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ABSTRACT
Peptide vaccine are a type of immunotherapy that are synthesized according to the amino acid sequence 
of known or predicted tumor antigen epitopes. They are safe and well tolerated and have shown exciting 
results in gynecologic oncology. However, no peptide vaccine has yet been licensed in this field. This 
review examines peptide vaccine clinical trials in gynecology registered on ClinicalTrials.gov through 
January 1, 2022, analyzes the global progress and current achievements of peptide vaccines in gynecol-
ogy, and explores the efforts focused on devising new methods to boost immunotherapeutic outcomes, 
including the use of adjuvants, multi-epitope vaccines, combinations of helper T cell epitopes, persona-
lized peptide vaccines, synthetic long peptides, new peptide delivery, and combination therapy.

ARTICLE HISTORY 
Received 15 January 2022  
Revised 21 March 2022  
Accepted 4 April 2022 

KEYWORDS 
Peptide; gynecology; cancer; 
adjuvant; multi-Epitope; 
neoantigen

Introduction

Compared to traditional surgery, radiotherapy, and che-
motherapy, immunotherapy1,2 is a promising new frontier for 
the treatment of cancer. Immunotherapies include a broad 
range of therapeutics, including cell therapy, such as chimeric 
antigen receptor T-cell immunotherapy and T-cell receptor 
engineered T cells; immune checkpoint inhibitor therapy 
(CPI) such as cytotoxic T lymphocyte associated antigen 4, 
programmed cell death protein-1 (PD-1), and programmed 
death-ligand 1 (PD-L1) antibodies; and cancer vaccines,3 

such as peptide vaccines and dendritic cell (DC) vaccines.
Peptide vaccines4–6 aim to provoke an immune response 

against tumor-associated antigens (TAAs) or tumor-specific 
antigens (TSAs) and are created using purified, recombinant 
or synthetically engineered epitopes to elicit a host immune 
response with T cell activation. DC vaccines can introduce 
tumor antigens, such as peptides, proteins, or tumor lysates, 
to DCs in vitro, which are the most powerful antigen- 
presenting cells (APCs). Then DCs be injected into patients, 
and process the antigen and express antigen information on 
the cell surface7 thus initiating the immune response. We will 
also discuss peptide pulsed-DC vaccines in this review.

A number of peptide vaccine clinical trials are underway for the 
secondary or tertiary treatment of cancers (for treatment after 
cancer detection). Peptide vaccines have shown durable clinical 
responses in a wide variety of tumor types and offer compelling 
advantages such as high specificity, few side effects, stable chemical 
properties, and lack of carcinogenic potential.8–10 Because most 
tumor drugs are macromolecules, and penetrating solid tumors 
with macromolecules can be difficult, another advantage of 

peptide vaccines is their structural characterization. Nevertheless, 
peptide vaccines still have limited therapeutic activity in inducing 
tumor regression and no vaccine has been licensed for treatment. 
However, several new developments may change this.

There is a lack of comprehensive data on peptide vac-
cines in gynecologic oncology, especially regarding the pro-
gress of new peptide vaccine clinical trials and recent 
achievements in this specialized field. Therefore, we ana-
lyzed registered clinical trials from Clinical Trials.gov to 
highlight the current state of peptide vaccines in gynecolo-
gic oncology, aiming to provide useful information and 
fresh ideas for academic organizations, policy makers and 
pharmaceutical enterprises.

Materials and methods

We searched the ClinicalTrials.gov website using the keywords 
“peptide” AND “vaccine” in the “Other terms” field, restricting 
the study start time to before 1 January 2022.

The inclusion criteria for the trials were as follows: (1) 
a clinical trial must be intended for a peptide vaccine. 
Peptide-pulsed DC vaccines were also included; (2) trials 
involving gynecology were deemed eligible; and (3) trials 
were started before 1 January 2022. The exclusion criteria 
for the trials were as follows: (1) ambiguous conditions 
defined as gynecological disease, and (2) no evidence to 
confirm that the vaccine is a peptide. A peptide vaccine 
that prevents an infection that progresses to cancer is con-
sidered an infectious disease vaccine and not a cancer vac-
cine, and such vaccines were not included.

CONTACT ShaSha Xing xingshasha1230@126.com Chengdu Women’s and Children’s Center Hospital, 1617 Riyue Avenue, Qingyang district, Chengdu City, 
Sichuan 610000, China
*These authors contributed equally to this work.
#These authors contributed equally to this work.

