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Abstract

In the past, women with early stage cervical cancer have been treated with radical
radiotherapy or radical surgery, and women with locally advanced disease with radical
radiotherapy, each offering a good chance of cure. Numerous trials have investigated
whether giving cytotoxic chemotherapy alongside radiotherapy or prior to local treatment
could augment the established benefits of these therapies, and are reviewed here. There is a
strong basis for the use of platinum-based chemoradiotherapy, the current standard of care,
but little convincing evidence as to the therapeutic benefits of using concomitant
hydroxyurea. Chemoradiotherapy based on other non-platinum agents may offer
alternatives. The effect of chemoradiotherapy appears to vary according to the stage of
disease, but all types of women benefit. Neoadjuvant chemotherapy prior to radiotherapy
could jeopardise survival and should be avoided unless perhaps a ‘quick’, dose intense
regimen is used. Neoadjuvant chemotherapy before surgery may be beneficial, but the
approach will remain controversial until it is tested against platinum-based
chemoradiotherapy. Future studies many include combinations of other cytotoxics such as
topotecan with cisplatin-based concomitant chemoradiotherapy or the addition of agents

targeted against specific receptors such as EGFR.
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Introduction

The incidence of cervical cancer and associated mortality has declined in North
America, parts of Europe, Australia and New Zealand largely as a result of effective
screening [1];[2];[3]. On a global scale however, it is the second most common cancer in

women, and is the most prevalent female malignancy in many developing countries [1].

Most patients in the developed world present with early disease either confined to the
cervix or with limited extension beyond it (FIGO stage IB1-lIA) and, in the past, were usually
treated with radical radiotherapy or radical hysterectomy plus node dissection. Women with
locally advanced disease (FIGO stage IIB, I, IVA and 1B bulky), tended to be treated with
radical radiotherapy, comprising external beam and intracavitary treatment. Radical
radiotherapy also provided an alternative to radical surgery for patients with tumours larger

than 4cms confined to the cervix (FIGO stage IB ‘bulky’ or IB2) [4].

Although, offering a good chance of cure, surgery was restricted to early operable
tumours and the maximum radiation dose in advanced disease was limited by tolerance of
normal tissues. This necessitated the investigation of additional therapies that might augment
the well-established benefits of surgery and radiotherapy. Using chemotherapy concurrently
with definitive radiotherapy could increase sensitivity of tumours to the effects of
radiotherapy, improving local control and, if the dose of chemotherapy was sufficiently
cytotoxic, it could also have a systemic effect. Giving chemotherapy prior to surgery could
render inoperable tumours (FIGO stage 1IB-111B) operable and treat metastases. Instead, the
use of chemotherapy before radiotherapy could reduce tumour size and control
micrometastatic disease with potentially less toxicity than chemotherapy that is concomitant
to local treatment. Not surprisingly then these approaches have been the subject of
investigation in randomised trials for around 40 years. Their effects to date are summarised

here, based on existing systematic reviews, and randomised trials identified through



searches of Medline, the PDQ Cancer Clinical Trials Registry and Proceedings of the

American Society of Clinical Oncology.

Concomitant cytotoxic chemotherapy and radical radiotherapy versus radical

radiotherapy
Hydroxyurea-based chemotherapy

Following pre-clinical studies showing the potentiating effects of hydroxyurea on
radiotherapy, seven randomised trials were initiated to compare hydroxyurea-based
chemoradiotherapy with radiotherapy alone (Table 1). In total 532 women with FIGO stages
lIB-IVA were included, and the hydroxyurea was adiministered at a dose of 80mg/m? either
every three days or thrice weekly for 12 weeks. External beam radiotherapy varied from 40 to

69 Gy and intracavitary radiotherapy from 23-40Gy.

Some of these trials concluded that there were benefits associated with adding
hydroxyurea to radiotherapy [5];[6];[7];[8]. However, a systematic review based on data
extracted from the trial reports questioned these conclusions, because of major
methodological deficiencies in some trials and an inability to assess the methodology of
others [9]. Five of the trials [6];[10] included less than 50 patients making them extremely
underpowered. Moreover, women were excluded ad hoc from the analyses of most trials,
sometimes for reasons relating to both treatment and outcome, such that the reported
estimates of effect may be biased. This particularly affects the largest trial [10] where nearly
half of the patients were excluded, many because of treatment related complications and
some because of progressive disease. Similarly, Piver [7] appeared to exclude treatment-
related deaths from the hydroxyurea group. Inconsistent definition of outcomes and their
possible selective reporting, as well as patient selection were additional factors that could
have given a skewed impression of the effects of hydroxyurea, such that the results of these
trials were not pooled in a meta-analysis [9]. Hydroxyurea does appear to increase acute

gastrointestinal, bone marrow and white blood toxicity sometimes leading to discontinuation



of treatment and even death. Thus, the authors concluded that there is no reliable or
convincing evidence as to the therapeutic benefits of hydroxyurea and commented that
despite being easy to administer, it has not become a standard therapy alongside

radiotherapy [9].

