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Background: By 2021, the FDA approved the use of the drugs pembrolizumab
and atezolizumab in the first-line treatment of patients with high positivity of
programmed death ligand-1 (PD-L1) in locally advanced and metastatic non-
small-cell-lung cancer (NSCLC). This approval was the result of statistically
significant evidence from international, multicentric clinical studies that all
reported increasing progression-free survival (PFS) and overall survival (OS)
in these patients.

Methods: In our study, we reported the demographic and clinical
characteristics of 79 patients diagnosed with NSCLC with expression of PD-
L1 >50% from January 2019 to December 2022 at the Institute for Pulmonary
Diseases of Vojvodina, who received pembrolizumab therapy as the first-line
treatment. Patients were divided according to the histological type of lung
cancer as adenocarcinoma (ADC) or squamous cell carcinoma (SCC) of the
lung. In 52 of the 79 patients, PFS and in 32 of them overall survival (censored
OS) was shown according to the histological type of tumor, the tumor
proportion score (TPS) of PDL-1 expression, and the metastatic status within
the Tumor Nodes Metastasis (TNM) disease classification. Independent factors
of death outcome were shown by multivariable proportional hazard
regression analysis.

Results: The study included 79 patients diagnosed with NSCLC with an
expression of PD-L1 >50%, 50 (63.3%) patients with ADC, and 29 (36.7%)
patients with SCC, whose 55 (69.6%) PDL-1 expression was obtained from
broncho biopsy (BB). The majority of patients, 49 (62%), had a TPS PD-L1 score
of 51%—-79%. Median, PFS for adenocarcinoma was 22 months and censored OS
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was 27 months, while for squamous cell carcinoma, median PFS was 12 months,
and censored OS was 21 months. M1b disease stage, which was the most
common in patients, had a PFS of 16 months and a censored OS of 18 months.

Conclusion: Pembrolizumab monotherapy in patients with NSCLC in the fourth
stage of the disease and with the positivity of the immune checkpoint protein
TPS PD-L1 above 50% represents a safe therapy that allows a satisfactory period
without disease progression and overall survival with acceptable treatment

complications.

KEYWORDS

lung carcinoma, immune checkpoint inhibitors, immunotherapy, PD-L1 receptor,

pembrolizumab

Introduction

The survival of patients with lung cancer in the last decade
has had an increasing trend if data from all over the world is
compared. In particular, NSCLC accounts for about 85% of all
malignant lung tumors, with ADC (40%) taking the lead to SCC
and other pathological types of lung cancer [1]. Targeted
molecular therapy has significantly improved the treatment of
advanced and metastatic NSCLC when compared to standard
chemotherapy. Among the new treatments for advanced lung
cancer now available, immunotherapy is the newest and most
promising [2]. Malignant tumor cells have characteristics that
allow them to spread and maintain their neoplastic state, evade
the immune system, and inhibit the immune response, by
preventing the activation of immune T cells increasing the
expression of immune checkpoint proteins on T cells [3]. The
basis of new therapeutic procedures was the inhibition of those
pathways that led to the evasion of the immune system through
immune checkpoints, which changed the paradigm of cancer
treatment. The drugs of this group are called immune checkpoint
inhibitors (ICIs). The suppression of signaling pathways
(PD-L1)
programmed cell death-1 (PD1) increases the functionality

involving programmed cell death ligand-1 and
and the response strength of CD8" T (cluster of differentiation
8 thymus) cells. By suppressing the signaling that PD-1 receives
from its ligand, it is possible to restore the activity of T
lymphocytes and increase their antitumor activity with a
further in PD-L1 the
microenvironment (TME) [4]. Immunotherapy in oncology

increase expression in tumor
began with the approval of antibody therapy against cytotoxic
T lymphocyte antigen-4 (CTLA-4) in 2011 for the treatment of
metastatic melanoma. This was followed by the approval of seven
additional immune checkpoint inhibitors (ICIs) focusing on
suppressing the PD-1 pathway: ipilimumab, pembrolizumab,
nivolumab, atezolizumab, avelumab, durvalumab, and
cemiplimab, which are currently used to treat 18 different
types of cancer [5]. There is evidence that PD-L1 is found in
a higher percentage in NSCLC and it is expressed in the majority

of tumor-infiltrating lymphocytes, which has been the reason for
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to introduce PD-L1 or PD-1 inhibitors into the treatment of
NSCLC. The level of PD-LI expression in the tumor shows a
better
score >50% of tumor cells for first-line immunotherapy
and >1

response and longer survival rate (proportional

for second-line immunotherapy) compared to
conventional chemotherapy. Based on these results, the FDA
approved the drug pembrolizumab in the first-line therapy of
advanced NSCLC for >50% PD-L1 expression without the
(EGFR)
mutation and anaplastic lymphoma kinase gene (ALK)
rearrangement [6]. The KEYNOTE 024 study investigated
the role of pembrolizumab in first-line therapy in patients
(=50%). Updated analyses
showed that pembrolizumab as
(OS)

chemotherapy, with a median overall survival (median OS) of

presence of epidermal growth factor receptor

with high PD-L1 expression
monotherapy improved
overall survival compared with platinum-based
30.0 vs. 14.2 months [7]. It was also proven that there was a
synergistic effect of the drug pembrolizumab with chemotherapy,
that both agents reduced the activity of T regulatory cells
and increased the presentation of tumor antigen cells [8]. The
third phase KEYNOTE 189 study primarily studied and
confirmed improvements in PFS and OS in the group of
patients with combined therapy of pembrolizumab and
chemotherapy [9]. The KEYNOTE 407 study related to
combined immunochemotherapy in squamous metastatic
NSCLC showed an improvement in PFS and OS but also
the effect on PD-L1 expression [10, 11]. This trial changed
the indication for receiving immunotherapy for patients
with advanced squamous NSCLC, which until recently was
treated with cytotoxic chemotherapy due to the absence of
targetable aberrations in this pathohistological type of
tumor [12]. The purpose of this paper is to elaborate on
the demographic and clinical characteristics of metastatic
NSCLC patients diagnosed as PD-L1 positive (with over
50% positivity) who underwent first-line therapy with
pembrolizumab and to show disparities between squamous
and non-squamous NSCLC, segmented by the number (1, 2,
3, or more) and location of metastases (liver, bone, and brain, and

other sites).
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Materials and methods
Methodology