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2022, VOL. 18, NO. 5, e2062982 (12 pages) 
https://doi.org/10.1080/21645515.2022.2062982

© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0001-7284-6097
http://orcid.org/0000-0003-2510-3236
http://orcid.org/0000-0003-1872-6806
http://orcid.org/0000-0003-4001-3909
http://orcid.org/0000-0001-9805-221X
http://orcid.org/0000-0002-8245-0683
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2062982&domain=pdf&date_stamp=2022-08-25


We screened 870 clinical trials, excluded 798 trials based on 
the condition and 23 trials based on the type of vaccine, and 
finally included 49 clinical trials. The data-retrieval process is 
illustrated in Figure 1.

The following information was collected for analysis: trial 
identifier, trial title, conditions, start date, trial phases, trial 
status, location, adjuvant, epitopes, drug target, peptide length, 
peptide delivery, and combination therapy. Numbers and per-
centages were used for categorical variables according to 
descriptive analyses. Microsoft Office Excel 2007 was used for 
data processing and analysis.

This study was exempt from institutional review board 
review because it only involved publicly available data without 
personal information or human subjects.

Results

Basic characteristics

Clinical trials examining peptide vaccines in gynecology were 
mainly conducted in ovarian cancer (OC) (10, 20.4%), cervical 
cancer (5, 10.2%), endometrial cancer (1, 2.0%), and multiple 
cancers (33, 67.3%), which included not only gynecological 

cancers, such as fallopian tube cancer, vulva, and vaginal can-
cer, but also other cancers. Most clinical trials of peptide 
vaccines were concentrated in the United States (36, 73.5%) 
and Europe (10, 20.4%).

Twenty-eight (57.1%), 9 (18.4%), and 11 (22.4%) trials were 
phase 1, phase 1/2, and phase 2 trials, respectively. Only 1 trial 
(2.0%) was in early phase 1.More than half of the peptide 
vaccine clinical trials (27, 55.1%) were complete; 10 (20.4%) 
trials were still in the recruiting stage. Four trials had been 
terminated, including those with vaccines targeting p53 
(NCT00001827), EGFRvIII (NCT00023634), MAGE-A1 
+HER2+FBP (NCT00373217), and FRα (NCT02978222). One 
trial was withdrawn, which was testing a vaccine targeting p53 
(NCT00001827).

Figures 2 and 3 illustrate the numbers of registered clinical 
trials grouped by study phase and status.

Adjuvants

Adjuvants are extensively used to enhance the strength and 
longevity of immune responses,11,12 significantly influenced 
the kinetics, magnitude, and quality of responses elicited by 
vaccination. Therefore, many clinical trials are exploring new 
adjuvants for peptide vaccines to improve their efficacy. 
Thirty-five (71.4%) clinical trials in gynecological oncology 
used adjuvants, and 17 (34.7%) used more than one adjuvant. 
Six (12.2%) trials using adjuvants were for the treatment of OC, 
3 (6.1%) were for the treatment of cervical cancer, and 26 
(53.0%) were for the treatment of multiple cancers.

The most common adjuvants were GM-CSF, which stimu-
lates APC maturation, and Montanide ISA-51. There were also 
trials examining toll-like receptor (TLR) agonists as adjuvants, 
including poly-ICLC, a synthetic, stabilized, double-stranded 
RNA viral mimic capable of activating multiple innate immune 
receptors, and the TLR-2 ligand Amplivant® (NCT02821494). 
Cytokines, including interleukins and interferons, such as IL-2, 
IL-4, IFN-α2b, and pegylated IFNα, were also used in trials of 
peptide vaccines to boost immunity.Figure 1. Data-Retrieval process.

Figure 2. Number of registered clinical trials grouped by study phase.
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As some toxins produced by pathogens,8 such as tetanus 
toxoid or staphylococcus aureus enterotoxin B, can increase 
infection and tissue damage by inducing effects such as hemor-
rhaging or inflammation, two clinical trials (NCT00091273 and 
NCT00373217) added a tetanus toxoid helper peptide to boost 
the immune response, and one trial (NCT00478452) added 
influenza vaccine and Prevnar pneumococcal vaccine to aug-
ment T helper (Th) cell immunity.

