2021 International Conference on Biomedicine, Medical Services & Specialties (BMMSS 2021)

Clinical Efficacy of Immunotherapy with Pd-1/Pd-L1 Inhibitors for the
Treatment of Advanced Non-Small Cell Lung Cancer

Shengjie Yang! ?, Xiao MA* Wenjie Zhang? 3, Qing CHEN?® ?, Qisen Guo>**

1School of Medicine and Life Sciences, University of Jinan-Shandong, Academy of Medical
Sciences, Jinan, China;

Shandong Cancer Hospital and Institute, Shandong First Medical University and Shandong Academy of
Medical Sciences, Jinan, China

$Department of Oncology, Weifang Medical University, Weifang, Shandong, China
* Department of Internal Medicine, Zhanggiu People’s Hospital, Jinan, China
Email: guogs369369@163.com

*Corresponding Author
Keywords: Lung cancer, Pd-1, Pd-11, Pd-1/pd-11 inhibitors, Effectiveness, Survival

Abstract: Immunotherapeutics like programmed cell death protein 1 (PD-1)/programmed
death-ligand 1 (PD-L1) inhibitors effectively control non-small cell lung cancer (NSCLC) in
clinical trials. This study assessed the association of different clinicopathological parameters with
the treatment effectiveness and prognosis of NSCLC patients in a real-world setting. Seventy-five
patients received PD-1/PD-L1 inhibitors and were evaluated for overall survival (OS),
progression-free survival (PFS), objective response rate (ORR), and disease control rate (DCR).
Eighteen patients reached a partial response (PR) (24%), 45 had stable disease (SD) (60%), and 12
had progressive disease (PD) (16%), resulting in an ORR of 24% and a DCR of 84%. For the 11
PD-L1-positive patients, the ORR was 36.36%. Moreover, 16 patients (21%) had died and 34
(45%) had SD at the last follow-up, leading to a PFS of 8.3 months (95% confidence interval (CI):
6.8—12.2 months) and an OS of 17 months (95%CI: 16.7-26.5 months). The Eastern Cooperative
Oncology Group (ECOG) score was associated with the treatment-related PFS and OS. The factors
associated with the prognosis were ECOG score, line of immunotherapy, tobacco smoking, PD-L1
positivity, and tumor pathology. This study confirmed the clinical effectiveness of PD-1/PD-L1
inhibitor immunotherapy against advanced NSCLC.

1. Introduction

Lung cancer remains the most significant worldwide health problem and causes high morbidity
and mortality rates in both men and women (1). Although the implementation of tobacco cessation
programs has significantly reduced the incidence of lung cancer in the USA and other countries, the
incidence of lung cancer is on the rise throughout the world (2-4). Lung cancer can be histologically
divided into small cell lung cancer and non-small cell lung cancer (NSCLC), the latter of which
comprises up to 80-85% of all lung cancer cases (5). In recent years, novel therapies to treat and
control advanced NSCLC have been implemented and have improved the survival of NSCLC
patients (6-9). Specifically, in addition to the traditional platinum-based dual-drug chemotherapy,
many NSCLC patients with gene mutations (such as epidermal growth factor receptor (EGFR),
anaplastic  lymphoma kinase (ALK), mesenchymal-epithelial transition factor, and
ROS proto-oncogene 1, receptor tyrosine kinase) can further prolong their progression-free survival
(PFS) and overall survival (OS) with molecular targeted drugs (10). However, although the
molecular targeted drugs are effective, not all NSCLCs have gene mutations; in addition, even with
gene mutations, some molecular targeted drugs that used to be effective no longer work due to
acquired resistance (11). Thus, in the face of such a large number of NSCLC cases, there is an
urgent need to further discover and identify novel approaches and strategies to more effectively
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control and treat NSCLC. Interestingly, the emergence of immune checkpoint inhibitors provides
promise; indeed, programmed cell death protein 1 (PD-1) and programmed death-ligand 1 (PD-L1)
are the most widely used immune checkpoint targets, together with other immune checkpoints, like
cytotoxic T-lymphocyte-associated protein 4, T cell immunoglobulin and mucin domain-containing
protein 3, lymphocyte-activation gene 3, and T cell immunoreceptor with Ig and immunoreceptor
tyrosine-based inhibitory motif domains. Furthermore, National Comprehensive Cancer Network
data have shown that nivolumab can be used as the second-line therapy for patients with
nonsensitive mutant NSCLC, while pembrolizumab can be used as the second-line therapy for
patients with more than 1% PD-L1-positive NSCLC or as the first-line treatment for patients with
50% or more PD-L1-positive NSCLC (12-17). To date, the results of different clinical trials show
that immune checkpoint inhibitors are effective (12-17). However, such randomized controlled
trials have strict screening criteria to recruit patients; for example, older patients, patients with
Eastern Cooperative Oncology Group (ECOG) scores of 2 or more, or patients with brain metastasis
are less likely to be enrolled into these clinical trials. Thus, in this study, we assessed real-world
data to overcome the deficiencies of some randomized controlled trials by comprehensively
analyzing the data on immune checkpoint inhibitors for the treatment of advanced NSCLC patients
at the Shandong Cancer Hospital as well as the different clinicopathological parameters for
association with the prognosis. This study will provide clinicians with a reference to help them
better utilize anti-NSCLC therapy in the clinic.

