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ABSTRACT
During the past several decades, ovarian carcinoma has remained the leading cause of death among gynecologic malig-
nancies. The current therapeutic guidelines recommend, in most cases, a combination of surgery and chemotherapy 
based on platinum agents and taxanes. Despite the increasing usage of newer drug categories, such as bevacizumab and 
PARP inhibitors, and the expansion of patient groups for these drugs, ovarian cancer is characterized by multiple recur-
rences, particularly in the form of peritoneal implants. In this article, we perform a short incursion into the programmed 
cell death pathway in epithelial ovarian cancer and conduct a brief review of literature regarding this novel immunother-
apeutic perspective. 
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INTRODUCTION

Ovarian carcinoma affects roughly 1 in 70 wom-
en worldwide and is characterized by presentation 
at late stages of disease, resulting in poor clinical 
outcome, with only 45% of patients surviving 5 
years after diagnosis. Current therapeutic guide-
lines for ovarian cancer include surgery and cyto-
toxic chemotherapy. Although approximately 80% 
of patients may achieve complete or at least partial 
clinical remission using this regimen, the majority 
of women will experience multiple recurrences, de-

velop chemotherapy resistance and eventually die 
due to cancer-associated morbidity. Therefore, al-
though chemotherapy remains the main strategy 
for ovarian cancer management, innovative treat-
ments are needed to improve the clinical outcome 
for patients with this disease. 

Fortunately, during the past several years there 
has been increasing evidence indicating that ovari-
an cancer is a rational target for immunotherapy. 
Several studies showed that ovarian cancer is capa-
ble of inducing spontaneous anti-tumor immune 
responses, and that cytotoxic T-cell infiltration in 
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ovarian cancer correlates with significant improve-
ments in overall survival. 

In this article, we perform a short incursion into 
the programmed cell death pathway in epithelial 
ovarian cancer and conduct a brief review of litera-
ture regarding this novel immunotherapeutic per-
spective.

CONNECTION BETWEEN MICRORNAS, LNCRNAS AND 
PD-1/PD-L1 IN CANCER

MicroRNAs are small non-coding RNAs that 
function as oncogenes or tumor suppressors in the 
cell cycle, through the down regulation of the ex-
pression of beta-catenin (1). Studies have shown 
that its expression is dysregulated in patients with 
carcinoma through abnormal transcription, ampli-
fication and deletion of microRNA genes or even 
epigenetic defects. In tumors, these alterations can 
be translated as increased cell death resistance, a 
sustained proliferative signaling pathway and di-
verse mechanisms, which can promote tissue inva-
sion and the ability to metastasize (2).

PD-1/PD-L1 expression has been thoroughly re-
searched in the last decade, with most research pa-
pers focusing on its expression in lung carcinoma. 
Recent research papers have demonstrated that in 
non-small cell lung carcinoma, microRNA-138 can 
activate the immune response and inhibit tumor 
growth by down-regulating the tumors capacity to 
proliferate and by increasing the number of tu-
mor-infiltrating dendritic cells (DC). Furthermore, 
the expression of PD-1/PD-L1 on dendritic cells and 
T lymphocytes is down regulated through microR-
NA-138 (3).

Boldrini et al. have studied the relationship be-
tween microRNA-33a and PD-1 expression in lung 
adenocarcinoma and have observed an inverse cor-
relation between the levels to the two molecules. 
Patients with high levels of microRNA-33a also had 
low levels of PD-1, had a better prognosis, and were 
more commonly encountered in female patients 
and in patients with low-grade tumors. These re-
sults emphasize the potential use of microRNA-33a 
as a prognostic marker (4). 

Similarly, studies have shown that microR-
NA-4717 levels were significantly decreased in the T 
lymphocytes of patients with chronic hepatitis and 
hepatocellular carcinoma that were related to hep-
atitis B virus infection. This observation has a ther-
apeutic significance, because in patients with 
chronic HBV infection (rs 10204525, genotype GG), 
microRNA-4717 was shown not only to increase the 
IFN-γ and TNF-α levels, but also to decrease PD-1 ex-
pression in lymphocytes (5). 

Incorvaia et al. have identified a subset of mi-
croRNA, called “lymphocyte miRNA signature”, 

which was silenced in patients with metastatic clear 
cell carcinoma of the kidney, but well expressed in 
patients who had a favorable response to nivolum-
ab therapy. Moreover, nivolumab has been shown 
to induce a high expression of microRNA-22, a frac-
tion that is usually down regulated in patients with 
renal clear cell carcinoma. Also, an attenuated tu-
mor immune response was observed in patients 
with low levels of microRNA-339 and high levels of 
PD-L1 (6). 

Chen et al. have demonstrated on a mouse mod-
el, that the cancer progression can be delayed by 
suppressing the epithelial-mesenchymal transition 
through microRNA-200, which targets PD-L1 (7). 
Taken into account this information, the immune 
response to tumors can be regulated also by target-
ing the expression of microRNA, which influences 
the immune checkpoint mRNAs. The microRNA-33a 
down regulates the expression of PD-1 and PDL-1, 
by binding to the target mRNA of both genes, at the 
3’UTR region (4,8). Thus, in selected cases of non-
small cell carcinoma of the lung and in clear cell 
carcinoma of the kidney, micro-RNA could serve as 
a predictive tumor biomarker.

