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Abstract
Cervical cancer constitutes a leading cause of morbidity and cancer deaths in women throughout the world. Approximately two
thirds of the patients are diagnosed with locally advanced cervical cancer, showing disappointing survival rates despite correct
multidisciplinary management. Metastatic disease implies a poor prognosis itself since diagnosis. Platinum-based chemotherapy
has been the backbone treatment of metastatic cervical cancer for years with nomajor outstanding improvements on survival. The
addition of new molecules, such as antiangiogenic agents, dramatically changed the treatment of this disease. Bevacizumab, an
antiangiogenic agent that targets vascular endothelial growth factor 2 (VEGF-2), added to standard chemotherapy in cervical
cancer showed significant improvement on survival; therefore, the combination of carboplatin, paclitaxel, and bevacizumab is
currently the standard frontline treatment in cervical cancer. Other antiangiogenic agents have been tested in this disease with no
further development nor approvals. New compounds are currently being under development with promising results in this disease
as well as a number of new strategies that could potentially fulfill the unmet need of establishing effective therapeutic approaches
in cervical cancer.
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Introduction

Although largely preventable, cervix cancer continues to be a
leading cause of morbidity and cancer deaths throughout the
world. Cervix cancer accounts for more than 274,000 deaths
each year [1, 2]. Most patients with early disease present as
stage IB or IIA and are treated with surgery or radical radio-
therapy. However, locally advanced cervical cancer (stage
IIB-IVA according to the FIGO staging system) accounts for
almost 32% of all stages with a 5-year overall survival rates of
approximately 40–50% despite conventional treatment ap-
proach. Finally, some patients debut with metastasis and have
a poor prognosis [3]. Although some relatively new drugs
have been tested in recent years, the current treatment for
relapsed or advanced carcinoma of the cervix has generally

proved disappointing. Recent data has suggested that newer
combinations may offer an increased response, progression-
free survival, and overall survival. New compounds and strat-
egies are currently in place or being planned in the context of
recently generated genomic knowledge and immunotherapy
advances. Cervix cancer patients can also be entered into
some newly designed and innovative umbrella and basket
trials.

Biology of Cervical Cancer

Specific subtypes of human papillomaviruses (HPVs) are the
etiological factor in cervix cancer. HPV are involved in more
than 90% of cervical cancer cases [4–6]. To date, 15 of HPV
subtypes identified are oncogenic, being HPV 16 and 18 the
subtypes that account for the most oncogenic potential [7].
Distribution of HPV subtypes slightly varies between squa-
mous and adenocarcinoma cervical cancer [8].

Persistent HPV infection leads to HPV’s DNA integration
into the host DNA upregulating E6 and E7 oncoproteins. Both
oncoproteins are essential in HPVoncogenic process of repli-
cation, host cell immortalization, and transformation. E7
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oncoprotein inactivates retinoblastoma gene product (Rb),
leading to a release of transcription factors [5]. E6 oncoprotein
of HPV 16 and 18 has high affinity for the tumor suppressor
gene p53, inducing both its inactivation and degradation. This
downregulation of p53 leads to stabilization of the hypoxia-
inducible factor 1 (HIF-1), therefore promoting the expression
of vascular endothelial growth factor (VEGF). Nonetheless,
VEGF overexpression in cervical cancer is considered
multifactorial.

Cervical cancer is also associated with tumor hypoxia, a
strong stimulus of HIF-1 which also leads to an increasing
production of VEGF, independently of p53 regulation [9,
10]. Several studies have shown the important role of VEGF
expression in cervical carcinogenesis and its implications in
poor prognosis of the disease [11, 12].

Medical Treatment (Advanced Disease)

Chemotherapy in Cervical Cancer

Chemotherapy in cervical cancer has a well-defined role in
two situations: primary therapy in the management of
advanced/recurrent disease, and in conjunction with radiation
in the management of locally advanced disease.

Carcinoma of the cervix is considered a relatively
chemotherapy-resistant disease. The vast majority of patients
with recurrent disease are treated with palliative intent.
Responses to chemotherapy are limited, and this may be sec-
ondary to compromised vascularity from previous treatments,
renal impairment from obstructive uropathy, or due to the
aggressive nature of recurrent tumors. Responses are particu-
larly uncommon in previously irradiated sites and the duration
of response is usually short, lasting approximately 4 to
6 months. According to series published a few years ago, the
mean overall survival is usually not superior to 13 months.

Historically, single agent cisplatin has been considered the
most active treatment for recurrent/advanced cervical cancer
showing a 21–44% response rate (RR) and a median overall
survival (OS) of 6.1–7.1 months [13, 14]. Several phase III
studies of cisplatin-based combinations have attempted to im-
prove those results, but only the combinations with ifosfamide
or paclitaxel (GOG 169) showed better results in terms of RR
(ifosfamide 17.8 to 31.1%; paclitaxel 19 to 36%) and
progression-free survival (PFS) (ifosfamide 3.2 to 4.6 months;
paclitaxel 2.8 to 4.8 months) but without a significant OS
advantage compared to single agent cisplatin (ifosfamide 8
versus 8.3 months; paclitaxel 8.8 versus 9.7 months) [15,
16], compared to single-agent cisplatin. In the GOG-169,
grade 3 to 4 anemia and neutropenia were more common in
the combination arm. However, there was no significant dif-
ference in quality of life scores [16].

GOG-179 was the first study that showed a significant
improvement in OS of a cisplatin-based combination contain-
ing topotecan over single-agent cisplatin (9.4 versus
6.5 months, HR 0.76, 95% CI, 0.593 to 0.979; p = 0.017) with
a 27 versus 13% RR and PFS of 4.6 versus 2.9 months favor-
ing the combination arm [17]. These results established
cisplatin-based combination chemotherapy as standard of care
in the treatment of recurrent or metastatic cervical cancer.
GOG-204 compared four cisplatin-based combination regi-
mens, cisplatin-paclitaxel, cisplatin-vinorelbine, cisplatin-
gemcitabine, and cisplatin-topotecan, showing no significant
differences in RR (29.1, 25.9, 22.3, and 23.4%, respectively),
PFS (5.82, 3.98, 4.70, and 4.57 months, respectively), and OS
(12.87, 9.99, 10.28, and 10.25 months, respectively) within
the four regimens but with a trend favoring cisplatin 50mg/m2

plus paclitaxel 135 mg/m2 24 h infusion over the other com-
binations. The toxicity profile was similar among the treat-
ments except for hematological toxicity and infection [18].

Cisplatin combined with paclitaxel is less convenient and
more toxic than carboplatin and paclitaxel combination. A
number of phase II trials and retrospective analyses sug-
gested the benefit and advantages of carboplatin-paclitaxel
over cisplatin-paclitaxel. The randomized JCOG-0505 phase
III trial showed that carboplatin AUC5 plus paclitaxel
175 mg/m2 in 3 h was not inferior to cisplatin plus paclitaxel
with the advantages of a more convenient and better tolerated
regimen [19•, 20••].

Antiangiogenic Agents

Angiogenesis plays a key role in cervical cancer carcinogen-
esis. Further investigations focused their efforts on com-
pounds that targeted VEGF and angiogenesis pathway
confirming the activity of antiangiogenic agents in advanced
and recurrent cervical cancer.