2. Materials and Methods
2.1 Patients and Data Collection

This study enrolled 77 NSCLC patients who received PD-1/PD-L1 inhibitors between August
2017 and November 2019 in Shandong Cancer Hospital (Jinan, China). All patients were diagnosed
histologically with NSCLC and classified according to the tumor, lymph node, and metastasis
(TNM) staging system for lung cancer (18). This study was approved by the Ethics Committee of
the Shandong Cancer Hospital and followed the Helsinki Declaration as well as the Guidelines for
Good Clinical Practice. Informed consent was obtained from all participants before enrollment into
this study.

Clinicopathological data, including sex; age at diagnosis; TNM stage; pathological type of lung
cancer; status of the EGFR mutations; tumor molecular pathologies, like PD-L1 expression; ECOG
score; tobacco smoking history; tumor brain metastasis; treatment plan; time of tumor progression;
number of treatment lines completed before starting immunotherapy; immunotherapy cycle;
immune-related side effects; as well as laboratory tests, like routine blood tests, liver and renal
function, tumor markers, myocardial zymogram, thyroid function, and imaging examinations
(computed tomography, bone scan, skull magnetic resonance imaging, or positron emission
tomography-computed tomography), were collected from the medical records of the patients.

2.2 Treatment Plans

A total of 75 patients received immunotherapy, among whom 34 received immunotherapy as the
first-line therapy, 17 received immunotherapy as the second-line therapy, and 24 received
immunotherapy as the third-line or above therapy. The routine blood as well as liver, kidney, thyroid,
and heart function tests were carried out before each treatment cycle, while computed tomography
imaging was taken every three cycles, and the treatment cycles continued until intolerable toxicity
or disease progression.

2.3 Treatment Evaluations

During the follow-up, two patients who received immunotherapy as the third-line or above
therapy were lost; thus, our data analysis excluded them, resulting in 75 patients in this study. The
effectiveness of the treatment was evaluated according to the evaluation criteria of solid tumor
efficacy (RECIST1.1) for complete response (CR), partial response (PR), stable disease (SD), or
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progressive disease (PD). The objective response rate (ORR) was defined as the total of CR+PR
patients of the total 75 patients, while the disease control rate (DCR) was defined as the total of
CR+PR+SD patients of these 75 patients. The PFS referred to the duration from the first
PD-1/PD-L1 inhibitor treatment to PD or death, while the OS refers to the duration from the first
PD-1/PD-L1 inhibitor treatment to death or the last follow-up.

2.4 Statistical Analysis

The categorical variables were summarized as percentages, while the continuous variables were
summarized as median values. The data were statistically analyzed using SPSS22.0 software (SPSS,
Chicago, IL, USA). Fisher’s exact test was performed to analyze the short-term efficacy and clinical
features. The PFS and OS were analyzed using the Kaplan—-Meier method and the log-rank test. P <
0.05 was considered to be statistically significant. Due to the small sample size and the low number
of classification variables, this study also utilized the random forest method, random resampling
technique (bootstrap aggregation), and random subspace method to construct multiple decision trees
for the final classification results. The random forest was used to rank the importance of variables in
regression or classification problems naturally; this step greatly reduced the limitations of the
traditional Fisher’s exact test methods for the categorical data.

