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Despite high response rates (RR) observed of up to 70%
with epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (TKIs) in treatment-naive EGFR mutant
non-small cell lung cancers (NSCLC), eliciting durable
responses remains a perennial challenge. The median
progression-free survival (PFS) achieved for 1™ and 2
generation EGFR TKIs is 9-13 months in the front
line setting (1-7), with 50-60% of resistance due to the
emergence of the gatekeeper T790M mutation in EGFR
exon 20 (8). Preclinical modeling has shown that T790M
mutations can be ‘acquired’ by initially T790M-negative
drug-tolerant cells under selection pressure after TKI
treatment, although improvement in molecular diagnostics
has suggested that such resistant clones may have ‘pre-
existed’ as a minor sub-population prior to TKI exposure.
In the treatment-naive setting, de novo T790M mutations
have been reported across a range of frequencies depending
on assay sensitivity—ranging from <1% with Sanger
sequencing to 80% with ultra-sensitive methods (9). De novo
T790M mutations have been associated with shorter PFS
and poorer outcomes in patients with advanced NSCLC
treated with EGFR TKIs (10,11), underscoring the need for
novel combinatorial strategies to circumvent resistance.
Bevacizumab is a recombinant humanized monoclonal
antibody that selectively binds vascular endothelial growth
factor (VEGF) and blocks its interaction with VEGF
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receptor, thereby preventing a cascade of molecular events
that drives tumor angiogenesis, an essential hallmark in
NSCLC (12). Phase III clinical trials of bevacizumab-
chemotherapy combinations as first-line therapy in
advanced non-squamous NSCLC have shown improved
outcomes with platinum-based chemotherapy alone;
and the pivotal E4599 trial, as well as the AVAIL study,
demonstrated significantly improved RR and PFS (13,14).
VEGF has also been implicated in resistance to EGFR TKI,
with preclinical studies demonstrating EGFR inhibition
can result in compensatory increase in stroma-derived
VEGTF levels that fosters disease progression (15). Thus,
dual inhibition of EGFR and VEGF signaling pathways
appears to be a synergistic strategy to abrogate EGFR TKI
resistance. Bevacizumab and EGFR TKI combinations have
been investigated widely, encompassing unselected NSCLC,
as well as more specifically in the context of EGFR-mutant
NSCLC in the TKI resistant and TKI naive setting (Zable 1)
(16-22).

Notably, in the first-line setting, a Japanese randomized
phase II trial (JO25567) demonstrated that the combination
of erlotinib-bevacizumab showed a significantly prolonged
PFS when compared with erlotinib alone (16.0 vs. 9.7 months
respectively, HR 0.54, P=0.0015), meeting its primary
endpoint albeit immature overall survival (OS) data at
time of analysis, and primarily led to European Union
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(EU) approval of erlotinib-bevacizumab combination (20).
This prolongation in PFS was also observed in other
trials combining EGFR TKI plus bevacizumab, where
a single arm phase II study in treatment naive EGFR-
mutant NSCLC, showed that the combination of
gefitinib-bevacizumab was tolerable, with a median PFS of
14.4 months (19). In contrast, no significant difference
in PFS was seen in the single-arm phase II ABC study
of afatinib and bevacizumab in TKI-resistant EGFR-
mutant, with a RR of 18.2%, modest regardless of T790M
status (detected in 42% patients) (22), highlighting the
importance of identifying appropriate therapeutic niches
when designing trials.

The BELIEF trial by Rosell ez 4/. adds to the burgeoning
data supporting the role of adding bevacizumab to the
current standard of care TKI in treatment naive EGFR-
mutant NSCLC to forestall resistance (21). This was
an international, multicenter (across eight European
countries), single-arm phase II trial involving 109 patients
with advanced treatment-naive NSCLC and activating
EGFR mutations (exon 19 deletions or L858R mutations)
who received erlotinib (150 mg/day) plus bevacizumab
(15 mg/kg every 3 weekly). In contrast to the JO25567
study, it included patients with brain metastasis (19%)
whereas patients with T790M mutation and brain
metastases were both excluded in the JO25567 study.
Activating EGFR and T790M mutations were centrally
tested with a highly sensitive peptide-nucleic acid (PNA)
probe-based TaqgMan assay (real-time PCR)—detecting
pretreatment T790M resistance mutation in 34% (37/109)
of patients.

For the total population (n=109), the overall PFS was
13.2 months (95% CI, 10.3-15.5) and median OS
28.2 months after a median follow-up of 21.4 months. In
addition, patients were stratified according to pretreatment
T790M status into two parallel sub-studies (T790M-
positive, n=37; or T790M-negative, n=72 cohorts).
Interestingly, the T790M-positive subgroup, traditionally
associated with worse PFS and OS (11,23), demonstrated
a median PFS of 16.0 months (12-month PFS 68%).
Notwithstanding the caveat that the BELIEF trial was not
a randomized controlled trial with a relatively small sample
size, the impact of erlotinib-bevacizumab in overcoming
the detrimental effect of pretreatment T790M mutation,
was striking. This result has several implications on the
application of rational combination strategies in the future,
including patient selection and provides fresh insights into
the biological basis of targeting the VEGFR axis in EGFR
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mutant NSCLC.