Long non-coding RNAs (lncRNA) are defined as 
an RNA with more than 200 nucleotides, which 
lacks the ability to translate into proteins. The func-
tions of lncRNA are still incompletely understood, 
but most of them involve regulation of cell differen-
tiation and development, as well as metabolic bal-
ance and modulation of the immune response (9).

In diffuse large B cell lymphoma, the lncRNA me-
tastasis associated lung adenocarcinoma transcript 
1 (MALAT1) can influence microRNA-195, ending in 
high levels of PD-L1, which helps elude the host im-
mune system by regulating proliferation and apop-
tosis of CD8+ lymphocytes. Thus, a therapeutic tar-
get in diffuse large B cell lymphoma could be the 
inhibition of MALAT1 (10). Additionally, Zhao et al. 
have observed that in diffuse large B cell lympho-
ma, another lncRNA, called SNHG14 (small nucleo-
lar RNA host gene 14) is up regulated and can pro-
mote tumoral progression and immune evasion, 
through regulation of PD-1/PD-L1 checkpoint. 
SNHG14 does so by sponging miR-5590-3p to up reg-
ulate ZEB1 (Zinc Finger E-Box Binding Homeobox 
1), a protein coding gene, which transcriptionally 
activates SNHG14 and PD-L1, leading to immune 
evasion of tumoral cells (11).

In esophageal squamous carcinoma, the expres-
sion of PD-L1 can also be increased though the pres-
ence of small nucleolar RNA host gene 20 (3). The 
latter can modulate the ATM/JAK-PD-L1 pathway, 
thus serving as a carcinogen and promoting cellular 
proliferation and metastatic potential (12). In pan-
creatic cancer, the lncRNA LINC00473 is highly ex-
pressed and also leads to high levels of PD-L1 by 



Romanian JouRnal of medical PRactice  – Volume XVi, SuPPlement 7 (83), 2021 77

sponging miR-195-5p. Consequently, the inhibition 
if LINC00473 could augment the CD8+ T lympho-
cytes and subsequently suppress the development 
of neoplasia (12).

In lung carcinoma two main lncRNA can be co-
expressed: NKX2-1-AS1 and NKX2-1. Both can have 
an influence on the gene CD274, which encodes PD-
L1, albeit different. NKX2-1-AS1 can have a favora-
ble effect, by reducing the production of CD274 
mRNA, thus down regulating PD-L1, while NKX2-1 
can actually promote the transcription of CD274. 
Consequently, NKX2-1-AS1 could be used as a fa-
vorable feature for the inhibition of the immune 
evasion (13). 

PD-1/PD-L1 IN OVARIAN CANCER

Ovarian cancer is the third most frequent type of 
gynecological cancer after cervical and uterine can-
cer (14). It also has the worst prognosis and the 
highest mortality rate among gynecological cancers 
(15). Although it is less frequent than breast cancer, 
it is three times more lethal (16). Moreover, global 
cancer statistics anticipate that the mortality rate of 
this cancer will increase considerably in the follow-
ing decades (14). The high mortality rate of patients 
with ovarian cancer is due to the presence of 
non-specific symptoms or complete absence of 
symptoms in the early stages of disease (17). It is 
also caused by the lack of specific diagnostic mark-
ers for ovarian carcinoma (18). It is estimated that 
approximately 90% of patients diagnosed with stage 
I and stage II ovarian cancer according to FIGO (In-
ternational Federation of Gynecologists and Obste-
tricians) are cured. The 5-year survival rate in this 
group is as high as 70%. However, it decreases to 
about 30% in patients with advanced stages of dis-
ease (III and IV according to FIGO) (17). Unfortu-
nately, in more than half of the patients, ovarian 
cancer is diagnosed in FIGO stage III and IV (19). In 
80% of patients the disease goes into remission, 
however within 18 months in more than 60% of pa-
tients it relapses. Therefore, it is important to de-
sign new methods of treatment of ovarian cancer, 
including immunotherapies (17).

PD-L1 expression has been demonstrated in sev-
eral types of cancer, including ovarian malignancy. 
In these patients, PD-L1 expression was demon-
strated within neoplastic cells, as well as on B and T 
lymphocytes, macrophages and dendritic cells iso-
lated from the primary tumor and loco regional 
lymph nodes. Hamanishi et al. demonstrated that 
high PD-L1 expression correlates with shorter sur-
vival rate in ovarian cancer patients. Moreover, the 
authors demonstrated a correlation between high 
PD-L1 expression and a lower percentage of cyto-
toxic (CD8+) tumor infiltrating lymphocytes (19). 

