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The incidence and mortality trends of lung cancer in Slovakia are not favorable. In our single-center, non-interven-
tional retrospective cohort study, we provide comprehensive information about Slovakia’s non-small cell lung cancer
(NSCLC) patient population. We evaluated how the introduction of immunotherapy agents affected the survival of NSCLC
patients and tried to identify whether the PD-L1 expression level was associated with a negative patient survival effect. The
demographics, results of histological and immunohistochemical (PD-L1) examinations, and information about treatment
(immunotherapy or standard of care (SOC)) were recorded. In males, squamous cell carcinomas occurred more often than
adenocarcinomas (54.40% and 45.08%, respectively), in females, adenocarcinomas clearly dominated (71.88% vs. 27.08%,
respectively). The overall proportion of adenocarcinomas was 53.98%. NSCLC patients with stage IIT and IV treated with
SOC treatment (n=54) showed significantly worse overall survival than patients with immunotherapy (n=9) (p=0.026). The
comparison of immunotherapy-treated (n=7) and SOC-treated (n=32) adenocarcinoma patients stage III and IV showed
similar results (p=0.046). The negative effect of PD-L1 expression level on survival of females with NSCLC and females
with adenocarcinoma was visible already at the TPS level of 20-25%. In males with NSCLC, the negative effect was visible
at a TPS level of 70-90%. Our results confirm the positive impact of immunotherapy in real-world conditions and show
different effects of PD-L1 expression level on patients’ survival depending on sex and histology. Determination of different
PD-LI expression breaking points in males and females with NSCLC is a solid starting point for more research on this topic.
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Lung cancer (LC) is the 3" most common malignancy
worldwide in both males and females. According to the Inter-
national Agency for Research on Cancer WHO, estimates for
2022 LC represented 12.4% of all new cancer cases in the
world and accounted for 18.7% of all cancer deaths [1].

Primary lung malignancies are classified as non-small
cell lung carcinoma (NSCLC), small cell lung carcinoma,
and other carcinomas. NSCLCs account for 80-85% of LCs
and are further histologically categorized into adenocarci-
noma, squamous cell carcinoma, large cell carcinoma, and
other relatively rare subtypes [2-6]. Adenocarcinomas and
squamous cell carcinomas are the most common subtypes of
NSCLC [7]. According to the EUROCARE-5 study, adenocar-
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cinomas were more frequent among females and squamous
cell carcinomas among males [8]. In the Slovak Republic,
squamous cell carcinomas were the most common subtype
in males in 1978-1995 (57.1%). In females, the frequency of
adenocarcinomas and squamous cell carcinomas was almost
the same (32.2% and 31.9%, respectively) [9].

Several immune checkpoints play a role in standard
therapeutic algorithms in the treatment of NSCLC. An
important inhibitor checkpoint is the programmed cell
death-1 (PD-1)/programmed cell death ligand-1 (PD-L1)
pathway [10, 11].

PD-1 is a negative regulator of T-cell activity that limits
the activity of T cells via interaction with its two ligands:
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PD-L1 and PD-L2 [12, 13]. After interaction with a ligand,
PD-1 inhibits kinase signaling pathways that normally lead
to T-cell activation. This mechanism is important in the
tumor microenvironment where tumors can adopt certain
immune checkpoint pathways as a major mechanism of
immune resistance. PD-L1 expressed by tumors interacts
with PD-1 on T cells to suppress T-cell effector function [13].
Anti-PD-1/PD-L1-based agents that block signaling at this
immune checkpoint have shown promising activity and are
currently FDA- and EMA-approved treatment options for a
broad range of cancer types [11, 14].

The expression of PD-1 ligands differs in various types of
human tumors. Understanding the expression patterns may
be essential for determining the relevance of therapeutic
blockade of this pathway [15]. In NSCLC patients, positive
PD-L1 expression is associated with more aggressive patho-
logical features and poorer prognosis in advanced stages [16].

Immune checkpoint inhibitors (ICIs) of the PD-1 axis
represent an important improvement in the management
of NSCLC. In patients, whose tumors express PD-L1 on at
least 50% of cells, ICIs have been shown to improve overall
survival compared to chemotherapy in first-line therapy [10].

In the Slovak Republic, the incidence and mortality trends
of LCare not favorable [17]. Thelast statistically processed and
published national hard data for the LC incidence are from
2014. In that time there were n=2,461 newly diagnosed cases
(1,789 cases in males and 672 in females), which represents
a standardized incidence (ASR-W) of 43.58/100,000 in males
and 12.53/100,000 in females [17]. LC incidence estimates
for 2024 published by the Slovak National Oncology Register
(NOR) predict n=3,233 cases in females and males combined
(n=2,239 cases in males, ASR-W 41.64/100,000 and n=994
cases in females, ASR-W 14.45/100,000) [18].

Data on LC mortality is published annually by the Statis-
tical Office of the Slovak Republic. The mortality in men for
2023 was n=1,385 cases and the mortality in women for 2023
was n=719 cases [19].

The possibilities of immunotherapy at the time of the
data collection were limited [20]. Data for our study were
collected during 2020 and 2021. During this period, pembro-
lizumab as the first-line of treatment, was available only
for patients with a tumor proportion score (TPS) = 50%
pending approval of a particular health insurance company.
Currently, the ICI pembrolizumab, the drug most frequently
used in our study, is indicated as the first-line monotherapy
treatment for patients, whose tumors express PD-L1 on at
least 50% of cells, or in combination with chemotherapy for
patients with advanced stage of NSCLC without EGFR, ALK,
or ROS1 mutations [20].

