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The prognostic significance of PD-1 and its ligands in non-small cell lung cancer

Kuguk hacreli disi akciger kanserinde PD-1 ve ligandlarinin prognostik nemi

Ozan Usluer' ©, Ozde Elif Gokbayrak?®, Aylin Erol2®, Tekincan Cagdn Aktas?®, Glintug Batthan®*®, Seyda Ors Kaya'®,
A gn Aktag®( ¢}
Ahmet Ugvet'©, Zekiye Aydogdu*®, Zekiye Altun?(®, llhan Oztop*(®, Safiye Aktas?

Institution where the research was done:
University of Health Sciences, Dr. Suat Seren Chest Diseases and Surgery Training and Research Hospital, lzmir, Turkiye
Dokuz EylUl University, Institute of Health Sciences, Izmir, TUrkiye

Author Affiliations:
'Department of Thoracic Surgery, University of Health Sciences, Dr. Suat Seren Chest Diseases and Surgery Training and Research Hospital, lzmir, TUrkiye
2Department of Basic Oncology, Dokuz Eylul University, Institute of Health Sciences, Izmir, TUrkiye
3Department of Thoracic Surgery, Kars Harakani State Hospital, Kars, Turkiye
‘Department of Pathology, University of Health Sciences, Dr. Suat Seren Chest Diseases and Surgery Training and Research Hospital, lzmir, Turkiye
SDepartment of Medical Oncology, Dokuz Eyltl University, Oncology Institute, lzmir, TUrkiye

ABSTRACT

Background: In this study, we aimed to investigate the prognostic value
of programmed cell death protein 1 (PD-1), programmed cell death ligand
1 (PD-LI), and programmed cell death ligand 2 (PD-L2) expressions
on immune and cancer cells in terms of survival in patients with lung
adenocarcinoma, squamous cell carcinoma, and large cell carcinoma.

Methods: Between January 2000 and December 2012, a total of
191 patients (172 males, 19 females; mean age: 60.3+8.4 years;
range, 38 to 78 years) who were diagnosed with non-small cell lung
cancer and underwent anatomic resection and mediastinal lymph
node dissection were retrospectively analyzed. The patients were
evaluated in three groups including lung squamous cell carcinoma
(n=61), adenocarcinoma (n=66), and large-cell carcinoma (n=64).
The survival rates of all three groups were compared in terms of
immunohistochemical expression levels of PD-1, PD-L1, and PD-L2.

Results: The mean follow-up was 71.8+47.9 months. In all histological
subtypes, PD-1 expressions on tumor and immune cells were observed
in 33% (61/191) and in 53.1% (102/191) of the patients, respectively.
Higher expression levels of PD-L1 and PD-L2 at any intensity on
tumor and immune cells were defined only in lung adenocarcinomas,
and PD-L1 and PD-L2 values were detected in 36.4% (22/64) of these
patients. The PD-L1 expressions on tumor and immune cells were
observed in 41.7% (10/24) and 25% (6/24) of the patients, respectively.
The PD-L2 expressions on tumor and immune cells were detected in
16.7% (4/24) and 8.4% (2/24) of the patients, respectively. Univariate and
multivariate analyses revealed that PD-1 expression in tumor cells was
an independent prognostic factor in all histological subtypes.

Conclusion: Our study results suggest that PD-1 expression is
a poor prognostic factor for overall survival in patients with
completely resected adenocarcinoma, squamous cell carcinoma, and
large cell carcinoma.

Keywords: Non-small cell lung cancer, prognosis, programmed cell death ligand 1,
programmed cell death ligand 2, programmed cell death protein 1, survival.
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Amag: Bu calismada akciger adenokarsinom, skuamoz hiicreli karsinom
ve biiyiik hiicreli karsinomlu hastalarda programli hiicre 6liim proteini
1 (PD-1), programl: hiicre 6liim ligand1 1 (PD-L1) ve programli hiicre
oliim ligandi1 2 (PD-L2) ekspresyonlarinin sagkalim agisindan immiin ve
kanser hiicreleri iizerindeki prognostik degeri arastirildi.

