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Cervical cancer is one of the women-associated tumors that affects numerous

people yearly. It is the fourth most common malignancy in women worldwide.

Following early diagnosis, this cancer can be cured mainly by traditional

methods such as surgery, tumor resection, and chemotherapy; nonetheless,

it becomes more challenging to treat in advanced and metastatic stages. With

the advent of novel treatments such as angiogenesis inhibitors or immuno-

checkpoint blockers in recent years, the survival rate of patients with advanced

cervical cancer has significantly increased. However, it has not yet reached a

satisfactory level. It has been revealed that human papillomavirus (HPV)

infection is responsible for more than 90% of cervical cancer cases.

However, evidence revealed that monotherapy with anti-HPV vaccines such

as ISA101 could not affect tumor growth and progression in patients with HPV-

induced cervical cancer. Therefore, combining ISA101 and immune checkpoint

blockers or other immunotherapeutic approaches may be more robust and

effective than monotherapy with ISA101 or immune checkpoint blockers for

treating cervical cancer. This review summarizes the ISA101 properties,

advantages and disadvantages. Furthermore, various conducted combination

therapies with ISA101 and the effectiveness and challenges of this treatment

have been discussed.
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Introduction

Cervical cancer is a principal public health challenge for

women (1). After breast, colorectal, and lung malignancies,

cervical cancer is the fourth reported cancer incidence. It

accounts for around 7.5% of all women’s cancer death

worldwide (2–4). Usually, the age of cervical cancer diagnosis

in women is 53, the age of death of these people is 59 years, and

the survival rate is about 5.5 years (3, 5). Federation of

Gynecology and Obstetrics (FIGO) 2018 staging system for

cervical cancer is shown in Table 1 (6).

Evidence demonstrated that HPV strain type and epigenetics

are the main pathogenic risk factors accountable for advanced

cervical cancers. In HPV, E6 and E7 proteins lead to the

proliferation and growth of cervical tumor cells (7).

Notwithstanding the increasing efforts to improve therapy in

cervical cancer, the majority of women still die, generally from

the chemoresistant or recurrent disease (8). Surgery,

radiotherapy, chemotherapy, targeted drug therapy, and

immunotherapy are the available therapeutic approaches to

treat cervical cancer. However, monotherapy with these

methods has not been successful. Therefore, researchers are

trying to design and employ novel combination therapies, such

as combining cancer vaccines with immune checkpoint blockers

(9, 10).

ISA101 is one of the most effective vaccines containing

synthetic peptides E6 and E7 HPV-16. After the vaccine is

injected, the peptides are captured and processed by dendritic

cells (DCs). In the next step, these processed antigens are

presented to specific CD4+ and CD8+ T cells, ultimately

triggering anti-tumor responses (11). According to available

studies, the ISA101 vaccine may be involved in the clearance

of peritumoral lesions. In this regard, this vaccine can eradicate

HPV-16 + pre-malignant vulvar lesions, which are associated

with the strength of T cell-dependent responses. Although this

vaccine can elicit immune responses, monotherapy clinical

outcomes show its ineffectiveness due to barriers such as

immunosuppressive tumor microenvironment (TME) and

inhibitory components of the immune system (12). Therefore,

combining ISA101 with other agents used in immunotherapy,

such as immune checkpoint blockers, can increase the

effectiveness of treatment. This review discusses the ISA101

vaccine properties, its effect on treating cervical cancer, and

the chances of increasing its effectiveness by employing various

combination therapies.
HPV and cervical cancer

In recent decades, studies on cervical cancer have revealed

that the disease can be associated with infection with specific

HPV serotypes (13). HPV is a member of the Papovaviridae
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family and a relatively small, uncoated virus containing the L1

