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Abstract. – OBJECTIVE: With the advent of 
immunotherapy, there has been a significant im-
provement in the outcomes of non-small cell lung 
cancer treatment. Several clinical trials have con-
firmed the efficacy and safety of pembrolizum-
ab, but research with real-world data is needed to 
confirm the findings from clinical trials.

PATIENTS AND METHODS: In this retro-
spective study, data on the treatment of lung 
cancer with pembrolizumab were analyzed in 
78 patients who started pembrolizumab thera-
py as first-line treatment for metastatic disease 
at University Hospital Centre Osijek, from May 
15, 2018, until December 31, 2021. November 30, 
2022, was set as the last date of data monitor-
ing. Patients who had received less than 3 cy-
cles of pembrolizumab were excluded from the 
study. The main objectives of the study were OS 
(overall survival) and PFS (progression-free sur-
vival). The differences in the incidence and type 
of adverse events between the two groups of pa-
tients were also compared.

RESULTS: Kaplan-Meier analysis of the sur-
vival determined that the median OS was 20 
months and PFS was 13 months. Although OS 
and PFS are longer in patients with PD-L1 (pro-
grammed death-ligand 1) ≥ 50%, the differences 
are not statistically significant. The most com-
monly reported adverse events related to pem-
brolizumab treatment were gastrointestinal ad-
verse events. No significant differences were 
found in the frequency of occurrence of certain 
adverse events between the two groups of pa-
tients.

CONCLUSIONS: This study demonstrates 
that real-world data for pembrolizumab treat-
ment of non-small cell lung cancer confirm the 

efficacy and safety indicated by clinical trials. 
Nevertheless, it is necessary to assess the pa-
tient’s general condition more objectively before 
starting the treatment. 
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Introduction

Despite the great progress of modern oncology, 
lung cancer, with regard to epidemiological data 
worldwide, remains the leading subject of research 
into new treatment options. Namely, according to 
data from the Global Cancer Observatory (GLO-
BOCAN) from 2020, lung cancer is still the 1st 
cancer in the world in terms of mortality, with as 
many as 1.8 million deaths, and is the cause of 
18% of cancer-related deaths1,2. In Croatia, lung 
cancer is the 4th in incidence, behind breast, pros-
tate, and colorectal cancer2. It is known that smok-
ing is still the leading risk factor for lung cancer3. 
Looking at gender as a risk factor for lung cancer, 
according to data from the past decade, the fre-
quency is decreasing in the male population and 
increasing in the female population3.

The basic classification of lung cancer is into 
small cell and non-small cell lung cancer, and it is 
known that non-small cell lung cancer is a much 
more common form of the disease with better 
treatment outcomes and overall survival4. Histo-
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logically, we differentiate squamous cell carcino-
ma, adenocarcinoma, adenosquamous carcinoma, 
and NOS (non-otherwise specified) type5.

When talking about the treatment of non-small 
cell lung cancer, the therapeutic options in the ear-
ly stages include surgery, chemotherapy, and ra-
diotherapy. However, a turning point in the treat-
ment of metastatic non-small cell lung cancer was 
marked by the possibility of identifying certain 
tumor cell mutations [for example, EGFR (epi-
dermal growth factor receptor), ALK (anaplastic 
lymphoma kinase), ROS1 (ROS proto-oncogene 
1)] and the possibility of measuring the expres-
sion of certain molecules on tumor cells, such as 
the PD-L1 (programmed death-ligand 1) mole-
cule. Consequently, the advent of targeted therapy 
and immunotherapy has changed the paradigm of 
treatment of metastatic non-small cell lung cancer. 
We consider the most important immunotherapy 
drugs for the treatment of cancer to be checkpoint 
inhibitors, which are monoclonal antibodies in 
their composition6. It has long been thought that 
the human immune system, and especially T-lym-
phocytes, can represent a target system in the 
fight against cancer. Checkpoint inhibitors, which 
include CTLA4 (cytotoxic T-lymphocyte-associ-
ated protein 4) and PD-1 (programmed death-1)/
PD-L1 inhibitors, act precisely on the immune 
response associated with T-lymphocytes6. Block-
ade of PD-1 and PD-L1 molecules is the area 
of ​​interest of this research. The most important 
PD-1 inhibitors include nivolumab, cemiplimab, 
and pembrolizumab, while the PD-L1 inhibitors 
include durvalumab, avelumab, and atezolizum-
ab6,7. The interaction of the PD-1 receptor on the 
surface of T-lymphocytes and its ligand, the PD-
L1 molecule, on tumor cells disables the normal 
biological function of T-lymphocytes and causes 
their apoptosis. This allows the tumor to escape 
the cytotoxic action of the immune system8. By 
blocking this interaction, tumor cells become sus-
ceptible to destruction by the immune system8.

The PD-1 inhibitor pembrolizumab has brought 
a revolution in the treatment of numerous cancers. 
Due to the excellent results of clinical studies, it 
is being approved every day in more and more in-
dications around the world. In Croatia, pembroli-
zumab is approved for the treatment of non-small 
cell lung cancer and is available as monotherapy 
(in patients with expression of the PD-L1 mole-
cule from 50% to 100%) or in combination with 
chemotherapy (in patients with PD-L1 expression 
0% and expression 1-49%) as first-line treatment 
for metastatic disease. 

It is important to mention several clinical trials 
that allowed pembrolizumab to become the stan-
dard of care in the treatment of metastatic non-
small cell lung cancer. The KEYNOTE-001 phase 
Ib clinical trial is the first study to evaluate the 
efficacy of pembrolizumab treatment in advanced 
non-small cell lung cancer9. The trial included 2 
basic groups of patients. One group received at 
least one previous line of treatment for metastatic 
disease, while for the other group, pembrolizum-
ab monotherapy represented first-line treatment9. 
The most important results of this trial are twofold. 
Firstly, the five-year overall survival was 23.2% 
for patients without prior treatment and 15.5% for 
patients who received pembrolizumab as first-line 
treatment9. Secondly, the five-year overall surviv-
al in patients with PD-L1 molecule expression 
equal to or greater than 50%, which was 29.6% 
in patients for whom pembrolizumab was first-
line treatment compared to 25.0% in patients for 
whom it was not9. In this study, pembrolizumab 
was also shown to have a good safety profile9.

