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First-line anti-VEGF plus EGFR-TKI in EGFR-mutant
NSCLC: adding the ARTEMIS trial to the puzzle of current
evidence
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In the ARTEMIS-CTONG1509 multicenter phase 3 study recently
published in Cancer Cell, Zhou et al. investigate the combination
of the EGFR tyrosine kinase inhibitor (TKI) erlotinib and anti-
angiogenic bevacizumab in treatment-naive Chinese patients with
advanced EGFR-mutant non-small cell lung cancer (NSCLC).1 The
primary endpoint of progression-free survival (PFS) was signifi-
cantly extended from 11.2 months with erlotinib monotherapy to
17.9 months with the combination.

EVIDENCE OF BEVACIZUMAB PLUS TKI IN ADVANCED EGFR-
MUTANT NSCLC
In advanced NSCLC, the addition of bevacizumab to platin-based
chemotherapy improved overall survival from 10.3 to 12.3 months
and led to the approval as first-line strategy in advanced NSCLC in
2006. Since then, the implementation of molecular testing and
availability of further targeted (immuno-)therapies has fundamen-
tally changed the therapeutic approach in advanced-stage NSCLC.
Most cases of NSCLC with driver mutations of the EGFR (up to 20%
of advanced NSCLC) initially respond well to EGFR-TKI, but develop
resistance to TKI over time. In 2014, the JO25567 phase 2 trial
showed that the addition of bevacizumab to EGFR-inhibitory
erlotinib improved PFS from 9.8 to 16.4 months in Japanese
patients.2 Further evidence of prolonged PFS in a Japanese
population was provided by the phase 3 NEJ026 trial in 2019.3

However, another phase 2 study conducted in the United States
including mainly non-Asian patients did not find an improvement
for PFS in spite of comparable study design.4 Likewise, the BELIEF
trial performed in 8 European countries reported shorter PFS and
overall survival time compared to the trials performed in Asian
populations. Since a review by Chen et al. in 2020,5 further evidence
has become available—see Fig. 1 for an updated comparison
between PFS and secondary outcomes in previous trials and in the
ARTEMIS trial. EGFR-mutant NSCLC is much more frequent in Asian
populations, and substantial differences in etiopathology, response
to therapy, and clinical outcome between Asian and non-Asian
patients have been observed. The ARTEMIS trial shows PFS
improvement by additional bevacizumab in Chinese patients and
confirms the previous findings of JO25567 and NEJ026. At the
recent ESMO Conference, the primary results of the BEVERLY phase
3 trial were presented showing an improvement of PFS with
erlotinib plus bevacizumab in Italian patients as well (Fig. 1a). Thus,
regardless of ethnic origin, additional bevacizumab provides a
benefit in terms of PFS versus erlotinib monotherapy.

DOES ADDITIONAL BEVACIZUMAB IMPROVE OVERALL
SURVIVAL?
Although the overall survival data of the ARTEMIS trial are
immature at cut-off date, there is no benefit at the interim
analysis (37.9 months with dual therapy versus 41.1 months
with erlotinib alone). Nowadays, most clinical trials in NSCLC
are powered for PFS as the primary endpoint, and differences
between PFS and OS are commonly observed. However, the
ultimate goal remains to prolong a patient’s life at good
quality. We should bare in mind that PFS is a surrogate
parameter and relies on imaging-based assessment of disease
progression according to RECIST. Bevacizumab leads to the
regression of existing tumor-associated vasculature and
inhibition of new blood vessel growth, and this might change
blood flow and the appearance of target lesions in imaging.
Consequently, reduced enhancement of contrast agent might
not directly correlate to tumor response, baring the risk of
overestimation of treatment response.
Beyond the confirmation of previous data on PFS, Zhou et al.

explore the molecular mechanisms of acquired resistance to
TKI therapy: At disease progression, EGFR T790M was detected
in 41% of patients in the erlotinib plus bevacizumab arm and
61% of patients treated with erlotinib alone. This shows that—
contrary to previous hypotheses—anti-VEGF therapy does not
inhibit the development of TKI resistance. Treatment toler-
ability is another concern: Even though in the ARTEMIS trial
high-grade adverse events occurred less frequently in compar-
ison to previous studies, additional bevacizumab undoubtedly
increases the risk of high-grade toxicities about twice and
thereby negatively impacts treatment safety (Fig. 1a). Thus,
major hurdles for long-standing therapeutic success have not
been overcome yet.

BENEFIT FOR PATIENTS WITH BRAIN METASTASIS
Whereas preexisting CNS metastasis had been an exclusion
criterion in JO25567, the ARTEMIS trial suggests that patients
with intracranial disease might benefit even more from the
addition of bevacizumab, in particular regarding overall survival
(31.6 months with dual therapy versus 26.8 months with erlotinib
monotherapy, p= 0.052). Bevacizumab is known to reduce the
need of corticosteroids in brain tumor patients, and this was
attributed to stabilization of the blood–brain barrier and reduction
of vasogenic edema and thus tumor mass effects. However, Zhou
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et al. do not report on the administration of corticosteroids in
either study arm, which might be an indicator of a similar mode of
action in NSCLC with CNS metastasis.
Meanwhile, the third-generation TKI osimertinib has shown