Bevacizumab binding and subsequent inactivation of
VEGF leads to cervical tumors shrinkage and delays progres-
sion with generally low toxicity. Bevacizumab was the first
antiangiogenic agent that showed efficacy in cervical cancer.
GOG-227C tested 3-weekly bevacizumab 15 mg/kg in mono-
therapy in persistent/recurrent disease. The results were com-
pared with single-agent compounds tested in prior GOG phase
2 trials in this setting, favoring bevacizumab with PFS and OS
of 3.40 months (95% CI, 2.53 to 4.53) and 7.29 months (95%
CI, 6.11 to 10.41), respectively. This study reached its primary
endpoints with a PFS at 6 months of 23.9% (90%CI, 14 to
37%; 11/46 patients) and toxicities including grade 3 hyper-
tension (7/46 patients), grade 3 hematologic toxicity (8/46
patients), and deep venous thrombosis (5/46 patients) with
no arterial thrombosis events reported. In addition, two grade
4 events (urinary fistula and vaginal bleeding) were reported
in patients treated with bevacizumab [21].
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Bevacizumab was added to chemotherapy in cervical can-
cer in a phase III trial, GOG240. Four hundred fifty-two wom-
en diagnosed with metastatic or persistent/recurrent cervical
carcinoma were randomized to one of the four following treat-
ment arms: 3-weekly cisplatin 50 mg/m2 plus paclitaxel
175 mg/m2 (control arm), 3-weekly topotecan 0.75 mg/m2

on days 1–3 plus paclitaxel 175 mg/m2 on day 1 and
bevacizumab 15 mg/kg added to each of the arms mentioned.
The addition of bevacizumab significantly improved OS (16.8
versus 13.3 months; HR 0.77; 95%CI 0.62-0.95, p = 0.007)
0.84 to 0.82, p = 0.002) without a significant reduction in
quality of life. Bevacizumab also showed superiority in terms
of RR (48% with bevacizumab versus 36%, without
bevacizumab, p = 0.008), achieving a greater number of com-
plete responses (14/225 patients versus 28/227 patients, re-
spectively). Bevacizumab class toxicity included grade ≥ 2
hypertension (25%), genitourinary fistula (7%), and grade
>3 thromboembolic events (8%) [22••]. This was the first
phase III trial that showed significant OS advantage of the
addition of bevacizumab to a platinum-based regimen in this
disease, establishing carboplatin plus paclitaxel plus
bevacizumab as the standard of care of frontline treatment of
cervical cancer.

Pazopanib, an oral vascular endothelial growth factor re-
ceptor (VEGFR), platelet-derived growth factor receptor
(PDGFR), and C-kit inhibitor, has been tested in second-line
treatment of cervical cancer. Two hundred thirty patients
VEGF inhibitor-naive were randomized to receive pazopanib
800 mg daily or an EGFR and Her2/neu inhibitor, lapatinib
(1500 mg daily) [23]. In cervical cancer, EGFR, HER2/neu
overexpression and high microvascular density correlate with
survival.

The combination arms of the trial (pazopanib 400 mg daily
plus lapatinib 1000mg daily and pazopanib 800 mg daily plus
lapatinib 1500 mg daily) were discontinued after the first in-
terim analysis due to futility; patients treated in those arms
were switched to one of the monotherapy arms, but their out-
comes did not count in the survival analysis. Pazopanib im-
proved PFS compared to lapatinib (18.1 versus 17.1 weeks,
HR 0.66; 90% CI, 0.48 to 0.91; p = 0.013) with no differences
in the updated OS analysis (49.7 versus 44.1 weeks, HR 0.96;
90% CI, 0.71 to 1.30; p = 0.407); however, the study was not
powered for OS [24]. RRs were 9 and 5% for pazopanib and
lapatinib, respectively. Diarrhea was the only grade 3 toxicity
(11% pazopanib and 13% lapatinib) reported. This study dem-
onstrated the benefit of pazopanib based on the prolonged PFS
and favorable toxicity profile in advanced and recurrent cer-
vical cancer. In spite of this interesting data and the conve-
nience of the oral route, pazopanib has not been further devel-
oped in cervical cancer.

Cediranib is a potent oral tyrosine kinase inhibitor of
VEGFR 1–3 and C-kit. Cediranib 20 mg added to standard
chemotherapy (3-weekly carboplatin AUC5 plus paclitaxel

175 mg/m2) was studied in a randomized, double-blind, pla-
cebo-controlled phase 2 study enrolling 69 patients diagnosed
withmetastatic or recurrent cervical carcinoma. Cediranib was
continued beyond 6 cycles of chemotherapy until disease pro-
gression or unacceptable toxicity. PFS (primary endpoint) was
significantly greater in the experimental arm (8.1 versus
6.7 months, HR 0.58; 80% CI, 0.40 to 0.85; p = 0.032).
Sixty-four percent of patients had an overall response in the
cediranib group, the highest reported to date for any agent in
this disease. Grade 3 diarrhea, fatigue, leucopenia, neutrope-
nia, and febrile neutropenia were more prevalent in the
cediranib arm (16, 13, 16, 31, and 16%, respectively). No
deterioration in overall quality of life occurred except from
diarrhea in the cediranib group (p = 0.030). As expected,
grade 2–3 hypertensions were higher in the experimental
arm (34 versus 11%). Of note, no fistula events were reported
in the experimental arm [25, 26].

Nintedanib (BIBF 1120), a VEGFR1–3, αPDGFR,
βPDGFR, and fibroblast growth factor receptor (FGFR) 1
and 3, is currently being studied in the frontline setting of
cervical cancer (BGOG-cx1/ENGOT-cx1 trial). In this phase
II randomized trial, patients are randomly allocated to receive
nintedanib or placebo in combination with 6 cycles of 3-
weekly carboplatin AUC5 plus paclitaxel 175 mg/m2 follow-
ed by nintedanib versus placebo maintenance [27]. No data is
available yet.

Sunitinib is an oral VEGFR1–3, PDGFR α and β, C-kit,
and FLT3 receptor tyrosine kinase inhibitor. Sunitinib 50 mg
daily was studied in a phase II study showing no objective
response and a concerning rate of fistula formation (26.3%)
among the 19 patients enrolled. Sixteen patients (84%) had
stable disease as their best response with a median time to
progression of 3.5 months (95% CI, 2.6 to 7 months) [28].
No further investigations of this agent have been developed in
cervical cancer as it showed insufficient activity with a high
toxicity profile [29].

Other antiangiogenic agents such as aflibercept, sorafenib,
and trebananib have not been tested in phase II or III studies in
cervical cancer.

A summary of the phase II/III clinical trials of
antiangiogenic therapies in cervical cancer is shown in
Table 1.

New Therapies and Strategies

Immunotherapy

Different treatment options beyond antiangiogenic com-
pounds have been explored in advanced cervical carcinoma.
Immunotherapy outstands as an attractive approach as for the
impressive results in other solid malignancies such as mela-
noma or lung cancer. This approach could potentially be more
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efficient than current standard chemotherapy with a far more
tolerable toxicity profile.

HPVs are known to be highly immunogenic viruses that
need the host’s immune system deregulation for tumor pro-
gression. HPV integrates its DNA into the host’s genome,
thus generating non-self neoantigens. Interestingly, there are
several immunoevasion mechanisms that have been de-
scribed following HPV DNA integration. MHC class I
downregulation, immune-mediated resistance to apoptosis,
and the presence of an immunosuppressive microenviron-
ment are examples of immunoevasion mechanisms used by
HPV which give a rational for the use of immunotherapy in
cervical cancer [30].