Even though there is enough data on immunotherapy
from numerous clinical trials, real-world comparisons of
treated and untreated patients are lacking. In our non-inter-
ventional retrospective cohort study, we intended to evaluate
how the introduction of immunotherapy agents affected the
survival of NSCLC patients.

Patients and methods

Study design. This is a non-interventional retrospec-
tive cohort study comparing the survival of patients with
newly diagnosed NSCLC (ICD-10 code C34) based on the
results of histological and selected immunohistochemical
examinations. The collected data on histopathology and
PD-L1 expression came from the Department of Pathology,
Faculty Hospital Nitra, Slovakia, data on TNM staging from
JESSENIUS-Diagnostic Center, Nitra, Slovakia, and infor-
mation about treatment was obtained from the Special-
ized Hospital of St. Zoerardus, Zobor, Nitra, Slovakia. All
three centers include the geographical area of one district
in Slovakia (Nitra, n=164,734 residents in 2023) [21]. The
study complied with all applicable legal privacy requirements
omitting any potential subject identification. Participating
center granted permission from the local institutional review
board to use medical chart data.

Ethical consideration. The study was approved by the
Ethics Committee of Faculty Hospital Nitra, Slovakia, on
February 28, 2024, and follows the Declaration of Helsinki
ethical guidelines.

Participants and setting. Histological data of all patients
newly diagnosed with LC (ICD-10 code C34) between
January 1, 2020, and December 31, 2021, were collected.
The end of the follow-up period was September 1, 2023.
The study population consisted of a general (non-selective)
sample, i.e. all patients with newly diagnosed LC in a single
center of Faculty Hospital Nitra, Slovakia, who met the eligi-
bility criteria.

Inclusion and exclusion criteria. The inclusion criteria
were as follows: every new unique primary histologically
confirmed LC diagnosed within the defined time frame, with
TNM staging based on CT examination.

The exclusion criteria were: only cytologically verified
cases (the IHC analysis used in this study is validated only for
histological samples); neuroendocrine carcinomas or benign
tumors; metastases of other malignancies to the lungs;
patients with known cases of malignancy that underwent
repeat histological evaluation. From the survival analysis
we have also excluded patients with the inability to perform
PD-L1 testing from the tissue obtained from the metastatic
sites of lung carcinomas to other organs; and patients with
the inability to determine TNM staging based on CT imaging
(i.e., CT scan was not performed within a defined interval of
1 month around the performed histological examination of a
newly diagnosed patient).

Primary and secondary objectives. The primary objec-
tive of the study was to compare the survival of patients with
different histological types of NSCLC in regard to the treat-
ment with an ICI or standard of care (SOC). The secondary
objective was to identify whether the PD-L1 expression level
is associated with a negative patient survival effect. Additional
objectives were to describe the epidemiological trend of the
whole Slovak population of LC patients and to characterize
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the regional profiles of all patients in the study: histological
type of LC, PD-L1 TPS, and clinical stage at diagnosis. The
TPS <1% was considered negative and 1-100% was consid-
ered positive.

Variables and measurement. At the defined times and
periods, the following variables were captured: The subjects’
demographics recorded at diagnosis included sex, age, date
of diagnosis, date of death (in case of patients’ death during
the defined period), detailed ICD-10 code and a complex
result of microscopic examination, including histological
description and PD-L1 expression level. The LC diagnosis
was determined based on a detailed description of the histo-
logical and immunohistochemical (PD-L1) examination of
the primary LC by a pathologist. The PD-L1 expression level
was measured by immunohistochemical method (IHC).
IHC analysis was conducted using IVD Dako PD-L1 22C3
(mouse monoclonal primary anti-PD-L1 antibody) assay
on the Dako Autostainer Link 48 (Dako; Agilent Technolo-
gies, Inc.) with the EnVision FLEX visualization system. The
detection and quantification of immunoreactivity were done
according to the manufacturer’s instructions. Tissue sections
(4 um thick) were made from the formalin-fixed, paraffin-
embedded tissue specimen blocks. Human tonsil tissue was
used as an external control. A minimum of 100 viable tumor
cells were assessed. PD-L1 expression in tumor cells was
evaluated according to the current guidelines [22], and the
report included the proportion of tumor cells with partial or
complete membrane staining-TPS. This staining was then

classified into three groups according to the TPS: negative
(0 and <1%); low expression (1-49%); and high expression
(250%). For patients with PD-L1 expression above 50%, the
information about immunotherapy was recorded. The date
of diagnosis was defined as the date of release of the exami-
nation result by the pathologist. In order to determine the
clinical stage of the disease, information about the TNM
stage was added by a radiologist and based on the description
of the computed tomography (CT) image of the lungs. The
CT examinations were performed at the time of histological
diagnosis or at most one month before/after the date of histo-
logical diagnosis. A clinical oncologist validated the patients’
TNM stage and added information about the treatment and
the date of death.