Calisma plani: Ocak 2000 - Aralik 2012 tarihleri arasinda anatomik
rezeksiyon ve mediastinal lenf nodu diseksiyonu yapilan kiiciik
hiicreli digt akciger kanseri tanili toplam 191 hasta (172 erkek,
19 kadin; ort. yas: 60.3+x8.4 yil; dagilim, 38-78 yil) retrospektif
olarak incelendi. Hastalar akciger skuamoz hiicreli karsinom (n=61),
adenokarsinom (n=66) ve biiyiik hiicreli karsinom (n=64) olmak
lizere ii¢ grupta incelendi. U¢ grubun sagkalim oranlar1 PD-1, PD-L1,
ve PD-L2 immiinhistokimyasal ekspresyon diizeyleri agisindan
karsilagtirildi.

Bulgular: Ortalama takip siiresi 71.8+47.9 ay idi. Tim histolojik
alt tiplerde, tiimor ve immiin hiicreler iizerinde PD-1 ekspresyonu
hastalarin sirasiyla %33'tinde (61/191) ve %53.1'inde (102/191) gozlendi.
Tiimor ve immiin hiicreler tizerinde herhangi bir yogunlukta PD-L1
ve PD-L2 ekspresyonlar1 yalnizca adenokarsinomlarda tanimlandi
ve bu hastalarin %36.4'tinde (22/64) PD-L1 ve PD-L2 degerleri
saptandi. Tiimor ve immiin hiicreler tizerinde PD-L1 ekspresyonu
hastalarin sirasiyla %41.7 (10/24) ve %25’inde (6/24) go6zlendi.
Hastalarin sirastyla %16.7 (4/24) ve %8.4’tinde (2/24) timor ve immiin
hiicreler iizerinde PD-L2 ekspresyonu saptandi. Tek degiskenli ve
cok degiskenli analizlerde tiimor hiicrelerinde PD-1 ekspresyonu tiim
histolojik alt tiplerde bagimsiz bir prognostik faktor olarak bulundu.
Sonug: Caligma sonuglarimiz PD-1 ekspresyonunun, komplet rezeksiyon
uygulanmis adenokarsinom, skuaméz hiicreli karsinom ve biiyiik hiicreli
karsinomlu hastalarda genel sagkalim agisindan kotii bir prognostik
faktor oldugunu gostermektedir.

Anahtar sozciikler: Kiigiik hiicreli dis1 akciger kanseri, prognoz, programli hiicre 6liim
ligand1 1, programli hiicre 6liim ligandi 2, programl1 hiicre 6liim proteini 1, sagkalim.
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Lung cancer is the most common cause of cancer-
related deaths worldwide. Mountain et al.l adapted
the Tumor, Node, Metastasis (TNM) classification
to lung cancer staging in 1974 that has been updated
approximately every five to seven years so far. However,
significant survival differences have been observed in
stages of cancer which affect the choice of treatment
and prognostic prediction.”’ These problems would
be overcome at molecular level and with mutational
analysis in the near future. Particularly, in this context,
identifying the functioning and physiopathology of the
immune system is a promising development facilitating
the treatment and prognostic evaluation of cancer
patients.®!

Currently, immune checkpoint inhibitors targeting
programmed cell death protein 1 (PD-1) and
programmed cell death ligand 1 (PD-L1) have become
popular in the medical treatment of patients with
non-small cell lung cancer (NSCLC).*' In the literature,
the expression of PD-1 and/or PD-L1 in patients with
resected NSCLC has been examined extensively. In
these studies, PD-1 and/or PD-L1 expression has been
shown to have a positive prognostic value in some
and a negative prognostic value in other studies.®!!
However, PD-L1 expression is not a useful parameter
for either prognostic or adjuvant chemotherapy in
patients with early-stage NSCLC, independent of the
cut-off values chosen.'” Uncertainty still remains
regarding the prognostic predictive values of PD-1,
PD-L1, and programmed cell death ligand 2 (PD-L2)
in NSCLC.

In the present study, we aimed to investigate
the prognostic value of PD-1, PD-L1, and PD-L2
expressions on immune and cancer cells in terms of
survival in patients diagnosed with adenocarcinoma
(AC), squamous cell carcinoma (SQC), and large cell
carcinoma (LCC) who underwent complete resection.

