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Abstract

Purpose—Prior data suggest driver-mutated NSCLC, especially EGFR and ALK tumors, poorly
respond to immunotherapy. However, little research using real-world cohorts have been performed,
nor is it clear whether PD-L1 and smoking history are predictive of outcomes in such tumors.

This study assessed rwPFS in a large cohort with driver-mutated advanced NSCLC treated with
single-agent PD-1/PDL-1 inhibitors.

Methods—Real-world data from 1746 patients were analyzed and rwPFS with immunotherapy
was determined for EGFR, ALK, BRAF, and KRAS tumors. Kaplan—Meier curves characterized
rwPFS and correlated with PD-L1 and smoking history. Comparisons were tested using log-rank.

Results—Median rwPFS and the percent progression-free at 12 months were greater among
KRAS (3.3 months, 21.1%) and BRAF (3.6 months, 20.6%) as compared to EGFR (2.5 months,
8.1%) and ALK tumors (2.3 months, 11.2%). KRAS tumors with PD-L1 = 1% had longer rwPFS
than PD-L1 < 1% tumors (4.1 versus 3.2 months, p=0.001). PD-L1 positivity did not predict
rwPFS in EGFR, ALK, or BRAF tumors. However, a smoking history was associated with longer
rwPFS in EGFR (2.6 versus 2.3 months, p= 0.048) and ALK tumors (3.0 versus 2.1 months, p=
0.049) as compared to no smoking history.

Conclusion—Real-world PFS with immunotherapy was greater in KRAS and BRAF as
compared to EGFR and ALK tumors. PD-L1 positivity was predictive in KRAS and not associated
with rwPFS in other mutation types. While median rwPFS was short for EGFR and ALK tumors,
small subsets were progression-free at 12 months. Better characterizing these subsets that benefit,
along with developing strategies to overcome immunotherapy resistance in EGFR/ALK tumors are
needed.
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Introduction

The emergence of checkpoint inhibitors has dramatically changed the treatment landscape
of advanced non-small cell lung cancer (NSCLC). PD-1/PD-L1 inhibitors can be utilized
as monotherapies in the second-line setting or be used as a first-line therapy, either alone
(Borghaei et al. 2015; Reck et al. 2019a, b) or in combination with chemotherapy (Gandhi
et al. 2018) or CTLA-4 inhibition (Hellmann et al. 2019). Such checkpoint-inhibitor based
therapies can result in sustained durable responses and extended survival; however, only a
fraction of patients benefit from such favorable outcomes.

Patients with tumors possessing certain oncogenic drivers, in particular aberrations in the
epidermal growth factor receptor (EGFR) and the anaplastic lymphoma kinase (ALK) genes,
generally appear to obtain little benefit from checkpoint inhibitor monotherapy in prior
studies. Meta-analyses of EGFR subgroups from second-line registration trials showed no
benefit of single-agent immunotherapy as compared to docetaxel (Lee et al. 2017, 2018).

A small number of retrospective cohorts have similarly demonstrated poorer outcomes with
single-agent immunotherapy in EGFR-mutated and ALK-rearranged tumors (Gainor et al.
2016; Hastings et al. 2019; Mazieres et al. 2019; Yamada et al. 2019). Targeted therapies
with oral tyrosine kinase inhibitors can be highly effective in such driver-mutated tumors
(Peters et al. 2017; Soria et al. 2018); however, eventual disease progression is inevitable
and standard chemotherapeutic options provide modest and short-lived benefits. Given this,
continued research on the utility of checkpoint inhibitors in patients with tumors possessing
oncogenic mutations is needed. In addition, further study is needed examining the clinical
and biological markers identifying patients with driver-mutated tumors who are more likely
to derive benefit. Little research has been performed studying outcomes in driver-mutated
tumors treated with immunotherapy utilizing large real-world patient cohorts. Moreover,

it is still not clear whether biomarkers, like PD-L1 expression or smoking history, are
predictive of outcomes in oncogene-addicted tumors. In particular, the value of PD-L1 in
predicting immunotherapy outcomes in EGFR-mutated tumors has been controversial, with
studies thus far demonstrating conflicting findings (Hastings et al. 2019; Lisberg et al. 2018;
Masuda et al. 2021; Mazieres et al. 2019).