and L2 capsid proteins and the E proteins involved in

proliferation and tumorigenesis (E1, E2, E4, E5, E6, E7) of

which E6 and E7 are associated with tumorigenesis in cervical

cancer (7, 14) (Figure 1). So far, more than 200 types of HPV

have been identified, about 30 of which are sexually transmitted

and can mainly infect the cervix, vulva, vagina, anus, and penis

(15). Fifteen HPV subtypes are associated with cervical cancer,

and HPV types 16 and 18 are responsible for about 70% of the

disease. Although the majority of HPV16 infections are self-

limited and not associated with any symptoms in some infected

patients, the HPV16 genome can be integrated into the host

cells’ DNA, resulting in persistent infections and pre-neoplastic

lesions formation (16, 17) (Figure 2). On the other hand, cervical

adenocarcinomas are often age-related and less commonly

associated with HPV infection in people over 60 years of age

(18). However, current investigations disclosed that after

HPV16, HPV18 could consider the second most oncogenic

HPV genotype (approximately 10% of cases). HPV18 is highly

involved in adenocarcinoma and adeno/adenosquamous in situ

(19). Furthermore, HPV18-induced cervical cancer has the

worst prognosis among other types of HPV (20, 21).

Based on the association with cervical cancer and its

precursor lesions, genital HPV types are categorized into non-

oncogenic HPV types (6, 11, 42, 43 and 44) and oncogenic types

(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82) (15).

However, non-oncogenic subtypes are also sometimes detected

in cervical cancer. HPV usually affects the cutaneous mucosal

epithelium, and viral particles begin to replicate in mature

epithelial cells. Disruption of the normal cell cycle and

stimulation of uncontrolled cell division by the virus causes

genetic damage (22). In most healthy people, cervical changes

following an HPV infection are transient and resolve

spontaneously within one to three years.

Nonetheless, factors such as genetics, polymorphisms in

genes involved in infection clearance, coinfections, recurrent

mutations and the development of new HPV variants increase

the risk of cervical cancer. In addition, individual hormonal

patterns, impaired antiviral immune responses, and recurrent

infections are other risk factors for cervical cancer (13).

Therefore, diagnosing and preventing HPV infection is vital in

reducing the risk of cervical cancer. Although this type of

infection does not always lead to cancer, various factors are

involved in this process, many of which are unknown.
Treatment of cervical cancer

Based on available knowledge, the selection of cancer

therapy methods in patients with cervical carcinoma in situ or

stages I–IV cervical cancer is different. Primary cancer therapies

are surgery, radiotherapy, and chemotherapy (1, 23). Surgery

and radiotherapy are frequently employed to treat small-scale or
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early carcinoma, eradicating cell infection and achieving

recovery. Moreover, interventional chemotherapy with

paclitaxel, cisplatin, and carboplatin as co-treatment is used

for the IIA and IB stages of cervical cancer (24). However,

these therapeutic methods are usually limited due to resistance

to treatment, damage to normal cells adjacent to the tumor, and

various side effects. Therefore, HPV vaccines could be a potential

approach for treating HPV infection and HPV-mediated cervical

cancer (25, 26).
HPV vaccines

Traditionally, vaccines have been developed using

pathogenic microorganisms such as bacteria and viruses that

are attenuated or killed, and their antigens are used to stimulate

immune responses (27). The bivalent (HPV-16,18) Cervarix and

quadrivalent (HPV-6,11,16,18) Gardasil vaccines are
Frontiers in Oncology 03
immunogenic and safe; however, this stimulation of the

immune system is more of the humoral immune response and

cannot be effective in anti-tumor defense (28–30). On the other

hand, using cancer-associated antigens or tumor cell

homogenates may increase the risk of autoimmunity (31).

Consequently, novel peptide-based vaccines that stimulate the

cellular immune system are used in cancer therapy, and these

vaccines are being developed and tested in clinical trials (32).

In HPV-induced cervical cancer, peptide-based vaccines

constructed with non-autoimmunogenic cancer-associated

antigens are attractive strategies. One of the advantages of

peptide-based vaccines is the convenient production process

and high storage and transportation stability. However, these

vaccines have low stability and immunogenicity in vivo, which

are the disadvantages of this type of vaccine (33). Several

peptide-based vaccines are being evaluated, including HPV-16

E711-20/86-93 (34), HPV-16 E712-20/86-93 (35), WT-1 (36), P1637-63
(37), PepCan (38), PDS0101 (39), DPX-E7 (40), five peptides
TABLE 1 FIGO staging of cervical cancer (2018).

