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ABSTRACT

Objective Pembrolizumab is a programmed cell death
protein-1 (PD-1) inhibitor used to treat advanced patients
with non-small cell lung cancer (NSCLC) with a programmed
cell death ligand-1 (PD-L1) tumour proportion score (TPS)
>50. Further sub-division of TPS-based stratification has not
been evaluated in the UK, although smoking-induced tumour
mutational burden and the immunogenic effects of prior
radiotherapy are suggested to improve response.

Aims To investigate if PD-L1 TPS >80%, smoking status
or radiotherapy before or within 2 months of treatment
influenced progression-free survival (PFS) in patients with
NSCLC treated with pembrolizumab monotherapy.
Methods PD-L1TPS, smoking status and radiotherapy
exposure were compared in patients with NSCLC in

National Health Service (NHS) Tayside (n=100) treated with
pembrolizumab monotherapy between 1 November 2017 and
18 February 2022. Survival estimates were compared using
log-rank analysis, and Cox proportional hazards analysis was
used to investigate the influence of potential confounding
factors, including tumour stage and performance status.
Results PFS was not significantly different (log-rank
HR=0.330, p=0.566) comparing patients with PD-L1 TPS
50-79%and PD-L1 TPS >80%. Smokers had significantly
improved PFS (log-rank HR=4.867, p=0.027), while patients
receiving radiotherapy had significantly decreased PFS (log-
rank HR=6.649, p=0.012). A Cox regression model confirmed
that both radiotherapy (p=0.022) and performance status
(p=0.009) were independent negative predictors of PFS.
Conclusions More rigorous PD-L1 TPS stratification did not
influence survival outcomes. Smoking history improved PFS,
although it was not an independent response predictor, while
radiotherapy and performance status independently influenced
clinical response. We suggest that further stratification of
PD-L1 TPS is not warranted, while performance status and
radiotherapy treatment may be additional clinically useful
biomarkers of response to pembrolizumab in patients with
NSCLC.

INTRODUCTION

Lung cancer, the third most common cancer
in the UK and the principal cause of cancer
mortality in both the UK and the USA,1 2 s

,' Christopher Brian Merrick,?> Hugh Adam Nicholson,’

1

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Following Caldicott Guardian approval, 150 patients
with non-small cell lung cancer (NSCLC) were iden-
tified in a single centre in National Health Service
(NHS) Tayside, UK, following a diagnosis of NSCLC
and treatment with at least one cycle of pembroli-
zumab therapy between 1 November 2017 and 18
February 2022.

= Patients (n=50) were excluded from the study if
tumour programmed cell death ligand-1 (PD-L1)
tumour proportion score (TPS) was unknown or
<50%, they refused treatment, died after one cycle
of pembrolizumab therapy or pembrolizumab was
prescribed in combination with chemotherapy.

= PD-L1 TPS for each tumour, assessed by immuno-
histochemistry, radiotherapy prescribing information
and self-reported smoking data (never/current/for-
mer smokers), was obtained from clinical records.

= The influence of PD-L1 TPS (comparing TPS 50—
79%and TPS >80%), radiotherapy and smoking
status on progression-free survival was assessed
using log-rank analysis and Cox proportional haz-
ards models constructed to investigate whether
significant conclusions were influenced by potential
confounding variables, including performance sta-
tus, stage and histology.

often diagnosed at late stage. Non-small cell
lung cancer (NSCLC) is most commonly
diagnosed, with a variety of histological
types: adenocarcinoma (40%), squamous cell
carcinoma (25%) and large cell carcinoma
(10%).> * Advanced NSCLC (tumour, node
and metastases stages III and IV) is treated
with systemic anticancer therapy (SACT), as
surgery is no longer possible.” Chemotherapy
offers poor survival outcomes in patients with
advanced NSCLC, with a I-year survival rate
of around 30%.° While subsets of NSCLCs
have actionable targets, including epidermal
growth factor receptor (EGFR) mutations,
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anaplastic lymphoma kinase (ALK) translocations and
¢-ROS oncogene 1 (ROS-1) rearrangements, the majority
of NSCLCs do not express these oncogenic drivers.”’

