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ABSTRACT

Background. Treatment options for women with metastatic, per-
sistent, or recurrentcervical cancerare limitedand thus thedisease
portends a poor prognosis. It is critical to understand the path-
ophysiology of cervical cancer to better delineate therapeutic
targets. The development of antiangiogenic therapies and their
subsequent analysis in rigorous therapeutic trials have redefined
current management strategies and is an exciting area of current
exploration.
Results. Translational trials have furthered the understand-
ing of molecular determinants of angiogenesis. Phase II trials
have shown promising trends with developing antiangiogenic

therapies. A practice-changing phase III trial has recently been
published. Given the potential benefits and different toxicity
spectrum compared with standard cytotoxic chemotherapy,
antiangiogenic options are under active investigation for this
vulnerable patient population. Emerging data are promising
for other antiangiogenic-directed therapeutics, as well as
cervical cancer molecular biomarkers to guide diagnosis and
treatment.
Conclusion. Antiangiogenic therapies have evolved during
the past 20 years and remain an exciting area of current
exploration. The Oncologist 2016;21:576–585

Implications for Practice:Understanding of the angiogenicmicroenvironment has furthered understanding of tumor biology and
management.Antiangiogenic therapies showpromise forwomenwithadvancedcervical cancer.A reviewof theevolutionof these
biologic agents shows them tobe an effective and tolerablemanagement strategy formanypatients in this vulnerable population,
with exciting future potential.

INTRODUCTION

On the global scale, numerically, cervical cancer remains
the most lethal gynecologic malignancy, with 529,800 new

cases and 275,100 deaths in 2011 [1]. Because of effective

screening and early detection through the Papanicolaou

test and improving dissemination of the human papilloma-
virus (HPV) vaccine, cervical cancer is less prevalent in the

U.S.; however, it continues tobea severeburden,with 12,990

new cases diagnosed and 4,120 deaths in 2016 alone [2].
A subset of thesewomenwill presentwithmetastatic disease

or develop recurrent disease after initial therapy. Unfortu-

nately, treatment strategies for these patients are limited to

palliation of symptoms, with most efforts to control disease
progression and prolong life meeting with relatively poor

success [3].On thebasisof several clinical trials, thebackbone

of therapywas establishedas cisplatin andpaclitaxel [4]. Poor
outcomes in this population despite chemotherapy have

necessitated continued exploration into new therapeutic

strategies.

CERVICAL CANCER PATHOGENIC MOLECULAR CASCADE
It is well-established that squamous cell carcinoma of the

cervix is strongly associated with infection by high-risk sub-

types of HPV [5]. Of these subtypes, HPV-16 and HPV-18 are

responsible for 70% of invasive cervical cancer and 50% of
high-grade cervical intraepithelial neoplasia [6, 7]. Specifically,

it is dysregulation of the HPV E6 and E7 oncogenes that facili-

tates transformation and maintenance of a dysplastic and sub-

sequently malignant phenotype [8, 9].
Dysregulation of oncogene expression induces chromo-

somal instability, promoting integration of the HPV genome

intocellular chromosomes [10].This results indisruptionof the

E2 transcription regression factor, thereby causing enhanced

E6 and E7 activity. E6 degrades the cellular tumor suppressor
gene product, p53, leading to an arrest of DNA repair and

apoptosis and thus continued cellular proliferation [11]. Con-

versely, E7 inactivates another cellular tumor suppressor

gene product, pRb, which results in upregulation of p53 and
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potentiation of apoptosis [12]. These alterations on cell cycle
progression induce several changes in theangiogenicpathway.

Through modulation of p53 expression, E6 and E7 modify
transcription factor regulation, thereby altering gene expression,
protein function, and tumordevelopment.Oneexample includes
hypoxia inducible factor (HIF)-1a, which controls the expression
of various cytokines andgrowth factors.HPVE6 repressesHIF-1a
expression via p53, whereas HPV E7 increases transcription
[13,14].Both thrombospondin-1 (TSP-1)andmaspinareregulated
by p53 and are decreased in cells expressing E6 and E7 [15–17].
These seemingly contrasting effects allow tumor to differen-
tially express a desired phenotype to respond to the changing
microenvironment. In the setting of tumor growth beyond the
confines of the existing blood supply, new blood vessel for-
mation is essential.

