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Abstract. Cervical cancer (CC) constitutes a serious public
health problem. Vaccination and screening programs have
notably reduced the incidence of CC worldwide by >80%;
however, the mortality rate in low-income countries remains
high. The staging of CC is a determining factor in therapeutic
strategies: The clinical management of early stages of CC
includes surgery and/or radiotherapy, whereas radiotherapy
and/or concurrent chemotherapy are the recommended
therapeutic strategies for locally advanced CC. The histo-
pathological characteristics of tumors can effectively serve
as prognostic markers of radiotherapy response; however,
the efficacy rate of radiotherapy may significantly differ
among cancer patients. Failure of radiotherapy is commonly
associated with a higher risk of recurrence, persistence
and metastasis; therefore, radioresistance remains the most
important and unresolved clinical problem. This condition
highlights the importance of precision medicine in searching
for possible predictive biomarkers to timely identify patients
at risk of treatment response failure and provide tailored
therapeutic strategies according to genetic and epigenetic
characteristics. The present review aimed to summarize the
evidence that supports the role of several proteins, meth-
ylation markers and non-coding RNAs as potential predictive
biomarkers for CC.
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1. Introduction

Cervical cancer (CC) is the fourth leading cause of death
from cancer in women worldwide, with an estimated 604,000
new cases and 342,000 mortalities in 2020 (1,2); ~483,000
new cases and 274,000 mortalities have occurred in low- and
middle-income countries (3). Vaccination and screening
programs have notably reduced the incidence of CC world-
wide by >80%, but this type of cancer still constitutes a serious
public health problem (4). CC is considered a sexually trans-
mitted disease because the main etiological factor associated
with its development is a persistent infection with high-risk
human papillomavirus (HR-HPV) (5). More than 200 geno-
types have been described to date, of which ~40 genotypes
can infect epithelial cells of the anogenital region (5). Of those
40, at least 13 genotypes have been defined as carcinogenic,
with HPV16 being the most prevalent genotype in both
squamous cell carcinoma (SCC; 59.3%) and adenocarcinoma
(36.3%) (6,7).

Currently, the staging of CC is based on the criteria of the
Federation International of Gynecology and Obstetrics (FIGO)
and is mainly based on histological type, tumor size, infiltra-
tion of paravaginal structures and lymph node involvement (8).
The accurate identification of the clinical and histopathological
features of tumors is a determinant for selecting the proper
therapeutic strategy (9). The treatment for early-stage disease
(stages IA-ITA) includes several surgery options or a combina-
tion of pelvic radiotherapy (RT) with brachytherapy (BT) and
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chemotherapy, whereas the combination of cisplatin-based
chemotherapy and RT, including optional application of BT, is
the main therapeutic strategy employed for locally advanced
CC (LACG; stages IIB-IVA) (9).

The prognosis of patients largely depends on the clinical
and histopathological characteristics of the tumor at diag-
nosis. Women with the earliest stages of CC have a favorable
prognosis, with recurrence rates <20% (stages IB-I1A);
however, the risk of recurrence and/or metastasis increases
up to 70 and 36%, respectively, in advanced clinical staging
(stages IIB-IVB). Recurrence or metastasis notably reduces the
patients' 5-year overall survival (OS) from 50-70% in stage IIB
up to 40 and 10% for stages III and IV, respectively (10).
Therefore, the high rate of CC mortality is strongly associated
with the late diagnosis of patients with advanced-stage CC.
This problem is particularly evident in low-income regions
where limited coverage and access to healthcare services can
prevent the timely treatment of women with advanced CC (11).

Clinical staging (tumor size) has efficiently served as
a marker of chemoradiotherapy (CRT) response; however,
resistance constitutes a critical issue of constant develop-
ment in oncologic research, particularly its role in treatment
failure (12). Clinical evidence shows that the effectiveness
of CRT can differ significantly among CC patients, even
among those with similar histopathological characteristics,
significantly increasing the probability of recurrence and
metastasis (10,12,13). This heterogeneity in CRT effective-
ness highlights the need to identify new biomarkers whose
prognostic or predictive values allow the selection of suitable
therapeutic approaches according to individual and tumor
characteristics.

Therefore, the present study reviewed the current evidence
that supports the role of several proteins, methylation markers
and non-coding RNAs as potential predictive biomarkers for
CC.The present review also highlights the utility of participant
characteristics, such as clinical stage, histological classification
and lymphatic spread, for the selection of therapeutic strategies
in clinical trials as an approach to precision oncology.

2. Types of biomarkers

From a clinical point of view, biomarkers are molecules
whose presence, level, localization, or modification (e.g.,
phosphorylation, methylation and glycosylation) are useful in
establishing the difference between physiological and patho-
logical processes, determining response to pharmacological
treatment, or selecting therapeutic approaches according to the
underlining disease. Therefore, an ideal biomarker should be
specific (whose presence, absence, or altered levels are directly
associated with the development of pathological conditions or
diseases), noninvasive (easy to obtain from biological fluids)
and consistent with differences between ethnic groups and
sexes (14).

Biomarkers are classified according to several criteria,
including their chemical characteristics, biological properties,
application and methods employed for their detection (15).
However, some biomarkers constitute components of different
natures (e.g., proteins and RNAs) or participate in distinct
biological processes; therefore, they can be located in various
categories (16). Biomarkers can be broadly divided into
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Figure 1. Categories of biomarkers. (A) Types of biomarkers depending on
their characteristics and the methods used for their detection. (B) Type of
biomarkers based on their clinical relevance. Biomarkers can provide infor-
mation about the stage of cancer, the clinical outcome and the response to
therapy; a panel of biomarkers can be simultaneously evaluated, including both
proteins and nucleic acids. EGF, Epidermal growth factor; VEGF, Vascular
endothelial growth factor; Cf DNA cell-free DNA; ncRNA, non-coding
RNA; miRNA, microRNA; IncRNA, long non-coding RNA; circRNA,
circular RNA; BRCAL, breast cancer gene 1 protein; BRCA2, breast cancer
gene 2 protein; CA-125, cancer antigen 125; PSA, prostate-specific antigen;
BRC-ABL, Philadelphia chromosome; HER-2/neu, human epidermal growth
factor receptor 2; SHR, Steroid hormone receptors.

imaging-based and non-imaging-based indicators (Fig. 1A).
Imaging-based biomarkers focus on clinical features obtained
through magnetic resonance, computed tomography and
ultrasound-based techniques. The subjective interpretation
and potential clinical applications of data may be limited;
however, image digitalization and data analysis through algo-
rithms (radiomics) have become essential tools for detecting
tumor profiles associated with treatment failure (17,18).
Non-imaging biomarkers are termed molecular biomarkers
and have biophysical and biochemical properties that allow
their assessment in biological samples, such as metabolites,
peptides, proteins, nucleic acids and their modifications that
include genetic mutations or polymorphisms, changes in meth-
ylation levels, among others (Fig. 1A) (19).

According to clinical relevance in oncology research,
non-imaging biomarkers are classified into i) risk markers,
assessing the susceptibility to develop a disease in an indi-
vidual who currently does not present clinical manifestations;
ii) screening markers that determine the probability of having
the disease at an early stage; iii) diagnosis biomarkers that
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Table I. FDA-approved biomarkers based on proteins used in clinical practice.

