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Abstract Over recent decades, truly impressive progress has been made in the outcome

associated with the pharmacological antineoplastic management of women with
advanced ovarian cancer. Following initial surgery, the large majority of patients
with this malignancy will receive a chemotherapy regimen that includes a plati-
num drug (carboplatin or cisplatin) and a taxane (paclitaxel or docetaxel). Cur-
rently, objective responses are observed in approximately 60-80% of patients
treated in the front-line setting, with documented improvements in overall survi-
val compared with prior non-platinum and taxane programmes. Unfortunately,
despite the high response rate to initial chemotherapy, the majority of women with
advanced disease will experience recurrence of the malignant process and be
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candidates for a variety of possible second-line therapeutic options. It is well
recognized that ovarian cancer patients who are documented to experience an
initial response to platinum-based chemotherapy but where the disease recurs
approximately 6 or more months following the completion of primary therapy,
may have another clinically meaningful response (both objective and subjective)
to a second platinum-based strategy. However, an optimal management approach
in this setting remains to be defined. Furthermore, the malignant cell populations
in all ovarian cancer patients who experience an initial relapse of the disease
process will eventually be resistant to the platinum agents. In this setting, multiple
drugs have been shown to be biologically active. Again, an optimal strategy to be
employed in the platinum-resistant setting has yet to be demonstrated through the
conduct of evidence-based trials. Reasonable goals of therapy in women with
recurrent or resistant ovarian cancer are to improve overall survival, reduce the
severity (and delay the occurrence) of symptoms and optimize overall quality of

life.

1. A Long History of the Administration of
Antineoplastic Agents in the
Management of Ovarian Cancer

For more than 50 years, epithelial ovarian cancer
has been recognized to be one of the most biologi-
cally sensitive solid tumours to cytotoxic chemo-
therapeutic agents.!"! During the earliest days of the
modern chemotherapeutic era, the newly identified
alkylating agents were examined as therapeutic
strategies in this malignancy.!'?! Although the defi-
nitions of clinical activity were not as clearly deline-
ated during this time period as they are today, it was
evident that palliation of distressing symptoms (e.g.
abdominal pain resulting from malignant ascites
accumulation) was achieved in a substantial per-
centage of individuals treated with several drugs
(melphalan, thiotepa, cyclophosphamide) in this
therapeutic class.!

Unfortunately, most of these responses were rela-
tively short lived. Moreover, long-term follow-up
revealed that a subset of ovarian cancer patients who
received alkylating agents for extended periods of
time as a result of impressive control of the malig-
nant process, ultimately died as a direct result of
developing treatment-induced secondary acute mye-
logenous leukaemia.[*9! Not surprisingly, this pro-
foundly disturbing experience has appropriately

© 2008 Adis Data Information BV. All rights reserved.

tempered enthusiasm for any form of ‘maintenance
therapy’ in ovarian cancer.

Additional cytotoxic agents developed during
this era, including doxorubicin, methotrexate, al-
tretamine and fluorouracil (5-FU), were subsequent-
ly shown to possess at least a modest degree of
biological activity in ovarian cancer.*7! As a result,
single-agent treatment of ovarian cancer (e.g. oral
melphalan) was largely replaced with combination
chemotherapy regimens, such as Hexa-CAF (al-
tretamine, cyclophosphamide, doxorubicin and
5-FU) and AC (doxorubicin and cyclophospha-
mide).™ Limited phase III trial data confirmed that
combination therapy could improve objective res-
ponse rates compared with single alkylating agents,
but the overall impact on survival was more mod-
est.[®

2. Primary Chemotherapy

2.1 The Cisplatin Era

In the 1970s, cisplatin, one of the most toxic
pharmaceutical agents ever delivered to any patient
(neurotoxicity, emesis, nephrotoxicity, ototoxicity),
was introduced into the clinic.l'-!3] However, this
drug, with its impressive list of distressing adverse
effects, was reluctantly accepted (by patients and
oncologists) because of the recognized remarkable
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level of both biological and clinically relevant ac-
tivity of the agent in multiple tumour types, includ-
ing ovarian cancer.['416]

Cisplatin was initially revealed to produce objec-
tive responses in women with ovarian cancer whose
disease was shown to be resistant to alkylating agent
therapy.[!>161 Of note, during this era, the definition
of ‘resistance’ varied, and essentially included all
patients whose cancers recurred or progressed fol-
lowing initial therapy.

Following this experience, cisplatin was quickly
moved to the front-line setting!'’?"! and the agent
subsequently became established as the cornerstone
of the chemotherapeutic management of ovarian
cancer. Both individual phase III randomized trials
and several meta-analyses involving the results of
multiple studies, have revealed the platinum agents
to be the single most active class of antineoplastic
drugs in this malignancy.['"-21]

2.2 Cisplatin-Based
Combination Chemotherapy

For a period of time there existed considerable
controversy regarding the ‘optimal’ cisplatin-based,
multi-agent regimen, with individual phase III trial
data supporting the two-drug combination of cyclo-
phosphamide plus cisplatin,'?>?* but with several
meta-analyses suggesting the superiority of a three-
drug regimen of cyclophosphamide, doxorubicin
and cisplatin.’?>-?7) Ultimately, most investigators
became convinced that any possible small benefit
resulting from the addition of an anthracycline to the
two-drug cisplatin plus cyclophosphamide regimen
was outweighed by the well recognized additional
toxicity associated with such a strategy.[?®!

2.3 Carboplatin-Based Chemotherapy

Initially proposed as a more active platinum drug,
carboplatin has been shown in multiple phase III
randomized ovarian cancer trials to be equivalent in
efficacy to cisplatin, but to possess a substantially
superior adverse effect profile, particularly a lower
risk of severe emesis, nephrotoxicity and neurotox-
icity.[?331 A gpecific highly appealing feature of
carboplatin compared with cisplatin, is the ability to
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easily deliver the drug in the outpatient setting,
without the requirement for extensive hydration to
prevent the nephrotoxic effects of the parent drug.

Also, in general, the well recognized dose-limit-
ing haematological toxicity of carboplatin produces
less severe clinically relevant consequences to pa-
tients and is easier to manage (e.g. dose reduction,
use of bone marrow colony-stimulating factors) than
are the adverse effects associated with cisplatin.
Furthermore, compared with cisplatin, it has proven
easier to combine other active antineoplastic agents
in ovarian cancer with carboplatin (e.g. pacli-
taxel).[31-34

However, it is important to again note that the
almost universal choice of carboplatin for intrave-
nous administration in the management of ovarian
cancer, rather than cisplatin, is based on a more
favourable toxicity profile and ease of delivery, and
not on any evidence of superior efficacy.??-34

2.4 Platinum Plus Taxane-Based
Primary Chemotherapy

In the late 1980s, paclitaxel was demonstrated to
be an active agent in platinum-resistant ovarian can-
cer.’3>37 In this era, the definition of ‘primary
chemotherapy resistance’ in ovarian cancer had be-
come reasonably well standardized to include those
patients whose cancers had failed to respond to
initial treatment (disease progression or ‘stable dis-
ease’ as best response) or where an objective res-
ponse had occurred, but the disease subsequently
progressed within 6 months of discontinuation of
platinum-based therapy.*®! Of interest, similar to the
initial experience with cisplatin in ovarian can-
cer,lI213) the early experience with paclitaxel sug-
gested the drug was quite toxic,*¥3% and its contin-
ued use was justified principally by the level of
biological and clinical activity observed.!33-37)

Also, similar to the drug development process for
cisplatin, where evidence of activity in the second-
line setting (alkylating-resistant) led to incorpora-
tion of the agent into primary chemotherapy
trials,[3-17) paclitaxel was quickly combined with
cisplatin in the front-line setting and directly com-
pared with the ‘standard of care’ at this point in
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time, which was a platinum agent plus cyclophos-
phamide.?!4%41 Although several trials subsequent-
ly confirmed the superiority of a cisplatin plus pacli-
taxel combination in improving survival compared
with the previous ‘standard’ of cisplatin and cyclo-
phosphamide,**#!l this outcome was not observed
in all phase III evaluations.?!4?

More recent evidence-based data have docu-
mented the equivalence of a cisplatin plus paclitaxel
versus a carboplatin plus paclitaxel regimen em-
ployed as primary treatment of advanced ovarian
cancer (table I).B3!-3*1 Again, the carboplatin-based
combination is generally preferred by most oncolo-
gists because of the ease of administration (simple
outpatient regimen) and overall superior toxicity
profile (less emesis, nephrotoxicity, neurotoxici-
ty),B1-3441.431 but the survival of patients treated with
paclitaxel plus either carboplatin or cisplatin is equi-
valent.

A large phase III trial has also directly compared
the delivery of carboplatin plus paclitaxel versus
carboplatin plus docetaxel as primary treatment of
advanced ovarian cancer (table II).[**! Again, the
two carboplatin regimens produced equivalent sur-
vival outcomes, but the regimens were associated
with quite different toxicity profiles. The paclitaxel-
containing programme was associated with a mod-
estly higher risk of peripheral neuropathy, while
patients treated with the docetaxel plus carboplatin
regimen experienced a moderately greater incidence
of potentially clinically relevant neutropenia. There
was no difference in therapy-related mortality be-
tween the two carboplatin-based approaches.

Table I. Evidence-based platinum-taxane regimens employed as
primary chemotherapy of advanced ovarian cancer

Cisplatin (75 mg/m2) + paclitaxel (135 mg/m2 over 24 h) g21d x
six cyclest3440]

Carboplatin (AUC 6-7.5) + paclitaxel (175 mg/m2 over 3 h) g21d
x six cycles®1-34

Carboplatin (AUC 6) + docetaxel (75 mg/m2) g21d x six cycles*4!
AUC = area under concentration-time curve; g21d = every 21 days.
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Table Il. Strategies that failed to improve outcome in advanced
ovarian cancer compared with standard dose? platinum plus a tax-
ane

Extending the duration of platinum-treatment to 10-12 cycles
(from 5-6)4547]

Modest increase in platinum-dose intensity (‘double dose’
platinum)&-531

High-dose chemotherapy!®+5¢l

Extending the duration of paclitaxel infusion to 96 h(5”]
Adding a third cytotoxic agent (e.g. epirubicin, topotecan,
gemcitabine, liposomal doxorubicin)8-61

a For standard doses see table I.

2.5 Additional Strategies Explored to
Improve Primary Chemotherapy of
Advanced Ovarian Cancer

A number of management strategies have been
explored over the past decade to improve the out-
come associated with primary chemotherapy of
women with advanced ovarian cancer beyond that
achievable with a ‘standard dose and schedule’ of a
platinum agent (cisplatin or carboplatin) plus a tax-
ane (paclitaxel or docetaxel) [table II].[4>-6!]

Unfortunately, with only a few notable excep-
tions (see sections 2.5.1 to 2.5.4), randomized phase
III trials have failed to reveal any favourable impact
of these approaches on either progression-free or
overall survival in this clinical setting.

2.5.1 Unique Advanced Ovarian
Cancer Populations

While previously reported clinical trial experi-
ence in ovarian cancer has included all patients with
an epithelial morphology, and the general recom-
mendation has been to treat all patients in a similar
manner outside the research study setting, there is
increasing data to suggest it is reasonable to consid-
er alternative management strategies in specific sub-
sets of the malignancy.

Primary mucinous tumours of the ovary, which
comprise <5% of all patients entered into advanced
disease studies, have a particularly poor survival
and, in general, are quite unresponsive to platinum-
based treatment.®>631 A second very uncommon
morphological subtype, clear cell adenocarcinoma,
also appears to have a poor outcome when advanced
at diagnosis, and although the evidence for primary
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platinum-resistance is not as substantial as docu-
mented with mucinous tumours, novel approaches
are unquestionably necessary in this setting.[646%]

2.5.2 Intraperitoneal Chemotherapy of
Smalll-Volume Residual Advanced
Ovarian Cancer

Knowledge of the natural history of ovarian can-
cer led early investigators in the chemotherapeutic
management of ovarian cancer to examine the re-
gional route for drug delivery.[>%%71 However, it
was not until a landmark mathematical modelling
study was published by Robert Dedrick and his
colleagues at the National Cancer Institute, %% that
a comprehensive research programme exploring this
novel method of drug delivery was initiated./%-"1]

A number of phase I trials documented both the
safety and pharmacokinetic advantage associated
with the intraperitoneal administration of several
antineoplastic drugs with known activity in ovarian
cancer.’%"! This experience was followed by a se-
ries of phase II ovarian cancer regional chemother-
apy trials, with most being cisplatin-based and con-
ducted in the second-line setting.”%-7?! Although sur-
gically documented biological activity was observed
in these studies, and prolonged survival document-
ed,!”37% in the absence of data from phase III ran-
domized trials, it remained completely unknown if
intraperitoneal treatment produced a superior impact
on survival, compared with systemic administration
of the same or similar regimens.