Immunotherapy and SOC treatment. The immune
checkpoint inhibitor used in our study was pembrolizumab
monotherapy, with the majority in first-line and minority
in second-line metastatic NSCLC, exclusively in patients
with PD-L1 TPS >50%. Not all patients with PD-L1 >50%
received pembrolizumab, both because of clinical criteria
(poor performance status, symptomatic brain metastases,
autoimmune disease, or corticosteroid treatment) and
because of unclear rules for approval of immunotherapy by
health insurance. Combination chemotherapy and immuno-
therapy were not used in this cohort. Standard chemotherapy
and radiotherapy were used, and standard targeted drugs
were available without restriction in patients with genetic
alterations of EGFR, ALK, or ROSI.

n=4

Number of patient diagnosed with LC

23

I

SCLC; n =116 (27.42%) NSCLC,
age =67.07

:n =289 (68.32%)
age = 69.06

Other; n =18 (4.26%)
age =72.28

1

Adenocarcinoma, n = 156 (53.98%)

Squamous cell carcinoma; n = 131 (45.33%)

Other NSCLC; n =2 (0.69%)

age = 68.19 age =69.83 age =72.53
| 1 | l I
PD-L1 examined PD-L1 unexamined PD-L1 examined PD-L1 unexamined PD-L1 examined
n =101 (64.74%) n = 55 (35.26%) n=128(97.71%) n=3(2.29%) n =2 (100.00%)
age=68.13 age = 68.55 age = 69.81 age=73.13 age=72.53
[ | I I 1 [ | I I 1 |
PD-L1 PD-L1 positive PD-L1 positive PD-L1 PD-L1 PD-L1 positive PD-L1 positive PD-L1 PD-L1 positive
negative 1-49% 50% and more unrepresentative negative 1-49% 50% and more unrepresentative 50% and more
n=21 n=33 n =41 (40.59%) n=6(5.94%) n=32 n=67 n=25(19.53%)) n=4(3.13%) n =2 (100.00%)
(20.79%) (32.67%) age = 66.58 age =63.90 (25.00%) (52.34%) age=67.76 age = 66.58 age=72.53
age = 68.09 age=70.24 age=7194 age =70.78
Immunotherapy No Immunotherapy Immunotherapy No Immunotherapy Immunotherapy No Immunotherapy
n=8(19.51%) n =33 (80.49%) n=1(4.00%) n =24 (96.00%) n =1(50.00%) n=1(50.00%)
age=70.18 age = 65.09 age =61.58 age =67.80 age =71.06 age =74.00
A I I I I I
Clinical stage I.-Il. Clinical stage Clinical stage Clinical stage Clinical stage Clinical stage I.-1I. Clinical stage Clinical Clinical
n=1(12.50%)* LIV, LAV, unkown HL-IV. n=3(12.50%) LIV, stage lll-IV. | stage IIL.-IV.
age=73.95 n=7(87.50%) n=32(96.97%) n=1(3.03%) n =1(100.00%) age = 64.70 n =21 (87.50%) n=1(100%) | n=1(100%)
age =68.71 age =65.13 age =64.27 age =61.58 age = 68.68 age =71.06 age = 74.00

*N=1 self-payer in clinical stage Il. excluded from the survival analysis.

Figure 1. Basic characteristics of the whole patient cohort. ‘'n=1 self-payer in clinical stage II excluded from the survival analysis.
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Statistical analyses. Mortality predictions were made
separately for males and females based on historical data
from 1978 to 2022. Predictions for males were made using a
model based on exponential smoothing (damped trend), for
females a stochastic ARIMA (0;0;1) model was chosen.

A log-linear joinpoint regression model was used to
analyze the trends of incidence and mortality over time
(incidence hard data available for 1978-2014 and subse-
quently for 2017-2021, mortality hard data available for
1978-2022) using Joinpoint Regression Program software.
At the 0.05 significance level for the Monte Carlo-based
permutation test, assuming homoskedasticity and uncorre-
lated random errors, the number of breaks k in the respec-
tive data trend was determined using the grid search method
under the condition ke (0;5) [23].

The basic characteristics of the cohort were analyzed by
descriptive statistics and plotted in Figure 1. Continuous
variable age at diagnosis was described using a median.
All categorical variables were summarized as absolute and
relative frequencies (percentages).

Primary as well as secondary outcomes included survival
analysis of NSCLC (n=289) with right non-informative
censoring. While the primary outcomes were focused
on the survival of patients with TPS 250% treated with
immunotherapy, the secondary outcomes dealt with
the survival of SOC-treated patients depending on PD-L1
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Figure 2. Incidence and mortality trends in LC patients between 1978-
2022. A) Incidence and mortality trends in male LC patients between
1978-2022. B) Incidence and mortality trends in female LC patients be-
tween 1978-2022. Abbreviations: APC-annual percent change; AAPC-
average annual percent change

expression level. The starting point of the evaluation of
survival time was defined as the date of the first diagnosis
(histological verification of LC); the closing date was defined
as the date of the patient’s death or the date of the end of
follow-up (September 1, 2023). Survival curves were gener-
ated using the method of Kaplan and Meier. The Log-rank
test was chosen to test the null hypothesis that there is no
difference between the populations in the probability of an
event (=death) at any time point [24, 25]. In addition to
overall survival, 1-year survival, and median survival time
were reported. The breakpoint of PD-L1 expression was
quantified using the proportion of patients at 1-year survival
and the results of the log-rank test. All statistical tests were
two-sided, and statistical significance was set at a p-value
<0.05. Data were processed and analyzed using Microsoft
365 Excel (version 2311) and using libraries and packages in
R (version 4.3.1-2023-06-16) [26].

