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Background: The ETOP 10-16 BOOSTER trial failed to demonstrate a progression-free survival (PFS) benefit for adding
bevacizumab to osimertinib in second line. An exploratory subgroup analysis, however, suggested a PFS benefit of the
combination in patients with a smoking history and prompted us to do this study.
Methods: A systematic review and meta-analysis to evaluate the differential effect of smoking status on the benefit of
adding an angiogenesis inhibitor to epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor therapy was
carried out. All relevant randomized controlled trials appearing in main oncology congresses or in PubMed as of 1
November 2021 were used according to the Preferred Reporting Items for Systematic Review and Meta-Analyses
statement. Primarily PFS according to smoking status, and secondarily overall survival (OS) were of interest. Pooled
and interaction hazard ratios (HRs) were estimated by fixed or random effects models, depending on the detected
degree of heterogeneity. Bias was assessed using the revised Cochrane tool for randomized controlled trials (RoB 2).
Results: Information by smoking was available for 1291 patients for PFS (seven studies) and 678 patients for OS (four
studies). The risk of bias was low for all studies. Combination treatment significantly prolonged PFS for smokers [n ¼
502, HR ¼ 0.55, 95% confidence interval (CI): 0.44-0.69] but not for nonsmokers (n ¼ 789, HR ¼ 0.92, 95% CI: 0.66-1.27;
treatment-by-smoking interaction P ¼ 0.02). Similarly, a significant OS benefit was found for smokers (n ¼ 271, HR ¼
0.66, 95% CI: 0.47-0.93) but not for nonsmokers (n ¼ 407, HR ¼ 1.07, 95% CI: 0.82-1.42; treatment-by-smoking
interaction P ¼ 0.03).
Conclusion: In advanced EGFR-non-small-cell lung cancer patients, the addition of an angiogenesis inhibitor to EGFR-
tyrosine kinase inhibitor therapy provides a statistically significant PFS and OS benefit in smokers, but not in non-
smokers. The biological basis for this observation should be pursued and could determine whether this might be
due to a specific co-mutational pattern produced by tobacco exposure.
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INTRODUCTION

First-line epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (TKIs) are an effective treatment of advanced
non-small-cell lung cancer (NSCLC) harboring somatic sensi-
tizing EGFR mutations. Despite an initial response, however,
the majority of these patients experience disease progression
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or death after first-line EGFR TKI therapy.1 Resistance to EGFR
inhibition has been found to be associated with increased
vascular endothelial growth factor (VEGF) levels in EGFR-
mutant NSCLC patients (EGFR-NSCLC).2,3 The synergistic ef-
fect of reducing the expression of VEGF when receiving EGFR
TKI therapy is explored in recent research and the combination
of angiogenesis inhibitors with EGFR TKIs has shown encour-
aging results in EGFR-NSCLC patients.4-8 Before becoming
approved for first-line treatment,9 osimertinib has been used
for patients failing treatment with first-generation TKIs in the
presence of an EGFR T790M acquired resistance mutation.1 In
the randomized ETOP 10-16 BOOSTER trial on second-line
osimertinib with or without bevacizumab, the primary anal-
ysis failed to show superiority of the addition of bevacizumab
to osimertinib alone. In an exploratory subgroup analysis,
however, an improvement in progression-free survival (PFS)
wasdetected for smokers, current or former cigarette smokers,
[hazard ratio (HR) ¼ 0.52, 95% confidence interval (CI): 0.30-
0.90, P ¼ 0.021] with a statistically significant treatment-by-
smoking interaction (P ¼ 0.0052).10

The addition of angiogenesis inhibitors to EGFR TKIs has
been examined and reported in other trials, in first line as
well as in second line. A systematic review and meta-
analysis was conducted to evaluate the relative effect of
adding an angiogenesis inhibitor (bevacizumab or ramucir-
umab) to EGFR TKI therapy in advanced EGFR-NSCLC pa-
tients, according to their smoking status.
METHODS