ANGIOGENESIS AND CERVICAL CANCER
Angiogenesis is the process of new blood vessel formation, a
necessary function for embryogenesis, new tissue growth, and
healing. New vessel growth, or neovascularization, is essential
for tumor proliferation, growth, invasion, and metastasis [18].
Vascular aberrations are characteristic of cervical dysplasia and
neovascularization in cervical tumors can predict aggressive
clinical behavior and poor prognosis [19]. The process of new
vessel growth is induced, in part, by vascular endothelial growth
factor (VEGF), which induces endothelial cell activation and
proliferation and facilitates remodeling [20–22]. VEGF subtypes
A–E bind to three tyrosine kinase membrane receptors: VEGF
receptor (VEGFR)-1 (or Flt-1), VEGFR-2 (or Flk-1), or VEGFR-3 (or
Flt-4).VEGFsubtypesAandBbindtoVEGFR-1;VEGFsubtypesA,C,
andEbind toVEGFR-2; andVEGF subtypesCandDbind toVEGFR-3
[23]. VEGFR-2 is the primary receptor mediating VEGF-induced
angiogenesis [24].ElevatedHIF-1aexpression,aswellasdisplaced
histone deacetylase, elevated TSP-1, and dysregulated p-21 ret-
inoblastomapathwaysresult inelevationsofVEGF[13,25,26].The
E6andE7oncogenicpathwaysdescribed in theprecedingsection,
and shown in Figure 1, can mediate upregulation of VEGF.

DETERMINANTS OF ANGIOGENIC MICROENVIRONMENT

In addition to E6 and E7 oncogenic modulation of VEGF, several
other factors contribute to the shift from dysplasia to invasive
cervical cancer [27–41]. Some factors affecting angiogenesis
are summarized in Table 1. Angiogenesis may be enhanced
by upregulation of surrounding specific transcription fac-
tors and increased protein and cytokine expression. Several
gene regulatory factors are briefly reviewed. Octamer-binding
transcription factor (OCT)-4 is an established transcription
factor critical for maintaining stem cell pluripotency and is
overexpressed in cervical cancer. In vivo evaluation by Li et al.
showed that nuclear OCT4A was responsible for the self-
renewal of cervical cancer stem cells, whereas cytoplasmic
OCT4B enhanced angiogenesis and promoted tumor mobil-
ity. Angiogenesis was induced through upregulation of CD34,
VEGF, HIF-1a, and IL-6 [27]. MicroRNA (miRNA) is also closely
tied with oncogenic and tumor suppressive phenotype ex-
pression and can enhance angiogenesis through VEGF-
dependent and -independent pathways [28, 29].

Alterations in protein and cytokine expression also regulate
angiogenesis. For example, monocarboxylate transporter (MCT)
is a surface protein critical to the transport of lactic acid. A 2015

study showed that MCT4 expression was unregulated after HPV
transfection and that increasing MCT4 correlated with progres-
sion tomalignancy.Additionally, an inversecorrelationwasnoted
between VEGF subtype A andMCT1 expression.This suggests an
association between lactate transport, VEGF regulation, and
angiogenesis [30]. Further evaluation of an alternative pathway
by Zhang et al. showed that matrix metalloproteinase (MMP)-10
was linked to tumor cell migration, invasion, endothelial develop-
ment, and resistance to apoptosis. Specifically, elevated MMP-
10 expression stimulates HIF-1a and MMP-2, resulting in a
proangiogenic environment. Additional data obtained by using
synthetic RNA targeting MMP-10 in vivo showed diminished
tumor growth and reduction of angiogenesis [31]. This may
prove an exciting area of future study.

Another regulatory factor is chitinase 3-like 1 (CHI3L1), a
secreted glycoprotein that functions as a cytokine and as a
mediatorinantiapoptoticpathways.Ithasbeenstronglycorrelated
with stage and outcome in several solid tumors, and previous
studies have established that this glycoprotein promotes angio-
genesis through VEGF-dependent and -independent pathways
[32]. CHI3L1 is elevated in women with cervical cancer and is
associated with poor prognosis [33]. It promotes endothelial cell
migration and tube formation in vitro and was associated with
VEGF expression and microvessel density via immunohistochem-
istry. This establishes a role as a prognostic biomarker as well as
possible therapeutic target. Table 1 briefly summarizes the many
proteins modulating angiogenesis and gives insight into the
complexity of this process and the numerous pathways that may
serve as future targets for therapy.