Immune checkpoint inhibitors (ICI) targeting the
programmed cell death protein-1/programmed cell
death ligand-1 (PD-1/PD-L1) axis have revolutionised the
treatment of advanced NSCLGC, as they provide a stratified
treatment option for patients with PD-L1-positive tumours
but no other targetable mutations. PD-L1 expression is
increased in NSCLC through aberrant signalling mecha-
nisms, resulting in T-cell inhibition, which allows tumour
cells to evade immune destruction.*"

Pembrolizumab is a monoclonal antibody that targets
PD-1 on T-wcells to disrupt the PD-1/PD-L1 axis.!'! 12
Prescription of pembrolizumab in NSCLC is based on
immunohistochemical assessment of the percentage of
PD-L1 tumour proportion score (TPS) as a biomarker
to stratify patients.'”” In Scotland, Scottish Medicines
Consortium guidelines approve the use of pembroli-
zumab as first-line monotherapy for advanced NSCLC in
patients with PD-L1 TPS >50% with no EGFR mutations
or ALK translocations. It is also licensed as second-line
monotherapy for patients with PD-L1 TPS >1% who have
received at least one prior chemotherapy regime and
as firstline treatment in combination with pemetrexed
and platinum chemotherapy for patients with advanced
NSCLC with PD-L1 TPS <50%. Patients must not be
eligible for alternative EGFR, ALK or ROS-1-targeted treat-
ments, as these can be targeted with specific inhibitors,
such as the EGFR inhibitor gefitinib."* The Keynote-010
clinical trial investigated superiority of pembrolizumab
over docetaxel (overall survival (OS) HR 0-54, 95% CI
0-38 to 0-77, p=0.002; progression-free survival (PFS) HR
0-50, 95% CI 0-36 to 0-70, p=0.0001)"* and confirmed
improved response to pembrolizumab in patients with
PD-L1 TPS >50%, while the Keynote-042 trial similarly
reported improved pembrolizumab outcomes compared
with investigator choice chemotherapy, when patients
were stratified by TPS >50% (OS HR 0-69, 95% CI 0-56
to 0-85, p=0-0003; PFS HR 0-81, 95% CI 0-67 to 0-99,
p=0-0170)."°

While pembrolizumab monotherapy is a more effec-
tive treatment than chemotherapy for many patients with
NSCLG, it is associated with significant immune-related
adverse effects, including thyroiditis, pneumonitis, colitis,
nephritis, hypophysitis, hepatitis, encephalitis, myocar-
ditis and severe cutaneous adverse reactions (SCARs)
that can be severe and occasionally life-limiting.'® '7 ' Tt
is therefore important that the most appropriate patients
are selected for pembrolizumab treatment. Disease
response to pembrolizumab is routinely evaluated after
two or three cycles of therapy and then every 6-9 weeks
thereafter. Response is evaluated radiologically, usually
using CT scans, which are reported using Response Eval-
uation Criteria in Solid Tumours (RECIST) criteria.’
Pembrolizumab therapy is associated with a rare treat-
ment response known as pseudoprogression, where an
initial increase in tumour burden is seen on imaging with

asubsequent reduction resulting in an overall decrease in
tumour burden.' The reported incidence of pseudopro-
gression in patients with NSCLC treated with ICI is only
5%,” although it is a significant clinical challenge as it is
difficult to differentiate from true progression.*’