The phase III clinical trial KEYNOTE-042 
demonstrated significantly better overall survival 
in patients treated with pembrolizumab compared 
to patients treated with platinum-based chemo-
therapy in all patient groups10. In one group the 
expression of the PD-L1 molecule was from 1% 
to 19%, in the other, from 20% to 49%, and in 
the third, from 50% to 100%10. In high expressors 
of the PD-L1 molecule (50% and more) treated 
with pembrolizumab, the KEYNOTE-024 phase 
III clinical trial11 demonstrated significantly bet-
ter overall survival and progression-free surviv-
al compared to the group of patients treated with 
platinum-based chemotherapy. Furthermore, two 
additional clinical trials showed the efficacy of 
pembrolizumab treatment in combination with 
chemotherapy depending on tumor histology, 
independent of PD-L1 expression. The KEY-
NOTE-407 clinical trial focused on squamous 
metastatic NSCLC (non-small cell lung cancer) 
and showed significantly better overall survival 
and time to disease progression in patients treated 
with pembrolizumab plus carboplatin chemother-
apy plus paclitaxel or nab-paclitaxel compared to 
a group of patients treated only with chemother-
apy plus placebo12. KEYNOTE-189 is a clinical 
trial13 that demonstrated significantly better over-
all survival and time to disease progression in pa-
tients with non-squamous metastatic lung cancer 
treated with pembrolizumab plus platinum-based 
chemotherapy and pemetrexed compared to a 
group of patients treated only with chemothera-
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py plus placebo. In this study, patients received 
platinum-based chemotherapy (cisplatin or car-
boplatin) in addition to pemetrexed for 4 cycles 
and then continued to receive pemetrexed alone 
as maintenance therapy13. Despite numerous ex-
isting clinical trials, the question of whether che-
motherapy should be added to the treatment of 
patients with PD-L1 expression equal to or great-
er than 50% remains unresolved. However, if we 
compare the clinical trials KEYNOTE-024 and 
KEYNOTE-189, in patients with PD-L1 expres-
sion equal to or greater than 50%, no significant 
differences in overall survival are found (1-year 
overall survival in KEYNOTE-024 of 70% com-
pared to that in KEYNOTE-189 of 73%)14. This 
knowledge, along with the fact that chemotherapy 
contributes to the toxicity of the overall treatment, 
speaks in favor of the fact that in high PD-L1 ex-
pressors, the first choice of therapy should be pem-
brolizumab monotherapy. Considering the lack of 
head-to-head studies in which the effectiveness of 
two drugs would be compared, meta-analyses are 
to be regarded as an extremely important means 
of confirming the effectiveness of drugs. Accord-
ing to one meta-analysis of several clinical trials, 
pembrolizumab in combination with chemother-
apy showed the highest efficacy compared to the 
other investigated immune checkpoint inhibitors 
and the highest efficacy in almost all PD-L1 sub-
groups15. Furthermore, in a meta-analysis that in-
cluded cohorts from 5 clinical trials and focused 
on restricted mean survival time, pembrolizum-
ab was shown to be the most effective immune 
checkpoint inhibitor16.

Since all the above-mentioned clinical trials 
and meta-analyses have shown a significant effec-
tiveness in the treatment of metastatic non-small 
cell lung cancer with pembrolizumab in mono-
therapy or in combination with chemotherapy, it 
is crucial to monitor the results of this treatment in 
the future, in different centers around the world. 
Correspondingly, an analysis of the results of such 
treatment was also done at University Hospital 
Centre Osijek, based on real-world data.

Patients and Methods

In this retrospective study, data on the treat-
ment of lung cancer with pembrolizumab were 
analyzed in 78 patients who started pembrolizum-
ab therapy as first-line treatment for metastatic 
disease at University Hospital Centre Osijek from 
May 15, 2018, until December 31, 2021. Novem-

ber 30, 2022, was set as the last date of data mon-
itoring. The research was approved by the Ethics 
Committee of University Hospital Centre Osijek 
(number of acceptance: R1-4012/2023) and was 
carried out in accordance with all the principles of 
the Declaration of Helsinki, with patient anonym-
ity and data confidentiality maintained. Informed 
consent was not obtained from participants in-
cluded in the study because data were collected 
retrospectively from the archive and the informa-
tion system of University Hospital Centre Osijek. 

Inclusion and Exclusion Criteria
One of the inclusion criteria was the age of par-

ticipants, which required them to be 18 years of 
age or older. The other inclusion criterion was be-
ing eligible for treatment with pembrolizumab as 
first-line treatment for metastatic non-small cell 
lung cancer, i.e., meeting the following criteria – 
ECOG PS (Eastern Cooperative Oncology Group 
performance status) 0-1, negative status of acti-
vating mutations EGFR, ALK, ROS1 (depending 
on tumor histology), absence of autoimmune dis-
eases and corticosteroids or immunosuppressants 
in permanent therapy, and PD-L1 molecule ex-
pression >1%. The exclusion criteria were the du-
ration of treatment with pembrolizumab, if shorter 
than 3 treatment cycles, i.e., shorter than 6 weeks, 
and negative expression of PD-L1 (<1%).

Collected patient data included year of birth 
(age), gender, ECOG PS, smoking status, comor-
bidities, and lastly, data related to lung cancer 
treatment – date of diagnosis, method of diagnos-
ing the disease, stage of the disease at the time 
of diagnosis, histological type of tumor, status of 
activating mutations, the expression level of the 
PD-L1 molecule, and data on therapies that were 
possibly performed before or after pembrolizum-
ab therapy (these include neoadjuvant treatment, 
operative treatment, adjuvant treatment, radio-
therapy, second and further lines of treatment for 
metastatic disease). Collected data related to treat-
ment with pembrolizumab as first-line treatment 
for metastatic disease included following infor-
mation – site of metastasis, date of the first and 
last dose of pembrolizumab, number of pembroli-
zumab cycles, chemotherapy protocol with which 
patients received pembrolizumab (if they received 
it along with chemotherapy), adverse events of 
treatment, and the first evaluation since the start 
of treatment with pembrolizumab.

All patients included in the study received 
pembrolizumab intravenously at a dose of 200 
mg per cycle every 3 weeks until radiological-
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ly determined disease progression, unacceptable 
toxicity, or death. After every 3 cycles of treat-
ment, CT (computed tomography) evaluation of 
the thorax, abdomen, and pelvis was performed. 
For the purposes of analyzing the research objec-
tives, patients were divided into 2 groups accord-
ing to PD-L1 expression – one group of subjects 
had PD-L1 expression 1-49%, and the other 50% 
and more. The main objectives of this study were 
OS (overall survival; time from the first dose of 
pembrolizumab to the last control or death) and 
PFS (progression-free survival; time from the 
first dose of pembrolizumab to established dis-
ease progression, the last control or death). It was 
also checked whether there was a significant dif-
ference in the number and type of adverse events 
during treatment with pembrolizumab between 
the above-mentioned two groups of patients and 
whether there was a difference in the representa-
tion of individual metastases.