Other cytotoxic chemotherapy

In 1999, five trials were published, each showing a substantial survival benefit
associated with concomitant cisplatin-based chemoradiation [11];[12];[13];[14];[15] prompted
the US National Cancer Institute (NCI) to issue a clinical alert, recommending that “that
strong consideration should be given to adding concurrent chemotherapy to radiation therapy
in the treatment of invasive cervical cancer”. This has led to cisplatin-based chemoradiation
becoming a standard of care, as adjuvant therapy for high-risk early disease, and instead of

radical radiotherapy for locally advanced disease.

Recognising that these trials differed in terms of the local and experimental
treatments used and the stages of disease included, and that they represented only a subset
of the relevant trials, a systematic review of published and other summary data attempted to
summarise the effects of chemoradiotherapy based on all trials [16]. Nineteen trials were
identified, 16 of which compared chemoradiotherapy with the same radiotherapy (Table 2).
One further trial compared chemoradiotherapy with extended field radiotherapy [11] and two
trials compared cisplatin-based chemoradiotherapy  with hydroxyurea-based
chemoradiotherapy [12];[14]. Together these trials included 4580 women that had mostly
FIGO stage IIB-IVA cervical cancer [16], but some included, or were confined to, women with
earlier stages of disease (IA-IlA). Also, around half the trials restricted entry to women
without para-aortic node involvement. Ten of the trials used platinum (usually cisplatin) either
weekly as a single agent, or every 2-6 week in combination with 5-fluorouracil (5-FU),
vincristine or bleomycin. The total platinum dose was between 40 and 280 mg/m?. The

remaining seven trials used trials used 5-FU either as a single agent or in combination with



Mitomycin-C, or Mitcomycin-C either as a single agent or in combination with bleomycin or

epirubicin.

Depending on the outcome information 11 to 13 trials (62 to 78% of patients) was
available for the meta-analysis. Based on these data, there was a significant 29% reduction
in the relative risk of death with chemoradiotherapy (HR=0.71, 95% CI=0.63-0.81, p<0.001),
equivalent to an approximate 12% absolute improvement in survival. There was greater
evidence of benefit in the trials using platinum-based chemotherapy (HR=0.70, 95% CI=0.61-
0.80, p<0.001), rather than those that used non-platinum based chemotherapy (HR=0.81,
95% CI=0.56-1.16, p=0.20), but there was no clear evidence of a difference in the size of
effect between these two groups (p=0.48). The high level of statistical heterogeneity
associated with these results (p=0.009) could not be explained by the scheduling or
frequency of chemotherapy, or the use of hydroxyurea in the control group. An exploratory
analysis suggested that the effect of chemoradiotherapy might be greater in those trials
randomising a large proportion of stage | and Il patients. However, none of these analyses

fully explained the heterogeneity observed [16].

Results for disease-free survival, and rates of local and distant recurrence, were also
significantly and substantially in favour of chemoradiotherapy, but again heterogeneity of trial
results was apparent [16]. Furthermore, the benefits were at the expense of increased
serious (grade 3 or 4), acute haematological (white blood cell, haemoglobin, platelet or not
otherwise specified) and gastrointestinal toxicity. However, late toxicity was only
systematically recorded in three of the included trials and was defined differently across

these trials, making it difficult to assess the impact of chemoradiotherapy on this outcome.

A subsequent systematic review and meta-analysis investigating the effects of
cisplatin-based chemoradiotherapy used a slightly different set of trials and was based on
death rates [17] (rather than the duration of survival as described above). Nevertheless, it

demonstrated a significant reduction in the risk of death across all trials (RR=0.64, 95%



C1=0.64-0.86), and in the trials that included only women with locally advanced disease
(RR=0.74, 95% CI=0.64-0.86) or high-risk, early disease (0.56, 95% CI=0.41-0.77). The
effect of chemoradiotherapy persisted when trials were grouped according to the use of

hydroxyurea on control and single agent or combination chemotherapy.