Over the past decade, three phase III trials have
been conducted by US National Cancer Institute-
sponsored cooperative groups that directly com-
pared an intravenous cisplatin with an intraperito-
neal cisplatin-based regimen as primary chemother-
apy of ‘small-volume residual’ advanced ovarian
cancer following an attempt at maximal surgical
cytoreduction.””””1" Although the studies differed
somewhat in their specific designs (e.g. definition of
‘small volume residual’ disease, comparative ‘con-
trol” chemotherapy regimen, agents delivered re-
gionally with cisplatin) they all reached remarkably
similar conclusions: intraperitoneal infusion of cis-
platin improves overall survival when employed as
primary chemotherapy (approximately 20-30% re-
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duction in death hazard ratio) compared with sys-
temic delivery of the agent.[7-81]

This outcome led the US National Cancer Insti-
tute in 2006 to issue a ‘Clinical Announcement’ to
inform patients, oncologists and the public, regard-
ing the impact of this approach on outcome in ad-
vanced ovarian cancer.[®?! Research continues in this
area to both reduce the adverse effects associated
with regional drug delivery (e.g. examination of
substituting carboplatin for cisplatin, improving
catheter delivery systems, development of guide-
lines for use of such therapy following extensive
abdominal surgery) and to possibly further enhance
the favourable impact of this route of administration
on survival.[83-83]

2.5.3 Maintenance Chemotherapy of Advanced
Ovarian Cancer

As noted in section 1, the devastating experience
with prolonged alkylating agent therapy of epithelial
ovarian cancer has appropriately tempered any en-
thusiasm for a ‘maintenance’ approach to the man-
agement of this malignancy.*% Furthermore, efforts
to extend the number of courses of primary plati-
num-based treatment of the cancer have also not
been shown to favourably influence outcome (pro-
gression-free or overall survival).[*-471

However, limited non-randomized experience
had suggested that prolonged administration of pac-
litaxel to ovarian cancer patients in the ‘second-line’
setting was surprisingly well tolerated, did not ap-
pear to result in new cumulative toxic effects and
had the theoretical potential to exert a beneficial
impact on survival.36-881 These considerations led
the SWOG (Southwest Oncology Group) and the
GOG (Gynecologic Oncology Group) to initiate a
phase III trial in women with advanced ovarian
cancer who had attained a clinically defined com-
plete response to primary chemotherapy, which ran-
domized patients to either receive 3 or 12 cycles of
single-agent paclitaxel (delivered on a monthly
schedule at a dosage of 175 mg/m2 as a 3-hour
infusion).[

The study was stopped, with only one-half of the
planned total patient accrual, by its Data Safety and
Monitoring Committee at the time of a planned
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interim analysis when a highly statistically signif-
icant favourable impact on progression-free survival
was observed in favour of the 12-cycle study arm
(hazard ratio 2.31; p = 0.0023).[3 This outcome was
confirmed with additional follow-up of the study
population, but the total sample size of the trial was
insufficient to draw any conclusions regarding the
impact of this novel management strategy on overall
survival.®l A confirmatory study for this highly
provocative trial, being conduced by the GOG, is
currently in progress.

It should also be noted that a preliminary report
of a similar but not identical ‘maintenance’ pacli-
taxel regimen conducted in Italy has not demonstra-
ted a survival benefit for the strategy.®'! In this
study, ovarian cancer patients who attained either a
clinically or surgically documented complete res-
ponse were randomized to an observation arm or six
cycles of single-agent paclitaxel, delivered at a dos-
age of 175 mg/m2 every 3 weeks. Differences be-
tween this study and the previously noted SWOG/
GOG trial include the smaller sample size in the
Italian study (approximately 100 total patients in a
‘clinical complete response’ compared with 277 pa-
tients in the SWOG/GOG study) and the delivery of
‘maintenance’ therapy for a longer period of time in
the SWOG/GOG trial (12-monthly cycles versus six
cycles of an every-3-weeks schedule).

2.5.4 Chemotherapy of High-Risk, Early Stage
Ovarian Cancer

Over recent decades, studies have revealed that
the adjuvant administration of cytotoxic chemother-
apy to women with completely resected ‘early stage’
ovarian cancer but with high-risk features (e.g.
grade 3 tumours, positive peritoneal cytology, stage
11 disease),’”>31 can improve progression-free survi-
val.491 However, these studies failed to document
that such a strategy would improve overall survival
compared with a management philosophy that
simply called for chemotherapy to be administered
at the time of documented relapse of the cancer.

However, more recent data that combined the
results of two relatively large phase III European
studies (European Organisation for Research and
Treatment of Cancer — Adjuvant ChemoTherapy on
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Ovarian Neoplasm trial [EORTIC-ACTION] and
International Collaborative Ovarian Neoplasm
[ICON-1]) of adjuvant treatment in this clinical set-
ting revealed that the delivery of a platinum-based
chemotherapy regimen following surgical tumour
removal of ‘high-risk’ early stage ovarian cancer not
only improves progression-free survival (absolute
difference at 5 years 11%), but also overall survival
(absolute difference at 5 years 8%).°1%°1 Further-
more, a preliminary report of 10-year follow-up of
one of these two studies (ICON-1) confirmed that
there continues to be a statistically significant survi-
val advantage (absolute difference 9%) for the pa-
tient population who received adjuvant treatment
even a decade after the initial diagnosis.['°!

On the basis of these data, it is reasonable to
conclude that the standard of care in the manage-
ment of high-risk early stage disease should include
the administration of platinum-based chemotherapy
(most probably carboplatin based).[*-10!

Although one report has suggested it is accept-
able to deliver fewer courses of chemotherapy in
this setting, compared with the strategies employed
in women with advanced disease (e.g. three rather
than six cycles), the available evidence supports the
argument that such an approach is associated with a
higher risk of ultimate relapse.['?! It should also be
noted that the large majority of patients receiving
adjuvant chemotherapy in the ICON-1 study were
treated with six cycles of chemotherapy.!'°!! Fur-
thermore, it has been documented in other disease
settings (e.g. breast cancer) that an inadequate num-
ber of treatment cycles can negatively impact on
survival.'% As a result, a very strong argument can
be made that in the absence of contraindications to
receiving a full course of platinum-based treatment
(e.g. excessive emesis, development of significant
neuropathy), women with high-risk early stage ova-
rian cancer should be treated in a manner similar to
that used in the setting of advanced disease.

It is hoped that future research in this area may
permit the molecular identification of those tumours
that have a very low risk of recurrence, in the
absence of further treatment, such that it is appropri-
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ate to withhold adjuvant chemotherapy. This re-
mains an active area of clinical research.

3. Second-Line Therapy of
Ovarian Cancer

Approximately 60-80% of patients with ad-
vanced ovarian cancer will exhibit a response to
primary platinum-based chemotherapy.['®*  Al-
though some of these individuals are ‘cured’ of their
malignancy, the large majority of patients are not,
and with documented recurrence of the disease pro-
cess, future treatment options will need to be consid-
ered.[1%!

Currently, it is interesting to note that one of the
most striking features of ovarian cancer manage-
ment is the existence of strong evidence-based data
providing highly clinically relevant information re-
garding optimal treatment in the front-line setting,
and the near absence of such data when the disease
recurs (as unfortunately happens in the majority of
patients). How should ovarian cancer patients whose
disease fails to achieve a complete response, does
not respond to the initial course of treatment or
recurs after a period of remission, be managed?

3.1 Platinum-Sensitive versus
Platinum-Resistant Ovarian Cancer

Extensive retrospective experience has con-
firmed that tumours of patients with ovarian cancer
that exhibited an objective response to platinum-
based chemotherapy may respond a second
time.[19-1151 Tt is also well established that the statis-
tical likelihood that such a secondary response will
occur will increase as the duration of the period
between the completion of the prior therapy and the
planned initiation of the second-line approach
lengthens.!107:108.113]

As noted in section 2.4, ovarian cancer clinical
trial eligibility criteria will (of necessity) quite rigid-
ly define a patient as having either ‘platinum-sensi-
tive’ (prior response to platinum and a duration of
the absence of disease progression following the
completion of therapy of >6 months) or ‘platinum-
resistant’ (no response to platinum or a duration of
response following completion of therapy of
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<6 months) disease.’®! However, in reality, the
chances that an individual patient will respond a
second (or third or fourth) time to retreatment with a
platinum-based programme is a continuum, with the
higher predicted response rates anticipated in those

women with the longest time away from ther-
apy'[107,108,113,116]

Thus, for example, available data would suggest
that a patient with a ‘treatment/platinum-free’ inter-
val of 9-12 months has a 20-30% probability of
achieving an objective response to retreatment,
while a woman who has not received the agent for a
period of 32-35 months may have a predicted res-
ponse rate to a second-line platinum regimen of
>50-60%.[197-108.113] This information is quite rele-
vant in decisions made regarding management op-
tions for individual patients.

Furthermore, in one specific situation, data re-
garding the statistical probability of achieving a
biological response to second-line, platinum-based
therapy in ovarian cancer can substantially influence
the basic decision as to whether or not further treat-
ment with this agent should be administrated. It is
currently well recognized that approximately 10%
of women with ovarian cancer who receive platinum
in the second-line setting will experience clinically
relevant hypersensitivity to the agent.I''7-1211 Al-
though the time course and severity of these allergic
reactions varies (e.g. mild diffuse rash developing
several days after carboplatin treatment, or severe
hypotension and respiratory compromise after a few
milligrams of the drug are delivered),!!'”12!] and a
number of investigators have documented the poten-
tial for successful continued treatment with either
carboplatin or cisplatin following the demonstration
of hypersensitivity,!'?1?7! it is also known that fur-
ther use of the agent can result in the development of

significant symptoms and treatment-related mor-
tality.[117-128.129]

Thus, it is reasonable to suggest that a decision to
continue platinum-based therapy in this setting
should include consideration of the potential risks
versus the possible benefits of this management
strategy, including the statistical likelihood that clin-
ical benefit (as measured by the objective response
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rate) will occur with additional treatment employing
this agent.

It is also important to note that limited retrospec-
tive data also predict that the duration of a ‘secon-
dary’ platinum response will be shorter than the
duration of the initial response.''*! Moreover, the
duration of each subsequent response (e.g. third line,
fourth line) will be shorter than previous response
(e.g. second line, third line). Again, this information
can be helpful in a decision to retreat with a plati-
num-based therapy versus employing an alternate
management option.

3.2 Combination versus Single-Agent
Platinum Therapy in Recurrent Disease

Until recently, it would have been most appropri-
ate to state that single-agent carboplatin was the
‘treatment of choice’ when delivering a platinum-
based regimen in the second-line setting.'%! This
was because there was no evidence-based data sup-
porting a favourable impact of combination plati-
num-based treatment, compared with single-agent
treatment, in this clinical circumstance. In the ab-
sence of such data, it would be difficult to justify the
additional toxicity associated with a carboplatin-
based combination strategy in a palliative setting.

