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ABSTRACT
Human papillomavirus (HPV) infection is a well-known cause of cervical cancer. Therapeutic cancer 
vaccines are part of the current therapeutic options for HPV-associated cancers. Axalimogen filolisbac 
(ADXS11-001) is an immunotherapy based on live attenuated Listeria monocytogenes-listeriolysin O (Lm- 
LLO), designed by biological engineering to secrete an antigen-adjuvant fusion protein, composed of 
a truncated fragment of LLO fused to HPV. The proposed mechanism of action is that Lm-based vectors 
infect antigen-presenting cells (APC) and secrete HPV-LLO fusion proteins within the APC cytoplasm, these 
proteins are processed and presented to cytotoxic T lymphocytes (CTL), thus generating a new population 
of CTLs specific to HPV antigens. These HPV-specific CTLs destroy HPV infected cells. ADXS11-001 has 
demonstrated safety results in phase I–II studies in women with cervical cancer and is being assessed in 
clinical trials in patients with HPV-positive anal canal and head and neck cancers.
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Introduction

Cervical cancer represents the third cause of cancer in Mexican 
women, according to GLOBOCAN 2018.1 Currently, three 
types of prophylactic HPV vaccines (bivalent, quadrivalent 
and nonavalent) are effective in protecting against HPV infec
tion in 90% of the cases, being the most effective intervention 
to prevent the development of cervical cancer.2 Despite 
advances in vaccination, screening and detection of cervical 
cancer early stages, a significant proportion of patients will be 
diagnosed at an advanced stage and will develop recurrence or 
persistence of the disease. For the latter group of patients, so far 
only chemotherapy and biological therapy are available; there
fore, new therapeutic options are being explored. One of them 
is immunotherapy.3

The ability of the immune system to recognize and eliminate 
cancer cells is a well-defined process, called immune surveillance 
of tumors. Its failure allows cancer development and has moti
vated the search for strategies to restore effective immune 
response against neoplastic cells.4 One of these strategies 
includes the development of cancer vaccines. In general, these 
are composed of antigens found in tumor cells, often referred to 
as tumor-associated antigens, combined with adjuvants designed 
to induce an immune response. Antigen-specific T-cell 
responses induced by cancer vaccines have the potential to 
produce a more specific elimination of cancer cells than conven
tional chemotherapy, and also lead to lasting memory responses 
capable of challenging cancer recurrence.5,6

The use of live attenuated bacteria, designed by biologi
cal engineering, is an approach to cancer immunotherapy 
that is different from those based on synthetic chemistry, 
cellular therapy or antibody-based therapy. With the use of 
this new technological platform, activation of an immune 
response to live bacteria appears to be more complex and 
comprehensive. Axalimogen filolisbac is an immunotherapy 
based on live attenuated Listeria monocytogenes-listeriolysin 
O (Lm-LLO) that has been developed for the treatment of 
HPV-associated cancer types and designed with the purpose 
of stimulating the immune system to specifically respond 
against tumor dysplastic cells that express the tumor- 
associated antigen (HPV16 E7). The Lm-LLO immunother
apy generates strong innate and adaptive cellular immune 
responses against the bacterial antigen.7–10

Currently, this therapy is under development as single agent 
and in combination with other cancer 3treatments.

HPV as a target for immunotherapy

HPV infection is estimated to account for approximately 
4.5% of all cancer cases worldwide. Infection with high-risk 
HPV subtypes generates almost 100% of cervical cancer 
cases, 90% of anal canal cancers, 40% of penile, vulvar and 
vagina cancers and around 12% of head and neck cancers, 
mainly in the oropharynx.11 High-risk HPV subtypes 16 and 
18 are responsible for more than 70% of cervical cancer.12
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HPV belongs to the papillomavirus family, composed of 
circular, non-enveloped double chain deoxyribonucleic acid 
(DNA) viruses that can infect stratified tissue. Its genome codi
fies for early proteins (E1, E2, E4, E5, E6, E7, and E8) and two 
structural proteins that appear later (L1 and L2). HPV infects 
cervical mucosa basal epithelial cells, which leads to low levels of 
expression of intracellular viral proteins. Viral DNA replicates 
after infection, and the production of viral proteins increases 
once HPV-infected cells leave the basal layer. Chronic infection 
is maintained in approximately 10% of women owing to the 
ability of HPV to evade the host immune response.13