Type of  Specimen
Biomarkers Biological description Cancer analyzed Approved (Refs.)
HER-2/neu  Member of the human epidermal growth factor receptor family = Breast FFPE tissue 1998 (26)
CA15-3 Membrane glycoprotein that protects different epithelia Breast Blood 1997 27
CA125 Glycoprotein expressed at the surface of the epithelium during  Ovarian  Blood 1997 (28)
embryonic development
PR Plays an essential role in female reproductive function Breast FFPE tissue 1999 (29)
ER Regulates cell cycle progression and apoptosis Breast FFPE tissue 1999 (30,31)
CA27-29 Epitope of the transmembrane glycoprotein MUC-1. Inhibits Breast Blood 1997 (32)
tumor cell lysis and reduce cell-cell interactions
c-Kit Stem cell factor receptor. Regulates proliferation, apoptosis, GIST FFPE tissue 2004 (33)

motility and angiogenesis

HER-2/neu, human epidermal growth factor receptor 2; FFPE, formalin-fixed paraffin-embedded; CA15-3, cancer antigen 15.3; CA125, carbo-
hydrate antigen 125; PR, progesterone receptor; ER, estrogen receptor; CA27-29, cancer antigen 27-29; GIST, gastrointestinal stromal tumor;

MUC-1, mucin short variant S1.

confirm the existence of a disease or aide in defining the clin-
ical features of the disease; for example, biomarkers employed
to determine the tumor origin and classification of cancer
subtypes; iv) prognostic biomarkers that aide in determining
the probability of developing a possible clinical outcome (recur-
rence or progression), regardless of the treatment received or
in its absence (16); and v) predictive biomarkers that determine
the likelihood of clinical response (favorable or unfavorable)
that a patient may experience in response to specific treatment
based on presence or absence of such marker. A biomarker
is predictive of a favorable treatment response for patients
carrying the biomarker compared with the disease course in
patients without it (16) (Fig. 1B).

3. Proteins as predictive biomarkers in CC

Genetic and epigenetic changes during cervical carcinogenesis
may have the potential to modify both the cell behavior and
the tumor microenvironment, notably affecting tumor growth
and spread (20). These genotypic changes are frequently
associated with alterations to molecular expression patterns in
tumors, such as non-coding RNA (small and long non-coding
RNA) (21), variations in the pattern of DNA methylation (22)
and modifications in protein, lipid and small metabolite (nitric
oxide) levels (23), supporting their application as predictive
biomarkers.

Proteins are considered the most informative biological
indicator; therefore, most of the predictive biomarkers
approved by the Food and Drug Administration for clinical
use are proteins (Table I) (24-33). The predictive value of
protein biomarkers is mainly based on their overexpression
or mutations, although posttranslational modifications such as
glycosylation profiles have also been identified as definitory
characteristics of CC (Fig. 2A) (34).

Significant efforts have been made to determine the
prognostic and predictive value of some markers in CC;
however, current clinical evidence of protein markers remains
controversial or insufficient for approval for clinical use (35).

However, a large amount of literature has proposed candidate
predictive biomarkers involved in the response to treatment,
such as epidermal growth factor receptors (EGFR), apoptotic
proteins (Bcl2, Bcl-2-like protein 4 and tumor protein p53),
hypoxia and angiogenic factors [hypoxia-inducible factor
(HIF) and vascular endothelial growth factor (VEGF)],
immune checkpoints (programmed death 1 and cytotoxic
T-lymphocyte antigen 4) and other proteins [cyclooxygenase-2
and squamous cell carcinoma antigen (SCC-Ag)] (36,37). This
section summarizes the current evidence that highlights the
strengths and weaknesses of some proteins as potential predic-
tive biomarkers in CC.

Proteins associated with hypoxia

HIF-1 and VEGF. Tumor hypoxia is a critical factor in tumor
progression and treatment resistance in solid tumors, including
prostate, cervix, breast and head and neck tumors (38,39).
The invasive nature of the methods employed to determine
oxygenation status in tumors presents technical limitations,
which has promoted the use of endogenous markers associ-
ated with tumor hypoxia, such as HIF-1, VEGF, glucose
transporter 1, carbonic anhydrase IX and hemoglobin (Hgb)
levels (39-41).

HIF-1 is a family of oxygen-sensitive transcriptional
activators, which form dimers of o and f§ subunits. In hypoxic
conditions, HIF-1a stabilizes and translocates into the nucleus
where it binds to HIF-f to form the dimer that binds to
hypoxia response elements in the promoters of genes involved
in adaptation to oxygen-depletion (42-44), among which is
VEGF (45). VEGF is a growth factor essential for vascular
homeostasis. It belongs to a family of soluble polypeptides
formed by five members (VEGF-A, B, C, D and E), of which
the most studied isoform in cancer is VEGF-A because its
increased levels are associated with the formation of new
capillaries during carcinogenesis and metastasis (46).

The predictive value of HIF-1a, HIF-2a and VEGF is
mainly associated with their increased levels in CC and
their correlation with poor response to CRT (47-49). This
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Figure 2. Promising predictive molecular biomarkers for cervical cancer. (A) Candidate protein biomarkers. The predictive value of protein biomarkers is
mainly based on their abnormal expression levels and aberrant glycosylation; this is the case of VEGF, HIF-1, hemoglobin and SCC-Ag, which have shown
that alterations in their levels are related to the clinical response. (B) Possible methylation-based biomarkers. Modifications in DNA methylation patterns, are
present in cervical cancer, mainly hypermethylation in several genes including PAX-1, ZNF582, ESR1, MYODI1, BRCA1, RASSFIA and hTERT, favoring
decreased gene expression. Some of these genes have been evaluated to identify new predictive biomarkers. (C) Potential role of non-coding RNAs as predic-
tive biomarkers. miRNAs are implicated in post-transcriptional regulation of gene expression. Profiles of aberrantly expressed miR, such as miR-9, miR-200a,
miR-145, miR-342, miR-492, miR-100-5p, miR-411, miR-326, miR-378c and miR-155, have been associated with treatment response in cervical cancer; also
long non-coding RNAs and circular RNAs have been associated with clinical response; however, the involved molecular mechanisms have not yet been eluci-
dated and are subject of further investigation. VEGF, vascular endothelial growth factor; HIF-1, hypoxia-inducible factor; SCC-Ag, squamous cell carcinoma
antigen; PAX-1, paired-box transcription factor 1; ZNF582, zinc finger protein 582; ESRI, estrogen receptor 1; MYODI1, myogenic differentiation 1; BRCAI,
breast cancer gene 1; RASSF1A, Ras association domain family member 1A; hTERT, human telomerase reverse transcriptase; miRNA/miR, microRNA.

ability to determine the sensitivity to treatment has also
been evaluated in LACC patients under different treatment
modalities, such as preoperative CRT (PCRT). Reduction in
VEGF and HIF-1a levels were significantly associated with
improved clinical responses. VEGF and HIF-1la expression
rates following PCRT were O in patients with a complete
response (CR), 70 and 63% in patients with a partial response
(PR) and 100 and 85.71% in patients with stable disease,
respectively. These results suggest that changes in VEGF and
HIF-1a expression could predict PCRT sensitivity in LACC
patients (50). This approach is particularly relevant because
PCRT improves progression-free survival compared with
that associated with RT (92 vs. 76.5%) (51). Moreover, PCRT
provides other clinical advantages, such as the opportunity for
subsequent radical surgery, the identification of the response
rate and adverse effects of CRT before determining a treat-
ment plan and the opportunity to retain ovarian function
in young patients (52,53). The changes observed in VEGF
protein levels are similar to the findings observed in patients
with LACC before PCRT: the reduction of VEGF levels after
PCRT (P<0.001) significantly correlated with CR in 82.2% of
participants, with a 3-year progression-free survival (PFS) of
84.8% (Table 1I) (54).