High mutational burden and associated molecular
smoking signatures have been associated with increased
efficacy of pembrolizumab therapy.”' Several studies
have also linked cigarette smoking to high tumour
PD-L1 expression.”™ For example, a prospective study
in Canada involving 268 advanced patients with NSCLC
demonstrated that patients with PD-L1 TPS >50% who
were smokers had a better response to anti-PD-1 immu-
notherapy than non-smokers. The objective response rate
for current smokers was 36%, compared with 26% for
former smokers and 14% for non-smokers (p=0.02). OS
was also significantly increased in smokers compared with
non-smokers. At 1-year postdiagnosis, 85.2% of current
smokers were alive compared with 56.1% of former
smokers and 42.6% of non-smokers (p=0.003) 2

Radiotherapy can be used to treat NSCLC both pallia-
tively and radically and has been hypothesised to have an
immunostimulatory effect,” * resulting from the release
of damage-associated molecular pattern molecules
(DAMPs) following tumour cell destruction by radiation.
DAMPs activate dendritic cells, which trigger the immune
system to mount a specific T-cell response,” *’ resulting in
an ‘abscopal effect’, where tumour sites distant from the
location of radiotherapy start to regress.”'

A secondary analysis of the Keynote-001 clinical trial
of pembrolizumab in NSCLC investigated the effects
of radiotherapy prior to pembrolizumab monotherapy
and found that patients who had received prior radio-
therapy had a significantly increased median PFS (4.4
months compared with 2.1 months in the group who did
not receive prior radiotherapy (p=0.019)) and OS (10.7
months compared with 5.3 months in patients who did
not receive prior radiotherapy (p=0.026)). At 6 months,
PFS was 49% in the prior radiotherapy group compared
with 23% in patients that did not receive prior radio-
therapy (p=0.019).%

The PEMBRO-RT Phase II clinical trial was designed
to investigate whether stereotactic ablative radiotherapy
(SABR) prior to pembrolizumab therapy resulted in
enhanced treatment response in metastatic NSCLC,
regardless of PD-L1 expression. Seventy-six patients were
randomised in a 1:1 ratio to receive either pembroli-
zumab monotherapy (control group) or SABR prior to
pembrolizumab (experimental group). Median PFS was
6.6 months in the SABR group compared with only 1.9
months in the control group, although this difference was
not statistically significant (p=0.19). Similarly, the median
OS was 15.9 months in the SABR group compared with
7.6 months in the no-radiotherapy group (p=0.16).%

As well as PD-L1 TPS, smoking and radiotherapy, there
are other important modifiers of outcome to consider
for all patients with cancer, including performance
status, tumour stage and histology. Performance status
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is a measure of the functional status of a patient and is
assessed using the Eastern Cooperative Oncology Group
Score Performance Status Scale, with scores from zero to
five, where zero indicates no functional deficit and five
confirms that the patient is deceased.” Several studies
have suggested that patients with performance status >2
have worse survival outcomes following pembrolizumab
treatment than patients with performance status 0-1.%’

This study aimed to investigate whether pembrolizumab
patient selection could be refined by further subdivision
of PD-L1 expression thresholds and whether previous
data describing a positive association of smoking on PFS
in patients with NSCLC on pembrolizumab therapy was
seen in the UK Tayside population. Based on current
literature reporting potential immunostimulatory effects
of radiotherapy, we also aimed to investigate the influ-
ence of radiotherapy on PFS in patients with NSCLC who
were prescribed pembrolizumab in routine clinical prac-
tice, outwith a controlled clinical trial setting.

METHODS

Study approval

Caldicott Guardian Approval was received to allow the
collection of confidential NSCLC patient information in
National Health Service (NHS) Tayside.

Patient selection

Study data was collected from NHS computers in Ward 32
Oncology, Ninewells Hospital & Medical School, Dundee,
between 31 January 2022 and 18 February 2022, with
further follow-up data collection from 5 January 2023 to
19 February 2023. All patient data was anonymised before
inclusion in the study. One hundred and fifty patients
with NSCLC were identified from the NHS Tayside
oncology database following a diagnosis of NSCLC and
treatment with at least one cycle of pembrolizumab
therapy between November 2017 and 18 February 2022.
Patients were excluded from the study if tumour PD-L1
TPS was unknown (n=1) or <560% (n=9), they refused
treatment (n=1), died after one cycle of pembrolizumab
therapy when radiological progression data was not avail-
able (n=7) or pembrolizumab was prescribed in combina-
tion with chemotherapy (triple therapy, n=23) (figure 1,
online supplemental table 1). Demographic information
for all patients, including age, sex, performance status,
tumour histology, tumour stage and EGFR, ALK and
ROS-1 status, was obtained from the Chemocare data-
base, ICE and Clinical Portal.

