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Abstract: Cervical cancer is the third most commonly diagnosed cancer worldwide and the 

fourth leading cause of cancer death in women. Major advances but still insufficient achievements 

in the treatment of locally advanced and high-risk early stage patients have occurred in the last 

decade with the incorporation of concurrent cisplatin with radiation and, lately, gemcitabine 

added to cisplatin chemoradiation. Despite a number of clinical studies incorporating molecular-

targeted therapy as radiosensitizers being in progress, so far, only antiangiogenic therapy with 

bevacizumab added to cisplatin chemoradiation has demonstrated safety and shown encouraging 

results in a Phase II study. In advanced disease, cisplatin doublets do not have a great impact 

on the natural history of the disease with median survival rates not exceeding 13 months. The 

first Phase III study of bevacizumab, added to cisplatin or a non-cisplatin-containing doublet, 

showed significant increase in both overall survival and progression-free survival. Further 

studies are needed before bevacizumab plus chemotherapy can be considered the standard of 

care for advanced disease. Characterization of the mutational landscape of cervical cancer has 

already been initiated, indicating that, for now, few of these targetable alterations match with 

available agents. Progress in both the mutational landscape knowledge and developments of 

novel targeted therapies may result in more effective and individualized treatments for cervical 

cancer. The potential efficacy of knocking down the key alterations in cervical cancer – E6 and 

E7 human papillomavirus oncoproteins – must not be overlooked.
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Introduction
Cervical cancer is a malignant disease that can be prevented; however, it is the third 

most commonly diagnosed cancer worldwide and the fourth leading cause of cancer 

death in women, accounting for 9% (529,800) of total new cases of cancer and 8% 

(275,100) of all cancer deaths. This cancer mainly affects socially disadvantaged 

women; therefore, 83% of cases occur in developing countries, while in developed 

countries, cervical cancer accounts for only 3.6% of new cancer cases.1

Cervical cancer is clinically staged according to International Federation of 

Gynecology and Obstetrics (FIGO) guidelines, though regarding treatment it can be 

grouped into three subgroups: the earliest stages IA
1
 (microinvasive diseases) to IIA

1
 

(tumors affecting the upper third of the vagina measuring ,4 cm, which are usually 

treated by surgical procedures as definitive treatment). Regarding surgical treatment 

for early stages, conization with adequate excision margins instead of simple hys-

terectomy is considered effective for microinvasive carcinoma (stage IA
1
) and can 

preserve fertility; however, evidence for its benefit is from observational studies only. 
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No randomized clinical trials exist to assess the best treatment 

for IA
2
 disease but acceptable approaches include conization 

or simple hysterectomy with pelvic lymphadenectomy and 

radical hysterectomy as well. For small volume macroscopic 

disease (IB
1
 and IIA

1
), radical hysterectomy continues to be 

the standard of care but in this setting radical trachelectomy 

plus lymphadenectomy can be used to preserve fertility.2 

Neoadjuvant chemotherapy followed by surgery in the early 

stages of disease has not shown benefit in survival parameters 

but is commonly used to downstage disease when fertility-

preserving procedures are done.3 Early-stage patients do not 

require adjuvant systemic treatment unless there are high-risk 

factors for recurrence in the surgical specimen. These cases 

are usually prescribed with adjuvant chemoradiation.4,5

Intermediate stages, which are the locally advanced cases 

(IB
2
–IVA), require primary chemoradiation as definitive 

treatment. For this subgroup of patients, adjuvant systemic 

chemotherapy and neoadjuvant chemoradiation are modali-

ties under study in randomized Phase III trials.6,7 Finally, 

systemic chemotherapy is the treatment of choice for most 

advanced cases that comprise IVB stages as well as patients 

with recurrent or persistent disease not amenable to curative 

treatment.8 A recent Phase III study has demonstrated that 

adding bevacizumab increases progression-free survival 

(PFS) and overall survival (OS).9

Current standard of treatment  
for locally advanced/early-stage 
high-risk patients
The addition of chemotherapy to radiation, also known 

as chemoradiation, improves OS (hazard ratio [HR] 0.71; 

P,0.0001) whether platinum is used (HR 0.70; P,0.0001) 

or not (HR 0.81; P=0.20). PFS is improved as well (HR 0.61; 

P,0.0001). Thus, the absolute benefits in PFS and OS are 

16% (95% confidence interval [CI] 13%–19%) and 12% 

(95% CI 8%–16%), respectively. Significant benefits of 

chemoradiation on both local (HR 0.61; P,0.0001) and 

distant recurrence (HR 0.57; P,0.0001) are also observed. 