The purpose of this research was to assess real-world progression-free survival (rwPFS)

in a large cohort of driver-mutated advanced NSCLC patients treated with single-agent
checkpoint inhibitors and to evaluate tumor PD-L1 expression and patient smoking history
as predictive markers of outcomes. This retrospective cohort analysis was performed

using data gathered from a real-world electronic health record (EHR)-derived de-identified
database and included advanced NSCLC patients with tumors possessing oncogenic
mutations in EGFR, ALK, BRAF, and KRAS.
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Advanced NSCLC (stage 111B or V) patients with driver-mutated tumors treated with
single-agent immunotherapy between April 23, 2014 and February 28, 2019 were selected
from the nationwide Flatiron Health EHR-derived de-identified database. This longitudinal
database, comprising de-identified patient-level structured and unstructured data curated via
technology-enabled abstraction, includes clinical and biomarker data from patients seen in
approximately 280 community and academic cancer clinics across the U.S. (~ 800 sites

of care) (Howlader et al. 2020; Ma et al. 2020). Biomarker data were abstracted from
unstructured EHR biomarker testing or pathology reports. When these data sources were
not available, information was abstracted from clinician notes. The majority of patients in
the database originated from community oncology settings; relative community/academic
proportions may vary depending on study cohort. Further details describing abstraction
methods used by Flatiron Health to gather data for their nationwide database have been
previously described (Khozin et al. 2019). Institutional Review Board approval of the study
protocol was obtained prior to study conduct and included a waiver of informed consent.
The original database provided to this study’s investigators included 53,591 advanced
NSCLC patients, of which 10,033 patients had tumors with a documented mutation in
EGFR, ALK, BRAF, or KRAS. Of these patients with a mutated tumor, 1815 were

treated with either the PD-1/PD-L1 inhibitor pembrolizumab, nivolumab, or atezolizumab
as monotherapy. Patients with incomplete historical treatment data (i.e. a gap of > 90 days
between their advanced diagnosis date and start of structured data in the EHR) or patients
missing data on key study variables were excluded. The final cohort used for this study’s
analyses included 1746 patients.

Patient and clinical variables evaluated included sex, age, line of therapy of checkpoint
inhibitor, tumor histology, history of smoking, and PD-L1 expression. Tumor histologies
included non-squamous, squamous, and NSCLC NOS (not otherwise specified). Information
on smoking history was available as a dichotomous variable (a history of smoking vs.

no history of smoking). Level of PD-L1 expression was determined using data on the
percentage of tumor cells positive-staining for PD-L1.

The primary outcome variable was rwPFS as defined as the time from single-agent
checkpoint inhibitor initiation to date of real-world progression or death. Patients alive and
without documented progression were censored at date of last follow-up. Dates of real-world
progression events were ascertained using clinician documentation of growth or worsening
of disease and abstracted from data obtained from the EHR by trained medical reviewers.
This methodology used to determine real-world progression was evaluated with a validity
framework and previously described (Griffith et al. 2019).

Statistical analyses

Standard descriptive analyses were performed for patient and clinical variables by tumor
driver-mutation type and differences were tested using the Pearson’s chi-square test. In this
study’s primary analyses, median rwPFS in months was determined for patients by each

J Cancer Res Clin Oncol. Author manuscript; available in PMC 2023 May 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bodor et al.