However, this situation has changed with the
current availability of data from two phase III ran-
domized trials that each compared a combination
carboplatin-based regimen with single-agent
carboplatin in women with ovarian cancer who ex-
perienced recurrence of their disease process
more than 6 months following the completion of
primary therapy (‘platinum-sensitive’ setting) [table
III].[130’131J

In the initially reported study, investigators ran-
domized patients to either be treated with a platinum
regimen plus a taxane or to receive a platinum drug
without a taxane.['3% Since the large majority of
patients in the combination chemotherapy arm were
actually treated with carboplatin plus paclitaxel, and
the greatest percentage of individuals in the non-
taxane containing arm were treated with single-
agent carboplatin, this study has frequently, but
somewhat inaccurately, been described as compar-
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Table Ill. Combination platinum-based chemotherapy versus single
agent platinum in recurrent ovarian cancer (hazard ratios)

Regimen Progression-free  Overall survival
survival

Carboplatin plus 0.76 (p = 0.0004) 0.82 (p = 0.02)

paclitaxel

versus carboplatina'30]

Carboplatin plus 0.72 (p = 0.003) 0.96 (p = 0.735)

gemcitabine

versus carboplatin(’s

a The large majority but not all patients in this trial received
these agents.

ing these two approaches (carboplatin plus pacli-
taxel versus carboplatin alone).

The second phase III randomized chemotherapy
study directly compared single-agent carboplatin
with the combination of carboplatin plus
gemcitabine in women with platinum-sensitive re-
current ovarian cancer.!3!]

As noted in table III, the paclitaxel-containing
study revealed that the combination regimen pro-
duced both a favourable impact on progression-free
as well as overall survival.['3% In contrast, in the
gemcitabine study, although the combination regi-
men also showed an improvement in progression-
free survival, there was no difference in overall
survival between the two study arms.''3!! The rea-
sons for this quite unexpected discrepancy between
the results of these two well designed and conducted
trials are unknown, but may possibly relate to differ-
ences in the strategies employed in the third-line
setting following documented disease progression
on the protocol treatment arms between the coun-
tries participating in the different studies.

Also of interest were the specific toxicity profiles
of the two combination chemotherapy strategies
compared with single-agent carboplatin treatment.
The ‘carboplatin plus paclitaxel’ regimen was
shown to result in a 20% incidence of grade 2-3
neuropathy compared with only 1% in the ‘single-
agent carboplatin’ control arm.!'3% In contrast, there
was no difference in the incidence of peripheral
neuropathy between patients treated with carbopla-
tin plus gemcitabine compared with carboplatin
alone. The major adverse effect of the gemcitabine-
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containing combination was significant bone mar-
row suppression.[!3!]

It would be reasonable to suggest that these stud-
ies provide highly relevant assistance to oncologists
when they must consider therapeutic options in the
setting of platinum-sensitive recurrent ovarian can-
cer. For an individual who has previously received a
carboplatin plus paclitaxel regimen in the primary
setting and has tolerated that treatment without the
development of neuropathy, retreatment with carbo-
platin plus paclitaxel may be a very reasonable
treatment approach. In contrast, if the same individ-
ual has experienced clinically evident neuropathy
that either resolved or persists, the option of
carboplatin plus gemcitabine may be a more appro-
priate management strategy.

A third option would be to sequence the antineo-
plastic drugs (e.g. carboplatin for 3—4 cycles, fol-
lowed by paclitaxel for 3—4 cycles), rather than to
deliver the cytotoxic agents in combination. The
goal of such a strategy would be to reduce the
adverse effects associated with combination therapy
but at the same time maintain efficacy. Although
this is a rational approach in carefully selected pa-
tients, it must be noted that phase III trial data do not
currently exist to confirm the equivalence of sequen-
tial versus combination therapy in this clinical set-
ting.

It is reasonable to suggest that a high priority for
the academic gynaecological cancer research com-
munity should be the development of a randomized
phase III trial designed to provide evidence-based
guidance to clinicians managing ovarian cancer pa-
tients in the setting of platinum-sensitive recurrent
disease. Unfortunately, it does not appear that such a
study specifically exploring these multiple options
(e.g. prospectively defined sequential therapy versus
several potential combination chemotherapy regi-
men) is currently planned.

3.3 Chemotherapy Options in the
Management of Platinum-Resistant
Ovarian Cancer

A large and growing number of antineoplastic
agents have demonstrated at least a modest level of
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biological activity when delivered as single drugs in
the management of platinum-resistant ovarian can-
cer (table IV).[1%1 1t is reasonable to note that several
of these agents have also been examined when de-
livered alone in platinum-sensitive recurrent dis-
ease, but in the absence of phase III trial data it
remains unknown if any such individual drug is
either equivalent or superior in efficacy to a plati-
num agent.

There is currently no evidence-based data to state
that one of these agents is better than another in
regard to an impact on either progression-free or
overall survival when employed as second-line
treatment of platinum-resistant ovarian cancer.
However, of considerable importance, recent phase
IIT trial data have revealed that the administration of
known active antineoplastic drug therapy, compared
with the use of an ‘inactive agent’, will favourably
impact survival in platinum-resistant disease.['®! In
addition, extended survival (in excess of 1 year) is a
highly realistic possibility even in the presence of
well characterized platinum-resistant ovarian can-
cer.[167]

Furthermore, it is appropriate to acknowledge
that in a substantial percentage of ovarian cancer
patients being considered for second-line treatment,
the question is really not whether to deliver ‘drug A’
versus ‘drug B’ but rather which agent should be
used first. If the tumour progresses following expo-
sure to ‘drug A’ then ‘drug B’ will be employed or
the opposite sequence may be utilized. Also, follow-

Table IV. Single agents with demonstrated activity (>10% objective
response rate) in platinum-resistant ovarian cancer

Altretaminel!32-135]
Bevacizumab(136-139]

Docetaxel(140.141]

Epirubicinl142

Etoposide (oral, every 21 days)!'43-145]
Gemcitabing!146-149]

Ifosfamidel!5%

Irinotecanl's"

Liposomal doxorubicin('52-1551

Paclitaxel (every 3 weeks or weekly)[35-37.156,157]
Tamoxifen(158-160]

TOpOtecan[161-163]

Vinorelbinel164165]
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ing failure of ‘drug A and drug B’, it is likely that
‘drug C’ (also known to be active in platinum-
resistant ovarian cancer) will be tried.!16%.169]

A number of relevant factors should be consid-
ered when selecting second-line (and third-line, etc.)
treatment strategies in the management of ovarian
cancer (table V). In the absence of definitive evi-
dence-based data to guide treatment decisions, and
with the likely continued introduction of new drugs
into the oncologist’s armamentarium for the treat-
ment of ovarian cancer, it can be anticipated that the
complexity of the decision-making process will only
increase.

4. Targeted Therapies in the
Management of Ovarian Cancer

A number of the new classes of ‘targeted thera-
peutic’ agents have been examined for their poten-
tial utility in the treatment of epithelial ovarian
cancer. Of interest, despite the recognized major
chemosensitivity of the malignancy to classical
cytotoxic agents, initial efforts to examine the utility
of several targeted therapies with documented effi-
cacy in several malignancies have somewhat sur-
prisingly revealed these agents to be quite inactive
in ovarian cancer.

Drugs that have been examined and found to
exert a minimal biological influence on the natural
history of ovarian cancer, despite sound preclinical
data supporting their use (e.g. evidence that the
presence of the ‘target’ negatively influences out-
come and the molecular abnormality is commonly
expressed in the malignancy) include agents ‘target-

Table V. Considerations in the selection of second-line therapy for
epithelial ovarial cancer

1. Prior toxicity experienced by the patient

2. Known toxicity profile of available agents

3. Presence of existing evidence-based data regarding efficacy in
a particular setting (e.g. combination chemotherapy vs sequential
use of cytotoxic agents in platinum-resistant disease)

4. Unique issues relevant to the individual patient (e.g. time
required for regimen, family support for travel to receive therapy,
available third party coverage for treatment)

5. Availability of, and eligibility for, clinical trials of interest to the
patient

6. Patient choice
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ing’ the human epidermal growth factor receptor 2
(HER-2),['"  endothelial growth factor recep-
tors!!”1-1731 and tyrosine kinase inhibition.[!74-176]

In this regard, the documented experience with
trastuzumab in ovarian cancer is informative. Al-
though early reports suggested that as many as 30%
of patients with ovarian cancer overexpress the
HER-2 receptor and studies suggested a negative
impact of this molecular abnormalities on outcome
in the malignancy,'”7-17°! in a clinical trial conduct-
ed by the GOG, only 11% of the large number of
women screened for HER-2 overexpression were
found to be candidates for treatment with tras-
tuzumab. Furthermore, within this HER-2 overex-
pressing tumour study population, an objective res-
ponse rate of only 7% was observed.!!7!

However, recent data resulting from trials of the
antiangiogenic agent bevacizumab in advanced ova-
rian cancer have revealed a surprising level of both
biological and clinical activity for the drug when
administered alone (without chemotherapy).[!36-139]
The response rate of 15% in several phase II trials in
platinum-resistant ovarian cancer is very similar to
that observed with the more active cytotoxic antine-
oplastic agents currently routinely employed in this
clinical setting. A potential role for bevacizumab in
the primary management of ovarian cancer is cur-
rently being examined in several phase III random-
ized trials.

A second antiangiogenic agent, aflibercept (vas-
cular endothelial growth factor-Trap), has also dem-
onstrated objective evidence of biological activity in
women with platinum-resistant ovarian cancer.!'3%!

5. Hormonal Therapy of Ovarian Cancer

There has been a long history of the use of
hormonal treatment in ovarian cancer that originated
with the concept that, like breast cancer, this malig-
nancy is strongly influenced by its hormonal envi-
ronment.!'851821 However, in striking contrast to
breast cancer, there currently exists extremely limit-
ed data demonstrating a role for the expression of
hormonal receptors in predicting a response to a
hormonal intervention in ovarian cancer, and for a
major impact of this therapeutic strategy on outcome
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(improvement in symptoms, prolongation of survi-
val).[183.184]

Tamoxifen has been extensively examined both
as a single agent and in combination with chemo-
therapy in advanced ovarian cancer. Both individual
studies and analyses of multiple trials have suggest-
ed that approximately 10% of treated patients exhib-
it an objective response to tamoxifen delivered
alone.[138-160.1851 There have been no randomized
trials comparing the administration of tamoxifen
with cytotoxic drug therapy in the platinum-resistant
setting, but a major appeal for the use of this drug is
its highly favourable toxicity profile, certainly com-
pared with cytotoxic chemotherapy. Settings where
tamoxifen has been employed in the management of
ovarian cancer include (i) rising CA-125 antigen
level in the absence of other objective evidence of
progressive disease; (ii) ‘maintenance approach’ in
patients who have completed a chemotherapy regi-
men and there is a concern for a high risk of relapse;
and (iii) treatment of resistant ovarian cancer, with

the goal to minimize treatment-related toxici-
ty.[185.186]

On the basis of preclinical data suggesting syner-
gistic cytotoxicity when tamoxifen is combined with
cisplatin,['87-1891 this novel combination strategy has
been examined in patients with platinum-resistant
ovarian cancer.!"%1°!1 Although an initial trial sug-
gested a modest level of activity in this clinical
setting,['1 these results could not be confirmed in a
second study.[1°1)

Other hormonal agents have been investigated in
this clinical setting, including leuprorelin!!®?l and
high-dose progesterone.!'%3!

It is reasonable to specifically note the reported
activity of letrozole examined as a second-line strat-
egy in ovarian cancer.!'”*1%! In a study specifically
conducted in ovarian cancer patients with estrogen
receptor-positive disease an objective response rate
of 16% (employing CA-125 response criteria) was
observed.l'%! However, it remains unknown at the
present time if the biological and clinical activity of
letrozole is superior to tamoxifen.

© 2008 Adis Data Information BV. All rights reserved.