The retrospective study involved 79 patients with metastatic
ADC and SCC
pembrolizumab as the first line of treatment from January
2019 to December 2022 at the Institute for Pulmonary
Diseases of Vojvodina. Out of these 79 patients, 52 who

lung cancer who were treated with

started the treatment by the end of 2021 were grouped
together in a subgroup of the study so that the PFS and
censored OS outcomes could be observed over a 2-year
period. Inclusion criteria: patients above 18 years old, pato-
histological confirmed NSCLC, metastatic disease, previously
not treated with chemo or radiotherapy. Exclusion criteria:
low ECOG performance status, another synchronic
malignancy, heavy comorbidities. The minimum follow-up

period was 24 months.

Immunohistochemical analysis

After sectioning Formalin-Fixed-Paraffin-Embedded (FFPE)
on 4-5 um of tumor tissue be mounted on Fisherbrand
Superfrost Plus slides and stained using the PD-L1 clone
22C3 pharmDx kit and Dako Automated Link 48 platform
(Agilent Technologies/Dako, Carpinteria, CA, United States).

The Tumor Proportion Score (TPS) was calculated as the
percentage of at least 100 viable tumor cells. Based on partial or
complete staining of the membrane all samples were divided into
one of three groups: with <1% (no expression), 1%-49% (low
expression), or >50% (high expression) positive tumor cells.

Statistical analysis

Attribute descriptors were presented of frequency and
The of attribute
descriptors was tested using the Chi-Square test. The
normality of data distribution was assessed using the Shapiro-

percentage. difference in frequency

Wilk test. The values of PFS and censored OS were depicted using
the median, Kaplan-Meier curves, and Cox regression analysis.

A statistical significance level of p < 0.05 was employed.
Results were displayed both in tabular format and using Kaplan-
Meier curves. Tables were created using Microsoft Word v 2021.
IBM SPSS Statistics v26 and JASP v0.11.3 were utilized for
statistical data analysis.

Ethical statement

This study was approved by the Institutional Ethical

Committee (Ethical Committee of the Institution for
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TABLE 1 Demographic and clinical characteristics of the patients
treated with pembrolizumab from January 2019 to December
2022.

Age (years) 64.9 (+6.71)

Gender Males 48 (60.8%)

Females 31 (39.2%)

Smoking status Never-smoker 7 (8.9%)

Former smoker 61 (77.2%)

Current-smoker 11 (13.9%)

Comorbidities COPD 10 (12.7%)

Cardiovascular diseases 23 (29.1%)

Renal diseases 2 (2.5%)
Diabetes Mellitus 1(1.3%)
Rheumatoid arthritis 1 (1.3%)
Autoimmune diseases 1 (1.3%)
Other pulmonary diseases 2 (2.5%)
Other diseases 3 (3.8%)

TABLE 2 Tumor characteristic; sample types; sampling method.

Hystological type Adenocarcinoma 50 (63.3%)
Squamous 29 (36.7%)
Type of samples Histology 77 (97.5%)

Cytology (Cytoblock) 2 (2.5%)

Type of sampling Bronchoscopy 55 (69.6%)
Surgery 13 (16.5%)
Tru-cut 2 (2.5%)
Biopsy of metastasis 5 (6.3%)
Cytoblock from bronchoscopy 2 (2.5%)
Cytoblock from pleural effusion 2 (2.5%)

Pulmonary Diseases of Vojvodina No. A203/2). The identities
of all the patients from our study was removed and the study was
conducted according to the Helsinki Declaration of the World
seventh revision.

Results

We presented 79 patients with metastatic NSCLC who
the
Demographic and clinical characteristics of the patients

received monotherapy with drug pembrolizumab.
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TABLE 3 Metastasis characteristics.

TNM M status Mla 29 (36.7%)
Milb 41 (51.9%)
Milc 9 (11.4%)

Localization of metastasis Lung 28 (36.7%)
Brain 7 (8.9%)
Liver 6 (7.6%)
Bone 11 (13.9%)
Adrenal node 9 (11.4%)
Pleura 1 (1.3%)
Multi 9 (11.4%)
Other 8 (10.1%)

according to age, gender, smoking status, and comorbidities are
shown in Table 1.

For all 79 patients in the study who received pembrolizumab
in the first line of treatment, ADC or SCC lung cancer in the
metastatic stage of the disease was previously confirmed
histologically or from a cellblock. The majority, ie., 50 of
them (64.1%), had lung ADC. The tumor tissue sample most
often obtained for the PD-L1 test was a biopsy from
bronchoscopy, among 55 (69.6%) patients. The number of
CT-guided core biopsies is low in our study, we rarely
performed that procedure. These results are shown in Table 2.

Given that among our patients, immunotherapy was applied
only to patients in the metastatic stage of the disease, we were
interested in the representation of tumor metastases according to
the number and localization in each patient (Table 3). Most of the
patients were in the MIb stage of the disease, and the most
common localization of metastases was pulmonary metastasis, in
28 (36.7%) patients.

PD-L1 protein expression in tumor cells and tumor-
immune cells (ICs) were

infiltrating assessed by

TABLE 4 TPS PD-L1 by histology type and by M status.