In the analysis of each parameter, only patients with a
record were included.

Results

Descriptive epidemiology. According to the joinpoint
regression model based on the data and predictions from
National Health Information Center (NCZI) and NOR, the
ASR-W incidence in men in the Slovak Republic declined
statistically significantly between 1978 and 2014, with an
average annual decrease of -1.02% (p<0.05; AAPC-average
annual percent change; Figure 2A). ASR-W values of the
NCZI estimates added to the NOR data for the period
2017-2021 decreased statistically significantly by -5.43%
(p<0.05) (AAPC). ASR-W incidence in women increased
statistically significantly throughout the period of 1978-2014
with an average annual increase of 1.65% (p<0.05; AAPC;
Figure 2B). ASR-W values of the NCZI estimates for the
period 2017-2021 decreased statistically insignificantly by
~0.49% (p>0.05; AAPC).

ASR-W mortality in men declined statistically signifi-
cantly to -1.50% (p<0.05; AAPC) between 1978 and 2022
(Figure 2A). ASR-W mortality due to LC in women had a
statistically significant annual increasing trend of 0.95%
(p<0.05; AAPC; Figure 2B).

Basic characteristics of the population. In 2020 and 2021,
n=423 patients have been diagnosed with LC. Two hundred
eighty-nine of them (68.32%) were histologically classified as
NSCLC and met inclusion and exclusion criteria (Figure 1).
The basic characteristics of the patients are summarized in
Table 1. From the NSCLC group, adenocarcinomas were
most prevalent (53.98%). In males, squamous cell carci-
nomas occurred more often than adenocarcinomas (54.40%
and 45.08%, respectively), whereas in females, adenocarci-
nomas clearly dominated (71.88% vs. 27.08%, respectively).
With immunotherapy were treated 19.51% of TPS>50%
of adenocarcinoma patients (n=8) and 4.00% of squamous
cell carcinoma patients (n=1; Figure 1).
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In general, patients with squamous cell carcinoma
showed better 1-year survival than patients with adenocar-
cinoma (38.17%; 95% CI 30.69-47.46; vs. 28.20%; 95% CI
22.00-36.20; Table 2). Comparing PD-L1 expression levels,
the worst survival in NSCLC males was obtained in patients
with TPS=1-49% (29.58%; 95% CI 20.66-42.35) compared
to males with TPS>50% and TPS<1% (36.73%; 95% CI
25.44-53.05; and 37.14%; 95% CI 24.14-57.15; respectively).
In NSCLC females, the TPS>50% showed the best survival
(47.40%; 95% CI 29.50-76.10). As expected, a comparison
of 1-year survival according to the clinical stage showed the
worst survival in patients in stage IV. The median survival
of squamous cell carcinoma patients was longer than of
adenocarcinoma patients (8.04 months vs. 6.00). Median
survival in TPS>50% females was longer than in TPS=1-
49% and TPS<1% (11.40 months vs. 6.84 and 7.08 months,
respectively), in males, the median survival of TPS>50% and
TPS=1-49% was similar (7.92 and 7.80 months, respectively;
Table 2).

Effect of immunotherapy on survival. At the time of our
study, in the Slovak Republic pembrolizumab was available
and covered by health insurance as the first-line treatment
of PD-L1 positive patients with metastatic NSCLC in clinical
stage IIT and IV with TPS>50%. In our study, 10 NSCLC
patients were treated with immunotherapy: n=8 with adeno-
carcinoma, n=1 with squamous cell carcinoma, and n=1 with
adenosquamous carcinoma (Figure 1). From n=8 adenocar-
cinoma patients, n=1 was a self-payer in clinical stage II (the
rest of the patients were in clinical stage III and IV) and for
this reason, was disclosed from the analysis. The comparison
of survival ofimmunotherapy-treated stage Il and IV NSCLC
patients (n=9) with stage III and IV NSCLC patients treated

Table 1. Basic characteristics of the patient cohort.

with SOC (n=54) showed a significant difference in overall
survival in favor of patients with immunotherapy (p=0.026;
Figure 3). The comparison of immunotherapy-treated (n=7)
and SOC-treated (n=32) adenocarcinoma patient’s stage III
and I'V showed similar results (p=0.046; Figure 4). This kind
of comparison was not possible in patients with squamous
cell carcinoma or other types of NSCLC, because of the low
number of immunotherapies-treated patients.

Breaking point of PD-L1 expression. The secondary
outcome of our study was to evaluate the relation-
ship between the PD-L1 expression level and survival in

Strata No ~+
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p=0.026
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% Immunotherapy { 9 9 6 6 5 4 2 1
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Figure 3. The comparison of survival of immunotherapy and SOC-treat-
ed patients. The comparison of survival of immunotherapy stage III and
IV. NSCLC patients (n=9) with stage III and IV NSCLC patients treated
with SOC (n=54).

