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ABSTRACT

Objectives: Several studies rely on archived tissue blocks to assess the PD-L1 scores; however, a detailed analysis of potential
variations of scores between fresh and archived tissue blocks still lacks. In addition, the prognostic implications of PD-L1 in lung
cancers have not yet been completely understood. Here, we aimed to investigate the temporal variation in PD-L1 scores from
clinical samples and the clinical implications of PD-L1 in non-small cell lung cancer (NSCLC).

Methods: NSCLC cases from January 2005 to June 2023 were considered for this study, and PD-L1 scores in archived and fresh
tissue blocks were analyzed. Association of PD-L1 with various driver mutations was explored, and implications of PD-L1 in
progression-free survival (PFS) and overall survival (OS) were analyzed.

Results: Our study revealed a significant disparity in PD-L1 scores between archived and fresh tissue blocks, and a temporal
variation in scores within 6 months of tissue acquisition. Advanced-stage primary tumors, metastatic lymph nodes, and visceral
pleural invasion revealed higher PD-L1 expression as presented by tumor proportion score (TPS). Notably, in fully resected stage
I/II NSCLC cases, OS was better in the high PD-L1 (>50% TPS) cohort with driver mutations compared to cases without driver
mutations (hazard ratio—0.5129, 95% confidence interval 0.2058-1.084, p=0.0779). In contrast, high PD-L1 was associated with
worse OS compared to no PD-L1 (< 1% TPS) (hazard ratio—2.431, 95% confidence interval 1.144-6.656, p=0.0242) in the cohort
without driver mutations. Furthermore, the presence of a KRAS mutation favored the outcome of anti-PD-L1/PD1 immunother-
apy in advanced NSCLC.

Conclusion: PD-L1 detection from tissue blocks was found to vary temporally, urging for a prioritized consideration for patients
with marginal scores when archived blocks are employed for its detection. Prognostic roles of PD-L1 were associated with driver
mutations, and KRAS mutations favored the outcome of anti-PD-L1/PD1 therapy in advanced NSCLC.

1 | Introduction (PD1) on T cells plays a pivotal role in suppressing antitumor

immune responses, thereby compromising immune activity
Interaction between programmed death-ligand 1 (PD-L1) against tumors. PD-L1, a transmembrane protein primarily ex-
and the inhibitory receptor programmed cell death protein 1 pressed by cancer cells and antigen-presenting cells, initiates an
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immunosuppressive cascade upon binding with PD1 on T cells.
PD-L1 expression in the tumor microenvironment is often trig-
gered by inflammatory cytokines, such as IFN-y, which are re-
leased by tumor-infiltrating lymphocytes [1, 2]. Consequently,
PD-L1 expression may also indicate an immunosuppressive
tumor microenvironment characterized by the presence of
tumor-infiltrating lymphocytes [3, 4]. Beyond its role in immune
suppression, recent reports indicate that the intracellular domain
of PD-L1 is involved in various signaling functions related to can-
cer cell proliferation and metastasis. In vitro and mouse models
have demonstrated that PD-L1 collaborates with downstream
partners to enhance cell proliferation and invasive properties by
modulating the cytoskeleton [5, 6]. Remarkably, blocking PD-L1
not only alleviates its immunosuppressive function but also in-
hibits the tumorigenic and metastatic potential of tumor cells [6].

Immune checkpoint inhibitor (ICI) therapy targeting the PD-
L1/PD1 axis has revolutionized the treatment of cancers, in-
cluding non-small cell lung cancer (NSCLC) [7-11]. However,
the field is still in its early stages, and despite the revolutionary
strides in ICI therapy, applications in NSCLCs have shown only
modest advantages in many cases, necessitating further insights
into their optimal utilization [12-14]. The clinical assessment of
PD-L1 in tumor tissues represents the initial step in determining
the potential for many immunotherapy applications. As such,
PD-L1 testing has become integral to modern NSCLC diag-
nostic practice, forming the basis for numerous clinical studies
and treatment plans [15]. However, disparities in PD-L1 scores,
arising from various factors, can lead to potential deviations
from expected outcomes. Such scores may not accurately reflect
the true PD-L1 status in tumors, thereby affecting overall can-
cer management [16-18]. In the absence of fresh tissues, many
studies rely on archived samples to determine PD-L1 status,
but the potential deviation in PD-L1 scores assessed from ar-
chived tumor tissues compared to fresh ones has not been fully
explored [19-21]. In addition to PD-L1 testing, molecular pro-
filing of tumor tissues has become a standard practice to iden-
tify tumor characteristics and potential therapeutic targets. The
presence of driver mutations and the expression of PD-L1 have
been found in various NSCLCs, yet the implications of their co-
existence in the same tumors need to be further investigated
to understand the therapeutic implications [22-27]. Our study
aims to compare PD-L1 expression in archived and fresh tissue
blocks, explore the relationship between PD-L1 expression and
driver mutations, and investigate the prognostic implications
of PD-L1 and driver mutations. The detailed analysis covers an
array of NSCLC tumors and explores correlations of PD-L1 in
different tumor stages from patients receiving treatment at var-
ious time points.

2 | Materials and Methods
2.1 | Patients

Patients who underwent surgical resection or biopsy for NSCLC
at the Queen Elizabeth II Health Sciences Centre (QEII HSC)
in Halifax, Canada (from January 2005 to June 2023) and had
PD-L1 assessment performed were included in this retrospec-
tive study. All patients received treatment in accordance with
national guidelines, adhering to standard care protocols. The

study was approved by the Nova Scotia Health Authority's
Research Ethics Board. Demographic and clinicopathological
data, including patient age, gender, smoking history, cancer sub-
type, stage, vascular invasion, lymphatic invasion, and mutation
status used in this analysis, were extracted from our in-house
database (QEII Lung Cancer Database and Tissue Bank), pathol-
ogy reports, and medical records.

2.2 | PD-L1 and Molecular Analysis

PD-L1 assessment was performed using anti-PD-L1 antibody
clone 22C3 and an immunohistochemistry (IHC) assay plat-
form (pharmDx assay; Dako). PD-L1 expression was measured
by Tumor Proportion Score (TPS), reported as the percentage
of viable tumor cells with detectable partial or complete mem-
branous PD-L1 staining. Cases were defined as PD-L1 positive
when at least 1% of tumor cells stained for PD-L1 (>1% TPS);
otherwise, they were deemed no PD-L1 or PD-L1 negative (<1%
TPS). PD-L1 positive cases were divided into high PD-L1 (>50%
TPS) or low PD-L1 (1%-49% TPS) cases. PD-L1 assessment
started in 2017 at QEII HSC, and tissues were assessed regularly
with an average collection-to-assessment time of approximately
1 month. Those samples were defined as fresh (non-archived),
and the PD-L1 assessment was for diagnostic purposes. Tissues
from 2016 and before were samples stored in the lung tumor
archive and defined as archived samples. PD-L1 assessment on
archived samples was performed between 2017 and 2019 along
with the regular diagnostic samples as part of the research study.
For the archived samples, the average collection-to-assessment
time was approximately 85months. During the indicated pe-
riod for PD-L1 analysis, there were no significant changes in
the assessment center that could potentially introduce any
variation in test outcomes. Both fresh and archived samples
represented the pretreatment diagnostic samples. Molecular
analysis of the driver genes was queried from the in-house da-
tabase. The molecular analysis was performed using TruSight
Tumor 15 and Illumina Focus Panel (Illumina). For the analysis
of metastatic lymph nodes and pleural involvement, we relied
on non-matching metastatic lymph nodes due to the challenges
associated with acquiring PD-L1 and molecular data from both
primary tumors and matched metastatic lymph nodes or pleural
involvement in routine clinical procedures.