This overall improved efficacy is at the expense of increased 

but manageable grade 3/4 hematological and gastrointestinal 

toxicities.10 These regimens – commonly known as concur-

rent chemoradiation (most commonly using cisplatin at 

40 mg/m2 weekly for 6 weeks) – yield 5-year survival rates 

ranging from 60%–70%, and are the current standard of care. 

A recent meta-analysis and systematic review compared out-

comes and disease control rates of locally advanced disease 

treated with single agent weekly cisplatin chemoradiation 

against chemoradiation with a cisplatin combination  regimen. 

The results show that patients treated with the more intensive 

regimens experienced significant improvements in survival 

and locoregional control. In particular, the risk of death 

reduced by 35%, and the risk of progression reduced by 

29%. Though toxicities were largely underreported in the 

analyzed publications, thrombocytopenia, neutropenia, and 

acute gastrointestinal toxicities were statistically higher in 

the cisplatin combination arms.11 These results clearly point 

to the fact that chemoradiation is yet to reach a ceiling in 

efficacy; hence, new drug combinations and radiation should 

be explored to fully exploit the efficacy of this modality.

Current standard of treatment  
for advanced disease
A Gynecologic Oncology Group study – GOG-204 – com-

pared four cisplatin doublets (paclitaxel cisplatin reference 

arm) against vinorelbine cisplatin, gemcitabine cisplatin, 

and topotecan cisplatin. Treatment schedules were the fol-

lowing: cisplatin at 50 mg/m2 in each of the arms; paclitaxel 

at 135 mg/m2 over 24 hours plus cisplatin 50 mg/m2/day; 

vinorelbine 30 mg/m2 on Day 1 and Day 8; gemcitabine 

1,000 mg/m2 on Day 1 and Day 8, and topotecan 0.75 mg/m2 

on Days 1–3. A total of 513 patients were enrolled when a 

planned interim analysis recommended early closure due to 

futility. Experimental-to-paclitaxel cisplatin HRs of death 

were as follows: 1.15 (95% CI 0.79–1.67) for vinorelbine 

cisplatin, 1.32 (95% CI 0.91–1.92) for gemcitabine cisplatin, 

and 1.26 (95% CI 0.86–1.82) for topotecan cisplatin. HRs for 

PFS were 1.36 (95% CI 0.97–1.90) for vinorelbine cisplatin, 

1.39 (95% CI 0.99–1.96) for gemcitabine cisplatin, and 1.27 

(95% CI 0.90–1.78) for topotecan cisplatin. There were no 

significant differences in regard to response rate, which 

were 29.5%, 25.9%, 22.3%, and 23.4% for the cisplatin 

combinations with paclitaxel, vinorelbine, gemcitabine, and 

topotecan, respectively. Likewise, quality of life showed no 

differences among the groups.12,13

After the results of the GOG-204 study demonstrating 

nonsuperiority of any of these four regimens, GOG-240 

incorporating bevacizumab to chemotherapy was undertaken 

and recently the results were reported.9 This study randomized 

452 advanced cervical cancer patients – using a 2×2 facto-

rial design – to chemotherapy with or without bevacizumab 

at a dose of 15 mg/kg. Chemotherapy consisted of cisplatin 

at a dose of 50 mg/m2 plus paclitaxel at 135 or 175 mg/m2 

or topotecan at 0.75 mg/m2 on Days 1–3, plus paclitaxel 

at a dose of 175 mg/m2 on Day 1. Cycles were repeated 

every 21 days until disease progression. Groups were well 

balanced for main clinicopathological factors, including 
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previous use of radiosensitizers. Results demonstrated that 

