Editor’s Note:

In the era of personalized medicine, a critical appraisal new developments and controversies are essential in order to
derived tailored approaches. In addition to its educative aspect, we expect these discussions to help younger researchers to

refine their own research strategies.
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Immune checkpoint inhibitors (ICPIs) targeting the
programmed cell death-1 (PD-1) and programmed cell
death ligand-1 (PD-L1) axis have dramatically expanded the
therapeutic armamentarium for non-small cell lung cancer
(NSCLC) and are now standard treatments for patients with
advanced disease (1). However, most patients with NSCLC
do not respond to ICPIs, an observation motivating ongoing
research efforts to identify reliable predictive biomarkers. So
far, such efforts have largely centred on PD-L1 expression,
although several other biomarkers are currently under
investigation. A high tumour mutational burden (TMB),
as defined by at least 10 mutations per megabase, has been
recently identified as a possible predictive biomarker for
progression-free survival (PFS) with an ICPIs combination
(nivolumab plus ipilimumab) as compared to chemotherapy
in the first-line treatment of patients with NSCLC (2). This
finding theoretically further challenges the role of ICPIs in
patients with targetable oncogenic drivers, such as epidermal
growth factor receptor mutations (EGFRmut) and anaplastic
lymphoma kinase rearrangements (ALK+), that is rather
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considered an “oligoclonal disease” (3-5). Within this group of
patients, ICPIs have been understudied as they were excluded
or minimally represented within randomised trials with ICPIs.

Here we examine some preclinical, translational and
clinical data suggesting that ICPIs should be reasonably not
excluded # priori in these patients.

Pre-clinical data showed that the EGFR oncogenic
signaling may promote PD-L1 expression and treatment with
PD1 inhibitors could enhance tumour responses in EGFR-
mutated models (6,7). Indeed, EGFR-mutated tumors are
often characterized by a high PD-L1 expression (8). However,
other translational studies demonstrated that EGFR-mutated
NSCLC is characterized by a low TMB (9) and a low rate
of associated tumour infiltrating lymphocytes (TILs) (10),
that could reduce the immune-dependence of these tumors.
However, some changes could occur along the course of the
disease and should be considered. PD-L1 overexpression and
high rate of TILs were simultaneously detected in the tumour
microenvironment of only 1/57 tyrosine kinase inhibitor
(TKI)-naive but in 5/57 TKI-resistant EGFR-mutated
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NSCLC patients (10). Accordingly, in a survival analysis of 25
EGFR+ NSCLC patients receiving nivolumab after EGFR-
TKI, stratified according to the T790M-status, T790M-
negative patients showed major benefit from nivolumab as
compared to T790M positive patients (11). Furthermore,
treatment with TKIs may have a proinflammatory effect. In
18 patients with EGFRmut NSCLC, paired biopsies before
and after treatment with gefitinib showed increased PD-
L1 expression and CD8+ T cells and association with MET
positivity after treatment with this EGFR-TKI, suggesting
also that rebiopsy should be considered when using the PD-L1
expression as a biomarker (12).

Similarly, preclinical evidence suggests that ALK may
upregulate PD-L1 by activating PI3K-AK'T and MEK-ERK
signalling pathways in NSCLC (7). However, based on a
systematic review and meta-analysis of 15 studies conducted
on patients with tumor PD-L1 expression >5% (predominantly
Asian), the PD-L1 positivity was more frequently found in
ALK-negative patients (OR 388.6; 95% CI, 222.5-678.7;
P<0.001), with only 8% of ALK-positive patients showing a
PD-L1 expression (13). In the same paper, a similar frequency
of ALK (4.4%) and ROSI translocations (1.7%) to that usually
reported in the general population was found in the subgroup
of patients with tumor PD-L1 expression >5% (13).