2.3 | Statistical Analysis

GraphPad Prism 8 (GraphPad, San Diego, USA) was used for
data analysis. Survival data was analyzed and plotted using the
Kaplan-Meier method. Hazard ratio (HR) was computed using the
log-rank approach and was given at a 95% confidence interval (CI).
PD-L1 scores between the category groups were evaluated by chi-
squared or Fisher's exact test, as appropriate. All hypothesis tests
were two-sided, and a p value less than 0.05 was considered statis-
tically significant. All early-stage NSCLC patients included in the
survival analysis underwent curative-intent surgical resection, and
none of the patients received adjuvant chemoimmunotherapy. For
the early-stage cohort, patients treated with targeted/ICI therapy
at any point after disease progression or who died within 2months
of surgical intervention were excluded from the survival analysis.
Cases from 2016 to 2019 were included in the survival analysis.
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Progression-free survival was defined as the time after surgery
until the point when recurrence or advancement of the disease
was confirmed. To monitor the progression of early-stage cases,
follow-up imaging after surgery was performed at an interval of
6months for 2years, and from the third year onward once every
year up to 5years when no progression was indicated. To study the
implications of ICI on the outcome of advanced stage cases with
respect to mutation status, patients who received at least five cycles
of ICI therapy were considered for survival analysis from the ICI
therapy cohort. This criterion was selected to exclude patients who
did not tolerate ICI therapy due to adverse side effects and stopped
the ICI treatment. For individual driver mutations in the survival
analysis in the ICI category, we considered KRAS only as there
were not sufficient cases with other driver mutations.

3 | Results

3.1 | PD-L1 Detection in Archived and Fresh
Tissue Blocks

We conducted a comprehensive analysis, categorizing cases into
two groups, one based on archived tissue blocks and the other
on fresh tissue blocks, to compare the PD-L1 scores from those
two groups (Figure 1A). The majority of cases were adenocarci-
noma (about 74%) followed by squamous cell carcinoma (SCC)
(about 18%) (Table 1). Our analysis revealed a significant differ-
ence in PD-L1 status between archived and fresh tissue blocks.
A higher proportion of PD-L1 positive cases (63%) was evident
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in the fresh tissue cohort. In contrast, the archived tissue cohort
had only about 45% of PD-L1 positive cases (Figure 1B; Table 2).
Importantly, among the archived tissue blocks, there was no
significant change in PD-L1 status between specimens col-
lected from 2005 to 2010 and 2011 to 2016 (Figure 1C). Within
fresh blocks, a consistent pattern of PD-L1 scores existed with-
out significant deviation (Figure 1D), indicating that significant
variation existed between archived and fresh tissue blocks only.
High PD-L1 was observed in only about 13% of archived cases,
compared to about 26% of fresh cases (Table 2).

To further explore the variation over a shorter time interval, we
analyzed PD-L1 scores from blocks collected within a month
and beyond, depending on sample availability. We found a de-
crease in the proportion of PD-L1 positive cases even after a
month of sample acquisition, with a shift towards no PD-L1
from about 35% in 1-month-old tissue blocks to 56% in about
41-month-old blocks (Figure 1E). The proportion of high PD-L1
cases decreased from about 32% in one-month-old tissue blocks
to 15% in samples older than 22 months. Interestingly, the pro-
portion of high PD-L1 gradually diminished, with a significant
decrease observed at 4-6 months (p =0.013).

3.2 | PD-L1: Patient Gender and Histological Types

Subsequently, we aimed to investigate whether there was any cor-
relation between PD-L1 expression and gender. In archived tissue
blocks, about 12.9% of the female cohort exhibited high PD-L1,
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FIGURE1 | PD-L1 detection in archived and fresh tissues. (A) Overview of tissue samples used for PD-L1 analysis. (B) Annual PD-L1 data from
archived tissue blocks (2005-2016) and fresh tissue blocks (2017-2022), as outlined in (A), are plotted according to high (>50% TPS), low (1%-49%
TPS), and no PD-L1 (<1% TPS). (C) Comparison of annual PD-L1 data between two archived groups [as outlined in (A)]. The data from 2005 to
2010 (average tissue acquisition to PD-L1 assessment time of 122 months) is compared with the data from 2011 to 2016 (average tissue acquisition to

assessment time of 48 months). p values are given as asterisks when significant or labeled as ns (not significant) in (B, C). (D) PD-L1 TPS score (0-10)

assigned for cases from 2017 to 2022 to demonstrate the trend in PD-L1 expression (from fresh tissue blocks). Scores are defined as: 0=no PD-L1
expression, 1=1%-9% TPS, 2=10%-19% TPS, 3=20%-29% TPS, 4=30%-39% TPS, 5=40%-49% TPS, 6 =50%-59% TPS, 7=60%-69% TPS, 8 =70%—
79% TPS, 9=80%-89% TPS, 10=90%-99% TPS, n refers to number of cases. (E) PD-L1 status in tissue blocks assessed at the given time (in month)
after the tissue acquisition (biopsy/surgery). Number of cases (n): 1 month =842, 2months =610, 3months =100, 4-6 months =72, 7-12months =53,

13-32months =62, and 33-49 months =99.
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TABLE1 | Patient characteristics and number of cases according to the histological types.

Characteristics Number of cases (%) Female (%) Male (%)

All cases 4414 (100) 2487 (56.34) 1927 (43.66)

Histology types
Adenocarcinoma 3245 (73.52) 1965 (61) 1280 (39)
Squamous cell carcinoma 793 (17.97) 340 (43) 453 (57)
Neuroendocrine 100 (2.26) 59 (59) 41 (41)
Sarcomatoid 55(1.25) 23 (42) 32(58)
Adenosquamous 23(0.52) 18 (78) 5(2)
Adenosquamous large cell 16 (0.36) 8 (50) 8 (50)
Large cell carcinoma 17 (0.38) 5(29) 12 (71)
Others/unspecified 165 (3.74) 69 (42) 96 (58)

Note: Median age at diagnosis =69years (SD =8.66).

compared to 13.6% of the male cohort (Table 2). Among fresh
tissue blocks, 26.5% of the female and 25.8% of the male cohort
displayed high PD-L1, while 37.5% of the female and 36.3% of the
male cohort were PD-L1 negative. PD-L1 scores in archived tissue
blocks were lower in most histological types than in fresh ones. An
exception was the neuroendocrine cohort, in which PD-L1 expres-
sion was generally low and no significant variation was observed
between archived and fresh tissue blocks.

Analyzing adenocarcinoma, SCC, and sarcomatoid cohorts, we
observed that the difference in PD-L1 expression between fe-
male and male cases was less than 5% from fresh tissue blocks.
Only among not-otherwise-specified cases, we found about 8%
variation between genders (F>M, data not shown) in the high
PD-L1 group. Across major NSCLC histological types, there was
no significant variation in PD-L1 expression between female
and male cases (Table S1).

3.3 | PD-L1 and Tumor Stage in NSCLC

At the time of analysis, detailed information regarding tumor
stage (anatomical staging) and patient history was available for
1483 cases enrolled in the tumor bank, with the majority belong-
ing to stages I (n=911) and II (n =342). We investigated the rela-
tionship between tumor stage and PD-L1 expression in archived
and fresh tissue blocks. Stage I had lower PD-L1 expression
compared to stages II and III (Table 3). A significant increase
in PD-L1 expression in relation to the tumor stage was observed
when scores from fresh tissue blocks were analyzed (Figure 2A;
Table S3). Although the archived cases showed a similar trend of
increasing PD-L1 expression in advanced stages, the proportion
of PD-L1 positive cases was lower due to the variation in PD-L1
detection between fresh and archived tissues (Figure 2B).