Results

Page 4

tumor mutation type (i.e. EGFR, ALK, BRAF, and KRAS) and differences in rwPFS were
assessed within each tumor mutation type by tumor PD-L1 positivity (< 1% vs. = 1%)

and by a history of smoking (yes vs. no). Among patients with EGFR or KRAS tumors,
subgroup sizes were sufficient to perform additional analyses assessing median rwPFS by

a trichotomous PD-L1 expression variable comprised of the categories: < 1%, 1-49%, and
> 50%. Kaplan—Meier curves characterized rwPFS and comparisons were evaluated in the
overall cohort and in tumor mutation subgroups using the log-rank test. Multivariable Cox
regression was used to assess time to real-world progression by tumor mutation type, after
adjusting for sex, age (< 65 years vs. = 65 years), and line of therapy single agent checkpoint
inhibitor given (first line vs. second line vs. = third line). p values less than 0.05 were
considered statistically significant. All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 27 (IBM Corp., Armonk, N.Y., USA).

In this study’s cohort, 458 patients had EGFR, 65 had ALK, 146 had BRAF, and 1077 had
KRAS-positive tumors (Table 1). Women were greater represented in the overall cohort,
and especially among patients with EGFR-mutated disease. Mean age for the entire cohort
was 68.7 years and ALK-positive tumors had a higher percentage of patients below the age
of 65 years as compared to other tumor mutation types. Tumors were predominantly of
non-squamous histology, and this did not differ by oncogene mutation type. A significantly
higher percentage of patients with KRAS (38.3%) and BRAF (39.0%) tumors received a
checkpoint inhibitor as a first-line therapy as compared to patients with EGFR (8.7%) and
ALK positive (16.9%) disease. Approximately half of patients with EGFR (47.6%) or ALK
tumors (55.4%) did not have a history of smoking. In contrast, most patients with KRAS
(94.4%) and BRAF-mutated tumors (86.3%) had a smoking history. A subset of 792 patients
had data available on percentage of tumor cells staining for PD-L1. Presence of PD-L1
positivity on tumor cells did not vary significantly by oncogene mutation type.

In the overall cohort, rwPFS with a single-agent PD1/PD-L1 inhibitor was 3.0 months

(95% Confidence Interval 2.8-3.1)’ however, this varied significantly by mutation type (p

< 0.001)(Fig. 1). Patients with KRAS-mutated tumors treated with a checkpoint inhibitor
had a median rwPFS of 3.3 months and 21% were progression-free at 12 months. Similarly,
patients with BRAF-mutated tumors had a median rwPFS of 3.6 months and 21% were
progression-free at 12 months. Patients with EGFR-mutated tumors had significantly shorter
rwPFS as compared to those with KRAS (p < 0.001) and BRAF-mutated tumors (p < 0.001)
in pairwise comparisons. Patient with ALK-positive tumors had significantly shorter rwPFS
as compared to patients with KRAS-mutated tumors (o = 0.025) and the difference in rwPFS
between those with ALK versus BRAF-positive disease neared statistical significance (p =
0.06) in pairwise comparisons. Patients with EGFR-mutated tumors had a median rwPFS

of 2.5 months and 8% were progression-free at 12 months, while for patients with ALK-
positive disease median rwPFS was 2.3 months and 11% were progression-free at 12
months. After adjusting for sex, age, and what line of therapy checkpoint inhibitor was
given, this study’s multivariable Cox regression model demonstrated superior outcomes
with respect to rwPFS in patients with KRAS (HR 0.75, 95% CI 0.66-0.85) and BRAF
tumors (HR 0.74, 95% CI1 0.59-0.91) as compared to patients with EGFR tumors (reference

J Cancer Res Clin Oncol. Author manuscript; available in PMC 2023 May 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bodor et al.

Page 5

group). No statistical difference was observed between patients with ALK and EGFR tumors
(reference group) in this model (HR 0.89, 95% CI 0.67-1.17) (Table 2).

In the subgroup of 792 patients with data available on tumor PD-L1 expression, rwPFS

did not differ significantly by PD-L1 positivity (= 1% vs. < 1%) for EGFR, ALK, or
BRAF-mutated tumors. Among patients with EGFR-mutated NSCLC, median rwPFS was
2.5 months for patients with PD-L1 positive tumors vs. 3.1 months for patients with PD-L1
negative tumors (p = 0.966). Among those with ALK (2.2 months vs. 1.6 months, p=
0.108) and BRAF-positive NSCLC (4.1 months vs. 3.1 months, p = 0.686) there were
numerical trends indicating longer rwPFS in PD-L1 positive tumors, however none of

these findings were statistically significant. Only in patients with KRAS-mutant disease did
rwPFS significantly differ by PD-L1 positivity (4.1 vs. 3.2 months, p = 0.001) (Table 3, Fig.
2).