First, it is noteworthy that the reported prevalence
of 30% of patients with de novo T790M mutations is
significantly higher than the usual reported prevalence of
<1% with standard sequencing platforms. In the BELIEF
study, post hoc analysis confirmed sensitivity of the PNA
TagMan assay with concordance testing using standard
COBAS EGFR assay and ddPCR. While the COBAS
test revealed high concordance with the TagMan assay
for the activating EGFR mutations, it detected only 1/47
samples with T790M mutations. Conversely, concordance
rates for pretreatment T790M detection between ddPCR
and TagMan was 62.3%, as ddPCR detected 25/50 (50%)
evaluable samples for T790M positive cases compared to
21/50 (42%) by the TagMan assay. Taken together, these
findings suggest that a subset of patients likely harbor pre-
existing T790M-positive clones before TKI exposure,
although at levels below the detection thresholds of many
standard lab assays like Sanger sequencing and COBAS
EGFR assays on FFPE tissue samples. With multiple
platforms now available for high sensitive detection in both
tissue and plasma, prevalence rates of pretreatment T790M
mutations have been shown to be wide-ranging (from
<1% to 80%), primarily due to variations in performance
characteristics and detection limits of various assays (24).
Thus, in order to enable accurate interpretation of future
confirmatory clinical studies, definitions of “T790M-
positive (T790M+)” patient populations will need to be
accompanied by technical specifications of the detection
method.

Second, the studies to date consistently show no
difference in RR, but improvement in PFS when combining
EGFR TKI with bevacizumab in EGFR mutant NSCLC
(Table 1). This highlights the potential for VEGFR
targeting approaches to augment the metastatic niche and
forestall the emergence of systemic disease progression,
regardless of the presence of T790M+ clones. On the other
hand, the shorter PFS of 10.5 months for T790M-negative
patients in BELIEF, was numerically less compared to
16.0 months for patients in the erlotinib-bevacizumab group
in the J025567 study. This shorter duration of response
may be influenced by the proportion of patients with brain
metastases (19%) in BELIEF (25), particularly since the
absence of brain metastasis was significantly associated with
longer PFS by multivariable analysis. Further follow up on
the sites of initial disease progression will be illuminating,
with definitive data on clinical benefit awaited from ongoing
randomized phase III trials.
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Table 2 Ongoing clinical trials on anti-VEGF antibody approaches and EGFR TKI combinations

Estimated Pri
Study Locations Phase stimate Selection r|ma.ry Experimental arm Control arm
enrollment endpoint
EGFR-mutant TKI-naive NSCLC (first-line treatment)
ACCRU USA 1l 112 Activating EGFR mutations, PFS Bevacizumab + Erlotinib
(NCT01532089) non-squamous erlotinib
BRILLIANT study Taiwan 1l 109 Activating EGFR mutations, PFS Bevacizumab + Erlotinib
(NCT02655536) non-sguamous, asymptomatic erlotinib
brain metastases,
BEVERLY study Italy 1]l 200 Activating EGFR mutations, PFS Bevacizumab + Erlotinib
(NCT02633189) non-squamous erlotinib
NEJ026 Japan I} 214 Activating EGFR mutations, PFS Bevacizumab + Erlotinib
(UMINO00017069) non-squamous erlotinib
ARTEMIS study China 1} 310 Activating EGFR mutations, PFS Bevacizumab + Erlotinib
(NCT02759614) non-squamous erlotinib
RELAY study USA, 1]l 462 Activating EGFR mutations PFS Ramucirumab + Erlotinib
(NCT02411448) Europe, erlotinib
Asia
3"’-generation TKI combination in TKl-resistant NSCLC (second-line treatment)
BOOSTER study Europe, 1l 154 EGFR mutations including PFS Bevacizumab + Osimertinib
(NCT03133546) Korea T790M osimertinib
NCT02971501 USA 1l 98 EGFR mutations including PFS Bevacizumab + Osimertinib
T790M, asymptomatic brain osimertinib
metastases
NCT02789345 USA 74 EGFR mutations including MTD Ramucirumab or Osimertinib
T790M necitumumab +
osimertinib
3“-generation TKI combination in TKI-naive NSCLC (first-line treatment)
NCT02803203 USA I/ 58 Activating EGFR mutations  MTD (phase Bevacizumab + Nil
1), 12m-PFS osimertinib
(phase 1)

VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitors; NSCLC, non-small cell
lung cancer; PFS, progression-free survival; MTD, maximum tolerable dose.

Currently, there are several ongoing phase III
randomized trials comparing erlotinib-bevacizumab against
erlotinib — such as the ACCRU study (NCT01532089) and
the BEVERLY study (NCT02633189). Combination of
3" generation EGFR TKI osimertinib plus bevacizumab
in T790M-positive EGFR-mutant NSCLC compared
with osimertinib alone is now being explored both in the
second line (BOOSTER, NCT03133546) as well as in
the first-line setting (NCT02803203), as a strategy to
circumvent resistance to third generation TKIs. With a
reported PFS of 18.9 months (95% CI, 12.5-21.4) with
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front-line osimertinib in EGFR-mutant NSCLC from
the FLAURA study (26), further extension of PFS with
osimertinib-bevacizumab combination will be anticipated.
Other ongoing trials involve the combination of erlotinib
with other VEGFR antibodies such as ramucirumab
(RELAY, NCT02411448), as well as those targeting specific
metastatic niches such as brain metastases (summarized in
Tible 2).

In conclusion, dual targeting of EGFR and VEGF
pathways remains a promising approach to circumvent
EGFR TKI resistance and warrants further evaluation.
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The hypothesis-generating results from BELIEF provide
timely and intriguing efficacy data in “poor risk” patients
with de novo T790M mutations. Furthermore, the recent
advent of cell-free DNA detection methods may also yield a
higher prevalence of pretreatment T790M mutations (27),
highlighting the need for additional stringent concordance
studies to better define this evolving patient subgroup. A key
priority in the eagerly anticipated phase III bevacizumab-
EGFR TKI trials, remains how best to stratify EGFR
mutant NSCLC patients, so as to facilitate individualized
combinatorial approaches for maximal therapeutic gain.
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