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Introduction

Treatment of advanced lung cancer with epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitors (TKI) has 
evolved over the past 15 years. Conversely to the story of 
trastuzumab in HER2 positive breast cancer with the target 
first being identified and then treatment with the drug, the 
EGFR mutation target was only discovered after an empiric 
EGFR TKI drug patient response was identified (1). Even 
subsequent to that, targeting EGFR evolved from general 
populations to EGFR protein and gene overexpression 
to now only an EGFR mutation identified from tissue or 
plasma is an indication for EGFR TKI treatment in lung 
cancer (2). A next stratification step was the recognition of 
the clinical difference between EGFR exon 19 deletions and 
exon 21 L858R mutations. Exon 19 deletions consistently 
demonstrated a longer progression free (PFS) and overall 
survival (OS) than exon 21 L858R mutations despite 

an equivalent response rate (3). A variety of additional 
EGFR mutations are now identified as sensitive to EGFR 
TKI targeting most notably exon 20 T790M, a resistant 
mutation only sensitive to osimertinib (4). Throughout 
this evolution five different EGFR TKIs now have United 
States FDA approval and are commercially available. There 
is some subset suggestion that afatinib may have a survival 
benefit for exon 19 deletions and dacomitinib may equalize 
the outcomes for exon 21 L858R mutations (5,6). 

Combining anti-VEGFA/VEGFR-2 monoclonal 
antibodies with an EGFR TKI have shown prolonged PFS 
compared to the EGFR TKI alone but a lack of proven OS 
benefit has limited their acceptance into standard clinical 
use (7-9). Two studies comparing chemotherapy plus 
gefitinib to gefitinib alone do show an OS benefit. However, 
in one study the OS of the gefitinib alone arm was a very 
inferior 17 months and in a Japanese population study OS 
in both treatment arms, 50.9 months chemotherapy plus 
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gefitinib and 38.8 months gefitinib alone, were superior 
to other studies (10,11). Most recently the FLAURA trial 
update favored first line osimertinib alone over a first/
second-generation EGFR TKI with a statistically significant 
OS benefit of 38.6 versus 31.8 months (HR of 0.799 and 
P=0.0462), yet at 4 years the Kaplan-Meier curves have 
come together (12). 

Case presentation

A 57-year-old female never smoker presented with a 
progressing recalcitrant nonproductive cough and left flank 
pain. Imaging confirmed a RUL lung mass with mediastinal 

adenopathy and bone metastases (Figure 1). Transbronchial 
biopsy of the RUL primary tumor mass with a TTF-1 
positive adenocarcinoma. 

Tumor management

Plasma next-generation sequencing (NGS) identified an 
EGFR exon 19 deletion with a mutant allele fraction (MAF) 
of 10.9% and also a KDR Q472H mutation with a MAF of 
11.3% along with two TP53 mutations in exon 5/MAF 4.7% 
and exon 6/MAF 2.3%, a PTEN mutation MAF 3.8% and 
a PIK3CA V344A mutation/MAF 3.9%.

Given the KDR Q472H co-mutation, therapy was 
initiated with combination erlotinib and bevacizumab. A 
complete response was achieved within 4 months (Figure 2). 
Treatment with erlotinib and bevacizumab is ongoing.

Case-related literature review

First line treatment decisions in treating advanced EGFR 
mutated lung cancer remain with group options of an 
EGFR TKI alone or in combination with chemotherapy or 
anti-VEGF/VEGFR-2 monoclonal antibodies. However, 
studies with these options have not been fully compared 
and there is nothing beyond the EGFR mutation to guide 
individual treatment decision making. The evolution of 
treating EGFR mutated lung cancer has been based upon 
group data. Throughout the evolution of EGFR targeted 
therapies, what has been lacking in all studies have been the 
differential impact and potential therapeutic implication of 
an individual’s co-occurring mutations. 

With the evolution of tissue and plasma NGS, a broad 
array of co-occurring mutations can be identified in 
the EGFR mutation lung cancer population. Extended 
molecular testing by either tissue and/or plasma NGS 
has been well studied to identify and guide treatment of 
the many secondary EGFR TKI resistance pathways. As 
treatment advances evolve, so do resistance pathways. 
With the first/second generation TKIs, exon 20 T790M 
mutations are most frequently identified. Resistant 
pathways can be differentially based upon persistence or 
clearance of the EGFR mutation. With acquired resistance 
to osimertinib, EGFR C797S mutations are the most 
frequent resistance escape when the T790M mutation 
persists, whereas when T790M is lost at resistance, small 
cell transformation, KRAS mutations and gene fusions 
occur with a more rapid time to resistance (13). 

It is also becoming evident co-occurring mutations in 

Figure 1 PET imaging at diagnosis. PET, positron-emission 
tomography.