6. Chemosensitivity and
Chemoresistance Assays in Ovarian
Cancer Management

The profoundly successful application of in vitro
testing to predict the effectiveness of various avail-
able antibacterial agents in individual infections led
investigators to explore the benefits of such predic-
tive strategies in the management of malignant dis-
ease. Because of the inherent chemosensitivity of
ovarian cancer, and the demonstrated activity of a
number of cytotoxic agents in the disease, it is not
surprising that a considerable amount of research in

the arena has been focused in this clinical set-
ting.[196-202]

Tests designed to predict both the sensitivity of a
particular patient’s cancer to specific drugs, as well
as to declare the tumour to be resistant to these
agents, have been evaluated and used outside the
research setting. A number of complex issues con-
tinue to plague the development of a clear interpre-
tation of in vitro testing, including the fundamental
question of the relationship between the cells able to
grow in the laboratory setting and the actual malig-
nancy present within a particular patient. Further-
more, as concluded in a comprehensive review of
this topic by an independent panel of experts, none
of the currently available tests have been shown in a
well designed prospective trial to be superior to a
clinician’s best judgement and available evidence-

based data in the selection of antineoplastic ther-
apy.[203:204

It is reasonable to speculate that if such studies
are conducted in the future, it is possible that one or
more in vitro testing strategies will be demonstrated
to provide useful information to oncologists caring
for women with ovarian cancer. However, for the
present, these tests must be considered to remain in
the domain of an investigative strategy or if used in
the clinical setting, they should be viewed as simply
one piece of data to be employed with many others
in the decision to select a particular treatment op-
tion.
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7. Neoadjuvant Chemotherapy

Ovarian cancer is unique among all malignancies
in that it is the ‘standard of care’ to attempt to
maximally surgically cytoreduce the cancerous
masses present within the peritoneal cavity prior to
the administration of chemotherapy, even when ex-
tensive disease is present at the time of initial diag-
nosis.2032081 Justification for this strategy comes
from extensive retrospective data demonstrating the
superior survival of women who initiate chemother-
apy with smaller volume residual cancer.[295-2 Un-
fortunately, there remain no prospective phase III
randomized trials demonstrating that patients who
undergo this primary attempt at surgical cytoreduc-
tion experience superior survival compared with
individuals treated with chemotherapy after the
diagnosis of ovarian cancer has been confirmed.

A number of gynaecological cancer research
groups have reported their experience with the ini-
tial use of chemotherapy, rather than employing
primary surgery, in the setting of extensive intra-
abdominal ovarian cancer (‘neoadjuvant chemother-
apy’).210211 Although still a controversial ap-
proach,8] this strategy has been suggested to re-
duce morbidity and permit subsequent surgery (‘in-
terval cytoreduction’) in patients who exhibit a
major response to the chemotherapy regimen.

Fortunately, several phase III randomized trials
are currently in progress that are designed to directly
compare the outcome (treatment-related morbidity,
progression-free and overall survival) of women
with extensive intra-abdominal ovarian cancer who
either undergo an attempt at a ‘standard’ initial
debulking procedure or who first undergo neoadju-
vant chemotherapy followed by interval surgical
cytoreduction. The results of these trials are awaited
with great interest.

8. Future Directions

The results of a number of evidence-based clin-
ical trials have provided important information that
should help guide future clinical research in antineo-
plastic drug delivery in the management of ovarian
cancer. These include efforts to optimize and ex-
pand the benefits of regional drug delivery, further
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explore a role for a maintenance strategy, and inves-
tigate other targeted therapies based on preclinical
identification of potentially clinically relevant mo-
lecular abnormalities in the malignancy.

It will also be important to both develop novel
trial designs (e.g. increased utilization of CA-125 as
a marker of progression and responsel?'%-2261) and
firmly establish reasonable endpoints for future clin-
ical trials (e.g. progression-free survival as well as
overall survival as valid primary endpoints®*”) to
more rapidly introduce novel and effective single
antineoplastic regimens and combination chemo-
therapy strategies into the management of ovarian
cancer.

Acknowledgements

No sources of funding were used to assist in the prepara-
tion of this review. The author has received honoraria from
Genentech, Eli Lilly and Tibutech.

References

1. Bateman JC. Chemotherapeutic management of advanced ova-
rian carcinoma. Med Ann Dist Columbia 1959; 28: 537-44

2. Kottmeier HL. Treatment of ovarian cancer with thiotepa. Clin
Obstet Gynecol 1968; 11 (2): 428-38

3. Thigpen T, Vance R, Lambuth B, et al. Chemotherapy for
advanced or recurrent gynecologic cancer. Cancer 1987; 60 (8
Suppl.): 2104-6

4. Greene MH, Boice Jr JD, Greer BE, et al. Acute nonlympho-
cytic leukemia after therapy with alkylating agents for ovarian
cancer: a study of five randomized clinical trials. N Engl J Med
1982; 307 (23): 1416-21

5. Travis LB, Curtis RE, Boice Jr JD. Second malignant neoplasms
among long-term survivors of ovarian cancer. Cancer Res
1996; 56: 1564-70

6. Travis LB, Holowaty EJ, Bergfeldt K, et al. Risk of leukemia
after platinum-based chemotherapy for ovarian cancer. N Engl
J Med 1999; 340: 351-7

7. Katz ME, Schwartz PE, Kapp DS, et al. Epithelial carcinoma of
the ovary: current strategies. Ann Intern Med 1981; 95 (1): 98-
111

8. Young RC, Chabner BA, Hubbard SP, et al. Advanced ovarian
adenocarcinoma: a prospective clinical trial of melphalan (L-
PAM) versus combination chemotherapy. N Engl ] Med 1978;
299 (23): 1261-6

9. Omura GA, Morrow CP, Blessing JA, et al. A randomized
comparison of melphalan versus melphalan plus hex-
amethylmelamine versus adriamycin plus cyclophosphamide
in ovarian carcinoma. Cancer 1983; 51 (5): 783-9

10. Talley RW, O’Bryan RM, Gutterman JU, et al. Clinical evalua-

tion of toxic effects of cis-diamminedichloroplatinum (NSC-
119875): phase I clinical study. Cancer Chemother Rep 1973;
57 (4): 465-71

Drugs 2008; 68 (6)



Management of Ovarian Cancer

783

11.

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Rozencweig M, Von Hoff DD, Slavik M, et al. Cis-diam-
minedichloroplatinum (II): a new anticancer drug. Ann Intern
Med 1977; 86 (6): 803-12

Von Hoff DD, Schilsky R, Reichert CM, et al. Toxic effects of
cis-dichlorodiammineplatinum (II) in man. Cancer Treat Rep
1979; 63 (9-10): 1527-31

. Loehrer PJ, Einhorn LH. Drugs five years later: cisplatin. Ann

Intern Med 1984; 100 (5): 704-13

. Higby DJ, Wallace HJ, Albert DJ, et al. Diaminodichloropla-

tinum: a phase I study showing responses in testicular and
other tumors. Cancer 1974; 33: 1219-25

Wiltshaw E, Subramarian S, Alexopoulos S, et al. Cancer of the
ovary: a summary of experience with cis-dichlorodiam-
mineplatinum (IT) at the Royal Marsden Hospital. Cancer Treat
Rep 1979; 63: 1545-8

Bruckner HW, Cohen CJ, Feuer E, et al. Prognostic factors:
cisplatin regimens for patients with ovarian cancer after failure
of chemotherapy. Obstet Gynecol 1987; 69: 114-20

Neijt JP, ten Bokkel Huinink WW, van der Burg ME, et al.
Randomized trial comparing two combination chemotherapy
regimens (CHAP-5 v CP) in advanced ovarian carcinoma.
J Clin Oncol 1987; 5 (8): 1157-68

Markman M. Optimizing primary chemotherapy in ovarian
cancer. Hematol Oncol Clin N Am 2003; 17: 957-68

Advanced Ovarian Cancer Trialists Group. Chemotherapy in
advanced ovarian cancer: four systematic meta-analyses of
individual patient data from 37 randomized trials. Advanced
Ovarian Cancer Trialists Group. Br J Cancer 1998; 78 (11):
1479-87

Advanced Ovarian Cancer Trialists Group. Chemotherapy in
advanced ovarian cancer: an overview of randomized clinical
trials. BMJ 1991; 303: 884-93

Muggia FM, Braly PS, Brady MF, et al. Phase III randomized
study of cisplatin versus paclitaxel versus cisplatin and pacli-
taxel in patients with suboptimal stage III or IV ovarian cancer:
a Gynecologic Oncology Group study. J Clin Oncol 2000; 18
(1): 106-15

Omura GA, Bundy BN, Berek JS, et al. Randomized trial of
cyclophosphamide plus cisplatin with or without doxorubicin
in ovarian carcinoma: a Gynecologic Oncology Group study.
J Clin Oncol 1989; 7: 457-65

GICOG. Long-term results of a randomized trial comparing
cisplatin with cisplatin and cyclophosphamide with cisplatin,
cyclophosphamide, and adriamycin in advanced ovarian can-
cer. Gynecol Oncol 1992; 45: 115-7

Conte PF, Bruzzone M, Chiara S, et al. A randomized trial
comparing cisplatin plus cyclophosphamide versus cisplatin,
doxorubicin, and cyclophosphamide in advanced ovarian can-
cer. J Clin Oncol 1986 ; 4: 965-971

Ovarian Cancer Meta-Analysis Project. Cyclophosphamide plus
cisplatin versus cyclophosphamide, doxorubicin, and cisplatin
chemotherapy of ovarian carcinoma: a meta-analysis. J Clin
Oncol 1991; 9: 1668-74

A’Hern RP, Gore ME. Impact of doxorubicin on survival in
advanced ovarian cancer. J Clin Oncol 1995; 13 (3): 726-32

Fanning J, Bennett TZ, Hilgers RD. Meta-analysis of cisplatin,
doxorubicin, and cyclophosphamide versus cisplatin and cy-
clophosphamide chemotherapy of ovarian carcinoma. Obstet
Gynecol 1992; 80 (6): 954-60

The ICON Collaborators. ICON2: randomised trial of single-
agent carboplatin against three-drug combination of CAP
(cyclophosphamide, doxorubicin, and cisplatin) in women
with ovarian cancer. Lancet 1998; 352: 1571-6

© 2008 Adis Data Information BV. All rights reserved.

29.

30.

31.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

44.

Alberts DS, Green S, Hannigan EV, et al. Improved therapeutic
index of carboplatin plus cyclophosphamide versus cisplatin
plus cyclophosphamide: final report by the Southwest Oncolo-
gy Group of a phase III randomized trial in stages III and IV
ovarian cancer. J Clin Oncol 1992; 10 (5): 706-17

Swenerton K, Jeffrey J, Stuart G, et al. Cisplatin-cyclophospha-
mide versus carboplatin-cyclophosphamide in advanced ovari-
an cancer: a randomized phase III study of the National Cancer
Institute of Canada Clinical Trials Group. J Clin Oncol 1992;
10 (5): 718-26

Ozols RF, Bundy BN, Greer BE, et al. Phase III trial of
carboplatin and paclitaxel compared with cisplatin and pacli-
taxel in patients with optimally resected stage III ovarian
cancer: a Gynecologic Oncology Group study. J Clin Oncol
2003; 21 (17): 3194-200

. duBois A, Luck HJ, Meier W, et al. A randomized clinical trial

of cisplatin/paclitaxel versus carboplatin/paclitaxel as first-line
treatment of ovarian cancer. J Natl Cancer Inst 2003; 95 (17):
1320-9

Neijt JP, Engelholm SA, Tuxen MK, et al. Exploratory phase IIT
study of paclitaxel and cisplatin versus paclitaxel and
carboplatin in advanced ovarian cancer. J Clin Oncol 2000; 18:
3084-92

Covens A, Carey M, Bryson P, et al. Systematic review of first-
line chemotherapy for newly diagnosed postoperative patients
with stage II, III, or IV epithelial ovarian cancer. Gynecol
Oncol 2002; 85 (1): 71-80

McGuire WP, Rowinsky EK, Rosenshein NB, et al. Taxol: a
unique antineoplastic agent with significant activity in ad-
vanced ovarian epithelial neoplasms. Ann Intern Med 1989;
111 (4): 273-9

. Thigpen JT, Blessing JA, Ball H, et al. Phase II trial of paclitaxel

in patients with progressive ovarian carcinoma after platinum-
based chemotherapy: a Gynecologic Oncology Group study.
J Clin Oncol 1994; 12 (9): 1748-53

Trimble EL, Adams JD, Vena D, et al. Paclitaxel for platinum-
refractory ovarian cancer: results from the first 1,000 patients
registered to National Cancer Institute Treatment Referral
Center 9103. J Clin Oncol 1993; 11: 2405-10

Rowinsky EK, Donehower RC. Paclitaxel (taxol). N Engl J Med
1995; 332 (15): 1004-14