PD-L1 expression data

PD-L1 TPS for each tumour, assessed by immunohisto-
chemistry, was obtained from pathology reports or reports
from Tayside Lung Cancer Multidisciplinary Team Meet-
ings, obtained from the ICE database. Patients were then
stratified into two groups: PD-L1 TPS 50-79% and PD-L1
TPS >80%.

Radiotherapy data

Oncology records, accessed through the Clinical Portal
database, were used to document the date, type and loca-
tion of any radiotherapy given. Patients were initially strat-
ified into two groups: those who received radiotherapy at
any time before or within 2months of immunotherapy
and those who did not receive radiotherapy before or
within 2months of immunotherapy. Patients were then
further subdivided by palliative or radical radiotherapy,
with patients receiving palliative radiotherapy further
divided into two subgroups based on radiotherapy loca-
tion (thoracic or extrathoracic).

Smoking data

Self-reported smoking status was obtained from medical
records using the Clinical Portal database. Patients were
first divided into two groups: patients who had ever
smoked and patients who had never smoked. Patients
who had smoked were then further divided into current
smokers and former smokers.

Study outcomes

Due to the retrospective nature of the study, many
patients went on to receive other forms of SACT, so there
were many potential confounding variables that could
influence OS. Therefore, consistent with other similar
retrospective cohort studies involving immunotherapy
in NSCLC, PFS was used as the primary outcome of the
study. PFS was calculated as the time in days from the
start of cycle one of pembrolizumab therapy to the date
of radiological disease progression. Treatment response
CT scans were carried out every 6-9weeks in this patient
cohort. OS, assessed as a secondary endpoint, was calcu-
lated as the time in days between the date of diagnosis
and the date of death or census endpoint (18 February
2022).

Statistical analysis

Statistical analysis was carried out using version 27 of the
SPSS statistics programme (IBM Corp. Released 2020,
IBM SPSS Statistics for Windows, Version 27.0; IBM Corp,
Armonk, New York, USA). Baseline patient demographics
were compared in patients with PD-L1 50-79% and PD-L1
280% using Mann-Whitney tests for non-parametric data.
PFS and OS were assessed using log-rank analysis, with
Kaplan-Meier survival plots created using ggplot2 and
survival packages and Cairo functions in the open-source
R programming environment Version 2023.03.1+446.%
If the Kaplan-Meier plots produced significant results,
Cox proportional hazards models were constructed in
SPSS to investigate whether significant conclusions were
influenced by potential confounding variables, including
performance status, stage and histology.

Patient and public involvement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our research.
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NHS Tayside NSCLC patients treated
with 21 cycle pembrolizumab
between 1% November 2017 and
18" February 2022
(n=150)

v

Research Question 1 Analysis

Patients stratified into two groups
based on PD-L1 TPS;
- PD-1150-79%
PD-L1 280%

l

ﬁatlems Excluded: \
* Patient refused treatment

(n=1)

* No sample available for PD-L1
testing
(n=9)

e PD-L1TPS not quantified
(n=1)

e Patients who received triple
therapy as opposed to
pembrolizumab monotherapy
(n=23)

* Patients with a PD-L1 TPS <50%
(n=9)

* Patients who died after one
cycle of pembrolizumab
monotherapy

\ (r=7) /

Research Question 2 Analysis

Patients stratified into two groups based on prior radiotherapy;
- Radiotherapy before or within two months of

immunotherapy
- No radiotherapy

l

Research Question 3 Analysis

Patients stratified into three groups
based on smoking status;
Current smokers
- Former smokers
- Non-smokers

Figure 1

Patient selection and demographics. One hundred and fifty patients with NSCLC were initially identified in National

Health Service Tayside between 31 January 2022 and 18 February 2022. Fifty patients were excluded from the study as they
failed to meet the inclusion criteria for the reasons indicated. Patients were classified as smokers if they were current or ex-
smokers, based on their self-reported smoking status.NSCLC, non-small cell lung cancer. Adapted from Mander et al.