HPV-induced cancer can occur when viral DNA is integrated 
into the host genome, typically with the removal of the E2, E4, E5, 
L1 and L2 genes. Loss of the E2 viral gene, a transcription inhibitor, 
leads to positive regulation of two oncoproteins, E6 and E7. Viral 
complexes of E6 with p53 tumor-suppressor and E7 with retino
blastoma tumor-suppressor (pRb) disrupt cell cycle regulation and 
cause genomic instability, which generates the neoplasm.14 HPV- 
associated cancers are a clear example where an infection with 
a virus (HPV) is the direct cause of the neoplasm. Immune 
response against HPV-infected cells that express the E6 and E7 
proteins is sufficient to eliminate the presence of dysplastic or 
neoplastic tissue caused by this viral infection. Cytotoxic 
CD8 + T cells are responsible for the immune recognition of 
proteins expressed by HPV-infected and transformed cells; also, 
a higher ratio of CD8+/FOXP3 tumor infiltrating T cells counter
act the tolerance developed toward transformed dysplastic 
cells.15,16

Listeria monocytogenes as a mediator of immune 
response

Listeria monocytogenes (Lm) has numerous characteristics that 
make it an attractive vector for cancer immunotherapy and is 

the most commonly used bacterial vector as the basis of immu
notherapeutic vaccines. Lm is a gram-positive, facultative, 
intracellular anaerobic bacterium that is associated with oppor
tunistic foodborne diseases in susceptible hosts.17

During active infection, phagocytic cells, such as macro
phages and dendritic cells, recognize Lm through pattern 
recognition receptors (PRR), and phagocytize the bacterium. 
Once Lm is internalized, it evades the phagosome by secreting 
the listeriolysin O (LLO) toxin, a virulence factor that destroys 
the phagosome membrane, to allow its escape from the phago
some toward the cytoplasm, where it rapidly grows and spreads 
to other cells using actin polymerizing protein (ActA) to pro
mote its own motility. ActA is an abundant surface protein that 
is overregulated more than 200 times during intracellular bac
terial growth.18 ActA is activated in the host cell cytosol after 
prfA allosteric activation, which subsequently regulates host 
actin polymerization. Once in the cell membrane, Lm forms 
a protuberance that is internalized by an adjacent macrophage, 
thus spreading the infection. Appropriate LLO and ActA reg
ulation by prfA is critical for Lm pathogenesis.19

Once the bacterium successfully infects the host, innate 
immune responses are rapidly and gradually activated. Innate 
immune cells recognize Lm through the PRRs toll like recep
tors (TLR)-2 and TLR-5 (Figure 1). Primary myeloid differen
tiation response protein 88 (MyD88) is important in the signal 
transduction following the interaction of TLRs with the patho
gen, it leads to the activation of the transcription factor Nuclear 
Factor κB (NF-κB), which is required for macrophage activa
tion and synthesis of proinflammatory cytokines, mainly 
tumor necrosis factor-α (TNF-α), IL-1β, IL-6 and IL-12. In 
response to IL-12, NK cells produce interferon-γ (IFN-γ) 
which plays an important role in host defense and enhances 
anti-tumor and antiviral effects of cytotoxic T cells. Antigen 
presenting cells alert the adaptive immune response of the 

Figure 1. Antigen processing and presentation of Listeria monocytogenes. Lm is identified by a macrophage through pattern recognition receptors TLR2/TLR5, these initiate the 
MyD88 signaling pathway that leads to the activation of NF-κB, which promotes the transcription of pro-inflammatory genes and subsequent production of proinflammatory 
cytokines TNF-α, IL-6, and IL-12. Lm is endocytosed by the macrophage and contained in a phagosome. The phagosome fuses with a lysosome to form a phagolysosome where 
Lm is killed and digested, antigenic peptides derived from the digested bacteria are loaded into MHC class II molecules and presented to CD4+ Helper T cells. Alternatively, Lm 
has the ability to express the pore-forming listeriolysin O (LLO) toxin that perforates the phagosome and allows it to escape into the cytosol. Once in the cytosol, Lm secretes 
proteins that are degraded by the proteasome, these antigenic peptides are loaded into MHC class I molecules and presented to CD8+ Cytotoxic T cells. NK cells respond to IL-12 
by producing IFN-γ, which enhances Cytotoxic T cell activation.20
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presence of Lm through the major histocompatibility complex 
(MHC) molecules by two different routes. Lm antigens from 
bacteria that do not escape the phagosome, are presented in 
MHC II molecules, with subsequent activation of CD4+ helper 
T cells, while Lm antigens derived from bacteria that manage to 
escape the phagosome are presented in MHC I molecules and 
activate CD8+ cytotoxic T cells (Figure 1).18,21,22