Kris MG, O’Connell JP, Gralla RJ, et al. Phase I trial of taxol
given as a 3-hour infusion every 21 days. Cancer Treat Rep
1986; 70: 605-7

McGuire WP, Hoskins WJ, Brady MF, et al. Cyclophosphamide
and cisplatin compared with paclitaxel and cisplatin in patients
with stage IIT and stage IV ovarian cancer. N Engl ] Med 1996;
334 (1): 1-6

Piccart MJ, Bertelsen K, James K, et al. Randomized intergroup
trial of cisplatin-paclitaxel versus cisplatin-cyclophosphamide
in women with advanced epithelial ovarian cancer: three-year
results. J Natl J Inst 2000; 92: 699-708

The International Collaborative Ovarian Neoplasm (ICON)
Group. Paclitaxel plus carboplatin versus standard chemother-
apy with either single-agent carboplatin or cyclophosphamide,
doxorubicin, and cisplatin in women with ovarian cancer: the
ICONS3 randomised trial. Lancet 2002; 360: 505-15

Connelly E, Markman M, Kennedy A, et al. Paclitaxel delivered
as a 3-hr infusion with cisplatin in patients with gynecologic
cancers: unexpected incidence of neurotoxicity. Gynecol
Oncol 1996; 62 (2): 166-8

Vasey PA, Jayson GC, Gordon A, et al. Phase III randomized
trial of docetaxel-carboplatin versus paclitaxel-carboplatin as

Drugs 2008; 68 (6)



784

Markman

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

first-line chemotherapy for ovarian carcinoma. J Natl Cancer
Inst 2004; 96 (22): 1682-91

Lambert HE, Rustin GJ, Gregory WM, et al. A randomized trial
of five versus eight courses of cisplatin or carboplatin in
advanced epithelial ovarian carcinoma: a North Thames Ovary
Group Study. Ann Oncol 1997; 8 (4): 327-33

Bertelsen K, Jakobsen A, Stroyer J, et al. A prospective random-
ized comparison of 6 and 12 cycles of cyclophosphamide,
adriamycin, and cisplatin in advanced epithelial ovarian can-
cer: a Danish Ovarian Study Group trial (DACOVA). Gynecol
Oncol 1993; 49 (1): 30-6

Hakes TB, Chalas E, Hoskins WJ, et al. Randomized prospec-
tive trial of 5 versus 10 cycles of cyclophosphamide, doxo-
rubicin, and cisplatin in advanced ovarian carcinoma. Gynecol
Oncol 1992; 45 (3): 284-9

McGuire WP, Hoskins WJ, Brady MF, et al. Assessment of
dose-intensive therapy in suboptimally debulked ovarian can-
cer: a Gynecologic Oncology Group study. J Clin Oncol 1995;
13 (7): 1589-99

Gore M, Mainwaring P, A’Hern R, et al. Randomized trial of
dose-intensity with single-agent carboplatin in patients with
epithelial ovarian cancer. London Gynaecological Oncology
Group. J Clin Oncol 1998; 16 (7): 2426-34

Jakobsen A, Bertelsen K, Andersen JE, et al. Dose-effect study
of carboplatin in ovarian cancer: a Danish Ovarian Cancer
Group study. J Clin Oncol 1997; 15 (1): 193-8

Repetto L, Pace M, Mammoliti S, et al. The impact of received
dose intensity on the outcome of advanced ovarian cancer. Eur
J Cancer 1993; 29A (2): 181-4

Wrigley E, Weaver A, Jayson G, et al. A randomised trial
investigating the dose intensity of primary chemotherapy in
patients with ovarian carcinoma: a comparison of chemother-
apy given every four weeks with the same chemotherapy given
at three week intervals. Ann Oncol 1996; 7 (7): 705-11

Conte PF, Bruzzone M, Carnino F, et al. High-dose versus low-
dose cisplatin in combination with cyclophosphamide and
epidoxorubicin in suboptimal ovarian cancer: a randomized
study of the Gruppo Oncologico Nord-Ovest. J Clin Oncol
1996; 14 (2): 351-6

Mobus V, Wandt H, Frickhofen N, et al. Phase III trial of high-
dose sequential chemotherapy with peripheral blood stem cell
support compared with standard dose chemotherapy for first-
line treatment of advanced ovarian cancer: Intergroup trial of
the AGO-Ovar-AIO and EBMT. J Clin Oncol 2007; 25: 4187-
93

Grenman S, Wiklund T, Jalkanen J, et al. A randomized phase
III study comparing high-dose chemotherapy to conventional-
ly dosed chemotherapy for stage III ovarian cancer: the Finnish
Ovarian Cancer (FINOVA) study. Eur J Cancer 2006; 42:
2196-9

Schilder RL, Brady MF, Spriggs D, et al. Pilot evaluation of
high-dose carboplatin and paclitaxel followed by high-dose
melphalan supported by peripheral blood stem cells in pre-
viously untreated advanced ovarian cancer: a Gynecologic
Oncology Group study. Gynecol Oncol 2003; 88: 3-8

Spriggs DR, Brady MF, Vaccarello L, et al. Phase III random-
ized trial of intravenous cisplatin plus a 24- or 96-hour infusion
of paclitaxel in epithelial ovarian cancer: a Gynecologic On-
cology Group study. J Clin Oncol 2007; 25: 4466-71

Bookman M, for the Gynecologic Cancer Intergroup. GOG 182-
ICONS: 5-arm phase III randomized trial of paclitaxel and
carboplatin versus combinations with gemcitabine, pegylated
liposomal doxorubicin or topotecan in patients with advanced-

© 2008 Adis Data Information BV. All rights reserved.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

stage epithelial ovarian or primary peritoneal carcinoma [ab-
stract no. 5002]. J Clin Oncol 2006; 24 (18S): 256s

duBois A, Weber B, Rochon J, et al. Addition of epirubicin as a
third drug to carboplatin-paclitaxel in first-line treatment of
advanced ovarian cancer: a prospectively randomized Gyneco-
logic Cancer Intergroup Trial by the Arbeitsgemeinschaft
Gynaekologische Onkologie Ovarian Cancer Study Group and
the Groupe d’Investigateurs Nationaux pour I’Etude des Can-
cers Ovariens. J Clin Oncol 2006; 24: 1127-35

De Placido S, Scambia G, Di Vagno G, et al. Topotecan com-
pared with no therapy after response to surgery and carboplatin
in patients with ovarian cancer: Multicenter Italian Trials in
Ovarian Cancer (MITO-1) randomized study. J Clin Oncol
2004; 22: 2635-42

Pfisterer J, Weber B, Reuss A, et al. Randomized phase III trial
of topotecan following carboplatin and paclitaxel in first-line
treatment of advanced ovarian cancer: a Gynecologic Cancer
Intergroup Trial of the AGO-OVAR and GINECO. J Natl
Cancer Inst 2006; 98: 1036-45

Hess V, A’Hern R, Nasiri N, et al. Mucinous epithelial ovarian
cancer: a separate entity requiring specific treatment. J Clin
Oncol 2004; 22 (6): 1040-4

Pectasides D, Fountzilas G, Aravantinos G, et al. Advanced
stage mucinous epithelial ovarian cancer: the Hellenic Cooper-
ative Oncology Group experience. Gynecol Oncol 2005; 97
(2): 436-41

Goff BA, Sainz de la CR, Muntz HG, et al. Clear cell carcinoma
of the ovary: a distinct histologic type with poor prognosis and
resistance to platinum-based chemotherapy in stage I1I disease.
Gynecol Oncol 1996; 60 (3): 412-7

Crotzer DR, Sun CC, Coleman RL, et al. Lack of effective
systemic therapy for recurrent clear cell carcinoma of the
ovary. Gynecol Oncol 2007; 105 (2): 404-8

Bergman F. Carcinoma of the ovary: a clinicopathological study
of 86 autopsied cases with special reference to mode of spread.
Acta Obstet Gynecol Scand 1966; 45: 211-31

Weisberger AS, Levine B, Storaasli JP. Use of nitrogen mustard
in treatment of serous effusions of neoplastic origin. JAMA
1955; 159: 1704-7

Dedrick RL, Myers CE, Bungay PM, et al. Pharmacokinetic
rationale for peritoneal drug administration in the treatment of
ovarian cancer. Cancer Treat Rep 1978; 62: 1-9

Dedrick RL. Theoretical and experimental bases of intraperito-
neal chemotherapy. Semin Oncol 1985; 12: 1-6

Markman M. Intraperitoneal chemotherapy. Crit Rev Oncol
Hematol 1999; 31 (3): 239-46

Markman M. Intraperitoneal antineoplastic drug delivery: ratio-
nale and results. Lancet Oncol 2003; 4 (5): 277-83

Markman M, Reichman B, Hakes T, et al. Responses to second-
line cisplatin-based chemotherapy in ovarian cancer: influence
of a prior response to intravenous cisplatin. J Clin Oncol 1991;
9: 1801-5

Howell SB, Zimm S, Markman M, et al. Long-term survival of
advanced refractory ovarian carcinoma patients with small-
volume disease treated with intraperitoneal chemotherapy.
J Clin Oncol 1987; 5: 1607-12

Recio FO, Piver MS, Hempling RE, et al. Five-year survival
after second-line cisplatin-based intraperitoneal chemotherapy
for advanced ovarian cancer. Gynecol Oncol 1998; 68: 267-73

Markman M, Reichman B, Hakes T, et al. Impact on survival of
surgically defined favorable responses to salvage intraperito-
neal chemotherapy in small-volume residual ovarian cancer.
J Clin Oncol 1992; 10: 1479-84

Drugs 2008; 68 (6)



Management of Ovarian Cancer

785

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Barakat RR, Sabbatini P, Bhaskaran D, et al. Intraperitoneal
chemotherapy for ovarian carcinoma: results of long-term
follow-up. J Clin Oncol 2002; 20: 694-8

Alberts DS, Liu PY, Hannigan EV, et al. Intraperitoneal cispla-
tin plus intravenous cyclophosphamide versus intravenous cis-
platin plus intravenous cyclophosphamide for stage III ovarian
cancer. N Engl J Med 1996; 335 (26): 1950-5

Markman M, Bundy BN, Alberts DS, et al. Phase III trial of
standard-dose intravenous cisplatin plus paclitaxel versus
moderately high-dose carboplatin followed by intravenous
paclitaxel and intraperitoneal cisplatin in small-volume stage
III ovarian carcinoma: an intergroup study of the Gynecologic
Oncology Group, Southwestern Oncology Group, and Eastern
Cooperative Oncology Group. J Clin Oncol 2001; 19 (4):
1001-7

Armstrong DK, Bundy B, Wenzel L, et al. Intraperitoneal
cisplatin and paclitaxel in ovarian cancer. N Engl J Med 2006;
354 (1): 34-43

Elit L, Oliver TK, Covens A, et al. Intraperitoneal chemotherapy
in the first-line treatment of women with stage III epithelial
ovarian cancer: a systematic review with metaanalyses. Cancer
2007; 109 (4): 692-702

Hess LM, Ham-Hutchins M, Herzog TJ, et al. A meta-analysis
of the efficacy of intraperitoneal cisplatin for the front-line
treatment of ovarian cancer. Int J Gynecol 2007; 17: 561-70

Trimble EL, Alvarez RD. Intraperitoneal chemotherapy and the
NCI clinical announcement. Gynecol Oncol 2006; 103 (2
Suppl. 1): S18-9

Fung-Kee-Fung M, Provencher D, Rosen B, et al. Intraperito-
neal chemotherapy for patients with advanced ovarian cancer:
areview of the evidence and standards for the delivery of care.
Gynecol Oncol 2007; 105 (3): 747-56

Markman M, Walker JL. Intraperitoneal chemotherapy of ovari-
an cancer: a review, with a focus on practical aspects of
treatment. J Clin Oncol 2006; 24 (6): 988-94

Fujiwara K, Markman M, Morgan M, et al. Intraperitoneal
carboplatin-based chemotherapy for epithelial ovarian cancer.
Gynecol Oncol 2005; 97: 10-5