Therapeutic vaccines, inducing a cytotoxic T-cell response
to tumor specific antigens, and immune checkpoint inhibitors
are the two main immunotherapy approaches that have been
tested in cervical cancer within the last years.

HPV infection induces the presence of E6 and E7
oncoproteins; consequently, these antigens have been tested
as potential targets for therapeutic vaccines [31••]. The vast
majority of vaccines developed so far in advanced cervical
carcinoma are live-vector (bacterial or viral-vector) vaccines
providing high immunogenicity and efficient infection rates.

Several bacterial-vectors have been studied for HPV ther-
apeutic vaccines: Lactobacillus lactis, Lactobacillus
platarum, Salmonella enterica, and Listeria monocytogenes
[32–34]. Listeria monocytogenes is, by far, the most prom-
ising vector to date. ADXS11-001 is a live attenuated
Listeria monocytogenes vector vaccine that secretes a fusion
protein, Lm-LLO-E7, which is currently being tested in
phase III trials.

The development of ADXS11-001 is outstanding. In the
phase I trial three dose levels of ADXS11-001 (1 ×
109 CFU, 3.3 × 109 CFU, and 1 × 1010 CFU) were tested in
two intravenous doses every 21 days. Fifteen heavily
pretreated cervical cancer patients were enrolled. The vaccine
was generally well tolerated with mild grade 2 adverse events
such as pyrexia, vomiting and flu-like symptoms occurring
within 12 h of treatment infusion. Hemodynamic instability
was the dose limiting toxicity at 1 × 1010 CFU dose.
ADXS11-001 showed a clinical response rate of 61.5%, main-
ly stable disease [35]. Data of safety and OS from the stage 1
of an international phase I/II trial (GOG/NRG0265 Study,
NCT01266460) were reported in the 2016 American Society
of Clinical Oncology Congress (ASCO), confirming the good
tolerability and showing a 12-month OS of 38.5% (median OS
7.7 months) with a median PFS of 3.1 months.

ADXS11-001 has also been tested combined with cisplatin
in a phase 2 trial. One hundred ten patients were included.
ADXS11-001 showed a disease control rate (DCR) of 43%,
a RR of 11%, and 18-month OS of 28%. Despite the combi-
nation was well tolerated, adding cisplatin to ADXS11-001
did not show any additional benefit [36].

A phase III trial (NCT02853604) is currently testing the
activity of ADXS11-001 (axalimogene filolisbac) in the adju-
vant setting following cisplatin-based chemoradiotherapy in
high-risk, locally advanced cervical carcinoma. Trials as a
single agent and in combination with other immunotherapy
approaches are on the verge of being launched in recurrent,
metastatic cervix cancer patients.

Viral-vector vaccine TA-HPV (recombinant virus-vector
vaccine expressing both E6 and E7 oncoproteins) has been
tested in early stage (IB-IIA) cervical cancer following sur-
gery patients, with promising results [37]. Protein, peptide,
and DNA vaccines have low immunogenicity compared to
live-vector vaccines, thus requiring adjuvant proteins to en-
hance efficacy [38].

DNA vaccines have advantages over traditional vaccines
and are usually well tolerated. VGX-3100 is a therapeutic
vaccine that includes DNA plasmids for expression of E6
and E7 proteins of both HPV subtypes 16 and 18. Phase I
and II studies have shown no significant safety findings. E6
and E7 proteins represent tumor-specific antigens in HPV-
associated carcinomas, and they are currently being tested
for the treatment of HPV-related cervical high-grade squa-
mous intraepithelial lesions (NCT03185013). INO-9012 is a
synthetic DNA plasmid for expression of two human IL-2
subunit proteins, p53 and p40. Preclinical studies have shown
that the immunogenicity of DNAvaccines could be increased
by the use of IL-12 DNA as an adjuvant [39]. In addition,
radiotherapy can contribute to antigen-cross presentation by
promoting death of tumor cells and releasing antigens,
eliciting tumor-specific T cells and cytokines in the context
of inflammatory response. Therefore, there is a clear rationale
for open-label phase I/II trial in HPV 16/18-positive patients
to examine INO-9012, VGX-3100 vaccine against HPV 16/
18 combined with a DNA plasmid for IL-2 as immune acti-
vator, administered following chemoradiotherapy in locally
advanced cervical carcinoma. However, this coherent strate-
gy has not been incorporated in comprehensive clinical trials
so far.

Immune checkpoint inhibitors can help to overcome
cancer-associated immune suppression and are currently ap-
proved by health authorities in a growing list of indications in
several solid tumors. There is not robust data to date about the
efficacy of checkpoint inhibition in cervical carcinoma.

Ipilimumab, an anti-CTLA4, is currently being tested in a
phase I trial following chemoradiation therapy in locally ad-
vanced tumors, including a cervical carcinoma cohort
(NCT01711515) as well as in a phase II trial in recurrent/
advanced cervical carcinoma (NCT01693783).

Other immune checkpoints, such as PD1 and PDL1, are
upregulated in HPV-positive cervical cancer cells.
Preliminary results of the cervical carcinoma cohort of
the phase 1b in KEYNOTE 028 s tudy, t e s t ing
pembrolizumab in PDL1-positive advanced solid tumors
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were first reported at ASCO 2016. The median OS of the
cervical carcinoma cohort reached 9 months and, interest-
ingly, PDL1-positive tumors showed a durable antitumor
activity with long-lasting responses. The clinical benefit of
pembrolizumab in recurrent or advanced cervical cancer is
being currently studied in the phase II Keynote-158 trial
(NCT02628067).

Pembrolizumab is also being tested combined with concur-
rent chemoradiotherapy in locally advanced cervical carcino-
ma (NCT02635360).

Finally, another anti-PD1 antibody, nivolumab, is being
tested in recurrent or advanced disease (NCT02257528).

In addition to the two approaches previously described,
adoptive T-cell therapy has also been tested in this disease
with promising results. The infusion of tumor-infiltrating T-
cells selected for HPV E6 and E7 oncoproteins induced dura-
ble and complete responses in a small study of nine heavily
pretreated cervical cancer patients [40••]. Further studies are
awaited.

A summary of the main immunotherapy clinical trials in
cervical carcinoma and of the immunotherapy clinical trials
currently ongoing in cervical cancer are shown in Tables 2
and 3, respectively.

Targeted Therapies

The growing knowledge on cancer genetics thanks to the de-
velopment of new technologies for molecular analysis could
potentially guide at the time of selecting new targets for cancer
treatment.

Whole exome sequencing (WES) studies have confirmed
that the main mutated oncogenic genes implicated in this tu-
mor are PI3KCA, PTEN, PT53, and KRAS. Furthermore,
WES identified novel mutations in other oncogenic pathways

such as interferon gamma signaling pathway, MAPK or
ErbB2 pathway activation [41••].

These findings have already been used as new approaches
for cervical carcinoma. Of note, adding interferon-alpha to
standard chemotherapy has showed no survival advantage in
a clinical trial enrolling patients with advanced/recurrent cer-
vical carcinoma but with interesting efficacy outcomes: RR
30% and disease control rate 51% [42, 43].

EGFR is expressed in the majority of cervical cancer sam-
ples (85–100%) and implies a worse prognosis. EGFR inhib-
itors such as cetuximab, gefitinib, erlotinib, or lapatinib have
failed to show efficacy in cervical cancer patients [44–47].