3. Results
3.1 Baseline Characteristics

In this study, we enrolled a total of 77 NSCLC patients who were treated with PD-1/PD-L1
inhibitors. However, during the follow-up, 2 patients were lost and excluded from our data analysis,
resulting in 75 patients. Among these 75 patients, the median age was 61 years old (range: 27-87
years old); 9 patients (12%) were older than 70 years old, and 3 patients (4%) were older than 75
years old. The patients included 51 males (68%) and 24 females (32%). There were 53 cases of
adenocarcinoma (70.7%) and 22 cases of squamous cell carcinoma (29.3%). Nearly half of the
patients had a history of tobacco smoking (46.7%), and most had pathological stage 1V disease
(86.7%). Thirty-four patients (45.3%) received the immunotherapy as the first-line treatment; 21
patients (12.8%) had craniocerebral metastasis before immunotherapy; 10 patients had
EGFR-sensitive mutations; and the rest had no gene mutations or were not tested. Moreover, 11
patients were PD-L1-positive before immunotherapy, while the others were not tested or the results
were negative (Table 1). Of all 75 patients included in this study, 18 had a PR (24%), 45 had SD
(60%), 12 had PD (16%), and no patients achieved a CR (0%). The ORR was 24%, and the DCR
was 84%. Of the nine patients aged 70 years or older, two patients achieved a PR and two patients
had SD; while among the three patients aged 75 years or older, one achieved a PR and one had SD.
No grade Il or IV adverse effects occurred in this cohort of patients. Of the 21 patients with
craniocerebral metastasis, we found that the immunotherapy resulted in a PR for 4 patients, SD for
12 patients, and PD for 5 patients, according to the images of the intracranial lesions. The ORR for
patients with intracranial metastasis who received immunotherapy was 19.05% and the DCR was
76.19%. Moreover, of the 10 patients with EGFR-sensitive mutations, 4 patients showed a PR, 4
patients had SD, and 2 patients had PD. For the 11 PD-L1-positive patients, the ORR reached
36.36%. The data on other clinicopathological parameters, including sex, age, pathological type,
ECOG score, pathological stage, smoking history, treatment line, PD-L1 expression, EGFR gene
test results, and brain metastasis, are shown in Table 2.

Table 1 Baseline Characteristics Of the Nsclc Patients (n = 75)

Variable N (%)

Age (median, range) 61 (27-87)
Sex

Male 51 (68)
Female 24 (32)
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Pathological type

0 22 (29.3)
1 53 (70.7)
ECOG PS score

0 20 (26.7)
1 30 (40)
2 16 (21.3)
3 7(9.3)

4 2(2.7)
Stage

i 10 (13.3)
v 65 (86.7)
Smoking history

Never 40 (53.3)
Yes 35 (46.7)
Line of immunotherapy

1 34 (45.3)
2 17 (22.7)
=3 24 (32)
PD-L1 status

Positive 11 (14.7)
Negative/unknown 64 (85.3)
Mutation of EGFR

Positive 10 (13.3)
Negative/unknown 65 (86.7)
Brain metastasis

Positive | 21(28)

Table 2 Association of Clinicopathological Features with the Short-Term Effectiveness of