RESULTS

Patient demographics

One hundred and fifty patients were initially assessed for
inclusion in the study; however, final analysis was carried
out on 100 patients as 50 patients did not meet the inclu-
sion criteria: one patient refused treatment, nine patients
did not have a sample available for PD-L1 testing, PD-L1
TPS was not quantified in one patient, 23 patients received
triple therapy, nine patients had PD-L1 TPS <50% and
seven patients died after one cycle of pembrolizumab
(figure 1). Patient demographics are further summarised
in online supplemental table 1.

Does PD-L1 TPS 50-79% in comparison to >80% influence
PFS or 0S?

To investigate if stratification of patients with NSCLC for
pembrolizumab treatment could be further refined by
very high PD-L1 TPS (280%), patients were separated into
two groups: PD-L1 TPS 50-79%and PD-L1 TPS >80%,
with PD-L1 TPS assessed as described in the Methods
section. There was no significant difference comparing
PFS in patients with NSCLC with PD-L1 TPS 50-79% and
those with PD-L1 TPS >80% (HR=0.330, p=0.566)
(figure 2). Similarly, there was no significant difference
in OS comparing patients with PD-L1 TPS 50-79% and
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Figure 2 Further patient stratification by PD-L1 TPS does not influence PFS. Log-rank analysis, represented as Kaplan-Meier
survival plots, was used to compare PFS in patients with NSCLC with PD-L1 TPS >80% (red) and PD-L1 TPS 50-79% (blue).
PFS, progression-free survival; PD-L1, programmed death-ligand 1; TPS, tumour proportion score. Adapted from Mander et al.

those with PD-L1 TPS 280% (HR=0.120, p=0.729) (online
supplemental figure 1A). In an additional exploratory
analysis, we increased the PD-L1 TPS threshold to 90%,
comparing patients with PD-L1 TPS 50-89% and PD-L1
TPS 290%, but again found no significant differences in
PES or OS (data not shown).

Does smoking history influence survival outcomes in patients
with NSCLC prescribed pembrolizumab?

To investigate if smoking status had a significant impact
on PFS, patients were subdivided according to smoking
status, as described in the Methods section. Patients who
were smokers (defined as current or former smokers) had
significantly longer PFS compared with patients who were
non-smokers (HR=4.867, p=0.027) (figure 3A). Patients
were then further subdivided into current smokers,
former smokers and non-smokers, with no significant
differences in PFS between current smokers and former
smokers (HR=5.248, p=0.073) (figure 3B). In contrast, no
significant difference in OS was seen in patients who were
smokers and those who were non-smokers (HR=0.288,
p=0.591) (online supplemental figure 1B).

Does prior radiotherapy treatment influence survival

outcomes in patients with NSCLC prescribed pembrolizumab?
To investigate the influence of radiotherapy on PFS,
patients were categorised based on whether or not they
had received radiotherapy before or within 2months

of pembrolizumab monotherapy, as described in the
Methods section. In contrast to published data, patients
who received radiotherapy had significantly decreased
PFS compared with patients who did not receive radio-
therapy (HR=6.254, p=0.012) (figure 4). Similar to our
smoking data, there was no significant difference in OS
between patients who received radiotherapy before or
within 2months of pembrolizumab monotherapy and
those who did not (HR=1.316, p=0.251) (online supple-
mental figure 1C).