While both systematic reviews further confirmed the benefits of adding to
chemotherapy to radiotherapy on outcome, issues were raised and questions remained. The
first systematic review [16] incorporated more trials than any previous or summary of
chemoradiotherapy, but even then not all trials were included, follow-up was variable and the
differences between results could not be explained. Many of the women in the trials had
early-stage disease and a number of trials actively excluded women with involved paraortic
nodes, such that the impact of chemoradiotherapy on more advanced or poorer prognosis
disease was less clear. A major finding was that chemoradiotherapy appeared to have a
systematic as well a local effect, but a significant reduction in metastases was not seen when
this review was updated to include more trials and further follow-up [18]. Also, any potential
adverse effects of chemoradiotherapy in the long term could not be assessed. The second
review [17] highlighted the difficulties of interpreting the effects of cisplatin-based
chemoradiotherapy when the included trials used different chemotherapy agents and

regimens, as well as different control treatments.

A systematic review and meta-analysis based on IPD has been initiated to more fully
review all the existing evidence. As the quality of data and analysis is improved with this
approach, it is regarded as the gold standard of systematic review [19]. Preliminary results of
the meta-analysis were presented in 2006 [20] and updated results in 2007 [21]. Although
not all relevant trials were included (Table 3), the most recent presentation was based on
data from 17 trials and 4638 women [21]. Excluding the trial that gave extended-field
radiotherapy [11];[22] or hydroxyurea [12];[14] on the control arm or additional chemotherapy
in the treatment arm [15];[23];[24] thereby leaving only the trials that compared

chemoradiotherapy with the same radiotherapy, there was a 21% relative reduction in the



risk of death (HR=0.79, 95% CI=0.70-0.90, p=0.0003). This is equivalent to a 7% absolute
improvement in 5-year survival. The benefits were similar in the trials using platinum and
non-platinum chemoradiotherapy. Although the analyses were limited in power, there was no
clear evidence of differences in effect according to radiotherapy or chemotherapy dose or
scheduling. There was however, a suggestion that the size of benefit of chemoradiotherapy
varied according to stage, but not other patient characteristics. Acute haematological and
gastrointestinal toxicity was again found to increase with the addition of chemotherapy to
radiotherapy, but even with IPD there was insufficient data to establish whether long-term
side effects were exacerbated. By analysing the results of trials that were not confounded by
the use of additional treatments on the control or treatment arms, this IPD meta-analysis has
given a more reliable and readily interpretable estimate of the effect of concomitant
chemotherapy and radiotherapy [21]. While this is smaller than previously suggested
[16];[17], a benefit persists, even with the inclusion of more trials and patients than any

previous review, and a full publication is awaited.

Although the review of IPD found a benefit of chemoradiotherapy for all stages of
disease it was based on a relatively small proportion of women with advanced stages (FIGO
IlI-1V. Thus, the data do not represent well the cervical cancer population in the developing
world, where as many as half of women present with advanced disease. Thus, in India,
where cisplatin is an available and affordable drug, a large trial has been initiated comparing
weekly cisplatin-based chemoradiotherapy with radiotherapy alone in women with FIGO
stage IIIB cervical cancer (TMH/114/2003/CRCAX, NCT00193739, Table 3). If this trial, due
for completion in 2008, reaches its planned recruitment target of 850 women, it should

provide a clear indication of the effects of chemoradiotherapy in advanced cervical cancer.

While weekly single-agent cisplatin chemoradiotherapy has become a standard of
care, it may not be the optimal chemotherapy regimen or schedule. A completed trial has
randomised 33 women with locally advanced disease to receive either weekly cisplatin or

paclitaxel during radiotherapy [25]. Although there is no significant difference between the



drugs in terms of local control and survival, the small size of this trial prevents this being
concluded definitively. A large trial presented recently [26] has compared the effects of four
different non-platinum regimens concomitant to radiotherapy in 921 women, also with locally
advanced disease. With a median follow-up of approximately 50 months, 5-FU, two 5-
FU/mitomycin C combinations and hydroxyurea all give broadly similar progression-free
survival and overall survival results that appear comparable to those from standard cisplatin-
based chemoradiotherapy. A full report with further follow-up and a comparison of late effects
late effects is awaited. An ongoing trial in women with FIGO stage IB2-IVA cervical cancer
(NCT00548821) should establish whether three-weekly cisplatin-based chemoradiotherapy
can offer any gains in terms of acute or late toxicity, quality of life or progression-free

survival, over standard weekly cisplatin.

Other ongoing randomised trials are investigating ways of enhancing the benefits of
standard weekly cisplatin-based chemoradiotherapy. For example one trial adds
tirapazamine (GOG 0219, NCT00262821), which is selectively toxic to hypoxic cells and
another is using hyperthermia, which may have a lethal impact on tumours cells, as well as
increasing their sensitivity to radiotherapy and/or chemotherapy (DUMC 4516 04 2RIER,
NCT00085631). It remains to be seen whether these alternative approaches can further

increase the benefits associated with chemoradiotherapy.

