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prognostic marker in early-stage
non-small cell lung cancer

Asaf Dan*, Ozan Aricak**, Konstantinos Rounis*?,
M. Angeles Montero-Fernandez®, Ricardo Guijarro®,
Simon Ekman™?, Cristian Ortiz-Villalon® and Luigi De Petris**

Department of Oncology-Pathology (Onkpat), Karolinska Institutet, Stockholm, Sweden, ?Thoracic
Oncology Center, Karolinska Comprehensive Cancer Center, Stockholm, Sweden, *Department of
Clinical Pathology and Cancer Diagnostics, Karolinska University Hospital, Huddinge, Sweden,
“Department of Laboratory Medicine, Division of Pathology, Karolinska Institutet, Huddinge, Sweden,
SDepartment of Cellular Pathology, Royal Liverpool University Hospital National Health Service
Foundation Trust (NHS FT), Liverpool, United Kingdom, ¢Department of Thoracic Surgery, Valencia
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Introduction: Programmed death ligand — 1 (PD-L1) expression is a well-
established predictive biomarker for immunotherapy in non-small cell lung cancer
(NSCLC). Programmed death — 1 (PD-1) serves as the target protein to PD-L1 and
their interaction serves as a crucial pathway for immune evasion. This study aimed to
investigate the expression pattern of PD-1 on Tumor-infiltrating lymphocytes (TILs)
in early-stage NSCLC, and its potential role as prognostic biomarker.

Materials & methods: PD-1 was evaluated in 474 surgical resected early-stage
NSCLC specimens, using Tissue microarray and immunohistochemical staining.
Expression was scored as negative (<1%) or positive. Positive PD-1 expression was
further divided into low (<10%) and high (>10%). None of the patients had
received treatment with PD-1/PD-L1 inhibitors.

Results: PD-1 expression >1% in TILs was observed in 83.5% of cases and was
associated with pT stage (p=0.02), grade 3 (p=0.004), and adenocarcinoma
subtype (p=0.05). Individuals with high PD-1 expression (>10%) experienced
reduced 10-year overall survival (Log-Rank test = 0.005). In addition, high PD-
1 expression emerged as an independent factor associated with reduced survival
on multivariate analysis (HR: 1.328 (95% CI: 1.074-1.641).

Conclusions: Patients with early-stage NSCLC who exhibited PD-1 expression of
>10% on TILs had an unfavorable 10-year OS rate. These findings indicate that

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1414900/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1414900/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1414900/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1414900/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1414900&domain=pdf&date_stamp=2024-09-26
mailto:luigi.depetris@ki.se
https://doi.org/10.3389/fonc.2024.1414900
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1414900
https://www.frontiersin.org/journals/oncology

Dan et al.

10.3389/fonc.2024.1414900

elevated PD-1 expression on TILs can be associated with immune evasion during
the early stages of malignancy evolution in the NSCLC setting and further
research is required to further delineate the role of PD-1/PD-L1 pathway on
tumor immune senescence. These results underline the potential role of PD-1/
PD-L1 inhibitors in the treatment of early-stage NSCLC.

early-stage NSCLC, TiLs, PD-1, prognosis, immunotherapy, Tissue microarray

Introduction

Non-small cell lung cancer (NSCLC) represents the cancer
subtype associated with the highest mortality on a global scale by
2022 (1). Immunotherapy, with the administration of programmed
death-1 (PD-1) or programmed death - 1 ligand (PD-L1)
inhibitors, has revolutionized the management of non-small cell
lung cancer (NSCLC) that does not harbor specific targetable
genomic alterations, offering the possibility of long-term
remission in a subset of patients (2).