PATIENTS AND METHODS

This two-center, retrospective cohort study was
conducted at Dr. Suat Seren Chest Diseases and Surgery
Training and Research Hospital, and Dokuz Eyliil
University, Institute of Health Sciences, Department
of Thoracic Surgery and Basic Oncology between
January 2000 and December 2012. A total of 191
patients (172 males, 19 females; mean age: 60.3+8.4
years; range, 38 to 78 years) diagnosed with NSCLC
and underwent anatomic resection and mediastinal
Ilymph node dissection were included. The patients
were evaluated in groups of SQC (n=61; 31.6%),
AC (n=66; 35.2%), and LCC (n=64; 33.2%) and
classified according to the 8" TNM staging system.?

Immunohistochemical expression levels of PD-1 were
assessed in all three groups and immunohistochemical
expression levels of two ligands of this protein, PD-L1
and PD-L2, were evaluated only in the AC group and
compared to their survival rates. Patients who were lost
to follow-up, patients, who died in the first 30 days,
and those who underwent incomplete resection were
excluded from the study.

The sections were stained with hematoxylin
and eosin and immunohistochemical methods. The
expressions of PD-1, PD-L1, and PD-L2 on cancer cells
and lymphocytes were evaluated and presented as a
percentage of the total tumor area. The staining results
were, then, correlated with patient characteristics,
including age, sex, smoking status, tumor size, stage,
presence of necrosis, type of surgery, and patient
survival.

The independent variables of our study were age and
sex, while the dependent variables were disease stage,
lung cancer differentiation, pathological subtype, type
of operation, results of PD-1 immunohistochemical
expression, PD-L1 and PD-L2 gene copy number
analyses.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS version 25.0 software (IBM Corp.,
Armonk, NY, USA). The normality of the
distribution of numerical variables was evaluated
using the Shapiro-Wilk test. Categorical variables
were compared using the chi-square or Fisher
exact probability test. Continuous variables were
expressed in mean + standard deviation (SD), while
categorical variables were expressed in number and
frequency. Survival analyses were performed using
the Kaplan-Meier method. Log-rank test was used
to compare survival rates. Variables that may have
an effect on survival were evaluated with univariate
and multivariate (Cox-regression analysis) analyses.
Correlations between variables were analyzed using
the Pearson correlation test. A p value of <0.05 was
considered statistically significant.

RESULTS

The distribution of the characteristic features of
the patients according to histological subtypes is
summarized in Table 1. The mean follow-up was
71.8+479 (range, 1 to 178.6) months.

In NSCLC subgroups, PD-1 expression on cancer
cells was observed to be between 0 and 50% and
over 50% of the cases, while PD-1 expression on
lymphocytes was detected to between 0 and 50%
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and over 50% of the cases. When these values were
evaluated for each cancer subgroup, protein expressions
on both cancer cells and lymphocytes were found to be
statistically significant in AC patients (p<0.001).

In the subgroup analysis, survival time decreased
as the PD-1 tumor cell expression rate increased in
patients with AC histology. The worst survival rates
were seen in the patient group where PD-1 expression
was seen in more than 50% of cancer cells (p<0.001).
Similar distribution of survival rates was also seen
among patients with PD-1 expression on lymphocytes.
Statistically significantly worse survival rates were
observed in the group with PD-1 expression seen on
more than 50% of lymphocytes compared to the other
groups (p<0.001).

The mean survival time was shorter in the group
with rates of PD-1 expression on cancer cells were
above 50% in patients with SQC histology without
a statistically inter-group significant difference
(p=0.321). The patients with SQC who did not
demonstrate PD-1 expression on lymphocytes had
statistically significantly (p=0.027) increased survival
rates compared to those with PD-1 expression rates
between 0 and 50% and above 50%.

In patients with the diagnosis of LCC, the five-year
survival was not observed in the group with rates
of PD-1 expression on cancer cells or lymphocytes
were above 50% (p<0.001). In this group of patients,
high rates of PD-1 expression on cancer cells and
lymphocytes were associated with poor survival rates.