10.3389/pore.2024.1611717

immunohistochemistry. The tumor proportion score (TPS) as
the percentage of viable tumor cells determined the PD-LI
protein expression in the tumor. All samples from the
patients in the study had TPS as >50% (high expression)
positive tumor cells of the PD-L1 test. The patients were
divided into three subgroups: PD-L1 with 50% positivity, PD-
L1 with 51%-79% positivity, and PD-L1 over 80% positivity
evaluation. The positivity of the test was also compared according
to the histological type of the tumor and according to the
metastatic status of the tumor. PD-L1 positivity of 51%-79%
was most common in both histological types of tumors and
within M1b metastatic tumor status. There was no statistically
significant difference in the strength of PD-L1 expression for
either of the mentioned tumor characteristics (Table 4).

In this paper, we monitored the first follow-up response
(FUP1) according to the modified Response Evaluation Criteria
in Solid Tumors (RECIST version 1.1) used in malignant tumors
immunotherapy trials, so-called iRECIT, for all 79 patients who
received pembrolizumab therapy for at least 3 months until the
end of 2022. Therapeutic response was presented as partial
regression (PR), stable disease (SD), progressive disease (PD),
and pseudoprogression disease (psPD). There was no statistically
significant difference at FUP1 according to the histological tumor
type, i.e., at FUP1 most patients of both histology types of tumors
had stable disease (SD). The same applied to M status, that is,
patients of Mla, M1b, and Mlc status most often had SD at
FUP1 (Table 5).

We also investigated the type of disease progression
according to the histological type of tumor and according to
the metastatic stage of the disease, whereby the disease
progression causes were marked as locoregional disease
progression or distant (appearance of new metastatic lesions).
The most common type of progression was the occurrence of
distant progression in both ADC and SCC lung cancer, as well as
in previous (before therapy) existing M1b disease stage.
According to different histology or different M statuses, there
was no statistically significant difference in the type of disease
progression (Table 6).

PD L1 status

80% and more

51%-79%

Histological type ADC 2 (4.0%) 28 (56.0%) 20 (40.0%) 0.127*
SCC 2 (7.1%) 21 (75.0%) 5 (17.9%)

Characteristics of metastasis Mla 2 (6.9%) 17 (58.6%) 10 (34.5%) 0.509*
Mib 2 (4.9%) 28 (68.3%) 11 (26.8%)
Milc 0 (0%) 4 (44.4%) 5 (55.6%)

ADC, Adenocarcinoma; SCC, Squamous cell carcinoma; PD L1, Programmed cell death receptor ligand 1.

*Chi-Square test.

Pathology & Oncology Research

Published by Frontiers


https://doi.org/10.3389/pore.2024.1611717

Lali¢ et al. 10.3389/pore.2024.1611717

TABLE 5 Response (FUP1) by histological type of tumor and by M status.

Response

Histological type ADC 16 (32.0%) 28 (56.0%) 2 (4.0%) 3 (6.0%) 0.136"
SCC 5 (17.9%) 17 (60.7%) 3 (10.7%) 0 (0%)

Characteristics of metastasis Mla 9 (31.0%) 16 (55.2%) 0 (0%) 2 (6.9) 0.363*
Milb 10 (24.4%) 26 (63.4%) 4 (9.8%) 0 (0%)
Milc 2 (22.2%) 4 (44.4%) 1(11.1) 1 (11.1%)

ADC, Adenocarcinoma; SCC, Squamous cell carcinoma; PR, Partial Response; SD, Stable Disease; PD, Progressive Disease; psPD, Pseudoprogression Disease.
*Chi-Square test.

TABLE 6 Progression causes by histology type and by M status.

Progression
Locoregional Distant Without progression
Histological type ADC 5 (10.2%) 11 (22.4%) 33 (67.3%) 0.953*
scC 3 (12.0%) 5 (20.0%) 17 (68.9%)
Characteristics of metastasis Mla 2 (7.4%) 5 (18.5%) 20 (74.1%) 0.608*
Mib 4 (10.0%) 10 (25.0%) 26 (65.0%)
Mlc 2 (25.0%) 1 (12.5%) 5 (62.5%)

ADC, Adenocarcinoma; SCC, Squamous cell carcinoma.
*Chi Square test.

TABLE 7 Therapy discontinuation caused by histology type and by M status.

Response
Progression Complications ECOG Without disrupt
Histological type ADC 13 (30.6%) 6 (12.0%) 2 (4.0%) 6 (12.0%) 23 (46.0%) 0.363"
scc 6 (26.9%) 2 (7.7%) 3 (11.5%) 5 (19.2%) 10 (38.5%)
Characteristics of metastasis Mla 6 (22.2%) 2 (7.4%) 2 (7.4%) 2 (7.4%) 15 (55.6%) 0.666"
Mi1b 12 (29.3%) 4 (9.8%) 2 (4.9%) 7 (17.1%) 16 (39.0%)
Mic 1 (11.1%) 2 (22.2%) 1(11.1%) 2 (22.2%) 3 (33.3%)

ADC, Adenocarcinoma; SCC, Squamous cell carcinoma; ECOG, Eastern Cooperative Oncology Group.
*Chi Square test.

We also examined the reasons for discontinuation of
therapy (disease treatment
complications occurrence, worsening of the patient’s ECOG
death).
significant difference in the reasons for discontinuation of

pembrolizumab progression,

performance status, There was no statistically

therapy according to histology type of tumor or M status of
the disease (Table 7).
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Therapy postponement (up to 30 days, over 30 days, without
delay) as well as the cycle in which the therapy was delayed are
shown in Table 8.

After the discontinuation of pembrolizumab therapy, we
examined the continuation of other types of therapy
according to the histology type of the tumor and according to

the M status of the disease. The most common type of continued
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TABLE 8 Postponed therapy distribution.

Postpone Up to 30 days 12 (15.2%)

30 days and more 3 (3.8%) ‘

Without postponement 64 (81.0%) ‘

TABLE 9 Pembrolizumab therapy complications.