Platinum-based neoadjuvant chemotherapy (NACT)
before radical hysterectomy or radiotherapy has shown favor-
able response rates of OS and PFS in LACC patients (55).
This therapeutic strategy is associated with a significant
reduction in tumor size, which may improve prognosis by
reducing the risk of recurrence and micrometastasis (56).
However, the lack of clinical response implies the indica-
tion for postoperative radiation, which may delay the
treatment options and worsen the prognosis (56). Therefore,
the identification of biomarkers that can predict a clinical
response to NACT could optimize therapeutic options for
LACC patients. Consistent with this proposal, findings
reported by Zhao et al (57) in a group of 42 LACC patients
treated with NACT pre-hysterectomy showed that high
levels of HIF-1a and VEGF protein significantly correlated
with improved clinical responses to NACT. The reduction
of HIF-1a and VEGF post-NACT was associated with a
CR (Table II). These results suggest that protein levels of
HIF-1o and VEGF-A may guide the selection of PCRT and
NACT in patients because the reduction is associated with a
higher probability of improved clinical responses. However,
the predictive value of these markers seems to be limited
to LACC because higher protein levels in patients with
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Table II. Candidate proteins as predictive biomarkers for cervical cancer.

Protein Predictive association Treatment of choice Clinical stage  Studied specimen  (Refs.)
HIF-1a Decrease in CR PRCT TIA-IVA Tissue (50)
NACT pre-hysterectomy IIB-IVA Tissue 57)
PRCT IIB-IVA Tissue (54)
VEGF-A Decrease in the CR group NACT pre-hysterectomy [IB-IVA Serum tissue (50,57)
Hemoglobin Higher levels (>12.7 g/dl) in the CR  CCRT 1IB-IVA Blood (64)
group
SCC-Ag Elevated pretreatment levels RT IB-ITA Serum (69)
(>2.35 ng/ml) predict the presence
of LMN
Elevated pretreatment levels CCRT IIB-IVA (68,72)
(=4 ng/ml) in NR
Elevated pretreatment levels CCRT IIB-IVA an
(>4 ng/ml) predict treatment failure =~ EFRT adjuvant IB-IVA (72)

and distant recurrence

HIF-1, hypoxia-inducible factor-1; PRCT, preoperative radiochemotherapy; NACT, neoadjuvant chemotherapy; VEGF, vascular endothelial
growth factor; CR, complete response; SCC-Ag, squamous cell carcinoma antigen; LNM, lymph node metastasis; NR, non-responders; EFRT,

extended-field radiation therapy.

early-stage cancer correlated with a negative response to
treatment with NACT (57,58).

It is important to highlight that the clinical utility depends
on VEGF and HIF-1a not only on the type of sample (serum
or tissue) but also on the accurate diagnostic of the methods
employed for detection, which determines the establishment of
cut-off points. Due to the reduced size and the limited follow-up
of the study population, in addition to differences in methods
employed for their detection, further studies are required to
determine the sensitivity and specificity of VEGF and HIF-1a
for predicting tumor recurrence and treatment response in
patients with LACC, particularly employing methods whose
principle of detection allows a comparative analysis.

Hgb. Low oxygenation in solid tumors increases the risk
of local invasion, metastasis and treatment failure (59,60). Hgb
level is considered a determining factor for clinical response
during treatment owing to Hgb's role in oxygen transporta-
tion. Higher oxygenation levels are reached when Hgb ranges
between 12-14 g/dl, whereas lower levels of Hgb are associ-
ated with tumor hypoxia and anemia in the patient (40,61).
Most clinical studies on CC support the role of Hgb levels
as a prognostic biomarker (61,62); however, in some studies
pretreatment Hgb levels were not significantly correlated with
clinical response in patients treated with concurrent chemo-
radiotherapy (CCRT), so the predictive value of Hgb remains
controversial (40,63).

According to Gennigens et al (63) the follow-up of
patients with LACC, during treatment with cisplatin-based
chemoradiotherapy, revealed a significant decrease in Hgb
levels (<12 g/dl) compared with the median Hb at diagnosis
(13.1 g/dl). However, no significant association was observed
with OS and recurrence-free survival (RFS). This associa-
tion is consistent with a cohort of LACC patients treated with
different therapeutic strategies, which demonstrates that both

RT and CRT can be associated with a significant reduction
in Hgb levels during treatment (40). However, only Hgb
levels <10 g/dl were negatively associated with a reduction in
disease-specific survival. Moreover, transfusions showed no
significant effect in improving the effectiveness of the treat-
ment with CCRT but worsened outcomes in patients treated
with RT alone (40). These findings suggest that a pretreatment
Hgb level <11 g/dl may be associated with a lack of response
in LACC patients treated exclusively with RT, which is in line
with results reported by Moreno-Acosta et al (64). Pretreatment
Hgb level >12.7 g/dl was significantly associated with CR to
RT in LACC patients (P<0.001), which significantly increased
the OS and DFS of the cohort.

These results highlight the usefulness of considering
anemia to predict the risk of response failure in patients with
LACC receiving RT. However, the retrospective nature of most
of these studies can cause potential biases. Although all patients
met several strict inclusion and exclusion criteria to constitute
a homogeneous group of patients, further prospective research
is necessary to confirm the usefulness of this new biomarker.

Other hematologic biomarkers may also be needed to
determine which patients are at a particular risk of treatment
failure, requiring closer monitoring and intensified systemic
treatments. The changes in polymorphonuclear neutrophils
and white blood cells between the first and last CT cycles may
be interesting new biomarkers, as they correlate with RFS, OS
and distant recurrence (65). It could be combined with other
well-known pre-treatment predictive markers (tumor size
and nodal disease) to anticipate adjuvant systemic treatments
(CT or new drugs, such as immunotherapy) if ongoing trials
prospectively confirm its positive impact.

SCC-Ag. The serum SCC-Ag is a glycoprotein derived from
tumor squamous cells and expressed through two isoforms:
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SCC-Ag 1 and SCC-Ag 2 (66). The expression of SCC-Ag 1
is mainly associated with radiation resistance. Therefore,
elevated SCC-Ag levels may predict treatment failure in SCC
patients (67,68). The literature highlighting the clinical find-
ings supporting this hypothesis is described in the following
section.

Hysterectomy (combined with adjuvant RT) or CCRT are
equally effective treatments for patients with early stages of
CC (IBI-IIA) (9). However, surgery is only offered for patients
with a low probability of undergoing adjuvant CCRT or RT to
avoid using two different treatments. Therefore, an adequate
preoperative assessment of the risk factors is critical to deter-
mine the therapeutic strategy and can predict the response
treatment (69). Lymph node metastases (LNM) are routes of
CC dissemination. LNM is a poor prognostic feature, even
in patients with early-stage disease (70). The evaluation of
preoperative LNM is based on medical imaging, which has
limitations. Therefore, it is imperative to find new markers
that, together with the data obtained by imaging, allow the
prediction of the presence of LNM for selecting treatments
for patients with early-stage CC. Xu et al (69) determined
that preoperative SCC-Ag levels >2.35 ng/ml could be used
as a predictor of LNM. Moreover, combination with computed
tomography generated reliable data for predicting LNM, with
a sensitivity of 82.9%, although the specificity decreased
according to the severity of CC owing to its increased levels
consistently observed in advanced stages (69). These results
support the potential of SCC-Ag as a predictive marker for the
use of definitive RT, with reliable clinical results in patients
with early-stage SCC (Table II).