When the patients with AC histology were
evaluated in terms of PD-L1 tumor expression rates,
the worst survival rate was seen in the group with
an expression rate of more than 50%. This difference
between the survival rates was statistically significant
(p=0.018). However, in the same group, no significant
survival difference was observed according to PD-L1
expressions on lymphocytes (p=0.744) (Figure 1).

When PD-L1 expression on tumor cells and
lymphocytes were grouped as negative/positive in
patients with AC histology, there was no significant
difference in their distribution according to
disease stages (Stage I-II-III, p=0.059, and p=0.39,
respectively), whereas PD-L1 tumor cell expression
and PD-L1 lymphocyte expression were found to be
associated with poor survival (p<0.001 and p=0.049,
respectively).

However, no PD-L2 expression was detected in
cases with SQC and LCC. Among patients diagnosed
with AC, PD-L2 expressions were detected on cancer

cells (n=4; 16.7%), and lymphocytes (n=2; 8.4%)
in indicated number of patients. Due to these low
PD-L2 expression rates, they were not included in the
univariate and multivariate analyses.

When all NSCLC patients included in the study
were divided into three groups according to their
rates of PD-1 expression on lymphocytes, the worst
prognosis was seen in the group demonstrating
expression rates more than 50% (median survival
55.7 months, p<0.001). Similarly, the group with rates
of PD-1 expression on cancer cells above 50% had
a statistically significantly shorter survival than the
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Figure 1. Survival analyses according to cut-off value of 50%
in cases with PD-L1 expression on cancer cells and PD-L1
expression on lymphocytes in adenocarcinoma.

PD-L1: Programmed death-ligand 1.
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Figure 2. Survival analyses by presence of PD-1 expression on
cancer cells and lymphocytes in all patients with non-small cell
lung cancer.

PD: Programmed death 1.

other groups (median survival: 56.4 months, p<0.001)
(Figure 2).

The relationship between PD-1 expression levels
on cancer cells and lymphocytes was analyzed in
terms of age and tumor size. Accordingly, a highly
positive correlation was found between rates of
PD-1 expression on cancer cells and on lymphocytes
(r=0.689, p< 0.001).

Regardless of PD-1 expression on cancer cells,
the patients included in the study only according to
histological subtypes had SQC (31.1%), AC (41.8%),
and LCC (42.2%). No statistically significant survival
difference was observed among the three histological
subtypes (p=0.292) (Table 2).

There were patients with Stages I, II, and III
in all cancer types, although PD-1 expression on
cancer cells and lymphocytes increased as the stage
increased, but no significant difference was observed
in the distribution of PD-1 expression rates (p=0.091
and p=0.080, respectively) (Table 3).

According to the Cox regression analysis,
advanced-stage, PD-1 expression on cancer cells, and
the presence of necrosis were found to be independent
poor prognostic factors (Table 4).

DISCUSSION

After recognizing the significance of immune
checkpoints in battling cancer, immunotherapy
using checkpoint inhibitors such as PD-1 and
PD-L1 has been applied to treat advanced NSCLC,
notably to improve survival.'*'51 In the PACIFIC
trial, a significant increase in progression-free
survival (17 vs. 6 months) with conventional
chemoradiotherapy and durvalumab highlights that
immune response can also be improved with daily
low-dose radiotherapy protocols.l'* However, the
clinical benefit of durvalumab in the PACIFIC trial

Table 2. Overall survival in all patients with non-small cell lung cancer

Patients with non-small cell lung cancer

Number of ~ 5-year survival  Average survival 95% CI
patients rate rate (months) (months)
Histology n % Mean+SD Mean+SD Upper limit  Lower limit p
Squamous cell carcinoma 61 31.1 42.61£6.3 80.1+8.7 63.023 97.257
Adenocarcinoma 66 418 54.3+6.2 97.2+8.6 80.450 114.040 292
Large cell carcinoma 64 422 59.4+6.1 94.5+8.3 78.165 110.889
Total 191 100 52.3+£3.6 91.4+5.0 81.496 101.214

SD: Standard deviation.
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Table 3. Distribution of PD-1 expression rates in cancer cells and lymphocytes according to stages

