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Abstract

Background: Real-world evidence of second-line treatment and beyond with
immune checkpoint inhibitors (ICIs) in Chinese patients is lacking. Here, we
aimed to assess the efficacy, responses, and immune-related side effects of anti-
PD-1 agents in real-life practice.

Methods: We retrospectively analyzed consecutive patients who received
nivolumab or pembrolizumab monotherapy at Peking Medical College Hospital.
We collected baseline characteristics, evaluated treatment efficacy, and catego-
rized immune-related adverse effects (irAEs). Predictive factors of treatment
response were also determined.

Results: The study included 97 patients with a median age of 64 years. The
majority of patients were male, with nonsquamous histological type and
advanced stage tumor, and had a history of smoking. Most patients received ICIs
as second-line therapy. Expression of PD-L1 was detected in 34.11% patients.
Overall response rate (ORR) and disease control rate (DCR) were 16.49% and
60.82%, respectively. None of the patients achieved complete response (CR). The
median PFS and OS werel50 days and 537 days, respectively. The incidence of
immune-related toxicities was similar to the one previously reported. Patients
with driver gene mutations had shorter PFS than patients without, while patients
who encountered irAE had relatively longer PFS.

Conclusions: The real-world clinical outcome of ICIs in second- and further-
line NSCLC therapy is promising. Several characteristics may have predictive
value for efficacy. Occurrence of irAEs during treatment was acceptable and
could be an independent positive predictive for PFS.

Key points

Significant findings of the study

o Efficacy and safety profile of ICIs as second-line treatment or above for
patients with NSCLC are promising in real world circumstances

« Incidence and median time to the occurrence of irAEs vary between organs

What this study adds

o Driver gene mutations are associated with lower progression-free survival

o Occurrence of irAEs is associated with higher progression-free survival
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Introduction

Advances in immuno-oncology have caused a dramatic
shift in the treatment landscape of advanced non-small cell
lung cancer (NSCLC) in recent years. Immune checkpoint
inhibition therapy, which has a profoundly different cure
mechanism from target therapy or chemotherapy, restoring
the efficacy of tumor-specific T cells within the tumor
microenvironment thereby enhance immune response and
has shown promising outcomes in NSCLC." In several clin-
ical trials, immune checkpoint inhibitor (ICI) therapies sig-
nificantly survival (PFS)
compared with chemotherapy.>”” Consequently, the Food
and Drug Administration (FDA) and the National Medical
Products Administration (NMPA) approved two PD-1
inhibitors, pembrolizumab and nivolumab, for the first-
and second-line treatment of NSCLC.

Although significant responses of NSCLC to PD-1 inhib-
itors have been demonstrated in clinical trials, there is a
paucity of data in real-world. In real-world settings, patient
cohorts are more heterogeneous, and some patients are
unsuitable for clinical trials. Real-world evidence (RWE)
includes data from patients of different background and
can help improving management of individual patients.
The aim of this study was to assess the efficacy, responses,
and immune-related side effects of anti-PD-1 agents in
real-life practice after the approval of anti-PD-1 therapy in
China. We also analyzed treatment alternatives to PD-1
inhibitors after tumor progression. To our knowledge, this
study is the largest single site retrospective study of real-
world in China.

improved  progression-free

Methods

Study design and patient population

This study was conducted in Peking Union Medical Col-
lege Hospital (PUMCH). Patients were collected from a
prospective cohort data base (CAPTRA-Lung Study).® The
inclusion criteria were: (i) pathologically or cytologically
diagnosed with advanced or recurrent NSCLC;
(if) progressed after at least first-line treatment with
platinum-based doublet chemotherapy; (iii) patients with
driver gene mutations also received targeted therapy before
initiating immunotherapy; and (iv) treated with second-
line monotherapy and beyond of pembrolizumab or
nivolumab between 1 April 2017 and 31 December 2019 in
PUMCH. Patients’ demographic characteristics, stage of
disease at the beginning of therapy, histology, treatment
sequence, drug efficacy, survival data, gene mutation pro-
file, and PD-L1 expression of tumor cell using Daco 22C3
antibody were retrieved from the database and
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subsequently analyzed. All the information was retrospec-
tively collected.

Response and side effect assessment

During the treatment cycles, disease assessments were per-
formed every six weeks. The Response Evaluation Criteria
in Solid Tumors (RECIST) criteria v 1.1 were used to eval-
uate disease responses. Progression-free survival (PFS) was
calculated from the beginning of anti-PD-1 treatment to
date of progression of disease or death. Overall survival
(OS) was calculated from the beginning of anti-PD-1 treat-
ment to death.

