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ABSTRACT

The growing number of oncological patients worldwide pushes the need to research new possibilities in cancer treatment.
Cancer cells use various mechanisms to avoid destruction. One of them is the PD-1/PD-L1 pathway which is used by
neoplasm cells to inhibit immune response from T-cells. Pembrolizumab, a monoclonal antibody, is targeted against PD-1
receptors, therefore enhances anti-cancer T-cell activity by disabling PD-1/PD-L1 interaction. This study summarizes the
current state of knowledge on clinical usefulness and efficiency of pembrolizumab monotherapy, therapy combined with
chemotherapy and perioperative use in melanoma, non-small cell lung cancer, pleural mesothelioma, classic Hodgkin
lymphoma, urothelial cancer, head and neck squamous cell carcinoma, renal cell carcinoma, high-level microsatellite
instability (MSI-H) or demismatch repair deficiency (AIMMR) neoplasm, esophageal cancer, triple negative breast cancer,
endometrial cancer, cervical cancer, adenocarcinoma of the stomach or gastroesophageal junction and bile duct cancer.
Patients who received pembrolizumab during clinical trials had longer median overall survival and progression free survival
rates than patients in placebo groups. Higher expression levels of PD-L1 on tumor cells correlated with greater clinical
response, however pembrolizumab therapy was also beneficial in patients with lower expression levels.
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Introduction

Prolonged average life expectancy, many carcinogenes in the environment, lack of quality food
combined with consumption of ultraprocessed foods and decrease of daily physical activity leads to an
increasing number of neoplasm cases in today’s society. In Poland alone, they cause over 25% of all deaths,
second only to cardiovascular diseases. Neoplasm cells are characterized by different expression levels of
surface molecules caused by mutations, which they undergo during the cancer transformation process. Among
these molecules are PD-L1 and PD-L2 ligands whose expression on membranes are higher than in normal,
healthy cells. PD-1/PD-L1 pathway is used by tumor cells to silence the human immune system and evade its
anti-cancer activity. Those ligands bind to PD-1 receptors which are located on membranes of T-cells and
cause inhibition of their activity [1,2]. Pembrolizumab is a humanized monoclonal IgG4 antibody which targets
PD-1 receptors located on T-cells [3]. Pembrolizumab binds with PD-1 and blocks its interaction with PD-L1
and PD-L2 which prevents it from passing on inhibiting signals to T-cells [1]. As a result of blocking PD-1
pathway, previously exhausted, cytotoxic T-cells are no longer inhibited which leads to their proliferation and
increase in anti-tumor activity. This process enhances immunological activity targeted at neoplasm cells which
is a base of action of pembrolizumab in treatment of numerous patients in the field of oncology. Its current
indications for use are melanoma, non-small cell lung cancer, pleural mesothelioma, classic Hodgkin
lymphoma, urothelial cancer, head and neck squamous cell carcinoma, renal cell carcinoma, high-level
microsatellite instability (MSI-H) or demismatch repair deficiency (IMMR) neoplasm, esophageal cancer,
triple negative breast cancer, endometrial cancer, cervical cancer, adenocarcinoma of the stomach or
gastroesophageal junction and bile duct cancer. The purpose of this article is to review the current state of
knowledge respecting pembrolizumab’s clinical use in previously mentioned types of cancer and its efficiency.
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Methodology

This article is based on existing studies published from 2015 to 2025 describing clinical application of
pembrolizumab in treatment of various neoplasm types including melanoma, non-small cell lung cancer,
pleural mesothelioma, classic Hodgkin lymphoma, urothelial cancer, head and neck squamous cell carcinoma,
renal cell carcinoma, high-level microsatellite instability (MSI-H) or demismatch repair deficiency (dIMMR)
neoplasm, esophageal cancer, triple negative breast cancer, endometrial cancer, cervical cancer,
adenocarcinoma of the stomach or gastroesophageal junction and bile duct cancer. The references included in
the bibliography were sourced from the PubMed database. The purpose of this paper is to gather all available
information regarding the efficiency of pembrolizumab and potential benefits from including it in therapy of
cancer types listed above.