Patient Male

Female Total

Number of NSCLC patients
ICD-10 subcategory
adenocarcinoma

squamous cell carcinoma

193 (66.78%)

87 (45.08%)
105 (54.40%)

96 (33.22%) 289 (100%)

69 (71.88%)
26 (27.08%)

156 (53.98%)
131 (45.33%)

other NSCLC 1(0.52%) 1(1.04%) 2 (0.69%)
PD-L1 expression in NSCLC
examined 163 (84.46%) 68 (70.83%) 231 (79.93%)
unexamined 30 (15.54%) 28 (29.17%) 58 (20.07%)
PD-L1 expression examined n=163 n=68 n=231
positive (TPS 1-49%) 71 (43.56%) 29 (42.65%) 100 (43.29%)
positive (TPS >50%) 49 (30.06%) 19 (27.94%) 68 (29.44%)
negative (TPS <1%) 35(21.47%) 18 (26.47%) 53 (22.94%)
unrepresentative 8 (4.91%) 2 (2.94%) 10 (4.33%)
Clinical stage in NSCLC n=193 n=96 n=289
stage 1 2 (1.04%) 4 (4.17%) 6 (2.08%)
stage 11 11 (5.70%) 5(5.21%) 16 (5.54%)
stage IIT 68 (35.23%) 24 (25.00%) 92 (31.83%)
stage IV 108 (55.96%) 62 (64.58%) 170 (58.82%)
unknown 4(2.07%) 1(1.04%) 5 (1.73%)
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SOC-treated patients. We performed the analysis on several
groups of patients. At first, we analyzed the whole NSCLC
population, females with NSCLC and males with NSCLC.
Then we performed the same analysis on patients with
adenocarcinoma (females, males, whole population) and
squamous cell carcinoma (females, males, whole popula-
tion). We graded the selected group of patients according
to the level of PD-L1 expression and to each interval we
assigned the observed survival of patients with PD-L1
expression within and exceeding the interval. Then, we
compared the differences in 1-year survival in both groups

of patients. In females with NSCLC (n=62), we identified
a statistically significant difference in 1-year survival (for
the entire 1-year period) at TPS 1-20% (Table 3). In this
interval, there was a significant difference in survival during
the 1-year period after diagnosis (p=0.0453). To look at the
differences in patients’ survival at the 1-year time point, we
also performed a comparison using a color scale from dark
green (100% observed survival) to dark red (0% observed
survival). We looked for PD-L1 expression intervals with
the greatest difference in color intensity between the propor-
tions of patients surviving 1 year. The greatest difference was

Table 2. 1-year survival and median survival time depending on histological type, PD-L1 expression level, and clinical stage. In 1-year survival, the

number of patients at the end of the 1st year is marked as n.

Patient

Male

Female

Total

1-year survival (%) (95% CI); NSCLC n (end of the 1* year)

31.61 (25.68-38.90); n=61

36.46 (28.00-47.48); n=35

33.22 (28.21-39.12); n=96

ICD-10 subcategory
adenocarcinoma
squamous cell carcinoma
other NSCLC

PD-L1 expression
examined
unexamined

PD-L1 expression examined
positive (TPS 1-49%)
positive (TPS = 50%)
negative (TPS < 1%)
unrepresentative

Clinical stage
stage I
stage IT
stage I1I
stage IV
unknown

Median survival time NSCLC (months)

ICD-10 subcategory
adenocarcinoma
squamous cell carcinoma
other NSCLC

PD-L1 expression
examined
unexamined

PD-L1 expression examined
positive (TPS 1 - 49%)
positive (TPS = 50%)
negative (TPS < 1%)
unrepresentative

Clinical stage
stage I
stage IT
stage I1I
stage IV
unknown

25.29 (17.62-36.29); n=22
36.19 (28.07-46.65); n=38

*

33.70 (27.20-41.80); n=55
20.00 (9.78-40.91); n=6

29.58 (20.66-42.35); n=21
36.73 (25.44-53.05); n=18
37.14 (24.14-57.15); n=13

*

100.00 (100.00 -100.00); n=2
36.40 (16.60-79.50); n=4
45.59 (35.16-59.10); n=31
22.20 (15.60-31.60); n=24

*

5.88

4.56
7.92

*

7.80
2.28

7.80
7.92
6.12

18.00
10.08
10.56
4.20

31.88(22.58-45.01); n=22
46.15 (30.47-69.91); n=12

*

42.60 (32.40-56.20); n=29
21.43 (10.54-43.55); n=6

41.38 (26.83-63.81); n=12
47.40 (29.50-76.10); n=9
38.90 (21.80-69.40); n=7

*

75.00 (42.60-100.00); n=3
60.00 (29.30-100.00); n=3
62.50 (45.85-85.21); n=15
20.97 (12.93-34.00); n=13

*

7.68

7.56
11.04

*

10.32
5.40

6.84
11.40
7.08

26.16
16.20

20.40
5.76

28.20 (22.00-36.20); n=44
38.17 (30.69-47.46); n=50

*

36.36 (30.66-43.13); n=84
20.69 (12.50-34.24); n=12

33.00 (25.00-43.60); n=33
39.71 (29.62-53.22); n=27
37.74 (26.70-53.33); n=20

*

83.30 (58.30-100.00); n=5
43.80 (25.10-76.30); n=7
50.00 (40.76-61.34); n=46
21.76 (16.37-28.94); n=37