A Cox regression model was then used to investigate
whether the significant smoking and radiotherapy asso-
ciations reported above were modified by potential
confounding factors, including performance status,
tumour stage and histology. Cox regression analysis
confirmed that radiotherapy at any point before or within
2months of pembrolizumab monotherapy (p=0.022) and
performance status (0.009), but not stage (p=0.126),
histology (p=0.827), PD-L1 TPS (p=0.568) or smoking
status (p=0.081), were independent predictors of PFS
in patients with NSCLC treated with pembrolizumab
(online supplemental table 2).

DISCUSSION
Approval of pembrolizumab has revolutionised the
treatment of advanced and metastatic NSCLC, although
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Figure 3 Smoking history influences PFS in patients with non-small cell lung cancer who were prescribed pembrolizumab.
Log-rank analysis, represented as Kaplan-Meier survival plots, was used to compare progression-free survival in (A) smokers
(former and current; red) and non-smokers (blue) and in (B) current smokers (red), former smokers (green) and non-smokers

(blue). Adapted from Mander et al.

treatment is expensive and patient selection is limited to
immunohistochemical assessment of TPS, with patients
with PD-L1 TPS >50% currently eligible for treatment.
To investigate whether more rigorous TPS stratification

might influence treatment response in routine clinical
practice, we compared PD-L1 TPS 50-79% and PD-L1
TPS >80% in a cohort of unselected patients with NSCLC
treated in a single centre and further investigated whether
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Figure 4 Prior radiotherapy influences PFS in patients with NSCLC who were prescribed pembrolizumab. Log-rank analysis,
represented as Kaplan-Meier survival plots, was used to compare progression-free survival in patients with NSCLC who
received radiotherapy before or within 2months of pembrolizumab (red) and those who did not receive radiotherapy in that time
frame (blue). NSCLC, non-small cell lung cancer. Adapted from Mander et al.

clinical outcomes were influenced by smoking, previous
radiotherapy exposure or could simply be predicted by
performance status.

We first investigated whether further stratification of
PD-L1 TPS might lead to improved clinical outcomes
in patients with NSCLC. For consistency with previous
reports, we used PFS as our primary and OS as our
secondary analysis endpoint in order to limit additional
sources of variation, as many patients received additional
SACT following disease progression on pembrolizumab
monotherapy. We found no significant difference in either
PFS (HR=0.330, p=0.566) or OS (HR=0.120, p=0.729),
comparing patients with PD-L1 TPS 50-79% and PD-L1
TPS 280%,or in further analysis, increasing the PD-L1
TPS threshold to 90% suggesting that further TPS-based
patient stratification may not be warranted. We chose
to initially exclude seven patients from our analysis as
they died following one cycle of pembrolizumab, when
it had not been possible to investigate disease progres-
sion by CT scan—to ensure that the exclusion of these
patients had not inadvertently influenced our survival
analysis, we confirmed that our OS data was similar in
the extended dataset. Our data contrasts with the results
of an American retrospective study (n=187 patients),
which reported an association of PD-L1 TPS >90% with
significantly improved PFS (14.5 months vs 4.1 months,
HR=0.50, p<0.01).39 However, similar to our own data,
a retrospective cohort study in Japan (n=149 patients)
comparing PFS in patients with PD-L1 TPS 50-89% and
90-100% reported no significant difference in PFS
(HR=0.78, p=0.34). PFS in the Japanese study at 120 days
was 64.4% in PD-L1 TPS 50-89% patients and 63.0%