The apparent resistance to EGFR inhibitors could be
explained owing to mTOR pathway is overactivated/
overexpressed in these patients. Activation of mTOR sig-
naling pathway contributes to survival of cervical cancer
cells. mTOR inhibitors have also been tested in preclinical
studies and clinical trials in cervical carcinoma. A phase II
trial enrolling 38 patients with advanced cervical carcino-
ma treated with weekly temsirolimus showed a 6-month
PFS of 28% with long-lasting stabilizations (57.6%). No
biomarkers of response were identified [48]. Targeted in-
hibition of PI3k/Akt may improve response to chemora-
diation [49].

Poly(ADP-ribose) polymerase (PARP) family is implicated
in DNA repair systems, and PARP inhibitors have gained
massive interest within the last years mainly in ovarian carci-
noma. PARP activity is known to be higher in cervical cells
[50]. Veliparib, a PARP inhibitor, has been tested administered
with chemotherapy in advanced cervical carcinoma. Two
phase I trials combining veliparib with topotecan or cisplatin
plus paclitaxel have shown activity although the correct
schedule and treatment dose needs further research.

Interestingly, low PARP-2 expression in tumor could be
associated with longer PFS [51, 52].

Table 2 Main immunotherapy clinical trials in advanced/recurrent cervical carcinoma

Drug/vaccine Trial Number Response PFS OS

Live-vector
vaccines

ADXS11–100
(bacterial vector)

Maciag et al.
Phase I (dose escalating) [35]

15 1/15 PR
7/15 SD

– –

GOG/NRG0265 (ASCO2016)
Phase I/II

29a 1/29 PR
9/20 SD

mPFS 3.1 m 12 m OS 38.5%
OS 7.7 m

Petit et al. Randomized phase II
(ADXS11–100 ± cisplatin) [36]

110 DCR 43% (11% RR) – 12 m OS 36%
18 m OS 22%

Adoptive T-cell
therapy

HPV-targeted
tumor-infiltrating T-cells

Stevanovic et al. [40••] 9 DCR 3/9 (2 complete
responses)

– –

Checkpoint
inhibitors

Pembrolizumab Frenel et al. (ASCO2016)
KEYNOTE028
(cervical cohort PDL1+)

24 12.5% RR
12.5% SD

6 m PFS 13% 6 m OS 66.7%

PFS progression-free survival, OS overall survival, PR partial response, SD stable disease, DCR disease control rate
a Preliminary data of stage 1
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Finally, a maintenance study with rucaparib in cervical car-
cinoma FIGO stages III and IV following definitive chemora-
diation has recently been planned by the NSGO (ENGOT-
CX7/NSGO-CC1-MaRuC).

New Directions and Future Research

Taking apart the recent approval of bevacizumab in the first-line
setting in advanced cervix cancer, no new compounds are en-
visaged in the short term for achieving commercial rights. In this
scenario, the international community is fully aware of the un-
met needs in cervical cancer and it has been developing initia-
tives aimed to reach consensus on a number of research areas for
current and future clinical trials [20••]. The Gynecologic Cancer
Intergroup (GCIG) and the European Network Gynecology
Oncology Trials (ENGOT) are performing a number of studies
in advanced cervical cancer with new compounds. Currently, the
GOG/NRG is performing a randomized phase III trial in recur-
rent or metastatic platinum-refractory cervical cancer patients
comparing REGN2810, a fully human monoclonal antibody
against PD-1, with investigator’s choice chemotherapy
(NCT03257267). Preclinical data strongly suggest that
REGN2810 is a potent and promising candidate for cancer im-
munotherapy [53].

Tissue factor (TF), also known as thromboplastin, factor III
or CD142, is abnormally expressed in solid tumors and it is
believed that it contributes to disease progression [54]. TF is
the principal initiator of the extrinsic coagulation pathway and
is widely expressed in different organs. TF-011-MMAE
(Tisotumab Vedotin, HuMax-TF-ADC) is an antibody-drug
conjugate composed of a human TF-monoclonal antibody
and the cytotoxic agent MMAE. A number of studies in solid
tumors are currently ongoing (NCT02001623) and planned in
recurrent or advanced cervix cancer.

Therapies targeting the immune checkpoint molecules
CTLA-4 and/or PD-1 have achieved objective responses in a

variety of solid tumors such as melanoma, renal cancer, or
lung cancer. However, a number of patients will not obtain
benefit from these therapies. This has led interest to scrutinize
the role of other novel immune checkpoint receptors with the
objective of examining the potential of checkpoint blockade
for treating cancer. Tumor-associated or infiltrating lympho-
cytes (TALs or TILs) coexpress multiple immune inhibitory
receptor which may contribute to immunosuppression in the
tumor microenvironment. Dual blockade of PD-1 along with
lymphocyte activation gene-3 (LAG-3), T cell immunoglobu-
lin, and mucin protein 3 (TIM-3) or CTLA-4 has shown to
synergistically enhance T-cell effector function in preclinical
models [55].

A number of antibodies targeting these novel receptors,
TIM-3 and LAG-3, have recently been developed and are
entering into early clinical trials. Combination of checkpoint
inhibitors is a consolidated strategy against some cancers and
remains exploratory in gynecological tumors. Dual blockage
combining checkpoint inhibitors with anti-TIM-3 or anti-
TIM-3 with anti-LAG-3 should be a priority in cervix cancer
[55, 56]. In this way, the CheckMate-358 trial is a non-com-
parative, open-label, multiple cohort, phase 1/2 study of
nivolumab monotherapy and nivolumab combination therapy
in subjects with virus (+) and virus (−) solid tumors
(NCT02488759). In this ongoing trial, patients with advanced
cervical cancer are treated with a combination of nivolumab
with ipilimumab, nivolumab with BMS-986016 (anti-LAG-
3), or nivolumab with daratumumab (anti-CD38).

To make progress, a better understanding of the language
between tumor cells and its immunological microenvironment
is needed. In cervix cancer, tumor-associated macrophages
(TAMs) may orchestrate immune suppression. TAMs pro-
mote angiogenesis and lymphangiogenesis, and it is thought
that their presence in cervix tumors is associated with lymph
node metastasis and worse prognosis [57, 58].

Prostaglandin E2 (PGE2) is commonly elevated in tumor
microenvironment and its receptor signaling of PGE2, EP4,

Table 3 Ongoing immunotherapy clinical trials in cervical cancer

Trial Phase Drug/vaccine Mechanism Patient selection

NCT02172911 I-IIa INO-3112 Viral-vector vaccine After chemoradiation in locally advanced, persistent
or recurrent cervical cancer

NCT02853604 III ADXS11-100 Bacterial-vector After chemoradiation in locally advanced cervical carcinoma

NCT02128126 I-II ISA101 Long peptide vaccine Advanced or recurrent disease concomitant with carboplatin
plus paclitaxel (± IFN)

NCT01711515 I Ipilimumab (GOG9929) Checkpoint inhibitor After chemoradiotherapy in locally advanced cervical
carcinoma

NCT01693783 II Ipilimumab Checkpoint inhibitor Recurrent or metastatic disease

NCT02635360 II Pembrolizumab Checkpoint inhibitor Concomitant with chemoradiation in locally advanced
disease

NCT02257528 II Nivolumab Checkpoint inhibitor Persistent or recurrent disease

Referenced from www.clinicaltrials.gov, last accessed November 6, 2017
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leads to differentiation of TAMwith myeloid derived suppres-
sor cells (MDSCs), which are immunosuppressive. Targeting
PGE2-EP4 signaling may reverse the immunosuppressive
phenotype of TAM to a more immunosupportive TAMs and
decrease MDSC activity. E7046 specifically inhibits PGE-
EP4 signaling, and a phase I trial in solid tumors is currently
being performed (NCT02540291).