Neoadjuvant chemotherapy prior to radical radiotherapy versus radical radiotherapy

A systematic review and meta-analysis based on individual patient data (IPD)
identified 21 eligible trials that compared neoadjuvant chemotherapy plus radical with radical
radiotherapy [27], 18 of which were included in the analysis (Table 3). In certain trials, a
small number of women had radical surgery as an alternative to radical radiotherapy
[28];[29], and in another most women had radical surgery followed by adjuvant radiotherapy
[30]. Most of the 2074 women in the trials had FIGO stage II-lll tumours, but some trials

included women with stage IB disease. Cisplatin was the main drug in all the neoadjuvant



chemotherapy regimens, with a planned total dose of between 100 and 320mg/m2 in 10 to
28 day cycles. The external beam radiotherapy and intracavitary radiotherapy dose was quite

variable, with a total dose in the range 55 to 80Gy.

When all trials were combined, a highly significant degree of heterogeneity was
evident, suggesting that the trials might not be addressing quite the same question and that
pooling across all trials was inappropriate [27]. However, the authors were able to explain
some of the heterogeneity through pre-specified analyses that grouped trials by
chemotherapy cycle length (<14 day cycles, >14 day cycles), and planned cisplatin dose
intensity (<25mg/m? per week, >25mg/m? per week). When trials were grouped by
chemotherapy cycle length there was a significant difference in the direction of the effect
(p=0.0009). The group of trials using cycles lasting longer than 14 days showed a significant
25% increase in the relative risk of death with neoadjuvant chemotherapy (HR=1.25, 95%
Cl=1.07-1.46), p=0.005), representing an absolute 8% reduction in 5-year survival. With
shorter chemotherapy cycle lengths, a significant 17% decrease in the relative risk of death
was seen (HR=0.83, 95% CI=0.69-1.00, p=0.046), equivalent to an absolute improvement in
5-year survival of 7%. However, there was still significant heterogeneity in this short
chemotherapy cycle group (p=0.002) that was only reduced (p=0.193) when a small trial with

an extreme result [29] was excluded from the analysis.

Similar variability in the effect of neoadjuvant chemotherapy (p=0.002) was observed
when trials were grouped by planned cisplatin dose intensity [27]. There was a significant
35% increase in the risk of death in trials that used less than 25mg/m? per week (HR=1.35,
95% CIl=1.11-1.64, p=0.002), reducing absolute 5-year survival by 11%, and no evidence of
heterogeneity. However, the results for the higher dose intensity group were less clear, with
only a trend for increased survival (HR=0.91, 95% CI 0.78-1.05, p=0.200) and still
considerable heterogeneity (p=0.001). Grouping trials by other characteristics (total cisplatin
dose, use of surgery as part of local treatment or use of adjuvant chemotherapy) did not

explain the heterogeneity in the survival results further. Results for locoregional disease-free



survival, metastases-free survival and overall disease-free survival followed a similar pattern

to those for survival.

Subgroup analyses were carried out within the trial groups defined by the
chemotherapy cycle length, where heterogeneity was less, but this limited power.
Nevertheless, there was no evidence to suggest that chemotherapy was differentially

effective by age, histology or performance status in either trial group [27].

Late toxicity data was only available for around half the trials and within these there
were a relatively small number of late effects on the bladder (91), intestine (117) and vagina

(79) and a formal comparison of late toxicity by arm was not carried out [27].

Two unpublished trials and one published trial [31] could not be included in the IPD
meta-analysis and another has been completed since radiotherapy alone [32] (Table 4).
Detailed information is only available for the published trials. Kumar [31] randomised 72
women with stage IlIB cervical cancer to three cycles of cisplatin-based BIP prior to
radiotherapy, with a planned cisplatin total dose of 150 mg/m? There was no significant
difference in 2-year survival with neoadjuvant chemotherapy (71%) compared to control
(69%). The other trial [32] included 61 women with stage IIIB or IVA cervical carcinoma and
gave three cycles BOMP neoadjuvant chemotherapy every four weeks, giving a cisplatin
total dose of 210 mg/m?. Again there was no significant difference in survival (calculated
from the end of therapy) between the two groups (p=0.61), with an estimated HR [33];[34] of
0.93 (95% CI=0.43-2.04) and also, no significant difference in the incidence of distant
metastases (p=0.46). While these published results do not suggest particular harm or benefit
from neoadjuvant chemotherapy, neither trial was large enough to reliably exclude either
possibility. Both trials gave a cisplatin dose intensity of less than 25 mg/m?/week and had
chemotherapy cycles longer than 14 days, but because of their relatively small size, their

inclusion in the meta-analysis, would be unlikely to alter its conclusions.