3.4 | PD-L1 and Smoking Status in NSCLC

Most patients in the tumor bank cohort were previous or cur-
rent smokers, constituting about 91% of the study population.

Approximately 45% of the non-smoking cohort were PD-L1
positive, compared to about 64% of patients with a smoking his-
tory when data from fresh blocks were analyzed (Figure 2C).
Similarly, more cases with high PD-L1 were found among
patients with a smoking history compared to non-smokers.
The difference was particularly notable in fresh tissue blocks
(Table 3; Table S1). Analyzing the archived blocks, 33% of the
non-smoking cohort were PD-L1 positive compared to 46% of
the smoking cohort (Table 3; Figure 2D). These results demon-
strate that NSCLC patients with a smoking history have higher
PD-L1 expression compared to non-smokers, emphasizing the
potential influence of smoking history on PD-L1 status.

3.5 | Co-Occurrence of PD-L1 and Driver
Mutations in Primary Tumors

PD-L1 expression was observed to coexist with various driver
mutations, with molecular analysis predominantly conducted
in adenocarcinoma and other selected cases following clinical
diagnostic protocols. We investigated 1957 all-histological type
and 1830 adenocarcinoma cases with a driver mutation/alter-
ation from fresh tissue blocks. Positive PD-L1 expressions for
each of these driver mutations ranged from 50% to 83%. More
than 60% of cases with KRAS, PIK3CA, HER2, NRAS, AKT1,
and ALK1 mutations were PD-L1 positive (Table 4). Conversely,
the proportion of PD-L1 positive cases was low in the EGFR
and ROS1 positive cohort. Additionally, the EGFR and ROS1-
positive cohort showed relatively fewer cases with high PD-L1,
while the HER2, ALK, NRAS, PIK3CA, and KRAS-positive
cohort exhibited more cases with high PD-L1 (Figure 3A).

3.6 | PD-L1 and Driver Mutations in Pleural
Involvement

We analyzed 75 cases with pleural involvement, of which 58
cases were the pleural tissues with cancer involvement and
17 cases were malignant pleural fluid. In pleural tissues with
cancer involvement, about 72% (42/58) of cases demonstrated
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TABLE 2 | Histology type and PD-L1 status.

Characteristics

Archived tissues

Fresh tissues 4]
PD-L1 in all cases (n =4388) n=795 n=3593 0.0001
TPS< 1% 438 (55.09) 1329 (36.99)
TPS 1%-49% 252 (31.70) 1322 (36.79)
TPS>50% 105 (13.21) 942 (26.22)
Female cohort (n =2475) n=419 n=2056 0.0001
TPS< 1% 236 (56.32) 771 (37.50)
TPS 1%-49% 129 (30.79) 740 (35.99)
TPS>50% 54 (12.89) 545 (26.51)
Male cohort (n=1913) n=376 n=1537 0.0001
TPS< 1% 202 (53.72) 558 (36.30)
TPS 1%-49% 123 (32.71) 582 (37.87)
TPS>50% 51 (13.56) 397 (25.83)
Adenocarcinoma (n=3226) n=>544 n=2682 0.0001
TPS<1% 301 (55.33) 1028 (38.33)
TPS 1%-49% 167 (30.70) 968 (36.09)
TPS>50% 76 (13.97) 686 (25.58)
SCC (n=790) n=176 n=614 0.0001
TPS<1% 84 (47.73) 194 (31.60)
TPS 1%-49% 69 (39.20) 264 (43.00)
TPS>50% 23(13.07) 156 (25.41)
Neuroendocrine (n=100) n=39 n=61 0.71
TPS<1% 31(79.49) 47 (77.05)
TPS 1%-49% 8 (20.51) 13 (21.31)
TPS>50% 0 1(1.64)
Sarcomatoid (n=55) n=24 n=31 0.001
TPS<1% 12 (50.00) 5(16.13)
TPS 1%-49% 6 (25.00) 3(9.68)
TPS>50% 6 (25.00) 23 (74.19)
Other cases (n=217) n=12 n=205 0.0001
TPS<1% 10 (83.33) 55(26.83)
TPS 1%-49% 2(16.67) 74 (36.10)
TPS > 50% 0 76 (37.07)

Note: Numbers in parentheses indicate percentages (%). Chi-squared test was used to calculate the p values.

positive PD-L1 expression, with 36% (21/58) of cases showing
high PD-L1 (Figure 3B). Interestingly, in malignant pleural
fluid, about 94% (16/17) of cases demonstrated positive PD-L1
expression, with 76% (13/17) of cases displaying high PD-L1
(Figure 3B). Driver mutation and PD-L1 status were available
for 55 pleural tissues and 14 malignant pleural fluid cases.
Approximately 57% (8/14) of malignant pleural fluid cases had
both positive PD-L1 expression and a driver mutation, while

only one case had negative PD-L1 expression but a driver mu-
tation (Figure S1A). In pleural tissues with cancer involve-
ment, 49% (27/55) of cases exhibited both positive PD-L1
expression and a driver mutation, about 24% (13/55) of cases
had positive PD-L1 expression but no driver mutation, about
14% (8/55) of cases had a driver mutation only (without PD-L1
expression), and the remaining cases (7/55) had neither PD-L1
expression nor a driver mutation (Figure S1B).
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TABLE 3 | Disease stage, smoking history, and PD-L1 status.
Characteristics Archived tissues Fresh tissues P
Stages (n=14383) n=821 n=662
Stage I 464 (56.52) 447 (67.52) 0.0002
Stage II 218 (26.55) 124 (18.73)
Stage 111 131 (15.96) 88 (13.29)
Stage IV 8(0.97) 3(0.45)
PD-L1 status
All (stage I-1V, n=1367) n=718 n=649
TPS<1% 390 (54.32) 238 (36.67) 0.0001
TPS 1%-49% 232 (32.31) 248 (38.21)
TPS > 50% 96 (13.37) 163 (25.12)
Stage I (n=2854) n=417 n=437
TPS<1% 227 (54.44) 178 (42.69) 0.0002
TPS 1%-49% 136 (32.61) 173 (41.49)
TPS>50% 54(12.95) 86 (20.62)
Stage II (n =313) n=190 n=123
TPS<1% 107 (56.32) 38(30.89) 0.0001
TPS 1%-49% 61 (32.11) 44 (35.77)
TPS>50% 22 (11.58) 41 (33.33)
Stage III (n=191) n=105 n==386
TPS<1% 52 (49.52) 21 (24.42) 0.0002
TPS 1%-49% 35(33.33) 30(34.88)
TPS>50% 18 (17.14) 35 (40.70)
Never smoker (n=124) n=>54 n=170
TPS<1% 36 (66.67) 38 (54.29) 0.23
TPS 1%-49% 11 (20.37) 24 (34.29)
TPS>50% 7 (12.96) 8(11.43)
Past/current smoker (n=1243) n=658 n=>586
TPS<1% 351 (53.42) 208 (35.49) 0.0001
TPS 1%-49% 217 (33.03) 223 (38.05)
TPS>50% 89 (13.55) 155 (26.45)

Note: Numbers in parentheses indicate percentages (%). Chi-squared test was used to calculate the p values.