Statistical Analysis
Categorical data are represented by absolute and 

relative frequencies. Categorical data differences 
were tested with Fisher’s exact test. The normal-
ity of the distribution of numerical variables was 
tested with the Shapiro-Wilk test. Numerical data 
are described by the median and the limits of the 
interquartile range (IQR). Kaplan-Meier surviv-
al curves were compared using the log-rank test. 
All p-values ​​are two-sided. The significance level 
was set at Alpha (α) = 0.05. For statistical anal-
ysis, the statistical programs MedCalc® Statisti-
cal Software version 20.218 (MedCalc Software 
Ltd, Ostend, Belgium; https://www.medcalc.org; 
2023) and SPSS v. 23 (IBM Corp., Armonk, NY, 
USA) were used.

Results

Basic Characteristics of Patients and 
Cancer Histology

The research was conducted on a sample of 78 
patients. The sample consisted of 45 (58%) men 
and 33 (42%) women (Table I). At the beginning 
of treatment with pembrolizumab, most of the 
patients, 61 (78%) of them, had ECOG status 0, 
and almost half of them, 33 (47%), were smokers 
(Table I). Arterial hypertension was singled out as 
the most common comorbidity among the patients 
(Table I). The age of the patients ranged from a 
minimum of 45 to a maximum of 83 years, with a 
median of 63 years (Table I).

Looking at the histological classification of lung 
cancer, more than half of the patients, 55 of them 
(71%), had adenocarcinoma (Table I). During the 
period of time that was inspected for the purposes 
of this study, the majority of lung cancers were 
proven at our institution in a cytological smear, 
or a cell block made from that same cytological 
smear (Table I). We can see that, unfortunately, 
the largest number of cancers were diagnosed in 
the 4th stage of the disease (Table I). PD-L1 ex-
pression equal to 50% or greater was found in 46 
(59%) patients, while the median PD-L1 was 55 
(IQR 20-80), ranging from a minimum of 1 to a 
maximum of 100 (Table I).

Data on the Treatment of Early Detected 
Lung Cancer

In 14 patients, lung cancer was detected in 
the second or third stage, and 12 (86%) of them 
were operated on (Table I). The most frequently 
applied adjuvant chemotherapy protocol was cis-
platin plus pemetrexed, which was received by 3 
patients, followed by PC (carboplatin plus pacli-
taxel) and GC (gemcitabine and cisplatin) proto-
cols, while only one patient received adjuvant PE 
protocol (cisplatin and etoposide). If we look at 
the response to adjuvant treatment, 4 patients, or 
exactly half, did not have a relapse of the disease, 
while progression was observed in the other half.

First-Line Treatment of Metastatic 
Non-Small Cell Lung Cancer

When examining the representation of certain 
sites of metastases at the beginning of treatment 
with pembrolizumab, we observed that more than 
half of the patients, a total of 40 (51%), had lung 
metastases, while the smallest number of patients 
had liver metastases (Table II). However, there 
was no statistically significant difference between 
the representation of certain sites of metastasis be-
tween the two groups of patients (Table II).

Patients who received chemotherapy with pem-
brolizumab most often received cisplatin with 
pemetrexed, 29 (91%) of them, and only 3 (9%) 
patients received paclitaxel and carboplatin. The 
median number of cycles of pembrolizumab in 
the group of patients with PD-L1 1-49% was 12 
cycles (IQR 6-21), while in the group of patients 
with PD-L1 equal to or greater than 50%, it was 
14.5 cycles (IQR 6.8-25.8). Although the median 
number of cycles in the second group is higher, 
there was no significant difference between the 
two results (Mann-Whitney U test, p=0.53). The 
median of treatment with pembrolizumab in the 
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group of patients with PD-L1 1-49% was 10.3 
months (IQR 4.4-19.4), and in the group of pa-
tients with PD-L1 equal to or greater than 50%, it 
was 10.1 months (IQR 5-18.2), with no significant 
difference between the groups (Mann-Whitney U 
test, p=84).

The most common response to treatment with 
pembrolizumab in the first evaluation after 3 cy-
cles of treatment is partial response, followed by 
stable disease (Table III). The biggest difference 
is visible in pseudoprogression, which is visibly 
more frequent in patients with PD-L1 50% or 
higher, but without a statistically significant dif-

ference (Table III). The research involved a larger 
sample of patients, it is possible that a statistically 
significant difference would have been reached in 
these results.

The most commonly reported adverse events 
related to pembrolizumab treatment in our re-
search were gastrointestinal adverse events, par-
ticularly decreased appetite and diarrhea (Table 
IV). In other groups of adverse events and disor-
ders of blood tests, the most common were anemia 
(8 patients), increased transaminases (9 patients), 
dyspnea (8 patients), hypothyroidism (8 patients), 
and fatigue (10 patients) (Table IV). No signifi-
cant differences were found in the frequency of 
certain adverse events between the two groups of 
patients with different PD-L1 expressions (Table 
IV). In our sample, no patient had a dose reduc-
tion of pembrolizumab, and 7 (9%) patients had 
temporary or permanent discontinuation of thera-
py due to unacceptable toxicity.

Further Lines of Treatment and 
Radiotherapy

A total of 18 patients received second-line 
treatment of metastatic disease after progression 
to pembrolizumab. Cisplatin with pemetrexed (8 
patients) was the most commonly used protocol 
in second-line treatment, followed by docetaxel 
and nintedanib (7 patients). Two patients received 
pemetrexed as monotherapy, and one patient re-
ceived cisplatin with etoposide. The most com-
mon response to chemotherapy in second-line 
treatment after the 1st evaluation was a partial re-
sponse in 5 (28%) patients, followed by stable dis-
ease demonstrated in 4 (22%) patients and disease 
progression in 3 (17%) patients. A total of 8 pa-
tients received third and further lines of treatment. 
Out of the total number of patients in our sample, 
33 (42%) patients underwent radiotherapy, which 
was palliative in 26 (79%) patients (Table V). Out 
of the total number of irradiated patients, only 4 
(12%) had their primary tumor irradiated (Table 
V). The most common metastatic site of radiation 
was brain metastases (Table V). No statistically 
significant differences were found in the frequen-
cy of radiotherapy between the observed groups 
of patients (Table V).