The authors offer various potential explanations for the observation that more
protracted or less dose intense chemotherapy was detrimental for survival and recurrence,
and shorter cycle length and/or higher dose intensity neoadjuvant chemotherapy might be
advantageous. They suggested that in these rapidly proliferating tumours [35], with a
relatively high growth fraction [36], long cycle and/or low dose-intensity chemotherapy may
not be effective in reducing repopulation with radiotherapy resistant cells. Alternatively, if
prolongation of the duration of radiotherapy reduces local control by allowing extra time for
repopulation with resistant cells [37] and there is chemotherapy and radiotherapy cross-
resistance, the duration of chemotherapy, delay to radiotherapy and duration of radiotherapy,
could each have an impact on prognosis. This is pertinent because those trials giving more
prolonged chemotherapy tended to be those with longer delays to, and longer durations of,
radiotherapy [27]. Of course, the impact of drugs other than cisplatin or other known or
unknown characteristics of the trials or patients may better explain the heterogeneity in trials

results, or perhaps the patterns found are chance findings.

Neoadjuvant chemotherapy prior to radical surgery versus radical radiotherapy

A systematic review and meta-analysis based on IPD identified six trials (Table 4)
that compared chemotherapy prior to surgery with radical radiotherapy and data from five of
these was available for analysis [27]. Only 872 women were included, mostly with FIGO
stage IB-1IA tumours, although more advanced stages were sometimes eligible. The trials
used between 2-7 cycles of cisplatin-based combination chemotherapy prior to radical
hysterectomy and lymphadenectomy and the radiotherapy regimens in the control arms were
similar. Together these trials gave a highly significant (HR=0.65, 95% CI=0.53-0.80,
p=0.0004) 35% reduction in the relative risk of death, with neoadjuvant chemotherapy, but
with some modest heterogeneity (p=0.06). These results translate into a 14% absolute
improvement in 5-year survival and this effect did not appear to vary according to age, stage,

histology, grade or performance status. Similar benefits were seen for local, distant and



overall disease-free survival, but in the case of locoregional disease-free survival, there were

more substantial inconsistencies in effect between trials (p=0.005).

A number of factors may explain these differences and make interpretation difficult.
Intra-arterial chemotherapy was used in one trial [38], which may not be entirely comparable
with the intravenous route. More importantly perhaps, in the neoadjuvant chemotherapy
group, additional pelvic radiotherapy was given to most of the women in two trials [39],[40]
and to around 30% of women in another two trials [38];[41]. This makes it difficult to assess
the precise benefit associated with the neoadjuvant chemotherapy plus surgery in
comparison with radical radiotherapy. Moreover, this approach now must compete with
concomitant chemoradiotherapy, the current standard of care for this group of women and

the more appropriate comparator.

Neoadjuvant chemotherapy prior to radical surgery versus radical surgery

In more recent years randomised trials have examined whether giving cisplatin-based
neoadjuvant chemotherapy prior to radical hysterectomy and pelvic lymphadenectomy, can

improve outcome compared with surgery alone [42];[43];[44];[45] Table 5).

One trial randomised 192 women with FIGO stage IB-IIIB tumours to three cycles of
PVB chemotherapy every three weeks, with a total planned dose of cisplatin was 150 mg/m?
or to no chemotherapy [42]. Women in both groups had a modified radical hysterectomy,
unless they were in the control group and had a stage IlIB tumour, or were in the
neoadjuvant group and had stage IIB tumour that did not respond to chemotherapy. In these
cases the women instead received radical radiotherapy. Also, those that had radical surgery,
but had parametrial infiltration or were lymph node positive, were given adjuvant
radiotherapy. The overall response to chemotherapy was 79%, and 96% of women in the
neoadjuvant chemotherapy group and 81% in the control group, had a radical hysterectomy.
In these surgical patients, around a third also received adjuvant radiotherapy. Although

many subgroup analyses were reported, there was no significant difference in either disease-



free survival or overall survival by treatment group [42] and we estimate [33];[34] that there
are wide confidence intervals around the HR for survival making it unreliable (HR=0.87, 95%

Cl=0.53-1.44).

