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Summary

Background—->Preclinical studies have found radiotherapy enhances antitumour immune
responses. We aimed to assess disease control and pulmonary toxicity in patients who previously
received radiotherapy for non-small-cell lung cancer (NSCLC) before receiving pembrolizumab.

Methods—We assessed patients with advanced NSCLC treated on the phase 1 KEYNOTE-001
trial at a single institution (University of California, Los Angeles, CA, USA). Patients were aged
18 years or older, had an Eastern Cooperative Oncology Group performance status of 1 or less,
had adequate organ function, and no history of pneumonitis. Patients received pembrolizumab at a
dose of either 2 mg/kg of bodyweight or 10 mg/kg every 3 weeks, or 10 mg/kg every 2 weeks,
until disease progression, unacceptable toxicity, or other protocol-defined reasons for
discontinuation. Disease response and pulmonary toxicity were prospectively assessed by
Immune-related Response Criteria and Common Terminology Criteria for Adverse Events version
4.0. The primary objective of the KEYNOTE-001 trial was to assess the safety, side-effect profile,
and antitumour activity of pembrolizumab. For our secondary analysis, patients were divided into
subgroups to compare patients who previously received radiotherapy with patients who had not.
Our primary objective was to determine whether previous radiotherapy affected progression-free
survival, overall survival, and pulmonary toxicity in the intention-to-treat population. The
KEYNOTE-001 trial was registered with ClinicalTrials.gov, number NCT01295827.
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Findings—Between May 22, 2012, and July 11, 2014, 98 patients were enrolled and received
their first cycle of pembrolizumab. One patient was lost to follow-up. 42 (43%) of 97 patients had
previously received any radiotherapy for the treatment of NSCLC before the first cycle of
pembrolizumab. 38 (39%) of 97 patients received extracranial radiotherapy and 24 (25%) of 97
patients received thoracic radiotherapy. Median follow-up for surviving patients was 32:5 months
(IQR 29:8-34-1). Progression-free survival with pembrolizumab was significantly longer in
patients who previously received any radiotherapy than in patients without previous radiotherapy
(hazard ratio [HR] 0-56 [95% CI 0-34-0-91], p=0-019; median progression-free survival 4-4
months [95% CI 2-1-8:6] vs2-1 months [1-6-2-3]) and for patients who previously received
extracranial radiotherapy compared with those without previous extracranial radiotherapy (HR
0-50 [0-30-0-84], p=0-0084; median progression-free survival 6:3 months [95% CI 2:1-10-4] vs
2:0 months [1-8-2-1]). Overall survival with pembrolizumab was significantly longer in patients
who previously received any radiotherapy than in patients without previous radiotherapy (HR 0-58
[95% CI 0-36-0:94], p=0-026; median overall survival 10-7 months [95% CI 6:5-18:9] vs5-3
months [2:7—7-71) and for patients who previously received extracranial radiotherapy compared
with those without previous extracranial radiotherapy (0-59 [95% CI 0-36—0-96], p=0-034; median
overall survival 11.6 months [95% CI 6:5-20:5] vs5-3 months [3:0-8:5]). 15 (63%) of 24 patients
who had previously received thoracic radiotherapy had any recorded pulmonary toxicity versus 29
(40%) of 73 patients with no previous thoracic radiotherapy. Three (13%) patients with previous
thoracic radiotherapy had treatment-related pulmonary toxicity compared with one (1%) of those
without; frequency of grade 3 or worse treatment-related pulmonary toxicities was similar (one
patient in each group).

Interpretation—Our data suggest that previous treatment with radiotherapy in patients with
advanced NSCLC results in longer progression-free survival and overall survival with
pembrolizumab treatment than that seen in patients who did not have previous radiotherapy, with
an acceptable safety profile. Further clinical trials investigating this combination are needed to
determine the optimal treatment strategy for patients with advanced NSCLC.