Adverse effects (AEs) with an immunological basis were
defined immune-related adverse effects (irAEs). All irAEs
were classified and graded according to the National Can-
cer Institute Common Toxicity Criteria for Adverse Events
(CTCAE,; version 5.0).

Statistical analysis

We conducted descriptive analyses on clinical and patho-
logical variables. We compared variables that might be
associated with clinical efficacy using univariate and multi-
variate Cox proportional hazards regression. Progression-
free survival (PFS) and overall survival (OS) data are
presented as Kaplan-Meier curves. Statistical analyses were
performed with SPSS 20 and GraphPad Prism 8.0.

Ethical statement

Every patient in the study had signed their informed con-
sent. The retrospective analysis was approved by the ethic
board of PUMCH.

Results

Clinicopathological characteristics of the
patients

A total of 2430 patients received treatment at the lung can-
cer center of PUMCH from 1 April 2017 to 31 December
2019. Among these, 97 patients had received anti-PD-1
treatment as second-line therapy or beyond. The majority
of these patients were men (men: women ratio = 2.03:1),
and their median age was 64 years.

Most patients had nonsquamous histology type (59.79%)
and metastatic disease (77.32%). The most frequent meta-
static site was contralateral lung, followed by bone, liver,
and adrenal. Most patients had smoking history (58.76%).
Checkpoint inhibitor was given a second-line treatment in
72 patients (74.23%) and third or fourth line in 25 patients
(25.77%). Nivolumab was given to the majority of patients
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(63.92%). The patients’ characteristics are summarized in
Table 1. The treatment choice for each patient is shown in
Table S1.

PD-L1 expression and molecular biomarkers had been
tested in most patients before initiating the immunother-
apy. The tumor cell PD-L1 expressions were assessed in
82 patients. Among these, only 65 patients had enough
tumor tissue for the test. PD-L1 expression of tumor cell
was>50% in 11 patients (11.34%), ranged between one and
49% in 23 patients (23.71%), and was negative in
31 patients (31.96%) (Table 1). Predictive and prognostic
biomarkers including EGFR mutations, ALK fusions, ROS1
fusions, MET-14 skipping, RET rearrangement, and KRAS
oncogene had been tested by next generation sequencing
or amplification refractory mutation system PCR in
74 patients (including all the nonsquamous NSCLC). The

Table 1 Characteristics of a cohort of 97 patients with advanced
NSCLC
Variable Total (n) Percentage (%)
Age years, median (IQR) 64(57-69)

>65 48 49.48

<65 49 50.52
Gender

Women 32 32.99

Men 65 67.01
Smoking status

History of smoking 57 58.76

No history of smoking 40 41.24
Histology

Nonsquamous 58 59.79

Squamous 39 40.21
Stage at diagnosis

llb 22 22.68

v 75 77.32
ECOG

0-1 82 84.54

>2 15 15.46
PD-L1 expression status

PD-1 50% " 11.34

PD-L1 1-49% 23 23.71

PD-L1 negative 32 32.99
Driver mutations

Positive 21 21.65

Negative 53 54.64

Unknown 23 23.71
Therapeutic lines

Second-line 72 74.23

Third-line and above 25 25.77
History of radiotherapy

No 70 72.16

Yes 27 27.84
ICI drugs

Pembrolizumab 35 36.08

Nivolumab 62 63.92
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analysis showed that 21 patients had driver gene muta-
tions, including 15 cases (15.46%) of EGFR 19-del or
21-L858R mutations, three cases (3.09%) of ROS1 fusion,
two cases (2.06%) of RET rearrangement, and one case
(1.03%) of MET-14skipping. KRAS was detected in eight
patients (8.25%) (Table 1).

Immunotherapy-associated toxicity

None of the 97 patients had known prior history of auto-
immune diseases or HIV infection. During anti-PD-1 treat-
ment, four patients had infusion reaction at the first or
second cycle, which presented as transient chill and fever.
A total of 45 patients (46.39%) experienced irAEs. Of
these, 19 patients had irAEs involving more than one
organ. The organ most commonly involved was the skin,
followed by endocrine system and liver.

The median time from immunotherapy to first irAEs
was 63 days. Moreover, the median time to occurrence of
irAEs varied between organs and systems (Fig 1).