Another trial included 106 women with stage IB tumours and compared two cycles of
cisplatin and 5-FU at 3-weekly intervals plus radical hysterectomy with radical hysterectomy
[43]. The total planned cisplatin dose was 150 mg/m?. Women, who at surgery were found to
have deep cervical invasion or positive lymph nodes, were also given pelvic radiotherapy.
The response rate was high (84.6%) and all women had surgery, with 61% in the
neoadjuvant arm and 54% in the control arm also receiving adjuvant radiotherapy.
Significantly fewer lymph node metastases were detected in the neoadjuvant chemotherapy
compared to the control group (9.6% versus 29.6%, p=0.024) and both survival and disease-
free survival were improved by neoadjuvant chemotherapy, with estimated relative risk
reductions [33];[34] of 32% and (HR=0.58, 95% C=0.38-0.88, p=0.0112) and 26% (HR=0.64,

95% CI=0.41-0.99, 0.044) respectively.

A third trial randomised 134 women with bulky stage IB-lIA or IIB tumours, and
compared two to four cycles BOMP chemotherapy every 3 weeks followed by radical
hysterectomy with radical hysterectomy, giving a total planned dose of cisplatin of between
140 and 360 mg/m? [44]. Those with positive surgical margins, metastatic nodes, and
infiltration of the parametrium and/or deep myometrial invasion also received post-operative
pelvic radiotherapy. The response to neoadjuvant chemotherapy (61%) did not seem to
increase operability and the trial was stopped early because an interim analysis of 108
patients suggested that survival was inferior (HR=2.11, 95% CI=0.52-8.49). Although, not a
statistically significant result, the authors concluded that it was very unlikely that it would be

overturned in favour of neoadjuvant chemotherapy.

A fourth trial compared 50 mg/m? of cisplatin and 1 mg/m? of vincristine

chemotherapy every 10 days for 3 cycles prior to radical hysterectomy and pelvic/para-aortic



lymphadenectomy with the same surgery. A total of 291 women with bulky stage 1B cervical
cancer were included [45]. Women in both arms who were found at surgery to have positive
pelvic nodes, parametrial margins or positive para-aortic nodes were also given pelvic or
extended-field radiotherapy. Operability was very similar in the neaodjuvant chemotherapy
(77%) and control arms (78%), but there was some disparity in the administration of post-
operative radiotherapy to women, being 52% and 45% of women respectively. Neoadjuvant
chemotherapy did not confer any benefit on progression-free survival (HR=0.998, estimated
[33];[34] 95% CI=0.70-1.42) or survival (HR=1.008, estimated [33];[34] 95% CI=0.69-1.48).
This trial also stopped early, this time due to poor accrual and considerable use of
radiotherapy off protocol, reaching only 70% of its target recruitment. Nevertheless, the

authors concluded that it is unlikely that additional data would alter these results.

These trials provide the best opportunity to assess the effect of adding neoadjuvant
chemotherapy to surgery, but only one found a survival benefit from neoadjuvant
chemotherapy [43], and the others either found no overall benefit [42],[45] or a detriment
from this treatment [44]. Operability was only increased in one trial [42] and adjuvant
radiotherapy was given to between approximately 30 to 60% of women in these trials.
Although a comprehensive and systematic review of all relevant trials is probably required to
make sense of the contradictory findings, the weight of evidence from these trials does not
appear to support adding neoadjuvant chemotherapy to surgery. Moreover, for
chemotherapy followed by radical hysterectomy to be considered as a valid alternative to the
current therapeutic standard of weekly cisplatin based chemoradiotherapy, a head to head

randomised comparison is required.
Concomitant cytotoxic chemotherapy and radiotherapy versus neoadjuvant
chemotherapy prior to surgery

We have identified two ongoing randomised trials that are comparing

chemoradiotherapy with chemotherapy prior to radical surgery. The EORTC trial of plans to



recruit 686 women with FIGO stage IB2, IIA >4cm and 1IB cervical cancer and compare
weekly cisplatin-based chemoradiotherapy with at least 3 cycles of cisplatin-based
chemotherapy, followed by radical hysterectomy with (EORTC 55994, NCT000393380).
Survival is the primary outcome, with progression-free survival, response, toxicity and quality
of life as secondary outcomes. The Tata Memorial Hospital is running a similar trial,
randomising 730 women, again with stage IB2-1IB disease and comparing weekly cisplatin-
based chemoradiotherapy with 3 cycles of carboplatin and paclitaxel neoadjuvant
chemotherapy plus radical hysterectomy (NCT00193739). The primary outcomes of this trial
are disease-free survival and overall survival and the secondary outcomes are the rate of
metastases and morbidity. In each trial women found at surgery to have risk factors for

recurrence are also given adjuvant radiotherapy or chemoradiotherapy.

If these trials reached their planned recruitment targets they should establish
definitively the relative merits of these two commonly used approaches in terms of survival
and recurrence. Importantly, it will be possible to place these results in the context of their
respective side effects and their consequent impact of on quality of life, issues that have not
been fully addressed in most of chemoradiotherapy or neoadjuvant chemotherapy trials

reviewed here.