For example, vaccination with NY-ESO-1 overlapping pep-
tides (OLP) (NCT00616941) for treatment of multiple cancers, 
including ovarian cancer and fallopian tube cancer. NY-ESO-1 
OLP alone were unable to detect NY-ESO-1 specific antibody and 

CD8+ T cells in patients. But these antibody and CD8+ T cells 
were found in 6 of 13 (46%) and 8 of 13 (62%) patients, respec-
tively, after vaccination with OLP+Montanide, and in 10 of 11 
(91%) and 10 of 11 (91%) patients after vaccination with OLP 
+Montanide+Poly-ICLC.13 Emulsification of peptides in 
Montanide was required for the expansion of high-avidity NY- 
ESO-1 specific CD4+ T-cell precursors, and Poly-ICLC further 
accelerated and enhanced immune responses by significantly 
enhancing CD4+ Th1 responses.14

On the other side, as traditional adjuvants and carriers are asso-
ciated with poor efficacy, peptide vaccine designs with built-in adju-
vants have been proposed, including DPX-0907 (NCT01095848), 

Figure 3. Number of registered clinical trials grouped by status.

Figure 4. Adjuvants in peptide vaccine clinical trials.
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DPX-Survivac (NCT01416038), PGV001(NCT02721043), NeoVax 
(NCT04024878), PDS0101 (NCT04287868 and NCT04580771), 
OSE2101 (NCT04713514), and ELI-002 (NCT04853017).

ELI-002 is an amphiphile (AMP) KRAS investigational 
therapeutic vaccine containing AMP mKRAS peptide antigens 
and ELI-004 is an AMP-modified immune-stimulatory oligo-
nucleotide adjuvant.

Figure 4 shows the studies examining adjuvants in peptide 
vaccine clinical trials.

Multi-Epitope peptide vaccines

Epitopes are special chemical groups in antigen molecules 
that determine antigen specificity and are also known as 
antigenic determinants. Incorporating multiple peptide epi-
topes into peptide vaccines can increase the chance of 
activating multiple T cell populations and avoid tumor 
immune escape by overcoming loss or changes of epitopes 
during tumor progression.6,15 Multi-epitope vaccines also 
have unique advantages in inducing cellular immunity.

As CD4+ Th cells play an important role in the stimula-
tion and maintenance of antitumor immunity, adding Th 
cell epitopes to peptide vaccines is another effective method 
to improve the immunogenicity of the vaccine and enhance 
the T cell response. For example, the pan HLA DR-binding 
epitope (PADRE) can be fused to peptide sequences to 
deliver robust help signals in vivo. DPX-0907 
(NCT01095848), DPX-Survivac (NCT01416038), TPIV200 
(NCT02764333 and NCT02978222), and OSE2101 
(NCT04713514) are multi-epitope vaccines. DPX-0907 con-
sists of seven tumor-specific HLA-A2-restricted peptides, 
a universal Th peptide, a polynucleotide adjuvant, 
a liposome, and Montanide ISA 51 VG, based on a novel 
non-emulsion depot-forming vaccine platform called 
DepoVax™. In a phase I clinical study, the DPX-0907 vac-
cine was shown to be safe and well tolerated. Further, 
breast and OC patients exhibited an 89% immune response 
rate to DPX-0907.16

DPX- Survivac17 contains Survivin-derived peptides and a Th 
peptide epitope, based on DepoVax™. A trial of DPX-Survivac 
with intermittent low dose cyclophosphamide for treatment of 
recurrent, advanced platinum-sensitive and resistant ovarian 
cancer showed an overall survival rate of 44.9% at 23.8 months 
of follow up and a median overall survival of 19.9 months.

There are currently two trials in OC examining TPIV200, 
a multi-epitope FRα vaccine. TPIV200 combined with the PD- 
L1 inhibitor durvalumab in advanced, platinum-resistant OC is 
safe, with a related grade 3 toxicity rate of 18.5%. Increased 
T cell responses to the majority of peptides were observed in all 
patients at 6 weeks, and the median overall survival was 21  
months, with evidence of benefit from post-immunotherapy 
regimens.18

A trial for OSE2101, an emulsion of a peptide suspension in 
Montanide ISA 51 adjuvant containing 10 synthetically man-
ufactured peptides, including a p53 peptide, is still in the 
recruitment stage.

Examples of multi-epitope peptide vaccines and the addi-
tion of Th cell epitopes are shown in Table 1.