3.7 | PD-L1 and Driver Mutations in Primary
Tumors With and Without Lymph Node Involvement

We conducted an analysis of primary tumors with or without
lymph node involvement to investigate the status of PD-L1 in
tumors with local progression. Interestingly, we found that more
than 73% (95/129) of cases with local lymph node involvement
had positive PD-L1 expression in the primary tumors, compared
to only about 60% (298/498) of tumors without lymph node
involvement (Figure 3C; Table S3). Among them, about 41%

(53/129) of primary tumors with and only about 20% (101/498)
of primary tumors without lymph node involvement demon-
strated high PD-L1. About 14% (18/129) of primary tumors with
lymph node involvement had neither a driver mutation nor PD-
L1 expression, whereas about 21% (104/498) of tumors without
lymph node involvement fell into this category (Figure 3D).
Approximately 50% (65/129) of primary tumors with lymph
node involvement and only about 32% (160/498) of primary tu-
mors without lymph node involvement had both PD-L1 expres-
sion and driver mutations.
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FIGURE2 | Tumor stage, smoking history, and PD-L1 status. PD-L1 expression in (A) archived tissues and (B) freshly acquired tissues is shown
according to the stage. Smoking status and PD-L1 scores are shown in (C) archived tissues and (D) freshly acquired tissues. PD-L1 scores are shown
as high (>50% TPS), low (1%-49% TPS), and no PD-L1 (< 1% TPS). The total number of cases (n) is shown on the top of the bar.

TABLE 4 | Driver mutations and PD-L1 expression.

Characteristic KRAS EGFR PIK3CA BRAF HER2 NRAS ROS1 AKT1 ALK1
All histological types
TPS<1% 418 (34.32) 176 (49.03) 63(36.21) 28(30.43) 15(34.9) 6(2727) 7(50) 2(16.67) 6(26.09)
TPS 1%-49% 431(35.19) 118(32.87) 55(31.61) 40 (43.48) 10(23.3) 8(36.36) 4(28.57) 8(66.67) 8(34.78)
TPS > 50% 369 (30.30) 65(18.11) 56(32.18) 24(26.09) 18(41.9) 8(36.36) 3(21.43) 2(16.67) 9(39.13)
Total cases 1218 359 174 43 22 14 12 23
Adenocarcinoma cases
TPS<1% 410 (35.47) 175(49.86) 63(36.21) 26(29.89) 14 (35) 6(28.6) 6(46.15) 1(16.7)  4(21.05)
TPS 1%-49% 412 (35.64) 111 (31.62) 55(31.61) 37(42.53)  10(25) 7(33.3)  4(30.77) 4(66.7)  7(36.84)
TPS > 50% 334(28.89)  65(18.52)  56(32.18) 24(27.59) 16 (40) 8(38.1) 3(23.08) 1(16.7)  9(39.13)
Total cases 1156 351 137 40 21 13 6 19

Note: Data from fresh tissue blocks (2017-2022). Numbers in parentheses indicate percentages (%).

3.8 | PD-L1 and Driver Mutations in Metastatic
Lymph Nodes

Next, we analyzed metastatic lymph nodes originating from
NSCLC to study the PD-L1 status in such cases. Approximately
77% (96/124) of metastatic lymph nodes were PD-L1 positive
(Figure 3C; Table S3). Remarkably, about 46% (57/124) of cases
demonstrated high PD-L1, underscoring the importance of PD-
L1 in progression to lymph nodes. In metastatic lymph nodes,
about 13% (14/108) of PD-L1 negative cases had driver muta-
tions, and only about 8% (9/108) of cases lacked both a driver mu-
tation and PD-L1 expression (Figure 3D; Table S3). Remarkably,
approximately 51% (55/108) of metastatic lymph nodes had
both positive PD-L1 and a driver mutation (Figure 3D). Similar
trends in PD-L1 expression and the presence of driver mutations
were observed in the adenocarcinoma cohort (Figure 3E,F;
Table S3). These data demonstrate a comparable PD-L1 status in
metastatic lymph nodes and primary tumors with lymph node

involvement, reflecting the implications of PD-L1 in cancer pro-
gression and invasion.

3.9 | High PD-L1 and Driver Mutations Influence
Survival Outcome in Early-Stage NSCLC

We investigated cases after 2016, specifically focusing on the
effect of driver mutations and PD-L1 on survival outcome
among stage I/II adenocarcinoma patients. All patients un-
derwent curative-intent surgery, and none of the patients
received adjuvant immunotherapy. In the driver mutation
cohort, PD-L1 expression did not have a significant effect on
overall survival (OS) (Figure 4A). Intriguingly, in the cohort
without driver mutations, high PD-L1 was associated with
a significantly worse outcome compared to no PD-L1 (HR
2.431, 95% CI 1.144-6.656, p=0.0242) (Figure 4B). We ana-
lyzed the high PD-L1 cases to confirm that driver mutations
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influence survival outcome in this cohort. Among the high
PD-L1 cases, the driver mutation cohort had a better survival
outcome than the no driver mutation cohort (HR 0.5129, 95%
CI0.2058-1.084, p=0.0779) (Figure 4C).

Progression-free survival (PFS) analysis showed a similar trend
to OS. Among cases with driver mutations, there was no sig-
nificant difference in PFS between high PD-L1 and no PD-L1
(Figure 4D). However, in the no driver mutation cohort, PFS was
significantly lower for the high PD-L1 compared to no PD-L1
cases (HR1.930,95% C11.024-4.302,p =0.0444) (Figure 4E). The
median PFS for the high PD-L1 cases in the no driver mutation
cohort was 38 months, whereas for the PD-L1 negative cases, it
could not be defined in the given period (Figure 4F). Among PD-
L1 negative cases, driver mutations favored a negative outcome
(OS—HR 1.291, 95% CI10.6151-2.707, p=0.5013) and (PFS—HR
1.469, 95% CI 0.8434-2.556, p=0.1773) (Figure S2A,B) over no
driver mutation. These results indicate that PD-L1 and driver
mutations influence the survival outcome.

The KRAS mutation was the predominant driver mutation in
our study population, along with a smaller number of other

mutations/variations. Therefore, we analyzed the KRAS
mutant-only cases and confirmed that the KRAS mutation
showed a similar outcome compared to cases with no driver mu-
tation (Figure S2C,D).

3.10 | KRAS Mutations and Outcome of ICI
Therapy in Advanced Stage NSCLCs

In advanced-stage adenocarcinoma with high PD-L1 and no
ICI intervention, there was no remarkable difference in sur-
vival outcome with respect to a KRAS mutation. The cohort
with KRAS mutation had a median survival of 17 months com-
pared to 18 months for those without driver mutations after
the diagnosis. The difference was not statistically significant
(HR =0.9223, 95% CI: 0.4339-1.936, p=0.8334) (Figure 4G).
Conversely, with ICI therapy, the outcome was better in the
KRAS mutation cohort compared to the no driver mutation
cohort in advanced stage adenocarcinoma with high PD-L1
(HR =0.4543, 95% CI: 0.1538-1.000, p=0.0434) (Figure 4H).
The median survival after the start of ICI therapy in the co-
hort without driver mutations was 22 months, while for the
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KRAS mutation cohort, it could not be defined within the

given period.

4 | Discussion

Due to the lack of fresh tissue blocks, several studies have re-
lied on archived tumor tissue blocks for PD-L1 assessment, and

this analysis has been applied in several clinical trials [20, 23].
Limited information is available about the effect on PD-L1
scores when archived tissues are used for PD-L1 analysis in
clinical practices. To address this issue, we conducted a com-
parative analysis, assessing PD-L1 status in both archived and
fresh tissue blocks in our repository. Our findings revealed di-
minished PD-L1 expression in archived tissue blocks, emphasiz-
ing the importance of conducting PD-L1 testing on fresh tissue
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blocks, preferably within a month of acquisition. The dimin-
ished PD-L1 detection can be attributed to the unstable nature
of the extracellular domain of PD-L1 over time, leading to the
loss of signal in older tissue blocks [28]. Studies have shown that
the structural integrity of PD-L1 epitopes recognized by various
antibodies (including clone 22C3) can be affected by humidity
and temperature in stored FFPE tissues, causing a reduction
in the immunoreactivity of anti-PD-L1 antibodies, leading to a
significant signal loss [29]. These observations highlight the im-
portance of considering appropriate storage measures for FFPE
blocks to preserve epitope integrity and ensure accurate immu-
nohistochemical analysis. The validity and relevance of these
findings are underscored by their grounding in authentic “real-
world” clinical practices. The imperative for meticulous normal-
ization measures becomes pronounced, particularly in cases
where archived blocks are employed, urging a prioritized con-
sideration for patients with marginal PD-L1 scores. Moreover, it
is strongly advocated that reporting practices evolve to incorpo-
rate the temporal interval between tissue acquisition and PD-L1
assessment, thereby enhancing the precision and reliability of
the data.