Stage Description

I • The carcinoma is firmly limited to the cervix (extension to the uterine corpus must be ignored)

IA • Invasive carcinoma is only diagnosed by microscopic examination
• Maximum depth of invasion lower than 5 mm

IA1 • Measured stromal invasion lower than 3 mm in depth

IA2 • Measured stromal invasion greater than or equal to 3 mm and lower than 5 mm in depth

IB • Invasive carcinoma with measured deepest invasion greater than or equal to 5 mm (greater than Stage IA)
• Lesion are limited to the cervix uteri

IB1 • Invasive carcinoma greater than or equal to 5 mm depth of stromal invasion, and lower than 2 cm in greatest
dimension

IB2 • Invasive carcinoma greater than or equal to 2 cm and lower than 4 cm in greatest dimension

IB3 • Invasive carcinoma greater than or equal to 4 cm in greatest dimension

II • The carcinoma invades beyond the uterus
• The carcinoma has not extended onto the lower third of the vagina or to the pelvic wall

IIA • Tumor limited to the upper two-thirds of the vagina
• Parametrial is not involved in this stage

IIA1 • Invasive carcinoma lower than 4 cm in greatest dimension

IIA2 • Invasive carcinoma greater than or equal to 4 cm in greatest dimension

IIB • Parametrial is affected but not up to the pelvic wall

III • The carcinoma involves the lower third of the vagina
• Extends to the pelvic wall leading to hydronephrosis or nonfunctioning kidney
• Involvement of pelvic and/or para-aortic lymph nodes

IIIA • The carcinoma involves the lower third of the vagina
• The pelvic wall is not affected

IIIB • Extension to the pelvic wall
• Hydronephrosis or nonfunctioning kidney

IIIC • The pelvic and/or para-aortic lymph nodes are involved
• Regardless of tumor size and extent

IIIC1 • Pelvic lymph node metastasis only

IIIC2 • Para-aortic lymph node metastasis

IV • The carcinoma has extended beyond the true pelvis or has involved (biopsy proven) the mucosa of the bladder or
rectum
* A bullous edema, as such, does not permit a case to be allotted to this stage

IVA • Tumor spreads to adjacent pelvic organs
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(FOXM1-262, MELK-87-7N, HJURP-408, VEGFR-1-1084 and

VEGFR-2-169 in Montanide ISA51 adjuvant) (41), and ISA101

(42). Among the mentioned peptide-based vaccines, we have

studied the characteristics and effectiveness of the ISA101

vaccine and discussed the outcomes, advantages and

disadvantages of combination therapies performed with this

vaccine in the treatment of cervical cancer.
Immunotherapeutic approaches

Cancer immunotherapy is a novel treatment option that has

yielded satisfactory results in recent years. Since most cases of

cervical cancer are caused by HPV infection, the integration of

viral oncoproteins E6 and E7 in the genome of host cells and

uncontrolled expression of these proteins increases the

probability of genetic mutations and immune escape (15, 43).

On the other hand, suppressing the expression of inhibitory

molecules such as programmed cell death ligand-1 (PDL-1) by

tumor microenvironment (TME) components and inducing

anti-tumor immune responses are the foundation of cervical

cancer immunotherapy (44, 45). Pembrolizumab (anti-PDL-1

antibody) was the first US Food and Drug Administration

(FDA) approved immunotherapy in 2018 for patients with
Frontiers in Oncology 04
PDL-1+ or resistant/metastatic cervical cancer. Other novels