topotecan–paclitaxel was not superior to cisplatin–paclitaxel 

(HR for death 1.20) and with data for the two chemotherapy 

regimens combined, the addition of bevacizumab to che-

motherapy was associated with increased OS (17.0 versus 

13.3 months; HR 0.71; 98% CI 0.54–0.95; P=0.004 in a 

one-sided test). A significant improvement in PFS was also 

seen (8.2 versus 5.9 months; HR 0.67; 95% CI 0.54–0.82). 

The treatment was in general well tolerated and no unexpected 

adverse events resulting from bevacizumab were observed. 

In bevacizumab-treated patients, there were more grade 4 

neutropenia events (26% versus 35%), grade $3 throm-

boembolisms (1% versus 8%), and grade .2 hypertension. 

Gastrointestinal fistula, gastrointestinal perforation, and geni-

tourinary fistula (all grade $3) were only observed in patients 

treated with bevacizumab (3%, 2%, and 2%, respectively). 

Analysis of quality of life using the Functional Assessment 

of Cancer Therapy – Trial Outcome Index (FACT-CX TOI) 

score showed a modest, statistically nonsignificant decline 

in patients receiving the monoclonal antibody.9 These data 

led the authors to conclude that bevacizumab is the first 

targeted therapy shown to increase survival parameters in 

advanced cervical cancer without decreasing quality of life.

Molecular-targeted therapy  
in cervical cancer
Post-genomic drugs (referred to as targeted agents) in con-

traposition to pre-genomic drugs (classical cytotoxic drugs) 

were intended to have a clinical development based primarily 

on whether or not the tumor has the molecular alteration to be 

targeted. The paradigmatic case of imatinib in chronic myel-

ogenous leukemia that transformed the disease – changing the 

median OS from 4 years to an estimated 19–25 years – has 

not been mirrored so far in solid tumors. However, the current 

understanding of how the molecular circuitry is altered in 

cancer and how it should be modulated to obtain a therapeutic 

gain is far from being completed; hence, in many cases, the 

clinical results of early-phase studies are the stronger indica-

tors of whether or not the pathway targeted with a particular 

agent is of clinical relevance. In addition, predictive factors 

of response to these therapies are available in a few cases 

only. These facts have led to a clinical drug development 

quite similar to that employed for cytotoxic chemotherapy, ie, 

the testing of molecular-targeted drugs against every tumor 

type hoping that the targeted molecule or pathway could be 

relevant and translate into clinical efficacy.

No targeted drug has been developed specifically for 

cervical cancer. Beyond the fact that the current model 

of cancer drug development is market driven and locally 

advanced and advanced cervical cancer are not attractive 

ones, data on targetable genetic alterations in cervical cancer 

are far behind the knowledge for other tumor types. In this 

sense, until recently, information from the Sanger database 

was the only one available regarding mutation frequency 

of potentially targetable alterations in cervical cancer.14 

Recently, a comprehensive genetic landscape analysis for 

cervical cancer was published. In the study,15 whole-exome 

sequencing analysis of 115 cervical carcinoma–normal 

paired samples, transcriptome sequencing of 79 cases, and 

whole-genome sequencing of 14 tumor–normal pairs were 

sequenced. As expected, mutations at PIK3CA, PTEN, and 

STK11 were present in 14%, 6%, and 4%, respectively. 

Among previously unknown somatic mutations, authors 

found E322K substitutions in the MAPK1 gene (8%), 

inactivating mutations in the HLA-B gene (9%), and muta-

tions in EP300 (16%), FBXW7 (15%), NFE2L2 (4%), 

TP53 (5%), and ERBB2 (6%). Somatic ELF3 (13%) and 

CBFB (8%) mutations in 24 adenocarcinomas were also 

observed. Interestingly, three out of the six ERBB2 muta-

tions (S310F, S310Y, and V842I) are known oncogenic 

driver mutations.