in PD-L1 TPS 90-100% patients (HR=1.03, p=0.09),*
similar to our own data, which reports PFS of 70% at 120
days in the PD-L1 50-79% group and 76% in the PD-L1
280% group (p=0.566). Both the American and Japa-
nese studies used higher (290%) PD-L1 TPS to stratify
patients, and it is important to note that the American
study reported TPS using four different antibodies due to
differences in practice between institutions. This observa-
tion highlights the limitations of PD-L1 as a quantitative
biomarker. Although testing is standardised across Scot-
land, using the same Dako 22C3 antibody reported in the
early Keynote trials,'”” * PD-L1 TPS is routinely reported
following expert pathologist assessment of immunohis-
tochemical staining, with associated inherent variation
between centres and reporting pathologists.** Tumour
heterogeneity at diagnosis is additionally recognised to
significantly influence PD-L1 expression, " and it is likely
that expression varies further during disease progression
and treatment. Despite these limitations, baseline PD-L1
TPS assessed from the initial diagnostic biopsy is currently
routinely used to inform patient selection for immu-
notherapy. We highlight the need in future studies to
develop more quantitative methods for PD-L1 assessment
to facilitate a more rigorous evaluation of the potential of
TPS as a predictive and prognostic biomarker.

Our data initially confirmed previous
reports,” ** ** suggesting that patients who were current
or former smokers had significantly longer PFS than
non-smokers (HR=4.867, p=0.027). Importantly, PFS
in current smokers and former smokers was not signifi-
cantly different (HR=5.248, p=0.073), suggesting that
any smoking history has the potential to modify the
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pembrolizumab response. Consistent with our data, a
recent meta-analysis investigating the impact of smoking
status on targeted therapy in NSCLC in Phase III clinical
trials reported that smokers had significantly extended
PFS following ICI treatment (HR=1.81, p=0.004),*
with additional meta-analyses reporting similar conclu-
sions.? #* It is also important to note, however, that our
Cox regression analysis did not confirm smoking history
as an independent predictor of pembrolizumab response
in NSCLC and that the influence of confounding factors
has not always been previously reported. Although it is
logical that smoking may increase tumour mutation
burden (TMB) and, as a consequence, increase immu-
nogenicity and improve response to immunotherapy,
it is important to acknowledge that TMB has not been
routinely assessed in significant numbers of patients
outwith the clinical trial setting and that results from
some previous studies do not support this hypothesis.”!
The use of smoking status as a biomarker for pembroli-
zumab response additionally raises important ethical
issues as smoking cessation is an important part of the
clinical management of lung cancer, as it improves
outcomes and reduces the risk of the development of
further cancers® **and other diseases associated with
smoking such as cardiovascular disease and chronic
obstructive pulmonary disease.”” Furthermore, in this
and previous studies, patients were identified as smokers
or non-smokers based on their self-reported smoking
history. Verification of smoking status, for example, using
biochemical confirmation of serum cotinine levels, is
recommended but is challenging outwith the clinical
trial setting,” and self-reported smoking history is more
likely to be under-represented than overrepresented, in
turn underestimating pembrolizumab response predic-
tions in smokers. Serum cotinine has been successfully
used to confirm self-reported smoking status to identify
eligible patients for lung cancer screening® and can also
be used in patients using electronic cigarettes containing
nicotine.” *> We highlight the need to include a more
quantitative and objective assessment of smoking history
in future studies to investigate whether the modifying
effect on ICI response in patients with NSCLC is dose-
dependent and whether smoking status and TPS are inde-
pendent risk modifiers.

Our analysis suggests that patients with NSCLC
receiving radiotherapy before or within 2months of
pembrolizumab monotherapy had significantly decreased
PFS compared with patients who did not receive radio-
therapy (HR=6.254, p=0.012), in contrast to the findings
of the Keynote-001 clinical trial,” which reported that
radiotherapy increased the efficacy of immunotherapy,
possibly due to the abscopal effect.”’ Further studies,
however, including a retrospective multicentre study
evaluating the effects of palliative radiotherapy before or
within 3months of anti-PD-1 therapy, reported no signif-
icant difference in PFS, comparing patients who had
received radiotherapy and those who had not (3.2 months
vs 2.0 months, p=0.515),”® while the PEMBRO-RT trial

also reported no significant difference in PFS in patients
who received SABR prior to pembrolizumab therapy and
those who did not (1.9 months vs 6.6 months, p=0.19),
although the data suggested that the possible benefit of
prior radiotherapy should be further investigated in a
larger dataset.”® We acknowledge that patients receiving
radiotherapy within 2 months of pembrolizumab in our
study may have had more advanced disease or may have
progressed more quickly, although the tumour stage at
diagnosis was not independently predictive of PFS.