When we look at the final outcome of the treat-
ment on the last observed date, 35 (45%) patients 
were still alive. Of those 30 patients who were 
still alive on the last observed date, 20 of them 
(57%) belonged to the PD-L1 expression group 
50% and more, and 15 (43%) to the PD-L1 ex-
pression group 1-49%.

Table I. Basic characteristics of patients and cancer histology.

Sex	
Male	 45 (58)
Female	 33 (42)

ECOG status	
0	 61 (78)
0-1	 10 (13)
1	 7 (9)
Age at diagnosis [Median (IQR)]	 63 (60-68)   

Smoking status	
No	 6 (8)
Yes	 37 (47)
Former smoker	 13 (17)
Unknown	 22 (28)

Comorbidities	
COPD	 11 (11)
Hypertension	 29 (37)
Diabetes mellitus	 13 (17)
Other comorbidities	 42 (54)

Histology	
Adenocarcinoma	 55 (71)
Adenosquamous carcinoma	 1 (1)
Squamous carcinoma	 10 (13)
NOS type	 8 (10)
Poorly differentiated	 4 (5)

Sample type	
Cytological smear or a cell block	 45 (58)
Transthoracic punction or biopsy	 17 (22)
Intraoperative biopsy	 10 (13)
Intraoperative biopsy of metastases	 6 (8)

Stage at diagnosis	
II	 6(8)
III	 8(10)
IV	 64 (82)
PD-L1 [Median (IQR)]	 55 (20-80)   

PD-L1	
1-49%	 32 (41)
≥50%	 46 (59)
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Survival (Kaplan-Meier)
Kaplan-Meier analysis of the survival of the ob-

served patients determined that the median over-
all survival was 20 months [95% CI (confidence 
interval) from 11 to 37) (Table VI, Figure 1)]. Al-
though 1-year, 2-year, and 3-year survival is lon-
ger in patients with PD-L1≥ 50%, the differences 
are not statistically significant (Table VI, Figure 
1). Looking at one-year overall survival, the me-
dian was not reached in either group of patients, 
which means that more than 50% of patients were 
alive one year after receiving the 1st dose of pem-
brolizumab (Table VI). The median was also not 
reached in 2-year overall survival for the group of 
patients with PD-L1 ≥ 50% (Table VI).

Kaplan-Meier analysis of the survival of the 
observed patients determined that the overall me-
dian time to disease progression (PFS) was 13 
(95% CI, from 9 to 23) months (Table VII, Figure 
2). It is observed that the time to disease progres-
sion is longer in patients with PD-L1≥ 50%, but 
without a statistically significant difference (Table 
VII, Figure 2).

Discussion

Strengths and Limitations
The results of our study, looking at the primary 

goals – OS and PFS, show excellent effectiveness 
of pembrolizumab in real clinical practice, but cer-

tain limitations of the study should be taken into ac-
count. Clinical trials on the treatment of metastatic 
lung cancer with pembrolizumab had very strict 
inclusion criteria, for example, ECOG PS 0-1. 

In our study, one of the exclusion criteria was re-
ceiving less than 3 cycles of pembrolizumab. This 
fact can be considered a limitation of our study. 
Namely, despite its importance in the evaluation 
of an oncology patient, ECOG PS is still a sub-
jective parameter that depends on the physician’s 
personal assessment. This fact was taken into con-
sideration by other researchers around the world, 
noting that two doctors can evaluate the same pa-
tient’s ECOG PS differently, due to the fact that 
ECOG PS does not take into account numerous 
parameters, such as age, comorbidities, the possi-
ble presence of polypharmacy, etc17. In the study 
that included 88 patients with different ECOG PS, 
Jiménez Galan et al17 state that as many as 25% of 
patients died or progressed before the first evalu-
ation of the disease17. In our sample, all patients 
were ECOG PS 0-1, while in the aforementioned 
Spanish study, this was the case in 63.7% of pa-
tients17. The median age was very similar. In our 
sample, it was 63 (45-83), and in the aforemen-
tioned study, it was 66 (46-85)17. The overall OS 
of our sample independent of PD-L1 expression, 
which was 20 months (95% CI: 11-37), is similar 
to the overall OS of the mentioned study in the 
group of ECOG PS 0-1 subjects, which was 18.9 
months (95% CI: 11-96.0)17.

Figure 1. Kaplan Meier curve of overall survival (OS) in relation to PD-L1.
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Table II. Localization of metastases at the beginning of treatment with pembrolizumab.

 	                            Number (%) of patients 
	                              according to PD-L1	
					     p*
Localization of metastases	 1-49%	 ≥ 50%	 Total	
	
Lung metastases	 17 (53)	 23 (50)	 40 (51)	 0.82
Lymph node metastases	 17 (53)	 22 (48)	 39 (50)	 0.81
Liver metastases	 3 (9)	 5 (11)	 8 (10)	 >0.99
Brain metastases	 6 (19)	 12 (26)	 18 (23)	 0.59
Bone metastases	 7 (22)	 8 (17)	 15 (19)	 0.77
Adrenal gland metastases	 7 (22)	 13 (28)	 20 (26)	 0.60
Rare sites of metastases (cutis, renis, lienalis, cerebelli, colli, pancreatis)	 2 (6)	 7 (15)	 9 (12)	 0.30
Pleural metastases/malignant pleural effusion	 6 (19)	 7 (15)	 13 (17)	 0.76

*Fisher’s exact test.

Figure 2. Kaplan Meier survival curve with 
regard to progression in relation to PD-L1.

Table III. First evaluation since the beginning of treatment with pembrolizumab.

 	                            Number (%) of patients 
	                              according to PD-L1	
					     p*
Localization of metastases	 1-49%	 ≥ 50%	 Total	
	
CR (complete response)	 0	 1 (2)	 1 (1)
PR (partial response)	 13 (42)	 15 (36)	 28 (38)
SD (stable disease)	 14 (45)	 12 (29)	 26 (36)
Disease progression	 0	 2 (5)	 2 (3)
Pseudoprogression	 2 (6)	 11 (26)	 13 (18)
Mixed response	 2 (6)	 1 (2)	 3 (4)

*Fisher’s exact test.
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Therefore, it is legitimate to assume that even 
in our patients who received less than 3 cycles 
of pembrolizumab, death or disease progression 
occurred due to clinical parameters that were not 
taken into account by the ECOG PS assessment. 
Had the general condition of these patients been 
assessed with a tool that ensures more objectivity 
than the ECOG PS assessment does, it might have 
been noticed earlier that the patients were not el-
igible candidates for immunotherapy. Hence, it is 
necessary to create a new standardized test that 

would assess the general condition of patients in 
more detail. In addition, it would be of great ben-
efit to clinical practice if more clinical trials were 
conducted on patients with a poor general condi-
tion. Such results would provide a new perspec-
tive on the effectiveness of certain drugs.

