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Gynecologic malignancies are a heterogeneous group of female reproductive system
tumors, including cervical, endometrial, ovarian, vaginal, and vulval cancers, and are the
second most commonly diagnosed female cancers around the world [1]. Most patients
with gynecological cancers in early stages are cured with surgery alone, or a combination
of surgery, radiation, and chemotherapy, with excellent prognosis [2–5]. However, patients
with advanced, recurrent, or metastatic diseases lack therapeutic options and often have
poor survival outcomes, despite appropriate management [3,5–9]. Thus, there remains an
urgent need to develop new therapeutic approaches for gynecological cancers.

Over the past decade, the great successes of cancer immunotherapy, especially with im-
mune checkpoint inhibitors targeting immune checkpoint molecules such as programmed
death-1 (PD-1) and PD ligand-1 (PD-L1), have fundamentally transformed the treatment
landscape in a number of advanced cancers, leading to long-term survival benefits [10,11].
Patients with advanced cancers who previously had limited treatment options may now
benefit from immunotherapies that offer long-lasting responses and improved survival
outcomes. However, a small subset of cancer patients derives clinical benefit from im-
munotherapies due to intrinsic unresponsiveness and/or acquired resistance [12,13]. In
particular, patients with advanced, recurrent, and/or metastatic gynecological cancers
often respond poorly to immunotherapies [4,14–22]; thus, continued advancement in the
treatment of gynecologic cancers is critical for overcoming challenges and maximizing treat-
ment efficacy. Fortunately, exciting works to develop novel immunotherapeutic strategies
against gynecological cancers are on the horizon. These represent the aim of this Special
Issue in the Journal of Clinical Medicine, focusing on “New Insights into Immunotherapy for
Gynecological Cancer” and presenting a series of four papers (three original articles and
one perspective) submitted by international leaders and young researchers in this field.

Tanaka C. and colleagues opened the issue and investigated the role of ezrin/radixin/
moesin (ERM) family proteins, which have a high degree of sequence similarity with each
other that crosslinks several cancer-related transmembrane proteins [23–26] with the actin
cytoskeleton in the plasma membrane localization of PD-L1, utilizing HEC-151 cells derived
from the human endometrial adenocarcinoma [27]. Tanaka C. et al. discovered that all three
ERM proteins were highly co-localized with PD-L1 in the surface plasma membrane of HEC-
151 cells assessed via immunofluorescent staining with confocal laser scanning microscopy
(CLSM), and that they interacted with PD-L1, as demonstrated by the immunoprecipitation
assay using anti-PD-L1 antibody [27]. Interestingly, RNA interference (RNAi)-mediated
knockdown of ezrin—but not radixin and moesin—significantly decreased the cell sur-
face expression of PD-L1 without influencing its transcriptional process, highlighting the
novel function of ezrin to post-translationally regulate the plasma membrane localization
of PD-L1 in human endometrial adenocarcinoma cells [27]. Similarly, Tameishi M. and
Ishikawa H. et al. found that ezrin also contributes to the cell surface plasma membrane
localization of PD-L1 in the human epithelial ovarian cancer cell line A2780 cells [28]. Sub-
sequently, Doukuni R. and colleagues demonstrated that in the human cervical squamous
cell carcinoma (SCC) BOKU and HCS-2 cell lines, plasma membrane co-localization and
protein–protein interaction of PD-L1 takes place with all three ERM proteins by means of
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immunofluorescence microscopy or co-immunoprecipitation experiments using a specific
antibody against PD-L1, respectively [29]. Intriguingly, Doukuni R. et al. discovered that
RNAi-mediated knockdown of moesin—but not ezrin and radixin—significantly reduced
the cell surface expression of PD-L1 with little impact on its mRNA expression, illuminating
the unexpected role of moesin in the plasma membrane localization of PD-L1, possibly
via post-translational modification process, as it served as a scaffold protein in the human
cervical SCC [29]. Furthermore, they also showed a higher expression of PD-L1 in the
tumor samples from patients with cervical SCC and a lower survival probability in the
cervical SCC patients who had high moesin expression than those who had low/medium
moesin expression. This was achieved using data from The Cancer Genome Atlas, partly
supporting their idea that there is a possible correlation between PD-L1 and moesin in
uterine cervical SCC [29].

An excellent perspective provided by Dr. Rizzo A. offered an overview of the clinical
development of immunotherapy in advanced or recurrent endometrial cancers, discussing
the role of DNA mismatch repair and the “elective affinities” between immune checkpoint
inhibitors and DNA mismatch repair status as a predictive biomarker in this setting [30].