Clinically, an initial retrospective series of 58 patients
reported that EGFRmut or ALK rearrangements were
associated with low overall response rates (ORR) to PD-1/
PD-L1 ICPIs (10). A retrospective pooled analysis of
four randomized studies comparing ICPIs vs. docetaxel in
pre-treated patients with advanced NSCLC and a meta-
analysis demonstrated no differences in overall survival
(OS) between ICPIs and chemotherapy in EGFR-mutant
NSCLC patients (14-18), suggesting that patients with
EGFRmut NSCLC may not be the good candidate to
ICPIs. In these trials (14,16,17), the ALK+ populations
were not specifically examined and no related data on OS
are available. However, several papers are now coming out
with meaningful information regarding the possible activity
of ICPIs even in NSCLC patients with driver mutations.

The first one is the Atlantic study (19), a phase 2 trial
evaluating the activity of the PD-L1 inhibitor durvalumab in
advanced NSCLC after at least two lines of systemic therapy.
In this study, patients were enrolled into three cohorts based on
their EGFR/ALK status and tumour cell expression of PD-L1:
cohort 1, EGFR+/ALK+ NSCLC with at least 25% of tumour
cells expressing PD-L1; cohort 2, EGFR-/ALK- NSCLC with
at least 25% of tumour cells expressing PD-L1; and cohort
3, EGFR-/ALK- NSCLC with at least 90% of tumour cells

© Translational lung cancer research. All rights reserved.

tlcr.amegroups,com

Addeo and Banna. ICPIs is an option for oncogene addicted NSCLC

expressing PD-L1. Initially, patients were enrolled regardless of
PD-L1 status, but a subsequent protocol amendment restricted
study entry to patients with PD-L1 positive tumors (i.e., at
least 25% of cells positive for PD-L1 at any staining intensity);
therefore, cohorts 1 and 2 also included some patients with
less than 25% of tumour cells expressing PD-L1. Objective
responses, according to an independent central review in
evaluable patients, were rather similar between the cohort 1
and 2, being observed in nine of 74 patients (12.2%) and 24
of 146 (16.4%), respectively, and higher in cohort 3, in 21 of
68 patients (30.9%). The activity of durvalumab in patients
with EGFR+/ALK+ NSCLC with low PD-L1 expression was
minimal, with only one (4%) of these 28 patients in cohort 1
achieving an objective response. Noteworthy, 74% of patients
(315 out of 425) with EGFR+/ALK+ NSCLC screened in the
Adlantic study had low PD-L1 expression (<25% of tumour
cells expressing PD-L1), whereas 14.6% (62 out of 425) had at
least 90% of tumour cells expressing PD-L1 and represented
the 42% of patients (47 out of 111) with EGFR+/ALK+
NSCLC actually treated in cohort 1. Out of 10 responders
with EGFR+ NSCLC, 6 were current or former smokers,
and 8 had a high PD-L1 expression (90-100% of tumour
cells expressing PD-L1). Indeed, irrespective of EGFR or
ALK status, median OS was higher in patients with at least
25% of tumour cells expressing PD-L1 (approximately 11-13
months) than those patients with less than 25% of tumour
cells expressing PD-L1 (approximately 9-10 months). Taken
together these data suggest that in pre-treated patients with
EGFR+/ALK+ NSCLC PD-L1 may be overexpressed in
approximately a quarter of patients and its overexpression may
predict the activity of ICPIs. Although modest, this activity
seems not inferior to that expected in patients with EGFR-/
ALK~ NSCLC, especially in those patients with very high
PD-L1 overexpression (90-100% of tumour cells expressing
PD-L1), confirming that immune-based approaches might still
be viable options for progressive oncogene-driven NSCLC
selected on predictive biomarkers.

"The second evidence is provided by the results of the phase
II BIRCH study that have recently demonstrated a relevant
activity in terms of overall response rate of atezolizumab
monotherapy as first-line or subsequent therapy in PD-
L1+ (with >5% expressing tumor or immune cells) NSCLC
patients, regardless of tumor EGFR or KRAS mutation
status (20). This study treated 45 patients EGFRmut, 137
with KRAS mutations and 9 patients with ALK alterations.
Padents with EGFR+/ALK+ NSCLC must have had disease
progression or intolerance to an EGFR or ALK TKIs.