Search strategy and study selection

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Review and Meta-Analyses statement.11 Eligible random-
ized controlled trials (RCTs) that compared combination of
angiogenesis inhibitor (bevacizumab or ramucirumab) with
EGFR TKI therapy against EGFR TKI therapy alone were
identified from the PubMed electronic database for articles
published by 1 November 2021. The target population was
advanced EGFR-NSCLC patients. The following MeSH terms
were used (‘EGFR-TKI’ or ‘erlotinib’ or ‘osimertinib’ or ‘EGFR-
mutated’ or ‘EGFR-mutation’) AND (‘bevacizumab’ or
‘ramucirumab’) AND (‘NSCLC’ or ‘non-small cell lung can-
cer’) AND (‘randomized’ or ‘RCT’). To identify unpublished
studies, all abstracts from the most recent (2020-2021)
main oncology congresses (annual congresses of American
Association for Cancer Research [AACR], American Society
of Clinical Oncology [ASCO] and European Society of Med-
ical Oncology [ESMO], European Lung Cancer Congress
[ELCC], and World Conference on Lung Cancer [WCLC]) were
examined.
Data extraction process

For each included trial, study and patient characteristics
were extracted along with the HR and 95% CI for PFS and
overall survival (OS) for the subgroups defined by smoking
status. Data were extracted independently by two reviewers
2 https://doi.org/10.1016/j.esmoop.2022.100507
(KV and PZ), by reviewing abstracts and full-text articles
where appropriate. Disagreements were resolved by
consensus, or by referral to an additional reviewer (ZT).
Bias assessment

Two independent reviewers (KV and PZ) assessed the risk of
bias for each study using the recently revised Cochrane tool
for randomized trials (RoB 2).12 The risk of bias was
assessed for each study outcome using the five domains
(D1-D5) of the tool: D1, bias arising from the randomization
process; D2, bias due to deviations from intended in-
terventions; D3, bias due to missing outcome data; D4, bias
in measurement of the outcome; D5, bias in selection of
the reported result. Disagreements were resolved by
consensus.
Outcomes

The primary endpoint of interest was progression-free sur-
vival (PFS) by smoking status, and the secondary was the OS
by smoking status.
Statistical analysis

To estimate the size of the benefit of combination treat-
ment across studies, pooled weighted estimates (with
inverse-variance weights) were derived either from fixed or
random effects models,13 depending on the level of het-
erogeneity detected.14,15 Heterogeneity was assessed via
the Cochran’s Q test (P < 10%) and the I2 measure.16

Analysis was carried out separately by smoking status
(smokers [current or former smokers] and nonsmokers
[never-smokers]) and a test for treatment-by-smoking
interaction was used to assess differences in treatment ef-
fect across smoking subgroups. All statistical tests were
two-sided and significance was tested at 5%. SAS v9.4 (SAS
Institute, Cary, NC) and R v3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria) were used for statistical
analysis.

RESULTS

Seven eligible RCTs were identified (Figure 1;
Table 1)4,6,7,10,17-21 with three studies only from abstracts
presented in ESMO 2020/2021. A total of 1343 patients were
randomized to receive either a combinationof an angiogenesis
inhibitor (bevacizumab or ramucirumab) with EGFR TKI ther-
apy (osimertinib or erlotinib), or the corresponding EGFR TKI
therapy alone (1 with placebo). No studies with an EGFR TKI
therapy other than osimertinib or erlotinib were identified. All
reasons for exclusion of studies from the initial 124 studies are
detailed in Figure 1. The risk of bias of PFS and OS results was
judged to be lowwithout concerns for all included trials and in
all five domains (Table 1). Five studies (71%) included patients
infirst line [erlotinib andbevacizumab: three studies (n¼ 536);
erlotinib and ramucirumab: one study (n ¼ 449); and osi-
mertinib and bevacizumab: one study (n¼ 122)]. Two studies
included patients in second line [osimertinib and bevacizumab
(n ¼ 236)]. Recruited patients were mainly Asian with few
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7 trials 

PubMed Oncology congresses
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(EGFR-TKI or erlotinib or osimertinib or
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• EGFR
•

Abstracts found only in ESMO 
2020/2021

(n = 4)
1 trial also in pubMed (WJOG8715L)