DEVELOPMENT OF TNP-470
Onthebasisofthecriticalroleofangiogenesis inthecarcinogenesis
of cervical cancer, disruption of this pathway via targeted
therapeutics should disrupt tumor growth and progression. In
the early 1990s, scientists began exploring the antiangiogenic
compound fumagillin, an antibiotic secreted by Aspergillus
fumigatus [42]. The more potent antiangiogenic analog, TNP-
470, was then developed. In vitro studies showed inhibition of
endothelial cell migration and proliferation [43]. Further
invivoandpreclinical studies confirmed inhibitionofgrowth in
several human tumor xenografts, including colon, prostate,
and breast cancer; choriocarcinoma; and neurofibrosarcoma
[44–47]. Given its promise, a phase I trial for women with
cervical cancer was undertaken.

Thephase I trial of thenovel angiogenesis inhibitor TNP-470
inwomenwith recurrent ormetastatic squamous cell cancer of
the cervix was published in 1997 [48]. Eighteen patients were
evaluated and treated with TNP-470 at 60 mg/m2 dosed for
60 minutes three times weekly. Antitumor activity was seen in
four patients. One experienced a complete response [49], and
three had stabilization of previously progressive disease. This
regimen was well-tolerated, with adverse events limited to
grade 1–2 nausea and vomiting and only one patient ex-
periencinggrade3 symptoms.Neurologic toxicitywas thedose-
limiting adverse effect and was found to be dose related and
reversible. This trial is summarized in Table 2. As the first
example of the efficacy of antiangiogenesis therapy in this
disease, this trial servedasthe foundationofsubsequentclinical
trials with antiangiogenics for women with advanced cervical
cancer.
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EVOLUTION OF BEVACIZUMAB

Antiangiogenic therapy developed further throughout the
1990s. Bevacizumab is a humanized monoclonal antibody
directed against VEGF, with the goal of neutralizing VEGF
subtype A and directly blocking signal transduction through
VEGF receptor 1 and 2 [20, 50]. The pharmacokinetics and
tolerability were established in 1997, and U.S. Food and Drug

Administration (FDA) approved the drug for several malignan-
cies, including metastatic colorectal cancer, metastatic non-
small cell lung cancer, recurrent glioblastomamultiforme, and
renal cell carcinoma [51–55]. A retrospective case series of six
heavily pretreated women (median of three prior regimens)
with advanced cervical cancer was reported in 2006 byWright
et al. [56]. They showed a 67% overall response rate with the
use of bevacizumab in combination with cytotoxic regimens.
Both this and thepromising results of TNP-470catalyzedphase
II clinical trials using antiangiogenesis therapy.

INVESTIGATING BEVACIZUMAB IN CERVICAL CANCER
The first phase II evaluation of bevacizumab with advanced
cervical cancerwasperformedbyMonketal. in2009under the
auspices of the Gynecology Oncology Group (GOG) in GOG
protocol 227C [57].This study included46women treatedwith
bevacizumab at 15 mg/kg every 21 days. Of these women, 38
(82.6%)hadpriorpelvic radiation therapyaswell one cytotoxic
regimen (n 5 34 [73.9%]) or two cytotoxic regimens (n 5 12
[26.1%]). A therapeutic response was seen, with 5 patients
(10.9%; two-sided 90% confidence interval [CI], 4%–22%)
experiencing partial response and 11 patients (23.9%; two-
sided 90% CI, 14%–37%) experiencing progression-free
survival for at least 6 months. For all patients, the median
response durationwas 6.21months (range, 2.83–8.28months).
The median progression-free survival was 3.4 months (95% CI,
2.53–4.53), and the overall survival was 7.29 months (95% CI,
6.11–10.41). In addition to showing that bevacizumab was
biologically active in this subset ofwomenwith cervical cancer,
GOG 227C also showed that it was well-tolerated. Notable
grade 3 or 4 adverse events included neutropenia (n 5 1),
anemia (n 5 2), gastrointestinal effects (n 5 4), hyperten-
sion (n 5 7), thromboembolism (n 5 5), vaginal bleeding
(n 5 1), fistula (n 5 1), and cardiovascular effects (n 5 2).
Only 1 grade 5 infection was identified. These observations
suggested acceptable safety and improved tolerability with
use of bevacizumab.

