (Figure 4C). Combination treatment significantly
prolonged the PFS of Asian patients (HR 0.68, 95% CI:
0.58-0.80; P<0.001), while European and white American
patents (HR 0.93, 95% CI: 0.77-1.12; P=0.44) showed no
statistical differences in PFS between the two groups.

A total of four studies (12,13,23,24) reported subgroup
data on EGFR mutation types (Figure 4D). In the combined
treatment group, the PFS of patients with EGFR exon 19
deletion mutations (HR 0.61, 95% CI: 0.49-0.75; P<0.001)
and exon 21 Leu858Arg mutations (HR 0.59, 95% CI:
0.47-0.73; P<0.001) was significantly prolonged.

Several studies reported subgroup data for pathological type
(Figure 4E). PFS was significantly prolonged in patients with
adenocarcinoma (13,21,24,25) (HR 0.73, 95% CI: 0.64-0.83;
P<0.001). However, for patients with large cell carcinoma
(21,25) (HIR 0.70, 95% CI: 0.43-1.14; P=0.15), squamous cell
carcinoma (21,25) (HR 1.02, 95% CI: 0.48-2.13; P=0.97), or
other diseases (21,25) (HR 0.88, 95% CI: 0.99-1.33; P=0.56),
combination therapy did not significantly prolong PFS.

Incidence of serious adverse reactions

Grade 3-5 adverse events with a high incidence, such as
hypertension (12,13,20-25), rash (12,13,18-23,25), proteinuria
(12,13,18,21-24), diarrhea (12,13,18-23), hemorrhage
(12,13,19,25), fatigue (13,18-20,22), and dyspnea (18-20,22),
were selected. The results are shown in Figure 5. Compared
with the control group, the combined treatment group did not
show a significant difference in terms of rashes (RR 1.80, 95%
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CI: 0.84-3.85; P=0.13) (Figure 5A), fatigue (RR 0.57, 95% CI:
0.28-1.18; P=0.13) (Figure 5B), hemorrhage (RR 1.22, 95%
CI: 0.53-2.79; P=0.64) (Figure 5D), hypertension (RR 1.82,
95% CI: 0.81-4.09; P=0.15) (Figure 5F), and dyspnea (RR 1.11,
95% CI: 0.58-2.14; P=0.75) (Figure 5G). However, the two
groups differed significantly in terms of proteinuria (RR 4.83,
95% CI: 1.63-14.31; P=0.004) (Figure 5C) and diarrhea (RR
2.37,95% CI: 1.29-4.35; P=0.005) (Figure SE).

Discussion

Our meta-analysis showed that combination therapy
significantly prolonged PFS in patients with advanced
NSCLC compared with monotherapy. However,
combination therapy was not found to prolong ORR or
OS. Our subgroup analysis showed that prolonged PFS
was significantly correlated with the presence of EGFR
mutation, the pathological diagnosis of adenocarcinoma,
and Asian race. Therefore, genetic diagnosis before
treatment is essential. In the comparison between the A + E
vs. A + C group, Ciuleanu ez /. (18) and Thomas er al.
(19) added heterogeneity, which was removed from the
statistics in Figure 3a through sensitivity analysis. The PFS
of patients with EGFR mutations in Thomas ez 4. was (HR
0.91, 95% CI: 0.42-1.98), the PES of wild-type patients
was (HR 2.07, 95% CI: 1.42-3.02). In Ciuleanu et 4l.,
the PFS of EGFR wild-type patients was (HR 2.08, 95%
CI: 0.98-4.40). All results were included in the subgroup
analysis, which was consistent with the conclusion that
combined treatment can significantly prolong the PFS of
patients with EGFR mutations. Ciuleanu er /. suggested
that the reason why erlotinib was not effective in patients
with EGFR mutations might be due to the small number
of groups, which leads to a failure to obtain PFS. Whether
the A + C scheme can prolong the PFS of EGFR wild-
type patients requires a large number of RCTs. Previous
studies have shown that EGFR-TKI treatment had a better
effect in patients with exon 19 deletion mutations than in
patients with exon 21 mutations (4,5,28), and our research
suggests that combination therapy has similar effects on the
two mutations. Combination therapy is therefore a novel
treatment direction for patients with mutations to exon 21.
Brain metastasis is a well-known poor prognostic factor for
NSCLC disease progression. Our meta-analysis suggests
that combination therapy is equally as effective for patients
with brain metastases.

In this study, grade 3-5 adverse events with a high
incidence were selected for analysis. Combination therapy
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increased the incidence of diarrhea and proteinuria, while
the rates of hypertension, rash, dyspnea, hemorrhage, and
fatigue were not significantly higher than those in the
control group. These results suggest that combination
therapy increases only the incidence of minor adverse
events, which can be treated with appropriate protection of
renal function and antidiarrheal medication. In clinical use,
the importance of individual reactions to drug combinations
should be considered, and prompt symptomatic treatment
should be given. In assessing the appropriateness
of treatment, the cost of combination therapy and
monotherapy should also be an important consideration.

The most common mechanism of resistance in first- and
second-generation EGFR-TKIs is the Thr790 mutation,
accounting for 50-60%. Thr790 mutation reduces the ability
of reversible EGFR-TKIs to bind to the EGFR ATP-binding
pocket, thus reducing EGFR-TKI-mediated downstream
signaling inhibition (29,30). The RELAY study showed that
the combination group and the control group had a similar
incidence of Thr790Met after drug resistance (P=0.492).
Furthermore, in an experiment by Zhou ez 4l. (24), the incidence
of Thr790Met after resistance using the A+T (EGFR-TKI)
treatment regimen was 33%, and in the T single-drug group,
the incidence was 42%. The data also confirmed that the
addition of anti-angiogenic drugs to erlotinib did not prevent the
emergence of Thr790Met corrective mechanisms. Subsequent
use of osimertinib as the next line of treatment is still a viable
treatment option.

Advantages and limitations

The main advantage of this study is that we conducted a
comprehensive search of databases and literature, including
research on conference coverage. Secondly, we conducted a
detailed stratified analysis of subgroups and adverse events,
and added subgroups on the type of EGFR mutation and
the presence or absence of brain metastases. This can aid in
clinically screening out patients most likely to benefit from
treatment.

A major limitation of our study is that there was only
one RCT of ramucirumab, and our conclusions need to be
confirmed with larger sample sizes and high-quality clinical
studies. Secondly, four RCTs were open-label studies, which
might have introduced bias.

Conclusions

In summary, the results of this meta-analysis showed that

© Annals of Palliative Medicine. All rights reserved.
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combination therapy could improve PFS in patients with
EGFR mutations and patients with adecarcinoma, as well as
those from Asian populations. It also increased the incidence
of grade 3 and above adverse events including diarrhea
and proteinuria, although these complications remained
within the controllable range. Therefore, we recommend
combination therapy for the patients described above. Our
findings help to resolve existing controversies and highlight
the benefits of combination therapy, which may thereby
help to improve personalized treatment options.
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