This Special Issue of the Journal of Clinical Medicine highlighted the recent clinical ad-
vances in cancer immunotherapy for gynecological cancers and the basic science needed to
explore the druggable potential therapeutic targets to regulate the expression and function-
ality of immune checkpoint molecules such as PD-1/PD-L1 axis in gynecological cancers,
with the aim of improving the current cancer immunotherapies. Continued basic, transla-
tional, and clinical research holds enormous promise for changing the landscape of cancer
immunotherapy for gynecologic cancers, which in turn may enhance the outcomes of all
women suffering from these diseases.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Kagabu, M.; Nagasawa, T.; Fukagawa, D.; Tomabechi, H.; Sato, S.; Shoji, T.; Baba, T. Immunotherapy for Uterine Cervical Cancer.
Healthcare 2019, 7, 108. [CrossRef]

3. Marth, C.; Landoni, F.; Mahner, S.; McCormack, M.; Gonzalez-Martin, A.; Colombo, N.; Committee, E.G. Cervical cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv72–iv83. [CrossRef] [PubMed]

4. Concin, N.; Matias-Guiu, X.; Vergote, I.; Cibula, D.; Mirza, M.R.; Marnitz, S.; Ledermann, J.; Bosse, T.; Chargari, C.; Fagotti, A.; et al.
ESGO/ESTRO/ESP guidelines for the management of patients with endometrial carcinoma. Radiother. Oncol. 2021, 154, 327–353.
[CrossRef] [PubMed]

5. Ledermann, J.A.; Raja, F.A.; Fotopoulou, C.; Gonzalez-Martin, A.; Colombo, N.; Sessa, C. Newly diagnosed and relapsed epithelial
ovarian carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2013, 24 (Suppl. 6),
vi24–vi32. [CrossRef]

6. Colombo, N.; Creutzberg, C.; Amant, F.; Bosse, T.; Gonzalez-Martin, A.; Ledermann, J.; Marth, C.; Nout, R.; Querleu, D.;
Mirza, M.R.; et al. ESMO-ESGO-ESTRO Consensus Conference on Endometrial Cancer: Diagnosis, Treatment and Follow-up. Int.
J. Gynecol. Cancer 2016, 26, 2–30. [CrossRef]

7. Colombo, N.; Preti, E.; Landoni, F.; Carinelli, S.; Colombo, A.; Marini, C.; Sessa, C. Endometrial cancer: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2013, 24 (Suppl. 6), vi33–vi38. [CrossRef]

8. Boussios, S.; Seraj, E.; Zarkavelis, G.; Petrakis, D.; Kollas, A.; Kafantari, A.; Assi, A.; Tatsi, K.; Pavlidis, N.; Pentheroudakis, G.
Management of patients with recurrent/advanced cervical cancer beyond first line platinum regimens: Where do we stand? A
literature review. Crit. Rev. Oncol. Hematol. 2016, 108, 164–174. [CrossRef]

9. Pfaendler, K.S.; Tewari, K.S. Changing paradigms in the systemic treatment of advanced cervical cancer. Am. J. Obstet. Gynecol.
2016, 214, 22–30. [CrossRef] [PubMed]

10. Qin, W.; Hu, L.; Zhang, X.; Jiang, S.; Li, J.; Zhang, Z.; Wang, X. The Diverse Function of PD-1/PD-L Pathway Beyond Cancer.
Front. Immunol. 2019, 10, 2298. [CrossRef] [PubMed]

11. Robert, C. A decade of immune-checkpoint inhibitors in cancer therapy. Nat. Commun. 2020, 11, 3801. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.3390/healthcare7030108
http://doi.org/10.1093/annonc/mdx220
http://www.ncbi.nlm.nih.gov/pubmed/28881916
http://doi.org/10.1016/j.radonc.2020.11.018
http://www.ncbi.nlm.nih.gov/pubmed/33712263
http://doi.org/10.1093/annonc/mdt333
http://doi.org/10.1097/IGC.0000000000000609
http://doi.org/10.1093/annonc/mdt353
http://doi.org/10.1016/j.critrevonc.2016.11.006
http://doi.org/10.1016/j.ajog.2015.07.022
http://www.ncbi.nlm.nih.gov/pubmed/26212178
http://doi.org/10.3389/fimmu.2019.02298
http://www.ncbi.nlm.nih.gov/pubmed/31636634
http://doi.org/10.1038/s41467-020-17670-y
http://www.ncbi.nlm.nih.gov/pubmed/32732879