Gene expression profiling has been applied to the study of
cervix cancer. In particular, further research should be per-
formed with targeted therapy focused on PI3k/AKT/mTOR
pathway [49]. In a recent research focused on integrated ge-
nomic and extensive molecular characterization of cervical
cancer, 228 primary cervical cancers samples were tested
showing that more than 70% of cervical cancers exhibited
genomic alterations in either one or both of PI3k/MAPK and
TGF beta pathways [59••]. A number of novel significantly
mutated genes in cervix cancer were identified: SHKBP1,
ERBB3, CASP8, HLA-A, and TGFBR2. The authors also
identified amplifications in CD274 and PDCD1LG2, two
genes that encode for immunotherapy targets. Initiatives such
as BIORAIDS (www.raids-fp7.eu/project-overview), a
prospective multicenter European study currently recruiting
patients, in which 700 patients (stages Ib2-IV) are planned
to be enrolled with the main objectives of the discovery of
predominant genetic aberrations, signaling pathway activa-
tion, and the study of tumor microenvironment regulation of
tumor progression and metastasis (NCT02428842), could rep-
resent an important advance in the biological understanding of
this disease with therapeutic implications.

There is some evidence to suggest that inducingDNA dam-
age with PARP inhibitors and reducing VEGF signaling with
antiangiogenic therapy may add antitumor activity to immune
checkpoint blockade. A recent dose escalation, phase I study
demonstrated that anti-PD-L1 plus olaparib or cediranib com-
bination therapy was feasible and clinically active in gyneco-
logical cancers [60]. These combinations should be a major
focus of research.

In addition, maintenance strategies among high-risk pa-
tients who are treated with definitive chemoradiation should
be tested. In addition, new efforts should be directed to a
limited state of metastatic disease, the oligometastases state,
with preclinical models supporting this concept [61] which
suggest that if primary site is controlled and the metastatic(s)
site are treated with surgery or radiation, with or without sys-
temic therapy, a sustained disease-free interval, and maybe
cure could be achieved [62•].

Conclusions

Recurrent or advanced cervix cancer is an unmet medical need
that requires urgent efforts to improve prognosis and to bring
new strategies to more curable stages of the disease such as

patients with high-risk locally advanced disease and in pa-
tients with oligometastatic or low volume disease. The aca-
demic world should continue coordinating efforts to discuss
with private industry the benefits of research in cervix cancer.
Preventive measures will have an impact on this disease, but it
will be in the long term. In the meantime, many women will
face dismal prognosis unless significant progress is achieved.
The implementation and testing in cutting-edge clinical trials
based on gene expression profile, vaccines, new immunother-
apies approaches, and PARP inhibition-DNA damage are a
must for the scientific community.

Compliance with Ethical Standards

Conflict of Interest Gloria Marquina, Arancha Manzano, and Antonio
Casado declare that they have no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Paavonen J. Human papillomavirus infection and the development
of cervical cancer and related genital neoplasias. Int J Infect Dis.
2007;11(Suppl 2):S3–9. https://doi.org/10.1016/S1201-9712(07)
60015-0.

2. Parkin DM, Bray F, Ferley J, et al. Global cancer statistics, 2002.
CA Cancer J Clin. 2005;55(2):74–108.

3. Waggoner SE. Cervical cancer. Lancet. 2003;361(9376):2217–25.
https://doi.org/10.1016/S0140-6736(03)13778-6.

4. Walboomers JM, JacobsMV,ManosMM, Bosch FX, Kummer JA,
Shah KV, et al. Human papillomavirus is a necessary cause of
invasive cervical cancer worldwide. J Pathol. 1999;189(1):12–9.
https://doi.org/10.1002/(SICI)1096-9896(199909)189:1<12::AID-
PATH431>3.0.CO;2-F.

5. Wolf JK, Ramirez PT. The molecular biology of cervical cancer.
Cancer Investig. 2001;19(6):621–9. https://doi.org/10.1081/CNV-
100104290.

6. Wolf JK, Franco EL, Arbeit JM, Shroyer KR, Wu TC, Runowicz
CD, et al. Innovations in understanding the biology of cervical
cancer. Cancer. 2003;98(9 Suppl):2064–9. https://doi.org/10.1002/
cncr.11682.

7. de Sanjose S, Quint WG, Alemany L, Geraets DT, Klaustermeier
JE, Lloveras B, et al. Human papillomavirus genotype attribution in
invasive cervical cancer: a retrospective cross-sectional worldwide
study. Lancet Oncol. 2010;11(11):1048–56. https://doi.org/10.
1016/S1470-2045(10)70230-8.

8. Li N, Franceschi S, Howell-Jones R, Snijders PJ, Clifford GM, et al.
Human papillomavirus type distribution in 30,848 invasive cervical
cancers worldwide: variation by geographical region, histological
type and year of publication. Int J Cancer. 2011;128(4):927–35.
https://doi.org/10.1002/ijc.25396.

40 Page 8 of 10 Curr Oncol Rep (2018) 20: 40

http://www.raids-fp7.eu/project-overview
https://doi.org/10.1016/S1201-9712(07)60015-0
https://doi.org/10.1016/S1201-9712(07)60015-0
https://doi.org/10.1016/S0140-6736(03)13778-6
https://doi.org/10.1002/(SICI)1096-9896(199909)189:1<12::AID-PATH431>3.0.CO;2-F
https://doi.org/10.1002/(SICI)1096-9896(199909)189:1<12::AID-PATH431>3.0.CO;2-F
https://doi.org/10.1081/CNV-100104290
https://doi.org/10.1081/CNV-100104290
https://doi.org/10.1002/cncr.11682
https://doi.org/10.1002/cncr.11682
https://doi.org/10.1016/S1470-2045(10)70230-8
https://doi.org/10.1016/S1470-2045(10)70230-8
https://doi.org/10.1002/ijc.25396


9. Monk BJ, Willmott LJ, Sumner DA. Anti-angiogenesis agents in
metastatic or recurrent cervical cancer. Gynecol Oncol.
2010;116(2):181–6. https://doi.org/10.1016/j.ygyno.2009.09.033.

10. Wright JD, Viviano D, Powell MA, Gibb RK, Mutch DG, Grigsby
PW, et al. Bevacizumab combination therapy in heavily pretreated,
recurrent cervical cancer. Gynecol Oncol. 2006;103(2):489–93.
https://doi.org/10.1016/j.ygyno.2006.03.023.

11. Gaffney DK, Haslam D, Tsodikov A, Hammond E, Seaman J,
Holden J, et al. Epidermal growth factor receptor (EGFR) and vas-
cular endothelial growth factor (VEGF) negatively affect overall
survival in carcinoma of the cervix treated with radiotherapy. Int J
Radiat Oncol Biol Phys. 2003;56(4):922–8. https://doi.org/10.
1016/S0360-3016(03)00209-8.

12. Lee IJ, Park KR, Lee KK, Song JS, Lee KG, Lee JY, et al.
Prognostic value of vascular endothelial growth factor in stage IB
carcinoma of the uterine cervix. Int J Radiat Oncol Biol Phys.
2002;54(3):768–79. https://doi.org/10.1016/S0360-3016(02)
02970-X.