Third evidence comes from the IMpower150 trial (21)
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reporting a significantly improved PFS in the general
population of 800 patients (of 8.3 vs. 6.8 months, HR 0.61)
and in the subgroup of 108 evaluable patients with TKI pre-
treated EGFR+ (80 patients)/ALK+ (34 patients) NSCLC
(of 9.7 vs. 6.1 months, HR 0.59) with the addition of
atezolizumab to chemotherapy with carboplatin, paclitaxel
and bevacizumab vs. chemotherapy plus bevacizumab.

However the Adantic study showed the possible difference in
the activity of ICPIs between EGFRmut and ALK+ NSCLC.
Although in the study (19) patients with EGFRmut and ALK+
NSCLC were grouped together in the same cohort 1, results
suggest that differences may exist and these molecular subsets
might have distinct immunobiology. Patients tested and
screened for the study with ALK+ NSCLC showed higher
frequency of PD-L1 overexpression than those with EGFRmut
NSCLC, with 48.5% (16 out of 33) vs. 24.3% (87 out of 358)
of them having at least 25% of tumour cells expressing PD-
L1 and 30.3% (10 out of 33) vs. 13.4% (48 out of 358) having
at least 90% of tumour cells expressing PD-L1, respectively.
The activity of durvalumab was concentrated solely in
the EGFRmut group. No objective responses were recorded in
patients with ALK+ NSCLC, although the number of patients
with ALK+ NSCLC treated was really small (15 patients). This
finding highlights even more that PD-L1 expression on its
own is an imperfect biomarker and needs to be complemented
by other factors, such as TMB and TILs for instance. On the
other hand, in another NSCLC molecular subtype, that is not
still amenable to targeted therapies, the KRAS mutated, a meta-
analysis of three randomized trials (with the data of OS stratified
by KRAS mutation status) showed that ICPIs as salvage therapy
improved OS compared to docetaxel in advanced NSCLC
patients with KRAS mutation, but not in those with KRAS wild-
type (22). Furthermore, in the BIRCH phase II study, ORR
with atezolizumab was even higher in the 137 patients with
KRAS mutations (28% of all enrolled patients) as compared
to those with wild-type tumors, being 27% vs. 16%, 32% wvs.
16% and 19% vs. 18% in first-line, second-line and > third-
line, respectively (20). Since high TMB is often associated
with KRAS + NSCLC (23), these results may suggest again
that the presence of the oncogenic driver may not be alone the
determinant of the response to ICPIs.

Based on available data here presented, we would suggest
the following conclusions summarized in Figure 1. Firstly,
biomarkers predictive of “inflamed” or “immune-sensitive”
tumors (such as, PD-L1 overexpression, TMB and TILs), even
still imperfect, along with clinical factors (such as smoking
history), should have more relevance than the oncogenic
driver for the decision-making of further treatments following
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TKI-naive EGFR+/ALK+

TKl-resistant

treat with TKI EGFR+/ALK+

Consider:

a) rebiopsy also for other
biomarkers (PD-L1, TMB, TILs)
b) clinical factors (such as
smoking history).

Consider treatment with:
+) ICPI+CT(+/- antiangiogenic)
- trial option
(+/-) ICPI monotherapy

KRAS+/TP53+ Treat as wild-type NSCLC

Prefer ICPI over CT in second

or further lines

Figure 1 Treatment algorithm. CT, chemotherapy; ICPI, immune
checkpoint inhibitors; NSCLC, non-small cell lung cancer;
PD-L1, programmed cell death ligand-1; TKI, tyrosine kinase
inhibitor; TILs, tumor infiltrating lymphocytes; TMB, tumour

mutational burden.

TKIs in oncogene-addicted NSCLC. Second, patients with
oncogene-addicted NSCLC should not be excluded @ priori
from the participation to clinical trials with ICPIs, neither
in clinical practice, when a TKI resistance is developed. In
particular, ICPI in combination with chemotherapy (with the
possible addition of an antiangiogenic agent) seems the most
promising approach deserving further investigation.
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