Introduction

Non-small-cell lung cancer (NSCLC) is the leading cause of death from cancer both
worldwide and in the USA.1:2 Advances in immunotherapy have allowed for therapies
directed against programmed cell death protein 1 (PD-1) signalling, which have shown
considerable promise among patients with advanced NSCLC and have produced superior
survival outcomes compared with cytotoxic chemotherapies in patients with metastatic
NSCLC.3-8 Pembrolizumab is an antibody directed against PD-1, and stops inhibitory
signalling, allowing for increased antitumour T-cell responses. Despite clinical trials of anti-
PD-1 and anti-PD-ligand (L)-1 therapies producing unprecedented positive clinical
outcomes, responses are achieved in about 17% to 19% of unselected patients,3>
highlighting the need to identify strategies to convert non-responding patients to responders.

Research in context

Evidence before this study
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We searched PubMed with the terms “radiation and checkpoint blockade”, “radiation and
anti-PD-1", “pembrolizumab and radiation”, and “pembrolizumab and advanced lung
cancer” for English language articles published between March 1, 2000, and March 25,
2017. This search produced limited clinical data for the effects of previous radiotherapy
on the activity and toxicity of checkpoint inhibition immunotherapy. However, this search
did produce several preclinical articles that showed radiotherapy enhanced the
presentation and diversity of tumour-associated antigens, and preclinical data suggesting
that the combination of radiotherapy with checkpoint inhibition immunotherapy produces
synergistic antitumour responses. Prospective clinical studies on checkpoint inhibition
immunotherapy in patients with advanced non-small-cell lung cancer (NSCLC) did show
favourable results, and checkpoint blockade is becoming a standard treatment among
patients with advanced NSCLC. However, the proportion of unselected patients who
respond to checkpoint inhibition is estimated to be about 20%, suggesting the need for
strategies to boost response.

Added value of this study

To our knowledge, this study is the largest to date to report the effects of previous
radiotherapy on the activity and toxicity of checkpoint blockade immunotherapy. Our
secondary analysis of the phase 1 KEYNOTE-001 study found that patients who
previously received radiotherapy for NSCLC had significantly longer progression-free
survival and overall survival with pembrolizumab treatment versus patients who did not
receive radiotherapy. Three (13%) patients with previous thoracic radiotherapy had
treatment-related pulmonary toxicity compared with one (1%) of those without; the
incidence of grade 3 or worse pulmonary toxicity with pembrolizumab was not affected
by previous thoracic radiotherapy.

Implications of all the available evidence

These data suggest that radiotherapy improves the activity of pembrolizumab in patients
with advanced NSCLC with a clinically acceptable safety profile. These data corroborate
previous preclinical findings about the interaction between radiotherapy and checkpoint
inhibition immunotherapy and strengthen the need for further clinical trials investigating
this combination.

Substantial data has accumulated showing that local radiotherapy stimulates a systemic
immune response. Specifically, irradiation of a tumour results in the release of tumour-
associated antigens and damage-associated molecular patterns (DAMPs) that can produce an
immunogenic response, a process described as in-situ vaccination.”8 Radiotherapy has also
been found to enhance the presentation and diversity of tumour associated antigens in
draining lymph nodes leading to an immune response with the potential for increased
tumour recognition and antitumour activity.®-13 Additionally, preclinical studies'#1 that
combined radiotherapy with PD-1 blockade have found synergistic antitumour responses,
thought in part to be due to the enhanced diversity of the antitumour T-cells that result from
radiotherapy.1#15 Therefore, because immune responses are long-lived and immunological
memory is a hallmark of vaccination,16 we hypothesised that patients with NSCLC who
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previously received radiotherapy, either delivered to their primary thoracic disease or to
another metastatic site, would have enhanced antitumour activity with anti-PD-1 treatment.

We aimed to assess the effect of previous radiotherapy on progression-free survival and
overall survival in patients with advanced NSCLC treated with pembrolizumab in the phase
1 KEYNOTE-001 trial.> We also aimed to determine whether previous thoracic radiotherapy
influenced the frequency of pulmonary toxicity with pembrolizumab treatment.