13. Thigpen T, Shingleton H, Homesley H, LaGasse L, Blessing J. Cis-
dichlorodiammineplatinum (II) in the treatment of gynecologic ma-
lignancies: phase II trials by the Gynecologic Oncology Group.
Cancer Treat Rep. 1979;63(9–10):1549–55.

14. Bonomi P, Blessing JA, Stehman FB, DiSaia PJ, Walton L, Major
FJ. Randomized trial of three cisplatin dose schedules in squamous-
cell carcinoma of the cervix: a Gynecologic Oncology Group study.
J Clin Oncol. 1985;3(8):1079–85. https://doi.org/10.1200/JCO.
1985.3.8.1079.

15. Omura GA, Blessing JA, Vaccarello L, Berman ML, Clarke-
Pearson DL, Mutch DG, et al. Randomized trial of cisplatin versus
cisplatin plus mitolactol versus cisplatin plus ifosfamide in ad-
vanced squamous carcinoma of the cervix: a Gynecologic
Oncology Group study. J Clin Oncol. 1997;15(1):165–71. https://
doi.org/10.1200/JCO.1997.15.1.165.

16. Moore DH, Blessing JA, McQuellon RP, Thaler HT, Cella D,
Benda J, et al. Phase III study of cisplatin with or without paclitaxel
in stage IVB, recurrent, or persistent squamous cell carcinoma of
the cervix: a gynecologic oncology group study. J Clin Oncol.
2004;22(15):3113–9. https://doi.org/10.1200/JCO.2004.04.170.

17. Long HJ, Bundy BN, Grendys EC Jr, Benda JA, McMeekin DS,
Sorosky J, et al. Randomized phase III trial of cisplatin with or
without topotecan in carcinoma of the uterine cervix: a
Gynecologic Oncology Group Study. J Clin Oncol. 2005;23(21):
4626–33. https://doi.org/10.1200/JCO.2005.10.021.

18. Monk BJ, Sill MW, McMeekin S. Phase III trial of four cisplatin-
containing doublet combinations in stage IVB, recurrent, or persis-
tent cervical carcinoma: a Gynecologic Oncology Group study. J
Clin Oncol. 2009;27(28):4649–55. https://doi.org/10.1200/JCO.
2009.21.8909.

19.• Kitagawa R, Katsumata N, Shibata T, Kamura T, Kasamatsu T,
Nakanishi T, et al. Paclitaxel plus carboplatin versus paclitaxel plus
cisplatin in metastatic or recurrent cervical cancer: the open-label
randomized phase III trial JCOG0505. J Clin Oncol. 2015;33(19):
2129–35. Carboplatin-paclitaxel not inferior to Cisplatin-
paclitaxel. https://doi.org/10.1200/JCO.2014.58.4391.

20.•• Sagae S, Monk BJ, Pujade-Lauraine E, Gaffney DK, Narayan K,
Ryu SY, et al. Advances and concepts in cervical cancer trials: a
roadmap for the future. Int J Gynecol Cancer. 2016;26(1):199–207.
Multidisciplinary international brain stormingmeeting to iden-
tify areas of priority in research. https://doi.org/10.1097/IGC.
0000000000000587.

21. Monk BJ, Sill MW, Burger RA, Gray HJ, Buekers TE, Roman LD.
Phase II trial of bevacizumab in the treatment of persistent or recur-
rent squamous cell carcinoma of the cervix: a gynecologic oncology
group study. J Clin Oncol. 2009;27(7):1069–74. https://doi.org/10.
1200/JCO.2008.18.9043.

22.•• Tewari KS, Sill MW, Penson RT, Huang H, Ramondetta LM,
Landrum LM et al. Bevacizumab for advanced cervical cancer:
final overall survival and adverse event analysis of a randomized,
controlled, open-label, phase 3 trial (Gynecologic Oncology Group
240). Lancet. 2017; 390(10130):1654-63. First phase 3 study
showing increased overall survival adding bevacizumab to
standard chemotherapy in cervical carcinoma.

23. Monk BJ, Mas Lopez L, Zarba JJ, Oaknin A, Tarpin C,
Termrungruanglert W, et al. Phase II, open-label study of
pazopanib or lapatinib monotherapy compared with pazopanib
plus lapatinib combination therapy in patients with advanced and
recurrent cervical cancer. J Clin Oncol. 2010;28(22):3562–9.
https://doi.org/10.1200/JCO.2009.26.9571.

24. Monk BJ, Pandite LN. Survival data from a phase II, open-label
study of pazopanib or lapatinib monotherapy in patients with ad-
vanced and recurrent cervical cancer. J Clin Oncol. 2011;29(36):
4845. https://doi.org/10.1200/JCO.2011.38.8777.

25. Symonds RP, Gourley C, Davidson S, Carty K, McCartney E, Rai
D, et al. Cediranib combined with carboplatin and paclitaxel in
patients with metastatic or recurrent cervical cancer (CIRCCa): a
randomised, double-blind, placebo-controlled phase 2 trial. Lancet
Oncol. 2015;16(15):1515–24. https://doi.org/10.1016/S1470-
2045(15)00220-X.

26. McLachlan J, Boussios S, Okines A, Glaessgen D, Bodlar S,
Kalaitzaki R et al. The impact of systemic therapy beyond first-
line treatment for advanced cervical cancer. Clin Oncol (R Coll
Radiol). 2017;29(3):153-60.

27. NCT02009579. Available at: htpp//clinicaltrials.gov. Accessed 3
Nov 2017.

28. Mackay HJ, Tinker A, Winquist E, Thomas G, Swenerton K, Oza
A, et al. A phase II study of sunitinib in patients with locally ad-
vanced or metastatic cervical carcinoma: NCIC CTG trial IND.184.
Gynecol Oncol. 2010;116(2):163–7. https://doi.org/10.1016/j.
ygyno.2009.08.012.

29. Gadducci A, Lanfredini N, Sergiampietri C. Antiangiogenic agents
in gynecological cancer: state of art and perspectives of clinical
research. Crit Rev Oncol Hematol. 2015;96(1):113–28. https://doi.
org/10.1016/j.critrevonc.2015.05.009.

30. Piersma SJ. Immunosuppressive tumor microenvironment in cervi-
cal cancer patients. Cancer Microenviron. 2011;4(3):361–75.
https://doi.org/10.1007/s12307-011-0066-7.

31.•• Menderes G, Black J, Schwab CL, Santin AD. Immunotherapy and
targeted therapy for cervical cancer: an update. Expert Rev
Anticancer Ther. 2016;16(1):83–98. Review of immunotherapy
approaches in cervical carcinoma. https://doi.org/10.1586/
14737140.2016.1121108.

32. Cortes-Perez NG, Azevedo V, Alcocer-Gonzalez JM, Rodriguez-
Padilla C, Tamez-Guerra RS, Corthier G, et al. Cell-surface display
of E7 antigen from human papillomavirus type-16 in Lactococcus
lactis and in Lactobacillus plantarum using a new cell- wall anchor
from lactobacilli. J Drug Target. 2005;13(2):89–98. https://doi.org/
10.1080/10611860400024219.

33. Echchannaoui H, Bianchi M, Baud D, Bobst M, Stehle JC,
Nardelli-Haefliger D. Intravaginal immunization of mice with re-
combinant Salmonella enterica serovar Typhimurium expressing
human papillomavirus type 16 antigens as a potential route of vac-
cination against cervical cancer. Infect Immun. 2008;76(55):1940–
51. https://doi.org/10.1128/IAI.01484-07.