Comparison with Clinical Trials
It is difficult to extrapolate data from clinical 

trials to results from actual clinical practice, but 
taking into consideration certain limitations of 

Table IV. Adverse events of pembrolizumab treatment.

 	                            Number (%) of patients 
	                              according to PD-L1	
					     p*
Localization of metastases	 1-49%	 ≥ 50%	 Total	
	
Blood and lymphatic system disorders	 7 (19)	 5 (11)	 12 (14)	 0.35
Neutropenia	 3/7	 0	 3/12	 0.21
Anemia	 5/7	 3/5	 8/12	 >0.99
Thrombocytopenia	 2/7	 4/5	 6/12	 0.24
Leukopenia	 1/7	 0	 1/12	 >0.99
Pancytopenia	 1/7	 0	 1/12	 >0.99
Disorders of other blood tests	 6 (19)	 9 (17)	 15 (18)	 >0.99
Increase in the level of transaminases	 3/6	 6/9	 9/15	 0.62
Increase in the level of creatinine	 3/9	 3/9	 6/15	 0.62
Skin disorders	 2 (6)	 9 (20)	 11 (14)	 0.11
Rash	 2/2	 2/9	 4/11	 0.11
Pruritus	 0	 3/9	 3/11	 >0.99
Eczema	 0	 2/9	 2/11	 >0.99
Alopecia	 0	 1/9	 1/11	 >0.99
Other skin adverse events	 0	 2/9	 2/11	 >0.99
Cardiac disorders	 1 (3)	 3 (4)	 4 (4)	 0.63
Rare adverse events	 1/1	 3/3	 4/4	 -
Respiratory, thoracic and mediastinal disorders	 4 (10)	 9 (16)	 13 (13)	 0.39
Dyspnea	 4/4	 4/6	 8/11	 0.11
Cough	 0	 2/6	 2/11	 >0.99
Pneumonitis	 0	 5/6	 5/11	 0.11
Nervous system disorders	 2 (5)	 2 (4)	 4 (4)	 >0.99
Headache	 1/1	 1/2	 2/3	 >0.99
Peripheral neuropathy	 1/1	 1/2	 2/3	 >0.99
Endocrine disorders	 5 (12)	 7 (13)	 12 (16)	 >0.99
Hypothyroidism	 2/5	 6/7	 8/12	 0.22
Hyperthyroidism	 0	 1/7	 1/12	 >0.99
Adrenal insufficiency	 2/5	 0	 2/12	 0.15
Hypophysitis	 1/5	 0	 1/12	 0.42
Gastrointestinal disorders	 12 (29)	 12 (21)	 24 (25)	 0.48
Diarrhea	 3/12	 4/12	 7/24	 >0.99
Constipation	 1/12	 2/12	 3/24	 >0.99
Decreased appetite	 5/12	 5/12	 10/24	 >0.99
Nausea	 3/12	 1/12	 4/24	 0.59
Abdominal pain	 0/12	 2/12	 2/24	 0.48
Other adverse events	 7 (17)	 11 (20)	 18 (18)	 0.80
Myositis	 0/7	 1/11	 1/18	 >0.99
Hepatitis	 0/7	 5/11	 5/18	 0.10
Fatigue	 6/7	 4/11	 10/18	 0.07
Other less common adverse events	 1/7	 2/11	 3/18	 >0.99

*Fisher’s exact test.
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our research, we can conclude that our results 
confirm the effectiveness and safety of pem-
brolizumab in the treatment of lung cancer. In 
the KEYNOTE-024 (ClinicalTrials.gov identifi-
er: NCT02142738) trial11, 154 patients receiving 
pembrolizumab with PD-L1 expression ≥ 50% 
were included, while in our sample 46 patients 
had PD-L1 ≥ 50%. The large difference in sam-
ple size is one of the possible causes of the incon-
sistent results. In the study analysis at a median 
follow-up of 25.2 months, the median OS was 
30 months (95% CI: 18.3 to not reached), and 
in the 5-year analysis, it was 26.2 months (95% 
CI: 18.3-40.4)11,18. The overall median of OS in 
the same group of patients in our sample was 29 
months (95% CI: 10-37), while it was not reached 
in one- and two-year overall survival analysis. 
When we compare the one-year survival in our 
study with the one in KEYNOTE-024 clinical tri-
al analysis at a median follow-up of 11.2 months, 
it is observed that in both cases, the median OS 
was not reached11. In addition, in the 5-year anal-
ysis of the KEYNOTE-024 clinical trial, the me-
dian PFS was 7.7 months (95% CI: 6.1-10.2), and 
in our sample, it was 14 months (95% CI: 9-39)18. 
This fact suggests that PFS is higher in patients 
who received at least 3 cycles of pembrolizumab. 
It is likely that the PFS would have been much 
more similar to that in the clinical trial if our sam-
ple had been larger and if our study had included 
patients who had received less than 3 cycles of 
pembrolizumab.

In our study, patients were divided into groups 
according to PD-L1 expression, but not accord-
ing to histology, considering the markedly small-
er number of patients with squamous differenti-
ation lung cancer. Clinical trial KEYNOTE-189 
investigated non-squamous carcinoma and KEY-
NOTE-407 investigated squamous carcinoma19,20. 
Both had a subgroup of patients with PD-L1 ex-
pression of 1-49%. In the 5-year analysis of the 
KEYNOTE-189 trial (ClinicalTrials.gov identi-
fier: NCT02578680), in the subgroup of patients 
with PD-L1 1-49%, OS was 21.8 months (95% 
CI: 17.7-25.6) and PFS was 9.4 months (95% CI: 
8.1-13.8)19. Furthermore, in the 5-year analysis 
of KEYNOTE-407 (ClinicalTrials.gov identifi-
er: NCT02775435), in the subgroup of patients 
with PD-L1 1-49%, OS was 18 months (95% CI: 
13.6 to 22.8) and PFS was 8.2 months (95% CI: 
6.2-11.4)20. Median OS in the group of patients 
with PD-L1 1-49% in our study was 20 months 
(95% CI: 7-20), and PFS was 11 months (95% CI: 
7-27), which is in accordance with the results of 
the aforementioned clinical trials.

The patient demographic data on the medi-
an age, gender, and smoking status shown in 
the mentioned clinical trials and examples from 
real-world data completely coincide with ours – 
most of them were men, the median age was very 
similar, and the patients were mostly former or ac-
tive smokers17-20. The safety profile of pembroli-
zumab in our research proved to be satisfactory, as 
well as in the aforementioned clinical trials. In the 

Table V. Radiotherapy.