Another phase II clinical trial was performed in 2013 to
evaluate thecombinationofcisplatin,50mg/m2,with topotecan,
0.75mg/m2, ondays1–3andbevacizumab, 15mg/kg, onday1

Table 1. Molecular determinants of angiogenesis

Molecular target
(gene/protein) Mechanism of modulation

Oct4B Upregulation VEGF, HIF-1a, CD34,
proangiogenic

MCT1, MCT4 Upregulation VEGF, proangiogenic

MMP-10 Upregulation of HIF-1a and MMP-2,
proangiogenic

CHI3L1 Upregulation of VEGF, proangiogenic

CD40 Endothelial marker of
neovascularization

Adrenomedullin Proangiogenic

MicroRNA Variable

CSF-R Upregulation VEGF, proangiogenic

COX-2 Upregulation of VEGF-C,
proangiogenic

Endoglin (CD105) Upregulation of VEGF and EGFR,
proangiogenic

Fibulin 4 Proangiogenic

Maspin Antiangiogenic

TSP-1 Antiangiogenic

Tissue factor pathway
inhibitor

Proangiogenic

Vasohibin Interferes with VEGFR-2,
antiangiogenic

Abbreviations:CHI3L1, chitinase3 like1;CSF-R,colony-stimulating factor
receptor;COX,cyclooxygenase;EGFR,epidermalgrowth factor receptor;
HIF, hypoxia inducible factor;MCT,monocarboxylate transporter;MMP,
matrix metalloproteinase; OCT, octamer-binding transcription factor; TSP,
thrombospondin;VEGF,vascularendothelialgrowthfactor;VEGFR,vascular
endothelial growth factor receptor.

Figure 1. Oncogenic regulation of angiogenesis. Reprinted from [63] with permission.
Abbreviations: HDAC, histone deacetylase; HIF, hypoxia inducible factor; HPV, human papillomavirus; Rb, retinoblastoma; TSP,

thrombospondin; VEGF, vascular endothelial growth factor.
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[58]. Eligible women had no prior chemotherapy for re-
currence. A total of 27 patients were enrolled. Results showed
amedianprogression-freesurvival (PFS)of7.1months (80%CI,
4.7–10.1 months) and overall survival (OS) of 13.2 months
(80% CI, 8.0–15.4 months). Grade 3 or 4 hematologic toxicity
was common (thrombocytopenia, 82%; leukopenia, 74%;
anemia, 63%; and neutropenia, 56%), and 78% of patients
required an unanticipated hospital admission for toxicity
management or supportive care. This regimen appears to be
active but has unacceptable toxicity.

A third phase II study in 2014, by Schefter et al. through the
Radiation Therapy Oncology Group (RTOG) protocol 0417,
evaluated 49 women with stage IB–IIIB disease [59]. These
women were treated with cisplatin, 40 mg/m2; whole pelvic
radiation therapy; brachytherapy; and bevacizumab, 10 mg/kg
every 2 weeks for 3 cycles. The 3-year OS was 81.3% (95% CI,
67.2%–89.8%)and3-yearPFSwas68.7% (95%CI, 53.5%–79.8%).

No significant treatment-related adverse events occurred. This
trial suggested that bevacizumab in combination with standard
pelvic chemoradiation was efficacious and warrants further
investigation.

ALTERNATIVE ANTIANGIOGENIC THERAPIES

In 2010, Monk et al. evaluated alternative strategies, including
pazopanib and lapatinib, both as single agents and in combi-
nation [60]. Pazopanib is a selective multitargeted receptor
tyrosinekinase inhibitor thattargetstheVEGFreceptor,platelet-
derived growth factor receptor, and c-Kit. Conversely, lapatinib
is a dual tyrosine kinase inhibitor of epidermal growth factor
receptor (EGFR) and Her2/neu. This study targeted women
with stage IVB persistent or recurrent disease and at least one
priorcytotoxicchemotherapyregimenexposureformetastases.
Of the 230 women enrolled, 152 were randomly assigned to
monotherapy with lapatinib, 800 mg orally daily, or lapatinib,

Table 2. Phase I trials of antiangiogenesis in advanced cervical cancer

Study Design/intervention Response rate
Median
PFS (range)

Median OS
(range) Toxic effects

TNP 470, Kudelka et al.,
1997 [48]

TNP-470 monotherapy,
60 mg/m2, for 60 min 3
times weekly (n5 18)

5% complete response
17% stabilized disease

NR NR Grade 3 AEs with
.70-mg dose
only: nausea, 5%

Neurologic, 11%

Abbreviations: AE, adverse events; NR, not reported; OS, overall survival; PFS, progression-free survival.