Markman M, Hakes T, Barakat R, et al. Follow-up of Memorial
Sloan-Kettering Cancer Center patients treated on National
Cancer Institute Treatment Referral Center protocol 9103:
paclitaxel in refractory ovarian cancer. J Clin Oncol 1996; 14
(3): 796-9

Rohl J, Kushner D, Markman M. Chronic administration of
single-agent paclitaxel in gynecologic malignancies. Gynecol
Oncol 2001; 81: 201-5

Von Gruenigen VE, Karlen JR, Waggoner SE. A case of chronic
paclitaxel administration in ovarian cancer. Gynecol Oncol
2003; 89: 532-5

Markman M, Liu PY, Wilczynski S, et al. Phase III randomized
trial of 12 versus 3 months of maintenance paclitaxel in
patients with advanced ovarian cancer after complete response
to platinum and paclitaxel-based chemotherapy: a Southwest
Oncology Group and Gynecologic Oncology Group trial.
J Clin Oncol 2003; 21 (13): 2460-5

Markman M, Liu P, Wilcyznski S, et al. Survival of ovarian
cancer patients treated on SWOG 9701/GOG178: 12 versus 3
cycles of monthly single-agent paclitaxel following attainment
of a clinically-defined complete response to platinum/pacli-
taxel [abstract no. 5005]. J Clin Oncol 2006; 24 (18S): 257s

Conte PF, Favalli G, Gadducci A, et al. Final results of After-6
protocol 1: a phase III trial of observation versus 6 courses of
paclitaxel in advanced ovarian cancer patients in complete

© 2008 Adis Data Information BV. All rights reserved.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

response after platinum-paclitaxel chemotherapy [abstract no.
5505]. J Clin Oncol 2007; 25 (18S): 275s

Vergote I, De BJ, Fyles A, et al. Prognostic importance of
degree of differentiation and cyst rupture in stage I invasive
epithelial ovarian carcinoma. Lancet 2001; 357 (9251): 176-82

Vergote IB, Kaern J, Abeler VM, et al. Analysis of prognostic
factors in stage I epithelial ovarian carcinoma: importance of
degree of differentiation and deoxyribonucleic acid ploidy in
predicting relapse. Am J Obstet Gynecol 1993; 169 (1): 40-52

Young RC, Brady MF, Nieberg RK, et al. Adjuvant treatment
for early ovarian cancer: a randomized phase III trial of intra-
peritoneal 32P or intravenous cyclophosphamide and cisplatin
—a Gynecologic Oncology Group study. J Clin Oncol 2003; 21
(23): 4350-5

Bolis G, Colombo N, Pecorelli S, et al. Adjuvant treatment for
early epithelial ovarian cancer: results of two randomized
clinical trials comparing cisplatin to no further treatment or
chromic phosphate. Ann Oncol 1995; 6: 887-93

Trimbos JB, Vergote I, Bolis G, et al. for the EORTC-ACTION
Collaborators. Impact of adjuvant chemotherapy and surgical
staging in early-stage ovarian carcinoma: European Organisa-
tion for Research and Treatment of Cancer-Adjuvant Chemo-
Therapy in Ovarian Neoplasm trial. J Natl Cancer Inst 2003;
95 (2): 113-25

International Collaborative Ovarian Neoplasm (ICONT1) Collab-
orators. International Collaborative Ovarian Neoplasm trial 1:
a randomized trial of adjuvant chemotherapy in women with
early-stage ovarian cancer. J Natl Cancer Inst 2003; 95 (2):
125-32

International Collaborative Ovarian Neoplasm 1 (ICON1) and
European Organisation for Research and Treatment of Cancer
Collaborators-Adjuvant Chemotherapy in Ovarian Neoplasm
(EORTC-ACTION). International Collaborative Ovarian Neo-
plasm trial 1 and Adjuvant ChemoTherapy In Ovarian Neo-
plasm trial: two parallel randomized phase III trials of adjuvant
chemotherapy in patients with early-stage ovarian carcinoma.
J Natl Cancer Inst 2003; 95 (2): 105-12

Elit L, Chambers A, Fyles A, et al. Systematic review of
adjuvant care for women with stage I ovarian carcinoma.
Cancer 2004; 101 (9): 1926-35

Winter-Roach B, Hooper L, Kitchener H. Systematic review of
adjuvant therapy for early stage (epithelial) ovarian cancer. Int
J Gynecol Cancer 2003; 13 (4): 395-404

Swart AC. Long-term follow-up of women enrolled in a ran-
domized trial of adjuvant chemotherapy for early stage ovarian
cancer (ICON 1) [abstract no. 5509]. J Clin Oncol 2007; 25
(18S): 276s

Bell J, Brady MF, Young RC, et al. Randomized phase III trial
of three versus six cycles of adjuvant carboplatin and pacli-
taxel in early stage epithelial ovarian carcinoma: a Gynecolog-
ic Oncology Group study. Gynecol Oncol 2006; 102 (3): 432-9

Fumoleau P, Kerbrat P, Romestaing P, et al. Randomized trial
comparing six versus three cycles of epirubicin-based adjuvant
chemotherapy in premenopausal, node-positive breast cancer
patients: 10-year follow-up results of the French Adjuvant
Study Group 01 trial. J Clin Oncol 2003; 21 (2): 298-305

McGuire WP, Markman M. Primary ovarian cancer: current
standards of care. BJC 2003; 89 Suppl. 3: S3-8

Markman M, Bookman MA. Second-line treatment of ovarian
cancer. Oncologist 2000; 5 (1): 26-35

Gershenson D, Kavanagh JJ, Copeland LJ, et al. Re-treatment of
patients with recurrent epithelial ovarian cancer with cisplatin-
based chemotherapy. Obstet Gynecol 1989; 73: 798-802

Drugs 2008; 68 (6)



786

Markman

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Gore ME, Fryatt I, Wiltshaw E, et al. Treatment of relapsed
carcinoma of the ovary with cisplatin or carboplatin following
initial treatment with these compounds. Gynecol Oncol 1990;
36 (2): 207-11

Markman M, Rothman R, Hakes T, et al. Second-line platinum
therapy in patients with ovarian cancer previously treated with
cisplatin. J Clin Oncol 1991; 9 (3): 389-93

Markman M, Kennedy A, Webster K, et al. Continued chemo-
sensitivity to cisplatin/carboplatin in ovarian carcinoma de-
spite treatment with multiple prior platinum-based regimens.
Gynecol Oncol 1997; 65 (3): 434-6

Dizon DS, Hensley ML, Poynor EA, et al. Retrospective ana-
lysis of carboplatin and paclitaxel as initial second-line therapy
for recurrent epithelial ovarian carcinoma: application toward
a dynamic disease state model of ovarian cancer. J Clin Oncol
2002; 20 (5): 1238-47

Gronlund B, Hogdall C, Hansen HH, et al. Results of reinduc-
tion therapy with paclitaxel and carboplatin in recurrent epi-
thelial ovarian cancer. Gynecol Oncol 2001; 83 (1): 128-34

Rose PG, Fusco N, Fluellen L, et al. Second-line therapy with
paclitaxel and carboplatin for recurrent disease following first-
line therapy with paclitaxel and platinum in ovarian or perito-
neal carcinoma. J Clin Oncol 1998; 16 (4): 1494-7

Hoskins PJ, O’Reilly SE, Swenerton KD. The ‘failure free
interval’ defines the likelihood of resistance to carboplatin in
patients with advanced epithelial ovarian cancer previously
treated with cisplatin: relevance to therapy and new drug
testing. Int J Gynecol Cancer 1991; 1: 205-8

Markman M, Markman J, Webster K, et al. Duration of response
to second-line, platinum-based chemotherapy for ovarian can-
cer: implications for patient management and clinical trial
design. J Clin Oncol 2004; 22 (15): 3120-5

Dizon DS, Dupont J, Anderson S, et al. Treatment of recurrent
ovarian cancer: a retrospective analysis of women treated with
single-agent carboplatin originally treated with carboplatin and
paclitaxel: the Memorial Sloan-Kettering Cancer Center expe-
rience. Gynecol Oncol 2003; 91 (3): 584-90

Markman M, Hoskins W. Responses to ‘salvage’ chemotherapy
in ovarian cancer: a critical need for precise definitions of the
treated population. J Clin Oncol 1992; 10: 513-4

Markman M, Kennedy A, Webster K, et al. Clinical features of
hypersensitivity reactions to carboplatin. J Clin Oncol 1999;
17 (4): 1141-5

Polyzos A, Tsavaris N, Kosmas C, et al. Hypersensitivity reac-
tions to carboplatin administration are common but not always
severe: a 10-year experience. Oncology 2001; 61 (2): 129-33

Navo M, Kunthur A, Badell ML, et al. Evaluation of the
incidence of carboplatin hypersensitivity reactions in cancer
patients. Gynecol Oncol 2006; 103 (2): 608-13

Rose PG, Fusco N, Fluellen L, et al. Carboplatin hypersensitivi-
ty reactions in patients with ovarian and peritoneal carcinoma.
Int J Gynecol Cancer 1998; 8: 365-8

Schwartz JR, Bandera C, Bradley A, et al. Does the platinum-
free interval predict the incidence or severity of hypersensitivi-
ty reactions to carboplatin? The experience from Women and
Infants’” Hospital. Gynecol Oncol 2007; 105 (1): 81-3

Rose PG, Fusco N, Smrekar M, et al. Successful administration
of carboplatin in patients with clinically documented carbopla-
tin hypersensitivity. Gynecol Oncol 2003; 89 (3): 429-33

Jones R, Ryan M, Friedlander M. Carboplatin hypersensitivity
reactions: re-treatment with cisplatin desensitisation. Gynecol
Oncol 2003; 89 (1): 112-5

© 2008 Adis Data Information BV. All rights reserved.

124.

125.

126.

127.

128.

129.

130.

131.

132.

134.

135.

136.

137.

138.

139.

140.

Robinson JB, Singh D, Bodurka-Bevers DC, et al. Hypersensi-
tivity reactions and the utility of oral and intravenous desensiti-
zation in patients with gynecologic malignancies. Gynecol
Oncol 2001; 82 (3): 550-8

Broome CB, Schiff RI, Friedman HS. Successful desensitization
to carboplatin in patients with systemic hypersensitivity reac-
tions. Med Pediatr Oncol 1996; 26 (2): 105-10

McElroy TM, Gruenigen VE, Waggoner SE. A case of pro-
longed carboplatin therapy in a patient with carboplatin hyper-
sensitivity. Gynecol Oncol 2003; 91 (2): 435-7

Markman M, Hsieh F, Zanotti K, et al. Initial experience with a
novel desensitization strategy for carboplatin-associated hy-
persensitivity reactions: carboplatin-hypersensitivity reac-
tions. J Cancer Res Clin Oncol 2004; 130 (1): 25-8

Zweizig S, Roman LD, Muderspach LI. Death from anaphylaxis
to cisplatin: a case report. Gynecol Oncol 1994; 53 (1): 121-2

Dizon DS, Sabbatini PJ, Aghajanian C, et al. Analysis of pa-
tients with epithelial ovarian cancer or fallopian tube carcino-
ma retreated with cisplatin after the development of a
carboplatin allergy. Gynecol Oncol 2002; 84 (3): 378-82

The ICON and AGO Collaborators. Paclitaxel plus platinum-
based chemotherapy versus conventional platinum-based
chemotherapy in women with relapsed ovarian cancer: the
ICON4/AGO-OVAR-2.2 trial. Lancet 2003; 361: 2099-106

Pfisterer J, Plante M, Vergote I, et al. Gemcitabine plus
carboplatin compared with carboplatin in patients with plati-
num-sensitive recurrent ovarian cancer: an intergroup trial of
the AGO-OVAR, the NCIC CTG, and the EORTC GCG.
J Clin Oncol 2006; 24 (29): 4699-707

Vergote I, Himmelmann A, Frankendal B, et al. Hexamethylme-
lamine as second-line therapy in platin-resistant ovarian can-
cer. Gynecol Oncol 1992; 47 (3): 282-6

3. Manetta A, Tewari K, Podczaski ES. Hexamethylmelamine as a

single second-line agent in ovarian cancer: follow-up report
and review of the literature. Gynecol Oncol 1997; 66 (1): 20-6