PD-1 [cluster of differentiation (CD)297] is a cell surface receptor
which is upregulated on T cells upon activation through both the T-cell
antigen receptor and cytokine receptors. PD-1 is mainly expressed on
mature T cells, but it can be also found on a plethora of activated cells
of the immune system such as natural killer T cells, B cells, monocytes,
immature Langerhans’ cells and CD4-CD8- thymic T cells (3). PD-1
ligands are PD-L1 and PD-L2. PD-L1 is constitutively expressed at low
levels on a wide range of antigen-presenting cells (APCs) and also on a
variety of non-hematopoietic cell types whereas PD-L2 is expressed on
dendritic cells and macrophages post-activation. The expression
kinetics of PD-1 expression upon activation suggest that the
upregulation of PD-1 is an intrinsic outcome of T-cell activation,
serving a crucial role in orchestrating the timely termination of the
immune response (3). The aforementioned hypothesis is further
reinforced by the fact that PD-17" mice develop a plethora of
autoimmune phenomena (4).

Evasion of the host’s immune system is one of the hallmarks of cancer
(5). Malignancies have the potential to hijack the PD-1/PD-L1 pathway
towards their further progression and evolution (6). Furthermore, the
constitution and function of the microenvironment of tumors are
dynamic processes, as several experimental data demonstrate the
stepwise evolution of the tumor microenvironment during the disease
trajectory towards the goal of immune evasion and cancer progression (7).

In the pivotal phase III trials that led to the approval of PD-1/
PD-L1 inhibitors as treatment for metastatic NSCLC, high
expression levels of PD-LI in the cancer cells or the immune cells
of the tumor microenvironment was predictive for treatment effect
(8-12). Despite the established role of PD-L1 expression as a
predictive biomarker there had been very few data at the time of
the conceptualization of our study on the effect of PD-1 expression
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on tumor-infiltrating-lymphocytes (TILs) (13). In addition, there
has been a paucity of data on the prognostic role of PD-1 expression
on TILs in early-stage NSCLC and its potential role as a means to
further malignant evolution and immune evasion.

In a previous study, we investigated the tumor expression and
prognostic role of PD-L1, assessed by four different antibodies, on a
cohort of surgically resected early-stage NSCLC (14). In the present
study, we (14) evaluate the PD-1 expression on TILs on the same
early-stage NSCLC cohort in relation to different clinicopathological
characteristics and overall survival (OS).

Materials and methods
Study cohort

A total of 598 patients, who underwent curative surgery for
NSCLC between 1987 and 2004 at Karolinska University Hospital,
Sweden, were initially selected for this study (Ethical approvals No.
2005/588-31/4 — 2008/136-32). None of the patients had received
peri-operative anti-PD-1/L1 treatment. Archival formalin fixed
paraffin embedded (FFPE) specimens were obtained, where the
surgical specimens had undergone routine clinical diagnostic
processing at the department of pathology. The clinical data was
collected from clinical records and pathology reports. Upon
revision, patients with histologically verified NSCLC with early
pathological TNM stage (15) were included, excluding
neuroendocrine tumors, pulmonary metastases and late-stage
NSCLC cases. Furthermore, patients with incomplete clinical data
were excluded. The final cohort number was reduced to 474 patients
after further excluding cases with damaged or technically
unsatisfactory stained TMA cores. A flowchart of the exclusion
process and details on patients with unsatisfactory staining is
available in Supplementary Figure SI.

Histologic types and grading

The cases were classified by their histologic type, according to
the 2021 WHO classification of lung tumors (16). The histologic
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types selected for this study were adenocarcinoma (AdCa),
squamous cell carcinoma (SqCC) and large cell carcinoma
(LCC). Adenosquamous tumors (AdSq) were, upon revision,
reclassified as adenocarcinoma with squamous differentiation.
All cases were re-staged according to the 8"edition of the
UICC/AJCC staging system (15). The tumors were graded on a
three-tier grading system based on architectural and nuclear
morphology, similar to the grading suggested in the 2015
WHO classification of lung tumors. Grade 1 (G1) being well
differentiated, grade 2 (G2) moderately differentiated, grade 3
(G3) poorly differentiated. In the adenocarcinoma histologic
group, G1 tumors were lepidic, G2 were acinar and papillary
tumors, G3 tumors were solid and micropapillary tumors. The
squamous cell carcinomas were stratified into G1-G3 based on
architecture and nuclear atypia. Large cell carcinomas are per
definition poorly differentiated tumors (16).