Discussion

Numerous randomised trials and subsequent systematic reviews have investigated
whether using cytotoxic chemotherapy either alongside radiotherapy or in advance of local
treatment improves outcome in cervical cancer. Undoubtedly, the biggest advance has come
from combining chemotherapy concomitantly with radiotherapy. The publication of five large
trials, each showing a benefit associated with cisplatin-based chemoradiotherapy, prompted
a rare NCI alert that has led to dramatic and widespread uptake of concomitant
chemoradiotherapy in practice, as either definitive or adjuvant therapy [46];[47];[48];[49].

Cisplatin is the most commonly used drug [46];[48], usually administered weekly [48], as a



single agent [48] [49], and this is supported by the evidence to date [16];[17];[21]. In addition,
the use of chemoradiotherapy based on cisplatin combinations [49];[49];[46], non-platinum
drugs, such as 5-FU, or non-platinum combinations [49] also seems reasonably evidence-
based [21]. One randomised trial directly comparing cisplatin with 5FU-based
chemoradiotherapy closed early after interim analyses showed higher rates of progression
with 5-FU [50], but was no longer powered to detect a difference in progression-free or
overall survival, and so is inconclusive in this regard. The use of hydoxyurea as single agent
in practice [46] is not adequately supported by the older trials [9], but emerging trial evidence

may counter this view [26].

Importantly, the implementation of chemoradiotherapy in practice has been
associated with an estimated 5 to 8% increase in 3-year survival at the population level
[47];[49]. This is of similar in magnitude to the 7% absolute 5-year survival benefit seen in the
most recent synthesis of the chemoradiotherapy trials [21]. It is re-assuring that
chemoradiotherapy has been found to improve survival in all stages of disease [21].
However, as the size of benefit seems to vary by stage [21], the impact on cervical cancer
mortality is likely to vary in different regions of the world, according to the stages that
predominate at diagnosis. Although the absolute survival benefit seen currently [21] is
smaller than initially suggested [16], it remains clinically worthwhile assuming it is not at the
expense of excess late toxicity or poorer quality of life in this relatively young group of

women, which has yet to be established conclusively.

Neoadjuvant chemotherapy prior to radiotherapy has been used in the past when
waiting times for definitive radiotherapy were long and continues to be used where access to
radiotherapy is remains problematic. Results of the IPD meta-analysis [27] suggest that this
practice could jeopardise survival and should be avoided unless perhaps a ‘quick’, dose
intense regimen is used. A more attractive concept perhaps, is the combination of a short
intensive  neoadjuvant chemotherapy schedule before standard cisplatin-based

chemoradiotherapy, which is the basis for an ongoing UK phase Il trial (UCLCTC-



BRD/05/22-CERVIX, NCT00462397). Women receive 6 weekly pulses of carboplatin and
paclitaxel followed by radical radiotherapy and concomitant weekly cisplatin. Although
anecdotal, patients recruited by one of authors (PS) seem to have had significant tumour
shrinkage with neoadjuvant carboplatin and paclitaxel, which is well tolerated. However,
recruitment has been hampered, because some women are reluctant to enter the trial with
the prospect of hair loss, treatment of 3 months rather than 6 weeks duration, and the lack of

evidence, at present, for benefit despite additional toxicity.

While there appears to be survival benefits associated with giving neoadjuvant
chemotherapy and surgery rather than radical radiotherapy, data from most of the trials of
chemotherapy prior to surgery compared with surgery alone were less convincing. Many
women in the neoadjuvant arms of all of these trials also received adjuvant radiotherapy,
thus prolonging their treatment and potentially exacerbating associated morbidity. More
recent trials have attempted to define a better neoadjuvant regimen than those used
previously [51], but it may be that the theoretical rationale for its use in cervical cancer is
flawed [52]. How neoadjuvant chemotherapy followed by surgery fares in comparison to the
current standard of chemoradiaotherapy in the two ongoing trials is likely to ultimately decide

its future.

Chemotherapy could be given after local therapy in patients with a higher risk of
systemic relapse. Two trials of additional chemotherapy given after chemoradiotherapy [24]
or surgery and postoperative chemoradiotherapy [23] show a marked survival advantage. In
the SWOG trial [23], this advantage appeared more pronounced in the patients who received
3 or 4 cycles of chemotherapy. A re-analysis of more mature data in 2005 [53] showed
maximal benefit for patients with spread to 2 or more lymph nodes following postoperative
radiotherapy and adjuvant chemotherapy compared to those receiving only postoperative
radiotherapy (5-year survival 55% versus 75%). Adjuvant chemotherapy added only a 5% or
less 5-year survival improvement for patients with lower risk factors such as only 1 lymph

node being involved in cancer or a tumour size of 2cm or less in diameter. Interestingly, the



number of cycles of chemotherapy was not taken into account in the most recent analysis
[53]. Adjuvant chemotherapy trials after extensive surgery, especially when patients have
also had postoperative radiotherapy are hard to conduct, because many patients will not
agree to participate. Typical examples are trials of adjuvant chemotherapy following
cystectomy for bladder cancer. Poor recruitment resulted in all six trials published to date to

being significantly underpowered [54].