Stage | Stage 11 Stage I11
n % n % n % p

Squamous cell carcinoma

PD-1 expression on cancer cells 8 320 6 46.2 9 390.1 0.68

PD-1 expression on lymphocytes 11 44.0 8 61.5 12 52.2 0.58
Adenocarcinoma

PD-1 expression on cancer cells 10 323 7 41.2 12 63.2 0.09

PD-1 expression on lymphocytes 11 355 9 529 15 789 0.012
LCC

PD-1 expression on cancer cells 1 42 6 30.0 3 15.8 0.065

PD-1 expression on lymphocytes 13 54.2 11 55.0 11 579 097
Overall

PD-1 expression on cancer cells 19 23.8 19 38.0 24 393 0.091

PD-1 expression on lymphocytes 35 43.8 28 56.0 38 62.3 0.080

PD-1: Programmed death 1.

Table 4. Evaluation of demographic data with using univariate and multivariate analyzes

Univariate analyzes Multivariate analyzes

Variables n % p Hazard ratio p Hazard ratio
Age (>65 years) 55 288 0.19 1.3 041 0.79
Tobacco use 162 84.8 0.59 0.87 042 1.35
Histology

Squamous cell carcinoma 61 319 ref ref ref ref

Adenocarcinoma 66 345 0.15 0.72 0.44 0.52

Large cell carcinoma 64 335 0.18 0.74 0.32 043
PD-1 expression on cancer cells 62 325 <0.001 2.60 0.01 3.39
PD-1 expression on lymphocytes 102 534 <0.001 2.86 0.73 1.15
Necrosis 88 461 <0.001 3.45 0.011 1.02
Stage

I 80 419 ref ref ref ref

II 50 262 <0.001 2.69 0.002 335

III 61 319 <0.001 3.61 <0.001 4.87

SD: Standard deviation; Ref: Reference value.

was not associated with PD-L1 expression. The use
of immune checkpoint inhibitors in lung cancer
has become more common, and these inhibitors are
applied not only for inoperable lung cancer cases, but
also for neoadjuvant therapy in the preoperative and
adjuvant therapy in the postoperative period.!'*8!

Little is known about the prognostic and/or
predictive value of PD-1 expression. In a large-
scale study such as the PACIFIC trail, the possible
explanation for the response in patients without
PD-L1 expression may be that the presence of low
levels of PD-L1 expression on cancer cells which
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cannot be detected by current methods. However, the
clinical benefit of durvalumab in the PACIFIC trial
was not associated with PD-L1 expression.!'6:!)

Currently, PD-L1 is the generally accepted
predictive marker for response to immunotherapy.*”
The results of prognostic and predictive studies on
PD-1 and its ligands are also highly variable. However,
additional validation studies may be required to
establish the wvalidity of currently available
immunohistochemistry tests of PD-1 and its ligands.!?!
The difficulties in evaluating PD-1 expression on
lymphocytes and the poor interobserver agreement
concerning the evaluation of the immunocell staining
results may necessitate conduction of additional
validation studies.?” Besides, the mechanisms
regulating the expressions of PD-1, PD-L1, and
PD-L2 have not been completely understood. In
particular, the lack of standardized tests for PD-L1
is a major challenge in assessing its predictive and
prognostic role.*!

Several studies investigating the relationship
between the expressions of PD-1 and its ligands and
the outcome of patients with completely resected
NSCLC have gained momentum and different degrees
of emphasis have been placed on their prognostic
importance.[1124251 In the study of Paulsen et al.,**
which included 536 patients diagnosed with NSCLC
and underwent lung resection surgery, the prognostic
significance of PD-1 and PD-L1 was evaluated and
both PD-1 and PD-L2 were found to be independent
positive prognostic factors in the multivariate survival
analyses. Positive prognostic effects of PD-1 and
PD-L1 were observed in two studies of European origin
conducted with 149 and 271 cases, respectively.
However, a meta-analysis that included 12 studies
from the continents of United States, Europe, and Asia
demonstrated that the PD-L1 ligand had no prognostic
value in terms of survival for NSCLC. However, a
study from China included in the same meta-analysis
indicated that PD-L1 expression was a poor prognostic
factor.?s! Zaric et al.?”! found that PD-1 expression
was an independent prognostic factor for disease-free
survival (DFS) and overall survival (OS) in 159
patients diagnosed with AC and underwent complete
resection, while PD-L1 was not correlated with DFS,
but with correlated OS. Although we also found
expressions of PD-1 and PD-L1 to be associated with
OS, one of the limitations to our study was that we did
not have DFS data.

