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Introduction

The role of the immune system in cancer development and
progression has become an important focus for therapeutic
development. Tumour evasion from immune destruction
can occur through several mechanisms, including activation
of endogenous immune checkpoint pathways to suppress
anti-tumour immunity. The development of immune
checkpoint inhibitors (ICIs), targeting the co-inhibitory
receptor programmed death-1 (PD-1) and its ligand
PD-L1, has led to improved survival and quality of life in
patients with advanced non-small cell lung cancer (NSCLC)
with a more favourable toxicity profile than chemotherapy (1,2).

Immune-related adverse events (irAEs) can be related
to the direct effects of lymphocyte activation against self-
antigens in normal tissue as well as indirect effects of
disrupting immune tolerance. Tumour-associated PD-
L1 facilitates apoptosis of activated T-cells, stimulates
IL-10 production to mediate immune suppression, and
induces T-cell dysfunction through various mechanisms.
Therefore, by blocking the PD-1/PD-L1 interaction,
ICIs counteract the negative regulatory effect of immune
checkpoint proteins and restore anti-tumour immunity.
However, the resulting disruption in immune homeostasis
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also promotes T-cell activation in normal tissue where cells
express self-antigens (3,4). As a result, ICIs are associated
with a unique set of side effects termed irAEs. The toxicity
profile of ICIs differs from previous therapeutic agents,
such as chemotherapy or kinase inhibitors, in lung cancer
and requires careful evaluation and management in patients
receiving therapy.

The development of irAEs appears to be associated with
better outcomes in several trials of ICIs in various cancers
(5-8). In this report, we review the association between
irAEs and NSCLC patient outcomes from therapy.

Methods

This project was approved by the University Health
Network Research Ethics Board (15-9246-CE). Stage
IV NSCLC patients treated with ICIs at the Princess
Margaret Cancer Centre between May 2013 to August 2016
were prospectively evaluated, and data captured include
demographics, tumour and treatment characteristics,
treatment response, duration, survival, and adverse events.
The relationship between treatment outcomes (response,
duration, and survival) and occurrence of irAEs was
examined. Toxicities were graded using the Common
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Terminology Criteria for Adverse Events version 4.0. Events
were deemed immune-mediated based on investigator
assessment (9).

Treatment response was assessed using the Response
Evaluation Criteria in Solid Tumours (RECIST 1.1) at week
8 and beyond to include delayed responses (best overall
treatment response) (10). Treatment duration was defined
as the time from the first dose of checkpoint inhibitor
therapy until the end of the last treatment cycle. Survival
was defined as the time from the first dose until death.

Statistics

Association of categorical variables was tested by Chi-square
or Fisher’s exact test. The Kaplan-Meier method was used
to estimate the probability of overall survival and log-rank
test was used to investigate significance between groups.
Statistical significance was chosen at a two-sided P value of
<0.05. SAS version 9.3 and R version 3.1.3 were used for
statistical analysis.

Results

Patient characteristics and response

Ninety-seven patients with advanced NSCLC received ICIs
during the study period. Most, 81%, received anti-PD-1
agents, 17% received anti-PD-L1 agents and 2% received
combination anti-PD-L1 plus anti-CTLA-4 (cytotoxic
T-lymphocyte associated antigen 4) therapy. Tumour
PD-L1 expression by immunohistochemistry was confirmed
as positive (any staining) in 35 (36%) patients, negative in
11% and unknown in 53%. Patients had received a median
of 2 lines of prior systemic therapy, including platinum
doublet chemotherapy. Twenty-two percent of patients
previously received maintenance pemetrexed, and 57%
received prior radiotherapy. Median follow-up for the
cohort was 5.1 months (0.3-38.1 months) from treatment
start. Baseline characteristics were balanced between the
groups. Additional demographic and tumour characteristics
are shown in Tuble 1.

The overall response rate to checkpoint inhibitor therapy
was 23% (22/97). Most responses (73% or 16/22) occurred
within 8 weeks of starting therapy. One patient’s response
was not evaluable as follow-up imaging was not performed
after the patient’s single dose of therapy.

irAEs

IrAEs of any grade occurred in half of patients (49/97,

© Journal of Thoracic Disease. All rights reserved.

2707

51%), with grade >3 irAEs occurring in 7%. One patient
had grade 4 pneumonitis and none experienced grade 5
toxicity. Frequency and median time of onset of irAEs are
shown in Table 2, with the majority occurring before the
8-week response assessment. The most commonly observed
irAEs were arthralgia (13%), diarrhea/colitis (12%), and
skin rash (11%). Infusion reactions and pyrexia were the
earliest irAEs to occur during treatment, both with median
onset of less than 2 weeks after just one dose of therapy. In
contrast, hypothyroidism and pneumonitis were diagnosed
a median of 12.0 and 16.9 weeks after treatment start,
respectively. Discontinuation of treatment due to irAEs
occurred in 10% of patients, half of whom experienced
grade >3 irAEs.