*

6.48

6.00
8.04

*

7.92
4.08

7.32
9.48
6.60

20.16
10.08
11.76
4.56

Note: *excluded from survival analysis
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again at TPS 1-20%, which is the same breaking point as
in the previous analysis (Table 3). At this level, 57.14% of
patients with a TPS 1-20% survived at least 1 year vs. 26.09%
of patients with higher PD-L1 expression. In males with
NSCLC (n=149), we obtained different results. We identi-
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Figure 4. The comparison of survival of immunotherapy and SOC-treated
adenocarcinoma patients. The comparison of survival of immunothera-
py-treated stage III and IV adenocarcinoma patients (n=7) with stage IIT
and IV adenocarcinoma patients treated with SOC (n=32).

fied statistically significant differences in 1-year survival (for
the entire 1-year period) at TPS intervals between 1-70%
and 1-90% (Supplementary Table S1). The analysis of the
whole NSCLC group (n=211) didn’t bring significant results
(results not shown).
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Figure 5. The comparison of survival of SOC-treated females with ad-
enocarcinoma depending on TPS level. The comparison of survival of
SOC-treated females with adenocarcinoma with TPS 1-25% and TPS
26-100%.

Table 3. Relationship between the PD-L1 expression level and survival in SOC-treated NSCLC females (n=62). Color scale: dark green=100% observed
survival; dark red=0% observed survival; statistically significant p-values are in bold; the number of patients at the end of the 1st year is marked as n

1-year survival (%) p-value
TPS Start point Endpoint (at the end of the 1* year) (Log-rank test
interval Number of patients with TPS  Number of patients with TPS % of patients with TPS % of patients with TPS for the entire
within the interval exceeding the interval within the interval exceeding the interval ~ 1-year period)
0% 18 44 38.89% (n=7) 40.91% (n=18) 0.9158
1-2% 5 39 40.00% (n=2) 41.03% (n=16) 0.8108
1-3% 6 38 33.33% (n=2) 42.11% (n=16) 0.3915
1-4% 8 36 50.00% (n=4) 38.89% (n=14) 0.8224
1-5% 12 32 50.00% (n=6) 37.50% (n=12) 0.4552
1-10% 17 27 0.0688
1-15% 19 25 0.0597
1-20% 21 23 0.0453
1-25% 22 22 54.55% (n=12) 0.0672
1-30% 27 17 44.44% (n=12) 35.29% (n=6) 0.9576
1-35% 27 17 44.44% (n=12) 35.29% (n=6) 0.9576
1-40% 29 15 41.38% (n=12) 40.00% (n=6) 0.6165
1-45% 29 15 41.38% (n=12) 40.00% (n=6) 0.6165
1-50% 29 15 41.38% (n=12) 40.00% (n=6) 0.6165
1-55% 31 13 41.94% (n=13) 38.46% (n=5) 0.8039
1-60% 31 13 41.94% (n=13) 38.46% (n=5) 0.8039
1-65% 31 13 41.94% (n=13) 38.46% (n=5) 0.8039
1-70% 31 13 41.94% (n=13) 38.46% (n=5) 0.8039
1-80% 32 12 40.63% (n=13) 41.67% (n=>5) 0.6706
1-85% 32 12 40.63% (n=13) 41.67% (n=>5) 0.6706
1-90% 38 6 39.47% (n=15) 50.00% (n=3) 0.4873
1-100% 44 - 40.91% (n=18) - -
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Table 4. Relationship between the PD-L1 expression level and survival in SOC-treated females with adenocarcinoma (n=36). Color scale: dark
green=100% observed survival; dark red=0% observed survival; statistically significant p-values are in bold; the number of patients at the end of the

1% year is marked as n

1-year survival (%) p-value

TPS Start point Endpoint (at the end of the 1 year) (Log-rank test
interval Number of patients with TPS ~ Number of patients with TPS % of patients with TPS % of patients with TPS for the entire

within the interval exceeding the interval within the interval exceeding the interval ~ 1-year period)
0% 11 25 36.36% (n=4) 32.00% (n=8) 0.8432
1-2% 1 24 29.17% (n=7) 0.2769
1-3% 1 24 29.17% (n=7) 0.2769
1-4% 2 23 26.09% (n=6) 0.1095
1-5% 3 22 66.67% (n=2) 27.27% (n=6) 0.2022
1-10% 7 18 71.43% (n=5) 0.0189
1-15% 7 18 71.43% (n=5) 0.0189
1-20% 8 17 75.00% (n=6) 0.0042
1-25% 8 17 75.00% (n=6) 0.0042
1-30% 12 13 50.00% (n=6) 0.2643
1-35% 12 13 50.00% (n=6) 0.2643
1-40% 14 11 42.86% (n=6) 18.18% (n=2) 0.6446
1-45% 14 11 42.86% (n=6) 18.18% (n=2) 0.6446
1-50% 14 11 42.86% (n=6) 18.18% (n=2) 0.6446
1-55% 15 10 40.00% (n=6) 20.00% (n=2) 0.6448
1-60% 15 10 40.00% (n=6) 20.00% (n=2) 0.6448
1-65% 15 10 40.00% (n=6) 20.00% (n=2) 0.6448
1-70% 15 10 40.00% (n=6) 20.00% (n=2) 0.6448
1-80% 16 9 37.50% (n=6) 22.22% (n=2) 0.7761
1-85% 16 9 37.50% (n=6) 22.22% (n=2) 0.7761
1-90% 21 4 33.33% (n=7) 25.00% (n=1) 0.9922
1-100% 25 - 32.00% (n=8) - -