FDA-approved immunotherapies are pembrolizumab in

combination with bevacizumab and chemotherapy for first-

line PDL-1+ persistent or resistant/metastatic cervical cancer

and tisotumab vedotin for second-line (46). Other novel drugs

such as balstimab, cadonilimab, camrelizumab, cemiplimab,

gepatanolimab, nivolumab, prolgolimab, sinti l imab,

zimberelimab, atezolizumab, durvalumab, IBI-310, ipilimumab,

and zafrelimab often in the category of immune checkpoint

blockers, are also being administered in different phases of

clinical trials on patients with cervical cancer (47). Most drugs

target the PD-1/PD-L1 and cytotoxic T-lymphocyte-associated

protein 4 (CTLA-4) axis. Despite the satisfactory outcomes

obtained from immune checkpoint blockers in the treatment

of cervical cancer, the effectiveness of monotherapy with these

blockers, as well as their toxicity and safety, still need more

investigations in the future.
ISA101 vaccine

ISA101 vaccine comprises 13 long synthetic peptides with 25

to 35 amino acids representing the entire sequence of HPV-16-

derived E6 and E7 oncoproteins administered intradermally or
FIGURE 1

HPV-16 genome. HPV-16 is a relatively small, uncoated virus containing the L1 and L2 capsid proteins and the E proteins involved in
proliferation and tumorigenesis (E1, E2, E4, E5, E6, E7), of which E6 and E7 are associated with tumorigenesis in cervical cancer.
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subcutaneously (Table 2). The SA101 comprised nine E6 and

four E7 synthetic peptides that could be dissolved in dimethyl

sulfoxide (DMSO) and phosphate-buffered saline (pH 7.5) and

emulsified with incomplete Freund’s adjuvant (Montanide ISA
Frontiers in Oncology 05
51) (48). These long synthetic peptides are effectively captured

by DCs and, following antigen processing, presented to HPV-16-

specific CD4+ and CD8+ T cells, inducing anti-HPV immune

responses. Clinical trials demonstrated that the administration

of ISA101 led to constant immune stimulation in patients with

advanced cervical cancer with minimal toxicity (42). Enzyme-

linked immunosorbent spot (ELISpot) analysis demonstrated

that a combination of E6 and E7 peptides in ISA101 could

induce a robust T cell-mediated immune response, releasing

interferon-gamma (IFN-g) (49). The induced T cell-specific

responses following two doses of 50 µg vaccine can last up to

about a year (50). Reported adverse effects of ISA101

administration are local swelling (100%), fever (64%), and

transient influenza-like symptoms (48). Although the vaccine

effectively stimulates cellular immune responses, the results

show that in most patients with advanced cervical cancer,

ISA101 alone cannot lead to tumor regression, and some

patients pass away due to tumor growth. However, ISA101 can
FIGURE 2

HPV-induced cervical cancer and available therapeutic approaches. Following infection with HPV-16 and HPV-18 subtypes, the basal cells in the
cervix are affected, and after a few weeks, the infection spreads to the epithelial cells and HPV replicate in the cytoplasm of these cells
(episomal viral DNA replication). Regularly, most people recover spontaneously after a period of one to two years. However, after 10 to 30 years,
in about 0.08% of patients, persistent infections along with untreated lesions could be associated with disruption of E2 and E6/E7 oncogenes
upregulation and the HPV genome integration into the host DNA, resulting in HPV-induced cervical cancer. There are various treatments such
as surgery, radiotherapy, chemotherapy, and vaccination for these patients. Among the peptide-based vaccines, the ISA101 vaccine, which
consists of two synthetic proteins, E6 and E7, along with Montanide ISA 51 adjuvant, can activate the specific responses of T cells against HPV-
infected cells. Although due to obstacles such as the immunosuppressive TME and other unknown reasons, this vaccine is not effective.
Therefore, combining of chemotherapy and other immunotherapeutic approaches, such as immune checkpoint blockers with ISA101 could be
more effective than ISA101 monotherapy for advanced cervical cancer.
TABLE 2 The whole sequence of HPV-16-derived E6 and E7
oncoproteins in ISA101.