TMA construction
and immunohistochemistry

Tissue microarrays (TMA) were produced by extracting cores
measuring 1 mm in diameter from the donor blocks. To account for
possible tumor heterogeneity, one core was sampled from the center
of the tumor and another from the periphery; resulting in 20 TMA
blocks. From each TMA block, 4 um thick sections were stained
with anti PD-1 antibody, validated for routine clinical diagnostic
work (according to the manufacturers’ standard protocols (PD-1
clone NAT105, produced by Cell Marque Corporation USA, stained
on Ventana Ultra Benchmark platform).

PD-1 assessment in TILs

Two experienced pathologists reviewed the TMA slides, scoring
PD-1 expression in TILS in each of the two cores and the higher
percentage score was considered as a representative of the case. If
one of the cores was missing or damaged, the remaining one was
used for the scoring. Then, for each case, an average of the
reviewers’ scores was used as a final PD-1 expression for each
case. Only sections containing more than 100 tumor cells were
considered to be representative for assessment (17).

A three-tiered system of scoring was applied to record PD-1
expression in TILs; negative (<1% positive TILs), low expression
(<10% positive TILs) and high expression (=10% positive TILs), as
depicted in Figure 1.

In the absence of a universally accepted cut-off for PD-1
expression in lung cancer, we initially attempted to establish a
threshold using Receiver-operating characteristic curve (ROC)
analysis. However, this approach did not yield a definitive cut-off.
As a result, we selected an arbitrary threshold of >10% to categorize
PD-1 expression as “high.” To validate this cut-off, we examined the
distribution of patients in the <10% and 210% groups. Notably, the
groups were of comparable size, with approximately 50% of the
study population in each group (Table 1). The balanced distribution
supports the appropriateness of our chosen cut-off.
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Follow-up time and survival outcomes

Overall survival (OS) was calculated from the date of surgery to
death of any cause, or to last follow up. For patients with no disease
recurrence after 10 years of follow-up, survival was censored at 122
months. The median follow-up time for censored patients was 122
months, with a minimum follow-up time of 28 months. Disease-
free survival was calculated from the date of surgery until evidence
of radiological or clinical recurrence, or to death of any cause. In
order to evaluate disease-specific survival, we calculated Time-To-
Progression (TTP), similarly to DFS, but patients dying without
evidence of lung cancer recurrence were censored at last follow up.

Statistics

All statistical analyses were performed with SPSS 26.0.0 software
(IBM Corp., Armonk, NY, USA). Descriptive statistics were applied to
define and categorize nominal and categorical variables. Statistical
significance was set at the level of p-value <0.05. PD-1 expression was
grouped into two sets, positive vs negative, and low/negative vs high
expression. These subgroups were then used for further statistical analyses.
The association between PD-1 expression and clinicopathologic data was
calculated using Fisher’s exact test. The log-rank test was applied to
investigate the effect of the analyzed co-variates on 10 years OS. The effect
of age > 70 years old, grade 3 tumors (compared with grade 1 or 2), p-
stage II and PD-1 expression > 10% on 10 years OS was calculated
through the application of univariate Cox regression analysis. The
parameters that reached statistical significance in the univariate analysis
were further analyzed using multivariate Cox regression analysis.