 	                            Number (%) of patients 
	                              according to PD-L1	
					     p*
Localization of metastases	 1-49%	 ≥ 50%	 Total	
	
Radiotherapy	 13 (41)	 20 (44)	 33 (42)	 0.82
Palliative radiotherapy	 11 (85)	 15 (75)	 26 (79)	 0.89
Curative radiotherapy (primary tumor)	 1 (8)	 3 (15)	 4 (12)	
SBRT	 0	 1 (5)	 1 (3)	
SRS	 1 (8)	 1 (5)	 2 (6)	

Total	 13 (100)	 20 (100)	 33 (100)	
Radiotherapy of metastases				  
Brain metastases	 8 (67)	 11 (65)	 19 (66)	 >0.99
Bone metastases	 3 (25)	 4 (24)	 7 (24)	
Lymph node metastases	 1 (8)	 1 (6)	 2 (7)	
Rare sites of metastases (abdominal metastases)	 0	 1 (6)	 1 (3)	

Total	 12 (100)	 17 (100)	 29 (100)	

*Fisher’s exact test.
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Table VI. Overall survival.

	 Number (%)	 Number (%) 				    Hazard
	 of patients 	 of living	 Mean	 Median	 Logrank	 ratio*
	 who died	  patients	 (95% CI)	 (95% CI)	 test (p)	 (95% CI)
	
Overall survival	 43 (55)	 35 (45)	 24 (19-28)	 20 (11-37)		
One - year OS	 30 (38)	 48 (6a2)	 29 (25-33)	 -		
Two - year OS	 38 (49)	 40 (51)	 26 (21-30)	 20 (11-20)		
Three - year OS	 42 (54)	 36 (46)	 23 (19-27)	 20 (11-37)		

Overall survival						    
PD-L1 1-49%	 17 (53)	 15 (47)	 19 (14-23)	 20 (7-20)	 0.59	 1.2
PD-L1 ≥ 50%	 26 (57)	 20 (43)	 24 (19-30)	 29 (10-37)		  (0.62-2.29)
		
One - year OS				  
PD-L1 1-49%	 12 (38)	 20 (63)	 23 (17-27)	 -	 0.98	 1.01
PD-L1 ≥ 50%	 18 (39)	 28 (61)	 29 (24-35)	 -		  (0.48-2.12)

Two-year OS				  
PD-L1 1-49%	 17 (53)	 15 (47)	 19 (14-23)	 20 (7-20)	 0.51	 1.3
PD-L1 ≥ 50%	 21 (46)	 25 (54)	 27 (22-32)	 -		  (0.64-2.42)
		

Three-year OS				  
PD-L1 1-49%	 17 (53)	 15 (47)	 19 (14 – 23)	 20 (7-20)	 0.59	 1.2
PD-L1 ≥ 50%	 25 (54)	 21 (46)	 24 (19 – 30)	 29 (10-37)		  (0.62-2.29)

*Fisher’s exact test.

Table VII. Progression free survival.

	                        Number (%) of patients	
			   Mean	 Median	 Logrank	 Hazard
	 Disease 	 Progression	 (95% CI)	 (95% CI)	 test (p)	 ratio*		
	 progression 	 free				    (95% CI)
	
Overall survival	 48 (62)	 30 (39)	 21 (17-25)	 13 (9-23)		
One - year OS	 12 (15)	 66 (84)	 38 (34-41)	 -		
Two - year OS	 15 (19)	 63 (81)	 35 (30-39)	 -	
Three - year OS	 15 (19)	 63 (81)	 34 (29-39)	 -	

PFS according to PD-L1						    
PD-L1 1-49%	 20 (63)	 12 (38)	 17 (13-21)	 0.59	 1.2
PD-L1 ≥ 50%	 28 (61)	 18 (39)	 22 (16-27)		  (0.62-2.29)
		
One - year PFS according to PD-L1					   
PD-L1 1-49%	 5 (16)	 27 (84)	 27 (23-31)	 -	 0.92	 1.1
PD-L1 ≥ 50%	 7 (15)	 39 (85)	 38 (33-43)	 -		  (0.3-3.4)

Two - year PFS according to PD-L1					   
PD-L1 1-49%	 6 (19)	 26 (81)	 26 (22-30)	 -	 0.98	 0.99
PD-L1 ≥ 50%	 9 (20)	 37 (80)	 35 (29-41)	 -		  (0.4-2.8)

Three - year PFS according to PD-L1					   
PD-L1 1-49%	 7 (22)	 25 (78)	 25 (20 – 29)	 27 (15-27)	 0.48	 1.5
PD-L1 ≥ 50%	 8 (17)	 38 (63)	 36 (30 – 42)	 -		  (0.5-4.2)

*Ratio upper row/lower row.

meta-analysis mentioned above, pembrolizumab 
also showed a good safety profile, as it did in our 
study15. The most common adverse events in our 

studied sample were fatigue, decreased appetite, 
diarrhea, dyspnea, and anemia. The same adverse 
events were very common in clinical trials18-20. In 
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all the mentioned clinical trials, the most com-
mon immunotherapy-mediated side effect was 
hypothyroidism, which was the case in our study 
as well18-20. In 7 (9%) of our patients, there was a 
temporary or permanent interruption of pembroli-
zumab therapy, which is an even lower percentage 
than in the aforementioned clinical trials18-20. We 
can conclude that the safety profile of pembroli-
zumab from clinical trials fully matches the re-
sults from real clinical practice.

Comparison with Similar Research
Our data are mostly consistent with real-world 

data, as they are with data from clinical trials. In 
one retrospective study with data from a large 
American database, the estimated duration of 
treatment with pembrolizumab in the ECOG PS 
0-1 patient group was 7.4 months, while in our 
case, it was 10.1 and 10.3 months21. In the afore-
mentioned research, the median age was slightly 
higher than in the studies and in our research. In 
addition, in the same research, in the majority of 
patients, it was non-squamous cancer that was dis-
covered in stage 4, and the patients were active or 
former smokers, which correlates with our data21. 
It is interesting to mention a study from 4 Israeli 
centers in which OS and PFS were slightly lower 
than ours and in which patients were also divided 
into groups according to PD-L1 expression, but 
OS was higher in the group of patients with PD-
L1 1-49%22. A possible explanation for this fact, 
offered by the authors, is a high probability of hy-
perprogression during immunotherapy treatment. 
Correspondingly, pseudoprogression occurred 
at the first evaluation in as many as 18% of our 
patients22. Certain worldwide studies included pa-
tients of all ECOG statuses, for example, a retro-
spective analysis of data from the United States 
of America in which patients with PD-L1 1-49% 
had a median OS of 13.8 months and patients with 
PD-L1≥ 50% 16.5 months23. The above data are 
similar to ours but still somewhat lower, most 
likely due to the difference in the ECOG status of 
the included patients.