Pd-1/Pd-L1 Inhibitor Therapy in 75 Nsclc Patients

I[N |[PD [PR [ SD |ORR(%) | ORR (P-value) | DCR (%) | DCR (P-value)
Sex
Male 51 |7 13 |31 |2549 0.66 86.27 0.50
Female 24 |5 5 14 | 20.83 79.17
Age (years old)
<70 66 |10 |16 |40 |60.61 0.94 40.24 0.95
=70 9 |2 2 5 55.56 77.78
Pathological type
0 22 | 4 4 14 | 18.18 0.44 81.82 0.73
1 53 | 8 14 |31 |2642 84.91
ECOG PS score
0 20 |1 6 13 |30 0.20 95 0.096
1 30 |5 9 16 |30 83.33
2 16 | 4 1 11 | 6.25 75
3 7 1 2 4 28.57 85.71
4 2 1 0 1 0 50
Stage
" 10 |2 3 5 30 0.69 80 0.65
v 65 |10 |15 |40 | 23.08 84.62
Smoking history
Never 40 | 7 7 26 | 175 0.15 82.5 0.70
Yes 35 |5 11 |19 |3143 85.71
Line of immunotherap
1 34 |4 7 23 | 20.59 0.72 88.24 0.42
2 17 | 4 4 9 23.53 76.47
=3 24 | 4 7 13 | 29.17 83.33

PD-L1 status
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Positive 11 |0 4 7 36.36 0.44 100 0.19
Negative/unknown 64 |12 |14 |38 | 21.88 81.25

Mutation of EGFR

Positive 10 |2 4 4 40 0.23 80 0.65
Negative/unknown 65 |10 |14 |41 | 2154 84.62

Brain metastasis

Positive 21 |5 4 12 | 19.05 0.53 76.19 0.29
Negative 54 |7 14 | 33 | 25.93 87.04

As of the last follow-up (November 30, 2019), 16 patients (21.33%) had died and 34 (45.33%)
had no disease progression (the longest PFS was 19.1 months and the longest OS was 99.3 months),
while the median OS and PFS of the 75 patients were 8.3 months (95% confidence interval (Cl):
6.8-12.2 months) and 17 months (95%CI: 16.65-26.47 months), respectively (Figure 1A-B).
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Fig.1 Kaplan—Meier Survival Curves of the Progression-Free Survival (Pfs) and Overall Survival

(Os) of 75 Patients. a, Pfs. B, Os.

Furthermore, the clinicopathological factors were associated with the PFS. We found that the
ECOG score was significantly correlated with the PFS (p = 0.003; Figure 2A), but not with the
patient age (p = 0.84), sex (p = 0.311), pathological stage (p = 0.59), pathological type (p = 0.24),
immunotherapy line (p = 0.93), brain metastasis (p = 0.20), EGFR mutation status (p = 0.068), or
PD-L1 status (p = 0.10). After that, we performed multivariate analyses, and our data showed that
only the ECOG score predicted the PFS in a statistically significant manner (Table 3). Similarly, we
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also associated the clinicopathological factors with OS and found that the ECOG score was
significantly associated with the OS (Figure 2B) but not the other clinicopathological factors, i.e.,
the patient age (p = 0.97), sex (p = 0.41), stage (p = 0.72), pathological type (p = 0.26),
immunotherapy line (p = 0.23), brain metastasis (p = 0.61), EGFR mutation status (p = 0.50), or
PD-L1 status (p = 0.93). Cox multivariate regression analysis showed that only the ECOG score
could independently predict the OS in a statistically significant manner (Table 4).

Table 3 Cox Multivariate Regression Analysis of Pfs

Variable P-value HR 95%ClI

Stage 0.86 0.906 0.29 2.834
Age 0.92 0.951 0.348 2.603
ECOG score (1 vs. 0) 0.005 0.085 0.015 0.48
ECOG score (2 vs. 0) 0.094 0.253 0.051 1.262
ECOG score (3 vs. 0) 0.29 0.415 0.079 2.183
ECOG score (4 vs. 0) 0.46 0.494 0.074 3.3
PD-L1 status 0.059 3.333 0.958 11.605
Line of immunotherapy (2 vs. 1) 0.21 1.731 0.721 4.157
Line of immunotherapy (=3 vs. 1) 0.25 1.737 0.666 4531

Table 4 Cox Multivariate Regression Analysis of Overall Survival

Variable P-value HR 95%ClI

Stage 0.49 2.287 0.212 24.663
Age 0.22 3.687 0.455 29.873
ECOG score (1 vs. 0) 0.002 0.01 0.001 0.174
ECOG score (2 vs. 0) 0.003 0.035 0.004 0.32
ECOG score (3 vs. 0) 0.032 0.087 0.009 0.813
ECOG score (4 vs. 0) 0.19 0.211 0.02 2.19
PD-L1 status 0.65 1.669 0.183 15.237
Line of immunotherapy (2 vs. 1) 0.20 3.006 0.558 16.198
Line of immunotherapy (=3 vs. 1) 0.77 0.779 0.145 4,174