Study design and participants

Procedures

KEYNOTE-0013 was an international, multicentre, phase 1 trial of single agent
pembrolizumab in patients with progressive locally advanced or metastatic NSCLC. Eligible
patients had to be aged 18 years or older, have advanced NSCLC and an Eastern Cooperative
Oncology Group (ECOG) performance status of 1 or less, and have adequate organ function
as previously described.3 Patients with a history of pneumonitis, systemic
immunosuppressive therapy, or active autoimmune disease were excluded. PD-L1 status and
expression was determined as previously described, and patients with membranous PD-L1
staining in at least 1% of cells were considered positive.3 Patients were assigned to multiple
expansion cohorts allowing for the inclusion of patients who were naive to systemic therapy
and those who had progression after at least one or at least two previous regimens as
specified in the protocol (appendix p10). Previous progression was determined using
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. All patients provided
written informed consent based on the principles of the Declaration of Helsinki before any
study-related procedures. The protocol was approved by site institutional review boards.
Additional institutional review board approval was obtained for this secondary analysis.

We included patients enrolled at a single institution (University of California, Los Angeles,
CA, USA) because radiotherapy records were not collected per the KEYNOTE-001 trial, but
were obtained for this single institution population.

Patients received intravenous pembrolizumab at a dose of 2 mg/kg or 10 mg/kg of
bodyweight every 3 weeks or 10 mg/kg every 2 weeks until disease progression and clinical
deterioration, unacceptable toxicity, withdrawal of consent, death, or other protocol-defined
reasons for discontinuation. No dose modifications were allowed, but predefined dose delays
were permitted for adverse events.

Patients were coded for having received radiotherapy if they received any radiotherapy for
the treatment of NSCLC at any timepoint before the first cycle of pembrolizumab. Patients
were coded for having received thoracic radiotherapy if they received radiotherapy to their
lungs or intrathoracic lymph nodes. Radiotherapy intent was also determined, with definitive
intent radiotherapy corresponding with previous curative intent thoracic radiotherapy.
Receipt of either stereotactic body radiotherapy or stereotactic radiosurgery was also noted.
No patients received radiotherapy during the study period per protocol.
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PD-L1 status was determined using a prototype immunohistochemical assay using the anti-
PD-L1 antibody clone 22C3 (Merck & Co, Kenilworth, NJ, USA) and commercially
available reagents from the Dako EnVision FLEX+ HRP-Polymer Kit (Dako, Carpinteria,
CA, USA) with PD-L1 positivity defined as membranous staining in at least 1% of cells
(neoplastic and intercalated mononuclear inflammatory cells) as previously described.3 PD-
L1 expression was determined using a clinical-trial assay developed by Dako that used the
same 22C3 antibody as previously described.3

Safety was assessed on day 1 of each treatment cycle and at follow-up visits 30 days after
the last dose. Toxicity was categorised and graded using the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. Toxicity data was
prospectively collected as previously described.3 All pulmonary toxicities were assessed,
including dyspnoea, cough, wheezing, pneumonitis, and respiratory failure. Per study
protocol, patients underwent scheduled CT or MRI every 9 weeks. Disease progression was
prospectively determined using the investigator-assessed Immune-related Response Criteria
(irrRC).Y7

The primary objective of the KEYNOTE-001 trial was to evaluate the safety, side-effect
profile, and antitumour activity of pembrolizumab. The primary objective of this secondary
analysis was to determine the effect of previous radiotherapy on progression-free survival
and overall survival with pembrolizumab treatment. An additional endpoint was to
determine the effect of previous thoracic radiotherapy on pulmonary toxicity with
pembrolizumab. Progression-free survival was defined as the time from the first dose of
pembrolizumab to disease progression, according to investigator assessed irRC, or death
from any cause. Overall survival was defined as the time from the first dose of
pembrolizumab to the date of death from any cause.

Statistical analysis

We compared baseline differences in patient characteristics between subgroups using the XZ
test, Fisher’s exact test, or Student’s #test. We estimated progression-free survival, overall
survival, median survival, and 95% Cls with Kaplan-Meier analysis, and we compared
subgroups (previous radiotherapy versus no previous radiotherapy) using the log-rank test.
We prospectively decided to do a separate analysis assessing only non-CNS radiotherapy
(extracranial radiotherapy), because the blood-brain barrier potentially isolates the CNS
from the systemic immune system.18:19 All analyses were done by intention to treat. We
assessed patient clinical variables using univariate and multivariate Cox proportional hazards
modelling to determine hazard ratios (HR), including 95% Cls, for progression-free survival
and overall survival. The proportional hazards assumption was verified for the covariates
using the empirical score process (appendix pp 1-4).20 Additionally, we used univariate and
multivariate logarithmic regression to generate odds ratios (OR), including 95% Cls, for
clinical factors that would predict for a minimum 3-month progression-free response to
pembrolizumab. For comparisons, we assessed age, time interval between initial diagnosis
and first dose of pembrolizumab, number of lines of systemic therapies, and PD-L1
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expression as continuous variables. Variables included in the multivariate models had a p
value of 0-1 or less in the univariate analysis.