superiority over erlotinib and gefitinib in terms of PFS, OS,
and quality of life, and is preferred for first-line therapy of
advanced EGFR-mutant NSCLC. However, hopes on the
combination of osimertinib with VEGF inhibitors are dampened
by the recently presented data of the phase 2 Japanese
WJOG9717L study showing no improvement of PFS by addition
of bevacizumab to osimertinib (Fig. 1a). Against the back-
ground of significantly higher brain exposure of osimertinib in
comparison to other TKI in preclinical in vivo models, and
strong evidence for osimertinib efficacy in CNS metastasis
provided by the FLAURA trial, patients with CNS metastasis at

baseline might profit even more from osimertinib plus VEGF
inhibitors. The corresponding subgroup analyses of ongoing
trials are awaited with interest.
The ARTEMIS trial confirms previous evidence that the

combination of bevacizumab and erlotinib significantly pro-
longs PFS in advanced EGFR-mutant NSCLC. However, caution
in data interpretation and clinical implementation is advisable
because the clinical benefit in comparison to osimertinib is
unclear and an impact on overall survival and other patient-
relevant endpoints has not been shown thus far.
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Clinical trials of EGFR-TKI and Anti-VEGF as first-line treatment in advanced EGFR-mutant NSCLC

Study name
Study 

identification 
code

Study 
design/
Country

Intervention
(number of patients)

Outcomes
Primary Secondary Adverse events 

≥ grade 3
Median PFS 
(months)

Median OS 
(months)

ORR

JO25567
Seto et al. 20142, 
Yamamoto et al. 20216

JapicCTI-111390, 
JapicCTI-142569

Phase 2
Japan

Erlotinib (n=77) 9.8 HR=0.52, 
p<0.001

47.4 HR=0.81, 
p=0.33

64% 53%

Erlotinib+Bevacizumab 
(n=75) 16.4 47.0 69% 91%

BELIEF
Rosell et al. 20177 NCT01562028 Phase 2

multinational
Erlotinib+Bevacizumab 
(n=109) 13.2 28.2 77% 99%

NEJ026
Saito et al. 20193, 
Maemondo et al. 20208

UMIN000017069 Phase 3
Japan

Erlotinib (n=114) 13.3 HR=0.60, 
p=0.02

46.2
HR=1.0

66% 46%

Erlotinib+Bevacizumab 
(n=112) 16.9 50.7 72% 88%

RELAY
Nakagawa et al. 20199 NCT02411448 Phase 3

multinational

Erlotinib (n=225) 12.4 HR=0.59, 
p<0.0001

n.r. 75% 54%

Erlotinib+Ramucirumab 
(n=224) 19.4 n.r. 76% 72%

Stinchcombe et al. 20194 NCT01532089 Phase 2
US

Erlotinib (n=45) 13.5 HR=0.81
p=0.39

50.6 HR=1.41, 
p=0.33

83% n.r.

Erlotinib+Bevacizumab 
(n=43) 17.9 32.4 81% n.r.

ARTEMIS-CTONG1509
Zhou et al. 20211 NCT02759614 Phase 3

China

Erlotinib (n=154) 11.2 HR=0.55, 
p<0.001

n.r. 84.7 26.1%

Erlotinib+Bevacizumab 
(n=157) 17.9 n.r. 86.8 54.8%

Recent study results presented at the ESMO Congress, September 2021*

BEVERLY*
Piccirillo et al. 202110 NCT02633189 Phase 3

Italy

Erlotinib (n=80) 9.7 HR=0.60
P=0.0039

23.0 HR=0.70, 
p=0.12

n.r. n.r.

Erlotinib+Bevacizumab 
(n=80) 15.4 28.4 n.r. n.r.

WJOG9717L*
Kenmotsu et al. 202111 UMIN000030206 Phase 2

Japan

Osimertinib (n=61) 20.2 HR=0.86, 
p=0.213

n.r. 86% 48%

Osimertinib+Bevacizumab 
(n=61) 22.1 n.r. 82% 56%

Ongoing clinical trials

NCT04181060 Phase 3
US

Osimertinib 
Osimertinib+Bevacizumab 

RAMOSE NCT03909334 Phase 2
US

Osimertinib
Osimertinib+Ramucirumab

TORG1833 JapicCTI-184146 Phase 2
Japan

Osimertinib
Osimertinib+Ramucirumab

Fig. 1 Clinical trials of EGFR-TKI and Anti-VEGF as first-line treatment in advanced EGFR-mutant NSCLC. a Overview on the completed and
ongoing clinical trials of EGFR-TKI and Anti-VEGF as first-line treatment in advanced EGFR-mutant NSCLC. Modified and updated from: Chen
et al. 20205; data were extracted from the indexed publications and/or publically available clinical trial databases; bold values indicate
significant differences; grey and yellow colors highlight study data for PFS and OS with erlotinib and erlotinib+bevacizumab treatment, which
are illustrated in (b). *Data presented at the European Society for Medical Oncology (ESMO) Conference, September 2021; PFS refers to
investigator-assessed PFS in the BEVERLY trial and blinded independent radiologic reviewer-assessed PFS in the WJOG8717L trial, respectively.
EGFR epidermal growth factor receptor, PFS progression-free survival, ORR objective response rate, OS overall survival, n.r. not reported, TKI
tyrosine kinase inhibitor6–11. b Progression-free survival (left panel) and overall survival (right panel) in prospective phase 2 and 3 clinical trials
of EGFR-TKI erlotinib and bevacizumab as first-line treatment in advanced EGFR-mutant NSCLC.
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