A higher PD-L1 expression was associated with specific mutations
(HER2, ALK, NRAS, PIK3CA, and KRAS). EGFR mutation was
associated with lower PD-L1 expression, as seen in our previous
study [30]. Additionally, we had reported a correlation of the fre-
quency of mutations with cancer type and patient characteristics
[27]. The current study involves a detailed analysis of a larger co-
hort (archived and fresh tissue blocks) offering advanced insights
into PD-L1 expression, driver mutations, and their clinical im-
plications. We observed that a high PD-L1 status correlated with
tumor stage and smoking status, consistent with previous findings
in the literature [31]. Notably, pleural invasion and metastatic
lymph nodes were associated with significantly higher PD-L1 ex-
pression. Interestingly, primary tumors with lymph node involve-
ment demonstrated a larger proportion of cases with high PD-L1
expression compared to those without lymph node involvement,
and the pattern in PD-L1 expression and driver mutations in pri-
mary tumors with lymph node involvement align to that of meta-
static lymph nodes. The high PD-L1 in such instances may reflect
an immunosuppressive feature of tumor cells facilitating nodal
metastasis and pleural invasion [24, 32, 33].

Our study highlights the role of driver mutations and high PD-
L1 status on survival outcomes in early-stage NSCLC patients
without distant metastasis. In early-stage cases with curative in-
tent surgery, high PD-L1 was associated with a worse outcome
in cohorts without driver mutations. Conversely, cases with high
PD-L1 and driver mutations demonstrated better survival out-
comes than those without driver mutations. The data is based
on the analysis of the early-stage cases that did not receive any
targeted/ICI therapy at any point. This study helps to explain
the conflicting outcomes reported previously, as some reports
suggested PD-L1 played no prognostic roles [34, 35], while oth-
ers indicated its association with worse prognosis [36, 37] or bet-
ter outcomes [38].

Understanding the prognostic implications of PD-L1 in early-
stage NSCLC is crucial for developing effective therapeutic
approaches. Early-stage primary tumors can serve as a source
of neoantigens for priming and expansion of tumor-specific

lymphocytes, enhancing their antitumor response [39]. Higher
PD-L1 expression is associated with abundant tumor-infiltrating
lymphocytes, especially in tumors with KRAS mutations [40].
Cases with high PD-L1 expression may experience an increased
antitumor response once the inhibitory effect is blocked or the
tumor is removed, potentially leading to a better outcome. The
benefits of neoadjuvant chemoimmunotherapy in resectable
cases further highlight the importance of the PD-L1 axis in
early-stage NSCLC management [41, 42]. Our data offer pre-
liminary insights into the role of driver mutations and PD-L1
for risk group determination and urge further investigations to
shed light on such implications. Moreover, such information can
also be important for personalized vaccine development based
on the patient’s tumor molecular profile if these outcomes are
associated with neoantigen presentation and immune response.
In pancreatic ductal adenocarcinoma, tumor neoantigens with
specific mutations have been reported to be associated with
tumor-free survival in resected patients [43]. Potential applica-
tions of these neoantigens for personalized vaccine development
have been recently demonstrated [43, 44]. Interestingly, epitopes
from driver mutations such as KRAS and PIK3CA were also
among the predicted neoantigens [44]. Furthermore, driver mu-
tations are also associated with a high tumor mutation burden,
and the latter can contribute to antigen presentation, immune
infiltration, and a better outcome in certain cases [45-48].

In advanced stage cases, ICI therapy demonstrated improved
patient outcomes, particularly in those with KRAS mutations.
It has been reported that the mutational landscape influences
response to ICIs in advanced stage NSCLCs, and patients with
high PD-L1 and select driver mutations had the best response
to anti-PD-L1/PD1 therapy [49-52]. These reports mostly re-
flect the outcomes in advanced stage NSCLCs, which are
generally consistent with our findings. Our data reflect a ret-
rospective analysis from a single center, with no significant
changes in diagnostic and treatment practices during the
study period. Our report offers a novel insight into the prac-
tical consideration and clinical implications of PD-L1, which
can be helpful for the therapeutic advancement and better
management of NSCLC.

Author Contributions

Gopal P. Pathak: conceptualization (equal), data curation (equal), for-
mal analysis (lead), investigation (equal), methodology (equal), writing
- original draft (lead), writing - review and editing (equal). Rashmi
Shah: data curation (supporting), formal analysis (supporting), in-
vestigation (supporting), writing — review and editing (supporting).
Mathieu Castonguay: data curation (supporting), investigation (sup-
porting), writing - review and editing (supporting). Angela Cheng:
data curation (supporting), writing — review and editing (supporting).
John Fris: data curation (supporting), project administration (support-
ing), writing - review and editing (supporting). Rowan Murphy: re-
sources (supporting), writing — review and editing (supporting). Gail
Darling: resources (supporting), writing - review and editing (support-
ing). Alexander Ednie: resources (supporting), writing — review and
editing (supporting). Daniel French: resources (supporting), writing —
review and editing (supporting). Harry Henteleff: resources (support-
ing), writing - review and editing (supporting). Aneil Mujoomdar:
resources (supporting), writing — review and editing (supporting).
Madelaine Plourde: resources (supporting), writing - review and edit-
ing (supporting). Alison Wallace: resources (supporting), writing — re-
view and editing (supporting). Zhaolin Xu: conceptualization (equal),

10 of 13

Cancer Medicine, 2024



data curation (lead), formal analysis (equal), funding acquisition (lead),
investigation (lead), resources (lead), supervision (lead), writing - orig-
inal draft (equal), writing - review and editing (equal).

Acknowledgments

The authors would like to thank Dr. Michael D. Carter, Dr. Tanya
Gillan, Dr. Dan Gaston, and the Molecular Diagnostics Laboratory
(Department of Pathology and Laboratory Medicine) at QEII Health
Sciences Centre for the molecular analysis and technical support.

Ethics Statement

The study was approved by the Nova Scotia Health Authority’s Research
Ethics Board. A written informed consent was obtained from some par-
ticipants in the study and a waiver/exempt of consent was granted by
the REB/Ethics Committee for other participants (REB file #1013243).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Upon request, non-confidential information may be available from the
corresponding author.

References

1. A. Garcia-Diaz, D. S. Shin, B. H. Moreno, et al., “Interferon Receptor
Signaling Pathways Regulating PD-L1 and PD-L2 Expression,” Cell Re-
ports 19, no. 6 (2017): 1189-1201, https://doi.org/10.1016/j.celrep.2017.
04.031.

2. A. M. Gocher, C. J. Workman, and D. A. A. Vignali, “Interferon-y:
Teammate or Opponent in the Tumour Microenvironment?,” Nature
Reviews. Immunology 22, no. 3 (2022): 158-172, https://doi.org/10.1038/
$41577-021-00566-3.

3. T. G. Huynh, V. Morales-Oyarvide, M. J. Campo, et al., “Programmed
Cell Death Ligand 1 Expression in Resected Lung Adenocarcinomas:
Association With Immune Microenvironment,” Journal of Thoracic On-
cology 11, no. 11 (2016): 1869-1878, https://doi.org/10.1016/j.jtho.2016.
08.134.