We completed a separate analysis of pulmonary toxicities comparing patients who did and
did not receive thoracic radiotherapy in the treatment of NSCLC. To provide the most
sensitive analysis on the effect of thoracic radiotherapy on pulmonary toxicities with
pembrolizumab, we evaluated all pulmonary toxicities recorded regardless of judgment
about treatment association. We also included a separate analysis of toxicities that the
treating investigator prospectively judged to be either possibly or probably treatment-related.
We deemed results significant at p<0-05. We used SAS version 9.4 for all statistical
analyses.

KEYNOTE-001 is registered with ClinicalTrials.gov, number NCT01295827.

Role of the funding source

Results

The funder had no role in the study design, data collection, data analysis, data interpretation,
or writing of the report. NS, AEL, KB, DV, JWG, EBG, and PL had full access to the raw
data in the study. All authors had final responsibility for the decision to submit this report for
publication.

Between May 22, 2012, and July 11, 2014, 98 patients from the University of California,
Los Angeles, were enrolled and received their first cycle of pembrolizumab on the
KEYNOTE-001 trial. One patient transferred care to another institution 11 days after
enrolment and was not included in this analysis because no follow-up data were available.
All 97 remaining patients were included in this analysis. All patients presented with
metastatic NSCLC at trial entry. Nine (9%) of 97 patients received 2 mg/kg pembrolizumab
every 2 weeks, 35 (36%) received pembrolizumab 10 mg/kg every 2 weeks, and 53 (55%)
received pembrolizumab 10 mg/kg every 3 weeks. Baseline patient characteristics are in
table 1. Median patient age was 65 years (range 32—83) and most patients received several
lines of systemic therapy before study enrolment (median 3, range 0-6). PD-L1 status
(positive vsnegative) was available for 85 (88%) of 97 patients and 17 (18%) of 76 patients
who underwent testing had membranous PD-L1 expression of at least 50% (PD-L1
expression and PD-L1 status results are from two independent assays).

42 (43%) of 97 patients had previously received any radiotherapy for the treatment of their
NSCLC before the first cycle of pembrolizumab. 38 (39%) of 97 patients received
extracranial radiotherapy, and 24 (25%) of 97 patients received thoracic radiotherapy.
Radiotherapy was delivered a median of 9-5 months (range 1-0-106-0, IQR 4-7-13-5) before
the first cycle of pembrolizumab. Patients who received thoracic radiotherapy did so a
median of 11-5 months (range 6:3-106-0, IQR 9-0-28-8) before the first cycle of
pembrolizumab.

Patients were generally similar with regards to age, sex, ECOG performance status, tumour
histology, PD-L1 status, PD-L1 expression, and smoking status, regardless of whether they
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had previously had radiotherapy (table 1). Patients with previous radiotherapy had a
significantly greater frequency of brain metastases, received significantly more lines of
unique systemic therapies, and had a significantly longer time interval between initial
diagnosis and receipt of pembrolizumab than patients who had not previously had
radiotherapy (table 1). Patients who received extracranial radiotherapy were generally
comparable to patients who did not receive extracranial radiotherapy (table 1).

Median follow-up for surviving patients was 32-5 months (IQR 29-8-34-1). At the time of
this analysis, 79 patients had died, 14 patients were alive, and the status of four patients who
withdrew consent was unavailable. The immediate causes of death included malignant
neoplasm progression in 66 patients; respiratory failure in four patients; unknown cause in
three patients; infectious causes in two patients; diffuse alveolar damage in one patient;
pneumothorax in one patient; iatrogenic intestinal perforation in one patient; and a
thromboembolic event in one patient. All deaths were prospectively determined by the study
investigators as unlikely to be treatment related.