Markman M, Blessing JA, Moore D, et al. Altretamine (hex-
amethylmelamine) in platinum-resistant and platinum-refrac-
tory ovarian cancer: a Gynecologic Oncology Group phase II
trial. Gynecol Oncol 1998; 69 (3): 226-9

Rustin GJ, Nelstrop AE, Crawford M, et al. Phase II trial of oral
altretamine for relapsed ovarian carcinoma: evaluation of de-
fining response by serum CA125. J Clin Oncol 1997; 15 (1):
172-6

Burger RA, Sill MW, Monk BJ, et al. Phase II trial of
bevacizumab in persistent or recurrent epithelial ovarian can-
cer or primary peritoneal cancer: a Gynecologic Oncology
Group study. J Clin Oncol 2007; 25 (33): 5165-71

Cannistra SA, Matulonis UA, Penson RT, et al. Phase II study of
bevacizumab in patients with platinum-resistant ovarian can-
cer or peritoneal serous cacner. J Clin Oncol 2007; 25 (33):
5180-6

Garcia AA, Hirte H, Fleming G, et al. Phase II clinical trial of
bevacizumab and low-dose metronomic oral cyclophospha-
mide in recurrent ovarian cancer: a trial of the California,
Chicago, and Princess Margaret Hospital Phase II Consortia.
J Clin Oncol 2008; 26 (1): 76-82

Wright JD, Hagemann A, Rader JS, et al. Bevacizumab combi-
nation therapy in recurrent, platinum-refractory, epithelial ova-
rian carcinoma: a retrospective analysis. Cancer 2006; 107 (1):
83-9

Rose PG, Blessing JA, Ball HG, et al. A phase II study of
docetaxel in paclitaxel-resistant ovarian and peritoneal carci-
noma: a Gynecologic Oncology Group study. Gynecol Oncol
2003; 88 (2): 130-5

Drugs 2008; 68 (6)



Management of Ovarian Cancer

787

141.

142.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Verschraegen CF, Sittisomwong T, Kudelka AP, et al. Docetax-
el for patients with paclitaxel-resistant Mullerian carcinoma.
J Clin Oncol 2000; 18 (14): 2733-9

Havsteen H, Bertelsen K, Gadeberg CC, et al. A phase 2 study
with epirubicin as second-line treatment of patients with ad-
vanced epithelial ovarian cancer. Gynecol Oncol 1996; 63 (2):
210-5

3. Hoskins PJ, Swenerton KD. Oral etoposide is active against

platinum-resistant epithelial ovarian cancer. J Clin Oncol
1994; 12 (1): 60-3

deWit R, van der Burg ME, van den GA, et al. Phase II study of
prolonged oral etoposide in patients with ovarian cancer
refractory to or relapsing within 12 months after platinum-
containing chemotherapy. Ann Oncol 1994; 5 (7): 656-7

Rose PG, Blessing JA, Mayer AR, et al. Prolonged oral etopo-
side as second-line therapy for platinum-resistant and plati-
num-sensitive ovarian carcinoma: a Gynecologic Oncology
Group study. J Clin Oncol 1998; 16 (2): 405-10

Mutch DG, Orlando M, Goss T, et al. Randomized phase 111 trial
of gemcitabine compared with pegylated liposomal doxo-
rubicin in patients with platinum-resistant ovarian cancer.
J Clin Oncol 2007; 25 (19): 2811-8

Lund B, Hansen OP, Theilade K, et al. Phase II study of
gemcitabine (2’,2-difluorodeoxycytidine) in previously treat-
ed ovarian cancer patients. J Natl Cancer Inst 1994; 86 (20):
1530-3

D’Agostino G, Amant F, Berteloot P, et al. Phase II study of
gemcitabine in recurrent platinum-and paclitaxel-resistant
ovarian cancer. Gynecol Oncol 2003; 88 (3): 266-9

Shapiro JD, Millward MJ, Rischin D, et al. Activity of
gemcitabine in patients with advanced ovarian cancer: re-
sponses seen following platinum and paclitaxel. Gynecol
Oncol 1996; 63 (1): 89-93

Markman M, Hakes T, Reichman B, et al. Ifosfamide and mesna
in previously treated advanced epithelial ovarian cancer: ac-
tivity in platinum-resistant disease. J Clin Oncol 1992; 10 (2):
243-8

Bodurka DC, Levenback C, Wolf JK, et al. Phase II trial of
irinotecan in patients with metastatic epithelial ovarian cancer
or peritoneal cancer. J Clin Oncol 2003; 21 (2): 291-7

Gordon AN, Granai CO, Rose PG, et al. Phase II study of
liposomal doxorubicin in platinum- and paclitaxel-refractory
epithelial ovarian cancer. J Clin Oncol 2000; 18 (17): 3093-
100

Gordon AN, Fleagle JT, Guthrie D, et al. Recurrent epithelial
ovarian carcinoma: a randomized phase III study of pegylated
liposomal doxorubicin versus topotecan. J Clin Oncol 2001; 19
(14): 3312-22

Campos SM, Penson RT, Mays AR, et al. The clinical utility of
liposomal doxorubicin in recurrent ovarian cancer. Gynecol
Oncol 2001; 81 (2): 206-12

Rose PG, Maxson JH, Fusco N, et al. Liposomal doxorubicin in
ovarian, peritoneal, and tubal carcinoma: a retrospective com-
parative study of single-agent dosages. Gynecol Oncol 2001;
82 (2): 323-8

Kita T, Kikuchi Y, Takano M, et al. The effect of single weekly
paclitaxel in heavily pretreated patients with recurrent or per-
sistent advanced ovarian cancer. Gynecol Oncol 2004; 92 (3):
813-8

Markman M, Blessing J, Rubin SC, et al. Phase II trial of weekly
paclitaxel (80 mg/m2) in platinum and paclitaxel-resistant ova-
rian and primary peritoneal cancers: a Gynecologic Oncology
Group study. Gynecol Oncol 2006; 101 (3): 436-40

© 2008 Adis Data Information BV. All rights reserved.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Markman M, Iseminger KA, Hatch KD, et al. Tamoxifen in
platinum-refractory ovarian cancer: a Gynecologic Oncology
Group Ancillary Report. Gynecol Oncol 1996; 62 (1): 4-6

Ahlgren JD, Ellison NM, Gottlieb RJ, et al. Hormonal palliation
of chemoresistant ovarian cancer: three consecutive phase II
trials of the Mid-Atlantic Oncology Program. J Clin Oncol
1993; 11 (10): 1957-68

Williams CJ. Tamoxifen in relapsed ovarian cancer: a system-
atic review. Int J Gynecol Cancer 1998; 8: 89-94

Creemers GJ, Bolis G, Gore M, et al. Topotecan, an active drug
in the second-line treatment of epithelial ovarian cancer: re-
sults of a large European phase II study. J Clin Oncol 1996; 14:
3056-61

ten Bokkel HW, Gore M, Carmichael J, et al. Topotecan versus
paclitaxel for the treatment of recurrent epithelial ovarian
cancer. J Clin Oncol 1997; 15 (6): 2183-93

Spannuth WA, Leath ITII CA, Huh WK, et al. A phase II trial of
weekly topotecan for patients with secondary platinum-resis-
tant recurrent epithelial ovarian carcinoma following the fail-
ure of second-line therapy. Gynecol Oncol 2007; 104 (3): 591-
5

Gershenson DM, Burke TW, Morris M, et al. A phase I study of
a daily x3 schedule of intravenous vinorelbine for refractory
epithelial ovarian cancer. Gynecol Oncol 1998; 70 (3): 404-9

Bajetta E, Di LA, Biganzoli L, et al. Phase II study of vi-
norelbine in patients with pretreated advanced ovarian cancer:
activity in platinum-resistant disease. J Clin Oncol 1996; 14
(9): 2546-51

Vergote I, Finkler N, del Campo J, et al. Single agent, canfos-
famide versus pegylated doxorubicin or topotecan in 3rd line
treatment of platinum refractory or resistant ovarian cancer:
phase 3 study results [abstract no. LBA55289]. J Clin Oncol
2007; 25 (18S Pt II): 966s

Markman M, Webster K, Zanotti K, et al. Survival following the
documentation of platinum and taxane-resistance in ovarian
cancer: a single institution experience involving multiple
phase 2 trials. Gynecol Oncol 2004; 93: 699-701

Markman M. Viewing ovarian cancer as a ‘chronic disease’:
what exactly does this mean? Gynecol Oncol 2006; 100 (2):
229-30

Markman M. Why study third-, fourth-, fifth- ... line chemo-
therapy of ovarian cancer? Gynecol Oncol 2001; 83 (3): 449-
50

Bookman MA, Darcy KM, Clarke-Pearson D, et al. Evaluation
of monoclonal humanized anti-HER?2 antibody, trastuzumab,
in patients with recurrent or refractory ovarian or primary
peritoneal carcinoma with overexpression of HER2: a phase II
trial of the Gynecologic Oncology Group. J Clin Oncol 2003;
21 (2): 283-90

Schilder RJ, Sill MW, Chen X, et al. Phase II study of gefitinib
in patients with relapsed or persistent ovarian or primary
peritoneal carcinoma and evaluation of epidermal growth fac-
tor receptor mutations and immunohistochemical expression: a
Gynecologic Oncology Group Study. Clin Cancer Res 2005;
11 (15): 5539-48

Seiden MV, Burris HA, Matulonis U, et al. A phase II trial of
EMD72000 (matuzumab), a humanized anti-EGFR monoclo-
nal antibody, in patients with platinum-resistant ovarian and
primary peritoneal malignancies. Gynecol Oncol 2007; 104
(3): 727-31

Posadas EM, Liel MS, Kwitkowski V, et al. A phase II and
pharmacodynamic study of gefitinib in patients with refractory
or recurrent epithelial ovarian cancer. Cancer 2007; 109 (7):
1323-30

Drugs 2008; 68 (6)



788

Markman

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Coleman RL, Broaddus RR, Bodurka DC, et al. Phase II trial of
imatinib mesylate in patients with recurrent platinum- and
taxane-resistant epithelial ovarian and primary peritoneal can-
cers. Gynecol Oncol 2006; 101 (1): 126-31

Alberts DS, Liu PY, Wilczynski SP, et al. Phase II trial of
imatinib mesylate in recurrent, biomarker positive, ovarian
cancer (Southwest Oncology Group Protocol S0211). Int J
Gynecol Cancer 2007; 17: 784-8

Posadas EM, Kwitkowski V, Kotz HL, et al. A prospective
analysis of imatinib-induced c¢-KIT modulation in ovarian
cancer: a phase II clinical study with proteomic profiling.
Cancer 2007; 110: 309-17

Berchuck A, Kamel A, Whitaker R, et al. Overexpression of
HER-2/neu is associated with poor survival in advanced epi-
thelial ovarian cancer. Cancer Res 1990; 50 (13): 4087-91

Felip E, del Campo JM, Rubio D, et al. Overexpression of c-
erbB-2 in epithelial ovarian cancer: prognostic value and rela-
tionship with response to chemotherapy. Cancer 1995; 75 (8):
2147-52

Meden H, Marx D, Roegglen T, et al. Overexpression of the
oncogene c-erbB-2 (HER2/neu) and response to chemotherapy
in patients with ovarian cancer. Int J Gynecol Pathol 1998; 17
(1): 61-5

Tew WP, Colombo N, Ray-Coquard I, et al. VEGF-Trap for
patients with recurrent platinum-resistant epithelial ovarian
cancer: preliminary results of a randomized multi-center phase
IT study [abstract]. J Clin Oncol 2007; 25 (18S): 276s

Malkasian Jr GD, Decker DG, Jorgensen EO, et al. 6-Dehydro-
6,17 alpha-dimethylprogesterone (NSC-123018) for the treat-
ment of metastatic and recurrent ovarian carcinoma. Cancer
Chemother Rep 1973; 57 (2): 241-2

Ward HW. Progestogen therapy for ovarian carcinoma. J Obstet
Gynaecol Br Commonw 1972; 79 (6): 555-9