Additional analyses using the tumor PD-L1 expression categories of < 1%, 1-49%, and

> 50% were performed in patients with EGFR and KRAS tumors (Supplemental Figure).
Again, among patients with EGFR-mutant disease, median rwPFS did not significantly
differ (p=0.985) by the level of tumor PD-L1 expression: 3.1 months for PD-L1 < 1%
tumors (7= 51) vs. 2.6 months for PD-L1 1-49% tumors (7= 60) vs. 2.4 months for PD-L1
> 50% tumors (/7= 56). Among patients with KRAS tumors, rwPFS varied significantly

by the level of tumor PD-L1 expression (p < 0.001). The greatest median rwPFS was

among patients with KRAS tumors in the highest PD-L1 expression category: 3.2 months
for PD-L1 < 1% tumors (/7= 130) vs. 3.1 months for PD-L1 1-49% tumors (n=110) vs. 4.8
months for PD-L1 = 50% tumors (7= 274).

A history of smoking as compared to no smoking history resulted in a statistically
significant, albeit modest, improvement in rwPFS among patients with EGFR-mutated
tumors (2.6 vs. 2.3 months, p value = 0.048) and ALK-rearranged tumors (3.0 vs. 2.1
months, pvalue = 0.049). Among patients with BRAF-mutated tumors, there was a trend
towards longer rwPFS observed in those with a smoking history as compared to no smoking
history; however, this was not statistically significant (4.0 vs. 2.3 months, pvalue = 0.068).
No association between history of smoking and rwPFS was seen for patients with KRAS-
mutated tumors (Table 3, Fig. 3).

Discussion

In this analysis, of one of the largest real-world cohorts of patients with driver-mutated
NSCLC to date, rwPFS with single-agent checkpoint inhibitors varied significantly between
oncogenic mutation types. Patients with KRAS and BRAF-mutated tumors had longer
rwPFS times, and a greater percentage were progression-free at 12 months as compared

to patients with EGFR and ALK-positive tumors. It is important to acknowledge that

a significantly greater percentage of patients with KRAS and BRAF-positive NSCLC
received a checkpoint inhibitor as a first-line treatment when compared to patients with
EGFR and ALK tumors. This treatment pattern is expected given the highly effective

oral targeted therapy options available as first-line therapies for EGFR and ALK-positive
disease. However, the superior outcomes with checkpoint inhibitors observed among those
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with KRAS and BRAF tumors were not solely a function of these patients receiving such
therapies as a first-line treatment, as this study’s multivariable Cox regression model yielded
findings congruent with the unadjusted results, even after accounting for what line of therapy
a checkpoint inhibitor was given.

Previous research has demonstrated greater activity of PD1/PD-L1 inhibitors in KRAS-
mutated tumors both in subgroup analyses of clinical trials (Borghaei et al. 2015; Lee

et al. 2018) and in retrospective cohorts (Mazieres et al. 2019). No clinical trial data

exist for BRAF-mutated NSCLC treated with immunotherapy; although several small
retrospective studies similarly indicate favorable activity of checkpoint inhibitors in this
tumor mutation type (Dudnik et al. 2018; Guisier et al. 2020; Mazieres et al. 2019; Rihawi
et al. 2019). The results from our large real-world cohort of patients with KRAS and
BRAF-mutant disease are consistent with the findings from these earlier smaller cohorts.
However, it must be acknowledged that both KRAS and BRAF-positive NSCLC are each
heterogenous categories and genetic variants within each mutation type or the presence of
certain co-mutations have been noted in prior retrospective work that may impact tumor
immunogenicity (Dong et al. 2017a, b; Skoulidis et al. 2019). For instance, among KRAS-
mutant disease, tumors with a co-mutation in serine/threonine kinase 11/liver kinase B1
(STK11/LKB1) exhibit greater primary resistance to immune-based therapies, including in
tumors that are PD-L1 positive (Skoulidis et al. 2018). Among BRAF-mutated tumors in the
Mazieres et al. IMMUNOTARGET registry retrospective analyses (Mazieres et al. 2019),
there was a numerical trend towards shorter PFS in the V600E subgroup as compared to
other BRAF mutation types, however not statistically significant. Our study’s analysis did
not include granular data on tumor mutation subtypes (e.g. specific BRAF mutation class
or KRAS molecular subtype), nor was information available on co-occurring mutations,
however future research that incorporates such data should be an area of continued work.