Among all patients, after 80 progression events, median progression-free survival with
pembrolizumab treatment was 2-1 months (95% CI 2:0-4-4) and 6-month progression-free
survival was 33-7% (24-3-43-3). Among patients who received any previous radiotherapy
for the treatment of NSCLC, there were 31 progression events versus 49 among patients
with no previous radiotherapy. Patients who had previously received any radiotherapy had
significantly longer progression-free survival with pembrolizumab than patients who did not
receive radiotherapy (median progression-free survival 4-4 months [95% CI 2:1-8-6] vs2-1
months [1-6-2-3]; 6-month progression-free survival 49% [95% CI 32-63] vs23% [13-35];
figure, A). Among patients who received previous extracranial radiotherapy, there were 27
progression events versus 53 among patients with no previous extracranial radiotherapy.
Patients who previously received extracranial radiotherapy also had significantly longer
progression-free survival with pembrolizumab treatment than did patients who did not
receive extracranial radiotherapy (median progression-free survival 6-3 months [95% CI
2:1-10-4] vs2:0 months [1-8-2-1]; 6-month progression-free survival 54% [95% CI 37-69]
vs21% [12-33]; figure, B).

Age, smoking history, ECOG performance status, any previous radiotherapy, and previous
extracranial radiotherapy were significantly associated with longer progression-free survival
on univariate analysis (table 2). The number of lines of previous systemic therapies, length
of time from diagnosis to the first cycle of pembrolizumab, sex, histology and stage at
diagnosis, and PD-L1 status and expression did not predict for progression-free survival
(table 2). On multivariate analysis, any previous radiotherapy and previous extracranial
radiotherapy were found to independently predict for significantly longer progression-free
survival, as did an ECOG performance status of 0 (table 2). Additionally, both any previous
radiotherapy and extracranial radiotherapy independently predicted for a minimum 3-month
progression-free response with pembrolizumab (OR 2-86 [95% CI 1.06-7-72], p=0-039; 3-72
[1-33-10-36], p=0:012; appendix p 5).

Among all patients, after 79 deaths, the median overall survival was 7-3 months (95% CI
5-3-10-7) and 6-month overall survival was 57% (95% CI 46-66). 32 patients who
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previously received any radiotherapy for the treatment of NSCLC had died and 47 of those
who had not received radiotherapy had died. Patients who received any previous
radiotherapy had significantly longer overall survival than patients who did not (median
overall survival 10-7 months [95% CI 6-5-18:9] vs5-3 months [2:7-7-7]; 6-month overall
survival 73% [95% CI1 56-84] vs 45% [32-57]; figure, C). Patients who previously received
extracranial radiotherapy (28 deaths) for the treatment of their NSCLC also had significantly
longer overall survival than did patients who did not receive extracranial radiotherapy (51
deaths; median overall survival 11-6 months [95% CI 6:5-20-5] vs5-3 months [3:0-8-5]; 6-
month overall survival 75% [95% CI 58-86] vs45% [32-57]; figure, panel D). On
univariate analysis, ECOG performance status, smoking history, receipt of any previous
radiotherapy, and receipt of previous extracranial radiotherapy predicted for overall survival
(table 3); however, the number of lines of previous systemic therapies, length of time from
diagnosis to the first cycle of pembrolizumab, age, sex, histology and stage at diagnosis, and
PD-L1 status and expression did not predict for overall survival (table 3). On multivariate
analysis, any previous radiotherapy and previous extracranial radiotherapy were the only
independent predictors for significantly longer overall survival (table 3).

44 (45%) of 97 patients had any recorded pulmonary toxicity while on pembrolizumab
treatment; no statistical differences in frequency of any pulmonary toxicity or frequency of
grade 3 or worse pulmonary toxicity were noted between those who received previous
thoracic radiotherapy and those who had not (table 4). Pulmonary toxicities stratified by
grade are in the appendix (p 6).

A separate analysis considering only pulmonary toxicities that the treating investigator
prospectively judged to be either possibly or probably treatment-related found three (13%)
patients who received previous thoracic radiotherapy had treatment-related pulmonary
toxicity compared with one (1%) patient who had not (table 4). The proportion of patients
with specific treatment-related pulmonary events or events that were grade 3 or worse was
not different between patients with or without a history of thoracic radiotherapy (table 4).