E61-32: MHQKRTAMFQDPQERPRKLPQLCTELQTTIHD
E619-50: LPQLCTELQTTI HDIILECVYCKQQLLRREVY
E641-65: KQQLLRREVYDFAFRDLCIVYRDGN
E655-80: RDLCIVYRDGNPYAVCDKCLKFYSKI
E671-95: DKCLKFYSKISEYRHYCYSLYGTTL
E685-109: HYCYSLYGTTLEQQYNKPLCDLLIR
E691-120: YGTTLEQQYNKPLCDLLIRCINCQKPLCPEEK
E6109-140: RCINCQKPLCPEEKQRHLDKKQRFHNIRGRWT
E6127-158: DKKQRFHNIRGRWTGRCMSCCRSSRTRRETQL
E71-35: MHGDTPTLHEYMLDLQPETTDLYCYEQLNDSSEEE
E722-56: LYCYEQLNDSSEEEDEIDGPAGQAEPDRAHYNIVT
E743-77: GQAEPDRAHYNIVTFCCKCDSTLRLCVQSTHVDIR
E764-98: TLRLCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP
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be effective in cervical intraepithelial neoplasia (51).

Accordingly, monotherapy with ISA101 does not seem to

succeed in tumor regression, and combination therapies with

this vaccine can overcome its weaknesses in patients with

advanced cervical cancer.

Several vaccine platforms for HPV-induced cervical cancer

are under investigation. Here, some of the effectiveness of the

most important platforms have been compared with ISA101.

However, comparative studies between different platforms of

anti-HPV vaccines in the normalized patients with the same

combined regimen and disease stages have not been performed.

Based on the available studies, DNA vaccines such as VGX-3100

and GX-188e can be even more effective than ISA101 in some

cases; however, their low immunogenicity and the need for

special equipment and additional adjuvants to improve their

immunogenicity limit their use compared with ISA101 (10, 52,

53). RNA-based vaccines also are other options against HPV-

induced cancers, which have been less studied due to the new

production technology. In the animal model of cervical cancer,

HPV16 RNA-LPX, in combination with a checkpoint inhibitor,

showed satisfactory outcomes and led to complete regression of

tumors (54). However, there is no completed clinical trial to

compare the effectiveness of RNA-based vaccines with ISA101.

Because of less stability, more toxicity and other limitations of

RNA-based vaccines, ISA101 might be a more suitable option in

HPV-induced cancers (55).

It seems that peptide-based vaccines such as ISA101 do not

significantly differ in mechanism and efficacy in patients with

cervical cancer or other HPV-positive cancers. Although ISA101

alone has had satisfactory results in cervical intraepithelial

neoplasia, it cannot have the necessary effectiveness in patients

with advanced cervical cancer (56). On the other hand, peptide-

based vaccines, unlike protein-based vaccines such as Tissue

antigen-cervical intraepithelial neoplasia (TA-CIN) and

CIGB550-E7 fusion protein, cannot induce both cellular and

humoral responses (57, 58). Moreover, according to the clinical

trials, ISA101could be safer than bacterial vector-based vaccines

such as ADXS11-001 because these vaccines can induce robust

immune responses, which are sometimes destructive. For

instance, a phase I trial (NCT01116245) of ADXS11-001 was

terminated due to systemic listeriosis (59). Additionally, ISA101

may be a better option than cell-based platforms because it has a

more effortless and cheaper production process and does not

have the limitations of cell-based vaccines such as major

histocompatibility complex (MHC) restriction. Besides,

according to the previous studies, the effectiveness of ISA101

in patients with cervical cancer was higher than, for example,

BVAC-C (56, 60).

However, despite the satisfactory responses of the

mentioned platforms, these vaccines alone usually do not have

the necessary effectiveness and combining these vaccines with

other antitumor agents can significantly increase their

effectiveness (61).
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Combination therapies with ISA101
As discussed, monotherapy with E6 and E7-based

vaccination cannot effectively treat HPV-induced cervical

cancer. To overcome this problem, combining the vaccine with

other anti-tumor agents such as chemotherapy and

immunotherapy can increase the effectiveness of treatment

and tumor removal in a synergistic state (Figure 2) (Table 3).

For instance, an investigation combining pembrolizumab and an

HPV E6/E7 DNA vaccine (GX-188E) increased anti-tumor

activity of the immune system with minimal toxicity in

patients with advanced or recurrent cervical cancer (64). An

investigation (phase II trial) demonstrated that combining

ISA101 with immune checkpoint antibodies such as

nivolumab (anti-PD-1) induced the anti-tumor activity of

HPV-16-specific T cells and modulated immunosuppressive

signals in the TME in patients with HPV-16+ cervical cancer.