Complications Yes Hypothyroidism 11 (13.9%)
Pneumonitis 5 (6.3%)
Kidney disease 4 (5.1%)
Infections 4 (5.1%)
Pneumonia 3 (3.8%)
Skin toxicities 3 (3.8%)
Hepatic failure 3 (3.8%)
Hematological toxicity 3 (3.8%)
Pulmonary thromboembolism 2 (2.5%)
No 41 (51.9%)

therapy for all observed subgroups of patients was supportive
therapy, followed by chemotherapy (five patients with ADC,
three patients with SCC, four patients with Mla, and four
patients with M1b status), radiotherapy was received by one
patient with ADC and one patient with M1b disease status, while
one patient with SCC and one patient with ADC received
chemoradiotherapy.

The most common adverse event (AD) in all subjects was the
occurrence of hypothyroidism, which did not lead to
discontinuation, but only to therapy postponement up to
30 days. A specialist endocrinologist was involved in the
treatment and monitoring of hypothyroidism. Therapy
complications are shown in Table 9.

A group of patients who underwent surgical treatment
of lung tumors before the appearance of metastatic disease
was specially monitored. There was a total of 8 patients, of
which before pembrolizumab therapy 3 had radiotherapy,
chemotherapy 4 of them, and chemo and radiotherapy
one of them. These patients, i.e., the therapeutic outcome
with pembrolizumab, was not compared to patients who did
not have surgery. Also, one patient had palliative radiotherapy
for some metastases or palliative radiotherapy for superior
(SVCS) Dbefore the
administration of pembrolizumab. The treatment outcome

vena cava syndrome or during
among these patients compared to patients who did not have
palliative radiotherapy while receiving the drug pembrolizumab

was not separately compared.
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PFS and censored OS

79 patients in our study started therapy with the drug
pembrolizumab from December 2019 to January 2022. For a
2-year PFS and censored OS presentation, we singled out
52 patients whose pembrolizumab therapy was scheduled to
start by the end of 2021. Accordingly, some of the 52 patients
were alive by the end of 2022, the OS value was lower than the
PFS and was calculated and shown in our study as censored OS.
PFES and censored OS were observed according to the histology
type of the tumor, with a longer 2-year disease progression and
overall survival among patients with ADC (Figures 1, 2). Median
PFS (censored) for ADC was 22 months, and for SCC was
12 months (half of the observed patients with ADC have been
progressed in 22 months).

Median OS (censured) for ADC was 27 months and for SCC
21 months (half of observed patients were dead in 27 months and
21 months).

According to the percentage of PD-L1 positivity (PD-L1 50%,
PD-L1 51%-79%, and PD-L1 over 80%) there was no statistically
significant difference in 2-year PFS and censored OS (Figures 3, 4).

According to M disease status (Mla, M1b, and Mlc) there
was no statistically significant difference in 2-year PFS and
censored OS (Figures 5, 6).

Discussion

Among various malignancies, NSCLC is a type of solid tumor
that showed an extremely good therapeutic response to the
introduction of immunotherapy in the last decade. For the
of
immunosurveillance is essential [13]. The activity of the

prevention and  regulation malignant  tumors,
immune system T-cells as the main active component of the
immune response is regulated by stimulatory as well as inhibitory
signals called checkpoints. The main checkpoint that regulates
the immune response is the interaction between the PD-1
receptor and its programmed cell death ligand-1 (PD-LI).
Monoclonal antibody therapy can effectively inhibit these
proteins and thus modulate tumor growth and development
[14]. Pembrolizumab (Keytruda®), formerly lambrolizumab, is a
humanized IgG4 kappa monoclonal antibody that inhibits PD-1
receptor activity. The drug was originally approved by the Food
Drug Administration (FDA) in 2014, and by the European
Commission in 2015 for the treatment of unresectable and
metastatic melanoma that progressed after ipilimumab therapy
[15]. So far, there have been several trials where lung cancer
patients have been treated with pembrolizumab. In KEYNOTE-
010, pembrolizumab in the second line of treatment showed
long-term benefits compared to chemotherapy (docetaxel), while
the patients were previously treated with chemotherapy.
According to PD-L1 status, patients were divided into
subgroups of PD-L1 TPS (tumor proportion score) >50%
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and >1% [16]. A randomized, phase 2 KEYNOTE-021 study
showed a significantly better therapeutic response among the
patients treated with pembrolizumab and chemotherapy
this
pembrolizumab was given as a first-line treatment in

compared to chemotherapy alone. In study,
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combination with chemotherapy to patients with advanced or
metastatic NSCLC [17]. KEYNOTE-024 as a randomized phase
3 multicenter study investigated the therapeutic response of the
first-line pembrolizumab as monotherapy versus first-line
platinum-based chemotherapy among patients with NSCLC.
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All patients in the study with advanced or metastatic LC had PD-
L1 TPS >50% [18]. KEYNOTE-042 is a multicenter phase 3 study
similarly designed as KEYNOTE-024, which enrolled treatment-
naive patients whose tumors showed strong (PD-L1 TPS >50%)
versus weak (PD-L1 TPS 1%-49%) PD-L1 positivity [19]. Both
studies showed a better therapeutic response in patients treated
with immunotherapy. In our study, we showed the effect of
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pembrolizumab treatment as monotherapy in the first-line
treatment of advanced or metastatic NSCL with PD-L1
TPS >50%, where the primary objective of the study was to
illustrate disparities and therapeutic response between metastatic
squamous and non-squamous NSCLC, according to the number
and location of metastases and according to PD-L1 TPS
positivity.
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Testing for PD-L1 expression is performed using a diagnostic
immunohistochemical test. PD-L1 expression requires histological
samples, as the sample formalin fixation should be done with at
least 100 tumor cells [20]. Tissue sampling for PD-L1 testing in this
study was most often from biopsies obtained by bronchoscopy,
which corresponded to the patients included in the study, who all
had metastatic disease. Only a small number of patients had a
tissue sample resected during surgery, and these were the patients
who after a certain time progressed to stage IV of the disease, and a
tissue sample was taken from the initial phase of the disease. One of
the studies evaluated the concordance of PD-L1 expression
between bronchoscopic small biopsies and surgical resections.
PD-L1 expression was investigated in 79 patients for whom
bronchoscopic  biopsy specimens and resection
available. The of PD-L1

expression between small biopsies and surgical resections was

surgical
specimens  were concordance
92.4% [21]. In our study, two samples for PD-L1 testing were
from the cytoblock obtained from the endobronchial ultrasound
transbronchial needle aspiration (EBUS-TBNA) bronchoscopy. In
on other study the concordance rate between EBUS-TBNA versus
surgical specimens was 87% for PD-L1 >1% and 82% for PD-
L1 >50%. However, the sensitivity of EBUS-TBNA samples
dropped from 72% to only 47% at a PD-L1 expression cutoff
of >50% (vs. >1%), raising concerns about false-negative PD-L1
results on EBUS-TBNA samples [22].