Synthetic long peptide (SLP) vaccines

Synthetic long peptides, which are generally more than 20 
amino acids in length require processing and thus favor pre-
sentation by APCs, such as DCs, allowing for broader T-cell 
responses by provoking both CD4+ T cells and CD8+ T cells.19 

We identified eight (16.3%) registered SLP vaccine clinical 
trials in gynecological cancers, including those examining the 
P53-SLP vaccine (NCT00844506 and NCT01639885) in OC, 
ISA101/ISA101b (NCT02128126) in cervical cancer, and 
PGV001 (NCT02721043) in multiple cancers.

ISA101/ISA101b is a novel therapeutic SLP vaccine target-
ing HPV16 E6/E7. Treatment with the ISA101 vaccine and 
carboplatin/paclitaxel chemotherapy in 77 patients with 
advanced, recurrent, or metastatic cervical cancer caused 
tumor regression in 43% of 72 evaluable patients. Patients 

Table 1. Multi-Epitope peptide vaccines and the addition of Th cell epitopes.

Identifier Condition Drug administration Status Drug target Th cell epitope

NCT00155766 Cervical Cancer injection Unknown status HPV16 E7
NCT00478452 Multiple cancers intradermal Completed HER2;hTERT PADRE
NCT00676949 Multiple cancers subcutaneous Completed TAA
NCT00373217 Multiple cancers intradermal/subcutaneous Terminated MAGE-A1;HER2;FBP
NCT00703105 Ovarian Cancer infusion Recruiting MUC1;WT1
NCT00819806 Multiple cancers subcutaneous Completed NY-ESO-1
NCT01095848 Multiple cancers subcutaneous Completed TAA a Th (A16 L) peptide epitope derived 

from tetanus toxoid
NCT01376505 Multiple cancers intramuscular Recruiting HER2 Measles Virus Fusion protein 

“promiscuous” Th cell epitope
NCT01416038 Multiple cancers subcutaneous Completed Survivin Th cell epitope
NCT01606241 Multiple cancers intradermal Completed FRα
NCT02111941 Multiple cancers intradermal Active, not recruiting FRα
NCT02821494 Multiple cancers Completed HPV16 E6 Th cell epitope
NCT02764333 Ovarian Cancer intradermal Completed FRα
NCT02978222 Ovarian Cancer intradermal Terminated FRα
NCT04212377 Endometrial Cancer intranodal Completed MUC1;Survivin
NCT04713514 Ovarian Cancer subcutaneous Recruiting TAA
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mounted type 1 T cell responses to the vaccine across all doses, 
and it provided a much stronger therapeutic immunity than 
chemotherapy alone.20

Personalized peptide vaccines

A personalized peptide vaccine21 can consist of synthetic 
peptides or genes encoding neoantigens designed to target 
specific epitopes. TSAs are only expressed in tumor cells, 
not in normal cells; thus, using TSAs in vaccines avoids the 
issue of host immune tolerance and autoimmunity. 
Neoantigens22–24 are TSAs formed by non-synonymous 
mutations in the tumor genome. A trial examining 
NeoVax (NCT04024878), a personalized neoantigen long- 
peptide vaccine formulated using TLR-3 and the MDA5 
agonist poly-ICLC, for the treatment of OC in combination 
with the PD-1 blocking antibody nivolumab is still in the 
recruitment stage.

Combination therapy

Overall, there were 21 (42.9%) peptide vaccine clinical 
trials examining combination treatment with other thera-
pies, including chemotherapy, surgery, radiotherapy, and 
other immunotherapies, such as immune-checkpoint 
blockade using monoclonal antibodies specific for PD-1 
and PD-L1.

Combination therapy was mainly used for multiple can-
cers (8, 16.3%), OC (3, 6.1%), and cervical cancer (1, 2.0%). 
Initially, vaccines were combined with chemotherapy, 
although more recent trials included combination with 
immune CPI therapies.

The treatment of gynecologic cancers requires appropriate 
countermeasures. For example, ISA101 can only partially con-
trol tumor progression. Systemic delivery of chemotherapy 
prior to vaccination reduced genital tumor growth at the time 
of vaccination, and decreased infiltration of tumor-associated 
macrophages, as a result, significantly increased survival.25

The number of trials examining combination therapies is 
shown in Figure 5.