Regarding cases of LACC treated with definitive CCRT,
Choi et al (68) reported in a cohort of 304 SCC patients that
pretreatment SCC-Ag levels =4 ng/ml significantly corre-
lated with higher local, regional and distant metastasis rates.
Similar results were reported by Kang ez al (71) who showed
that SCC-Ag levels (>2 ng/ml) before CCRT were predictive
of the development of distant recurrence within 5 years.
These results show that increased SCC-Ag levels before
treatment could be useful in predicting treatment failure and
selecting adjuvant therapies, such as neoadjuvant chemo-
therapy, consolidation chemotherapy and extended-field
radiotherapy (EFRT), in patients treated with definitive
CCRT (72) (Table II).

The lymphatic spread in CC follows a predictable and
orderly pattern from the lower to the upper regions of the
pelvis. Para-aortic lymph nodes play an important role in
the metastases of CC (73). According to the Gynecologic
Oncology Group, 25% of patients with LACC have para-aortic
node metastasis (PAN), which is associated with poor survival
rates (74). In these cases, EFRT plus CCRT (EF-CCRT) is
recommended postoperatively to provide suitable loco-regional
disease control (75,76). However, distant metastases are the
leading cause of failure of treatment. Clinical trials have deter-
mined that postoperative patients with PAN who underwent
adjuvant chemotherapy with EF-CCRT had a lower incidence
of distant metastases than patients who received EF-CCRT
alone (77,78). The critical issue is identifying patients who
have undergone postoperative EF-CCRT and can benefit from
consolidation chemotherapy. In this condition, SCC-Ag levels
could be an essential biomarker since previous studies have

shown that 70-86% of patients with metastasis had elevated
SCC-Ag levels (=4 ng/ml) (67,68,79).

Zhang et al (80) demonstrated the predictive value of
pretreatment serum SCC-Ag levels in a cohort of 113 patients
who underwent postoperative EF-CCRT. Serum SCC-Ag
levels were analyzed in 63 patients who received EF-CCRT
and consolidation chemotherapy and another 50 patients who
received EF-CCRT alone. The results showed that patients
with low pretreatment levels of SCC-Ag did not experience a
change in clinical outcome when they received consolidation
chemotherapy, compared with the outcomes of those who did
not. However, in patients with pretreatment serum SCC-Ag
>6.5 ng/ml, adjuvant chemotherapy demonstrated significantly
decreased systemic recurrences. Similar results were observed
in previous studies (68,80).

Changes in SSC-Ag levels during treatment are hypoth-
esized to have the potential to aid in the follow-up of patients,
given that the regression of tumors after CCRT may require
>3 months (79) and the difficulty in identifying whether a
patient has achieved or will achieve a CR via gynecologic
examination. According to Kawaguchi ef al (81), the changes
and the establishment of cut-off levels could be useful in
predicting the risk of recurrence or metastasis according
to the therapeutic approach (RT or CCRT). Posttreatment
SCC-Ag levels >1.15 ng/ml or 1.20 ng/ml were associated with
decreased 3-year OS in LACC patients treated with CCRT
(84%) or RT (95%), respectively. However, its application
depends on the therapeutic approach as well as the clinical
staging of tumors, because post-treatment SCC-Ag levels
>1.0 ng/ml can be associated with a higher risk of recurrence
and an incomplete response to RT in patients with stage IB to
IIIB disease (82).

Serum biomarkers such as SCC-Ag are essential in
cancer treatment because serum is an ideal type of clinical
sample due to its easy accessibility, low cost and non-inva-
sive nature. Furthermore, the level of SCC-Ag is increased
in 88% of SCC patients compared with healthy women (83).
In addition to CC, SCC-Ag has been proposed as a clinical
tool to implement personalized treatment policies for cell
carcinomas of organs such as the tongue, esophagus, tonsils
and lungs (non-small cell lung cancer) (84,85). However, the
clinical relevance of SCC-Ag in cancer treatment and prog-
nosis remains controversial because some evidence (such
as those analyzed in the present study) supports the funda-
mental role of SCC-Ag as a predictive biomarker in CC.
However, on the contrary, other authors demonstrated that
the evaluation of SCC-Ag during follow-up did not improve
the response to treatment or the early detection of the
recurrence (86). SCC-Ag must be validated as a predictive
biomarker to be incorporated into clinical practice, which
implies the homogeneous use of highly sensitive technology
and defined criteria for patient eligibility. SCC-Ag has
not been documented in the current guidelines for routine
clinical use in patients with cancer. To this end, it is neces-
sary to conduct prospective and large-sample studies that
allow the establishment of reliable cutoff levels of SCC-Ag
that will help in clinical decision-making. It is advisable to
evaluate combinations with other markers, including tumor
characteristics, such as size, parametrial involvement and
lymph node enlargement.
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4. DNA methylation markers

Genomic instability is a hallmark feature of cancer cells,
correlating with the increased risk of acquired mutations.
Therefore, mutations of a single nucleotide (single nucleotide
variants) are popular prognostic and predictive biomarkers in
cancer (87). However, alterations in DNA methylation status
are also considered determinants of genomic instability and
multiple efforts have been directed to determine their possible
role as biomarkers either in diagnosis or clinical response to
cancer treatment (Fig. 2B) (88,89). DNA methylation refers to
the covalent addition of methyl groups to carbon 5 of cytosine
rings, specifically in the CpG island promoters (promoter
hypermethylation) of several genes (90). Changes in levels
and patterns of DNA methylation are frequently associated
with the aberrant expression of genes that actively contribute
to carcinogenesis by mainly regulating cellular growth and
differentiation (91). Alterations in DNA methylation play a
determining role in maintaining a malignant phenotype and
their prognostic and predictive performance has been evaluated
in different cancers, such as ovarian, gastric, breast, esophageal,
glioblastoma, colon, melanoma and lung cancers (88,92,93).
Currently, methylation-based biomarkers approved by the
United States Food and Drug Administration (FDA) include
the qualitative evaluation of Septin 9 gene methylation for
the diagnosis of colorectal cancer in plasma samples (Epi
ProColon), the combination of N-Myc Downstream-Regulated
Gene 4 and Bone Morphogenetic Protein 3 (ColoGuard) for
the diagnosis of colorectal cancer in stool samples (88) and
O%-methylguanine-DNA methyltransferase methylation as
a prognostic and predictive marker in glioblastoma multi-
forme (94).

The contribution of DNA methylation to the alteration of
genes associated with the development and progression of CC
suggests that changes in DNA methylation could be employed
for selecting therapeutic approaches with lower risks of
recurrence, progression, or metastasis (95-97). However,
few studies have explored the usefulness of changes in DNA
methylation status for predicting the clinical response of CC
treatments. Clinical studies that evaluated DNA methylation
as a biomarker for CC diagnosis (98,99) show that methylation
analyses of two or more genes and cutoff limits could be main
factors that modify their predictive value.