Conclusions

The data from our research correspond to those 
from clinical trials and to real-world data, but 
there are instances in which our results are better 
than those from other centers. The explanation for 
this fact probably lies in certain limitations of our 
study – a small sample of patients and the exclu-

sion of patients who received less than 3 cycles 
of pembrolizumab. The demographic data on the 
patients also agree with the available data from 
studies and global research. Finally, we can con-
clude that pembrolizumab in monotherapy and 
in combination with chemotherapy in the treat-
ment of lung cancer shows an excellent efficacy 
and safety profile and therefore continues to be 
the standard of treatment for metastatic non-small 
cell lung cancer. Nevertheless, there is a need for 
a more objective tool for assessing the patient’s 
general condition, which, in addition to the ECOG 
status, would include other parameters, such as 
patient comorbidities.

Conflict of Interest 
The Authors declare that they have no conflict of interests.

Acknowledgments  
We would like to thank Vedrana Čerina, an English lan-
guage professional, for her help with the proofreading.

Funding 
The authors received no financial support for the research, 
authorship, and/or publication of this article. Possible publi-
cation of the article will be funded by the authors themselves.

Authors’ Contributions 
Conception and design: Tara Cvijić, Ivana Canjko; Ad-
ministrative support: Kristina Kralik, Suzana Mimica, 
Zdravka Krivdić Dupan, Anamarija Kovač Peić; Provision 
of study materials or patients: Ivana Canjko, Ilijan Tomaš; 
Collection and assembly of data: Tara Cvijić, Luka Perić, 
Darko Kotromanović, Ivana Canjko; Data analysis and in-
terpretation: Tara Cvijić, Kristina Kralik, Ivana Canjko; 
Manuscript writing: all authors; Final approval of manu-
script: all authors.

Data Availability   
The datasets analyzed during the current study are not pub-
licly available because they were collected from the archive 
and the information system of University Hospital Centre 
Osijek but are available from the corresponding author on 
reasonable request.

Informed Consent  
Informed consent was not obtained from participants in-
cluded in the study because data was collected retrospec-
tively from the archive and the information system of Uni-
versity Hospital Centre Osijek.



T. Cvijić, I. Canjko, I. Tomaš, K. Kralik, L. Perić, D. Kotromanović, et al

9224

Ethics Approval  
The research was approved by the Ethics Committee of 
University Hospital Centre Osijek (number of acceptance: 
R1-4012/2023) and was carried out in accordance with all 
the principles of the Declaration of Helsinki, with patient 
anonymity and data confidentiality maintained.

ORCID ID
Tara Cvijić: 0009-0000-5234-7557 
Ivana Canjko: 0009-0000-6928-5831 
Ilijan Tomaš: 0000-0002-0893-7602 
Kristina Kralik: 0000-0002-4481-6365 
Luka Perić: 0000-0001-5124-1443 
Darko Kotromanović: 0000-0001-9594-4650 
Zdravka Krivdić Dupan: 0000-0001-5832-1745 
Anamarija Kovač Peić: 0000-0002-8718-0539 
Suzana Mimica: 0000-0002-9638-4373. 

References

  1)	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soer-
jomataram I, Jemal A, Bray F. Global Cancer Sta-
tistics 2020: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin 2021; 71: 209-249.

  2)	 Global Cancer Observatory. Top cancer per 
country, estimated age-standardized incidence 
rates (World) in 2020, both sexes, all ages (excl. 
NMSC). URL: https://gco.iarc.fr/today/home Ac-
cess date 04.02.2023.

  3)	 Huang J, Deng Y, Tin MS, Lok V, Ngai CH, Zhang 
L, Lucero-Prisno DE 3rd, Xu W, Zheng ZJ, Elcarte 
E, Withers M, Wong MCS. Distribution, Risk Fac-
tors, and Temporal Trends for Lung Cancer In-
cidence and Mortality: A Global Analysis. Chest 
2022; 161: 1101-1111.  

  4)	 Rodriguez-Canales J, Parra-Cuentas E, Wistuba 
II. Diagnosis and Molecular Classification of Lung 
Cancer. Cancer Treat Res 2016; 170: 25-46.

  5)	 Bade BC, Dela Cruz CS. Lung Cancer 2020: Ep-
idemiology, Etiology, and Prevention. Clin Chest 
Med 2020; 41: 1-24.

  6)	 Hargadon, KM, Johnson, CE, Williams, CJ. Im-
mune checkpoint blockade therapy for cancer: An 
overview of FDA-approved immune checkpoint 
inhibitors. Int Immunopharmacol 2018; 62: 29-39.

  7)	 Chennamadhavuni A, Abushahin L, Jin N, Pres-
ley CJ, Manne A. Risk Factors and Biomarkers 
for Immune-Related Adverse Events: A Practical 
Guide to Identifying High-Risk Patients and Re-
challenging Immune Checkpoint Inhibitors. Front 
Immunol 2022; 13: 779691.

  8)	 Jiang, Y, Chen, M, Nie, H, Yuan, Y. PD-1 and PD-
L1 in cancer immunotherapy: clinical implications 
and future considerations. Hum Vaccin Immuno-
ther 2019; 15: 1111-1122.

  9)	 Garon EB, Hellmann MD, Rizvi NA, Carcereny 
E, Leighl NB, Ahn MJ, Eder JP, Balmanoukian 

AS, Aggarwal C, Horn L, Patnaik A, Gubens M, 
Ramalingam SS, Felip E, Goldman JW, Scalzo 
C, Jensen E, Kush DA, Hui R. Five-Year Overall 
Survival for Patients With Advanced Non‒Small-
Cell Lung Cancer Treated With Pembrolizumab: 
Results From the Phase I KEYNOTE-001 Study. 
J Clin Oncol 2019; 37: 2518-2527. 

10)	 Mok, TSK, Wu, YL, Kudaba, I, Kowalski, DM, Cho, 
BC, Turna, HZ, Bondarenko, I. Pembrolizumab 
versus chemotherapy for previously untreated, 
PD-L1-expressing, locally advanced or metastat-
ic non-small-cell lung cancer (KEYNOTE-042): a 
randomised, open-label, controlled, phase 3 trial. 
Lancet 2019; 393: 1819-1830.