In the current study, we showed that PD-1
expression on cancer cells and immune cells was a
negative prognostic factor for OS in patients with

90

completely resected lung AC, SQC, and LCC. In a
similar study, PD-1 expression on immune cells in
patients with resected lung AC was indicated as an
independent positive prognostic factor in terms of
both recurrence-free and OS.?”! Also in this study,
PD-L1 expression was not associated with relapse-
free survival, but correlated with longer survival.
In our study, we observed that PD-L1 expression
on cancer cells was a negative prognostic factor for
survival in patients with pulmonary AC, SQC and
LCC, whereas PD-L1 expression on lymphocytes
did not affect survival. In the study of Parra et
al.,”!! different antibody clones were compared in the
immunohistochemical examination of PD-L1, and the
need for further investigations and validation studies
were emphasized as a concluding remark of the study.

Contrary to our study results, some studies in
the literature described PD-L1 protein expression
as a positive prognostic marker in patients with
completely resected NSCLC.["*! Other studies have
shown an association between PD-L1 expression and
poor prognosis® or that PD-L1 expression has no
prognostic value in these cases.!02327]

The main limitations to our study included
its retrospective design, relatively small
sample size, inability to provide data regarding
postoperative DFS, lack of standardization for
immunohistochemical analysis of PD-1, PD-L1 and
PD-L2, and failure to perform mutation analyses in
lung cancer patients.

In conclusion, our study results suggest that the
PD-1 protein expression may affect the prognosis
of resected non-small cell lung cancer patients and
influence survival. Moreover, in patients diagnosed
with adenocarcinoma, the expression of PD-L1 affects
prognosis. Further validation through additional
examinations and standardization is needed due to
existing literature. With the advancements in cancer
immunotherapy, using PD-1 and its ligands as
biomarkers can lead to personalized follow-up plans
for lung cancer patients. These plans may aid in
predicting recurrences or metastases and facilitate
prompt administration of necessary treatments
(chemo/radiotherapy or surgery). Centralized studies
across diverse locations may provide guidance for
future research in this area.

Ethics Committee Approval: The study protocol was
approved by the Dokuz Eyliil University Non-invasive Research
Ethics Committee (date: 18.01.2018, no: 2018/02-33). The
study was conducted in accordance with the principles of the
Declaration of Helsinki.



Usluer O, et al.
PD-1 and its ligands in lung cancer

Patient Consent for Publication: A written informed
consent was obtained from each patient.

Data Sharing Statement: The data that support the findings
of this study are available from the corresponding author upon
reasonable request.

Author Contributions: Idea/concept, design, analysis and/
or interpretation, writing the article, critical review: O.U., O0EG,
AE,TCA,GB.,SOK,AU,ZA.,ZA,10.,S.A.; Control/
supervision: O.U,, SOK., AU, ZA., ZA, 10, SA; Data
collection and/or processing, literature review; references and
fundings; materials: 0.U., O.E.G., A.E., T.C.A., G.B.

Conflict of Interest: The authors declared no conflicts of
interest with respect to the authorship and/or publication of this
article.

Funding: This study was supported by Dokuz Eyliil
University Scientific Research Projects Coordination Council

(BAP) with the Project No. 2021.KB.SAG.017.

REFERENCES

1. Mountain CF, Carr DT, Anderson WA. A system for the
clinical staging of lung cancer. Am J Roentgenol Radium
Ther Nucl Med 1974;120:130-8. doi: 10.2214/ajr.120.1.130.

2. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura
H, Eberhardt WE, et al. The IASLC lung cancer staging
project: Proposals for revision of the TNM stage groupings
in the forthcoming (eighth) edition of the TNM classification
for lung cancer. J Thorac Oncol 2016;11:39-51. doi: 10.1016/].
jtho.2015.09.009.