In addition, consistent with prior clinical studies (Bylicki et al. 2017; Gainor et al. 2016;
Lee et al. 2017; Mazieres et al. 2019), patients with EGFR and ALK NSCLC in our
analysis overall seemed to benefit little from single-agent immunotherapy and demonstrated
relatively short PFS times. The lack of responses with checkpoint inhibitors seen in
EGFR/ALK positive cases is thought to be due to such tumors possessing uninflamed tumor
microenvironments characterized by low tumor-infiltrating lymphocyte (TIL) concentrations
(Gainor et al. 2016), low tumor mutational burdens (Dong et al. 20173, b), or perhaps

TILs that are “inactive” (Toki et al. 2018). However, it is noteworthy that a small subset of
patients with EGFR (8%) and ALK (11%) tumors were progression-free at 12 months in
our study. The IMMUNOTARGET analyses similarly found a small subgroup of patients
with EGFR and ALK positive disease (6.4% and 5.9%, respectively) in their cohort to

be progression-free at one year with single-agent immunotherapy (Mazieres et al. 2019).
Admittedly, these percentages are small, but given the limited therapeutic options available
after targeted treatments in such driver-mutated tumors, further clinical and molecular
characterization of these small EGFR and ALK subsets that may derive sustained benefit
from checkpoint inhibitors is still of great interest. For example, some retrospective studies
suggest that particular mutation subtypes of EGFR may be associated with immunotherapy
response and have noted better outcomes in L858R tumors (Hastings et al. 2019), or tumors
possessing exon 20 insertions and other uncommon EGFR mutations (Hastings et al. 2019;
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Lau et al. 2021; Yamada et al. 2019). Continued research on the influence of genetic variants
in EGFR and ALK or the impact of co-occurring mutations on the responsiveness of such
tumors to checkpoint inhibitors is of interest.

PD-L1 expression on tumor cells is the current standard to identify advanced NSCLC
tumors more likely to respond to immunotherapy. However, in our analysis, PD-L1 positivity
was significantly correlated to rwPFS only in KRAS tumors, with patients possessing KRAS
tumors with PD-L1 > 50% appearing to derive the greatest benefit. Tumor PD-L1 positivity
otherwise was not correlated to rwPFS in EGFR, ALK, and BRAF tumors in our study.

The utility of PD-L1 in predicting immunotherapy outcomes in EGFR-mutated NSCLC, in
particular, has been a point of controversy. Much of the prior literature examining this have
been in small patient cohorts and have produced inconsistent findings. Results from a phase
Il trial by Lisberg et al. demonstrated poor outcomes with single-agent pembrolizumab

in TKI naive patients with PD-L1 positive, EGFR-mutated NSCLC; including among
patients possessing tumors with PD-L1 > 50% (Lisberg et al. 2018). Due to the lack

of observed efficacy, this trial was stopped early after only 11 of 25 planned patients

were treated. In addition, retrospective cohort studies by Hastings et al. and Yamada et

al., in patients with EGFR disease treated with single-agent checkpoint inhibitors, did

not find associations between PD-L1 expression and immunotherapy response (Hastings

et al. 2019; Yamada et al. 2019). In contrast, there are also several studies supporting a
relationship between higher PD-L1 expression and improved outcomes with immunotherapy
in EGFR disease. For instance, the phase Il ATLANTIC trial (Garassino et al. 2018) found
a greater response rate of 12.2% for EGFR/ALK tumors with PD-L1 > 25% as compared