The evaluation of changes in DNA methylation through
semi-quantitative assays has suggested that combined hyper-
methylation of Myogenic Differentiationl (MYODI), Estrogen
Receptor 1 (ESRI) and human telomerase reverse transcriptase
(hTERT) could be associated with CR in patients with LACC
(stage IIB/III) receiving CRT (100). However, according to
Contreras-Romero et al (101), differential methylation of the
Bromodomain Containing 9 and the Cytosolic Thiouridylase
Subunit 1 was significantly associated with improved OS
and PFS and in patients with LACC (stage II/I1I-V), whereas
hypomethylation of Dedicator of Cytokinesis 8 correlated
with shorter OS and resistance to CCRT. On the other hand,
Guerrero-Setas et al (102) suggested that hypermethylation of
Ras association domain family member 2 (RASSF2) could be
sufficient to determine the risk of recurrence by reporting that
RASSF2 hypermethylation before treatment was significantly
associated with high likelihood of recurrence in patients with
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LACC (stage II/III-V) treated with CCRT (102). These results
indicate that the predictive value of the biomarker might be
significantly modified by the heterogeneity of samples and the
sensitivity of the method employed for the determination of
DNA methylation.

Methylation of paired-box transcription factor 1 (PAXI),
a protein that plays a critical role during embryogenesis, has
shown consistent results throughout multiple studies (103).
PAX1 acts as a tumor suppressor in different cancers
(cervical, ovarian, colorectal carcinoma, parathyroid and
oral SCC) (104). Methylation levels of PAX1 increased
according to the severity of cervical lesions; therefore, its
predictive value has been mainly evaluated in patients with
LACC receiving CCRT. Experimental assay and analysis of
genome-wide methylation through algorithms showed that
PAX1 expression can be regulated by hypermethylation of
its promoter in CC cell lines; furthermore, increased PAX1
methylation is significantly associated with shorter OS and
PFS in patients with LACC (105). However, methylation level
changes in PAXI1, that were evaluated using relative quantifi-
cation (ratio of PAX1/COL2A methylation), were associated
with an improved response in patients treated with RT. The
reduction in methylation levels of PAX1 in stage 11B/IIIB
tumors during the RT phase was significantly correlated
with smaller tumor size, which was observed in patients with
CR (106). An analysis of cutoff values (delta CP <9) showed
that differences in PAX1 methylation, observed during the
RT phase, could predict a failed response to treatment with
high sensitivity (72%) and specificity (88%). These findings
highlight the importance of cut-off values for determining the
predictive ability of the marker, supporting the proposal that
changes in the methylation status of the PAX1 gene could be
used as a predictive biomarker of early response in CC patients
treated with radiation. However, further prospective studies
are required to determine the reliability of PAX1 methylation
for predicting the response to RT. Furthermore, assessment of
PAX1 methylation using absolute quantification methods may
be useful in determining whether cut-off values can be applied
to all populations or in identifying technical factors modifying
the accuracy and precision of the test.

Some studies have also proposed that methylation of zinc
finger protein 582 (ZNF582) could be employed to evaluate
the clinical response in patients with LACC treated with
CCRT (107,108). ZNF582 is a member of the family of zinc
finger proteins that function as transcription factors and is
involved in several cellular processes such as DNA damage
response, proliferation and cell cycle regulation factors.
Decreased expression of ZNF582 is frequently associated
with promoter hypermethylation in several types of cancer
such as esophageal SCC, anal cancer, colorectal cancer and
CC (108-110). Moreover, methylation levels of ZNF582
increase according to the severity of cervical alterations (110).
These findings support the active participation of ZNF582
methylation in cervical carcinogenesis, suggesting that the
determination of its methylation status could be applied to
predict the response to therapeutic strategies employed in
invasive CC. According to Wu et al (111), the predictive capa-
bility of ZNF582 methylation in RT was evaluated in patients
with LACC treated with neoadjuvant CRT (NCRT) where
78% of patients had tumor FIGO staging <IIB and 88.3% had
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glandular types. Methylation levels of ZNF582 lower than the
cut-off values (ratio of ZNF582/COL2A methylation, delta
CP <13) showed significantly improved clinical outcomes
with NCRT. Methylation levels lower than the cutoff values
induced following NCRT were significantly correlated with an
increased risk of short-term recurrence compared with patients
with ZNF582 hypermethylation. Conversely, hypermethyl-
ation of ZNF582 after NCRT was associated with a higher
rate of 5-year disease-free survival in comparison to that in
patients with unmethylated ZNF582 (84.5 vs. 72.4%; P=0.04).
Therefore, these results suggest that ZNF582 methylation could
be considered a predictive biomarker in cervical adenocarci-
noma. However, the predictive value of ZNF582 methylation
was found to be closely associated with the methods (standard
curve or relative quantification) and cutoff values employed
to determine the hypermethylation status, which determines
the sensitivity and specificity of the test (108,111). Therefore,
further studies with homogeneous criteria, such as absolute
quantification, are required to clarify the role of methylation
levels in responses to radiation.

Evaluation of data from public repositories has also
contributed to the determination of the predictive behavior of
DNA methylation (112). This approach allows the application
of different algorithms for data analysis. DNA methylation
is usually associated with the inhibition of gene expression;
therefore, the correlation between methylation and expression
values provided by the algorithms supports the biological
effects of DNA methylation on gene expression. The predic-
tive model has shown that differential methylation of Zinc
finger FYVE domain-containing protein 21, Cytochrome
B-245 Chaperone 1, protein disulfide isomerase family A
member 6, Cullin 7, T-cell surface glycoprotein CD3 epsilon
chain, T cell immunoreceptor with Ig and ITIM domains,
M-phase phosphoprotein 10 and LOC100132215 could predict
a higher risk of recurrence in patients with LACC (113). These
findings show that the use of algorithms for methylation status
associated with dysregulated genes in CC may be a useful tool
to identify whether changes in methylated regions could be
associated with sensitivity to treatment; however, studies with
a larger number of samples are needed to strengthen these
results.

5. Non-coding RNAs as predictive biomarkers in CC

Understanding the genetic composition of cells and their regu-
lation has progressed rapidly since the development of human
genome sequencing. Only ~1% of the human genome is coding
DNA; however, ~90% of the genome is transcribed, which
implies that a large proportion of these non-coding transcripts
have important regulatory purposes in different cellular
contexts (114). Much has been learned about the several types
of non-coding RNA (ncRNAs); however, their action mecha-
nisms and cellular targets are not completely known.
ncRNAs are traditionally classified into two types
according to the size of the transcript: Small non-coding
RNAs (20-200 nt) and long non-coding RNAs (>200 nt).
Nevertheless, a wide, heterogeneous variety of ncRNAs have
complex regulatory and structural functions. Several classes
of ncRNAs have been identified, including transfer RNAs
(tRNAs) and tRNA-derived small RNAs (tDRs or tRFs) (115);

ribosomal RNAs (rRNAs) (116), microRNAs (miRNAs) (117);
small interfering RNAs (siRNAs) (118); small nuclear RNAs
(snRNAs) and small nucleolar RNAs (snoRNAs) (119),
circular RNAs (circRNAs) (120); long ncRNAs (IncRNAs)
and transposable elements (121,122); piwi-interacting RNAs
(piRNAs) (123); Y RNA (124); and vault particle-associated
RNAs (vtRNAs) (125).

These ncRNA groups can perform different roles in
biological functions or underlying pathological conditions,
acting as tumor suppressor genes or oncogenes that partici-
pate in or regulate malignant tumor development. The utility
of ncRNAs for diagnosis and progression and as therapeutic
targets and predictive biomarkers has been widely explored
owing to their high degree of conservation, specific expres-
sion patterns and stability (126-128). miRNAs, circRNAs,
IncRNAs, siRNAs and piRNAs have been shown to play
crucial roles as regulators of the response to chemotherapy,
immunotherapy and molecular-targeted therapy in different
types of cancer (117,118,126,129,130).