Results
The cohort and tumor characteristics

The detailed characteristics of the patients in our cohort are
depicted in Table 1. The median age of the individuals was 68 years
(range: 39-86 years). Gender distribution was almost equal (male 55%,
female 45%). Smoking status was documented for 90% of the patients,
with 53.4% identified as current smokers. Most cases were AdCa
(60.1%), followed by SqCC (33.3%) and LCC (6.5%). Most of the cases
had pathological stage IA-IB (78%) and almost a third of all cases had a
tumor stage of pT1 (36.9%). Nearly half of the cases showed a high
tumor grade (G3 42.6%), followed by intermediate grade (G2 38.2%).
The 10-year OS was 27% for the entire cohort. Only three patients
received adjuvant chemotherapy, minimizing its impact on our analysis
of PD-I’s prognostic significance. The main site of recurrence was
intrathoracic (58 patients, 12% of our cohort). The first site of relapse
after operation is specified in Supplementary Table S1.

PD-1 immunohistochemical staining and
clinicopathologic data

The majority of cases in our cohort (83.5%) had a PD-1
expression in TILs equal or higher to 1% (Table 1). PD-1 = 1% in
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FIGURE 1

Immunohistochemical staining of PD-1 in TILs of tumor samples in the TMA: Left- high expression (>10%), center- low expresison (<10%), right-

negative (<1%).

TABLE 1 Clinicopathological correlation with PD-1 staining.

% of PD-1 PD-1 PD-1 PD-1
n = 474 patients coohort Negative Positive p-value Low High p-value
(<1%), (>1%), (< 10%) (> 10%)
Total cohort 78 (16.5%) 396 (83.5%) 238 (50.2%) 236 (49.8%)
10-year OS Entire cohort: 26% 34% 29% 35% 25%
Median OS 66 months 74 months 10.98 84 months 62 Months 10.005
Age
=, . 0 770 .270 . 0 ! 0.
y <70 (n=267) 56.3 % 47 (9.9%) 220 (46.4%) 141 (29.7%) 126 (26.6%)
(39-86) 20.444 20.199
Median= 68 >70 (n=207) 437 % 31 (6.5%) 176 (37.1%) 97 (20.5%) 110 (23.2%)
Male (n=262) 55.3 % 46 (9.7%) 216 (45.6%) 133 (28.1%) 129 (27.2%)
Gender 20.472 %0.789
Female (n=212) 44.7 % 32 (6.8%) 180 (38%) 105 (22.2%) 107 (22.6%)
Current
(n=253) 53.4% 33 (7%) 220 (46.4%) 113 (23.8) 140 (29.5%)
Smoking 2 2
Former 0.048 0.016
= 0 . 0 070 270 .. 0 o 0.
(n=425) 90% (n=133) 28.1% 22 (4.6%) 111 (23.4%) 77 (16.2%) 56 (11.8%)
Never (n=39) 8.2% 11 (2.3%) 28 (5.9%) 24 (5.1%) 15 (3.2%)
AdCa (n=285) 60.1 % 56 (11.8%) 229 (48.3%) 157 (33.1%) 128 (27%)
Histology SqCC (n=158) 333 % 17 (3.6%) 141 (29.7%) 20.054 68 (14.3%) 90 (19%) %0.033
LCC (n=31) 6.5% 5 (1.1%) 26 (5.5%) 13 (2.7%) 18 (3.8%)
pT1 (n=175) 36.9 % 38 (8%) 137 (28.9%) 94 (19.8%) 81 (17.1%)
pT (TNMS) pT2- %0.018 %0.243
T3 (ne299) 63.1 % 40 (8.4%) 259 (54.6%) 144 (30.4%) 155 (32.7%)
1A (n=224) 473 % 47 (9.9%) 177 (37.3%) 117 (24.7%) 107 (22.6%)
IB (n=146) 30.8 % 21 (4.4%) 125 (26.4%) 76 (16%) 70 (14.8%)
Stage (TNM8) 20.061 %0.466
1A (n=49) 10.3 % 5 (1.1%) 44 (9.3%) 22 (4.6%) 27 (5.7%)
1IB (n=55) 11.6 % 5 (1.1%) 50 (10.5%) 23 (4.9%) 32 (6.8%)
Gl (n=91) 192 % 21 (4.4%) 70 (14.8%) 56 (11.8%) 35 (7.4%)
Grade G2 (n=181) 382 % 37 (7.8%) 144 (30.4%) 20.004 102 (21.5%) 79 (16.7%) 2<0.001
G3 (n=202) 42.6 % 20 (4.2%) 182 (38.4%) 80 (16.9%) 122 (25.7%)