Listeria monocytogenes has been identified as a potential 
vector to explore therapeutic vaccines. The usefulness of the 
Lm vector is achieved through its genetic recombination with 
a truncated, non-hemolytic form of LLO, which eliminates Lm 
cytolytic activity and associated cellular toxicity, while preser
ving the significant immunogenic and adjuvant properties of 
the pathogen.23

Listeria monocytogenes and its products as agents for 
cancer immunotherapy

Listeriolysin O is a 529-amino acid protein that is secreted by 
Lm and as previously mentioned, serves to evade the phago
some. The fusion of tumor antigens to the first 420 amino acid 
sequence of LLO, which excludes the hemolytic domain, helps 
to facilitate secretion of the antigen,20,24 increase antigen 
presentation25 and stimulate maturation of dendritic cells,26 

as shown in Figure 2. In addition, LLO can act as a potent 
adjuvant when incorporated into DNA vaccines27 or viral 
vaccines28 (Figure 2).

Preclinical studies have demonstrated that Lm-LLO-E7 sti
mulates the production of a wide array of pro-inflammatory 
cytokines by dendritic cells, such as interleukin-2 (IL-2), IL-12, 
TNF-α and IFN-γ; in addition, it promotes dendritic cell 
maturation, activates CD4 + T cell-mediated adaptive immune 
response, induces tumor antigen-specific cytotoxic CD8 + T 
cells, disrupts immune tolerance, maintains protective immu
nity and blocks tumor recurrence. In addition, LLO is capable 
of inducing the production of chemokines and costimulatory 
molecules that are crucial to the development of potent 
immune responses.29,30

In 2001, Gun et al. prepared two recombinant Lm strains, 
one expressing the HPV-16 E7 protein without attempting to 
modify the LLO molecule (Lm-E7), and the second expressed 
E7 as a non-hemolytic LLO-bound fusion protein (Lm-LLO- 
E7). Both strains induced qualitatively different T-cell 
immune responses that correlated with their ability to induce 
HPV-associated tumor regression in mice. Lm-LLO-E7, but 
not Lm-E7, caused the regression, mediated by CD8 + T cells, 
of E7-expressing tumors in a syngeneic mouse model. 
Antitumor response to Lm-LLO-E7, but not to Lm-E7, was 

Figure 2. Antigen processing and presentation of ADXS11-001 Lm LLO-HPV E7 fusion protein. ADXS11-001 is Listeria monocytogenes genetically engineered to produce 
the LLO-(HPV) E7 fusion protein for immunotherapy. After injection in vivo, these Lm are recognized and endocytosed by dendritic cells. The bacterium stimulates both 
arms of the adaptive immune system because it is processed by both, the endogenous and exogenous pathways for antigen presentation. HPV E7 antigens from the 
bacteria processed by the phagolysosome are presented in MHC class II molecules to helper T cells. Fusion proteins LLO-HPV E7 from the bacteria that escaped to the 
cytosol are processed through the proteasome and HPV E7 antigens are presented in MHC class I molecules to cytotoxic T cells. This process generates and activates HPV 
specific cytotoxic T cell clones that will identify and destroy HPV+ infected cells. Lm also causes a strong innate immune response that leads to the generation of 
numerous mediators, including nitric oxide (NO), which participates in the destruction of bacteria, and the production of cytokines, such as TNF-α, IL-1, IL-12, IL-18 and 
IFN-γ, which enhance T cell activation. Adapted from Wallecha A 7
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significantly reduced with CD4 + T cell depletion, which 
indicates that helper T cell activation is necessary for an 
adequate antitumor cytotoxic response.24