The reported adverse effects in the studied patients were

elevation of transaminase and lipase, fever, injection site

reaction, nausea, and fatigue (62).

Moreover, combining ISA101 and nivolumab showed a 33%

response rate in patients with HPV-16+ cervical cancer. Patients

received 3 mg/kg nivolumab every two weeks beginning day 8

for up to 1 year and 100 µg ISA101 on days 1, 22, and 50. The

reported median and three-year overall survival were 15.3

months in the studied patients. The frequency of infiltrated

CD3+CD8+PD-1+ cytotoxic T cells and CD68+PD-L1- and

CD68+PD-L1+ macrophages in the TME was significantly

increased and was directly associated with clinical response.

Furthermore, clinical response was correlated with the

expression of IFN-g response-associated genes (10). However,

the mentioned adverse events led to the stoppage of nivolumab

therapy (56). ISA101 is also effective in HPV16+ high-grade

vulvar intraepithelial neoplasia via activation of antigen-specific

T cells, regressing tumor lesions in vaccinated patients (11).

Nevertheless, in patients with HPV16-induced metastatic

cervical cancer, ISA101 could not robustly stimulate antigen-

specific T cell responses. Analysis of peripheral blood

mononuclear cells (PBMCs) in these patients demonstrated a

reduction of the stimulatory properties of APCs, resulting in low

activation of T cells. In addition, the frequency of myeloid cells

increased, leading to the formation of an immunosuppressive

milieu. In this regard, administering carboplatin-paclitaxel in

these patients led to regulating their immune profile (12).

An experimental study reported that carboplatin-paclitaxel

chemotherapy in the HPV16+ mouse tumor model increased the

frequency of myeloid cells in the circulatory and TME.

Combining chemotherapy with ISA101 in patients with

metastatic cervical cancer and HPV16+ mouse tumor model

improved anti-tumor immune responses via depletion of

myeloid cells and modulation of immunosuppressive TME

(65). Another study also demonstrated that carboplatin/
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TABLE 3 Combination therapies using ISA101 in HPV-induced cervical cancer.

Intervention Type of
Study

Status
of the
clinical
trial

Sponsor of
the study

Details Research findings Clinical outcomes Ref(NCT
number)

ISA101+
nivolumab

Clinical trial
phase II

Completed MD Anderson
Cancer Center

(HPV)-16 positive
solid tumors
including

oropharyngeal
squamous cell

carcinoma (OPSCC),
cervical, vulvar,

vaginal, anal, penile
cancer

ECOG performance
status of </= 1

• Inducing anti-tumor activity
of HPV-16-specific T cells
• Modulating
immunosuppressive signals in
the TME in patients with HPV-
16+ cervical cancer
• The reported adverse effects
were elevation of transaminase
and lipase, fever, injection site
reaction, nausea, and fatigue
• The frequency of infiltrated
CD3+CD8+PD-1+ cytotoxic T
cells and CD68+PD-L1− and
CD68+PD-L1+ macrophages in
the TME were significantly
increased and directly
associated with clinical response
• Clinical response was
correlated with the expression
of IFN-g response-associated
genes

• 33% response rate in
patients with HPV16+ cervical
cancer
• The reported median and
three-year overall survival
were 15.3 months in the
studied patients

(10, 56, 62)
NCT02426892

ISA101+
Carboplatin-
paclitaxel

Clinical trial
phase I/II

Completed ISA
Pharmaceuticals

Late-stage HPV16+
cervical cancer

• Robust vaccine-induced
HPV16-specific T cell responses
confirmed by high levels of
interferon-g

• A positive and significant
correlation was detected
between the strength of the
vaccine-induced immune
response and overall survival
• A significantly high
proportion of patients
survived beyond two years
after the start of the treatment