OS, overall survival; AdCa, Adenocarcinoma; SqCC, squamous cell carcinoma; LCC, Large cell carcinoma; pT, pathological T stadium. lLog—Rank test comparing the analyzed covariates with

median overall survival. *Chi-Square test comparing differential frequencies amongst the analyzed covariates.
Results with p<0.05 are annotaed with bold font.
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FIGURE 2

Kaplan-Meyer curves demonstrating the effect of PD-1 expression cut-off of 10% on 10-year survival in (A) The whole patient cohort (B) Patients
with lung adenocarcinoma (C) Patients with squamous cell lung carcinoma (D) Patients with large cell lung carcinoma. PD-1, Programmed death-

ligand 1; HR, Hazard ratio; Cl, Confidence intervals.

TILs demonstrated significant association with pT stage (p=0.018),
tumor grade (p=0.004) and smoking (p=0.048). PD-1 > 1% was not
associated with age group (p=0.444), gender (p=0.472) or 10-year
OS (p=0.986) (Table 1).

Approximately half of the cases (49.8%) had high PD-1 expression
(210%) in TILs. PD-1 expression >10% in TILs was associated with
tumor grade (p<0.001), 10-year OS (p=0.008), histologic group
(p=0.033) and smoking (p=0.016) at a statistically significant level
(Table 1). There was no significant association between high PD-1
expression and age (p=0.199), gender (p=0.789), pT-stage (p=0.243)
or pathological TNM stage (p=0.466) (Table 1).

PD-1 as a prognostic factor

Individuals with PD-1 expression > 10% in TILs experienced lower
10 years OS in comparison to those with PD-1 expression < 10% (median
OS of 62 months vs 84 months, respectively; p = 0.005) (Figure 2A). A
similar trend for worse outcome in PD1 > 10% positive cases was
observed even in the histological subgroups of adenocarcinoma,
squamous-cell carcinoma and large-cell carcinoma, although without
reaching statistical significance (Figures 2B-D, respectively).
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Additionally, this trend was evident in tumor stages, with a
modest difference in stage I tumors and a more pronounced
difference in stage II tumors, where PD-1 > 10% was also
associated with a poorer prognosis (median OS of 23 months
[95% CI: 7.95-59.32] vs. 71 months [95% CI: 17.11-124.89])
(Supplementary Figure S3).

In the univariate Cox Regression analysis age > 70 years old
[HR: 1.252 (95% CIL: 1.014-1.548), p = 0.037], stage II disease
[HR=1.453 (95% CI: 1.133-1.862), p=0.003] and PD-1 expression
in TILs = 10% [HR=1.351 (95% CI:1.093-1.669), p=0.005] were
associated with diminished 10 years OS (Table 2). Individuals with
grade 3 tumors did not experience reduced 10 years OS compared
to those with grade I or grade II tumors [HR: 1.103 (95% CI: 0.892-
1.365), p=0.367]. However, in the multivariate analysis, only stage II
disease [HR=1.438 (95% CI: 1.122-1.844), p=0.005] and PD-1
expression in TILs > 10% [HR=1.328 (95% CIL: 1.074-1.641),
p=0.009] emerged as independent negative prognostic factors for
reduced 10 years OS (Table 2).