Table 3. Phase II trials of vascular endothelial growth factor axis-based antiangiogenesis therapies in locally advanced and

advanced cervical cancer

Study Design/intervention
Response
rate (%)

Median PFS
(range) Median OS (range) Toxic effects

GOG 227C, Monk et al.,
2009 [57]

Bevacizumab monotherapy,
15mg/kg every 21 days (n5 46)

10.9 3.4 (2.5–4.5 )
mo

7.3 (6.1–10.4) mo HTN: 15%
VTE: 11%
Gastrointestinal: 8.7%
Fistula: 2%

RTOG 0417, Schefter
et al., 2014 [59]

Cisplatin, 40 mg/m2; pelvic
radiation therapy;
brachytherapy; bevacizumab,
10 mg/kg every 14 days for 3
cycles (n5 49)

NR 3 yr (68.7%) 3 yr (81.3%) No treatment-related
AEs; hematologic: 80%

Zighelboimetal.,2013[58] Cisplatin, 50 mg/m2, and
topotecan, 0.75 mg/m2, days
1–3; bevacizumab, 15 mg/kg
day 1; every 21 days (n5 27)

35 7.1% 13.2% Leukopenia: 74%
Neutropenia: 56%
Thrombocytopenia: 81%
Anemia: 63%

VEG 105281Monk et al.,
2010 [60]

Pazopanib, 800mg/day (n5 74) 9 4.5 mo 12.4 mo Grade 3 diarrhea: 11%

Lapatinib, 1,500mg/day (n578) 5 4.3 mo 11 mo

Pazopanib, 1,000–1,500 mg/day
and lapatinib, 400–800 mg/day
(n5 78)

NR NR NR Grade 3 diarrhea: 12%

Mackay et al., 2010 [61] Sunitinib, 50 mg/day, for 28 d; 2
wk off (n5 19)

0 3.5 (2.6–7) mo NR Fistula: 26%
Fatigue: 16%
Diarrhea: 16%
HTN: 11%

Symondsetal., 2014 [62] Carboplatin, AUC 5; paclitaxel,
175 mg/m2; and cediranib, 20
mg/day (n5 34)
Carboplatin, AUC 5; paclitaxel,
175mg/m2; andplacebo (n535)

66 (8.8 mo) 30 wk (7.5 mo) 63 wk (15.8 mo) Grade 2–4
diarrhea: 50%
HTN: 34%
Grade 3–4
neutropenia: 31%

Abbreviations: AE, adverse events; AUC, area under the concentration-vs.-time curve; HTN, hypertension; GOG, Gynecologic Oncology Group; NR, not
reported; OS, overall survival; PFS, progression free survival; RTOG, Radiation Therapy Oncology Group; VTE, venous thromboembolism.
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1,500 mg orally daily; 78 were randomly assigned to combina-
tion therapy with pazopanib, 1,000mg or 1,500mg orally daily,
and lapatinib, 400mgor 800mgdaily.The futility boundarywas
crossed at a planned interim analysis and the combination arm
was terminated.

Pazopanib monotherapy showed significantly improved
PFS (hazard ratio [HR], 0.66; 90% CI, 0.48–0.91; p5 .013) and
OS(HR,0.67;90%CI,0.46–0.99;p5 .045).Mediansurvivalwas
50.7weeks for pazopanib and 39.1weeks for lapatinib. Adverse
events includedgrade3diarrhea in11%ofpatientstreatedwith
pazopanib and 12% of those treated with lapatinib. This study
demonstrated improved progression-free survival and im-
proved tolerability of this alternative antiangiogenic agent in
women with advanced cervical cancer.

A relatedoral agent, sunitinib, has also beenevaluated [61].
Sunitinib is a multityrosine kinase inhibitor with antiangiogenic
actionat theVEGF receptor 1, 2, and3 aswell as PDGFand c-Kit.
This phase II trial enrolled 19 patients with unresectable locally
advanced ormetastatic cervical cancer who had received up to
one prior chemotherapy regimen. Women were dosed at 50
mg/day for 4 weeks, followed by 2 weeks off. This 6-week cycle
was repeated for a maximum of six times for stable disease or

two times if a response was obtained. There were no docu-
mented responses to therapy, with median PFS of 3.5 months
(95%CI, 2.6–7months). Additionally, morbiditywas significant;
26% of women developed a fistula. Given the drug’s morbid-
ity and insufficient evidence of activity as a single agent, it was
determined that sunitinib did not warrant further study. All
phase II trials addressing antiangiogenic therapies are summa-
rized in Table 3 [57–62].