Time trends

The numbers of clinical trials of multi-epitope peptide vaccines, 
peptide vaccines with Th cell epitopes, personalized peptide vac-
cines, SLP vaccines, and combination therapies have increased 
over time. Although the number of trials of peptide-pulsed DC 
vaccines did not increase between 2011 and 2021, a new attempt 
was made to identify DC subsets for vaccination. DECENDO 
(NCT04212377) is a combination of myeloid DCs (myDCs) and 
plasmacytoid DCs (pDCs) loaded with MUC1 and survivin inhi-
bitors and tumor lysate for immunotherapy in patients with 
metastatic endometrial cancer. No results available yet.

Details of the clinical trials over time are shown in Table 2.

Drug target

The most common targets of peptide vaccines in clinical trials 
for gynecologic cancers were HPV16 E6/E7 (7, 14.3%), p53 (5, 
10.2%), human epidermal growth factor receptor 2 (HER2) (4, 
8.1%), New York esophageal squamous cell carcinoma 1 (NY- 
ESO-1) (4, 8.1%), and FRα (4, 8.1%).

HPV16 E6 and E7 are the main drivers of HPV carcinogen-
esis, and sustained expression of the viral E6 and E7 oncogenes 
causes the growth of HPV-positive cancer cells. E6 and E7 are 
attractive therapeutic targets because their inhibition rapidly 
induces senescence in HPV-positive cancer cells.26 Examples 
are ISA101/ISA101b and PDS0101.

PDS0101 consists of HLA-unrestricted HPV16 peptides and 
the immune-activating cationic lipid R-DOTAP as an adju-
vant. R-DOTAP is based on the Versamune® platform, which 
assembles lipids spontaneously into nanoparticles in a water- 
based medium and makes them the proper size to mimic an 
artificial virus. R-DOTAP can act as an immune cell stimulant 
on immature DCs, thus enhancing immune function. There is 
a current ongoing clinical trial of PDS0101 (NCT04287868) 
with two immune modulators for advanced HPV-associated 
malignancies, which plans to recruit 56 patients. One modu-
lator is Bintrafusp alfa (M7824), a first-in-class bifunctional 
fusion protein designed as a CPI that blocks PD-L1 and 
recruits transforming growth factor-β receptor type II to the 
tumor microenvironment (TME). The other is NHS- 
interleukin-12 (NHS-IL12), a tumor-targeting immunocyto-
kine that enhances the inflammatory Th1 response by recruit-
ing IL-12 to the TME.2

In the interim data from PDS biotechnology, as of 
1 March 2021, the study had enrolled a challenging patient 
population: 96% had failed both chemotherapy and radia-
tion treatment, and 56% had also failed CPI therapy. 
Twenty-five patients received triple combination therapy 
of PDS0101, Bintrafusp alfa, and NHS-IL12, including 3 
(12%) patients with vaginal/vulvar cancer and 10 (40%) 
with cervical cancer, anal cancer, or head and neck cancer. 
This combination therapy achieved an 83% objective 
response rate among HPV16-positive CPI-naive patients 
(5/6) and a 58% tumor reduction rate among HPV16 CPI- 
refractory patients (7/12). It also showed promising dur-
ability in HPV16-positive CPI-naive and CPI-refractory 
patients. Further, 89% (16/18) of HPV16-positive patients 
with CPI-naive and CPI-refractory advanced disease were Figure 5. Number of trials examining combination therapies.
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alive at a median 8 months of follow-up. The results in 
seven HPV16-negative patients suggest a critical role for 
PDS0101-induced HPV16-specific CD8+ T cells in promot-
ing tumor reduction and survival.

There is also a clinical trial examining PDS0101 for the 
treatment of locally advanced cervical cancer in combination 
with chemoradiotherapy (NCT04580771). MD Anderson’s 
independent study suggests that patients with HPV-specific 
T cells may have improved clinical outcomes.

The tumor suppressor gene TP53 is the most commonly 
mutated gene in tumors, with TP53 mutations occurring in 
50% of spontaneous cancers in humans.27 The p53 protein 
encoded by TP53 plays a key role in cell cycle regulation, 
DNA repair, and apoptosis induction. p53 SLP vaccine 
(NCT01639885) induced p53-specific T-cell responses in 
patients with platinum-resistant ovarian cancer ovarian cancer 
and the combination of gemcitabine and Pegintron stimulated 
higher frequencies of circulating proliferating CD4+ and CD8+ 
T-cells but not regulatory T-cells.28

HER2 is a member of the epidermal growth factor receptor 
family and has tyrosine kinase activity. Carcinogenic activation of 
HER2 can be caused by overexpression of HER2 protein, gene 
amplification, or gene mutation and occurs in a variety of 
malignancies.