4. K. Abiko, N. Matsumura, J. Hamanishi, et al., “IFN-y From Lympho-
cytes Induces PD-L1 Expression and Promotes Progression of Ovarian
Cancer,” British Journal of Cancer 112, no. 9 (2015): 1501-1509, https://
doi.org/10.1038/bjc.2015.101.

5. C. Nieto, B. Miller, N. Alzofon, et al., “The Programmed Death Li-
gand 1 Interactome Demonstrates Bidirectional Signaling Coordinating
Immune Suppression and Cancer Progression in Head and Neck Squa-
mous Cell Carcinoma,” Journal of the National Cancer Institute 115, no.
11 (2023): 1392-1403, https://doi.org/10.1093/jnci/djad126.

6.J. Yu, A. Zhuang, X. Gu, et al., “Nuclear PD-L1 Promotes EGRI1-
Mediated Angiogenesis and Accelerates Tumorigenesis,” Cell Discovery
9, no. 1 (2023): 33, https://doi.org/10.1038/541421-023-00521-7.

7.S. J. Antonia, A. Villegas, D. Daniel, et al., “Overall Survival With
Durvalumab After Chemoradiotherapy in Stage III NSCLC,” New En-
gland Journal of Medicine 379, no. 24 (2018): 2342-2350, https://doi.org/
10.1056/NEJMo0a1809697.

8. D. R. Spigel, C. Faivre-Finn, J. E. Gray, et al., “Five-Year Survival
Outcomes From the PACIFIC Trial: Durvalumab After Chemoradio-
therapy in Stage III Non-Small-Cell Lung Cancer,” Journal of Clin-
ical Oncology 40, no. 12 (2022): 1301-1311, https://doi.org/10.1200/
JCO.21.01308.

9. F. Cortiula, B. Reymen, S. Peters, et al., “Immunotherapy in Unre-
sectable Stage III Non-Small-Cell Lung Cancer: State of the Art and
Novel Therapeutic Approaches,” Annals of Oncology 33, no. 9 (2022):
893-908, https://doi.org/10.1016/j.annonc.2022.06.013.

10. P. M. Forde, J. Spicer, S. Lu, et al., “Neoadjuvant Nivolumab Plus
Chemotherapy in Resectable Lung Cancer,” New England Journal of
Medicine 386, no. 21 (2022): 1973-1985, https://doi.org/10.1056/NEJMo
a2202170.

11. S. Novello, D. M. Kowalski, A. Luft, et al.,, “Pembrolizumab Plus
Chemotherapy in Squamous Non-Small-Cell Lung Cancer: 5-Year Up-
date of the Phase III KEYNOTE-407 Study,” Journal of Clinical Oncol-
ogy 41, no. 11 (2023): 1999-2006, https://doi.org/10.1200/JC0O.22.01990.

12. F. Martins, L. Sofiya, G. P. Sykiotis, et al., “Adverse Effects of
Immune-Checkpoint Inhibitors: Epidemiology, Management and Sur-
veillance,” Nature Reviews. Clinical Oncology 16, no. 9 (2019): 563-580,
https://doi.org/10.1038/s41571-019-0218-0.

13. R. B. Parikh, E. J. Min, E. P. Wileyto, et al., “Uptake and Survival
Outcomes Following Immune Checkpoint Inhibitor Therapy Among
Trial-Ineligible Patients With Advanced Solid Cancers,” JAMA On-
cology 7, no. 12 (2021): 1843-1850, https://doi.org/10.1001/jamaoncol.
2021.4971.

14. G. Mountzios, J. Remon, L. E. L. Hendriks, et al., “Immune-
Checkpoint Inhibition for Resectable Non-Small-Cell Lung Cancer—
Opportunities and Challenges,” Nature Reviews. Clinical Oncology 20,
no. 10 (2023): 664-677, https://doi.org/10.1038/s41571-023-00794-7.

15. S. Lantuejoul, M. Sound-Tsao, W. A. Cooper, et al., “PD-L1 Testing
for Lung Cancer in 2019: Perspective From the IASLC Pathology Com-
mittee,” Journal of Thoracic Oncology 15, no. 4 (2020): 499-519, https://
doi.org/10.1016/j,jtho.2019.12.107.

16. D. P. O'Malley, Y. Yang, S. Boisot, et al., “Immunohistochemical De-
tection of PD-L1 Among Diverse Human Neoplasms in a Reference Lab-
oratory: Observations Based Upon 62,896 Cases,” Modern Pathology 32,
no. 7 (2019): 929-942, https://doi.org/10.1038/s41379-019-0210-3.

17. L. Hong, M. V. Negrao, S. S. Dibaj, et al., “Programmed Death-Ligand
1 Heterogeneity and Its Impact on Benefit From Immune Checkpoint
Inhibitors in NSCLC,” Journal of Thoracic Oncology 15, no. 9 (2020):
1449-1459, https://doi.org/10.1016/].jtho.2020.04.026.

18. B. M. Koomen, Q. J. M. Voorham, C. C. H. J. Epskamp-Kuijpers,
et al., “Considerable Interlaboratory Variation in PD-L1 Positivity in
a Nationwide Cohort of Non-Small Cell Lung Cancer Patients,” Lung
Cancer 159 (2021): 117-126, https://doi.org/10.1016/j.lungcan.2021.
07.012.

19. A. Gagné, E. Wang, N. Bastien, et al., “Impact of Specimen Charac-
teristics on PD-L1 Testing in Non-Small Cell Lung Cancer: Validation
of the IASLC PD-L1 Testing Recommendations,” Journal of Thoracic
Oncology 14, no. 12 (2019): 2062-2070, https://doi.org/10.1016/j.jtho.
2019.08.2503.

20. R. Brody, Y. Zhang, M. Ballas, et al., “PD-L1 Expression in Advanced
NSCLC: Insights Into Risk Stratification and Treatment Selection From
a Systematic Literature Review,” Lung Cancer 112 (2017): 200-215,
https://doi.org/10.1016/j.lungcan.2017.08.005.

21. D. B. Doroshow, S. Bhalla, M. B. Beasley, et al., “PD-L1 as a Bio-
marker of Response to Immune-Checkpoint Inhibitors,” Nature Re-
views. Clinical Oncology 18, no. 6 (2021): 345-362, https://doi.org/10.
1038/s41571-021-00473-5.

22. A.S. Berghoff, B. Bellosillo, C. Caux, et al., “Immune Checkpoint In-
hibitor Treatment in Patients With Oncogene-Addicted Non-Small Cell
Lung Cancer (NSCLC): Summary of a Multidisciplinary Round-Table
Discussion,” ESMO Open 4, no. 3 (2019): 498, https://doi.org/10.1136/
esmoopen-2019-000498.