Current results of molecular-
targeted drugs in cervical cancer
As discussed above in regard to the rationale used for test-

ing molecular-targeted agents in cervical cancer, it is not 

surprising that results in general are poor with the exception 

of bevacizumab.

EGFR antagonists
The availability of agents against EGFR, either monoclonal 

antibodies or small molecule inhibitors, and their success in 

lung and colorectal cancer among others, prompted evalua-

tion of these agents in cervical cancer. None of these agents 

have progressed to Phase III trials yet, but so far they have not 

shown impressive results in their early testing either as single 

agents or in combination with chemotherapy or radiation.

Erlotinib has been shown to not have clinical activity as 

a monotherapy in advanced disease,16 though it was safely 

administered along with cisplatin chemoradiation in a Phase I 

study.17 The same group recently reported the results of a 

Phase II study in 36 patients concluding that this regimen of 

erlotinib with chemoradiation is promising with an OS and 

PFS of 80.6% and 73.8%, respectively.18 Gefitinib has also 

been evaluated in advanced disease reporting minimal activ-

ity in one patient,19 whereas a second study in Asian patients 
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reported one complete response, one partial response, and 

four stable disease in a cohort of 20 patients.20 The results 

with cetuximab are no better. As a single agent in advanced 

disease it has minimal or no activity;21,22 however, in combi-

nation with cisplatin, although tolerated, it does not appear 

to increase the efficacy of single agent cisplatin.23 On the 

contrary, when used with a combination of cisplatin and 

topotecan, the triple combination induced a high rate of 

adverse/fatal events.24 Cetuximab has also been evaluated in 

combination with radiation and cisplatin. A Phase I study25 

showed that the combination is feasible only with pelvic 

radiation but not with extended-field radiation. No results are 

yet published from this combination in Phase II studies.

Panitumumab and nimotuzumab – two other anti-EGFR 

antibodies – are being evaluated in cervical cancer. The 

results of these trials are awaited; however, to date, the 

evidence indicates that the results of targeted therapy based 

on EGFR blocking are behind those obtained in head and 

neck and colorectal cancer with anti-EGFR antibodies and 

a subset of non-small-cell lung cancer with tyrosine kinase 

inhibitors gefitinib and erlotinib. Taken together, these data 

may suggest that growth regulation by the EGFR pathway 

in cervical cancer is not the dominant oncogenic driver. 

Supporting this view, in a model of cervical cancer cell line 

C41 transfected with a dexamethasone-induced promoter for 

human papillomavirus (HPV) 18 E6/E7 genes, the down-

regulation or upregulation of these viral oncogenes did not 

lead to changes in the expression of EGFR under identical 

culture conditions and, interestingly, the growth rate of the 

cells correlated with the level of viral gene products rather 

than with the expression of the EGFR.26

Multitargeted tyrosine kinase 
inhibitors
Among this miscellaneous group of agents, imatinib 

(BCR-ABL, c-KIT, PDGFR) and sunitinib (PDGFRα, 

PDGFRβ, VEGFR1, VEGFR2, c-kit, and FLT3) have been 

evaluated in the advanced disease setting. No evidence 

of response nor suggestion of increased stabilization of 

disease were observed.27,28 No results have yet been pub-

lished on other multitargeted tyrosine kinase inhibitors 

such as sorafenib.

Miscellaneous targeted drugs
A number of other targeted drugs are being tested in cervical 

cancer either alone or in combination with chemotherapy 

or chemoradiation. Among these is the mTOR  inhibitor 

temsirolimus, which showed modest activity as a single 

agent in advanced disease;29 however, in combination with 

topotecan, it was not tolerated in patients with previous pelvic 

radiation.30 Celecoxib – a cyclooxygenase-2 inhibitor – was 

added to cisplatin 5-fluorouracil chemoradiation in locally 

advanced disease with no impressive results;31 hence, no 

clinical trials with this agent are currently ongoing in cervical 

cancer. Because HPV E6 targets p53 for degradation through 

the ubiquitin–proteasome system, proteasome inhibitors are 

good candidates to increase wild-type p53 expression in 

cervical carcinoma cells. A number of proteasome inhibitors, 

including MG132 and bortezomib, have shown their ability 

to increase p53 protein levels, to induce apoptosis, and to 

reduce VEGF, as well as to increase radiosensitization in 

cervical cancer cells.32 Two terminated ClinicalTrials.gov 

studies assessed bortezomib with irinotecan (NCT00106262) 