Regarding disease-free survival (DFS) and time to progression
(TTP), Kaplan-Meier analysis demonstrated a non-significant trend
towards worse DFS in patients with PD-1 expression > 10%, with a
median DFS of 64 months (95% CI: 52-77 months), compared to
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TABLE 2 Univariate and multivariate analysis through the application of
Cox Regression on the effect of the age > 70 years old, grade 3 tumors,
stage Il and PD-1 expression > 10% on TILs on 10 years survival in our
patients’ cohort.

Univariate analysis HR (95%ClI) p value
Age > 70 years old 1.252 (1.014-1.548) 0.037
Grade 3 1.103 (0.892-1.365) 0367
Stage TIA or TIB* 1.453 (1.133-1.862) 0.003
PD-1 > 10% 1.351 (1.093-1.669) 0.005
Multivariate analysis HR (95%Cl) p value
Age > 70 years old 1.231 (0.996-1.522) 0.055
Stage TIA or IIB 1.438 (1.122-1.844) 0.005
PD-1 > 10% 1.328 (1.074-1.641) 0.009

The variables that achieved statistical significance (p<0.05) in the univariate underwent
multivariate analysis.

HR, Hazard ratios; CI, confidence intervals; PD-1, Programmed cell death-1.

*AJCC TNM 8™ edition.

Results with p<0.05 are annotaed with bold font.

those with PD-1 expression < 10%, who had a median DFS of 87
months (95% CI: 71-103 months) (Figure 3).

No differences in TTP were observed between the two groups. The
median TTP was not reached for patients with PD-1 expression < 10%.
For those with PD-1 expression > 10%, the median TTP was 96 months
(95% CI not amenable for calculation). (Supplementary Figure S2).

Association between PD-1 and PD-L1

In our comprehensive analysis, we previously evaluated the
clinicopathological significance of four distinct PD-L1 antibodies

10.3389/fonc.2024.1414900

within the same patient cohort, utilizing different TMA samples
(14). Building on this foundation, we specifically investigated the
association between PD-1 expression on tumor-infiltrating
lymphocytes (TILs) and tumor PD-L1 expression using the PD-
L1 antibody clone 28-8, which is a validated assay in
clinical routine.

The Chi-square test revealed a significant association between
PD-1 expression levels and PD-L1 expression (p = 0.002) (Table 3).
Kaplan-Meier survival analysis further highlights the prognostic
significance of PD-1, showing that elevated PD-1 levels are
associated with comparably poor outcomes in both PD-1 > 10%
with PD-L1 > 1% (median OS: 70 months, 95% CI: 47.09-84.74
months) and PD-1 > 10% with PD-L1 < 1% (median OS: 59
months, 95% CI: 42.86-75.14 months). This reinforces the role of
PD-1 expression in TILs as a negative prognostic marker (Figure 4).

Discussion

In our study cohort, High PD-1 expression of 210% in TILs in
individuals with early-stage NSCLC constituted an independent
negative prognostic factor. Our results highlight a subgroup
amongst patients with early-stage NSCLC with highest risk of
death that might potentially benefit from the intensification of
adjuvant therapy by the addition of PD-1/PD-L1 inhibitors.

PD-1/PD-L1/PD-L2 interaction has been a well-established
immune pathway associated with the development of immune
tolerance (18-20) and the occurrence and sustainment of
immune evasion in the setting of malignancy (3). Experimental
data have demonstrated that high expression levels of PD-L1 on the
surface of tumor cells can be sufficient for the evasion of a robust
host’s antitumor immune response (21). Furthermore, high level of

1.0
“L— PD-1210%
L L pD1<10%
s
§ 0.6
¢
Y 04
g
a s
0.2
Log-rank = 0.076
00| HR=1.22(95%Cl:0.98 - 1.52)
0 20 40 60 80 100 120
Months
“1L— 238 197 171 147 126 98 77
L 23 175 140 121 99 74 51

FIGURE 3

Kaplan-Meier curve depicting the differential Disease-Free Survival curves according to PD1 expression in TIL between individuals in our cohort with
PD-1 expression in their T cells <10% compared with those with PD-1 expression >10%.
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TABLE 3 Chi-square test demonstrating the statistical association of PD-1 expression levels on T cells using a cut-off value of 10% with PD-L1 tumor
expression levels.