Several studies on CC have identified the role of ncRNAs
as prognostic biomarkers; however, limited information is
available regarding their use in predicting treatment response.
Therefore, the present study sought to include information on
ncRNAs as biomarkers with predictive value in CC, as deter-
mined by studies carried out not only in cell lines, but also in
patient samples.

miRNAs. Among the small non-coding RNAs, the best char-
acterized are siRNAs and miRNAs. The two participate in
post-translation regulation mechanisms associated with gene
silencing, either by mRNA degradation or interfering with the
mRNA translation process (Fig. 2C) (108,117). Furthermore,
miRNAs, when secreted in exosomes, can function as ligands
of Toll-like receptors (TLRs), which activate TLR signal trans-
duction pathways and induce the secretion of pro-metastatic
inflammatory cytokines (131). miRNAs have also been
shown to function in the nucleus by regulating gene tran-
scription or targeting mRNA splicing, as well as preventing
RNA export (132). Growing evidence indicates the aberrant
expression of miRNA is strongly associated with the develop-
ment and maintenance of malignant phenotypes of CC cells.
Moreover, miRNAs have been employed as molecular indica-
tors of recurrence, progression and metastasis in patients with
ICC (133). Table III shows miRNAs involved in CC treatment
response.

Due to the great diversity of miRNAs, profiles with
different combinations of miRNAs have been identified to
help predict therapeutic response in CC. Some studies evalu-
ated the predictive value of mRNA tumor profiles obtained
from CC (stage I/II/III) in the response to CRT. According to
Hu et al (134), the generation of a predictive model (algorithm)
based on the correlation between miRNAs and OS allows the
identification of miRNAs directly associated with a lower risk
of therapy resistance (TR). This model showed that changes
in miR-200a and miR-9 before radiation were significantly
associated with a higher RFS rate (P=0.036). Moreover, the
predictive value of mi-R200a has also been proposed by
Pedroza-Torres et al (135) in their cohort of patients with
LACC (stage II/III) treated with CCRT (pelvic radiation +
BT). The reduced pretreatment levels of miR-200a observed
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Table III. Alterations in miRNAs associated with clinical outcome during cervical cancer treatment.

Authors, year miRNA Predictive association Treatment Studied specimen (Refs.)
Zou et al,2022 miR-326 Sensitivity to neoadjuvant Bleomycin, vincristine  Blood samples of LACC (133)
chemotherapy and Cisplatin patients
Hu et al, 2010 miR-200a Recurrence-free survival Radiotherapy Cancer cell lines/paraffin- (134)
miR-9 embedded tumor biopsies
Pedroza-Torres ~ miR-200a Chemo/radioresistance Cisplatinum, Cervical scrapings (135)
etal,2016 miR-125a radiotherapy and
Brachytherapy
Fekete et al, miR-342 Chemotherapy resistance Platinum Squamous cervical cancer (137)
2020 miR-378c samples
miR-155
Weietal,2017 miR-145 Increased in complete Radiotherapy Cervical cancer samples (138)
responders
Shi et al, 2012 Its reduction by Mitomycin Cancer cell lines (139)
glucocorticoids increases
resistance to chemotherapy
Liu et al, 2018 miR-492 Sensitivity to chemo- Irradiation plus Cancer cell lines/cervical (140)
radiotherapy cisplatin cancer tumor biopsies
Barik et al, miR-100-5p  Efficacy to chemoradiation  Cisplatin, carboplatin ~ Tissue of patients with (141)
2021 and brachytherapy LACC
Wei and Liu, miR-411 Radiotherapy efficacy Irradiation Cervical cancer tissues (142)
2020
Zuccherato miR-4278 Increased in no responders ~ Radiotherapy Cervical cancer tissues (143)
et al,2021 miR-4422 and worse OS concomitantly with
miR-4779 chemotherapy
miR-1268

miRNA/miR, microRNA; LACC, locally advanced cervical cancer; OS, overall survival.

in non-responding patients negatively correlated with the risk
of TR [underexpressed 5.82-fold in non-responders compared
with responders (P<0.001)].

The predictive value of certain miRNAs has also been
explored using indicators that have shown prognostic utility
in CC. Regarding miR-145, changes observed during CC
development and progression have been associated with poor
prognosis and shorter OS. The reduction of miRNA-145 levels
observed in CC before CRT is more pronounced in patients
with poorly differentiated tumors (P=0.027), LNM (P=0.009)
and advanced tumor stage (P=0.002) (136,137). These find-
ings have supported the potential application of miR-145 in
predicting the clinical outcome of radiotherapy in patients
with LACC. According to Wei et al (138), the plasma levels
of miR-145 negatively correlated with the severity of CC.
Moreover, pretreatment plasma miR-145 levels of patients
with CR were significantly higher compared with those of
non-responding patients (P=0.005). Accordingly, plasma
miR-145 levels could be employed to determine the radiosensi-
tivity in patients with LACC, with high specificity (84.6%). The
association of miR-145 with chemotherapy resistance has not
been explored in clinical studies; nevertheless, experimental
assays showed that a reduction in miR-145 levels is associated

with increased expression of E6 oncogene of HPV18 induced
by cortisol, reducing mitomycin-induced apoptosis in the
HeLa cell line. Conversely, miR-145 overexpression reverses
glucocorticoid-induced chemoresistance, which suggests
that changes in the levels of miR-145 might be associated
with chemotherapy resistance (139). However clinical studies
are required to determine its predictive value of miR-145 in
patients treated with chemotherapy.

Other miRNAs showing promising predictive values
include miR-492, miR-411, miR-100-5p and miR-326.
Increased expression of miR-492 in patients with LACC was
observed in patients responding to CCRT (140). Notably,
increased miR-492 levels in patients with positive LNM show
a high predictive value, with a 75.0% specificity and 95.24%
sensitivity (140). These findings were further studied with
in vitro assays, which showed overexpression of miR-492
turned SiHa cells radiosensitive, increasing the fraction of
apoptotic cells (140). Clinical evidence supporting the role of
miR-100-5p as a predictive biomarker in LACC patients, show
increased expression of miR-100-5p in pretreated patients who
have had a complete response to CCRT (141).

Regarding miR-411, its downregulation is significantly
associated with a low probability of response to RT in CC
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patients (stage I/II/III). Higher expression of miRNA-411 is
observed in responding patients (CR and PR) compared with
that observed in non-responders (PD and SD) to RT (P<0.05).
This response is consistently observed in tumor and blood
samples, which highlights its utility as a predictive non-inva-
sive marker (142). According to Zou et al (133), the change in
expression of miR-326 levels detected in the serum of patients
with LACC is significantly associated with an improved
response to NACT. miR-326 levels in responding groups show
a significant increment after treatment, whereas those of the
non-responding group remained unchanged (P<0.023; sensi-
tivity: 88.89%; specificity: 50%).

Analysis of the data set (The Cancer Genome Atlas reposi-
tories) generated by methods of high-throughput sequencing,
such as RNAseq, has provided valuable information about the
tumor profile of miRNAs associated with response to platinum
treatment. The expression of hsa-miR-342 (P=9.68x107),
hsa-miR-378¢c (P=1.29x10"*) and hsa-miR-155 (P=2.01x10"%)
is significantly associated with response to platinum-based
(cisplatin or carboplatin) treatment in a group of 94 SCC
samples; however, the reduced number of cases of CC
employed for the predictive model (logistic regression) did
not allow the assessment of their predictive value (137). These
high-through sequencing methods have also been employed to
determine if the resistance to CRT could be associated with
tumor profiles of miRNAs originating from CC stem cells
(CCSC). It has been proposed that the heterogeneous composi-
tion of malignant tumors is a characteristic associated with
the plasticity and aggressiveness of CCSC, which increase
the risk of TR. In this regard, Zuccherato et al (143) analyzed
the transcriptome of a stem cell-enriched population from CC
samples from cases of responders and non-responders (NR)
to chemoradiotherapy. Notably, among diverse genes and
ncRNAs, they found four miRNAs that were overexpressed
in NR (miR-4278, miR-4422, miR-4779 and miR-1268B),
with 16 putative targets with a significant negative correlation
identified by binding prediction. With this analysis, the authors
define a gene/miRNA expression profile associated with NR
patients and a worse prognosis.