and bortezomib plus chemoradiation (NCT00329589) in 

advanced and locally advanced cervical cancer, but no results 

have yet been published. Preclinical data suggest that poly 

(adenosine diphosphate ribose) polymerase inhibitors may 

potentiate the effects of radiation in several tumor types and 

induce apoptosis in cervical cancer cells.33,34 A Phase I/II 

study of veliparib associated with paclitaxel (NCT01281852) 

as well as a Phase II study of veliparib with topotecan plus 

G-CSF/pegylated G-CSF (NCT01266447) are ongoing for 

the treatment of advanced cervical cancer. Likewise, olaparib 

plus paclitaxel is being tested in advanced gynecological 

cancers (NCT01237067).

Epigenetic therapy of cancer is a promising modal-

ity under development, particularly with the use of DNA 

methyltransferase and histone deacetylase inhibitors either 

alone or in combination. It is known that HPV E6/E7 onco-

proteins interact with DNA methyltransferase and histone 

deacetylase enzymes, which – in addition to aiding in cell 

transformation – may also participate in the transcriptional 

inactivation of a high number of tumor suppressor genes.35 

When hydralazine – an antihypertensive agent – and the 

antiepileptic magnesium valproate are repositioned as 

DNA methyltransferase and histone deacetylase inhibi-

tors, respectively, they show radiosensitization in cervi-

cal cancer cells36 and are highly effective when added to 

chemoradiation with cisplatin for locally advanced disease.37 

Preliminary results of a randomized Phase III trial compar-

ing hydralazine–magnesium valproate against placebo in 

advanced cervical cancer patients receiving standard cisplatin 

topotecan showed – at a median follow-up time of 7 months 

(range 1–22 months) – a median PFS of 10 versus 6 months 

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Women’s Health 2014:6 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1027

Targeted therapy for cervical cancer

(P=0.0384) in favor of the experimental arm, suggesting that 

epigenetic therapy could be effective in cervical cancer.38

Antiangiogenesis agents
As early as 1975, the importance of angiogenesis for cervical 

cancer was recognized.39 VEGF is one of the most important 

factors involved in regulating angiogenesis, and several stud-

ies have demonstrated that its expression correlates with the 

more aggressive clinical–pathological characteristics of the 

disease and with prognosis.40–44 The increased production 

of VEGF within cervical neoplasms led to the testing of the 

monoclonal antibody bevacizumab in this tumor. Among 

early studies with bevacizumab, six women with metastatic 

disease who previously received 5-fluorouracil and then beva-

cizumab had a 67% clinical benefit rate with median PFS of 

4.3 months,45 whereas Tan et al reported the case of a patient 

with a recurrent tumor who had disease improvement with 

the use of bevacizumab and carboplatin.46 A Phase II trial to 

assess the efficacy and tolerability of bevacizumab was under-

taken by the Gynecologic Oncology Group.  Bevacizumab 

was administered at 15 mg/kg intravenously every 3 weeks 

until disease progression or prohibitive toxicity. Five (10.9%) 

partial responses and eleven (23.9%) stable disease were reg-

istered among the 46 patients studied, which translated into 

a median PFS and OS of 3.4 and 7.9 months, respectively. 

The treatment was well tolerated; there were eight events 

of grade 3 hematologic toxicity, five patients had deep vein 

thrombosis, one had grade 4 vaginal bleeding, and one had 

grade 4 urinary fistula. Other grade 3 events included high 

blood pressure, but none required discontinuation of therapy. 