NY-ESO-129 is a cancer-testis antigen with aberrant re- 
expression in many cancers. It is a good target for cancer 
immunotherapy because it elicits spontaneous humoral and 
cellular immune responses and has a restricted expression 
pattern. An example is NY-ESO-1 overlapping peptides for 
epithelial ovarian, fallopian tube, or primary peritoneal cancer.

FRα is a folate-binding protein located on the cell mem-
brane. It is overexpressed in many malignant tumors but has 
limited expression in normal tissues. FRα has a high affinity for 

non-physiological folic acid and participates in the signal 
transduction and survival signaling pathway in cancer cells. 
An example is TPIV200 for ovarian cancer.

Details of drug targets in peptide vaccine clinical trials in 
gynecological cancers are shown in Table 3.

Adverse event

The most common adverse events (AEs) associated with this 
immunotherapeutic paradigm were minor reactions at the injec-
tion site, nausea, fatigue, and some AEs were associated with drug 
combinations or adjuvants. All trials reported either no severe 
side effects or severe side effects in a small number of participants.

Details of adverse events to peptide vaccines are shown in 
Table 4.

Discussion

Thus far, cancer vaccines have had limited clinical success; only 
one DC vaccine, Provenge (Sipuleucel-T), was licensed for 
prostatic cancer in 2010, ushering in a new era of cancer 
immunotherapy. Currently, most peptide vaccines in gynecol-
ogy are still at an exploratory stage. Many efforts have been 
made to strengthen immunotherapy, as discussed below.

Adjuvant

Previous studies have shown that the structure of peptide 
vaccines leads to rapid degradation in vivo, which limits the 
ability of antigen cross-presentation, and low immunogenicity 
makes the vaccine unable to induce a persistent and strong 
T cell immune response. The choice of adjuvant is critical for 
vaccine efficacy, and there is no consensus on the optimal 

Table 3. Details of drug targets in peptide vaccine clinical trials in gynecological cancers.

Drug target vaccines SLP vaccine peptide-pulsed DC vaccine

HPV16 E6/E7 7 2 (NCT02128126; NCT02821494) 3 (NCT00019110; NCT00003977; NCT00155766)
p53 5 2 (NCT00844506; NCT01639885) 2 (NCT00001827; NCT00019916)
HER2 4
NY-ESO-1 4 1 (NCT00616941)
FRα 4 1 (NCT02111941)
Survivin 3 1 (NCT01456065)
neoantigen 3 2 (NCT04024878; NCT02721043)
TAA 3
FBP 2
p53;ras 1 1 (NCT00019084)
MAGE-12 1
EGFRvIII 1
TAA/TSA 1
HER2;hTERT 1 1 (NCT00478452)
TSA 1
MAGE-A1;HER2;FBP 1
MUC1;WT1 1 1 (NCT00703105)
WT1;NY-ESO-1 1 1 (NCT02737787)
ARG1 1
WT1 1
MUC1;Survivin 1 1 (NCT04212377)
telomerase 1
KRAS 1

Note: Abbreviation: HPV, human papillomavirus. HER2, human epidermal growth factor receptor-2. NY-ESO-1, New York Esophageal Squamous Cell Carcinoma. FRα, 
Folate Receptor Alpha. hTERT, human telomerase reverse transcriptase. FBP, Folate binding protein. ARG1, Arginase-1. EGFRvIII, epidermal growth factor receptor 
variant III. MUC1, mucin-1. KRAS, Kirsten Rat Sarcoma Viral Oncogene Homolog. MAGE, Melanoma-associated Antigen. WT1, Wilms Tumor-1.
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adjuvant for a therapeutic vaccine. The primary role of adju-
vants in peptide vaccines is to ensure sufficient costimulation 
by APCs that prime T cells, help overcome obstacles, and exert 
immune-enhancing effects. Additional adjuvants, such as 
built-in adjuvants, are in development. A promising example 
is PDS0101 for multiple cancers including cervical cancer.