Patients with grade >3 irAEs were more likely to have
response to treatment than those with no or low grade
irAEs, 68% vs. 20%, P=0.023 (Table 3). Three patients
that responded to therapy with grade >3 irAEs required
temporary treatment discontinuation with successful re-
initiation of therapy after steroid treatment and one patient
was taken off treatment permanently. Among the three
patients that re-initiated therapy, two recovered with high
dose steroids. The third with grade 3 rash recovered after
a short course of oral steroids. The fourth had ongoing
immune-mediated arthralgias, elevated lipase, and severe
pneumonitis with repeat hospital admissions. Although
these resolved with high dose steroids, it was decided not to
rechallenge as the patient continued to respond off therapy.
Median time to onset of grade >3 irAEs for the patients
with response was 7.6 weeks (range, 3-84 weeks). When
exploring patients with any grade irAE versus none, there
was no difference in response rates. Median duration of
treatment was numerically longer in patients with grade
>3 irAEs compared to patients with no or low grade irAEs,
4.5 vs. 2.5 months, P=0.39. In this single arm study, median
survival was not reached in those with grade >3 irAEs,
compared to 15.7 months in patients with grade 1/2 irAEs
and 7.4 months in those with no irAE, P=0.16 (Figure I).
More than half of patients with grade >3 irAEs were still
alive and median survival could not be evaluated. Smoking
status was not associated with differences in response rate

nor the frequency of irAEs.

Discussion

Similar to the trend observed in recent studies of irAEs
in various cancers (5-8), we demonstrated an association
between the development of severe irAEs and response to
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Table 1 Patient characteristics

Characteristic All patients, N=97 (%)  No irAE, N=48 (%) Grade 1/2 irAE, N=42 (%) Grade =3 irAE, N=7 (%) P value
Median age (range) 63.8 (31.1-80.9) years 63.0 (31.1-80.9) years  63.8 (42.0-80.3) years 72.1 (63.1-75.6) years  0.190
Sex 1.000
Male 48 [50] 24 [50] 21 [50] 3[43]
Female 49 [50] 24 [50] 21 [50] 4 [57]
Histology 0.302
Adenocarcinoma 74 [76] 36 [75] 34 [81] 4 [57]
Squamous cell carcinoma 15[16] 9[19] 5[12] 1[14]
Large cell, other 8 [8] 3 [6] 3[7] 2 [29]
EGFR mutation 0.339
Positive 12[12] 8[17] 4110] 0
Negative 71 (73] 31 [64] 33 [78] 7 [100]
Unknown 14 [15] 9[19] 5[12] 0
ALK rearrangement 0.141
Positive 1] 11[2] 0 0
Negative 79 [82] 35 [73] 37 [88] 7 [100]
Unknown 17 [17] 12 [25] 5[12] 0
PD-L1 expression 0.372
Positive (any) 35 [36] 13 [27] 18 [43] 4 [57]
Negative 11 [11] 6 [13] 5[12] 0
Unknown 51 [53] 29 [60] 19 [45] 3[43]
Smoking status 0.936
Current 11 [11] 6[13] 4110] 1[14]
Past 62 [64] 29 [60] 28 [67] 5[72]
Never 24 [25] 13 [27] 10 [23] 1[14]
Prior lines of therapy 0.103
0 13[13] 31[6] 6 [14] 4 [58]
1 25 [26] 14 [29] 10 [24] 1[14]
2 26 [27] 13 [27] 12 [29] 1[14]
3 or more 33 [34] 18 [38] 14 [33] 1[14]
Therapy type 0.49
Anti-PD-1 79 [81] 40 [83] 34 [81] 5 [71]
Anti-PD-L1 16 [17] 6[13] 8[19] 2 [29]
Anti-PD-L1 & anti-CTLA-4 2[2] 2 [4] 0 0

irAE, immune-related adverse event; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; PD-L1, programmed
death-ligand 1; CTLA-4, cytotoxic T-lymphocyte associated antigen 4.
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Table 2 Frequency of immune-related adverse events and time of onset
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Immune-related adverse event Any grade, N (%)

Median onset, weeks (range)

Grade 3-4, N (%) Median onset, weeks (range)

Arthralgia 13 (13.4) 3.0 (1.4-34.9) 1(1.0) 3.0
Diarrhea/colitis 12 (12.4) 7.9 (3.0-76.0) 1(1.0) 8.9
Hepatotoxicity* 7(7.2) 6.1 (2.7-11.9) 2(2.1) 5.0 (3.7-6.3)
Hypersensitivity 3(3.1) 8.1 (2.4-12.3) 0(0.0) -
Hyperthyroidism 4(4.1) 3.4 (1.6-5.9) 0 (0.0) -
Hypothyroidism 9(9.3) 12 (5.9-15.9) 0(0.0) -
Infusion reaction 6 (6.2) 1.9 (0-2.4) 1(1.0) 2.0
Nephritis 1(1.0) 11.9 0(0.0) -
Pneumonitis 5(5.2) 16.9 (0.6-72.3) 1(1.0) 0.6
Pruritis 10 (10.3) 6.4 (0-66.0) 0(0.0) -
Pyrexia 5(5.2) 1.9 (0.7-2.0) 0(0.0) -

Skin rash™* 11 (11.3) 5.7 (0-84.0) 2(2.1) 61.8 (39.6-84.0)

*, including transaminitis, hepatitis, hyperbilirubinemia; **, including psoriasis.