Due to changes in plasma levels of certain miRNAs
correlated with alterations observed in the primary tumor,
the evaluation of their levels in blood has been considered a
non-invasive method for the follow-up of patients during treat-
ment (136,138,142). Therefore, their use is being analyzed as
biomarkers during progression and as predictors of treatment
response and their participation in the development of cancer
has been highlighted (144,145). However, more studies with
rigorous analyses should be conducted to determine the stron-
gest candidates for use as predictive biomarkers.

Moreover, several signaling pathways have been implicated
in radioresistance in cervical cancer, such as the Hedgehog
pathway (146); Wnt/b-catenin pathway (147) and MAPK
pathway (148), among others; which may be the target of the
different aforementioned miRNAs. Several mechanisms have
been proposed by which miRNAs contribute to chemotherapy
resistance in CC, particularly to cisplatin, such as apoptosis
inhibition, regulation of mismatch repair system, rise in
epithelial-mesenchymal transition characteristics, increase
in the number of drug-resistant cancer stem cells following
chemotherapy and the reduction of oxidant levels (149). For

example, miR-92b suppresses the LDLRPTEN signaling
pathway, leading to activation of the AKT pathway, which
inhibits apoptosis (150); miR-7-5p negatively regulates Poly
(ADP-ribose) polymerase 1 (PARP-1), which is an important
regulator of the mismatch repair mechanisms (151).

Understanding the mechanisms by which these miRNAs,
through their target genes, are associated with treatment
response is an aspect that deserves further study. This would
allow the identification of molecular targets that regulate key
signaling pathways in tumor progression and recurrence,
against which targeted therapies could be sought.

Long non-coding RNAs (IncRNAs). IncRNAs are longer than
200 nucleotides and are not translated into proteins (152).
IncRNAs can interact with RNA, DNA and proteins
according to the different biological processes where they are
expressed (153,154). Based on their gene location, IncRNAs
can be classified into five categories: Long intergenic ncRNAs,
long intronic ncRNAs, sense IncRNAs, antisense IncRNAs
and bidirectional IncRNAs. In line with their regulatory effect
on DNA sequences, IncRNAs can be classified as cis- or
trans-acting IncRNAs (155,156).

IncRNAs involved in tumor progression and invasion that
have been considered as markers of therapeutic resistance
include HOX transcript antisense RNA (HOTAIR), metas-
tasis-associated lung adenocarcinoma transcript 1 (MALAT1),
HI19, colon cancer-associated transcript 2, Sprouty4-Intron 1,
growth arrest-specific 5 (GASS), maternally expressed 3 and
prostate cancer-associated transcript 1 (PCAT1) (157,158).
However, some of them have also been considered diagnostic
and prognosis biomarkers and therapeutic targets for CC treat-
ment owing to their roles in CC development, progression and
metastasis (21,159,160).

Increasing evidence has shown that increased expression
of HOTAIR may be useful to predict response to RT in CC.
Results obtained from biological models suggest that overex-
pression of HOTAIR increases the risk of radioresistance in CC
by upregulating of HIF-1a (161). According to Zhou et al (158),
the negative correlation between HOTAIR and miR-214-3p
could be associated with the alteration of genes involved in the
epithelial-mesenchymal transition (Wnt/fB-catenin pathway),
which may also contribute to the acquisition of radioresis-
tance in CC cells. Moreover, the majority of clinical evidence
indicates that the increased levels of HOTAIR observed in
CC patients are associated with tumor size and increased
probability of LNM, which significantly reduces the OS of
patients treated with CCRT (162). These findings highlight
the value of the HOTAIR expression as a prognostic marker;
however, further prospective studies are required to determine
its predictive performance in patients with LACC treated with
different therapeutic strategies.

A number of experimental studies on the biological mecha-
nisms of IncRNAs involved in the response of CC to treatment
have been published; however, the present study mainly focused
on the revision of studies showing experimental findings and
clinical evidence supporting the predictive performance of the
markers. In this regard, Lu et al (163) show that MALAT1
levels before treatment are significantly higher in patients with
radioresistance compared with those of responding patients.
The study also evaluated the regulatory effect of MALATI1
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on miR-145 (competing endogenous RNA mechanism) and
a negative correlation was observed in the tumor samples
(R,=0.52). These findings were obtained in a cohort of patients
with LACC (IIB/IIIA) treated with CCRT (pelvic radiation +
BT). Moreover, experimental assays in HPV-positive cancer
cell lines showed that inhibition of MALAT1 and overexpres-
sion of miR-145 significantly reduces cell proliferation and
increases sensitivity to radiation-induced apoptosis (163).
Together, these results highlight the synergism of MALATI1
and miR-145 in the development of radioresistance during CC
treatment.

A similar approach was employed to evaluate whether the
relationship between GASS and miR-106b could be associ-
ated with an improved response of CC cells to radiation.
According to Gao et al (164), pretreatment expression levels
of GASS and miR-106b in patients with LACC (IIB/IVB)
can predict the response to radiotherapy. Although the
ratio between both markers is not analyzed, lower GASS
and higher miR-106b levels are observed in patients not
responding to RT compared with those observed in the
responding group. These results are consistent with GASS
and miR-106 levels observed in the CC cell line (SiHa)
showing radioresistance. Therefore, the response to radia-
tion was determined by pretreatment GASS5 levels, which
directly and indirectly regulated the expression of miR-106b
and immediate early response 3 (IER3), respectively. On
the other hand, the effectiveness of GASS5 for predicting the
response to chemotherapy has also been evaluated in a cohort
of CC patients (stages I-IV). Lower GASS levels significantly
correlate with resistance to cisplatin treatment and a signifi-
cantly shorter OS (165); however, the population analyzed
was small. It is necessary to increase the study population
to confirm whether the expression levels of GASS5 could be
useful in predicting the response CCRT.

Although the effectiveness of PCATI1 for determining
the response to CC treatment has not been explored in
clinical studies, the aberrant expression detected in LACC
indicates its possible role as a predictive marker. According to
Ge et al (166), higher PCAT1 levels are detected in advanced
stages of CC (III-IV) compared with those observed in normal
tissue, which is consistent with in vitro evaluation of PCAT1 in
CC cell lines. The relevance of PCAT1 in the response to RT
is complemented by the evaluation of miR-128 and GOLM1
expression in tumor xenograft assay treated with radiation
(X-rays). The inhibition of PCAT1 in HeLa xenotransplanted
cells result in a significant reduction in tumor volume following
radiation. Therefore, the authors propose that the sensitization
of CC cells to radiation may be indicated by the axis of action
of PCAT1-miR-128-GOLM1 (166).