11)	 Reck M, Rodríguez-Abreu D, Robinson AG, Hui 
R, Csőszi T, Fülöp A, Gottfried M, Peled N, Ta-
freshi A, Cuffe S, O’Brien M, Rao S, Hotta K, 
Vandormael K, Riccio A, Yang J, Pietanza MC, 
Brahmer JR. Updated Analysis of KEYNOTE-024: 
Pembrolizumab Versus Platinum-Based Chemo-
therapy for Advanced Non-Small-Cell Lung Can-
cer With PD-L1 Tumor Proportion Score of 50% or 
Greater. J Clin Oncol 2019; 37: 537-546. 

12)	 Paz-Ares L, Vicente D, Tafreshi A, Robinson A, 
Soto Parra H, Mazières J, Hermes B, Cicin I, 
Medgyasszay B, Rodríguez-Cid J, Okamoto I, 
Lee S, Ramlau R, Vladimirov V, Cheng Y, Deng X, 
Zhang Y, Bas T, Piperdi B, Halmos B. A Random-
ized, Placebo-Controlled Trial of Pembrolizumab 
Plus Chemotherapy in Patients With Metastat-
ic Squamous NSCLC: Protocol-Specified Final 
Analysis of KEYNOTE-407. J Thorac Oncol 2020; 
15: 1657-1669.

13)	 Gadgeel S, Rodríguez-Abreu D, Speranza G, 
Esteban E, Felip E, Dómine M, Hui R, Hochmair 
MJ, Clingan P, Powell SF, Cheng SY, Bischoff HG, 
Peled N, Grossi F, Jennens RR, Reck M, Garon 
EB, Novello S, Rubio-Viqueira B, Boyer M, Kurata 
T, Gray JE, Yang J, Bas T, Pietanza MC, Garass-
ino MC. Updated Analysis From KEYNOTE-189: 
Pembrolizumab or Placebo Plus Pemetrexed 
and Platinum for Previously Untreated Metastat-
ic Nonsquamous Non-Small-Cell Lung Cancer. J 
Clin Oncol 2020; 38: 1505-1517.

14)	 Lisberg A, Garon EB. Does Platinum-Based Che-
motherapy Still Have a Role in First-Line Treat-
ment of Advanced Non-Small-Cell Lung Cancer? 
J Clin Oncol 2019. 37: 529-536.

15)	 Wang DD, Shaver LG, Shy FI, Wei JJ, Qin TZ, 
Wang SZ, Kong YJ. Comparative efficacy and 
safety of PD-1/PD-L1 immunotherapies for non-
small cell lung cancer: a network meta-analysis. 
Eur Rev Med Pharmacol Sci 2021; 25: 2866-2884.

16)	 Di Spazio L, Cancanelli L, Rivano M, Chiu-
mente M, Mengato D, Messori A. Restricted 
mean survival time in advanced non-small cell 
lung cancer treated with immune checkpoint in-
hibitors. Eur Rev Med Pharmacol Sci 2021; 25: 
1881-1889.

17)	 Jiménez Galán R, Prado-Mel E, Pérez-Moreno 
MA, Caballano-Infantes E, Flores Moreno S. Influ-
ence of Performance Status on the Effectiveness 



A single-center experience in pembrolizumab treatment

9225

of Pembrolizumab Monotherapy in First-Line for 
Advanced Non-Small-Cell Lung Cancer: Results 
in a Real-World Population. Biology (Basel) 2021; 
10: 890.

18)	 Reck M, Rodríguez-Abreu D, Robinson AG, Hui 
R, Csőszi T, Fülöp A, Gottfried M, Peled N, Ta-
freshi A, Cuffe S, O’Brien M, Rao S, Hotta K, Leal 
TA, Riess JW, Jensen E, Zhao B, Pietanza MC, 
Brahmer JR. Five-Year Outcomes With Pem-
brolizumab Versus Chemotherapy for Metastatic 
Non-Small-Cell Lung Cancer With PD-L1 Tumor 
Proportion Score ≥ 50. J Clin Oncol 2021; 39: 
2339-2349.

19)	 Garassino MC, Gadgeel S, Speranza G, Felip 
E, Esteban E, Dómine M, Hochmair MJ, Pow-
ell SF, Bischoff HG, Peled N, Grossi F, Jennens 
RR, Reck M, Hui R, Garon EB, Kurata T, Gray 
JE, Schwarzenberger P, Jensen E, Pietanza MC, 
Rodríguez-Abreu D. Pembrolizumab Plus Peme-
trexed and Platinum in Nonsquamous Non-Small-
Cell Lung Cancer: 5-Year Outcomes From the 
Phase 3 KEYNOTE-189 Study. J Clin Oncol 2023: 
41: 1992-1998.

20)	 Novello S, Kowalski DM, Luft A, Gümüş M, Vicente 
D, Mazières J, Rodríguez-Cid J, Tafreshi A, Cheng 

Y, Lee KH, Golf A, Sugawara S, Robinson AG, Hal-
mos B, Jensen E, Schwarzenberger P, Pietanza 
MC, Paz-Ares L. Pembrolizumab Plus Chemother-
apy in Squamous Non-Small-Cell Lung Cancer: 
5-Year Update of the Phase III KEYNOTE-407 
Study. J Clin Oncol 2023; 41: 1999-2006. 

21)	 Velcheti V, Hu X, Li Y, El-Osta H, Pietanza MC, 
Burke T. Real-World Time on Treatment with First-
Line Pembrolizumab Monotherapy for Advanced 
NSCLC with PD-L1 Expression ≥ 50%: 3-Year Fol-
low-Up Data. Cancers (Basel) 2022; 14: 1041.

22)	 Dudnik E, Moskovitz M, Rottenberg Y, Lobachov 
A, Mandelboim R, Shochat T, Urban D, Wollner 
M, Nechushtan H, Rotem O, Zer A, Daher S, Bar 
J; Israel Lung Cancer Group. Pembrolizumab 
as a monotherapy or in combination with plati-
num-based chemotherapy in advanced non-small 
cell lung cancer with PD-L1 tumor proportion 
score (TPS) ≥50%: real-world data. Oncoimmu-
nology 2021; 10: 1865653.

23)	 Velcheti V, Chandwani S, Chen X, Piperdi B, 
Burke T.  Pembrolizumab for Previously Treated, 
PD-L1-expressing Advanced NSCLC: Real-world 
Time on Treatment and Overall Survival. Clin 
Lung Cancer 2020: 21: e445-e455.