34. Wallecha A, French C, Petit R, Singh R, Amin A, Rothman J. Lm-
LLO-based immunotherapies and HPV-associated disease. J Oncol.
2012;2012:542851.

35. Maciag PC, Radulovic S, Rothman J. The first clinical use of a live-
attenuated Listeria monocytogenes vaccine: a phase I safety study
of Lm-LLO-E7 in patients with advanced carcinoma of the cervix.
Vaccine. 2009;27(30):3975–83. https://doi.org/10.1016/j.vaccine.
2009.04.041.

Curr Oncol Rep (2018) 20: 40 Page 9 of 10 40

https://doi.org/10.1016/j.ygyno.2009.09.033
https://doi.org/10.1016/j.ygyno.2006.03.023
https://doi.org/10.1016/S0360-3016(03)00209-8
https://doi.org/10.1016/S0360-3016(03)00209-8
https://doi.org/10.1016/S0360-3016(02)02970-X
https://doi.org/10.1016/S0360-3016(02)02970-X
https://doi.org/10.1200/JCO.1985.3.8.1079
https://doi.org/10.1200/JCO.1985.3.8.1079
https://doi.org/10.1200/JCO.1997.15.1.165
https://doi.org/10.1200/JCO.1997.15.1.165
https://doi.org/10.1200/JCO.2004.04.170
https://doi.org/10.1200/JCO.2005.10.021
https://doi.org/10.1200/JCO.2009.21.8909
https://doi.org/10.1200/JCO.2009.21.8909
https://doi.org/10.1200/JCO.2014.58.4391
https://doi.org/10.1097/IGC.0000000000000587
https://doi.org/10.1097/IGC.0000000000000587
https://doi.org/10.1200/JCO.2008.18.9043
https://doi.org/10.1200/JCO.2008.18.9043
https://doi.org/10.1200/JCO.2009.26.9571
https://doi.org/10.1200/JCO.2011.38.8777
https://doi.org/10.1016/S1470-2045(15)00220-X
https://doi.org/10.1016/S1470-2045(15)00220-X
https://doi.org/10.1016/j.ygyno.2009.08.012
https://doi.org/10.1016/j.ygyno.2009.08.012
https://doi.org/10.1016/j.critrevonc.2015.05.009
https://doi.org/10.1016/j.critrevonc.2015.05.009
https://doi.org/10.1007/s12307-011-0066-7
https://doi.org/10.1586/14737140.2016.1121108
https://doi.org/10.1586/14737140.2016.1121108
https://doi.org/10.1080/10611860400024219
https://doi.org/10.1080/10611860400024219
https://doi.org/10.1128/IAI.01484-07
https://doi.org/10.1016/j.vaccine.2009.04.041
https://doi.org/10.1016/j.vaccine.2009.04.041


36. Petit RG, Basu P. ADXS11-001 immunotherapy targeting HPV-E7:
updated survival and safety data from a phase 2 study in Indian
women with recurrent/refractory cervical cancer. Journal for
ImmunoTherapy of Cancer. 2013;1(Suppl 1):P231. https://doi.org/
10.1186/2051-1426-1-S1-P231.

37. Kaufmann AM, Stern PL, Rankin EM, Sommer H, Nuessler V,
Schneider A, et al. Safety and immunogenicity of TA-HPV, a re-
combinant vaccinia virus expressing modified human papillomavi-
rus (HPV)-16 and HPV-18 E6 and E7 genes, in women with pro-
gressive cervical cancer. Clin Cancer Res. 2002;8(12):3676–85.

38. Yang W, Song Y, Lu YL, Wang HW. Increased expression of pro-
grammed death (PD)-1 and its ligand PD-L1 correlates with im-
pa i red ce l l -media ted immuni ty in h igh- r i sk human
papillomavirus-related cervical intraepithelial neoplasia.
Immunology. 2013;139(4):513–22. https://doi.org/10.1111/imm.
12101.

39. Calarota SA,Weiner DB. Enhancement of human immunodeficien-
cy virus type 1-DNA vaccine potency through incorporation of T-
helper 1 molecular adjuvants. Immunol Rev. 2004;199(1):84–99.
https://doi.org/10.1111/j.0105-2896.2004.00150.x.

40.•• Stevanovic S, Draper LM, Langman MM, Campbell TE, Kwong
ML, Wunderlich JR, et al. Complete regression of metastatic cervi-
cal cancer after treatment with human papillomavirus–targeted
tumor-infiltrating T cells. J Clin Oncol. 2015;33(14):1543–50.
First adoptive T-cell therapy published in cervical carcinoma.
https://doi.org/10.1200/JCO.2014.58.9093.

41.•• Ojesina AI, Lichtenstein L, Freeman SS, Pedamallu CS, Imaz-
Rosshandler I, Pugh TJ, et al. Landscape of genomic alterations
in cervical carcinomas. Nature. 2014;506(7488):371–5. Genome
sequencing in cervical carcinoma identifying potential targets.
https://doi.org/10.1038/nature12881.

42. Basu P, Jenson AB, Majhi T, Choudhury P, Mandal R, Banerjee D,
et al. Phase 2 randomized controlled trial of radiation therapy plus
concurrent interferon-alpha and retinoic acid versus cisplatin for
stage III cervical carcinoma. Int J Radiat Oncol Biol Phys.
2016;94(1):102–10. https://doi.org/10.1016/j.ijrobp.2015.09.040.

43. Song M, DiPaola RS, Cracchiolo BM, Gibbon DG, Hellmann M,
Nieves-Neira W, et al. Phase 2 trial of paclitaxel, 13-cis retinoic
acid, and interferon alfa-2b in the treatment of advanced stage or
recurrent cervical cancer. Int J Gynecol Cancer. 2014;24(9):1636–
41. https://doi.org/10.1097/IGC.0000000000000258.

44. Kersemaekers AM, FleurenGJ, Kenter GG, van den Broek L, Uljee
SM, Hermans J, et al. Oncogene alterations in carci- nomas of the
uterine cervix: overexpression of the epidermal growth factor re-
ceptor is associated with poor prognosis. Clin Cancer Res.
1999;5(3):577–86.

45. Santin AD, Sill MW, McMeekin DS, Leitao MM Jr, Brown J,
Sutton GP, et al. Phase II trial of cetuximab in the treatment of
persistent or recurrent squamous or non-squamous cell carcinoma
of the cervix: a Gynecologic Oncology Group study. Gynecol
Oncol. 2011;122(3):495–500. https://doi.org/10.1016/j.ygyno.
2011.05.040.

46. Goncalves A, FabbroM, Lhomme C, Gladieff L, Extra JM, Floquet
A, et al. A phase II trial to evaluate gefitinib as second- or third-line
treatment in patients with recurring locoregionally advanced ormet-
astatic cervical cancer. Gynecol Oncol. 2008;108(1):42–6. https://
doi.org/10.1016/j.ygyno.2007.07.057.

47. Schilder RJ, Sill MW, Lee YC, Mannel R, et al. A phase II trial of
erlotinib in recurrent squamous cell carcinoma of the cervix: a
Gynecologic Oncology Group study. Int J Gynecol Cancer.
2 009 ; 19 ( 5 ) : 929–33 . h t t p s : / / d o i . o r g / 10 . 1111 / IGC .
0b013e3181a83467.