In our study, patients were treated with pembrolizumab
monotherapy at a dose of 200 mg of body weight every
21 days, where all patients had metastatic disease, PD-L1
TPS >50%, ECOG (European Cooperative Oncology Group)
status 0 or 1. The smallest number of drug cycles received
was 3, and the largest was 56. After 2 years of this type of
therapeutic regimen, 6 patients switched to the regimen of
administering the drug dose of 400 mg every 6 weeks.
Currently, the definition of permanent response among
immunotherapy patients has been controversial. Permanent
response is defined as the patient’s progression-free survival
(PFS) exceeding three times the median PFS of the same
cohort [23]. Permanent responses to administered ICIs can
last for months or years, with some patients even having
improved responses to ICIs over time according to iRECIST
criteria and thus even longer censored OS [24]. The National
Comprehensive Network  (NCCN)
that with  NSCLC
maintenance ICIs for 2 years if they have received first-line

Cancer guidelines

recommend patients should receive
immunotherapy. Maintenance therapy is administered for
2 years in patients who received first-line immunotherapy and
until disease progression in patients who received second-line
immunotherapy [25, 26]. In tumors, there may be a transient
increase in the volume or number of lesions (temporary
progression) after ICI treatment, but after that period partial
regression (PR) or stable disease (SD) may occur, which is
defined as pseudoprogression [27]. Pseudoprogression, as an
unusual but useful pattern of treatment with ICIs, should be

Pathology & Oncology Research

10

10.3389/pore.2024.1611717

emphasized and carefully recognized. The increased tumor
volume is likely to be the result of the recruitment of
activated T cells to the tumor site during ICI treatment.
Before these cells achieve their antitumor functions, they lead
to inflammation and tumor volume enlargement, as well as
immune infiltration, edema, and necrosis. The incidence of
types but is
rarely >10% [28-31]. Pseudoprogression often occurs after
initial treatment with ICIs [29]. In our study, at the first
follow-up visit (FUP1), a total of six patients had psPD
(pseudoprogression disease) response, and during the entire

pseudoprogression  varies among tumor

study, a total of 7 patients had psPD, as in the above-
mentioned studies, at the beginning of treatment. All patients
continued therapy, with PFS and censored OS being significantly
longer compared to pseudoprogression-free patients if we
observe a 2-year overall survival.

A total of 38 out of 79 (48%) patients had complications of
pembrolizumab administration in our study, which is a good
result compared to other studies where the frequency of
complications in monotherapy with ICIs ranged from 15% to
90% [19, 32]. In a systematic review of 50 studies, the incidence of
grade 3/4 adverse events (AEs) was 21% (range 0%-66%) [33].
Comparing our results with studies where immunotherapy was
given as monotherapy for NSCLC, the most frequent AE was
hypothyroidism CTCAE grade 1, classified according to
Common Terminology Criteria for Adverse Events (CTCAE),
found in 11 (13%) patients, compared to other complications that
were individually represented by no more than 1 (1%). The
postponement of therapy until the stabilization of the hormone
concentration by medication did not amount to more than
30 days, and there was no interruption of therapy for that
reason. In a retrospective cohort study of 1,246 patients
treated with ICIs, immune-related AEs (IRAEs) occurred in
518 (42%) patients. Subclinical thyrotoxicosis (n = 234) was
the thyroid IRAE,
thyrotoxicosis (n = 154), subclinical hypothyroidism (n = 61),

most common followed by overt
and overt hypothyroidism (n = 39) (89). Thyroid dysfunction is
the most common endocrine IRAE in NSCLC [34].

In this paper, we were able to show 2-year overall survival
(censored OS) and progression-free survival (PFS) according to
certain clinical and pathological tumor characteristics for
52 patients out of the total of 79 patients who received
pembrolizumab therapy by the end of 2021. The studies which
included pembrolizumab as monotherapy showed the following
results: KEYNOTE-010 study showed better OS over docetaxel for
both groups of PD-L1 TPS >50% and >1% positivity, (hazard ratio
[HR] 0.53; 95% CI and HR, 0.69; 95% CI, p < 0.00001, respectively)
[16]. In the KEYNOTE-021 Cohort G study, PFS for
pembrolizumab in combination therapy (n = 60) versus
chemotherapy (n = 63) was (median: 24.5 versus 9.9 months;
hazard ratio: 0.54; 95% confidence interval: 0.35-0.83). Median
overall survival was 34.5 versus 21.1 months (hazard ratio: 0.71;

95% confidence interval: 0.45-1.12) [35].
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In our study, 59 (64.1%) patients had ADC, and 20 (35.9%) of
them had squamous cell carcinoma (SCC). According to the
histological type of lung cancer, patients with ADC had a
longer censored PFS and censored OS compared to SCC, which
amounted to (PFS HR 0.626 95% CI 0.358-1.09, p = 0.101 and
censored OS HR, 0.550; 95% CI 0.280-1.08, p = 0.08). A
multicentric study published in 2022
differences in the efficacy of ICIs in the treatment of squamous

reported potential

NSCLC and non-squamous NSCLC. ICI monotherapy improves
OS in SCC and ADC (OS HR 0.71, 0.80), and overall all of the
studies showed a greater OS for SCC (OS HR 0.89, 95% CI
0.80-0.99). For PES ICI monotherapy also showed a reduction
in the risk of disease progression and even more so for SCC
compared to ADC (35% for SCC vs. 10% for ADC) [36].