Makar AP. Hormone therapy in epithelial ovarian cancer. En-
docr Relat Cancer 2000; 7 (2): 85-93

Schwartz PE, Chambers JT, Kohorn EI, et al. Tamoxifen in
combination with cytotoxic chemotherapy in advanced epi-
thelial ovarian cancer: a prospective randomized trial. Cancer
1989; 63 (6): 1074-8

Perez-Gracia JL, Carrasco EM. Tamoxifen therapy for ovarian
cancer in the adjuvant and advanced settings: systematic re-
view of the literature and implications for future research.
Gynecol Oncol 2002; 84 (2): 201-9

Markman M, Webster K, Zanotti K, et al. Use of tamoxifen in
asymptomatic patients with recurrent small-volume ovarian
cancer. Gynecol Oncol 2004; 93 (2): 390-3

Ercoli A, Scambia G, De VR, et al. Tamoxifen synergizes the
antiproliferative effect of cisplatin in human ovarian cancer
cells: enhancement of DNA platination as a possible mecha-
nism. Cancer Lett 1996; 108 (1): 7-14

McClay EF, Albright KD, Jones JA, et al. Tamoxifen delays the
development of resistance to cisplatin in human melanoma and
ovarian cancer cell lines. Br J Cancer 1994; 70 (3): 449-52

Geisinger KR, Berens ME, Duckett Y, et al. The effects of
estrogen, progesterone, and tamoxifen alone and in combina-
tion with cytotoxic agents against human ovarian carcinoma in
vitro. Cancer 1990; 65 (5): 1055-61

Benedetti PP, Greggi S, Amoroso M, et al. A combination of
platinum and tamoxifen in advanced ovarian cancer failing
platinum-based chemotherapy: results of a phase II study. Int J
Gynecol Cancer 2001; 11 (6): 438-44

Markman M, Webster K, Zanotti K, et al. Phase 2 trial of
carboplatin plus tamoxifen in platinum-resistant ovarian can-

© 2008 Adis Data Information BV. All rights reserved.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

cer and primary carcinoma of the peritoneum. Gynecol Oncol
2004; 94 (2): 404-8

Kavanagh JJ, Roberts W, Townsend P, et al. Leuprolide acetate
in the treatment of refractory or persistent epithelial ovarian
cancer. J Clin Oncol 1989; 7 (1): 115-8

Sikic BI, Scudder SA, Ballon SC, et al. High-dose megestrol
acetate therapy of ovarian carcinoma: a phase II study by the
Northern California Oncology Group. Semin Oncol 1986; 13
(4 Suppl. 4): 26-32

Bowman A, Gabra H, Langdon SP, et al. CA125 response is
associated with estrogen receptor expression in a phase II trial
of letrozole in ovarian cancer: identification of an endocrine-
sensitive subgroup. Clin Cancer Res 2002; 8 (7): 2233-9

Gourley C, Smyth JF, Mackean M, et al. Phase III study of
letrozole in estrogen receptor positive relapsed epithelial ova-
rian cancer [abstract no. 5025]. J Clin Oncol 2006; 24 (18S):
261s

Fruehauf JP. In vitro assay-assisted treatment selection for
women with breast or ovarian cancer. Endocr Relat Cancer
2002; 9 (3): 171-82

Von Hoff DD, Kronmal R, Salmon SE, et al. A Southwest
Oncology Group study on the use of a human tumor cloning
assay for predicting response in patients with ovarian cancer.
Cancer 1991; 67 (1): 20-7

Nagourney RA, Brewer CA, Radecki S, et al. Phase II trial of
gemcitabine plus cisplatin repeating doublet therapy in pre-
viously treated, relapsed ovarian cancer patients. Gynecol
Oncol 2003; 88 (1): 35-9

Holloway RW, Mehta RS, Finkler NJ, et al. Association be-
tween in vitro platinum resistance in the EDR assay and
clinical outcomes for ovarian cancer patients. Gynecol Oncol
2002; 87 (1): 8-16

Sharma S, Neale MH, Di NF, et al. Outcome of ATP-based
tumor chemosensitivity assay directed chemotherapy in heavi-
ly pre-treated recurrent ovarian carcinoma. BMC Cancer 2003;
3:19-28

Khoo SK, Hurst T, Webb MJ, et al. Measurement of tumor cell
activity in short-term primary culture: clinical significance in
women with ovarian cancer. Cancer 1988; 61 (8): 1579-86

Gallion H, Christopherson WA, Coleman RL, et al. Progression-
free interval in ovarian cancer and predictive value of an ex
vivo chemoresponse assay. Int J Gynecol Cancer 2006; 16 (1):
194-201

Samson DJ, Seidenfeld J, Ziegler K, et al. Chemotherapy sensi-
tivity and resistance assays: a systematic review. J Clin Oncol
2004; 22 (17): 3618-30

Schrag D, Garewal HS, Burstein HJ, et al. American Society of
Clinical Oncology Technology Assessment: chemotherapy
sensitivity and resistance assays. J Clin Oncol 2004; 22 (17):
3631-8

Griffiths CT. Surgical resection of tumor bulk in the primary
treatment of ovarian carcinoma. Natl Cancer Inst Monogr
1975; 42: 101-4

Covens AL. A critique of surgical cytoreduction in advanced
ovarian cancer. Gynecol Oncol 2000; 78 (3 Pt 1): 269-74

Bristow RE, Tomacruz RS, Armstrong DK, et al. Survival effect
of maximal cytoreductive surgery for advanced ovarian carci-
noma during the platinum era: a meta-analysis. J Clin Oncol
2002; 20 (5): 1248-59

Hoskins WJ, Bundy BN, Thigpen JT, et al. The influence of
cytoreductive surgery on recurrence-free interval and survival
in small-volume stage III epithelial ovarian cancer: a Gyneco-

Drugs 2008; 68 (6)



Management of Ovarian Cancer

789

2009.

210.

211.

212.

213.

214.

215.

216.

217.

218.

logic Oncology Group study. Gynecol Oncol 1992; 47 (2):
159-66

Hoskins WJ, McGuire WP, Brady MF, et al. The effect of
diameter of largest residual disease on survival after primary
cytoreductive surgery in patients with suboptimal residual
epithelial ovarian carcinoma. Am J Obstet Gynecol 1994; 170
(4): 974-9

Surwit E, Childers J, Atlas I, et al. Neoadjuvant chemotherapy
for advanced ovarian cancer. Int J Gynecol Cancer 1996; 6:
356-61

Lu FK, Kose MF, Boran N, et al. Neoadjuvant chemotherapy or
primary surgery in advanced epithelial ovarian carcinoma. Int
J Gynecol Cancer 2001; 11: 466-70

Vergote I, DE WI, Tjalma W, et al. Neoadjuvant chemotherapy
or primary debulking surgery in advanced ovarian carcinoma:
a retrospective analysis of 285 patients. Gynecol Oncol 1998;
71 (3): 431-6

Schwartz PE, Rutherford TJ, Chambers JT, et al. Neoadjuvant
chemotherapy for advanced ovarian cancer: long-term survi-
val. Gynecol Oncol 1999; 72 (1): 93-9

Ansquer Y, Leblanc E, Clough K, et al. Neoadjuvant chemo-
therapy for unresectable ovarian carcinoma: a French multi-
center study. Cancer 2001; 91 (12): 2329-34

Kuhn W, Rutke S, Spathe K, et al. Neoadjuvant chemotherapy
followed by tumor debulking prolongs survival for patients
with poor prognosis in International Federation of Gynecology
and Obstetrics Stage IIIC ovarian carcinoma. Cancer 2001; 92
(10): 2585-91

Chan YM, Ng TY, Ngan HY, et al. Quality of life in women
treated with neoadjuvant chemotherapy for advanced ovarian
cancer: a prospective longitudinal study. Gynecol Oncol 2003;
88 (1): 9-16

Hou JY, Kelly MG, Yu H, et al. Neoadjuvant chemotherapy
lessens surgical morbidity in advanced ovarian cancer and
leads to improved survival in stage IV disease. Gynecol Oncol
2007; 105 (1): 211-7

Bristow RE, Chi DS. Platinum-based neoadjuvant chemother-
apy and interval surgical cytoreduction for advanced ovarian
cancer: a meta-analysis. Gynecol Oncol 2006; 103 (3): 1070-6

© 2008 Adis Data Information BV. All rights reserved.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Rustin GJ, Marples M, Nelstrop AE, et al. Use of CA-125 to
define progression of ovarian cancer in patients with persist-
ently elevated levels. J Clin Oncol 2001; 19 (20): 4054-7

Rustin GJ, Nelstrop AE, McClean P, et al. Defining response of
ovarian carcinoma to initial chemotherapy according to serum
CA 125.J Clin Oncol 1996; 14 (5): 1545-51

Rustin GJ, Nelstrop AE, Bentzen SM, et al. Selection of active
drugs for ovarian cancer based on CA-125 and standard res-
ponse rates in phase II trials. J Clin Oncol 2000; 18 (8): 1733-9

Bridgewater JA, Nelstrop AE, Rustin GJ, et al. Comparison of
standard and CA-125 response criteria in patients with epi-
thelial ovarian cancer treated with platinum or paclitaxel.
J Clin Oncol 1999; 17 (2): 501-8

Rustin GJ, Nelstrop AE, Tuxen MK, et al. Defining progression
of ovarian carcinoma during follow-up according to CA 125: a
North Thames Ovary Group Study. Ann Oncol 1996; 7 (4):
361-4

Gronlund B, Hogdall C, Hilden J, et al. Should CA-125 res-
ponse criteria be preferred to response evaluation criteria in
solid tumors (RECIST) for prognostication during second-line
chemotherapy of ovarian carcinoma? J Clin Oncol 2004; 22
(20): 4051-8

Vergote I, Rustin GJ, Eisenhauer EA, et al. Re: new guidelines
to evaluate the response to treatment in solid tumors (ovarian
cancer). Gynecologic Cancer Intergroup. J Natl Cancer Inst
2000; 92 (18): 1534-5

Markman M. The myth of measurable disease in ovarian cancer.
J Clin Oncol 2003; 21 (16): 3013-5

Markman M. Why overall survival should not be the sole valid
primary endpoint of phase 3 ovarian cancer chemotherapy
trials. Gynecol Oncol 2007; 106: 279-81

Correspondence: Dr Maurie Markman, Department of Gy-
necologic Medical Oncology, The University of Texas M.D.
Anderson Cancer Center, 1515 Holcombe Boulevard,
Houston, TX 77030, USA.

E-mail: mmarkman@mdanderson.org

Drugs 2008; 68 (6)



	Contents 771
	Abstract 771
	1. A Long History of the Administration of Antineoplastic Agents in the Management of Ovarian Cancer 772
	2. Primary Chemotherapy 772
	2.1 The Cisplatin Era 772
	2.2 Cisplatin-Based Combination Chemotherapy 773
	2.3 Carboplatin-Based Chemotherapy 773
	2.4 Platinum Plus Taxane-Based Primary Chemotherapy 773
	2.5 Additional Strategies Explored to Improve Primary Chemotherapy of Advanced Ovarian Cancer 774
	2.5.1 Unique Advanced Ovarian Cancer Populations 774
	2.5.2 Intraperitoneal Chemotherapy of Small-Volume Residual Advanced Ovarian Cancer 775
	2.5.3 Maintenance Chemotherapy of Advanced Ovarian Cancer 775
	2.5.4 Chemotherapy of High-Risk, Early Stage Ovarian Cancer 776


	3. Second-Line Therapy of Ovarian Cancer 777
	3.1 Platinum-Sensitive versus Platinum-Resistant Ovarian Cancer 777
	3.2 Combination versus Single-Agent Platinum Therapy in Recurrent Disease 778
	3.3 Chemotherapy Options in the Management of Platinum-Resistant Ovarian Cancer 779

	4. Targeted Therapies in the Management of Ovarian Cancer 780
	5. Hormonal Therapy of Ovarian Cancer 780
	6. Chemosensitivity and Chemoresistance Assays in Ovarian Cancer Management 781
	7. Neoadjuvant Chemotherapy 782
	8. Future Directions 782
	Acknowledgements 782
	References 782
	Correspondence 789
	Email 789