48. Tinker AV, Ellard S, Welch S, Moens F, Allo G, Tsao MS, et al.
Phase II study of temsirolimus (CCI-779) in women with recurrent,
unresectable, locally advanced or metastatic carcinoma of the cer-
vix. A trial of the NCIC Clinical Trials Group (NCIC CTG IND

199). Gynecol Oncol. 2013;130(2):269–74. https://doi.org/10.
1016/j.ygyno.2013.05.008.

49. Mcintyre JB,Wu JS, Craighead PS, et al. PIK3CAmutational status
and overall survival in patients with cervical cancer treated with
radical chemoradiotherapy. Gyn Oncol. 2013;128(3):409–14.
https://doi.org/10.1016/j.ygyno.2012.12.019.

50. Fukushima M, Kuzuya K, Ota K, Ikai K. Poly (ADP-ribose) syn-
thesis in human cervical cancer cell- diagnostic cytological useful-
ness. Cancer Lett. 1981;14(3):227–36. https://doi.org/10.1016/
0304-3835(81)90148-8.

51. Kunos C, Deng W, Dawson D, Lea JS, Zanotti KM, Gray HJ, et al.
A phase I-II evaluation of veliparib (NS737664), topotecan, and
filgrastim or pegfilgrastim in the treatment of persistent or recurrent
carcinoma of the cervix. Int J Gynecol Cancer. 2015;25(3):484–92.
https://doi.org/10.1097/IGC.0000000000000380.

52. Thaker PH, Brady WE, Lankes HA, Cohn DE, Aghajanian C,
Gardner Mutch D, et al. Limited access phase I trial of paclitaxel,
cisplatin and ABT-888 in the treatment of advanced, persistent, or
recurrent carcinoma of the cervix: an NRG/GOG study. ASCO.
2015.

53. Burova E, Hermann A, Waite J, Potocky T, Lai V, Hong S, et al.
Characterization of the anti-PD-1 antibody REGN2810 and its antitu-
mor activity in human PD-1 knock-in mice. Mol Cancer Ther.
2017;16(5):861–70. https://doi.org/10.1158/1535-7163.MCT-16-0665.

54. Breij ECW, de Goeij BECG, Verploegen S, Schuurhuis DH,
Amirkhosravi A, Francis J, et al. An antibody-drug conjugate that
targets tissue factor exhibits potent therapeutic activity against a
broad range of solid tumors. Cancer Res. 2013;74(4):1214–26.
https://doi.org/10.1158/0008-5472.CAN-13-2440.

55. Huang RY, Francois A, McGray AJR, et al. Compensatory upreg-
ulation of PD-1, LAG-3, and CTL-4 limits the efficacy of single-
agent checkpoint blockade in metastatic ovarian cancer.
Oncoimmunology. 2017;6(1):e1249561. https://doi.org/10.1080/
2162402X.2016.1249561.

56. Anderson AC. Tim-3: an emerging target in the cancer immuno-
therapy landscape. Cancer Immunol Res. 2014;2(5):393–8. https://
doi.org/10.1158/2326-6066.CIR-14-0039.

57. Ding H, Cai J, Mao M, Fang Y, Huang Z, Jia J, et al. Tumor-
associated macrophages induce lymphangiogenesis in cervical can-
cer via interaction with tumor cells. APMIS. 2014;122(11):1059–
69. https://doi.org/10.1111/apm.12257.

58. Utrera-Barillas D, Castro Manreza M, Castellanos E, et al. The role
of macrophages and mast cells in lymphangiogenesis and angio-
genesis in cervical carcinogenesis. Exp Mol Pathol. 2010;89(2):
190–6. https://doi.org/10.1016/j.yexmp.2010.06.002.

59.•• The Cancer Genome Atlas Research Network. Integrated genomic
and molecular characterization of cervical cancer. Nature.
2017;543(7645):378–84. Comprehensive descriptions of geno-
mic and molecular characterization of cervix cancer with dis-
covery of new mutated genes, paving the way for therapeutic
improvements.

60. Lee JM, Cimino-Mathews A, Peer CJ, Zimmer A, Lipkowitz S,
Annunziata CM, et al. Safety and clinical activity of the programmed
death-ligand I inhibitor Durvalumab in combination with poly (ADP-
ribose) polymerase inhibitor olaparib or vascular endothelial growth
factor receptor 1-3 inhibitor cediranib in women’s cancer: a dose-
escalation, phase I study. J Clin Oncol. 2017;35(19):2193–202.
https://doi.org/10.1200/JCO.2016.72.1340.

61. Weichselbaum RR, Hellman S. Oligometastases revisited. Nat Rev
Clin Oncol. 2011;8(6):378–82. https://doi.org/10.1038/nrclinonc.
2011.44.

62.• Reyes DK, Pienta KJ. The biology of oligometastatic cancer.
Oncotarget. 2015;6(11):8491–524. Extensive and comprehensive
review of the status of knowledge on oligometastatic state.
https://doi.org/10.18632/oncotarget.3455.

40 Page 10 of 10 Curr Oncol Rep (2018) 20: 40

https://doi.org/10.1186/2051-1426-1-S1-P231
https://doi.org/10.1186/2051-1426-1-S1-P231
https://doi.org/10.1111/imm.12101
https://doi.org/10.1111/imm.12101
https://doi.org/10.1111/j.0105-2896.2004.00150.x
https://doi.org/10.1200/JCO.2014.58.9093
https://doi.org/10.1038/nature12881
https://doi.org/10.1016/j.ijrobp.2015.09.040
https://doi.org/10.1097/IGC.0000000000000258
https://doi.org/10.1016/j.ygyno.2011.05.040
https://doi.org/10.1016/j.ygyno.2011.05.040
https://doi.org/10.1016/j.ygyno.2007.07.057
https://doi.org/10.1016/j.ygyno.2007.07.057
https://doi.org/10.1111/IGC.0b013e3181a83467
https://doi.org/10.1111/IGC.0b013e3181a83467
https://doi.org/10.1016/j.ygyno.2013.05.008
https://doi.org/10.1016/j.ygyno.2013.05.008
https://doi.org/10.1016/j.ygyno.2012.12.019
https://doi.org/10.1016/0304-3835(81)90148-8
https://doi.org/10.1016/0304-3835(81)90148-8
https://doi.org/10.1097/IGC.0000000000000380
https://doi.org/10.1158/1535-7163.MCT-16-0665
https://doi.org/10.1158/0008-5472.CAN-13-2440
https://doi.org/10.1080/2162402X.2016.1249561
https://doi.org/10.1080/2162402X.2016.1249561
https://doi.org/10.1158/2326-6066.CIR-14-0039
https://doi.org/10.1158/2326-6066.CIR-14-0039
https://doi.org/10.1111/apm.12257
https://doi.org/10.1016/j.yexmp.2010.06.002
https://doi.org/10.1200/JCO.2016.72.1340
https://doi.org/10.1038/nrclinonc.2011.44
https://doi.org/10.1038/nrclinonc.2011.44
https://doi.org/10.18632/oncotarget.3455

	Targeted Agents in Cervical Cancer: Beyond Bevacizumab
	Abstract
	Introduction
	Biology of Cervical Cancer
	Medical Treatment (Advanced Disease)
	Chemotherapy in Cervical Cancer
	Antiangiogenic Agents
	New Therapies and Strategies
	Immunotherapy
	Targeted Therapies


	New Directions and Future Research
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as:�•&emsp;Of importance �••&emsp;Of major importance