Figure 2 Repeat PET after 4 months erlotinib and bevacizumab. 
PET, positron-emission tomography.
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EGFR mutated lung cancer at the time of diagnosis are of 
prognostic and potentially predictive impact. In addition 
to their utility in secondary resistance, co-occurring 
mutations can identify primary EGFR TKI resistance 
pathways impacting treatment outcomes (14-18). In a large 
cohort of 200 metastatic EGFR mutated lung cancers, 
extended pre-treatment molecular testing with versions of 
the MSK-IMPACT NGS panel identified TP53 mutations 
in 60% of patients, PIK3CA in 12%, and CTNNB1 in 
9% with a median of five co-occurring mutations. ERBB2 
amplification was seen in 4% and MET amplification in 
2% of patients. Shorter time to progression was seen in 
the TP53 mutation and ERBB2 and MET amplification  
patients (19). With broad NGS testing on patients with 
confirmed primary first/second generation EGFR TKI 
resistance, the non-driver mutations TP53 P72R, KDR 
Q472H, and KIT M541L, beyond T790M, were most 
frequently associated with primary resistance (20). All 
resistant patients also had other coexisting somatic 
mutations. Extended genomic profiling of a cohort treated 
with first/second generation EGFR TKIs identified 
50% TP53, 10% PIK3CA and 5% PTEN co-occurring 
mutations. Median PFS was significantly shorter at  
6.5 months compared to TP53 wild type PFS of 19 months 
and an OS of just 15 months in EGFR exon 19 deletion 
mutated patients (21). 

TP53 is also unfavorably prognostic with poorer survivals 
in the T790M mutation population. In a larger experience 
of 131 stage IV EGFR mutated lung cancer patients, 62% 
had TP53 and 42% other co-occurring mutations. Patients 
with T790M and TP53 dual mutations had a worse OS than 
the EGFR T790M and TP53 wild type patients (22). TP53 
mutation status can also impact the central nervous system 
benefit of EGFR TKI treatment. In 100 EGFR mutated 
patients with brain metastasis treated with osimertinib, a 
disease control rate of 29% in TP53 mutated patients was 
far inferior to the 94% achieved in TP53 wild type patients. 
Additionally, all of the exon 8 TP53 mutations were 
osimertinib resistant (23). 

EGFR treated small cell transformation risk can also 
be identified with upfront extended molecular testing. 
Concurrent TP53 with RB1 mutations at diagnosis are 
prognostically unfavorable and can portend transformation 
to small cell histology and biology recurrences. In 863 
EGFR mutated lung cancers, tissue NGS identified 
coexisting TP53 and RB1 mutations in 5%. There was a 
de novo or subsequent small cell transformation recurrence 
in 25% of the patients with TP53 and RB1 mutations 

at diagnosis, yet none of the patients without these 
baseline mutations developed a small cell transformation  
recurrence (24). 

This identification and understanding of the clinical 
utility of co-occurring mutations in guiding individual 
treatment approaches in the clinic beyond group single 
agent EGFR TKI use is evolving. Non-driver co-occurring 
mutations are clearly unfavorably prognostic. What 
predictive benefit is still unknown and unstudied. 

Uniquely in addition to an association with resistance, a 
kinase insert domain receptor (KDR) co-mutation may also 
guide a differing treatment approach than just an EGFR 
TKI alone. KDR mutations are frequently present in lung 
adenocarcinomas (25,26). The KDR Q472H mutation has 
been associated with primary EGFR TKI resistance (20).  
The KDR gene encodes VEGFR-2 function. KDR 
Q472H mutations are associated with elevated VEGFA 
levels and increased tumor microvessel density (27). 
Preclinical studies confirm VEGF upregulation with a 
rise in tumor and stromal VEGF resulting in EGFR TKI  
resistance (28). Dual combined EGFR/VEGF pathway 
blockade can reverse secondary and overcome primary 
EGFR TKI resistance (29-31). There is a notable 
differential response in secondary and primary resistance. 
The combination of bevacizumab and erlotinib showed 
stronger inhibition of tumor microvessel density and 
tumor cell proliferation in the erlotinib sensitive phase 
whereas after establishment of resistance, there was limited 
antitumor efficacy (32). Effectiveness of this dual therapy 
approach extends to T790m mutations (33). This provides 
strong preclinical support for combining bevacizumab or 
ramucirumab with an EGFR TKI in the presence of a KDR 
Q472H co-occurring mutation with a sensitive EGFR 
mutation. 