We observed both PFS and censored OS in our study
according to the degree of PD-L1 positivity, whereby we
divided patients into three groups (PD-L1 TPS = 50%, 51%-
79%, and over 80%). There was no statistically significant
difference in PFS and censored OS according to the degree
of high positivity of PD-L1 TPS (PES, p = 0.587 and censored
OS, p = 0.583) because all the groups that were observed for this
characteristic are essentially groups with high expression of PD-
L1. The correlation analysis between PD-L1 expression levels
and clinicopathological parameters was shown in 1,008 SCC or
ADC, it was concluded that PD-L1 expression is higher in men,
smokers, squamous cell carcinoma tumors with a maximum
diameter >3 cm, patients with poor differentiation and/or high
TNM disease stage. Among patients with well to moderately
differentiated ADC, clinical stages I-II, without a history of
smoking, lymph node metastases, or distant metastases, no PD-
L1
recommendation for testing has been established for patients

testing was recommended. However, a strong
with SCC who have lymph node metastases or poorly
differentiated NSCLC with N3 disease, especially smokers
with N3 disease [37, 38].

According to the localization of metastases and their
number and taking into account the TNM classification for
the M stage of the disease patients in our study were divided
into M1la, M1b, and M1C stages. The M1c rate was so low in the
study maybe because we did not perform PET/CT on all the
patients, only to some of them. In addition, there was no
difference in PFS and censored OS between these three
groups of patients with NSCLC treated with pembrolizumab
(PFS, p = 0.473 and censored OS p = 0.09). So far, comparative
studies that would monitor PFS and censored OS according to
this characteristic have not been done, but in one of the
multicentric studies that included 16 randomized clinical
(RCTs) and

improvement

survival
ICI +

14 observational trials, a

ICIs (ICI

trials

for monotherapy,
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dual ICI and dual ICI +
Chemotherapy) versus standard therapies was reported
among NSCLC patients with liver metastases: (PFS HR, 0.77;
95% CI, 0.61-0.97; censored OS HR, 0.78; 95% CI, 0.68-0.90).
In data analysis from multiple studies, liver metastases could be

chemotherapy, therapy

used as an independent prognostic risk factor, increasing the
risk of death by 21% in lung cancer patients receiving ICI
treatment compared with those without liver metastases
(censored OS HR, 1.21; 95% CI, 1.17-1.27; p < 0.0001) [39].

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

This study was approved by the Institutional Ethical
Committee (Ethical of the
Pulmonary Diseases of Vojvodina No. A203/2). The identities
of all the patients from our study were removed and the study
was conducted to the Helsinki Declaration of the World
seventh revision.

Committee Institution for

Author contributions

Conceptualization, NL and MB; methodology, NL and MB;
software, AS; validation, DB, IK, DB, ST, BP, and VC; formal
analysis, NL, and MB; investigation, NL; resources, NL; data
curation, NL, DB, and IK; writing—original draft preparation,
NL, ST, AS, and BP; all authors participated in writing—review
and editing. All authors contributed to the article and approved
the submitted version.

Funding

The authors declare that no financial support was received
for the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Published by Frontiers


https://doi.org/10.3389/pore.2024.1611717

Lali¢ et al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209-49.
doi:10.3322/caac.21660

2. Lee JB, Kim HR, Ha SJ. Immune checkpoint inhibitors in 10 Years:
contribution of basic research and clinical application in cancer
immunotherapy. Immune Netw (2022) 22(1):e2. d0i:10.4110/in.2022.22.e2

3. Vinay DS, Ryan EP, Pawelec G, Talib WH, Stagg J, Elkord E, et al. Inmune
evasion in cancer: mechanistic basis and therapeutic strategies. Semin Cancer Biol
(2015) 35:5185-98. doi:10.1016/j.semcancer.2015.03.004

4. Vaddepally RK, Kharel P, Pandey R, Garje R, Chandra AB. Review of
indications of FDA-approved immune checkpoint inhibitors per NCCN
guidelines with the level of evidence. Cancers (Basel) (2020) 12(3):738. doi:10.
3390/cancers12030738

5. Zam W, Ali L. Immune checkpoint inhibitors in the treatment of
cancer. Curr Rev Clin Exp Pharmacol (2022) 17(2):103-13. doi:10.2174/
1574884716666210325095022

6. ChenJ, Jiang CC, Jin L, Zhang XD. Regulation of PD-L1: a novel role of pro-survival
signaling in cancer. Ann Oncol (2016) 27(3):409-16. doi:10.1093/annonc/mdv615

7. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csészi T, Fillop A, et al.
Pembrolizumab versus chemotherapy for PD-LI1-positive non-small-cell lung
cancer. N Engl ] Med (2016) 375(19):1823-33. doi:10.1056/NEJMoal606774

8. Apetoh L, Ladoire S, Coukos G, Ghiringhelli F. Combining immunotherapy
and anticancer agents: the right path to achieve cancer cure? Ann Oncol (2015)
26(9):1813-23. doi:10.1093/annonc/mdv209

9. Rodriguez-Abreu D, Powell SF, Hochmair MJ, Gadgeel S, Esteban E, Felip E,
et al. Pemetrexed plus platinum with or without pembrolizumab in patients with
previously untreated metastatic nonsquamous NSCLC: protocol-specified final
analysis from KEYNOTE-189. Ann Oncol (2021) 32(7):881-95. doi:10.1016/j.
annonc.2021.04.008

10. Paz-Ares L, Luft A, Vicente D, Tafreshi A, Giimiis M, Maziéres J, et al.
Pembrolizumab plus chemotherapy for squamous non-small-cell lung cancer.
N Engl ] Med (2018) 379(21):2040-51. doi:10.1056/NEJMo0a1810865