Figure 1. Flowchart of patient disposition.
AACR, American Association for Cancer Research; ASCO, American Society of Clinical Oncology; ELCC, European Lung Cancer Congress; ESMO, European Society of
Medical Oncology; WCLC, World Conference on Lung Cancer.
aReasons for exclusion: 38 review/meta-analysis, 36 non-randomized trials, 8 no epidermal growth factor receptor tyrosine kinase inhibitor (EGFR TKI) treatment, 7 no
survival results, 7 no results by smoking, 4 subgroup analysis, 4 study design paper, 3 no angiogenesis inhibitor treatment, 2 clinical practice guidelines, 2 reply letter, 2
no comparison with EGFR TKI, 2 pooled analysis, 2 updated results, 1 case study, 1 highlights, 1 study on mice.
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studies enrolling patients with non-Asian ethnicity (BEVERLY
study with only Italian centers17; non-Asian participants in
BOOSTER: 59%10 and RELAY: 23%4) (Table 1). The median age,
per treatment arm, ranged from 64 to 70 years old, while in all
studies the majority were female (from 59% up to 66% per
arm) with Eastern Cooperative Oncology Group performance
status (ECOG PS) 0 for first-line studies (from 52% to 65% per
arm) and ECOG PS�1 for second-line studies. In the majority
of studies most patients were nonsmokers (up to 68%), in all
studies most with stage IV NSCLC (>63% per arm and up to
99%) and almost all with EGFR exon 19 deletion or exon 21
L858R mutation (Table 1). Histology was mainly non-
squamous while only two studies included predominantly
adenocarcinoma patients4,21 (data not shown).

Information by smoking status in the seven studies was
available for 1291 patients for PFS (39 patients with missing
smoking status4 and 13 former light smokers [less than 10
pack-years in their lifetime and had stopped smoking more
than 15 years before the study] were not included in the
extracted survival data6,19). A total of 502 patients were
former/current smokers while 789 patients were non-
smokers. Treatment with combination therapy of an
angiogenesis inhibitor with EGFR TKI therapy compared
with EGFR TKI therapy alone was associated with a 45%
reduction in the risk of a PFS event in the subgroup of
smokers (HR ¼ 0.55, 95% CI: 0.44-0.69, P < 0.001,
Volume 7 - Issue 3 - 2022
Cochran’s Q P ¼ 0.55, I2 ¼ 0%). In the nonsmokers sub-
group the pooled PFS effect derived from a random-effects
model was not significant (HR ¼ 0.92, 95% CI: 0.66-1.27,
P ¼ 0.60, Cochran’s Q P ¼ 0.0084, I2 ¼ 65%). Only two
studies showed a significant clinical benefit of combination
treatment of nonsmokers in PFS (HR ¼ 0.54, 95% CI: 0.33-
0.90 and HR ¼ 0.69, 95% CI: 0.51-0.95). Although not sig-
nificant, for three studies there was a PFS trend towards
benefit from osimertinib monotherapy for nonsmokers.
Importantly, for the treatment effect on PFS, a statistically
significant difference was found by smoking status, with a
significant benefit in smokers, and no such benefit apparent
in nonsmokers (interaction HR ¼ 0.62, 95% CI: 0.41-0.93,
P ¼ 0.02) (Figure 2A).

For OS, information by smoking status was available for
678 patients from four studies (271 smokers; 407 non-
smokers). A statistically significant OS benefit was found in
only one study, and this was only in the subgroup of
smokers (HR ¼ 0.41, 95% CI: 0.21-0.80). The statistically
significant benefit shown in PFS for smokers was also found
in OS (HR ¼ 0.66, 95% CI: 0.47-0.93, P ¼ 0.017, Cochran’s Q
P ¼ 0.15, I2 ¼ 44%). OS was not significantly better in the
subgroup of nonsmokers for any of the individual studies
and overall (HR ¼ 1.07, 95% CI: 0.82-1.42, P ¼ 0.61,
Cochran’s Q P ¼ 0.29, I2 ¼ 20%). For OS as well, similarly to
PFS, the treatment-by-smoking interaction was significant
https://doi.org/10.1016/j.esmoop.2022.100507 3
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Table 1. Baseline demographics, clinical characteristics and bias assessment for each study

Study
(N)
(Line,
phase)

Bias
assessmenta

D1 D2 D3
D4 D5 O

Ethnicity Treatment n Age (years) Female ECOG
PS 0

Smokers Nonsmokers Stage
IVb

EGFR Ex19
deletion

EGFR Ex21
L858R
mutation

EGFR
Other/
missing

Median
(range)

n (%)