The activity of bevacizumab observed in this study was 

remarkable, and was superior to the activity observed for 

any other single agent studied by the Gynecologic Oncology 

Group in the setting of treatment failure with one prior regi-

men for advanced cervical cancer.47 These results and those 

from GOG-204 led to the GOG-240 study discussed above, 

which is touted as the new standard of treatment for advanced 

disease. Whether or not the bevacizumab-containing regimen 

will be widely accepted remains to be demonstrated. Almost 

at the same time that results of GOG-240 were released in 

the American Society of Clinical Oncology’s 2013 meet-

ing, the results of a small Phase II study in a similar patient 

population were published.48 In this multicentric study, 

27 patients received the same regimen of bevacizumab with 

standard cisplatin–topotecan.  Compared with the GOG-

240 study, the response rate observed was 45% (one com-

plete response [4%; 80% CI 0.4%–14%] and eight partial 

responses [31%; 80% CI 19%–45%]). At a median follow-up 

of 10 months (range 1.7–33.4 months), median PFS was 

7.1 months (80% CI 4.7–10.1 months) and median OS was 

13.2 months (80% CI 8.0–15.4 months). Of concern, the 

regimen resulted in excessive toxicity, with nearly 80% of 

patients requiring unanticipated hospital admissions to man-

age adverse events and/or to provide supportive care. In addi-

tion, one death possibly related to therapy and a high rate of 

severe constitutional toxicities led to approximately 19% of 

patients discontinuing protocol treatment. The results obtained 

in this study are very similar to the results in the control arm 

of GOG-240. Whether these poor results were due to the 

regimen of cisplatin–topotecan or due to other reasons origi-

nated from the study population are not known; nevertheless, 

these results clearly suggest that additional studies are needed 

before it can be accepted as the standard of care. Another 

unresolved issue for the regimen is its applicability to patients 

with stage IVB disease, as this subgroup of advanced disease 

represented only 16.8% of the treated population in GOG-2409 

and less than 10% in the Phase II study discussed above.48 

Cost-effectiveness analyses are also warranted because of 

the societal burden involved in making expensive thera-

pies available to those in greatest need.

As has occurred with the clinical development of beva-

cizumab for other tumors, it has also been tested in locally 

advanced disease as primary treatment added to standard 

cisplatin chemoradiation. A Radiation Therapy Oncology 

Group study – RTOG 0417 – demonstrates the fea sibility, 

safety, and encouraging oncologic outcomes with the addition 

of bevacizumab to standard chemoradiotherapy. In this Phase 

II multicentric study, 49 bulky stage IB–IIIB patients from 28 

institutions were enrolled from 2006–2009. Patients received 

standard weekly cisplatin at 40 mg/m2 and pelvic radiation 

plus brachytherapy. Bevacizumab was administered at 10 

mg/kg intravenously every 2 weeks for three cycles during 

chemoradiation. There was good compliance with the treat-

ment and it resulted in minimal toxicity. The most common 

was hematologic, grade 3 toxicity in 13 patients (26.5%) and 

grade 4 toxicity in five patients (10.2%). There were no grade 

4 gastrointestinal toxicities nor treatment-related deaths. The 

3-year OS and disease-free survival were 81.3% (95% CI 

67.2%–89.8%) and 68.7% (95% CI 53.5%–79.8%), respec-

tively.49 These results compare favorably to those achieved 

with cisplatin chemoradiation and, interestingly, are similar 

to those reported in the experimental arm of the cisplatin–

gemcitabine chemoradiation trial that compared this regimen 

against standard cisplatin chemoradiation.50 These results 
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clearly support further testing of this regimen. Continuing 

bevacizumab after chemoradiation is of particular interest.