ESTABLISHINGASURVIVALADVANTAGEWITHBEVACIZUMAB

Given its demonstrated therapeutic potential, bevacizumab
wasevaluated in aphase III trial byTewari etal. underGOG240
[63].This multicenter international trial included womenwith
metastatic, recurrent, or persistent squamous cell carcinoma,
adenocarcinoma, or adenosquamous carcinoma. Women
were randomly assigned to one of four treatment arms, using
paclitaxel, 135 or175mg/m2, onday 1 plus cisplatin, 50mg/m2,
on day 2, with or without bevacizumab, 15 mg/kg, on day 2 in
comparisonwith paclitaxel, 175mg/m2, on day 1 plus topotecan,
0.75mg/m2, ondays1–3withorwithoutbevacizumab,15mg/kg
on day 1. Women were treated every 21 days until disease
progression or unacceptable toxicity.

Figure 2. Gynecology Oncology Group 240 results. Progression-free survival (A) and overall survival (B) Kaplan-Meier curves. Reprinted
from [63]. Copyright 2014 The Massachusetts Medical Society. Used with permission.

Abbreviations: CI, confidence interval; CP, cisplatin-paclitaxel; TP, topotecan-paclitaxel.

©AlphaMed Press 2016
TheOncologist®

580 Antiangiogenesis Therapy: Advanced Cervical Cancer



An initial interimanalysisof173patients in2012 revealed
that the topotecan plus paclitaxel doublet was not superior
to the cisplatin and paclitaxel doublet. After a second
analysis in late 2012, the National Cancer Institute’s Data
Safety Monitoring Board recommended ending the trial at
20.8 months’ median follow-up. This was in response to a
statistically significant therapeutic advantage demonstrated
in women treated with bevacizumab, regardless of the
cytotoxic therapy combination (Fig. 2). This included overall
survival of 17months (vs. 13.3months) andprogression-free
survival of 8.2 months (vs. 5.9 months) (Fig. 2). There was
no significant deterioration of patient-reported outcomes,
and the adverse events were similar to those previously
observed, including fistula (8%), thromboembolism (8%),
and manageable hypertension (25%).The design and results
are summarized in Table 4.

Given this significant improvement inOS andPFSwith the
addition of bevacizumab to cisplatin and paclitaxel, both
bevacizumab-containing triplet regimens studied are listed
as category 1 in theNational Comprehensive CancerNetwork
clinical practice guidelines for cervical cancer. GOG 240 led
directly to regulatory approval by the FDA of bevacizumab
for advanced cervical cancer on August 14, 2014 [64, 65].
This is the first time a targeted agent has significantly
improved overall survival in women struggling with a gy-
necologic malignancy.

FUTURE AREAS OF INVESTIGATION
The landmark trial proving the therapeutic benefits of
bevacizumab sparked renewed vigor into the investigation of
alternative antiangiogenic therapies. Most recently, Symonds
et al. performed the Cediranib in Recurrent Cervical Cancer
trial, reported in 2014 (Table 3) [62]. Cediranib is a tyrosine
kinase inhibitor of VEGF receptors 1, 2, and 3. This was a ran-
domized, double-blind, phase II trial of women with recurrent
or metastatic cervical cancer with no previous exposure to cis-
platin, except for radiosensitizing cisplatin.Womenwere dosed
with cediranib, 20 mg orally daily, or matched placebo, in com-
bination with carboplatin AUC5 and paclitaxel, 175 mg/m2

three times weekly. This was continued until documented
disease progression or inability to tolerate adverse events. A
total of 69 patients were randomly assigned; 79% completed 6
cycles of chemotherapy. Median PFS for the cediranib and
placebo arms was 35 weeks and 30 weeks, respectively (HR,
0.61; 80% CI, 0.41–0.89; p5 .046). No significant difference in
OSwas demonstrated.The overall response ratewith cediranib
was 66% (80% CI, 53%–77%) compared with 42%with placebo
(80% CI, 30%–55%). Cediranib showed significantlymore grade
3 or 4 neutropenia than placebo (31% vs. 9%; p 5 .019).
Additionally, 50% experienced grade 2, 3, or 4 diarrhea and
34% experienced grade 2, 3, or 4 hypertension. Given this
agent’smanageable toxicity but lackof demonstrated improve-
ment inoverall survival, furtherassessmentof thisagentmaybe
warranted.