In females with adenocarcinoma (n=36), we again identi-
fied statistically significant differences in 1-year survival at
the TPS intervals between 1-10% and 1-25% (Table 4). The
TPS intervals between 1-20% and 1-25% with the lowest
p-value (p=0.0042) can be seen as a breaking point (Table
4, Figure 5). By analyzing the differences in color intensity,
we identified the greatest difference again at TPS intervals
of 1-20% or 1-25%. At this level, 75.00% of patients with a
TPS inside these intervals survived at least 1 year vs. 11.76%
of patients with higher PD-L1 expression. The TPS value
can’t be further specified because there were no patients with
TPS between 20% and 25%. Analyses in males and in the
total population with adenocarcinoma, and in patients with
squamous cell carcinoma (females, males, total population)
didn’t show significant results (results not shown).

Discussion

Trends in incidence and mortality of males and females
with LC in the Slovak Republic differ significantly. Although
incidence and mortality in males is significantly higher than
in females, males” incidence and mortality shows a statisti-
cally significant average annual decrease (Figure 2A). On
the contrary, the incidence and survival in females with LC

show increasing trends with a hint of a plateau in recent years
(Figure 2B), which is consistent with the results of other
studies [7, 27].

According to Plesko et al. [9], during the period of
1978-1995, n=29,430 microscopically confirmed cases of LC
in the Slovak Republic were identified. Of them, 54.3% were
squamous cell carcinomas and 13.9% adenocarcinomas.
According to the predictions of NOR, there were n=6,188
newly diagnosed patients during the period 2020-2021 in
Slovakia [18]. Our study comprises n=423 patients from
the Nitra district diagnosed with LC during this period,
which according to these predictions represents 6.84% of all
newly diagnosed Slovakian LC patients. From this number,
30.97% were squamous cell carcinomas and 36.88% adeno-
carcinomas. Although our sample is smaller, it indicates an
increase in adenocarcinomas and a decrease in squamous
cell carcinomas, which is a trend visible in many countries
approximately from the 1990s [27, 28]. This trend may be
related to the increased incidence of LC in females, who have
higher rates of adenocarcinoma relative to squamous cell
carcinoma [7, 27]. The increased incidence of LC in females is
evident also in Slovak LC patients [29]. In 2020-2021, adeno-
carcinomas clearly dominated in females: 71.88% of NSCLCs
and 51.49% of all females with LC. Squamous cell carcinomas
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represented 27.08% of NSCLCs and 19.40% of all females
with LC. During the period of 1978-1995, the proportion of
adenocarcinomas and squamous cell carcinomas in females
was almost equal: 32.2% and 31.9% of all females with LC
respectively [9]. The proportion of adenocarcinomas rose
also in males. During 1978-1995, the proportion of adeno-
carcinomas was 11.7% vs. 57.1% squamous cell carcinomas.
In 2020-2021, the difference decreased markedly: 30.10% vs.
36.33% of all male LC patients.

An improvement in survival of LC patients is evident in
many countries [30-34]. The 1-year survival rate of the whole
patient cohort in our study was 33.22 % (31.61% in males and
36.46% in females). According to an Annual report of NCZI
from 2006 [35], the 1-year survival of male patients with lung
and trachea cancer was 33.0% in 1980-1984 and 32.6% in
2000-2004. In females, 1-year survival was 34.8% and 40.0%,
respectively. So, despite the improvements in health care
and the availability of modern treatments, we do not see an
increase in the 1-year survival of LC patients in our study.

Since the proportion of adenocarcinomas is markedly
increasing, we focused on them in our analyses. We had a
group of n=41 patients with TPS 250%, and n=7 of them
(in clinical stage IIT and IV) were treated with immuno-
therapy. A comparison of the overall survival of immuno-
therapy-treated patients and patients treated with SOC
(n=32) showed significantly better survival (p=0.046) in
immunotherapy-treated patients (Figure 4). This trend
is emphasized by the fact that adenocarcinoma patients
treated with immunotherapy are older (median age 70.18
years) compared with the SOC-treated patients (median
age 65.09 years) and younger age is associated with reduced
mortality in NSCLC patients [36, 37]. Moreover, n=6 of the
patients treated with SOC were ALK or ROS1 positive and
treated with targeted therapy, which is a group with a good
prognosis [38]. A comparison of the overall survival of the
whole cohort of immunotherapy-treated NSCLC patients
(n=9) with NSCLC patients treated with SOC also showed
significantly better 3-year survival in patients treated with
immunotherapy (Figure 3). This result is in accordance with
the outcomes of clinical trials of immunotherapeutic agents
[39], but we have to take into account the selection bias of
our cohort, where the patients treated with immunotherapy
were selected by the health insurance companies as patients
who are expected to benefit most from the immunotherapy
treatment. On the other hand, in the group treated with SOC
are patients, who did not obtain permission for immuno-
therapy, patients with impaired performance status (PS2 or
greater), patients with brain metastases treated with cortico-
steroids, patients with active autoimmune diseases, but also
target therapy treated patients with favorable prognosis. A
comparison of our results with other real-world data studies
is complicated since most of them analyze only the outcomes
of immunotherapy-treated patients [40, 41, 423]. A study
based on data from the Cancer Registry of Norway from the
period 2010-2020 investigated the survival development in

stage IV NSCLC adenocarcinoma patients, with an emphasis
on changes specifically after 2016, which was the time point
of PD-1/PD-L1 inhibitors introduction [44]. Results of the
study showed that 1-year and 2-year relative survival of
patients with stage IV adenocarcinomas increased for both
sexes with the steepest survival increase after 2016. A study
based on data from the Czech TULUNG Registry compared
survival outcomes in NSCLC patients treated with modern-
era drugs (including immunotherapy) during the periods
2011-12 and 2015-16 [45]. The 2-year survival probability
of stage IIIB and IV NSCLC patients doubled in 2015-16 (for
both adenocarcinoma and squamous cell carcinoma). This
improvement might be affected by the increased availability
of modern treatments, including immunotherapy.