11. Paz-Ares L, Vicente D, Tafreshi A, Robinson A, Soto Parra H, Maziéres J, et al. A
randomized, placebo-controlled trial of pembrolizumab plus chemotherapy in patients
with metastatic squamous NSCLC: protocol-specified final analysis of KEYNOTE-407.
J Thorac Oncol (2020) 15(10):1657-69. doi:10.1016/j.jtho.2020.06.015

12. Soldera SV, Leighl NB. Update on the treatment of metastatic squamous non-
small cell lung cancer in new era of personalized medicine. Front Oncol (2017) 7:50.
doi:10.3389/fonc.2017.00050

13. Schreiber RD, Old L], Smyth MJ. Cancer immunoediting: integrating
immunity’s roles in cancer suppression and promotion. Science (2011)
331(6024):1565-70. doi:10.1126/science.1203486

14. Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer (2012) 12(4):252-64. doi:10.1038/nrc3239

15. Hamid O, Puzanov I, Dummer R, Schachter J, Daud A, Schadendorf D, et al.
Final analysis of a randomised trial comparing pembrolizumab versus investigator-
choice chemotherapy for ipilimumab-refractory advanced melanoma. Eur ] Cancer
(2017) 86:37-45. d0i:10.1016/j.¢jca.2017.07.022

16. Herbst RS, Garon EB, Kim DW, Cho BC, Perez-Gracia JL, Han JY, et al. Long-
term outcomes and retreatment among patients with previously treated,
programmed death-ligand 1—positive, advanced non—small-cell lung cancer in
the KEYNOTE-010 study. J Clin Oncol (2020) 38(14):1580-90. doi:10.1200/JCO.
19.02446

17. Gadgeel S, Rodriguez-Abreu D, Speranza G, Esteban E, Felip E, Domine M,
et al. Updated analysis from KEYNOTE-189: pembrolizumab or placebo plus
pemetrexed and platinum for previously untreated metastatic nonsquamous non-
small-cell lung cancer. J Clin Oncol (2020) 38(14):1505-17. doi:10.1200/JCO.19.
03136

18. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csészi T, Fiilop A, et al.
Five-year outcomes with pembrolizumab versus chemotherapy for metastatic
non-small-cell lung cancer with PD-L1 tumor proportion score > 50. J Clin
Oncol (2021) 39(21):2339-49. doi:10.1200/JCO.21.00174

19. de Castro G, Kudaba I, Wu YL, Lopes G, Kowalski DM, Turna HZ, et al. Five-
year outcomes with pembrolizumab versus chemotherapy as first-line therapy in
patients with non-small-cell lung cancer and programmed death ligand-1 tumor
proportion score > 1% in the KEYNOTE-042 study. J Clin Oncol (2023) 41(11):
1986-91. doi:10.1200/JCO.21.02885

20. Skov BG, Skov T. Paired comparison of PD-LI expression on cytologic and
histologic specimens from malignancies in the lung assessed with PD-L1 IHC 28-

Pathology & Oncology Research

12

10.3389/pore.2024.1611717

8pharmDx and PD-L1 IHC 22C3pharmDx. Appl Immunohistochem Mol Morphol
(2017) 25(7):453-9. doi:10.1097/PAL.0000000000000540

21. Kitazono S, Fujiwara Y, Tsuta K, Utsumi H, Kanda S, Horinouchi H, et al.
Reliability of small biopsy samples compared with resected specimens for the
determination of programmed death-ligand 1 expression in non-small-cell lung
cancer. Clin Lung Cancer (2015) 16(5):385-90. doi:10.1016/j.cllc.2015.03.008

22. Sakata KK, Midthun DE, Mullon JJ, Kern RM, Nelson DR, Edell ES, et al.
Comparison of programmed death ligand-1 immunohistochemical staining between
endobronchial ultrasound transbronchial needle aspiration and resected lung cancer
specimens. Chest (2018) 154(4):827-37. doi:10.1016/j.chest.2018.07.017

23. Pons-Tostivint E, Latouche A, Vaflard P, Ricci F, Loirat D, Hescot S, et al.
Comparative analysis of durable responses on immune checkpoint inhibitors versus
other systemic therapies: a pooled analysis of phase III trials. JCO Precis Oncol
(2019) 3(3):1-10. doi:10.1200/P0.18.00114

24. Frelaut M, du Rusquec P, de Moura A, Le Tourneau C, Borcoman E.
Pseudoprogression and hyperprogression as new forms of response to
immunotherapy. BioDrugs (2020) 34(4):463-76. doi:10.1007/s40259-020-00425-y

25. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al.
Non-small cell lung cancer, version 3.2022, NCCN clinical practice guidelines in
oncology. J Natl Compr Cancer Netw (2022) 20(5):497-530. doi:10.6004/jnccn.2022.
0025

26. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al.
NCCN Guidelines® insights: non-small cell lung cancer, version 2.2023. J Natl
Compr Canc Netw (2023) 21(4):340-50. doi:10.6004/jnccn.2023.0020

27. Chiou VL, Burotto M. Pseudoprogression and immune-related response in
solid tumors. J Clin Oncol (2015) 33(31):3541-3. doi:10.1200/JC0.2015.61.6870

28. Manitz ], D’Angelo SP, Apolo AB, Eggleton SP, Bajars M, Bohnsack O, et al.
Comparison of tumor assessments using RECIST 1.1 and irRECIST, and
association with overall survival. | Immunother Cancer (2022) 10(2):e003302.
doi:10.1136/jitc-2021-003302

29. Wang Q, Gao ], Wu X. Pseudoprogression and hyperprogression after
checkpoint blockade. Int Immunopharmacol (2018) 58:125-35. doi:10.1016/j.
intimp.2018.03.018

30. Borcoman E, Nandikolla A, Long G, Goel S, Le Tourneau C. Patterns of
response and progression to immunotherapy. Am Soc Clin Oncol Educ B (2018)
38(38):169-78. doi:10.1200/EDBK_200643