3. Fridman WH, Pages F, Sautes-Fridman C, Galon J. The
immune contexture in human tumours: Impact on clinical
outcome. Nat Rev Cancer 2012;12:298-306. doi: 10.1038/
nrc3245.

4. Pirker R. Milestones in the systemic treatment of lung cancer.
Memo 2017;10:22-6. doi: 10.1007/512254-017-0313-9.

5. Mutlu H, Bozcuk H, Artac M, Eser I. First-line immune-
checkpoint inhibitor treatment in extensive-disease small-
cell lung cancer: A classical and network meta-analysis. J
Cancer Res Ther 2023;19(Supplement):S6-11. doi: 10.4103/
jertjert_721_21.

6. Zhang Y, Wang L, Li Y, Pan Y, Wang R, Hu H, et al. Protein
expression of programmed death 1 ligand 1 and ligand 2
independently predict poor prognosis in surgically resected
lung adenocarcinoma. Onco Targets Ther 2014;7:567-73. doi:
10.2147/0TT.S59959.

7. Rashed HE, Abdelrahman AE, Abdelgawad M, Balata S,
Shabrawy ME. Prognostic significance of programmed
cell death ligand 1 (PD-L1), CD8+ tumor-infiltrating
lymphocytes and p53 in non-small cell lung cancer: An
immunohistochemical study. Turk Patoloji Derg 2017;1:211-
22. English. doi: 10.5146/tjpath.2017.01398.

8. Cooper WA, Tran T, Vilain RE, Madore J, Selinger CI,
Kohonen-Corish M, et al. PD-LI expression is a favorable
prognostic factor in early stage non-small cell carcinoma. Lung
Cancer 2015;89:181-8. doi: 10.1016/j.lungcan.2015.05.007.

9. Kim MY, Koh J, Kim S, Go H, Jeon YK, Chung DH.
Clinicopathological analysis of PD-L1 and PD-L2 expression

10.

11.

13.

14.

15.

16.

17.

18.

20.

in pulmonary squamous cell carcinoma: Comparison with
tumor-infiltrating T cells and the status of oncogenic
drivers. Lung Cancer 2015;88:24-33. doi: 10.1016/j.
lungcan.2015.01.016.

Schmidt LH, Kiimmel A, Gorlich D, Mohr M, Brockling S,
Mikesch JH, et al. PD-1 and PD-L1 expression in NSCLC
indicate a favorable prognosis in defined subgroups. PLoS
One 2015;10:¢0136023. doi: 10.1371/journal.pone.0136023.
Ameratunga M, Asadi K, Lin X, Walkiewicz M, Murone C,
Knight S, et al. PD-L1 and tumor infiltrating lymphocytes
as prognostic markers in resected NSCLC. PLoS One
2016;11:e0153954. doi: 10.1371/journal.pone.0153954.

. Tsao MS, Le Teuff G, Shepherd FA, Landais C, Hainaut

P, Filipits M, et al. PD-L1 protein expression assessed by
immunohistochemistry is neither prognostic nor predictive
of benefit from adjuvant chemotherapy in resected non-small
cell lung cancer. Ann Oncol 2017;28:882-9. doi: 10.1093/
annonc/mdx003.

Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gracia JL, Han
JY, et al. Pembrolizumab versus docetaxel for previously
treated, PD-L1-positive, advanced non-small-cell lung cancer
(KEYNOTE-010): A randomised controlled trial. Lancet
2016;387:1540-50. doi: 10.1016/S0140-6736(15)01281-7.
Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello
F, von Pawel J, et al. Atezolizumab versus docetaxel in
patients with previously treated non-small-cell lung cancer
(OAK): A phase 3, open-label, multicentre randomised
controlled trial. Lancet 2017;389:255-65. doi: 10.1016/S0140-
6736(16)32517-X.

Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S,
Hui R, et al. Durvalumab after chemoradiotherapy in stage
III non-small-cell lung cancer. N Engl J Med 2017;377:1919-
29. doi: 10.1056/NEJMo0al709937.