An obvious way forward is to add either other cytotoxic or biological agents to current
radiotherapy and cisplatin schedules. One potential problem is that if full doses of cisplatin
are used, extra toxicity may limit the dose of any second agent. This was seen when the
orally administered 5-FU pro-drug capecitabine was given together with full dose cisplatin
(40mg/m> weekly) in a phase Il study. The maximum tolerated daily dose was only
300mg/m?/bid [55]. A 3-weekly schedule of topotecan and cisplatin was shown to offer a
modest but significant survival advantage compared to cisplatin alone when used to treat
patients with metastatic disease, in the Gynecology Oncology Group (GOG) Trial 179 [56].
Thus, topotecan would seem to be a prime candidate for inclusion alongside cisplatin in
primary treatment schedules. Both agents can be given weekly and significantly, when
topotecan is given weekly for the treatment of ovarian cancer, it has been shown to be much
less myelotoxic than when given in the usual 3-weekly schedule [57]. An ongoing phase Il
trial is investigating the efficacy of weekly cisplatin and topotecan combined with
radiotherapy in bulky early stage and locally advanced stages (UCI 03-33, NCT00257816).
Possibly, the addition of other cytotoxic drugs to cisplatin will offer, at best, a modest
increase in efficacy, as for example, in GOG trial 120 [14], weekly cisplatin seemed as

effective as a 3-weekly schedule of cisplatin 5-FU and hydroxyurea.

An alternative approach is the use of newer biological agents aimed at specific
receptors. An obvious target is the epithelial growth factor receptor (EGFR), as high levels of
EGFR have been detected both in biopsy material [58] and cell lines derived from biopsies,

particularly those from recurrent or metastatic disease [59]. Moreover, in several studies,



elevated levels of EGFR have been correlated with aggressive biological behaviour and
poorer prognosis [60];[61]. Cervical cancer and squamous cancer arising in the mucous
membranes of the head and neck have many biological features in common. It is therefore
noteworthy that a combination of cetuximab, a monoclonal antibody against EGFR, and
radical radiotherapy has been shown to improve survival amongst patients with loco-
regionally advanced cancer of the head and neck when compared to radical radiotherapy
alone. In this randomised controlled trial [62], the addition of cetuximab increased both
median survival (49 versus 29.3 months, HR=0.74, p = 0.03) and progression-free survival
(HR=0.70, p = 0.006). Cetuximab has been shown to lyse cultured cervical cancer cells,
which express a high level of EGFR by either cetuximab-mediated, compliment-dependent
cellular cytotoxicity or antibody dependent cellular cytotoxicity [59]. Therefore, it could be a
prime investigational agent either in combination with radiotherapy as primary treatment or in

the treatment of recurrent cervical cancer.

Other biological targets exist including HER2/neu receptor but current studies have
produced conflicting results about expression of this receptor and whether increased
expression alters prognosis [63]. If increased expression of this receptor is definitively shown
to be an adverse prognostic feature, lapatinib, an orally active small molecule dual tyrosine
kinase inhibitor of both EGFR and HERZ2 [64] could be a promising new therapeutic agent

against cervical cancer.

A major problem in conducting trials using new biological agents against cancer of
cervix is cost. These agents are expensive and any studies would, at least in the UK, require
support from the manufacturers. As the market for new agents in the treatment of cervical
cancer is perceived to be too small to be commercially significant, currently, such support is
absent. The annual incidence of this disease is only about 11,000 in the US [65] and about
3,000 in the UK [66]. However, in global terms, cervical cancer remains a very significant
problem with an estimated incidence of 500,000 new cases per annum [1]. It is still the

second most common female malignancy, and the most common female cancer in the



developing world. Even if a worldwide vaccination programme, administered to girls aged 10
to 13, started tomorrow, it would take several decades before this had any impact upon the
occurrence of this disease. The incidence of cervical cancer remains high in countries such
as India, Russia and Brazil [1], whose economies are rapidly expanding, making them
potential markets for new agents. However, in Europe at least, one also has to overcome the
commercial perceptions of the large pharmaceutical companies, as well as scientific

challenges when planning new cervical cancer trials.
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