11 0f 13


https://doi.org/10.1016/j.celrep.2017.04.031
https://doi.org/10.1016/j.celrep.2017.04.031
https://doi.org/10.1038/s41577-021-00566-3
https://doi.org/10.1038/s41577-021-00566-3
https://doi.org/10.1016/j.jtho.2016.08.134
https://doi.org/10.1016/j.jtho.2016.08.134
https://doi.org/10.1038/bjc.2015.101
https://doi.org/10.1038/bjc.2015.101
https://doi.org/10.1093/jnci/djad126
https://doi.org/10.1038/s41421-023-00521-7
https://doi.org/10.1056/NEJMoa1809697
https://doi.org/10.1056/NEJMoa1809697
https://doi.org/10.1200/JCO.21.01308
https://doi.org/10.1200/JCO.21.01308
https://doi.org/10.1016/j.annonc.2022.06.013
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1200/JCO.22.01990
https://doi.org/10.1038/s41571-019-0218-0
https://doi.org/10.1001/jamaoncol.2021.4971
https://doi.org/10.1001/jamaoncol.2021.4971
https://doi.org/10.1038/s41571-023-00794-7
https://doi.org/10.1016/j.jtho.2019.12.107
https://doi.org/10.1016/j.jtho.2019.12.107
https://doi.org/10.1038/s41379-019-0210-3
https://doi.org/10.1016/j.jtho.2020.04.026
https://doi.org/10.1016/j.lungcan.2021.07.012
https://doi.org/10.1016/j.lungcan.2021.07.012
https://doi.org/10.1016/j.jtho.2019.08.2503
https://doi.org/10.1016/j.jtho.2019.08.2503
https://doi.org/10.1016/j.lungcan.2017.08.005
https://doi.org/10.1038/s41571-021-00473-5
https://doi.org/10.1038/s41571-021-00473-5
https://doi.org/10.1136/esmoopen-2019-000498
https://doi.org/10.1136/esmoopen-2019-000498

23. K. Hastings, H. A. Yu, W. Wei, et al., “EGFR Mutation Subtypes and
Response to Immune Checkpoint Blockade Treatment in Non-Small-
Cell Lung Cancer,” Annals of Oncology 30, no. 8 (2019): 1311-1320,
https://doi.org/10.1093/annonc/mdz141.

24. A. J. Schoenfeld, H. Rizvi, C. Bandlamudi, et al., “Clinical and Mo-
lecular Correlates of PD-L1 Expression in Patients With Lung Adeno-
carcinomas,” Annals of Oncology 31, no. 5 (2020): 599-608, https://doi.
org/10.1016/j.annonc.2020.01.065.

25. E. Dantoing, N. Piton, M. Salaiin, L. Thiberville, and F. Guisier,
“Anti-PD1/PD-L1 Immunotherapy for Non-Small Cell Lung Cancer
With Actionable Oncogenic Driver Mutations,” International Journal of
Molecular Sciences 22, no. 12 (2021): 6288, https://doi.org/10.3390/ijms2
2126288.

26. A. Watterson and M. A. Coelho, “Cancer Immune Evasion Through
KRAS and PD-L1 and Potential Therapeutic Interventions,” Cell Com-
munication and Signaling: CCS 21, no. 1 (2023): 45, https://doi.org/10.
1186/512964-023-01063-X.

27.M. L. Forsythe, A. Alwithenani, D. Bethune, et al., “Molecular
Profiling of Non-Small Cell Lung Cancer,” PLoS One 15, no. 8 (2020):
€0236580, https://doi.org/10.1371/journal.pone.0236580.

28. A. L. Fernandez, P. Gaule, and D. L. Rimm, “Tissue Age Affects An-
tigenicity and Scoring for the 22C3 Immunohistochemistry Companion
Diagnostic Test,” Modern Pathology 36, no. 7 (2023): 100159, https://doi.
org/10.1016/j.modpat.2023.100159.

29. A. Haragan, D. C. Liebler, D. M. Das, et al., “Accelerated Instability
Testing Reveals Quantitative Mass Spectrometry Overcomes Specimen
Storage Limitations Associated With PD-L1 Immunohistochemistry,”
Laboratory Investigation 100, no. 6 (2020): 874-886, https://doi.org/10.
1038/s41374-019-0366-y.

30. A. Alwithenani, D. Bethune, M. Castonguay, et al., “Profiling Non-
Small Cell Lung Cancer Reveals That PD-L1 Is Associated With Wild
Type EGFR and Vascular Invasion, and Immunohistochemistry Quan-
tification of PD-L1 Correlates Weakly With RT-qPCR,” PLoS One 16, no.
5(2021): €0251080, https://doi.org/10.1371/journal.pone.0251080.

31. A. Calles, X. Liao, L. M. Sholl, et al., “Expression of PD-1 and Its Li-
gands, PD-L1 and PD-L2, in Smokers and Never Smokers With KRAS-
Mutant Lung Cancer,” Journal of Thoracic Oncology 10, no. 12 (2015):
1726-1735, https://doi.org/10.1097/IT0O.0000000000000687.

32.8S. Kim, J. Koh, D. Kwon, et al., “Comparative Analysis of PD-L1
Expression Between Primary and Metastatic Pulmonary Adenocarci-
nomas,” European Journal of Cancer 75 (2017): 141-149, https://doi.org/
10.1016/j.ejca.2017.01.004.

33.M. K. Moutafi, W. Tao, R. Huang, et al., “Comparison of Pro-
grammed Death-Ligand 1 Protein Expression Between Primary and
Metastatic Lesions in Patients With Lung Cancer,” Journal for Immu-
notherapy of Cancer 9, no. 4 (2021): e002230, https://doi.org/10.1136/
jitc-2020-002230.

34. M. S. Tsao, G. Le Teuff, F. A. Shepherd, et al., “PD-L1 Protein Ex-
pression Assessed by Immunohistochemistry Is Neither Prognostic Nor
Predictive of Benefit From Adjuvant Chemotherapy in Resected Non-
Small Cell Lung Cancer,” Annals of Oncology 28, no. 4 (2017): 882-889,
https://doi.org/10.1093/annonc/mdx003.

35.S. F. Sorensen, W. Zhou, M. Dolled-Filhart, et al., “PD-L1 Expression
and Survival Among Patients With Advanced Non-Small Cell Lung
Cancer Treated With Chemotherapy,” Translational Oncology 9, no. 1
(2016): 64-69, https://doi.org/10.1016/j.tranon.2016.01.003.

36.J. M. Sun, W. Zhou, Y. L. Choi, et al., “Prognostic Significance of PD-
L1 in Patients With Non-Small Cell Lung Cancer: A Large Cohort Study
of Surgically Resected Cases,” Journal of Thoracic Oncology 11, no. 7
(2016): 1003-1011, https://doi.org/10.1016/j.jtho.2016.04.007.

37.S. Tuminello, D. Sikavi, R. Veluswamy, et al., “PD-L1 as a Prognos-
tic Biomarker in Surgically Resectable Non-Small Cell Lung Cancer:

A Meta-Analysis,” Translational Lung Cancer Research 9, no. 4 (2020):
1343-1360.

38. W. A. Cooper, T. Tran, R. E. Vilain, et al., “PD-L1 Expression Is a Fa-
vorable Prognostic Factor in Early Stage Non-Small Cell Carcinoma,”
Lung Cancer 89, no. 2 (2015): 181-188, https://doi.org/10.1016/j.lungcan.
2015.05.007.

39. R. G. Gupta, F. Li, J. Roszik, and G. Lizée, “Exploiting Tumor Neoan-
tigens to Target Cancer Evolution: Current Challenges and Promising
Therapeutic Approaches,” Cancer Discovery 11, no. 5 (2021): 1024-1039,
https://doi.org/10.1158/2159-8290.CD-20-1575.

40. L. A. Rojas, Z. Sethna, K. C. Soares, et al., “Personalized RNA
Neoantigen Vaccines Stimulate T Cells in Pancreatic Cancer,” Nature
618, no. 7963 (2023): 144-150, https://doi.org/10.1038/s41586-023-
06063-y.

41.Y.Zhou, A. Li, H. Yu, et al., “Neoadjuvant-Adjuvant vs Neoadjuvant-
Only PD-1 and PD-L1 Inhibitors for Patients With Resectable NSCLC:
An Indirect Meta-Analysis,” JAMA Network Open 7, no. 3 (2024):
€241285, https://doi.org/10.1001/jamanetworkopen.2024.1285.