ADXS11-001 mechanism of action

ADXS11-001 (Axalimogen filolisbac, or AXAL) is an attenu
ated strain of the Lm bacterium designed to express the trun
cated LLO (tLLO) protein, fused with the HPV 16 E7 antigen. 
It was created by biological engineering from the XFL-7 strain 
that lacks the prfA gene, which is not necessary for in vitro 
culture and makes it non-virulent. The XFL-7 strain was mod
ified with the pGG55 plasmid, which contains the tLLO-E7 
fusion protein in addition to a mutated copy of the prfA gene, 
to partially restore the XFL-7, necessary to retain the plasmid 
in vivo.10 In addition, the tLLO-E7 fusion protein promotes 
specific immune responses to antigen E7.31

When ADXS11-001 is delivered in the bloodstream, APCs 
in the spleen phagocytize the bacteria. Once inside the phago
some, ADXS11-011 secretes LLO to evade the phagolysosome, 
when it reaches the cytosol, antigen tLLO-E7 is processed 
through the proteasome. The resulting peptides form com
plexes with MHC class I molecules, which are presented to 
antigen specific CD8+ cytotoxic T cells. The bacteria unable to 
exit the phagolysosome is processed through the exogenous 
pathway, the peptides form complexes with MHC class II 
molecules and are presented to antigen specific CD4+ helper 
T cells. Helper T cells become activated and secrete cytokines 
that modulate the immune response toward a cytotoxic Th1 
response. As a result, cytotoxic T cells seek and infiltrate the 
tumor, which allows them to attack and destroy HPV+ cancer 
cells (Figure 2).10

ADXS11-0001 in cervical cancer

ADXS11-001 has been explored as a specific immunotherapy 
in cervical cancer. The results of the first clinical use of the 
vaccine were shown in a phase I study. The study assessed the 
safety of the vaccine in 15 patients with advanced carcinoma of 
the cervix. Patients were assigned to three doses (1 x 109 colony 
forming units (CFUs), 3.3 × 109 CFUs or 1 × 1010 CFUs), with 
an interval of 3 weeks between them. All patients developed 
fever, 60% experienced vomiting, 53.3% had chills, headache 
and anemia, 46.7% had nausea and tachycardia, and 26.7% 
suffered musculoskeletal pain. Grade 2 adverse events (AEs) 
were experienced by 87% of patients and 40% had grade 3 AEs, 
with no vaccine-related grade 4 AEs being observed. All 
patients experienced an increase in body temperature during 
the first hours after administration of the vaccine and, in some 
cases, a decrease in blood pressure and tachycardia was also 
observed, although in most cases these AEs disappeared 
12 hours after injection. Among the patients who received 
the highest dose of 1 × 1010 CFUs, 3 experienced dose- 
limiting toxicity, which consisted of grade 2 hypotension that 
required therapeutic intervention; therefore, they withdrew 
from the study. Overall, the ADXS11-001 vaccine was safe 
and well tolerated.31

In 2016, Ghamande et al. published results of a phase I study 
that assessed high-dose ADXS11-001 in patients with 

persistent, recurrent cervical cancer not eligible for surgical 
treatment or radiotherapy. The study evaluated safety and 
tolerability as the primary objective. Patients received 
ADXS11-001 every 3 weeks for 12 weeks, with a 3 + 3 design, 
two dosages were staggered, 5 × 109 (level 1) and 1 × 1010 

(level 2). Ten patients were enrolled and nine were treated. 
Dose-limiting toxicity was lower than 33% for level 2. Most 
common AEs were chills, vomiting, hypotension, tachycardia, 
fever and nausea. The authors concluded that the 1 × 1010 

dosage was well tolerated.32

In the American Society of Clinical Oncology (ASCO) 2016 
meeting, preliminary results of the GOG/NRG-0265 phase II 
trial were presented. This is a study with a single treatment arm 
that was designed to assess the safety and efficacy of the 
ADXS11-001 vaccine in patients with persistent or recurrent 
cervical cancer. The study was planned to recruit 67 patients 
who were to receive ADXS11-001 at a dosage of 1 × 109 CFUs 
once every 4 weeks for 3 doses. It is a two-stage study, with only 
24 patients being treated on stage 2. Six-month overall survival 
(OS) was 42%, with a median of 4.8 months (3.8 – NR) and 
median persistence free survival (PFS) of 2.6 months (2.0–
3.2 months). In those who received three doses, the 6-month 
survival rate was 67%. AEs were experienced by 92%, 15% were 
G3 and 4% G4. Treatment-related AEs included nausea, vomit
ing, chills, fatigue and fever, with G3 hypotension and cytokine- 
release syndrome. The authors concluded that ADXS11-001 is 
well tolerated and shows activity in patients previously treated 
for recurrent disease.33