PD-L1< 1% 1% < PD-L1 < 50% PD-L1 > 50% Total
PD-1 expression on TILs < 10% 160 (33%) 56 (12%) 22 (5%) 238 (50%) 0.002
> 10% 125 (26%) 67 (14%) 44 (9%) 236 (50%)
Total 285 (50%) 123 (26%) 66 (14%) 474 (100%)

Results with p<0.05 are annotaed with bold font.

TILs, especially CD8" T cells have been associated with favorable
outcomes in NSCLC patients undergoing immunotherapy (22, 23).
In addition, in NSCLC patients treated with second line
atezolizumab, high levels of PD-L1 expression in their TILs was
associated with favorable clinical outcomes (12). However, the
majority of the published reports on NSCLC have been done in
the metastatic setting and there is a relative paucity of data on the
early setting or on the specific context of the infiltrating TILS and
their expression of specific surface protein markers such as PD-1.

More analytically, several studies have investigated the
predictive and prognostic value of TILs in a wide range of
malignancies. Edlund et al. (24) reported that T cell, B cell and
plasma cell infiltration was associated with better outcome across
malignancies, yet not in tumors with high (>50%) PD-L1
expression, which supports the key role of PD-L1 expression in
antitumoral response. Schulze et al. (25) reported similar results
with high CD8+ T cell infiltration as an independent prognostic
factor for favorable overall survival in PD-L1 negative NSCLC but

not in PD-L1 positive. Other studies have also reported a favorable
prognostic value of increased TILs in NSCLC (26, 27).

The association between PD-1 expression and clinicopathological
data, as well as prognosis has been investigated in several different
tumor types, with conflicting results. Muenst et al. (28) reported
increased PD-1 positivity in TILs as a negative prognostic factor in
classical Hodgkin lymphoma, yet Carreras et al. (29) reported
improved OS with high PD-1 positivity in TILs in follicular
lymphoma and Pollari et al. (30) reported similar findings in
primary testicular lymphoma. Owen et al. (31) found no
correlation between high PD-1 positivity in TILs and OS in thymic
epithelial tumors, although the cohort was limited (n=35) and split
into several tumor subtypes.

Comparatively, there has been limited focus on PD-1
expression in TILs in relation to clinicopathological aspects,
predictive value and prognosis in NSCLC. Only a handful of
studies are available with varying results. Paulsen et al. (32)
reported that high PD-1 expression in the subset of intraepithelial
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TILs was associated with better 5 year disease specific survival
(DSS). Koh et al. (33) describe, interestingly, that a high number of
PD-1 positive cells (cutoff 25/mm?2) was associated with prolonged
disease-free survival (DFS), whereas a PD-1+/CD8+ ratio above
0.25 was associated with shorter DFS. Aranzazu Lafuente-Sanchis
et al. (34) reported an inverse PD-1 level correlation with shorter
DEFS and OS. On the other hand, Schmidt et al. (13) did not see any
prognostic significance of PD-1 positivity (cutoff at 5%). Deng et al.
(35) studied the expression levels of the PDCDI gene and found that
higher levels of gene expression correlate with worse OS. He et al.
(36) have investigated the clinical impact of PD-1 expression levels
in TILs in NSCLC from 139 surgical resection specimens, that
included clinical stages I-IV. They set PD-1 positivity cutoff at 8%
and a 5 year follow up period for OS, in which they did not see a
significant correlation between PD-1 expression and OS. These
studies have variations in methods, the latter two applying detection
methods other than IHC, different scoring systems for PD-1
positivity, varying cutoff levels for statistical analyses and different
time span for OS, DSS, DFS and PFS. Any of these differences in
methods, as well as a combination of them, may affect the results of
each investigation.