Other antiangiogenic agents are being evaluated in 

advanced cervical cancer. The activity of pazopanib was 

compared against lapatinib (an HER1/HER2 tyrosine kinase 

inhibitor) and against both in 230 patients with pretreated 

advanced cervical cancer. The combination was discontin-

ued and the final analysis was done only in those patients 

treated with either lapatinib or pazopanib. Pazopanib was 

well tolerated and resulted in improved PFS – the endpoint 

of the study (HR 0.66; 90% CI 0.48–0.91; P=0.013) and 

OS (HR 0.67; 90% CI 0.46–0.99; P=0.045). Response rates 

were 9% and 5% for pazopanib and lapatinib, respectively.51 

Although this study was not powered for OS, an updated 

publication on this trial reported a median OS of 44.1 weeks 

for lapatinib and one of 49.7 weeks for patients who received 

pazopanib (HR 0.96; 90% CI 0.71–1.30; P=0.407).52 

Combining pazopanib with chemotherapy is also being 

explored. A Phase I/II study (NCT00561795) has been 

completed in which newly diagnosed advanced gynecologi-

cal malignancies, including the cervix, received carboplatin 

(at two dose levels) plus paclitaxel and pazopanib. This trial is 

yet to be reported. No Phase III trials are registered with this 

agent. Cediranib – another orally bioavailable small molecule 

inhibitor of VEGFR-1, -2, and -353 – is under evaluation in 

a randomized Phase II trial comparing carboplatin pacli-

taxel with or without cediranib in advanced cervical cancer 

(NCT01229930). Brivanib – a dual tyrosine kinase inhibitor 

that shows selectivity against VEFGR-2 and FGFR54 – is 

another small molecule angiogenesis inhibitor that is being 

tested as single agent in a Phase II study for patients with 

advanced cervical cancer (NCT01267253).

HPV-directed therapy
It is remarkable that drug development for cervical cancer 

has not placed a major effort in targeting the key molecular 

alteration that leads to cervical cancer development. HPV has 

long been established as the etiology of cervical cancer (and 

other neoplasias) by the regular presence of HPV DNA and its 

E6/E7 viral oncogene expression.55 Of utmost importance is 

the solid evidence that cervical cancer cells require the expres-

sion of these viral oncogenes for maintaining the malignant 

phenotype via interaction of viral oncoproteins with growth-

regulating host cell proteins;56–58 thus, essentially HPV 

oncoproteins directly or indirectly exert oncogenic effects 

upon cancer hallmarks by: 1) resisting cell death, 2) inducing 

angiogenesis, 3) sustaining proliferative  signaling, 4) evading 

growth suppressors, 5) activating invasion and metastasis, 

and 6) enabling replicative immortality. The most compelling 

evidence on the key role of HPV oncoproteins in cervical 

cancer is the demonstration that repressing endogenous HPV 

oncogenes E6/E7 mobilizes the p53 and Rb pathways in an 

orderly fashion to deliver growth inhibitory signals to the 

cells.59 Therefore, unlike most cancers in which the brakes 

on cell growth are broken, in HeLa cells – which are reminis-

cent of an advanced cervical cancer60 – the driver is asleep; 

hence, downregulation of E6/E7 is sufficient to wake up the 

driver and impose growth control.61 The antitumor effects of 

knocking down the function of E6/E7 oncoproteins has been 

widely demonstrated by a variety of approaches.62–68 Since 

the first small inhibitory RNA (siRNA)-based RNA inter-

ference agent entered clinical trial in 2004, there have been 

more than 20 siRNA-based RNA interference therapeutics 

entering clinical trial for local or systemic disease treatment 

and the number is growing thanks to the development of 

better siRNA delivery vehicles that hopefully may increase 

their therapeutic potency and reduce off-target effects.69 This 

is clearly a promising research avenue to be explored for 

cervical cancer treatment.