to 3.6% for PD-L1 < 25% after treatment with the checkpoint inhibitor durvalumab, and the
retrospective IMMUNOTARGET analyses found PD-L1 positivity (PD-L1 = 1%) correlated
to longer PFS in EGFR tumors treated with immunotherapy (Mazieres et al. 2019). A recent
retrospective study by Masuda et al. examining a small cohort of EGFR-mutant NSCLC
cases found that patients possessing tumors with PD-L1 expression = 50% had longer
median PFS with single-agent immunotherapy as compared to those with low expression
(5.3 months versus 1.6 months) (Masuda et al. 2021). As noted, many of these prior studies
were limited by their small cohort sizes and the number of study cases with available PD-L1
data. To our knowledge, our study includes the largest cohort to date of EGFR-mutant
NSCLC cases with PD-L1 expression information (r7=167), and our findings clearly do not
indicate any association between PD-L1 positivity and rwPFS. Moreover, dissimilar to the
abovementioned findings from Masuda et al., even among patients in our study possessing
EGFR tumors with PD-L1 = 50%, median rwPFS was short and not different from patients
possessing tumors with lower levels of PD-L1 expression.

Among patients with ALK-positive NSCLC in our cohort, there was a non-significant trend
towards longer rwPFS in PD-L1 positive tumors. However, this analysis was in a small
sample of patients (7= 31), thus limiting the ability to draw any firm conclusions.

While PD-L1 positivity on tumor cells did not significantly correlate with rwPFS in EGFR
and ALK tumors in our analyses, a history of smoking was positively associated with rwPFS
in patients with such mutated-tumors. Admittedly, the additional PFS benefits seen were
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modest, however further investigation of patient smoking history as a clinical predictor of
response in such tumors should be considered.

These analyses have several limitations. First, this was a retrospective cohort study using
EHR data; thus there may be missing data not captured in the database (e.g. any offsite care,
documentation lapses). Second, biomarker data were abstracted from unstructured EHR
biomarker testing or pathology reports, rather than determined via a centralized molecular
assessment. Third, despite the large overall sample size, there were some small subgroups
examined (e.g. PD-L1 subgroups among patients with ALK or BRAF tumors), limiting
the power of detecting noteworthy differences in such analyses. Last, data on smoking
history were only available as a binary variable (i.e. a history of smoking vs. no history

of smoking), and no additional data on years of smoking, number of cigarettes smoked, or
current versus former smoking were available. Thus, the history of smoking category was
likely quite heterogenous with a wide range of smoking histories which may have diluted
study associations.

The inferior outcomes seen in EGFR and ALK-mutated NSCLC treated with single-agent
checkpoint inhibitors as compared to KRAS and BRAF-mutated tumors in this large cohort
of patients are consistent with prior studies and reinforces the need for continued research
on strategies that overcome immunotherapy resistance in EGFR/ALK disease. Promising
data from subgroup analyses from the phase 111 clinical trial IMPower150 revealed superior
PFS with the combination regimen that included bevacizumab, carboplatin, paclitaxel, and
the checkpoint inhibitor atezolizumab as compared to bevacizumab, carboplatin, paclitaxel
alone in patients with EGFR/ALK NSCLC (Reck et al. 2019a, b). However, prospective
validation of such a combination regimen is needed and currently no checkpoint inhibitor
with chemotherapy + VEGF inhibitor combination regimens are FDA approved for patients
with EGFR and ALK NSCLC. In addition, while our findings generally indicate that

most patients with EGFR/ALK tumors derive little benefit from checkpoint inhibitor
monotherapy, a small subset of patients appear to have durable PFS times. Better clinical
and molecular characterization of this small subgroup that may obtain benefit from single-
agent immunotherapy is of interest and should be an area of ongoing research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan—Meier curves of real-world progression free survival of entire cohort and by

oncogenic mutation type
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