O'Brien M, Paz-Ares L, Marreaud S, Dafni U, Oselin K,
Havel L, et al. Pembrolizumab versus placebo as adjuvant
therapy for completely resected stage IB-IIIA non-small-cell
lung cancer (PEARLS/KEYNOTE-091): An interim analysis
of a randomised, triple-blind, phase 3 trial. Lancet Oncol
2022;23:1274-86. doi: 10.1016/S1470-2045(22)00518-6.
Double blind placebo controlled controlled study of adjuvant
MEDI4736 in completely resected NSCLC. [Internet]
2022. Available at: https://clinicaltrials.gov/ct2/show/
NCT02273375. [Accessed: 06.12.2022]

Felip E, Altorki N, Zhou C, Cs6szi T, Vynnychenko I,
Goloborodko O, et al. Adjuvant atezolizumab after adjuvant
chemotherapy in resected stage IB-IITA non-small-cell lung
cancer (IMpower010): A randomised, multicentre, open-
label, phase 3 trial. Lancet 2021;398:1344-57. doi: 10.1016/
S0140-6736(21)02098-5.

. Mayne NR, Potter AL, Bharol K, Darling AJ, Raman V,

Cao C, et al. Perioperative outcomes and survival after
preoperative immunotherapy for non-small cell lung
cancer. Ann Thorac Surg 2022;113:1811-20. doi: 10.1016/j.
athoracsur.2021.06.058.

Uruga H, Mino-Kenudson M. Predictive biomarkers for
response to immune checkpoint inhibitors in lung cancer:
PD-L1 and beyond. Virchows Arch 2021;478:31-44. doi:
10.1007/s00428-021-03030-8.

91



Turk Gogus Kalp Dama
2024;32(1):84-92

21.

22.

23.

24.

92

Parra ER, Villalobos P, Mino B, Rodriguez-Canales
J. Comparison of different antibody clones for
immunohistochemistry detection of programmed cell
death ligand 1 (PD-L1) on non-small cell lung carcinoma.
Appl Immunohistochem Mol Morphol 2018;26:83-93. doi:
10.1097/PA1.0000000000000531.

Hirsch FR, McElhinny A, Stanforth D, Ranger-Moore J,
Jansson M, Kulangara K, et al. PD-L1 immunohistochemistry
assays for lung cancer: Results from phase 1 of the blueprint
PD-L1 IHC assay comparison project. J Thorac Oncol
2017;12:208-22. doi: 10.1016/j.jtho.2016.11.2228.

Kerr KM, Tsao MS, Nicholson AG, Yatabe Y, Wistuba II,
Hirsch FR; TASLC Pathology Committee. Programmed
death-ligand 1 immunohistochemistry in lung cancer: In
what state is this art? J Thorac Oncol 2015;10:985-9. doi:
10.1097/JTO.0000000000000526.

Uruga H, Bozkurtlar E, Huynh TG, Muzikansky A, Goto Y,
Gomez-Caraballo M, et al. Programmed cell death ligand

25.

26.

27.

(PD-L1) expression in stage II and III lung adenocarcinomas
and nodal metastases. J] Thorac Oncol 2017;12:458-66. doi:
10.1016/j.jtho.2016.10.015.

Paulsen EE, Kilvaer TK, Khanehkenari MR, Al-Saad S,
Hald SM, Andersen S, et al. Assessing PDL-1 and PD-1 in
non-small cell lung cancer: A novel immunoscore approach.
Clin Lung Cancer 2017;18:220-33.e8. doi: 10.1016/j.
cllc.2016.09.0009.

Zhong A, Xing Y, Pan X, Shi M, Xu H. Prognostic value of
programmed cell death-ligand 1 expression in patients with
non-small-cell lung cancer: Evidence from an updated meta-
analysis. Onco Targets Ther 2015;8:3595-601. doi: 10.2147/
OTT.S91469.

Zaric B, Brcic L, Buder A, Brandstetter A, Buresch JO,
Traint S, et al. PD-1 and PD-LI protein expression predict
survival in completely resected lung adenocarcinoma.
Clin Lung Cancer 2018;19:¢957-63. doi: 10.1016/j.
cllc.2018.08.014.