(63)
NCT02128126

ISA101+
Carboplatin-
paclitaxel

Clinical
study

– – Advanced, recurrent,
or metastatic cervical

cancer

• Depleting
immunosuppressive myeloid
cells
• Improving HPV-16-specific
T cell

• Tumor regressions were
detected in 43% of 72 patients
• In 21 of the 62 studied
patients, the reduction of
myeloid suppressive cells
caused by carboplatin and
paclitaxel was linked to a low
frequency of spontaneous
HPV16-specific immunity.
• Th1-mediated responses to
the ISA101 were detected
across all doses
• The survival rate was
prolonged in a portion of
patients with higher than
median vaccine-induced
immune responses

(12)

ISA101+
imiquimod

A
multicenter
open-label,
randomized
controlled

trial

Completed – HPV16-induced
high-grade vulvar

and vaginal
intraepithelial
neoplasia

• Not effective in improving
CD8+ T-cell responses in non-
responder patients
• Imiquimod did not affect
increasing the performance of
the vaccine

• 18 of 34 patients exhibited
vaccine-mediated clinical
responses at three months,
and 15 of 29 patients, 8 of
whom exhibited a complete
histologic response, at 12
months after the last
vaccination
• All but one of the patients
who had complete histologic
clearance experienced viral
clearance.

(11)

(Continued)
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paclitaxel chemotherapy could deplete immunosuppressive

myeloid cells, improving HPV-16-specific T cells and

increasing the effectiveness of ISA101 and tumor regression in

patients with HPV-16-induced cervical cancer (12). According

to studies on the effectiveness of the ISA101 in patients with

cervical cancer, tumor regression is realized in about 50% of

vaccinated patients.

The insufficient effect of ISA101 treatment is due to barriers

such as infiltration of immunosuppressive myeloid cells,

regulatory T cells (Tregs), exhaustion of effector T cells, and

the expression of inhibitory molecules on tumor and tumor-

associated cells (10, 66). Therefore, combining chemotherapy

and immunotherapy could be a practical approach via depletion

of immunosuppressive myeloid cells, improving vaccine-

induced T cell responses and overall survival in patients with

HPV-16-induced cervical cancer (67). Some patients with

HPV16-induced high-grade vulvar and vaginal intraepithelial

neoplasia are non-responders, and CD8+ T cell-mediated

immune responses are ineffective in viral and tumor clearance.

It has been theorized that applying imiquimod at the injection

site as a combination therapy could increase the vaccine’s

effectiveness by improving CD8+ T-cell responses in non-

responder individuals. However, the results showed that

imiquimod did not affect increasing vaccine performance (11).

Therefore, it seems that ISA101, combined with other

immunotherapeutic factors, can increase the effectiveness of

treatment. However, more studies are needed in this field.
Achievements and challenges of
HPV vaccines

Given the importance of cervical cancer due to HPV

infection, HPV vaccines seem necessary to reduce the burden

of this type of malignancy (68–71). E6/E7-based vaccination can

remarkably increase splenic and tumor IFN-g-producing CD4+

and CD8+ T cells. Analysis of the immune mediators of

vaccinated patients demonstrated that levels of IFN-g, IL-2, IL-
Frontiers in Oncology 08
12, tumor necrosis factor-a (TNF-a), CCL20, CXCL9, CXCL10
and CXCL14 significantly increased. In contrast, levels of anti-

inflammatory and tumor supportive mediators, including IL-6,

IL-8, IL-10, TGF-b, CCL2, CCL3, CCL5, vascular endothelial

growth factor (VEGF), and matrix metalloproteinases (MMP)-2,

MMP-9 decreased in vaccinated patients (72). However,

according to available studies, these vaccines may not be

effective in patients with advanced cervical cancer (73). This

ineffectiveness is probably due to various factors such as

immunosuppressive TME and tumor escape mechanisms.

Infiltration of myeloid-derived suppressor cells (MDSCs),

tumor-associated macrophages (TAMs), Tregs, and expression

of PD-1, PDL-1, and CTLA-4 can alter the TME condition in

favor of tumor growth and development (42, 48, 51). In this

context, combination therapies with chemotherapeutic agents

such as carboplatin/paclitaxel or immune checkpoint blockers

could improve the effectiveness of E6/E7-based HPV vaccines.