PD-L1 expression level is considered an important
biomarker in NSCLC patients, even if the results of the studies
are inconsistent [46]. Although positive PD-L1 expression
is associated with poorer prognosis in the advanced stage
[16] patients with higher PD-L1 expression are more likely
to respond to ICI treatment. Usually, TPS cut-oft values of
1% (nivolumab) or 50% (pembrolizumab) are used. One of
the aims of our study was to investigate the effect of PD-L1
expression levels on survival in different subgroups: patients
with NSCLC, patients with adenocarcinoma, and patients
with squamous cell carcinoma. The results in females with
NSCLC and females with adenocarcinomas indicate that
the negative effect of PD-L1 expression level on females’
survival might manifest already at a TPS level of 20-25%.
On the contrary, in males with NSCLC, we saw the negative
effect at a much higher level: 70-90%, which might suggest
a different effect of PD-L1 expression level on survival for
males and females. Definitely, more research on this topic is
needed, but this result might be a basis for the discussion on
personalizing the conditions for immunotherapy treatment.

Our study has some limitations. As a single-center study,
it doesn’t include nationally representative data, but it repre-
sents data from a medium-sized metropolitan area of Slovakia.
The proportion of PD-L1 tested patients might be different
compared to other centers. The prescribed immunotherapy
also might differ from custom treatment in other centers but
on the other hand, it represents only one type of ICI. The
decision-making process of the health insurance compa-
nies may have caused a selection bias. During 2020-2021
immunotherapy was available only upon permission from a
health insurance company and not all patients, who met the
indication criteria, were treated. We have also noticed a high
diversity of the SOC treatment group. This cohort contained
patients with low-performance status (WHO PS2 or greater)
or patients with brain metastases requiring corticosteroids as
well as patients with normal PS or limited metastatic disease.

Our study offers unique insight into Slovakias LC
patient population, including characteristics of histology,
immunology, imaging, and clinical parameters. The histo-
logical results confirm the trend of increasing incidence of
adenocarcinomas in LC patients. Analysis of the effects of
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immunotherapy treatment enables the comparison between
treated and untreated patients in real-world conditions. The
determination of different PD-L1 expression breaking points
in males and females with NSCLC is a solid starting point
for more research on the diverse cut-off values for immuno-
therapy in patients according to their sex, age, or histological
type of tumor.

Supplementary information is available in the online version
of the paper.
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Supplementary Table S1. Relationship between the PD-L1 expression level and survival in SOC treated NSCLC males (n=149). Colour scale: dark
green=100% observed survival; dark red=0% observed survival; statistically significant p-values are in bold; the number of patients at the end of the
1% year is marked as n

1-year survival (%)

TPS Start point End point (LoP:::rllietest
interval ’ (at the end of the 1* year) forgthe entire
Number of patients with TPS  Number of patients with TPS % of patients with TPS % of patients with TPS  1_year period)
within the interval exceeding the interval within the interval exceeding the interval
0% 35 114 37.14% (n=13) 31.58% (n=36) 0.6248
1-2% 13 101 30.69% (n=31) 0.8250
1-3% 18 96 30.21% (n=29) 0.5481
1-4% 19 95 36.84% (n=7) 30.53% (n=29) 0.6210
1-5% 33 81 30.30% (n=10) 32.10% (n=26) 0.8946
1-10% 39 75 28.21% (n=11) 33.33% (n=25) 0.5082
1-15% 46 68 28.26% (n=13) 33.82% (n=23) 0.4920
1-20% 56 58 25.00% (n=14) 0.0914
1-25% 58 56 27.59% (n=16) 35.71% (n=20) 0.2459
1-30% 61 53 26.23% (n=16) 0.1667
1-35% 64 50 26.56% (n=17) 0.1810
1-40% 70 44 28.57% (n=20) 36.36% (n=16) 0.5052
1-45% 71 43 29.58% (n=21) 34.88% (n=15) 0.6860
1-50% 72 42 30.56% (n=22) 33.33% (n=14) 0.8896
1-55% 73 41 31.51% (n=23) 31.71% (n=13) 0.8956
1-60% 80 34 32.50% (n=26) 29.41% (n=10) 0.4819
1-65% 82 32 32.93% (n=27) 28.13% (n=9) 0.3103
1-70% 89 25 34.83% (n=31) 20.00% (n=5) 0.0396
1-80% 97 17 34.02% (n=33) 17.65% (n=3) 0.0189
1-85% 99 15 34.34% (n=34) 13.33% (n=2) 0.0057

1-90% 106 8 33.96% (n=36) L 000%m=0) |  0.0009
1-100% 114 - 31.58% (n=36) - -
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