Circular RNAs (CircRNAs). CircRNAs are RNA molecules
characterized by a continuous loop structure and are cova-
lently closed at their free 3' and 5' terminal ends, which gives
them their characteristic of being highly conserved and stable
within the cell. They are derived from a precursor messenger
RNA (pre-mRNA) either by back-splicing or canonical
splicing (120,167,168). CircRNAs lack an internal ribosome
entry site and cannot be translated (169,170); however, they
regulate a great variety of cellular mechanisms such as gene
expression, protein translation and cellular signaling, among
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others, and aberrant expression is frequently associated
with the development of some human diseases, particularly
types of cancer (171-174). Notably, an analysis of the expres-
sion landscape of circRNAs in human cancer cell lines has
revealed distinct tissue-specific expression profiles (175),
suggesting that circRNAs can be used as diagnostic, prog-
nostic, or predictive markers for different types of cancer. The
covalently closed circular structure of circRNAs renders them
resistant to exoribonucleases (176), which is advantageous
when considering their usefulness as possible prognostic or
predictive biomarkers.

CircRNAs exert their regulatory function through three
main mechanisms: As sponges for miRNAs, forming a
complex with circRNA-binding proteins, or serving as a
template for protein synthesis (177,178). In addition, circRNAs
actively participate in the acquisition and development of the
metastatic potential of cancer cells, modifying the response to
therapeutic options (179,180). Therefore, circRNAs have been
implicated in tumor progression and treatment response in
several types of cancer such as breast cancer, lung cancer,
hepatocellular carcinoma and gastric cancer (181-184). Several
studies have shown that some circRNAs are efficiently trans-
lated into peptides (185,186) and the functional aspects of the
translated peptides have also been studied (171).

Some studies have proposed that the aberrant expression of
circRNAs is strongly associated with CC progression (187-189).
The contribution of circRNAs to the acquisition and
maintenance of malignant phenotypes during cervical carci-
nogenesis support their usefulness as diagnostic biomarkers;
for example, the combined analysis of hsa_circ_0101996 and
hsa_circ_0101119 in the peripheral whole blood determines
the probability of LACC, with sensitivity (94.3%) and speci-
ficity (87.3%) (190). Other studies identify the contribution
of circYPEL?2 and hsa_circ_0065898 in mechanisms related
to progression, recurrence and metastasis during treatment,
highlighting their utility for diagnosis, prognosis and as
molecular targets in SCC (191,192). However, clinical infor-
mation regarding the predictive performance of circRNAs in
CC treatment is limited.

Alterations in the expression of circEPSTII have been
employed to elucidate the mechanisms associated with
resistance to chemotherapy in CC patients. The comparative
expression of cervical tissues show that circEPSTII levels
are significantly higher in CC tissue compared with their
levels in the adjacent normal tissue. Although clinical data
of patients were not available for comparison with response
to chemotherapy, in vitro assays show that the inhibition of
circEPSTII in cell lines increases their sensitivity to cisplatin.
This response is partly explained by the sponging effect of
circEPSTI1 on miR-370-3p and the indirect regulation of
mutS homolog 2 (MSH2), a gene involved in DNA damage
repair (193). These findings suggest that increased circEPSTI1
in CC patients may be associated with an increased likelihood
of chemotherapy failure but also highlight its usefulness as a
therapeutic target to overcome resistance.

Due to the clinical relevance of paclitaxel (PTX) in
CC treatment, either as NCRT or in combination therapy
with cisplatin, some studies have evaluated the predic-
tive performance of circRNAs in the PTX response.
Regarding circZFR (hsa-circ 0072088), resistance to PTX
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in CC patients significantly correlates with higher levels of
circZFR compared with the non-responding group, which
negatively correlates with the OS of patients. According to
experimental results, the induction of PTX resistance in CC
cell lines increases circZFR levels, which is associated with
the modulation of the miR-944/IL-10 axis. Some studies
have proposed other responding mechanisms based on the
increased expression of circRNAs in patients with PTX resis-
tance, e.g., the regulation of circCEP128 on miR-432-5p and
circMYBL2 on miR-665 (194,195). Conversely, the regulation
of hsa_circ_0009035 on miR-889-3p may be associated with
sensitivity to RT (196). The increased expression of hsa_
circ_0009035 in CC patients not responding to RT supports its
possible use as a target therapeutic and predictive biomarker.
However, further prospective studies are required to clearly
define the clinical and histopathological characteristics of
individuals that provide a greater effectiveness of predictive
markers.

Current information shows that ncRNAs, particularly
miRNAs, IncRNAs and circRNAs, are being positioned
as biomarkers with predictive potential for the treatment of
CC. However, further studies are required to determine the
advantages of these biomolecules over existing markers in
predicting the clinical outcomes of patients undergoing current
treatments for cervical cancer.

6. Future applications of predictive biomarkers

Currently, the predominant model in the treatment of patients
with CC includes surgery, chemotherapy and radiotherapy.
However, the efficacy rate of predefined therapeutic approaches
varies depending on the histopathological characteristics
of patients and poor clinical response is often observed (9).
This situation suggests that the massive application of these
therapeutic approaches not only implies the exposure of treat-
ments that may not generate the expected clinical benefit but
could also reduce the probability of a successful response to
a personalized treatment owing to the toxicity of the multiple
treatment schemes employed. Key precision oncology relies
on an integrated insight into the genomic, transcriptomic and
proteomic background of the patients to establish biomarkers
with sufficient sensitivity and specificity to guide clinical
decision-making.

Although numerous studies have supported the usefulness
of nucleic acids and some proteins as predictive biomarkers,
most of them have yet to exhibit the necessary foundation for
their clinical application. Even studies investigating the predic-
tive utility of the combined markers results are not completely
conclusive because of the correlation with OS, DFS, or LNM
mainly depending on cut-off levels employed (197,198).
Nevertheless, the utility of targeting two genes whose inter-
action is determining cell viability is a strategy that could
be employed in the design of therapeutic options (synthetic
lethality). The p53 and retinoblastoma protein deficiencies
or the increased expression of Glil and SETD2 are cellular
targets that could be employed for synthetic lethality in
cervical cancer treatment (199-201).

The application of predictive markers in the clinical field
faces two main challenges. On the one hand, there is the
technical performance of the test; the sensitivity, specificity

and cut-off value of the test are determining factors for its
clinical interpretation. There is no homogenous procedure
for developing, evaluating and reporting biomarker predic-
tive performance. Multiple guidelines currently employed are
designed to provide a generalized strategy for evaluating the
quality and design of the protocol study according to patho-
logical conditions (202). However, these guidelines in some
cases provide little information about the study characteristics,
which limits the reproducibility and the advance into the estab-
lishment of predictive performance. On the other hand, there
is accessibility and coverage of healthcare programs, where
the limited healthcare budget for CC treatment, reduces the
availability for participating in therapeutic approaches based
on precision medicine.

7. Conclusions

CC is largely preventable due to effective screening and
vaccination programs. However, the vaccination rates remain
low and only a minority of women can gain access to efficient
screening programs. Therefore, CC-related mortality remains
high in low- and middle-income countries. The clinical stage
traditionally defines the treatment in CC patients; however,
the sensitivity to treatment differs between individuals, even
among those at the same stage. Despite extensive research in
recent decades on the possible role of biological molecules
such as proteins, DNA and non-coding RNA as predictive
biomarkers, the identification of valid and reproducible
response marker treatment is neither concise nor clear in CC
because the data produced by the clinical studies are contra-
dictory or not comparable due to the varied criteria used in the
case selection in the clinical trials. Therefore, clinical studies
with a larger number of patients and with clearly defined
inclusion criteria are required to facilitate the integration of
the information generated in each investigation. Moreover, the
relevant findings must also be made accessible to the majority
of patients.
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