42. M. Sorin, C. Prosty, L. Ghaleb, et al., “Neoadjuvant Chemoimmuno-
therapy for NSCLC: A Systematic Review and Meta-Analysis,” JAMA
Oncology 10, no. 5 (2024): 621-633, https://doi.org/10.1001/jamaoncol.
2024.0057.

43.V. P. Balachandran, M. Luksza, J. N. Zhao, et al., “Identification of
Unique Neoantigen Qualities in Long-Term Survivors of Pancreatic
Cancer,” Nature 551, no. 7681 (2017): 512-516, https://doi.org/10.1038/
nature24462.

44. M. Luksza, Z. M. Sethna, L. A. Rojas, et al., “Neoantigen Quality
Predicts Immunoediting in Survivors of Pancreatic Cancer,” Nature
606, no. 7913 (2022): 389-395, https://doi.org/10.1038/s41586-022-
04735-9.

45.R. S. Herbst, P. Baas, J. L. Perez-Gracia, et al., “Use of Archival Ver-
sus Newly Collected Tumor Samples for Assessing PD-L1 Expression
and Overall Survival: An Updated Analysis of KEYNOTE-010 Trial,”
Annals of Oncology 30, no. 2 (2019): 281-289, https://doi.org/10.1093/
annonc/mdy545.

46.D. L. Jardim, A. Goodman, G. D. de Melo, and R. Kurzrock, “The
Challenges of Tumor Mutational Burden as an Immunotherapy Bio-
marker,” Cancer Cell 39, no. 2 (2021): 154-173, https://doi.org/10.1016/j.
ccell.2020.10.001.

47. B. Ricciuti, X. Wang, J. V. Alessi, et al., “Association of High Tumor
Mutation Burden in Non-Small Cell Lung Cancers With Increased Im-
mune Infiltration and Improved Clinical Outcomes of PD-L1 Blockade
Across PD-L1 Expression Levels,” JAMA Oncology 8, no. 8 (2022): 1160-
1168, https://doi.org/10.1001/jamaoncol.2022.1981.

48. E. S. Kim, V. Velcheti, T. Mekhail, et al., “Blood-Based Tumor Muta-
tional Burden as a Biomarker for Atezolizumab in Non-Small Cell Lung
Cancer: The Phase 2 B-F1RST Trial,” Nature Medicine 28, no. 5 (2022):
939-945, https://doi.org/10.1038/s41591-022-01754-x.

49.N. A. Rizvi, M. D. Hellmann, A. Snyder, et al., “Mutational Land-
scape Determines Sensitivity to PD-1 Blockade in Non-Small Cell Lung
Cancer,” Science 348, no. 6230 (2015): 124-128, https://doi.org/10.1126/
science.aaal348.

50.J. Mazieres, A. Drilon, A. Lusque, et al., “Immune Checkpoint In-
hibitors for Patients With Advanced Lung Cancer and Oncogenic Driver
Alterations: Results From the IMMUNOTARGET Registry,” Annals of
Oncology 30, no. 8 (2019): 1321-1328, https://doi.org/10.1093/annonc/
mdz167.

51. A. Jeanson, P. Tomasini, M. Souquet-Bressand, et al., “Efficacy of
Immune Checkpoint Inhibitors in KRAS-Mutant Non-Small Cell Lung
Cancer (NSCLC),” Journal of Thoracic Oncology 14, no. 6 (2019): 1095-
1101, https://doi.org/10.1016/j.jth0.2019.01.011.

12 0f 13

Cancer Medicine, 2024


https://doi.org/10.1093/annonc/mdz141
https://doi.org/10.1016/j.annonc.2020.01.065
https://doi.org/10.1016/j.annonc.2020.01.065
https://doi.org/10.3390/ijms22126288
https://doi.org/10.3390/ijms22126288
https://doi.org/10.1186/s12964-023-01063-x
https://doi.org/10.1186/s12964-023-01063-x
https://doi.org/10.1371/journal.pone.0236580
https://doi.org/10.1016/j.modpat.2023.100159
https://doi.org/10.1016/j.modpat.2023.100159
https://doi.org/10.1038/s41374-019-0366-y
https://doi.org/10.1038/s41374-019-0366-y
https://doi.org/10.1371/journal.pone.0251080
https://doi.org/10.1097/JTO.0000000000000687
https://doi.org/10.1016/j.ejca.2017.01.004
https://doi.org/10.1016/j.ejca.2017.01.004
https://doi.org/10.1136/jitc-2020-002230
https://doi.org/10.1136/jitc-2020-002230
https://doi.org/10.1093/annonc/mdx003
https://doi.org/10.1016/j.tranon.2016.01.003
https://doi.org/10.1016/j.jtho.2016.04.007
https://doi.org/10.1016/j.lungcan.2015.05.007
https://doi.org/10.1016/j.lungcan.2015.05.007
https://doi.org/10.1158/2159-8290.CD-20-1575
https://doi.org/10.1038/s41586-023-06063-y
https://doi.org/10.1038/s41586-023-06063-y
https://doi.org/10.1001/jamanetworkopen.2024.1285
https://doi.org/10.1001/jamaoncol.2024.0057
https://doi.org/10.1001/jamaoncol.2024.0057
https://doi.org/10.1038/nature24462
https://doi.org/10.1038/nature24462
https://doi.org/10.1038/s41586-022-04735-9
https://doi.org/10.1038/s41586-022-04735-9
https://doi.org/10.1093/annonc/mdy545
https://doi.org/10.1093/annonc/mdy545
https://doi.org/10.1016/j.ccell.2020.10.001
https://doi.org/10.1016/j.ccell.2020.10.001
https://doi.org/10.1001/jamaoncol.2022.1981
https://doi.org/10.1038/s41591-022-01754-x
https://doi.org/10.1126/science.aaa1348
https://doi.org/10.1126/science.aaa1348
https://doi.org/10.1093/annonc/mdz167
https://doi.org/10.1093/annonc/mdz167
https://doi.org/10.1016/j.jtho.2019.01.011

52. L. Sun, M. Hsu, R. B. Cohen, C. J. Langer, R. Mamtani, and C. Ag-
garwal, “Association Between KRAS Variant Status and Outcomes
With First-Line Immune Checkpoint Inhibitor-Based Therapy in Pa-
tients With Advanced Non-Small-Cell Lung Cancer,” JAMA Oncology
7, no. 6 (2021): 937-939, https://doi.org/10.1001/jamaoncol.2021.0546.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

13 0f 13


https://doi.org/10.1001/jamaoncol.2021.0546

	Temporal Effect on PD-­L1 Detection and Novel Insights Into Its Clinical Implications in Non–Small Cell Lung Cancer
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Patients
	2.2   |   PD-­L1 and Molecular Analysis
	2.3   |   Statistical Analysis

	3   |   Results
	3.1   |   PD-­L1 Detection in Archived and Fresh Tissue Blocks
	3.2   |   PD-­L1: Patient Gender and Histological Types
	3.3   |   PD-­L1 and Tumor Stage in NSCLC
	3.4   |   PD-­L1 and Smoking Status in NSCLC
	3.5   |   Co-­Occurrence of PD-­L1 and Driver Mutations in Primary Tumors
	3.6   |   PD-­L1 and Driver Mutations in Pleural Involvement
	3.7   |   PD-­L1 and Driver Mutations in Primary Tumors With and Without Lymph Node Involvement
	3.8   |   PD-­L1 and Driver Mutations in Metastatic Lymph Nodes
	3.9   |   High PD-­L1 and Driver Mutations Influence Survival Outcome in Early-­Stage NSCLC
	3.10   |   KRAS Mutations and Outcome of ICI Therapy in Advanced Stage NSCLCs

	4   |   Discussion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