BEVERLY
(N ¼ 160)
(First, III)17

Only
Italian
centers

Erlo þ Beva 80 65.9 (58-72)c 52 (65.0) 52 (65.0) 34 (42.5) 46 (57.5) 77 (96.3) 44 (55.0) 34 (42.5) 2 (2.5)
Erlo 80 67.7 (61-74)c 50 (62.5) 47 (58.8) 43 (53.8) 37 (46.3) 75 (93.8) 44 (55.0) 32 (40.0) 4 (5.0)

JO25567
(N ¼ 152)
(First, II)7,18

Asian Erlo þ Beva 75 67.0 (59-73)c 45 (60.0) 43 (57.0) 24 (32.0) 51 (68.0) 60 (80.0) 40 (53.0) 35 (47.0) d
Erlo 77 67.0 (60-73)c 51 (66.0) 41 (53.0) 26 (34.0) 51 (66.0) 62 (81.0) 40 (52.0) 37 (48.0) d

NEJ026
(N ¼ 224)
(First, III)6,19

Asian Erlo þ Beva 112 67.0 (61-73)c 71 (63.0) 64 (57.0) 41 (37.0) 65 (58.0)d 82 (73.0) 56 (50.0) 56 (50.0) d
Erlo 112 68.0 (62-73)c 73 (65.0) 68 (61.0) 41 (37.0) 64 (57.0)d 84 (75.0) 55 (49.0) 57 (51.0) d

RELAY
(N ¼ 449)
(First, III)4

77% Asian Erlo þ Ramu 224 65.0 (57-71)c 141 (63.0) 116 (52.0) 64 (29.0) 134 (60.0)e 195 (87.0) 123 (55.0) 99 (44.0) 2 (1.0)
Erlo þ placebo 225 64.0 (56-70)c 142 (63.0) 119 (53.0) 73 (32.0) 139 (62.0)e 189 (84.0) 120 (53.0) 105 (47.0) d

WJOG9717L
(N ¼ 122)
(First, II)20

Asian Osi þ Beva 61 67.0 (41-86) 37 (60.7) 32 (52.5) 23 (37.7) 38 (62.3) 48 (78.7) 35 (57.4) 26 (42.6) d
Osi 61 66.0 (29-85) 38 (62.3) 34 (55.7) 31 (50.8) 30 (49.2) 46 (75.4) 36 (59.0) 25 (41.0) d

BOOSTER
(N ¼ 155)
(Second, II)10

41% Asian Osi þ Beva 78 68.0 (34-85) 47 (60.0) 22 (28.0) 34 (44.0) 44 (56.0) 76 (97.0) 58 (74.0) 20 (26.0) d
Osi 77 66.0 (41-83) 49 (64.0) 25 (33.0) 28 (36.0) 49 (64.0) 76 (99.0) 51 (66.0) 26 (34.0) d

WJOG8715L
(N ¼ 81)
(Second, II)21

Asian Osi þ Beva 40 68.0 (43-82) 24 (60.0) 20 (50.0) 19 (48.0) 21 (53.0) 33 (83.0) 22 (55.0) 18 (45.0) d
Osi 41 70.0 (41-82) 24 (59.0) 17 (42.0) 21 (51.0) 20 (49.0) 26 (63.0) 28 (68.0) 13 (32.0) d