On the basis of translational studies defining the molec-
ular components influencing angiogenesis, there are many
promising targets for upcoming research. Although this list
is far from complete given the rapid advancement in this
field, we briefly summarize here the use of RNA, growth
factor suppression, cytotoxic therapy adjuncts, and kinase
inhibitors.

As described earlier in this review, matrix metalloprotei-
nases and CHI3L1 are intriguing targets. Additionally, forkhead
box protein (FOX)-M1 is a proto-oncogene critical to cell cycle
progression, and it has been well studied in several solid
tumors. Li et al. established in 2014 that FOXM1 is unregulated
in cervical cancer tissues and that micro-RNA (miRNA),
specifically miR-342-3p, may counteract these actions. It
serves to inhibit cell proliferation, migration, and invasion
and may be a possible therapeutic target [66]. In another
variation of RNA utilization, VEGF small hairpin RNA (shRNA)
plasmids can affect angiogenesis. A combination of shRNA
and radiotherapy as a combined therapy showed inhibition of
VEGF expression (p, .05), induced apoptosis (p. .05), down-
regulation of HIF-1a and overall reduced angiogenesis when
compared in a mouse xenograft model to bank control and
either monotherapy with shRNA or radiotherapy. This en-
hanced radiosensitivity offers promise for further clinical

Table 4. Phase III trial of vascular endothelial growth factor axis-based antiangiogenesis therapy in advanced cervical cancer

Study Design/intervention
Response
rate (%)

Median PFS
(range), mo

Median OS
(range), mo Toxic effects

GOG 240,Tewari
et al., 2014 [63]

Randomized 23 2 design Chemotherapy alone:
grade 2–4, GI: 44%
Chemotherapy1 bevacizumab:
grade 2–4, GI: 52%;
fistula: 8%; HTN: 25%; VTE: 8%

Cisplatin, 50 mg/kg; paclitaxel,
135or175mg/m2, every 21days
(n5 114)

45 7.6 14.3

Cisplatin, 50 mg/kg; paclitaxel,
135 or 175 mg/m2, and
bevacizumab, 15 mg/kg, every
21 days (n5 115)

50 17.5

Topotecan, 0.75 mg/m2 on days
1–3, and paclitaxel, 175 mg/m2,
every 21 days (n5 111)

27 5.7 12.7

Topotecan, 0.75 mg/m2 on days
1–3; paclitaxel, 175 mg/m2, and
bevacizumab, 15 mg/kg, every
21 days (n5 112)

47 16.2

Abbreviations: GI, gastrointestinal; GOG, Gynecologic Oncology Group; HTN, hypertension; OS, overall survival; PFS, progression-free survival; VTE,
venous thromboembolism.
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evaluation [67]. An additional proposed target is sphingosine
kinase (SPHK) 1, an oncogenic kinase that, when upregulated,
has an established role in solid tumor development and
progression. Its expression is significantly increased in cervical
cancer via immunohistochemistry and is associated with
advanced clinical features, as indicated by greater invasion
depth, worse International Federation of Gynecology and
Obstetrics stage, increased tumor size, and lymphovascular
invasion. This translates into lower overall survival and
recurrence-free survival. In vivo studies with SPHK inhibitors

significantly decreased tumor burden. These findings support
the use of SPHK as a prognostic marker as well as targeted
molecular therapy [68].

Monotherapy with sunitinib was evaluated by Mackay
etal. as describedpreviously in this reviewandhad insufficient
activity and high morbidity in a phase II trial [61]. In 2014,
Abdel-Aziz et al. proposed that chloroquine augmented
sunitinib cytotoxicity on the basis of studies of cervical cancer
cell lines. Specifically, apoptosis was enhanced and angiogenic
pathways were inhibited. Although data are not available

Table 5. Prognostic biomarkers for invasive cervical carcinoma

Molecular target (gene/protein) Clinical significance

VEGF-A Primary vascular endothelial growth factor
Poor survival [79]

MVD/CD31 Endothelial marker
Poor PFS and OS [71–73]

CHI3L1 Glycoprotein
Poor prognosis [33, 80]

SPHK1 Oncogenic kinase
Poor PFS and OS [68]

Galactin 1 Protein
Poor survival and high-risk clinicopathologic characteristics [81]

Fibulin 4 Glycoprotein
High-risk clinicopathologic characteristics [38]

IL-6 Inflammatory cytokine
Poor survival [79]

IL-17 Cytotoxic cytokine
High-risk clinicopathologic characteristics [79, 82]

Maspin Serine protease inhibitor
High risk clinicopathologic characteristics [17]