Moreover, since the administration of peri-operative
immunotherapy is becoming standard of care in a subset of early-
stage NSCLC, the issue about validating robust predictive biomarkers
in this setting is of high interest. In clinical trials with neo-adjuvant or
adjuvant (chemo)-immunotherapy, the favorable effect of
immunotherapy was more pronounced in individuals with high PD-
L1 expression (37-39), whereas the role of PD-1 has been less
extensively investigated (14). However, our findings, alongside
previous research, suggest that PD-1 expression, particularly when
combined with PD-L1 expression, may offer valuable prognostic
insights. In addition, in a retrospective study of 188 individuals with
advanced NSCLC treated with immune checkpoint inhibitors, the
functional engagement of PD-1/PD-L1, that was visualized through
the application of a high-throughput automated quantitative imaging
platform, served as a better predictive biomarker than PD-L1
expression levels alone (40). The latter report delineates even more
the complexity of the PD-1/PD-L1/PD-L2 pathway and highlights the
potential disadvantages of PD-L1 expression as the solely prognostic
and predictive biomarker. Our findings further emphasize the
importance of considering both PD-1 and PD-LI expression in this
context, as their interaction may more accurately reflect the tumor
immune environment and patient outcomes.

In our study we found that PD-1 positivity in TILs was
associated with tumor grade and pT stage, and that high (=10%)
PD-1 expression was correlated with histology and tumor grade.
Univariate and multivariate regression analyses support high PD-1
expression in TILs as an independent negative prognostic factor in
this cohort. A similar trend was observed in all histological
subgroups, and the lack of statistical significance can be attributed
to a statistical type II error.

Nevertheless, our results are in accordance with some of the
similar reports described above.

To our knowledge this study is one of the few studies that
investigate the effect of PD-1 levels on TILs on a large patient cohort
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and follow-up time >10 years, and the first one in the setting of
early-stage NSCLC.

The limitations of our study are its retrospective nature, the absence
of molecular profiling and the relatively small cohort size, which may
have limited the statistical power necessary to demonstrate significant
prognostic value concerning recurrence, despite the observed
statistically significance in overall survival. Additionally, we did not
conduct any further immunohistochemistry analysis to identify the
differential expression of PD-1 in the diverse subsets of immune cells in
the tissue. We strived to account for tumor heterogeneity by having two
TMA cores from each tumor (17). The staining was manually scored,
which may cause a higher margin of error, and we sought to overcome
this by evaluating a larger cohort. It is possible to use image analysis
software, as well as additional immunohistochemical markers for T-cells
to quantify the TILs for a baseline level to further stratify high- and low-
density TILs. However, we argue that staining with additional single
IHC markers will not enhance the evaluation of PD-1 positivity ratio in
TILs in single PD-1 stained slides and a double staining protocol may
interfere with the performance of the PD-1 antibody. Hence, the
identification of TILs was based on morphology. Our goal was to
recreate real life conditions in a routine diagnostic laboratory setting.

We intend to further explore the dynamics between PD-1, PD-
L1, TILs, and other variables involved in the anti-tumoral immune
response, recognizing the potential for PD-1 to be included in
routine IHC panels for NSCLC diagnostics as a prognostic and
possibly a co-predictive marker for ICI treatment.

Our future directions will focus on investigating the dynamic
between PD-1 and PD-L1 by using proximity ligation assays (PLA).
Additionally, we aim to broaden the scope of our research by
identifying key T-cell subsets and other components of the immune
microenvironment, as well as by molecularly characterizing
markers implicated in the PD-1/PD-L1 pathway.

Conclusion

High PD-1 expression in TILs of 210% in early-stage NSCLC is
associated with worse prognosis of 10-year OS. These observations
suggest that increased PD-1 expression in TILs may correlate with
tumor progression and could prove as a potential prognostic
biomarker in early-stage NSCLC.
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