Table 3 Relationship between immune-related adverse events and response to treatment

iIrAE All patients, N (%) PD + SD, N (%) PR, N (%) P value
None 48 (49.5) 37 (77.1) 11 (22.9) 1.000
Any grade* 48 (49.5) 37 (77.1) 11 (22.9)
Grade
<3 90 (92.8) 72 (80.0) 18 (20.0) 0.023
=3* 6 (6.2) 2(33.3) 4 (67.7)

*, response was non-evaluable in one patient and was excluded from response analysis. irAE, immune-related adverse event; PD,

progressive disease; SD, stable disease; PR, partial response.

treatment with ICIs in patients with advanced NSCLC.
For most patients, this was not related to the duration of
treatment exposure. In addition, patients with irAEs were
found to have numerically longer survival in this non-
comparative single arm study. Through modifying the
balance of immune regulation, ICIs can reduce the degree
of tumour-mediated immunosuppression and effectively
restore and promote anti-tumour immune activity (11).
However, achieving the optimal balance between self-
tolerance and anti-tumour immune response represents
one of the major challenges associated with the use of
immunotherapeutic agents.

In studies of melanoma and renal cell cancer, the
induction of irAEs was also found to be associated with
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improved survival or response in patients treated with
ICIs (5,6,12). In two recent studies of patients with
metastatic NSCLC treated with nivolumab, there was a
positive correlation between treatment response and the
development of irAEs (7), in particular skin irAEs (8).
While PD-L1 status is a predictor of treatment response in
advanced NSCLC patients receiving immunotherapy, not
all patients with high PD-L1 tumour expression will benefit
from therapy (13). Patients that develop early onset irAEs—
particularly severe irAEs—during immunotherapy may
represent a distinct group more prone to derive benefit.
Thus, the development of early autoimmune manifestations
due to reduced tolerance to self-antigens following
treatment with ICIs may indicate heightened activation
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Figure 1 Overall survival of patients by immune-related adverse
events (none, grade 1-2, or grade >3). One year survival was
highest patients with grade >3 irAEs (68.6%), compared to those
with gradel/2 irAEs (62.4%) or with no irAEs (42.6%). irAE,

immune-related adverse event.

of the endogenous anti-tumour immune response and
represent an important factor in evaluating potential benefit
from therapy.

Limitations of the study include the small sample size and
potential confounders including smoking status and duration
of exposure to therapy. The sample size of our study is similar
to those of several other recent investigations which have also
suggested a positive correlation between tumour response
and irAE (7,8). Response rates to PD-1 axis inhibitors have
been shown to be higher among current or former smokers
compared to never smokers (14). However, in our study, the
frequency of irAEs was similar between these two groups.
We believe the development of early onset irAEs, similar to
clinical predictors such as smoking status, is associated with
response. Another potential confounder is the association of
clinical benefit with longer treatment exposure, which could
also lead to an increase in irAEs. In our study, we selected an
8-week response assessment period to minimize this effect
and most patients developed irAEs early on during treatment.

Furthermore, multiple studies have described patients
who discontinued treatment early for irAEs yet maintained
sustained responses (15-17). The mechanism for irAEs in
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association with response remains unclear. It is presumed
that these are related to bystander effects from T cell
activation. If patients are responding to therapy, they may
be more likely to have irAEs as their immune system is
more competent or if there is cross-reactivity between
tumour and normal tissues, i.e., common antigens. Some
have postulated a response-independent effect, where
organs may have subclinical inflammation which progresses
when PD-1 axis inhibition is introduced (17). Interestingly,
a study of patients treated with anti-PD-1 agents that
developed skin toxicity found that patients had shared T cell
clones in both skin and tumour (18). The composition of
the gut microbiome remains of interest, with an association
with certain bacteria, e.g., Faecalibacterium, with tumour
response and colitis (19). Other hypotheses include the
potential to generate autoantibodies with checkpoint
inhibition and the potential for T-cell “homing” to induce
pituitary inflammation (20). Whether specific cytokines are
important remains unclear, with a recent study suggesting
that IL-6 may be upregulated in colitis biopsies and non-
responding tumours, but not in responding tumours (21).
Thus, the mechanism or mechanisms of this clinically
important association requires further study.

ICIs have become the standard of care in the current
treatment landscape for NSCLC. In this study, the
occurrence of high grade irAEs was associated with better
tumour response in advanced NSCLC patients treated with
ICIs, suggesting a link between treatment efficacy and degree
of immune activation. Further understanding of the role of
irAEs and management in predicting anti-tumour immune
activity may help guide response evaluation, dosing strategies
including re-challenge and treatment monitoring in the
clinical setting. These data add to the growing literature in
this area, and will be strengthened by larger studies.
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