Recently, Basu et al.34 published the results of a phase II 
study that assessed the safety and efficacy of the treatment with 
ADXS11-001 alone or in combination with cisplatin in patients 
with recurrent or refractory cervical cancer of squamous his
tology. A total of 109 patients were treated and 69 were 
assessed for response. One third of the patients withdrew the 
informed consent in both groups. The dosage used for the 
ADXS11-001 arm was 1 × 109 CFUs for 3 doses (day 1, 29 
and 57). The combination dose was ADXS11-001 on day 1 
followed at 4 weeks by five doses of cisplatin 40 mg/m2 weekly, 
followed by another dose of ADXS11-001. Fifty-six patients 
were included in the monotherapy arm and 54 in the combina
tion arm. Each patient received oral ampicillin (500 mg every 
6 hours for 7 days) or trimeptroprim/sulfamethoxazole in case 
of penicillin allergy, starting 72 hours after each ADXS11-001 
dose. Mean OS was similar between treatments, with 
8.28 months (95% CI: 5.85–10.5) for ADXS11-001 alone and 
8.78 months (95% CI: 7.4–13.3) for the combination. The 
12 month and 18-month OS rates were 30.9% versus 38.9%, 
and 23.6% versus 25.9% for each group, respectively (34.9% at 
12 months and 24.8% at 18 months, combined). Fifteen 
patients continued the follow-up after 18 months, out of 
which 12 (11%) reached a 24-month OS. ORR was 17.1% for 
the group of patients treated with ADXS11-001 and 14.7% for 
ADXS11-001 plus cisplatin group. Disease control rate was 
62.9% and 58.8%, respectively, and mean duration of disease 
control was 5.2 months (4.8 vs. 5.6 months). Mean PFS for 
patients treated with ADXS11-001 was 6.08 months (95% CI: 
5.88–9.36) and 6.44 months (95% CI: 4.17–8.94) for those 
treated with ADXS11-001 plus cisplatin (p = .75). The group 
treated with the combination had more AEs than the group 
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treated with monotherapy (429 vs 275 AEs), possibly owing to 
cisplatin-associated AEs. Most AEs were mild or moderate 
(80.4%) and unrelated to the study drug (76.6%). Drug- 
related AEs were reported by 46.3% of patients treated with 
ADXS11-001 plus cisplatin and by 36.4% of those treated with 
ADXS11-001, with chills and fever being the most common in 
both groups. The incidence of treatment-related serious AEs 
was 7.3% in patients treated with ADXS11-001 and 3.8% in 
those treated with ADXS11-001 plus cisplatin.34 Seventeen 
serious AEs (10%) occurred in 49 patients (45%). One patient 
treated with the combination reported pyrexia. Two patients 
(3.6%) of the monotherapy arm reported three AEs that were 
considered related to the drug: cytokine-release syndrome in 
one patient and abdominal pain and bacterial peritonitis with 
septicemia in one patient (fatal).34

Currently, the AIM2CERV phase III study is comparing 
disease-free survival of patients treated with ADXS11-001 ver
sus placebo, after concomitant chemo-radiotherapy treatment 
in individuals showing a complete response to the treatment 
(ClinicalTrials.gov – NCT02853604). The ADXS11-001 dosage 
is administered at 1 × 109 CFUs every 4 weeks for 3 doses (week 
1, 4 and 7) for the first three months, and then every 8 weeks 
(weeks 15, 23, 31, 39 and 47) for a total of 5 doses or until 
disease progression, with the latter being called the maintenance 
phase. Patients receive oral treatment with ampicillin or trime
troprim/sulfamethoxazole for approximately 1 year. Unlike pre
vious clinical trials, this study will assess patients with locally 
advanced high-risk cervical cancer.35 The study started its 
recruitment in 2016 and the results are expected by 2021.