37




P=0.003

20

100

L |
ol ;‘_’7 P=0.000

£ B0 - ECOG score

T wf

20

Fig.2 Kaplan—Meier Survival Curves of Progression-Free Survival (Pfs) and Overall Survival

(Os) after Comparison with the Eastern Cooperative Oncology Group (Ecog) Scores of the 75
Patients Included in This Study. a, Pfs. B, Os.

3.2 Random Forest Analysis of Effects of the Pd-1/Pd-L1 Inhibitors on Nsclc

Next, due to the small sample size of this study, we performed random forest analysis of the data
to predict the factors that may affect the OS of NSCLC patients after immunotherapy. Specifically,
the OS duration was used as the dependent variable; while the patient sex, pathological type, age,
and other variables were taken as independent variables to construct the prediction model. We found
that the error rate of the out-of-bag estimation model was 13.33% and the prediction accuracy was
86.67%. The accuracy of the retrograde prediction of the original samples reached 100%, indicating
that there was a stable correlation between the predictive variables of this study and the survival
state of patients after immunotherapy (Table 5). The higher the score was, the greater the
importance to the survival of patients.

Table 5 the Importance Of the Factors Associated with the Effectiveness of Pd-1/Pd-L1 Inhibitor
Therapy in 75 Nsclc Patients

Order of importance Variable Importance score
1 ECOG score 3.49
2 Line of immunotherapy 1.76
3 Smoking history 1.46
4 PD-L1 status 0.52
5 Pathological type 0.48
6 Sex 0.33
7 Age 0.32
8 Brain metastasis 0.31
9 EGFR mutation 0.30
10 Stage 0.21
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4. Discussion

In the current study, we evaluated the effectiveness of PD-1/PD-L1 inhibitor therapy in 75
NSCLC patients. Our analysis of the short-term curative effects of the PD-1/PD-L1 inhibitors on
NSCLC showed 18 patients with a PR (24%), 45 with SD (60%), and 12 with PD (16%). The ORR
was 24% and the DCR was 84%, while the effectiveness of the PD-1/PD-L1 inhibitors on the 11
PD-L1-positive patients reached 36.36% of the ORR. Our analysis of the long-term curative effects
of the PD-1/PD-L1 inhibitors on NSCLC showed that the median PFS was 8.3 months (95%CI:
6.8—12.2 months) and the median OS was 17 months (95%CI: 16.65-26.67). The immunotherapy
was more effective in patients with good physiques and lower ECOG scores, whereas it was equally
effective in older patients (= 70 years) and younger patients. The treatment was the most effective

for patients with PD-L1-positive NSCLC as well as patients with EGFR mutations. The
immunotherapy might also help control NSCLC brain metastasis. Thus, this study revealed the
clinical effectiveness of PD-1/PD-L1 inhibitor immunotherapy against advanced NSCLC.

Indeed, lung cancer is the leading cause of cancer-related deaths in the world (1). The current
immunotherapy with PD-1/PD-L1 inhibitors provides a novel approach to effectively control
NSCLC in the clinic. As is well known, the physical fitness of lung cancer patients is a very
important prognostic factor (19); for example, NSCLC patients with an ECOG score of <2 benefit

the most from antineoplastic therapy. However, many patients with a score of 3-4 still require
antineoplastic therapy. In the current study, we evaluated such patients after PD-1/PD-L1 inhibitor
immunotherapy and found that the ECOG score was an independent factor to predict the PFS and
0S, i.e., the lower the ECOG score was, the higher the PFS and OS were after the immunotherapy,
which is in line with the clinical findings; thus, our data indicate that patients with good physiques
could benefit from the treatment.