CD40 Surface protein
High-risk clinicopathologic characteristics [34]

Soluble CD44 Circulating glycoprotein, antigenic activation of endothelial cells
Differentiation of premalignant and malignant carcinoma [83]

TSP-1 Glycoprotein
Variable significance [16, 39]

TGF-b Cytokine, promotes endothelial cell apoptosis and downregulates VEGFR-2; necessary
for remodeling
Worse survival in CD1051 tumors [84]

Tissue factor pathway inhibitor Protein
High-risk clinicopathologic characteristics [40]

MicroRNA RNA with transcription regulation function, oncogenic or tumor suppressive
Poor overall survival [28]

SCC-Ag Antigen
Poor survival and clinical detection of early recurrence [85–89]

CEA Glycoprotein
Variably significant [90, 91]

Cytokeratin Cytoplasmic skeleton protein
Poor prognosis and recurrence detection [87]

COX-2 Prostaglandin enzyme
Prediction of response to radiotherapy and chemotherapy [92, 93]

MMP-2 and MMP-9 Protease
Poor prognosis [94, 95]

RIPK4 Protease
Overexpression with worsening PFS and OS [96]
Stratifies progression from normal to dysplasia to invasive disease

Abbreviations: CEA, carcinoembryonic antigen; CHI3L1, chitinase 3 like 1; COX, cyclooxygenase; IL, interleukin; MMP, matrix metalloproteinase; MVD,
microvessel density; RIPK4, receptor interacting protein kinase 4; PFS, progression-free survival; OS, overall survival; SCC-Ag, squamous cell carcinoma
antigen; SPHK1, sphingosine kinase 1; TGF, transforming growth factor; TSP, thrombospondin; VEGF-A, vascular endothelial growth factor subtype A;
VEGFR, vascular endothelial growth factor receptor.
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regarding improved tolerability, this intriguing adjunctive
therapy may merit additional evaluation [69].

In vivo models of cervical cancer have been exposed to
gallic acid, a well-established Chinese medicinal herb. Gallic
acid resulted in suppression of EGFR, among other signaling
pathways, and caused a significant decrease in cervical cancer
cell proliferation as well as endothelial cell tube formation.
Further exploration may be warranted on the basis of this
apparent inhibition of growth and angiogenesis [70].

PROGNOSTIC BIOMARKERS

As our understanding of the tumor environment continues to
unfold, it is increasingly apparent that expression of certain
markers is associated with more aggressive tumor pheno-
types and with worse survival outcomes.Table 5 summarizes
proposed molecular targets and their translational signifi-
cance. Many of these genes, proteins, or biomarkers are
under investigation or have been evaluated in translational
settings only. Currently, there is no clinical standard for
prediction of meaningful clinical information given a lack of
marker specificity.

Several previous studies have established that micro-
vessel density (MVD) as a representation of neovasculariza-
tion is a hallmark of progression from normal to cervical
dysplasia andmalignancy [71]. Additionally, increasedMVD is
associated with worse survival [72, 73]. A large body of
evidence is also accruing regarding miRNA because upregu-
lation of oncogenic miRNA and downregulation of tumor
suppressive miRNA appear to be integral to tumor develop-
ment and clinicopathologic features [28]. Additional protein
biomarkers may include squamous cell carcinoma antigen,
serum fragments of cytokeratin, carcinoembryonic antigen,
matrixmetalloproteinases, or specific cytokines [74, 75].This
area of study is in its early stages; however, as we further
clarify the complex pathways facilitating carcinogenesis and
angiogenesis, we will be able to target critical pathways and
expand the use of biomarkers for diagnostic and prognostic
purposes [76–78].

Several previous studies have established that micro-
vessel density (MVD) as a representation of neo-
vascularization is a hallmark of progression from
normal to cervical dysplasia and malignancy. Addi-
tionally, increased MVD is associated with worse
survival.

CONCLUSION
The evolution of biologic agents in women with recurrent or
metastatic cervical malignancy has spanned two decades. Given
the poor prognosis attributed to advanced cervical cancer, the
demonstrated improvement in survival with GOG 240 has
practice-changingimplications.Excitingalternativeantiangiogenic
therapies show initial promise in phase II trials, and as our under-
standingoftumormicroenvironmentandmoleculardeterminants
of angiogenesis continues to expand, additional targets for
therapy and prognostication will become possibilities. It is a
scientific priority to further develop effective and well-tolerated
management strategies for this vulnerable population.
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