J. Clin. Med. 2022, 11, 4198 3 of 3

12. Perez-Ruiz, E.; Melero, I.; Kopecka, J.; Sarmento-Ribeiro, A.B.; Garcia-Aranda, M.; De Las Rivas, J. Cancer immunotherapy
resistance based on immune checkpoints inhibitors: Targets, biomarkers, and remedies. Drug Resist. Updat. 2020, 53, 100718.
[CrossRef] [PubMed]

13. Pitt, J.M.; Vetizou, M.; Daillere, R.; Roberti, M.P.; Yamazaki, T.; Routy, B.; Lepage, P.; Boneca, I.G.; Chamaillard, M.;
Kroemer, G.; et al. Resistance Mechanisms to Immune-Checkpoint Blockade in Cancer: Tumor-Intrinsic and -Extrinsic Factors.
Immunity 2016, 44, 1255–1269. [CrossRef] [PubMed]

14. Borella, F.; Ghisoni, E.; Giannone, G.; Cosma, S.; Benedetto, C.; Valabrega, G.; Katsaros, D. Immune Checkpoint Inhibitors in
Epithelial Ovarian Cancer: An Overview on Efficacy and Future Perspectives. Diagnostics 2020, 10, 146. [CrossRef] [PubMed]

15. Makker, V.; Colombo, N.; Herraez, A.C.; Santin, A.D.; Colomba, E.; Miller, D.S.; Fujiwara, K.; Pignata, S.; Baron-Hay, S.;
Ray-Coquard, I.; et al. Lenvatinib plus Pembrolizumab for Advanced Endometrial Cancer. N. Engl. J. Med. 2022, 386, 437–448.
[CrossRef]

16. O’Malley, D.M.; Bariani, G.M.; Cassier, P.A.; Marabelle, A.; Hansen, A.R.; De Jesus Acosta, A.; Miller, W.H., Jr.; Safra, T.; Italiano,
A.; Mileshkin, L.; et al. Pembrolizumab in Patients with Microsatellite Instability-High Advanced Endometrial Cancer: Results
From the KEYNOTE-158 Study. J. Clin. Oncol. 2022, 40, 752–761. [CrossRef]

17. Naumann, R.W.; Hollebecque, A.; Meyer, T.; Devlin, M.J.; Oaknin, A.; Kerger, J.; Lopez-Picazo, J.M.; Machiels, J.P.; Delord, J.P.;
Evans, T.R.J.; et al. Safety and Efficacy of Nivolumab Monotherapy in Recurrent or Metastatic Cervical, Vaginal, or Vulvar
Carcinoma: Results from the Phase I/II CheckMate 358 Trial. J. Clin. Oncol. 2019, 37, 2825–2834. [CrossRef]

18. Chung, H.C.; Ros, W.; Delord, J.P.; Perets, R.; Italiano, A.; Shapira-Frommer, R.; Manzuk, L.; Piha-Paul, S.A.; Xu, L.;
Zeigenfuss, S.; et al. Efficacy and Safety of Pembrolizumab in Previously Treated Advanced Cervical Cancer: Results from the
Phase II KEYNOTE-158 Study. J. Clin. Oncol. 2019, 37, 1470–1478. [CrossRef] [PubMed]

19. O’Malley, D.M.; Oaknin, A.; Monk, B.J.; Selle, F.; Rojas, C.; Gladieff, L.; Berton, D.; Leary, A.; Moore, K.N.; Estevez-Diz, M.D.P.; et al.
Phase II study of the safety and efficacy of the anti-PD-1 antibody balstilimab in patients with recurrent and/or metastatic
cervical cancer. Gynecol. Oncol. 2021, 163, 274–280. [CrossRef]

20. Hamanishi, J.; Mandai, M.; Ikeda, T.; Minami, M.; Kawaguchi, A.; Murayama, T.; Kanai, M.; Mori, Y.; Matsumoto, S.;
Chikuma, S.; et al. Safety and Antitumor Activity of Anti-PD-1 Antibody, Nivolumab, in Patients with Platinum-Resistant
Ovarian Cancer. J. Clin. Oncol. 2015, 33, 4015–4022. [CrossRef]

21. Disis, M.L.; Taylor, M.H.; Kelly, K.; Beck, J.T.; Gordon, M.; Moore, K.M.; Patel, M.R.; Chaves, J.; Park, H.; Mita, A.C.; et al. Efficacy
and Safety of Avelumab for Patients with Recurrent or Refractory Ovarian Cancer: Phase 1b Results from the JAVELIN Solid
Tumor Trial. JAMA Oncol. 2019, 5, 393–401. [CrossRef] [PubMed]