31. Tanizaki J, Hayashi H, Kimura M, Tanaka K, Takeda M, Shimizu S, et al.
Report of two cases of pseudoprogression in patients with non-small cell lung
cancer treated with nivolumab—including histological analysis of one case after
tumor regression. Lung Cancer (2016) 102:44-8. doi:10.1016/j.lungcan.2016.10.014

32. Thompson JA, Schneider BJ, Brahmer J, Andrews S, Armand P, Bhatia S, et al.
NCCN guidelines insights: management of immunotherapy-related toxicities, version
1.2020. ] Natl Compr Cancer Netw (2020) 18(3):230-41. doi:10.6004/jnccn.2020.0012

33. Chen TW, Razak AR, Bedard PL, Siu LL, Hansen AR. A systematic review of
immune-related adverse event reporting in clinical trials of immune checkpoint
inhibitors. Ann Oncol (2015) 26(9):1824-9. doi:10.1093/annonc/mdv182

34. Zhou N, Velez MA, Bachrach B, Gukasyan ], Fares CM, Cummings AL, et al.
Immune checkpoint inhibitor-induced thyroid dysfunction is a frequent event post-
treatment in NSCLC. Lung Cancer (2021) 161:34-41. doi:10.1016/jlungcan.2021.
08.009

35. Awad MM, Gadgeel SM, Borghaei H, Patnaik A, Yang JCH, Powell SF, et al. Long-
term overall survival from KEYNOTE-021 cohort G: pemetrexed and carboplatin with
or without pembrolizumab as first-line therapy for advanced nonsquamous NSCLC.
J Thorac Oncol (2021) 16(1):162-8. doi:10.1016/.jtho.2020.09.015

36. Li F, Zhai S, Lv Z, Yuan L, Wang S, Jin D, et al. Effect of histology on the
efficacy of immune checkpoint inhibitors in advanced non-small cell lung cancer: a
systematic review and meta-analysis. Front Oncol (2022) 12:968517. doi:10.3389/
fonc.2022.968517

37. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csészi T, Fillop A, et al.
Updated analysis of KEYNOTE-024: pembrolizumab versus platinum-based
chemotherapy for advanced non--non-small-cell lung cancer with PD-L1 tumor
proportion score of 50% or greater. J Clin Oncol (2019) 37(7):537-46. doi:10.1200/
JCO.18.00149

38. Liu LU, Xie B, Zhu W, He Q, Zhou J, Liu S, et al. High expression of PD-L1
mainly occurs in non-small cell lung cancer patients with squamous cell carcinoma or
poor differentiation. Oncol Res (2023) 31(3):275-86. doi:10.32604/0r.2023.028227

39. Xia H, Zhang W, Zhang Y, Shang X, Liu Y, Wang X. Liver metastases and the
efficacy of immune checkpoint inhibitors in advanced lung cancer: a systematic
review and meta-analysis. Front Oncol (2022) 12:978069. doi:10.3389/fonc.
2022.978069

Published by Frontiers


https://doi.org/10.3322/caac.21660
https://doi.org/10.4110/in.2022.22.e2
https://doi.org/10.1016/j.semcancer.2015.03.004
https://doi.org/10.3390/cancers12030738
https://doi.org/10.3390/cancers12030738
https://doi.org/10.2174/1574884716666210325095022
https://doi.org/10.2174/1574884716666210325095022
https://doi.org/10.1093/annonc/mdv615
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1093/annonc/mdv209
https://doi.org/10.1016/j.annonc.2021.04.008
https://doi.org/10.1016/j.annonc.2021.04.008
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1016/j.jtho.2020.06.015
https://doi.org/10.3389/fonc.2017.00050
https://doi.org/10.1126/science.1203486
https://doi.org/10.1038/nrc3239
https://doi.org/10.1016/j.ejca.2017.07.022
https://doi.org/10.1200/JCO.19.02446
https://doi.org/10.1200/JCO.19.02446
https://doi.org/10.1200/JCO.19.03136
https://doi.org/10.1200/JCO.19.03136
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.1200/JCO.21.02885
https://doi.org/10.1097/PAI.0000000000000540
https://doi.org/10.1016/j.cllc.2015.03.008
https://doi.org/10.1016/j.chest.2018.07.017
https://doi.org/10.1200/PO.18.00114
https://doi.org/10.1007/s40259-020-00425-y
https://doi.org/10.6004/jnccn.2022.0025
https://doi.org/10.6004/jnccn.2022.0025
https://doi.org/10.6004/jnccn.2023.0020
https://doi.org/10.1200/JCO.2015.61.6870
https://doi.org/10.1136/jitc-2021-003302
https://doi.org/10.1016/j.intimp.2018.03.018
https://doi.org/10.1016/j.intimp.2018.03.018
https://doi.org/10.1200/EDBK_200643
https://doi.org/10.1016/j.lungcan.2016.10.014
https://doi.org/10.6004/jnccn.2020.0012
https://doi.org/10.1093/annonc/mdv182
https://doi.org/10.1016/j.lungcan.2021.08.009
https://doi.org/10.1016/j.lungcan.2021.08.009
https://doi.org/10.1016/j.jtho.2020.09.015
https://doi.org/10.3389/fonc.2022.968517
https://doi.org/10.3389/fonc.2022.968517
https://doi.org/10.1200/JCO.18.00149
https://doi.org/10.1200/JCO.18.00149
https://doi.org/10.32604/or.2023.028227
https://doi.org/10.3389/fonc.2022.978069
https://doi.org/10.3389/fonc.2022.978069
https://doi.org/10.3389/pore.2024.1611717

	The efficacy outcomes in non-small cell lung cancer patients treated with PD axis inhibitor agents - a population-based stu ...
	Introduction
	Materials and methods
	Methodology
	Immunohistochemical analysis
	Statistical analysis
	Ethical statement

	Results
	PFS and censored OS

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	References