D1, bias arising from the randomization process; D2, bias due to deviations from intended interventions; D3, bias due to missing outcome data; D4, bias in measurement of the outcome; D5, bias in selection of the reported result; O, overall bias.
Beva, bevacizumab; EGFR, epidermal growth factor; EGOG PS, Eastern Cooperative Oncology Group performance status; Erlo, erlotinib; Osi, osimertinib; Ramu, ramucirumab.
aThe risk of bias for both endpoints (PFS and OS) was low in all domains D1-D5 and overall.
bThe remaining patients had other stage, missing stage, or post-surgery recurrence.
cThe interquartile range is presented.
dA total of 6 (5.0%) and 7 (6.0%) former light smokers in Erlo þ Beva and Erlo alone groups, respectively, were not included in the analysis.
eA total of 26 (12.0%) and 13 (6.0%) patients with unknown/missing smoking status in Erlo þ Ramu and Erlo þ placebo groups, respectively, were not included in the analysis.
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Figure 2. (A) Forest plot of HRs comparing PFS in the smokers and nonsmokers subgroups. Note 1: interaction effect of treatment by smoking HR ¼ 0.62, P ¼ 0.020.
Note 2: HRs for each trial are represented by the squares with the respective 95% CI. The diamonds represent the estimated overall effect based on the meta-analysis
of the trials. All HRs (95% CIs) are unadjusted except for WJOG8715L and BOOSTER trials. A total of 52 patients without results by smoking status are excluded from
the analysis (13 former light smokers from the NEJ026 study and 39 patients from RELAY with unknown/missing smoking status). (B) Forest plot of HRs comparing OS
in the smokers and nonsmokers subgroups. Note 1: interaction effect of treatment by smoking HR ¼ 0.62, P ¼ 0.030. Note 2: HRs for each trial are represented by the
squares with the respective 95% CI. The diamonds represent the estimated overall effect based on the meta-analysis fixed effect of the trials. All HRs (95% CIs) are
unadjusted except for the BOOSTER trial. A total of 13 former light smokers from the NEJ026 study are excluded from the analysis.
Beva, bevacizumab; CI, confidence interval; Combination, EGFR-TKI plus angiogenesis inhibitor; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor;
Erlo, erlotinib; FEM, fixed effects model; HR, hazard ratio; OS, overall survival; Osi, osimertinib; PFS, progression-free survival; Ramu, ramucirumab; REM random effects
model.
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(interaction HR ¼ 0.62, 95% CI: 0.40-0.95, P ¼ 0.03)
(Figure 2B).

DISCUSSION

The results of this literature review and meta-analysis
demonstrate that in patients with advanced EGFR-mutated
NSCLC with a smoking history, the addition of an angiogen-
esis inhibitor to EGFR TKI therapy provides a statistically
significant PFS and OS benefit. In the subgroup of current or
former smokers treated with the combination therapy, the
risk of a PFS event was reduced by 45% and the risk of death
by 34%. Importantly, a significant interaction effect was
found indicating that smoking status could be a potential
predictive marker for PFS and OS in this population.

It is important to state, that the BOOSTER trial and, with
the exception of the BEVERLY trial, all other trials involved
in this meta-analysis were restricted to patients with the
common EGFR mutations, exon 21 point mutation or exon
19 deletion. Uncommon EGFR mutations account for 10%-
20% of EGFR mutations in advanced NSCLC and occur in
10%-20% of patients with NSCLC and, with the exception of
EGFR exon 20 insertion mutations, generally respond to
second- and third-generation EGFR TKIs.22-25 Compared
with common EGFR mutations, EGFR exon 20 insertion
mutations are more common in patients with a smoking
history.26 It would be of interest to explore the role of
combination EGFR TKI and anti-angiogenic agents in such a
patient population. Studies including afatinib and bev-
acizumab for NSCLC with uncommon EGFR point mutations
(NCT05267288) and poziotinib with ramucirumab for NSCLC
harboring EGFR exon 20 insertion mutation (NCT05045404)
are ongoing.

The biological basis for this observation should be pur-
sued. Tobacco exposure was shown to produce a heavy
burden of genomic mutations in lung cancer, including TP53
mutations.27 Subgroup analysis in the RELAY randomised
study comparing erlotinib in combination with ramucir-
umab versus erlotinib alone showed that TP53 mutations
were associated with improved survival outcomes in pa-
tients with EGFR-mutated NSCLC, supporting a concept of
improved efficacy with anti-angiogenic therapy in tumors
harboring TP53 mutations.28 A possible explanation to this
could be that anti-angiogenic therapy may be more effec-
tive in tumors with specific mutations, e.g. TP53 triggered
by tobacco exposure. Tumors harboring TP53 mutations
have been associated with improved outcomes with VEGF
or VEGF receptor inhibitors.29-31

This study supports the hypothesis triggered by the sig-
nificant effect found in an exploratory subgroup analysis
of the ETOP 10-16 BOOSTER trial. A translational study
assessing molecular alterations including TP53 in tumor
tissue and plasma samples from this trial has been initiated
and might shed further insight.
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