siRNA-based RNA interference is not the only potential 

manner of HPV-based cervical cancer treatment. Small mol-

ecules, including antivirals, are also another potential way of 

blocking either directly or indirectly the oncogenic actions 

of E6/E7. Small molecule RITA blocks p53 ubiquitination 

by preventing p53 interaction with E6AP, which is required 

for the HPV E6-mediated degradation that leads to sub-

stantial suppression of cervical cancer xenografts in vivo.70 

Withaferin A – the active component of the medicinal plant 

Withania somnifera – is able to downregulate the expression 

of HPV E6 and E7 oncoproteins and to induce accumulation 

of p53 and increase levels of p21, causing cell cycle arrest 

and strong antitumoral effect in nude mice xenografts.71 

Lignans from the creosote bush can repress the HPV-E6 gene 

promoter leading to at least five-fold less E6 protein expres-

sion, resulting in a stabilized and transcriptionally active p53 

protein within treated HPV-containing tumor cells.72 In this 

respect, several platforms for screening compounds capable 

of disrupting the interaction of E6 with E6AP to interfere with 

the ability of E6 to promote p53 degradation, are promising 

for finding specific drugs for HPV-related tumors.73–75

Broad-spectrum antivirals against DNA viruses are also 

potentially effective in HPV-related diseases. Cidofovir is 

a US Food and Drug Administration-approved antiviral 

against cytomegalovirus retinitis. Cidofovir reduces E6 

and E7 expression in cervical and other HPV-associated 

carcinomas at the transcriptional level, which leads to an 
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accumulation of active p53 and Rb associated with the 

induction of cyclin-dependent kinase inhibitor p21. Its 

antitumor activity has been shown in vitro and in vivo 

against HPV-associated carcinomas and it is also an 

effective radiosensitizer in HPV-positive – but not HPV-

negative – cells.76–78 This agent has been used in patients 

with either laryngeal, esophageal/pharyngeal, or genital 

HPV-induced proliferative lesions with promising results.79 

In cervical preinvasive disease (biopsy-proven cervical 

intraepithelial neoplasia 2+), a double-blind randomized 

Phase II study of topical cidofovir or placebo that allocated 

23 patients to cidofovir and 25 to placebo demonstrated that 

viral clearance was statistically higher in the active group 

than in the placebo group (60.8% versus 20%; P,0.01), 

suggesting its potential use for this condition.80 Despite 

the strong rationale of using anti-HPV-targeted agents, 

the clinical development of these agents is quite limited. 

No clinical trials using a nucleic acid-based strategy against 

cervical cancer have yet been reported. A clinical trial of 

cidofovir as a radiosensitizer added to carboplatin and 

radiation is ongoing (NCT00811408).

Conclusion
Globally, cervical cancer remains an important threat for 

women’s health, particularly for those living in developing 

regions of the world. Major advances, but still insufficient 

achievements, in the treatment of locally advanced and high-

risk early stage patients have occurred in the last decade 

with the incorporation of concurrent cisplatin with radiation 

and, lately, gemcitabine added to cisplatin  chemoradiation. 

Although a number of clinical studies incorporating 

molecular-targeted therapy as radiosensitizers are in progress, 

so far, only antiangiogenic therapy with bevacizumab added 

to cisplatin chemoradiation has demonstrated safety and 

shown encouraging results in a Phase II study.49

In the setting of advanced/recurrent/metastatic disease, 

while statistically significant better survival rates are achieved 

with cisplatin doublets against cisplatin alone, they do not 

have a great impact on the natural history of the disease as 

median survival does not exceed 13 months with either of 

these doublets and 3-year survival is below 20%. The first 

Phase III study of bevacizumab – the first targeted drug evalu-

ated in a Phase III trial – showed that when added to cisplatin 

or a non-cisplatin-containing doublet, there was a signifi-

cant increase in both OS and PFS. Thus, median survival 

increased from 13.3 months to 17 months, but still without 

major impact on the 3-year survival rate. Further studies 

are needed before bevacizumab plus chemotherapy can be 

considered the standard of care for advanced disease. On the 

other hand, characterization of the mutational landscape of 

cervical cancer has already been initiated, indicating that, for 

now, few of these targetable alterations match with available 

agents. Progress in both the mutational landscape knowledge 

and developments of novel targeted therapies may result in 

more effective and individualized treatments for cervical 

cancer. The potential therapeutic efficacy of knocking down 

the key alterations in cervical cancer – E6 and E7 HPV 

oncoproteins – must not be overlooked.
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