In this light, three upfront bevacizumab plus erlotinib 
and now ramucirumab plus erlotinib studies are particularly 
intriguing. Studies comparing combination EGFR TKI 
therapy with either the anti-VEGFA monoclonal antibody 
bevacizumab and most recently the anti-VEGFR-2 
monoclonal antibody ramucirumab, have demonstrated 
significantly improved PFS compared to the TKI alone. 
The combination bevacizumab trials showed a PFS of 
16 months in JO25567 and 18.9 months in NEJ026 
significantly better than the EGFR TKI alone (7,8). Any 
OS benefit remains unclear as follow up is ongoing. Both 
trials are in Asian populations with a meta-analysis finding 
an ethnicity difference in populations treated with erlotinib 
and bevacizumab. The Asian/Pacific Islander subset of 
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patients treated with erlotinib and bevacizumab had the 
most favorable PFS benefit with a HR of 0.23 (P=0.001) (34). 
An American trial identified a numerically longer albeit 
statistically insignificant PFS difference of 17.9 months with 
the bevacizumab/erlotinib combination versus 13.5 months 
with erlotinib alone (35). 

The combination ramucirumab RELAY trial showed 
a PFS of 19.4 versus 12.4 months for erlotinib alone (9). 
OS is premature. Cross trial comparison limitations aside, 
the RELAY trial comparing ramucirumab and erlotinib 
versus erlotinib alone and the FLAURA study of first line 
osimertinib versus either erlotinib or gefitinib, show very 
similar group results in very similar patient populations. 
The RELAY study population included 76% Asians with 
62% in FLAURA. Response rates were similar with 76% 
overall and 1% complete responses in RELAY with 80% 
overall and 3% complete responses in FLAURA. PFS 
was also strikingly similar at 19.4 months in RELAY and 
18.9 months in FLAURA (9,12). Whatever cross trial 
similarities, what is lacking (or known) in both and all 
EGFR TKI studies are the co-occurring mutation findings 
and specific treatment arm benefit or detrimental impact. 

The KDR Q472H mutation and VEGFR-2/VEGFA 
pathway EGFR TKI resistance interconnection with a 
potential anti-VEGFA/VEGFR-2 benefit when used in the 
first-line setting, guided the rationale for our treatment 
decision of utilizing upfront combined bevacizumab with 
erlotinib in our patient. In our opinion, there is a very 
compelling preclinical foundation and clinical rationale 
supporting treatment with an EGFR TKI and anti-VEGFA/
VEGFR-2 monoclonal combination in the setting of a KDR 
Q472H co-occurring mutation. Unfortunately, there is no 
clinical data to support or refute this treatment approach. At 
best, data will not always be there, but individual treatment 
decisions will still need to be made. Group data does not 
always apply to the individuals within the group. We learn 
from groups, yet we take care of individuals. Tumor biology 
is individual and when known, needs to be individually 
treated. Non-driver mutations are a distinct part of an 
individual’s tumor biology. Co-occurring mutations are 
clearly prognostic indicating EGFR TKI resistance. This 
immediately emphasizes the next question in the treatment 
of EGFR mutated lung cancer; can certain co-occurring 
mutations also be predictive of a better treatment approach 
for each individual than an EGFR TKI alone?

Even a retrospective assessment of stored tissue or 
plasma NGS co-occurring mutations in completed EGFR 

treatment studies could well better identify enriched 
individual subsets best benefiting from what treatment arm, 
whether TKI alone, or in combination with chemotherapy 
or anti-VEGFA/VEGFR-2 therapy. Clarifying the need 
for and timing of radiation therapy in addition to a central 
nervous system penetrating EGFR TKI in treating brain 
metastases could be guided by identified co-occurring 
mutation group subsets. This would not be a post hoc 
subset manipulation as it would only reflect the tumor 
biology of each treated individual and their outcome. That 
is exactly how the EGFR mutation TKI treatment advance 
came forth and is precisely precision oncology. Certainly, 
all EGFR mutated lung cancer treatment studies going 
forward should include upfront broad molecular NGS 
testing to identify the prognostic and predictive impact of 
co-occurring mutations.

Conclusions

Certain coexisting non-driver mutations in advanced EGFR 
mutated lung cancers are adversely prognostic. KDR 
Q472H mutations are associated with VEGF upregulation 
and EGFR TKI resistance, including primary resistance. 
As supported by preclinical data and prolonged PFS in 
clinical studies, KDR Q472H mutations could well also 
be predictive of a reversible resistance pathway with the 
combination of anti-VEGFA/VEGFR-2 monoclonal 
antibodies and EGFR TKIs. It is imperative to prospectively 
include co-occurring mutation findings and outcomes in all 
EGFR mutated lung cancer studies. These non-driver co-
occurring mutations do not have to always be ‘targetable’ 
to be ‘actionable’ guiding different therapeutic approaches 
for each individual. Trastuzumab would have failed if the 
amplified HER2 population was blended into the larger 
non-HER2 selected breast cancer population. The precision 
oncology treatment of advanced EGFR mutated lung 
cancers needs to become more precise with the prognostic 
and predictive inclusion of co-occurring mutations.
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