These combination therapies can reprogram the TME and

regress tumors in patients with advanced cervical cancer (63,

74–76). However, chemotherapy can have several side effects

because these compounds affect both tumoral and normal

tissues. Furthermore, administering immune checkpoint

blockers could be associated with immune-related adverse

effects (irAEs), including diarrhea, hypothyroidism,

enterocolitis, and pneumonitis (77). On the other hand, the

cell distribution difference in the TME known as “hot” and

“cold” tumors can affect the effectiveness of combination

therapies with immune checkpoint blockers (78, 79).

In the case of peptide-based vaccines, despite the advantages

such as ease of production, safety, stability, and cost-

e ff ec t iveness , one of the main cha l l enges i s low

immunogenicity, especially in the case of small antigens,

which can be solved by adding adjuvants or delivery systems

(80, 81). Recently, an investigation reported using a herbal

adjuvant termed Hedyotis diffusa Willd (Bai Hua She She Cao,

BHSSC) extract and rutin as its active compound in peptide-

based HPV vaccines enhance vaccine immunogenicity by

increasing effector and memory T cell (82). In ISA101, which
TABLE 3 Continued

Intervention Type of
Study

Status
of the
clinical
trial

Sponsor of
the study

Details Research findings Clinical outcomes Ref(NCT
number)

ISA101B+
Cemiplimab
(anti-PD-1)

Clinical trial
phase II

Recruiting Regeneron
Pharmaceuticals

Patients with
recurrent/metastatic
HPV16 cervical
cancer who have

experienced disease
progression after

first-line
chemotherapy

– NCT04646005
f

ECOG, Eastern Cooperative Oncology Group.
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comprises E6 and E7synthetic peptides, the Montanide ISA 51

adjuvant was used to increase immunogenicity (34). Other

delivery systems, such as polystyrene nanoparticles (PSNPs),

could also be used to improve CD8+ T cell anti-tumor responses

in peptide-based HPV vaccines (83). Additionally, epitope

selection and the type of adjuvant could be significant in

enhancing immune responses following vaccination. For

example, using multi-epitope vaccines with appropriate

adjuvants can improve the immunogenicity of peptide-based

vaccines (1, 84). In this regard, the multi-epitope peptides E6

and E7 proteins are used in ISA101, and the fusion of these

oncoproteins partially enhance the vaccine’s function.
Concluding remarks

Cervical cancer caused by HPV infection is a significant

health problem for women worldwide. As a result, vaccination

or the emergence of novel therapies can be necessary.

Peptide-based vaccines such as ISA101 have appropriate

immunogenicity due to their multi-epitope and proper

adjuvant. The vaccine contains the two proteins E6 and E7 of

HPV 16, which are responsible for a large proportion of cervical

cancers, and these peptides are well captured by APCs and

presented to CD4+ and CD8+ T cells. Activation of T cell-

dependent responses can eventually lead to tumor regression.

However, effective anti-tumor responses following this

vaccine do not occur in all individuals, especially in patients

with advanced cervical cancer, because factors such as

immunosuppressive TME prevent the development of effective

anti-tumor immune system responses. In order to overcome this

challenge, combining therapies can be a decent approach. For

example, chemotherapy and immunotherapy agents in

combination with ISA101 increase the effectiveness of

cancer therapy.

Interestingly, administrating nivolumab and ISA101 by

boosting antigen-specific CD4+/CD8+ T cells and elevating the

efficacy of anti-PD-1 therapy has promising outcomes in human

papillomavirus-related head and neck cancers (56). However,

the adverse effects of these combination therapies need to be

managed. In-depth studies to design more effective vaccines than

available HPV vaccines using nanoparticle delivery systems may

also increase vaccine therapy efficacy in patients with cervical

cancer in the future. However, early diagnosis and initiation of

treatment in the early stages of the disease are strongly
Frontiers in Oncology 09
recommended because as the disease progresses, the

effectiveness of monotherapy with vaccines and even

combination therapies decreases. In addition to treatment

failure, the patient will experience various adverse effects.
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