The studies carried out in cervical cancer are shown in 
Table 1.31–34,36,37

ADXS11-001 for HPV-associated cancers

ADXS11-001 effects and safety have also been explored in early 
clinical trials in other neoplasms, such as head and neck, anal 
canal and lung cancers, which differ in regimen, dosage and 
application intervals. The summary of these studies is shown in 
Table 2.38–41 Of note, Sacco JJ, et al. reported a potential 
adverse event of attenuated Lm vectors with a case of systemic 
listeriosis during a phase I trial of ADXS11-001 (axalimogene 
filolisbac) in HPV-positive oropharyngeal cancer (OPC); 
although they did not confirm the sequence identity of the 
pathogen grown in blood culture to ADXS11-001, the chron
ology of events and pattern of antibiotic resistance point to the 
fact that systemic listeriosis was caused by the study vaccine.41

Other therapeutic vaccines against HPV-associated 
cervical cancer

Unlike prophylactic vaccines, whose main mechanism of action 
is mediated by antibodies that neutralize viral particles, thera
peutic vaccines can induce a cytotoxic immune response tar
geted against HPV-infected cells.42 The sustained expression of 
E6 and E7 oncoproteins is essential for the induction and 
maintenance of the malignant phenotype of cancer cells, making 
them the most promising targets for the development of ther
apeutic vaccines against HPV infection and related diseases.42,43

Currently, there are several therapeutic vaccines that are 
under development and being tested in preclinical and clinical 
trials. These therapeutic vaccines include live vectors, inacti
vated viruses, live attenuated bacteria, peptides and proteins, 
nucleic acids, and cellular vaccines using dendritic cells loaded 
with antigen. It is important to emphasize that to assess the 
efficacy and safety of therapeutic vaccines, it is essential to 
demonstrate both their immunogenicity and safety through 
clinical trials.42

The main aim of therapeutic vaccines is to eliminate the 
precancerous lesions and the persistent infection caused by 
HPV. Listeria monocytogenes, Lactobacillus, and Salmonella 
are the most common bacteria-based vectors for tumor 
immunotherapy.44 The potent immune response induced by 
the vectors instead of the HPV antigen remains an obstacle in 
the use of live vector vaccines. Regarding clinical studies that 
tested DNA-based vaccines, the VGX-3100 is the first thera
peutic vaccine that has shown efficacy against HPV 16 and 18- 
associated cervical intraepithelial neoplasia (CIN) 2 or 3.45 The 
therapeutic HPV peptide-based vaccine HPV16-SLP generated 
a specific immune response against HPV, showing promising 
results with few side effects.46

Currently, the effectiveness of prophylactic vaccines has 
been studied in patients with preexisting HPV infection or 
with premalignant lesions; however, the benefit of prophylactic 
vaccines in the management of infection and pre-invasive 
lesions is difficult to assess, results are conflicting, and only 
marginal benefits have been shown.42,47–50

Conclusions

In Mexico, cervical cancer remains a public health problem. Its 
high frequency at advanced stages, its high recurrence rate and its 
close relationship with the human papillomavirus forces the 
search for new therapeutic strategies for patients affected by this 
disease.

Among them, immune surveillance modulation through 
tumor-associated antigens and/or live attenuated bacteria 
appears to be a promising current focus of attention. ADXS11- 
001 is an immunotherapy consisting of live attenuated Lm-LLO 
-(HPV16-E7), which is optimal to elicit an adequate immune 
response. It has been explored in initial clinical trials in cervical 
cancer and other HPV-associated malignancies.

So far, immunotherapy with ADXS11-001 appears to be 
well tolerated, with manageable toxicity, and shows activity in 
heavily pretreated cervical cancer populations; however, its 
true role in cervical cancer global treatment is yet to be defined.

Recommendation

There are no phase III studies assessing the efficacy of 
ADXS11-001 in persistent/recurrent/metastatic cervical can
cer; therefore, there can be no recommendation for standard 
use. The purpose of the phase III study in locally advanced 
cervical cancer is to compare ADXS11-001 to placebo, 
administered following concurrent chemotherapy and radia
tion therapy with curative intent, assessing disease-free sur
vival in this population. Their results will eventually 
establish a recommendation on the use of ADXS11-001 in 
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patients with high risk locally advanced cervical cancer. 
Also, the immunogenicity of the vaccine in this population 
and the potential adverse events that could develop are still 
unknown. Equally, the benefit in response rates, overall 
survival and progression-free survival are still under study. 
It is important to emphasize that this therapeutic vaccine 
can only be applied to patients with cervical cancer for 
research purposes under a clinical trial.
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