Results

As stated before pembrolizumab is currently used in treatment of many neoplasm types. Throughout the
last decade there have been many studies that dived deep into its efficiency and benefits that come from its
inclusion in the therapy. Gathered information about precise indications of use and efficiency of therapy in
melanoma, non-small cell lung cancer, pleural mesothelioma, classic Hodgkin lymphoma, urothelial cancer,
head and neck squamous cell carcinoma, renal cell carcinoma, high-level microsatellite instability (MSI-H) or
demismatch repair deficiency (dMMR) neoplasm, esophageal cancer, triple negative breast cancer,
endometrial cancer, cervical cancer, adenocarcinoma of the stomach or gastroesophageal junction and bile
duct cancer are presented below in listed order.

Melanoma

Pembrolizumab is used as a first-line treatment in unresectable or metastatic melanoma. KEYNOTE-
001 study showed that its inclusion in therapy resulted in overall survival (OS) after 5 years at 34% in the
whole group and 41% in the group which did not get any other treatment earlier. Progression free survival
(PFS) was 21% and 29% respectively in these groups [4]. Additionally a 10 year follow-up study, KEYNOTE-
006, resulted in OS 34% in the group of patients with stage III or stage IV unresectable melanoma [5].
Indication of use also includes adjuvant therapy after radical surgical removal of high risk stage IIl melanoma.
PFS in this group was presented in KEYNOTE-054 and after 7 years was 50% in the pembrolizumab group
versus 36% in the placebo group [6].

Non-small cell lung cancer

Pembrolizumab in monotherapy gives significant therapeutic benefits when PD-L1 expression on cancer
cells is 50% or more. Outcome of KEYNOTE-024 study shows that inclusion of pembrolizumab leads to OS
80.2% versus 72.4% in the platinum- based chemotherapy group. PFS in these groups was 10.3 months and
6.0 months respectively [7]. KEYNOTE-189 indicates that first-line treatment consisting of pembrolizumab
combined with pemetrexed and platinum gives better results than therapy without inclusion of this anti-PD-1
monoclonal antibody. Median OS in the pembrolizumab group was 22.0 months, while in the placebo group
it was 10.7 months. Median PFS was 9.0 months and 4.9 months respectively. Therapeutic benefits of
pembrolizumab inclusion were observed from PD-L1 expression level.1% or more on cancer cells, while the
most beneficial treatment was when these levels were at 50% or more [8].Perioperative neoadjuvant or
adjuvant use in patients with surgically removed tumor results in event-free survival (EFS) after 2 years at
62.4% versus 40.6% in placebo group [9]. In metastatic non-small cell lung cancer, adding pembrolizumab to
chemotherapy gives OS after 1 year at 69.2% compared with 49.4% in chemotherapy plus placebo group [10].

Pleural mesothelioma

Application of pembrolizumab with chemotherapy in pleural mesothelioma significantly improves
median OS to 17.3 months compared with 16.1 months in chemotherapy alone. OS was 25% and 17%
respectively in these groups, which shows its beneficial effect after inclusion to treatment [11].

Classic Hodgkin Lymphoma (cHL)

Pembrolizumab used in treatment of relapsed or refractory classical Hodgkin lymphoma is characterized
by PFS 13.2 months contrast to 8.3 months in the group receiving brentuximab vedotin [12]. In group of
patients with relapsed or refractory classical Hodgkin lymphoma and progressive disease after autologous stem
cell transplantation or two other therapies when autologous stem cell transplantation was not possible after
inclusion of pembrolizumab PFS was 13.7 months and a quarter of responders, including half of complete
responders, maintained a response for >4 years [13].
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Urothelial cancer