Most irAEs were limited to grade 2, whereas grade 3 or
4 irAEs occurred in nine cases (9.4%). Patients were given
systemic glucocorticoids for the treatment of irAEs greater
than grade 3, except for endocrine irAEs, for which
replacement therapies were given. Cyclosporin A, cyclo-
phosphamide, anti-IL-6 antibody, and anti-TNFa antibody
were given to selected patients with critical and refractory
diseases. The incidence and grades of irAEs are reported in
Table 2.

Nine patients had dose interruptions, and six patients
permanently stopped immunotherapy due to myocarditis
(two cases), pneumonia (two cases), myocarditis plus
pneumonia (one case), and grade 4 bulla (one case). Most
patients experienced improvement or resolution of toxicity.
Three patients died presumably as a consequence of irAEs.
The causes of death were myocarditis, pneumonia, and
pneumonia plus myocarditis and hepatitis.

Response to immunotherapy and follow-
up treatments

The median follow-up time for all patients was 249 days.
During this time, 72 patients (74.22%) had disease progres-
sion and 42 patients (43.30%) died. The median PFS and
OS werel50 days and 537 days, respectively (Fig 2). The
estimated rates of OS at six months and 12 months
were76.6% and 58.0%, respectively. Partial responses
(PR) were achieved in 16 patients (16.49%). Stable diseases
(SD) was achieved in 43 patients (44.33%). None of the
patients had complete response (CR). The overall response
rate (ORR) and disease control rate (DCR) were 16.93%
and 60.82%, respectively.
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Figure 1 Median time from the start of immune checkpoint inhibitor
(ICl) treatment to the appearance of irAEs.

A total of 53 patients received follow-up therapies after
progression (54.64%). The regimens included single-drug che-
motherapy (23.71%), continued immunotherapy (15.46%),
and targeted therapy (15.46%). The most used mono-
chemotherapies were docetaxel (12.37%), gemcitabine
(4.12%), or paclitaxel (3.09%). Targeted therapies were only
used in patients who were positive to driver gene mutations,
and consisted of second- or third-generation tyrosine-kinase
inhibitors (TKIs) and rechallenge of first-generation TKIs.
Eight of the patients who continued immunotherapy had
concurrent local treatment such as radiofrequency ablation,
localized radiotherapy, and interventional embolotherapy.

Potential clinical predictors associated
with PFS during immunotherapy

We further investigated the clinicopathological factors that
might affect the efficacy of PD-1 inhibitors. Univariate

Table 2 Immune-related side effects of any grade during therapy

M. Chen et al.

analysis showed that median PFS was significantly
increased in patients with Eastern Cooperative Oncology
Group (ECOG) performance status (PS) score 0-lwho
experienced irAEs during therapy (Fig 3). Instead, PFS was
significantly shorter in patients with driver gene mutations
than in those without (Fig 3).The histology type, selection
of different immune drugs, expression of PD-L1, as well as
other factors were not associated with PFS. Based on multi-
variate Cox regression analysis, having driver gene muta-
tions was an independent negative predictive factor while
occurrence of irAEs was an independent positive predictive
factor of PFS (Table 3).

Discussion

Patients with recurrent or advanced NSCLC for whom
first-line chemotherapy and/or targeted therapy fail gener-
ally have a poor prognosis. ICIs, which have the ability to
restore the patient’s antitumor immunity, are becoming
the new choice for these patients. In several clinical trials,
ICIs have shown a significantly higher response rate and
durable clinical response than chemotherapy in patients
with advanced NSCLC.”™"" Based on the positive results of
these clinical trials, ICIs have been approved by both FDA
and CFDA for the treatment of advanced NSCLC.

However, most of the evidence to date comes from clini-
cal trials and cannot be generalized to real-world patients.
There are only a few retrospective analyses that, however,
include smaller cohorts of Chinese patients.'> '

This study retrospectively analyzed the efficacy, out-
comes, side effects, and clinical factors associated with

Events No. of subjects (any grade) Percentage (%) No. of subjects (3—4 grade) Percentage (%)
Cases with irAEs 45 46.39 9 9.28
Skin 25 25.77 3 3.09
Rash 17 17.53 2 2.06
Pruritus 5 5.15 0 0.00
Bulla 1 1.03 1 1.03
Psoriasis 1 1.03 0 0
Endocrine 15 15.46 3 3.09
Hyperthyroidism 8 8.24 0 0.00
Hypothyroidism 12 12.37 0 0.00
Adrenal insufficiency 2 2.06 2 2.06
Hypopituitarism 2 2.06 1 1.03
Hepatitis 8 8.24 1 1.03
Arthritis 4 412 0 0.00
Pneumonia 4 412 3 3.09
Myocarditis 3 3.09 3 3.09
Renalf 3 3.06 0 0.00
Amylase elevation 2 2.06 0 0.00
Enteritis and diarrhea 2 2.06 0 0.00
CK elevation 1 1.03 1 1.03

tRenal irAE included creatinine elevation and microscopic hematuria.
CK, creatine kinase.