Multi-Epitope vaccines and SLP vaccines

TAAs often display limited antigenicity, are expressed in both 
normal tissues and tumor tissues, although at different levels, 
cause immune tolerance, and can provoke an autoimmune 
response. Improving the recognition of TAA-specific cytotoxic 
T lymphocyte (CTL) and helper T lymphocyte (HTL) epitopes 
is the key to TAA-derived peptide vaccines. The development 
of multi-epitope, SLP peptide vaccines, as well as adding the Th 
epitope, are additional solutions to improving the efficacy of 
cancer vaccines.

Peptide vaccine may confer some advantage over vaccines 
consisting of larger protein sequences or whole inactivated 
virus as they are smaller and may elicit a more focused immune 
response toward critical epitopes.30 However, due to the major 
histocompatibility complex polymorphism, a vaccine raised 
against a single-epitope peptide may fail to induce an adequate 
CTL and antibody response because of the lack of an appro-
priate HTL for the immune response. Targeting only one 
epitope should be a matter of concern in heterogeneous anti-
gen expression and the outgrowth of antigen-negative tumor 
cells; multi-epitope vaccines are a solution to this problem as 
long as sufficient tumor antigens are identified.

CD4+ T cells, especially Th1 cells, can help prime CD8+ 
T cells, recruit them to the tumor site, and establish memory, 
and CD8-independent antitumor functions may be exerted, 
justifying CD4-inducing approaches in peptide vaccines. The 
addition of Th cell epitopes to peptide vaccines contributes to 
this phenomenon.

Therefore, the development of new safe, effective, more 
widely adapted multi-epitope vaccines containing Th cell epi-
topes with stronger antigenicity will have broad applicational 
prospects in immunotherapy. DPX- Survivac and TPIV200 are 
promising peptide vaccines for OC. Both vaccines have 
received orphan drug designation status from the U.S. Food 
and Drug Administration in the OC indication. More clinical 
trials of DPX- Survivac with CPI or other immunomodulators 
are ongoing. And although TPIV200 in combination with 
durvalumab induced robust FRα-specific T cell responses in 
majority of patients, this study failed to meet its prespecified 
clinical efficacy endpoint. Even in the setting of a therapy 
targeting T cell exhaustion, development of vaccine-specific 
T cell responses was still not sufficient to drive tumor 
regression.18 More researches are needed.

Short-length peptides, which are approximately 8–11 amino 
acids in length, are based on MHC class I (MHC-I) molecule 
presentation and CD8+ T cell recognition. A peptide contain-
ing 12–25 amino acids is presented to MHC-II molecules and 
recognized by CD4+ T cells. Extending short peptides into long 
peptides can overcome immune tolerance and induce both 
CD4+ and CD8+ T cell responses.31 Moreover, binding motifs 
for multiple MHC alleles may be present, which can be further 

increased by using multiple SLPs.19 Conversely, injection of 
a short peptide vaccine based on minimal peptide epitopes has 
the risk of binding exogenously to MHC-expressing cells that 
do not express costimulatory molecules and, as a result, do not 
efficiently stimulate T cells. NY-ESO-1 OLP and p53 SLP 
vaccine are promising peptide vaccine against multiple cancers 
and OC, respectively.

Personalized peptide vaccines

Personalized peptide vaccines have the potential advantages of 
maximizing therapeutic specificity, diminishing central 
immune tolerance, and overcoming immune tolerance. 
Neoantigens, also known as shared neoantigens, may be pre-
valent in some patients and tumor types. However, most 
neoantigens are unique to individual patients.32 With contin-
uous technological progress in genetic and bioinformatic ana-
lyses, such as single-cell sequencing and high-throughput 
sequencing technologies, designing peptide vaccines targeting 
neoantigens as personalized cancer immunotherapy for indi-
vidual patients are no longer difficult.33

Although neoantigens are promising targets for immu-
notherapy, the time required to synthesize personalized pep-
tide vaccines remains a major weakness because of the 
possibility of missing a crucial period of cancer treatment. 
Additional factors, such as the influence of neoantigen- 
specific T cell immunity, complexity, and continuous evolution 
of the TME, which can attenuate the anticancer immune 
response of vaccines, must also be considered.

NeoVax is promising against ovarian cancer. Although this 
clinical trial is still in recruiting stage, another trial of NeoVax 
for melanoma was completed, and showed a good result by 
inducing long-term persistence of T cell responses.34

Vaccine delivery

Homing a peptide vaccine to the right location is critical to 
creating a powerful immune response. Peptide vaccines can be 
delivered directly to the tumor through various routes, includ-
ing intravenous, intramuscular, subcutaneous and intradermal.