KEYNOTE-052 studied the effect of pembrolizumab as a first line treatment in cisplatin-ineligible
patients with locally advanced and unresectable or metastatic urothelial cancer. After 1 year OS was at 46.9%
in all participants who received pembrolizumab and 60.7% for patients with a combined positive score of PD-
L1 expression level > 10% [14]. KEYNOTE-045 study resulted in Median 1- and 2-year OS rates higher with
pembrolizumab at 44.2% and 26.9% respectively than chemotherapy at 29.8% and 14.3%, respectively in
recurrent advanced urothelial cancer [15]. The effect of pembrolizumab as a Second-Line Therapy for
Advanced Urothelial Carcinoma was OS at 8.0 months compared with 5.2 months in the chemotherapy group
[16]. Usage as adjuvant therapy of pembrolizumab in Muscle-Invasive Urothelial Carcinoma was studied with
outcome median disease-free survival at 29.6 months compared to 14.2 months with observation [17].

Head and neck squamous cell carcinoma

Pembrolizumab plus platinum and 5-fluorouracil is an appropriate first-line treatment for recurrent or
metastatic HNSCC with OS 13.0 months compared with 10.7 months in group with treatment consisting of
cetuximab and chemotherapy according to KEYNOTE-048 [18]. When used as Neoadjuvant and Adjuvant in
Locally Advanced HNSCC pembrolizumab showed event-free survival after 3 years at 59.8% versus 45.9%
in the control group [19].

Renal cell carcinoma

Study on Advanced Renal-Cell Carcinoma Estimated percentage of patients who were alive at 12
months was 89.9% in the pembrolizumab-axitinib group and 78.3% in the sunitinib group. Median PFS was
15.1 months and 11.1 months respectively [20]. Another study concentrated on pembrolizumab as adjuvant in
renal-cell carcinoma indicated that estimated overall survival at 48 months was 91.2% in the pembrolizumab
group, as compared with 86.0% in placebo group [21].

High-level microsatellite instability (MSI-H) or demismatch repair deficiency (AIMMR) neoplasm

Patients with previously treated unresectable or metastatic MSI-H/dMMR noncolorectal cancer also
benefit from pembrolizumab therapy. Median PFS was 4.1 months while median OS was 23.5 months. 27
tumor types were represented among enrolled patients with endometrial, gastric, cholangiocarcinoma, and
pancreatic cancers being the most common [22].

Esophageal cancer

Application of pembrolizumab for patients with advanced esophageal cancer was studied during
KEYNOTE-181.Estimated 12-month OS rate was 43% with pembrolizumab versus 20% with chemotherapy
and median OS was 8.2 months versus 7.1 months [23]. Another study tested the efficiency of pembrolizumab
plus chemotherapy versus chemotherapy plus placebo as first line treatment in advanced oesophageal cancer.
In all randomised patients OS was 12.4 months in pembrolizumab plus chemotherapy group versus 9.8 months
in chemotherapy plus placebo group. PFS in all patients was 6.3 months versus 5.8 months respectively [24].

Triple negative breast cancer

In previously untreated locally recurrent inoperable or metastatic triple-negative breast cancer study has
shown median PFS at 9.7 months with pembrolizumab plus chemotherapy and 5.6 months with placebo plus
chemotherapy [25]. Another research indicates that pembrolizumab not only increased pathologic complete
response (pCR) rates but also improved EFS among most patients who do not have a pCR [26].

Endometrial cancer

Therapy consisting of pembrolizumab and lenvatinib resulted in median PFS at 6.6 months versus 3.8
months in the chemotherapy group. Median OS was 18.3 months versus 11.4 months respectively [27]. In
KEYNOTE-158 study patients with MSI-H/dMMR endometrial cancer, who were previously treated, received
pembrolizumab monotherapy and reached PFS 13.1 months [28].
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Cervical cancer

Patients with PD-L1 positive metastatic or unresectable cervical cancer that has progressed during
chemotherapy, who received pembrolizumab had OS at 53.0% versus 41.7% in the placebo group after 2 years.
Median PFS was 10.4 months versus 8.2 months respectively in both groups [29]. As first-line treatment
pembrolizumab combined with chemotherapy gave results of median OS 26.4 months versus 16.8 months
when it comes to placebo with chemotherapy in all-comer groups [30]. Pembrolizumab plus
chemoradiotherapy also improved PFS in patients with newly diagnosed, high-risk, locally advanced cervical
cancer [31].