22. Marinelli, O.; Annibali, D.; Morelli, M.B.; Zeppa, L.; Tuyaerts, S.; Aguzzi, C.; Amantini, C.; Maggi, F.; Ferretti, B.; Santoni, G.; et al.
Biological Function of PD-L2 and Correlation with Overall Survival in Type II Endometrial Cancer. Front. Oncol. 2020, 10, 538064.
[CrossRef] [PubMed]

23. Ogihara, T.; Mizoi, K.; Kamioka, H.; Yano, K. Physiological Roles of ERM Proteins and Transcriptional Regulators in Supporting
Membrane Expression of Efflux Transporters as Factors of Drug Resistance in Cancer. Cancers 2020, 12, 3352. [CrossRef]

24. Kawaguchi, K.; Asano, S. Pathophysiological Roles of Actin-Binding Scaffold Protein, Ezrin. Int. J. Mol. Sci. 2022, 23, 3246.
[CrossRef]

25. Kawaguchi, K.; Yoshida, S.; Hatano, R.; Asano, S. Pathophysiological Roles of Ezrin/Radixin/Moesin Proteins. Biol. Pharm. Bull.
2017, 40, 381–390. [CrossRef] [PubMed]

26. Asp, N.; Kvalvaag, A.; Sandvig, K.; Pust, S. Regulation of ErbB2 localization and function in breast cancer cells by ERM proteins.
Oncotarget 2016, 7, 25443–25460. [CrossRef] [PubMed]

27. Tanaka, C.; Kobori, T.; Okada, R.; Doukuni, R.; Tameishi, M.; Urashima, Y.; Ito, T.; Takagaki, N.; Obata, T. Ezrin Regulates the Cell
Surface Localization of PD-L1 in HEC-151 Cells. J. Clin. Med. 2022, 11, 2226. [CrossRef]

28. Tameishi, M.; Ishikawa, H.; Tanaka, C.; Kobori, T.; Urashima, Y.; Ito, T.; Obata, T. Ezrin Contributes to the Plasma Membrane
Expression of PD-L1 in A2780 Cells. J. Clin. Med. 2022, 11, 2457. [CrossRef]

29. Doukuni, R.; Kobori, T.; Tanaka, C.; Tameishi, M.; Urashima, Y.; Ito, T.; Obata, T. Moesin Serves as Scaffold Protein for PD-L1 in
Human Uterine Cervical Squamous Carcinoma Cells. J. Clin. Med. 2022, 11, 3830. [CrossRef] [PubMed]

30. Rizzo, A. Immune Checkpoint Inhibitors and Mismatch Repair Status in Advanced Endometrial Cancer: Elective Affinities.
J. Clin. Med. 2022, 11, 3912. [CrossRef] [PubMed]

http://doi.org/10.1016/j.drup.2020.100718
http://www.ncbi.nlm.nih.gov/pubmed/32736034
http://doi.org/10.1016/j.immuni.2016.06.001
http://www.ncbi.nlm.nih.gov/pubmed/27332730
http://doi.org/10.3390/diagnostics10030146
http://www.ncbi.nlm.nih.gov/pubmed/32156035
http://doi.org/10.1056/NEJMoa2108330
http://doi.org/10.1200/JCO.21.01874
http://doi.org/10.1200/JCO.19.00739
http://doi.org/10.1200/JCO.18.01265
http://www.ncbi.nlm.nih.gov/pubmed/30943124
http://doi.org/10.1016/j.ygyno.2021.08.018
http://doi.org/10.1200/JCO.2015.62.3397
http://doi.org/10.1001/jamaoncol.2018.6258
http://www.ncbi.nlm.nih.gov/pubmed/30676622
http://doi.org/10.3389/fonc.2020.538064
http://www.ncbi.nlm.nih.gov/pubmed/33194598
http://doi.org/10.3390/cancers12113352
http://doi.org/10.3390/ijms23063246
http://doi.org/10.1248/bpb.b16-01011
http://www.ncbi.nlm.nih.gov/pubmed/28381792
http://doi.org/10.18632/oncotarget.8327
http://www.ncbi.nlm.nih.gov/pubmed/27029001
http://doi.org/10.3390/jcm11082226
http://doi.org/10.3390/jcm11092457
http://doi.org/10.3390/jcm11133830
http://www.ncbi.nlm.nih.gov/pubmed/35807113
http://doi.org/10.3390/jcm11133912
http://www.ncbi.nlm.nih.gov/pubmed/35807197

	References