Discussion

In this secondary analysis of a subset of patients treated with pembrolizumab on the phase 1
KEYNOTE-001 study, we found that patients who had previously received radiotherapy for
the treatment of NSCLC before receiving pembrolizumab had significantly longer
progression-free survival and overall survival, compared with that in patients who had not
received previous radiotherapy. We also found a higher number of patients with treatment-
related pulmonary toxicity after pembrolizumab treatment among patients who previously
received thoracic radiotherapy, but we did not find that these patients had more grade 3 or
worse pulmonary toxicities. To our knowledge, these data represent the most compelling and
largest clinical data to date on the effect of previous radiotherapy on enhancing the activity
of anti-PD-1 therapy. Our findings are supported by dozens of preclinical studies showing
synergistic antitumour activity with the combination of radiotherapy and
immunotherapy,’-1921 and suggest that the combination of radiotherapy with
pembrolizumab has a clinically acceptable safety profile and shows promising activity
among patients with advanced NSCLC.

Lancet Oncol. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shaverdian et al.

Page 9

For the immune system to attack tumour cells, several complex signalling cascades are
required, including tumour recognition, antigen presentation, and T-cell activation. We
hypothesise that by improving the priming of the antitumour immune response, radiotherapy
allows for checkpoint inhibition with pembrolizumab to have increased clinical activity.
Radiotherapy releases antigenic peptides from tumours,22 causes activation and migration of
dendritic cells, and enhances antigen presentation by dendritic cells, leading to enhanced
antitumour T-cell recognition and activity.10-13.23 Clinical work has also established that
radiotherapy increases tumour-specific T cells in patients during and after treatment.24
Therefore, our findings of significantly improved pembrolizumab activity in patients who
previously received radiotherapy, particularly extracranial radiotherapy, for NSCLC are
supported by these previous studies showing that radiotherapy can enhance antitumour
immune responses. However, baseline differences did exist between patients who did and
did not previously receive radiotherapy. Patients who had radiotherapy received significantly
more lines of unique systemic therapies and had a significantly longer time interval between
diagnosis and the first cycle of pembrolizumab, suggesting that they might have had more
indolent disease. Nevertheless, time since diagnosis and the number of lines of previous
systemic therapies did not predict for progression-free survival with pembrolizumab;
additionally, we found that patients presenting with stage I-111 disease versus stage 1V
disease at initial diagnosis did not predict for improved outcomes with pembrolizumab.
Therefore, this totality of evidence supports our hypothesis that previous radiotherapy
enhanced the efficacy of pembrolizumab.

Patients with high PD-L1 expression have been found to be more likely to respond to anti-
PD-1 therapy, but only about 23-28% of patients with advanced NSCLC have high PD-L1
expression.38 Among unselected patients with advanced NSCLC, responses to
pembrolizumab have been achieved in between 17% to 19% of patients, with median
progression-free survival ranging from 2.3 to 3-7 months.3-> Responses to pembrolizumab
were similar regardless of tumour histology, EGFR and KRAS mutation status, previous
tyrosine-kinase inhibitor therapy, and number of previous lines of systemic therapies (1-2 vs
>3); however, treatment-naive patients have been found to have longer progression-free
survival with pembrolizumab compared with previously treated patients.3> More studies*®
with pembrolizumab in patients with high PD-L1 expression have found comparably longer
median progression-free survivals ranging from 5.0 to 10-3 months.*® Median progression-
free survival in our cohort of patients was 2:1 months, which is in line with the literature
because only 17-5% of patients had PD-L1 expression of at least 50%. Despite fewer
patients having high PD-L1 expression in the subset who had received radiotherapy, these
patients had significantly longer progression-free survival than those who had not received
previous radiotherapy, suggesting the potential of radiotherapy to convert traditional non-
responders to responders.