Adenocarcinoma of the stomach or gastroesophageal junction

In HER2-negative advanced gastric cancer with PD-L1 CPS > 10 median OS was 15.7 months versus
11.8 months in pembrolizumab plus chemotherapy and placebo plus chemotherapy groups respectively [32].
Another study focused on patients with locally advanced or metastatic HER2-positive gastro-oesophageal
junction adenocarcinoma without previous first-line treatment showed median PFS 10.0 months in
pembrolizumab group versus 8.1 months in placebo group [33].

Biliary tract cancer

According to the KEYNOTE-966 study, patients with biliary tract cancer had a median OS of 12.7
months when receiving pembrolizumab while 10.9 months has been reached in the group of patients who
received placebo [34]. Another study suggests that some biliary tract cancer types respond to pembrolizumab,
but there are no known prognostic factors to predict its treatment benefits. The outcome of this study was
median OS of 6.0 months and median PFS of 1.9 months [35].

Discussion

Data gathered from mentioned studies clearly shows that inclusion of pembrolizumab in treatment of
melanoma, non-small cell lung cancer, pleural mesothelioma, classic Hodgkin lymphoma, urothelial cancer,
head and neck squamous cell carcinoma, renal cell carcinoma, high-level microsatellite instability (MSI-H) or
demismatch repair deficiency (dMMR) neoplasm, esophageal cancer, triple negative breast cancer,
endometrial cancer, cervical cancer, adenocarcinoma of the stomach or gastroesophageal junction and bile
duct cancer is highly beneficial to patients. Median overall survival rates in pembrolizumab groups were
significantly higher than in placebo groups. Median progression free survival was also generally higher in
pembrolizumab receiving patient groups. Analyzed data also indicates that the higher levels of PD-L1
expression in tumor cells come with more therapeutic benefits including longer median overall survival and
progression free survival, however smaller expression cases can also benefit from treatment. These results are
very promising, especially considering the fact that some of the analyzed studies referred to patients with
metastatic cancer, which means another therapeutic option is possible when standard treatment was not
sufficient or has been started too late. Moreover, application as neoadjuvant or adjuvant in perioperative period
also comes with longer overall survival and progression free survival, which is beneficial to patients who are
qualified for surgical removal of tumor. However, not only these markers are important. Quality of life in
oncological patients is also essential and this is also improved when pembrolizumab is included in therapy.
Given how a large group of neoplasms is represented in analyzed studies with high efficiency in treatment, it
is comforting and promising for further development in other types of cancer.

Conclusions

Pembrolizumab is highly efficient in treatment of melanoma, non-small cell lung cancer, pleural
mesothelioma, classic Hodgkin lymphoma, urothelial cancer, head and neck squamous cell carcinoma, renal
cell carcinoma, high-level microsatellite instability (MSI-H) or demismatch repair deficiency (dIMMR)
neoplasm, esophageal cancer, triple negative breast cancer, endometrial cancer, cervical cancer,
adenocarcinoma of the stomach or gastroesophageal junction and bile duct cancer. Its application comes with
longer median overall survival and progression free survival rates. Studies on its further use in oncology should
be continued and expanded on other types of neoplasm. Monotherapy, adjuvant therapy, neoadjuvant therapy
and combinations with already existing drugs should be examined in the future as pembrolizumab shows a
versatile profile of clinical usefulness. Additionally, knowledge on correlation of PD-L1 expression on cancer
cells with efficiency of treatment should be developed in the future as it opens up many possibilities of
personalized therapies in oncology in the time to come.
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