In contrast to previously reported clinical trial data, the
majority of patients in the current study received pallia-
tive radiotherapy (usually 8 Gy in one fraction or 20 Gy in
five fractions”®) rather than SABR. It is therefore possible
that palliative radiotherapy does not potentiate immuno-
genicity in patients with NSCLC, as most previous liter-
ature reports on the influence of higher doses of SABR
on immunotherapy outcomes.” As many of our study
patients had symptomatic metastases, it is also possible
that the modifying effect of radiotherapy we report,
while independently predictive of survival outcomes,
may simply represent a surrogate marker for perfor-
mance status. Many patients with NSCLC are additionally
prescribed steroids, either to alleviate tumour compres-
sion or the side effects of immunotherapy. Steroid use is
known to suppress the immune system and may there-
fore further modify responses to both radiotherapy and
immunotherapy.”® We highlight the need to investigate
the potential modifying effect of steroid prescription in
future studies, as well as the potential modifying effect of
radiotherapy and pembrolizumab scheduling, as tumour
repopulation post radiotherapy may further influence
the pembrolizumab response.”” *® It is also important to
ensure that CT scan reporting is standardised as far as is
practicable in routine clinical practice. In the Keynote-024
clinical trial, for example, CT scans were all reported
according to RECIST criteria by a radiologist indepen-
dent of the trial.® While undoubtedly increasing the
accuracy of clinical response estimates, greater variation
in CT reporting in routine clinical practice is inevitable,
even in a single centre. Radiological response assessment
is particularly important following immunotherapy treat-
ment due to pseudoprogression, where an initial apparent
increase in tumour burden due to the accumulation of
immune cells causing an inflammatory response results
in enlargement of neoplastic lesions,? followed by subse-
quent regression,” and is difficult to differentiate from
true disease progression through initial imaging.** * To
address this relatively rare complication (incidence <6%
in patients with NSCLC), revised RECIST guidelines,
iRECIST, were developed in 2017 to improve reporting in
immunotherapy clinical trials.”'

Importantly, despite these acknowledged sources of
variation in biomarker and radiological assessment, our
data highlights that performance status is an indepen-
dent predictor of PFS (p=0.009). We assessed outcomes
in all patients with NSCLC treated with pembrolizumab
(performance status 0-3), in contrast to more restricted
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clinical trials where, for example, only patients with
performance status 0-1 were included in the Keynote-024
clinical trial,'” and the PePS2 single-arm Phase II trial eval-
uated pembrolizumab response in patients with perfor-
mance status >2.° Consistent with our findings, several
previous studies have reported that patients with perfor-
mance status >2 have reduced survival outcomes,?"r’_‘(‘;7
while a recent Italian multicentre retrospective study
confirmed that performance status was an independent
predictor of poor clinical outcome.”

In conclusion, therefore, our data confirms that more
rigorous stratification of patients with NSCLC by PD-L1
TPS did not influence survival outcomes. Smoking status
(current or previous smoker) significantly improved PFS,
although it was not an independent predictor of survival.
In contrast, radiotherapy treatment at any point before
or within 2months of pembrolizumab therapy inde-
pendently adversely influenced PFS, and performance
status was shown to be an independent predictor of clin-
ical response. We suggest that further stratification of
PD-L1 TPS may not be warranted, the modifying effects
of radiotherapy require further investigation in carefully
controlled future studies and performance status, in addi-
tion to the currently used PD-L1 TPS 250%, maybe a clin-
ically useful biomarker of response to pembrolizumab in
patients with NSCLC.
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