1958  Thoracic Cancer 11 (2020) 1955-1962

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



M. Chen et al.

a Progression free suvival
1.0
= mPFS=1
g S=150days
$ o8
&
c
2
0
"
2 e
5 06
o
2
Q.
T
<
©
© 0.4
2
©
c
K
5
§ o2
o
2
o
0.0
T T T T T T
0 200 400 600 800 1000
Days
b Overall survival
1.0
mOS=537 days
0.8
S
o
> 0.67
©
c
K
£
8 o4
o
2
o
0.2
0.0
T T T T T T T T
0 200 400 600 800 1000 1200 1400
Days

Figure 2 Kaplan-Meier plot for the 97 patients. (a) Progression-free
survival (PFS) and (b) Overall survival (OS) from the beginning of anti-
PD-1 treatment (m = median).

prognosis in a longitudinal cohort of real-world patients
with NSCLC receiving monotherapy of ICIs as second-line
treatment and above. To the best of our knowledge, this is
one of the largest comprehensive retrospective studies of
real-world patients from mainland China who were treated
with second-line PD-1 inhibitor monotherapy.

In published clinical trials, the ORR of second-line ICI
monotherapy ranged from 18 to 37%.> “The ORR in our
study (16.49%) was comparable to those in previous stud-
ies, while the PFS and OS were better than those in clinical
trial data (150 and 537 days, respectively).> * '* '* This
could be due to several factors. First, clinical response was
evaluated by clinicians instead of independent radiology
reviewers. This assessment might thus include certain
biases, such as tendency to rate the patients as SD instead

Thoracic Cancer 11 (2020) 1955-1962
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Figure 3 Kaplan-Meier plot for the progression free survival (PFS) strat-
ified by clinical factors. (a) ECOG score; (b) Driver gene mutations; and
(c) iIrAE (m = median).
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Table 3 Univariate and multivariate Cox proportional hazards regression analysis of the effect of different clinical factors on progression-free

survival
Univariate Multivariate
Variable HR OR (95%Cl) P-value HR OR (95%Cl) P-value
Age > 65 years 1.196 0.733-1.953 0.473
Male vs. female 1.049 0.630-1.747 0.855
Smoking history 0.813 0.506-1.307 0.813
ECOG > 2 vs.0-1 2.013 1.044-3.880 0.037 0.842 0.225-3.154 0.799
Histology squamous - vs. adenocarcinoma 1.126 0.780-1.626 0.529
Stage lllb vs. IV 1.463 0.823-2.601 0.195 0.806 0.383-1.696 0.570
Therapy lines 1.140 0.663-1.960 0.635
second vs. > third
PD-L1 expression positive vs. negative 0.631 0.348-1.143 0.129 0.743 0.332-1.665 0.471
Previous radiation therapy 0.841 0.505-1.401 0.506
Pembrolizumab vs. nivolumab 1.140 0.676-1.920 0.623
Driver gene mutations 1.999 1.134-3.525 0.017 2.491 1.008-6.158 0.048
KRAS mutation 1.515 0.691-3.321 0.300
Liver metastasis 1.160 0.417-3.227 0.777
Brain metastasis 1.053 0.522-1.053 0.885
Extra-thorax metastasis 1.302 0.732-2.317 0.369
iIrAEs 0.258 0.148-0.451 0.000 0.220 0.101-0.475 0.000

of progressive disease (PD), and misclassification. There-
fore, DCR and PES rates in this study could be over-
estimated, compared to those in studies with independent
reviewers. Second, characteristics and genetic background
of Chinese patients might be different from those of west-
ern patients. Third, limited cases and retrospective design
of this study might affect the results.