The findings published by Webb et al., who discov-
ered PD-L1 expression mainly in CD68+ macrophag-
es, are somewhat different. Their study reveals a 
positive relationship between PD-L1 expression 
and the presence of tumor infiltrating regulatory T 
cells and/or lymphocytes with CD8+ CD103+ PD-1+ 
phenotype. The level of PD-L1 expression in the dif-
ferent histopathological subtypes of ovarian cancer 
varied greatly. Webb et al. demonstrated the highest 
expression of PD-L1 in serous ovarian carcinoma 
(57.4%), followed by mucinous ovarian carcinoma 
(26.7%) and endometrioid ovarian carcinoma 
(24%). The lowest expression of PD-L1 was found in 
clear cell ovarian carcinoma (16.2%) (20). The au-
thors also demonstrated a positive correlation be-
tween PD-L1 expression and the overall survival of 
patients with high-grade ovarian serous carcinoma 
(HGSC) (20). Other studies have shown a relation-
ship between high PD-L1 expression in the perito-
neal fluid of ovarian cancer patients and the forma-
tion of metastases within the peritoneal cavity (21).

PD-1 AND PD-L1 IMMUNOTHERAPY IN OVARIAN 
CANCER

Understanding the programmed cell death path-
way associated with the PD-1 receptor allowed the 
design of clinical trials for treating ovarian cancer 
using antibodies against the PD-1 receptor (nivolum-
ab, pembrolizumab) and the PD-L1 ligand (avelum-
ab, BMS - 936559, durvalumab, atezolizumab).

Hamanishi et al. (22) conducted the first study 
on the use of nivolumab in the treatment of ovarian 
cancer. Nivolumab is a fully humanized IgG4 mono-
clonal antibody that binds to the PD-1 receptor. This 
inhibits its binding to PD-L1 or PD-L2 (22) and may 
increase the antitumoral activity of T lymphocytes 
(23). In 2015, the results of the second phase of the 
study were published, including 20 patients with 
platinum-resistant advanced ovarian cancer. 
Nivolumab was administered intravenously every 
two weeks at doses of 1 or 3 mg/kg in two parallel 
cohort studies (10 patients each). The best overall 
response to treatment was 15%, while the disease 
control rate in all 20 patients was 45%. Two subjects 
showed a sustained (> 350 days) response to treat-
ment (in the 3 mg/kg cohort). Interestingly, in one 
case, clear cell ovarian carcinoma had a worse 
prognosis than the more common serous ovarian 
carcinoma (24). The dose of 3 mg / kg was found to 
be more advantageous than the dose of 1 mg / kg 
because it has a better pharmacological profile, be-
ing more effective, without increasing toxicity sig-
nificantly. In patients enrolled in the clinical trial, 
the median progression-free survival was 3.5 
months and the median overall survival was 20 
months. Clinical efficacy of nivolumab has been 
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demonstrated in patients with platinum-resistant 
ovarian cancer; however, the authors of the study 
emphasize the need for larger-scale clinical trials 
(25,26). 

Pembrolizumab is another humanized anti-PD-1 
monoclonal antibody which prevents interaction 
between PD-1 and PD-L1 / L2 ligands. Varga A et al. 
published interim results from a Phase Ib study in-
cluding 26 patients with advanced ovarian cancer, 
fallopian tube cancer and primary peritoneal can-
cer (27). The prerequisite for eligibility was PD-L1 
expression in neoplastic cells (≥1%) and failure of 
prior therapy. Pembrolizumab was administered 
intravenously at a dose of 10 mg / kg every two 
weeks for two years, or until the patient had to be 
excluded from the study because disease progres-
sion or unacceptable toxicity was confirmed. The 
overall response rate was 11.5% and the disease 
control rate was 34.6%. In the study group, 85% of 
patients have received therapy against recurrent or 
disseminated ovarian cancer in the past, 38.5% of 
whom have undergone 5 or more treatments. Com-
plete response to treatment was obtained in 1 pa-
tient; partial response occurred in 2 patients, dis-
ease stabilization was confirmed in 6 patients 
(27,28).

PD-L1 is the second immunotherapy target in 
ovarian cancer. Avelumab is a fully humanized an-
ti-PD-L1 IgG1 monoclonal antibody, which inhibits 

PD-L1 interaction with PD-1 receptor (29). The study 
conducted with avelumab is the largest study to 
date involving the programmed death pathway 
(29). The percentage of objective responses in the 
group of 124 women with recurrent or refractory 
ovarian cancer was 9.7%, and the disease control 
rate was 54%. PD-1 expression was assessed in 74 
cases and 57 women (77%) showed increased PD-L1 
expression. In this group of patients, the objective 
response rate was 12.3%, while in the group of 
women without excessive PD-L1 expression it was 
5.9%.

Studies were also carried out with the use of an-
other monoclonal anti-PD-L1 antibody: BMS-936559. 
This study included 17 patients with ovarian can-
cer, among which 5.9% responded partially to treat-
ment and 17.6% achieved disease stabilization. All 
patients received doses of 10 mg/kg. There are also 
studies on the effectiveness of durvalumab - a mon-
oclonal antibody directed against the PD-L1 protein 
(30).

CONCLUSION

A role for the immune system in modulating 
ovarian cancer development and progression has 
been established by multiple investigators, provid-
ing a strong rationale to pursue immune-based 
therapeutic strategies for women with this disease.
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