Pembrolizumab and other anti-PD-1 therapies are generally well tolerated in clinical
trials;3-® however, concerns exist about increased adverse events with radiotherapy and
immunotherapy combinations.22:26 A particular consideration is high-grade pneumonitis, a
shared toxicity with anti-PD-1 therapy and radiotherapy. Estimated incidence of all-grade
pneumonitis among patients with NSCLC treated with anti-PD-1 therapies is 4-1%.27 We
found patients who previously received thoracic radiotherapy were more likely to have any-
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grade pulmonary toxicity, pneumonitis, and respiratory failure, suggesting the need for close
toxicity monitoring in this subset of patients. These data again highlight the role of
radiotherapy in priming the immune response and thereby potentiating immune-mediated
toxicity. Although high-grade pulmonary toxicity was similar between patients with and
without previous thoracic radiotherapy, these data do suggest the need for closer toxicity
monitoring among patients who previously received thoracic radiotherapy.

All patients included in this study were treated and followed per the phase 1 KEYNOTE-001
trial, providing a relatively homogeneous sample with prospectively gathered data,
contributing to robustness of our findings. But, full details about radiotherapy dose,
fractionation, and planning were not available for many patients, which limited more
sensitive analyses, and PD-L1 status was not available for all patients. Although this study
represented a single institution analysis, no information exists to indicate that this patient
population was significantly different from the remainder of the study population.
Additionally, although we have adjusted for and attempted to thoroughly investigate
confounding factors, other unaccounted biases could still exist. Although this represents, to
our knowledge, the largest clinical dataset for assessing the effect of previous radiotherapy
on the activity of pembrolizumab, these data need to be further validated. Although these
data suggest encouraging activity and warrant further trials, presently, radiotherapy should
not be delivered with the sole purpose of improving the efficacy of immunotherapy outside
of the context of clinical trials.28

In conclusion, preclinical studies have detailed the ability of radiotherapy to enhance
antitumour immune responses. We show that patients who previously received radiotherapy
for their NSCLC have significantly longer progression-free survival with pembrolizumab
treatment than those who did not receive previous radiotherapy. Overall, these data suggest
an acceptable safety profile and a promising activity for the combination of radiotherapy and
pembrolizumab for the treatment of advanced NSCLC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Number at risk
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Figure. Effect of previous radiotherapy on progression-free survival and overall survival
Progression-free survival in patients according to their history of (A) any radiotherapy and

(B) extracranial radiotherapy. Overall survival in patients according to their history of (C)
any radiotherapy and (D) extracranial radiotherapy. Hazards Ratios [HR] are shown.
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Effect of previous thoracic radiotherapy on frequency of all recorded pulmonary toxicities and treatment-

related pulmonary toxicities

No previous thoracic radiother apy Previous thoracic radiother apy p value
(n=73) (n=24)
All recorded pulmonary toxicities™
Any pulmonary toxicity 29 (40%) 15 (63%) 0-052
Specific pulmonary toxicities
Dyspnoea 15 (21%) 6 (25%) 0-64
Cough 16 (22%) 7 (29%) 0-46
Wheezing 3 (4%) 1 (4%) 0-99
Pneumonitis 1 (1%) 2 (8%) 0-15
Respiratory failure t 4 (6%) 3 (13%) 025
Grade =3 pulmonary toxicity 9 (12%) 4 (17%) 0-58
Dyspnoea 6 (8%) 0
Pneumonitis 1 (1%) 1 (4%)
Respiratory failure 2 (3%) 3 (13%)
Treatment-related pulmonary toxicities?
Any pulmonary toxicity 1 (1%) 3 (13%) 0-046
Specific pulmonary toxicities
Dyspnoea 0 2 (8%) 0-059
Pneumonitis 1 (1%) 2 (8%) 0-15
Grade = 3 pulmonary toxicity (pneumonitis) 1 (1%) 1 (4%) 0-44

Toxicities were defined and graded by National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.

*
All pulmonary toxicities include any recorded toxicity regardless of judgment about treatment association.

fTwo cases of respiratory failure of less than grade 4 were prospectively reported by the trial investigators. These adverse events were incorrectly
categorised according to CTCAE because respiratory failure can only be categorised as grade 4 or higher. Instead these adverse events should have

been categorised as dyspnoea, but are shown as originally recorded.

’tTreatment-reIated pulmonary toxicities were prospectively judged to be treatment-related by the treating investigator.
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