The incidence of total irAEs, > grade 3 irAE, and
median time to irAEs in our study were comparable to
those in previous reports."® The most commonly involved
organ was the skin (25.77%), but only a small proportion
of skin irAEs (3.09%) were rated above grade 3, and only
one case presented grade 4 bulla. All patients recovered
after topical or systemic corticosteroids. Most patients con-
tinued immunotherapy except for the patient with bulla.
The endocrine system was often involved during ICIs ther-
apy, and all affected patients were successfully treated with
replacement therapy and symptomatic treatment, and con-
tinued immunotherapy afterwards. Carditis and pneumo-
nia were uncommon (4.12% and 3.09%, respectively).
Systemic corticosteroids and immune suppressors were
given to patients with severe heart and/or pulmonary
irAEs. Most patients experienced severe clinical symptoms
and/or laboratory abnormalities and had to halt ICIs per-
manently. Because of its low incidence and progressive
course, and due to limited treatment options, immune-
related myocarditis had extremely high mortality. In our
study, two patients died of myocarditis after high doses of
intravenous glucocorticoids and anti-IL-6 antibody. In pre-
vious reports, antithymocyte globulin (ATG) was used in
patients with ICl-related severe myocarditis.'” However,
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none of the three myocarditis patients received ATG in
our study. The incidence of grade 5 irAE was higher than
previously reported.'® It might be because of the limited
number of patients. Patients in this study were older and
had more comorbidities and poorer performance status
than the patients in clinical trials, which have been
reported to be factors associated with severe irAEs'® might
also contribute to the relatively high mortality.

Previous studies found that patients with EGFR-sensitive
mutations and ALK fusion did not respond well to ICI
therapy.> > ' Preclinical studies indicate that EGFR muta-
tions activate PD-L1 expression and induce immune
escape,” although the underlying mechanism is unclear. In
settings, cases of EGFR or ALK-mutated
patients receiving ICIs are scarce. A retrospective study
showed that only one in 28 EGFR-mutant or ALK-positive
patients achieved PR as best response.”! The benefits of ICI
therapy on OS in EGFR or ALK-mutated patients were not
significant. Recently, a systemic analysis showed no benefit

real-world

on OS by using second-line nivolumab, pembrolizumab,
and atezolizumab treatment in EGFR-mutated patients
against docetaxel.”” In our study, the existence of driver
gene mutations was a negative predictive factor of PFS in
both univariate and multivariate analysis. Nevertheless, the
efficacy of ICIs in patients with driver gene mutations
should be evaluated in large, prospective randomized stud-
ies in the future before any conclusion can be drawn.
IrAEs, with an incidence of 40% to 51%,”> > are com-
mon side-effects in patients receiving ICIs. Although the
underlying mechanism is currently unclear, it appears that
irAEs have an intimate link with antitumor effect of ICIs.
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In previous studies, patients who developed irAEs had sig-
nificantly higher ORR as well as longer PFS than patients
without.*> > However, patients with severe irAEs who
interrupted treatment often had a lower median 0S.%° In
our study, the incidence of, and median time to, irAEs
were comparable to those in previous studies. The onset of
irAEs was shown to be an independent predictive factor
for PES, in agreement with previous studies.”>”>> Similarly,
only a small fraction of patients stopped ICI therapy due
to irAEs, which is also consistent with previous studies.*®

Furthermore, the pattern of follow-up therapies revealed
that most patients had further-line therapies, including
chemotherapy, and a few patients continued immunother-
apy beyond progression. The latter group of patients had
oligoprogressive diseases and had been treated with local-
ized therapy along with maintenance ICIs. Although the
therapeutic regimen might prolong the PFS2 of driver gene
mutated NSCLC with CNS and/or limited systemic disease
progression on targeted therapies,””” ** its efficacy in
patients of underwent ICIs needs to be further evaluated.

There are several limitations of this study. First, this is a
retrospectively designed, nonrandomized study conducted
in a single center. Therefore, the patient number is limited,
and biases could exist in patients’ inclusion criteria and
efficacy evaluations. Second, most patients with EGFR
mutations in this study had only received first-generation
TKI therapy. The efficacy of ICIs in patients resistant to
third-line TKIs still needs to be defined. Third, tumor
mutation burden, which may affect the efficacy of
nivolumab, was not tested in most patients. It would be
interesting to collect these data for future studies. Cases
from different cancer centers should also be collected and
analyzed comprehensively in the future.

In conclusion, in heterogeneous real-world settings, ICI
monotherapy showed promising clinical outcomes and
acceptable side effects as second- and further-line treat-
ment for patients with advanced NSCLC. Clinical factors
such as driver gene mutations and appearance of irAEs
were independent predictive factors for PFS. Further pro-
spective studies are required to understand the underlying
mechanism and relationship between clinical factors and
ICI response in patients.
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