It is also possible to use DCs, the most potent T cell stimu-
lators in vivo, for delivery to improve the immunogenicity of 
peptide vaccines. This involves harvesting peripheral blood 
mononuclear cells, peripheral blood stem cells or autologous 
DCs, and expanding them in vitro and pulsing them with 
peptides. The final step is transferring the activated DCs back 
to the patient to activate the immune response. Most clinical 
trials use monocyte-derived DCs (moDCs) because of the 
difficulty in obtaining a sufficient number of more related 
and available DC subsets for vaccination. However, moDCs 
do not have all the costimulatory molecular and antigenic 
cross-presentation mechanisms available for other DC subsets; 
therefore, they may not be the best source for DC-based 
immunotherapy. DC subsets have distinct functional 
characteristics,35,36 and CD1c+ myDC- and pDC-based immu-
notherapies show encouraging immunological and clinical 
outcomes.37 There have been studies in this field that have 
made more attempts, e.g., the DECENDO trial.
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Another approach uses nanoparticles38 as delivery vehicles, 
including liposomes, amphiphilic compounds, and self- 
assembled nanoparticles, for example, PDS0101 which delivers 
the immune nanoparticle liposomal HPV-16 E6/E7 multipep-
tide. And in animal experiment of ISA101, therapy was further 
refined by using a optimized nanoparticle-conjugated ISA101, 
even larger end-stage genital-TC-1 tumors responded, with 
much higher survival benefit than the traditional ISA101 
‘liquid’ vaccine.25

Delivery systems still have many problems, such as high 
cost, complex preparation processes, and significant differ-
ences in delivery efficiency for different antigens. Sending the 
vaccine to the right location to mount a robust, antigen-specific 
immune response is a barrier limiting the clinical application 
of peptide vaccines. As DC subsets prove more advantageous, 
the combination of peptides with DC subsets, such as conven-
tional type 1 DCs, is also promising. However, the results in 
these areas are still limited, and further studies are warranted.

Combination therapy

Peptide vaccines may not be the optimal approach for all 
cancer treatments; however, they can improve the curative 
effect of surgery, chemotherapy, radiotherapy, or other 
immunotherapies.39

Clinical researchers have discovered that certain che-
motherapeutic agents used in the right sequence can elicit 
immunogenic tumor cell death to promote antitumor immu-
nity, anti-angiogenic strategies can enhance T-cell infiltration, 
and immune checkpoint blockades, which can help rescue 
exhausted T cells play a prominent synergistic effect by target-
ing the TME for the treatment of malignant tumors.40

Scientists of this field are trying to make the perfect combi-
nation therapy. For example, in addition to combining ISA101 
with chemotherapy,20 the combination of ISA101 and nivolu-
mab was also explored. Enrichment in gene sets associated with 
interferon-γ response and immune infiltration strongly pre-
dicted response to therapy. A randomized trial is ongoing to 
test this strategy and to further explore correlates of immune 
response with combined ISA101 and nivolumab, versus nivo-
lumab alone.41

Limitations

Several limitations need to be acknowledged. A potential selec-
tion bias may exist, and a small amount of data may be missed 
when manually searching all peptide vaccine clinical trials in 
gynecology on ClinicalTrials.gov. Further, the database may 
not contain all clinical trials or lack public data for some trials 
that explore new ways to boost therapeutic outcomes. 
Therefore, caution should be taken when interpreting this 
review. However, these limitations should not affect the overall 
analysis results.

Conclusions

This review described the progress of peptide vaccine clinical 
trials in gynecological oncology and analyzed the current 
achievements. Although much data on peptide vaccine clinical 

trials have not been published, peptide vaccines were generally 
safe and well tolerated. From time trends, the potential of pep-
tide vaccines for gynecologic cancer can be seen through the 
development of new adjuvants, multi-epitope vaccines contain-
ing Th cell epitopes, and SPL vaccines. Further studies should 
also focus on overcoming the complex and time-consuming 
work of personalized peptide vaccines and finding more efficient 
ways for vaccine delivery, such as nanoparticles or DC subtypes. 
Larger obstacles remain that have hampered the clinical use of 
vaccines, despite their great potential and bright future, and 
these new developments in peptide vaccines are ongoing.
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