The incidence of lung cancer increases with age (20), with the diagnosis of lung cancer peaking
in those aged 65 years or older. Therefore, with the population aging, the lung cancer incidence is
expected to rise. It is important to explore the survival benefit of immunotherapy in elderly patients
because an increase in age is usually accompanied with a decline in functions of the immune system,
especially the T cell-mediated immune defense system, resulting in a poor efficacy of immune
checkpoint inhibitors for the treatment of elderly patients (21). Other studies have shown that aging
may not affect the effectiveness of immunotherapy (22-24). In the current study, we included nine
NSCLC patients aged over 70 years old and found that two of them reached a PR and five reached
SD, indicating that there was no significant difference in the benefit of such a treatment in older
patients compared with younger patients. To the best of our knowledge, PD-1/PD-L1 inhibitors are
able to block the activity of the PD-1 and PDL1 immune checkpoint proteins that are expressed on
the surface of different tumor cells; thus, they are used as a front-line treatment for several cancer
types (25). Specifically, PD-L1 on tumor cells interacts with PD-1 protein on T-lymphocytes and
reduces the functions and signaling of the T-cell-mediated immune responses; therefore, it prevents
T-lymphocytes from attacking the tumor cells (26). In this regard, a PD-1/PD-L1 inhibitor should
block such an interaction of PD-L1 with the PD-1 receptor and enhance antitumor immune
reactions; such a drug has been used successfully in the clinic to treat various human cancers,
including NSCLC (27). Although elderly patients may suffer from low immune responses and the
effectiveness of PD-1/PD-L1 inhibitors is thought to be low, our current data showed that the patient
age ranked as number 7 (0.32) for the effectiveness of the PD-1/PD-L1 inhibitor after sex. However,
our sample size was small and further study is needed to verify our current data. Moreover, two
different clinical trials (16, 17) have revealed the importance of PD-L1 expression for the
effectiveness of PD-1/PD-L1 inhibitor immunotherapy against advanced NSCLC. Nevertheless, it is
undeniable that it did not matter whether PD-L1 was expressed or not as all patients could benefit
from the immunotherapy; thus, we speculate that in clinical practice, as long as the patients can
tolerate the treatment, we should treat them with immune checkpoint inhibitors for antitumor
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therapy.

NSCLCs frequently metastasize to the brain, accounting for approximately 40-50% of NSCLC
patients (28), and the prognosis of such patients is also poor (29). In the current study of 75 patients,
there were 21 patients with brain metastasis; after the treatment, 5 reached PD, 4 reached a PR, and
12 had SD. Although the sample size was small, our data indicate that these NSCLC patients with
brain metastasis also benefited from the immunotherapy. These findings are consistent with a
previously published report (30). Moreover, the results of previous clinical trials (14, 31, 32) have
shown that NSCLC patients with EGFR/ALK mutations are not sensitive to immunotherapy. The
common reason is that patients with EGFR/ALK-sensitive mutations cannot easily produce novel
tumor antigens, resulting in a low tumor mutation load. Our current study of 10 patients with
EGFR-sensitive mutations showed that 4 patients reached a PR, 4 reached SD, and 2 had PD.
Comparing patients with or without EGFR-sensitive mutations, the ORR in patients with
EGFR-sensitive mutations was higher than that of patients without EGFR-sensitive mutations,
although it did not reach statistical significance. Further study will confirm this finding.

In addition, our current data showed that the ECOG score was the most statistically significant
index that was associated with the survival of patients after the treatment. There was no significant
association with the patient age or sex, tumor stage, pathological type, line of immunotherapy, brain
metastasis, EGFR mutation status, or PD-L1 status. However, our current study does have some
limitations. For example, the sample size was small and did not meet the requirements for survival
analysis. To overcome the limitations of the traditional statistical classification method, e.g., when
the model is collinear with independent variables, the estimation of model parameters is unstable.
We further included the impact of random forest predictive variables on the OS. Our data revealed
that the important factors affecting the survival rate were as follows (from the most to least): ECOG
score, line of immunotherapy, smoking history, PD-L1 status, pathological type, sex, age, brain
metastasis, EGFR mutations, and tumor stage. This list provides an intuitive and simple variable
model for selecting people who may be more suitable for immunotherapy.
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