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ABSTRACT

Background

Ovarian cancer is seventh most common cancer in women worldwide. Approximately 1.3% of women will be diagnosed with ovarian
cancer at some point during their life time. The majority of tumours arise from surface of the ovary (epithelial). Two thirds of these women
will present with advanced disease, requiring aggressive treatment, which includes debulking surgery (removal of as much disease as
possible) and chemotherapy. However, most women (75%) with advanced epithelial ovarian cancer (EOC) will relapse following surgery
and chemotherapy. Patients who relapse are treated with either platinum or non-platinum drugs and this is dependent on the platinum-
sensitivity and platinum-free interval. These drug regimens are generally well-tolerated although there are potential severe side effects.
New treatments that can be used to treat recurrence or prevent disease progression after first-line or subsequent chemotherapy are
important, especially those with a low toxicity profile. Hormones such as luteinising hormone releasing hormone (LHRH) agonists have
been used in the treatment of relapsed EOC. Some studies have shown objective remissions, while other studies have shown little or no
benefit. Most small studies report a better side-effect profile for LHRH agonists when compared to standard chemotherapeutic agents used
in EOC.

Objectives

To compare the effectiveness and safety of luteinising hormone releasing hormone (LHRH) agonists with chemotherapeutic agents or
placebo in relapsed epithelial ovarian cancer (EQC).

Search methods

We searched the Cochrane Gynaecological Cancer Group trials register, Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE
and Embase up to January 2016. We also searched registers of clinical trials and abstracts of scientific meetings.

Selection criteria
Randomised controlled trials (RCTs) that compared LHRH agonists with chemotherapeutic agents or placebo in relapsed EOC.

Data collection and analysis

Two review authors independently assessed whether relevant studies met the inclusion criteria, retrieved data and assessed risk of bias.

Luteinising hormone releasing hormone (LHRH) agonists for the treatment of relapsed epithelial ovarian cancer (Review) 1
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Main results

Two studies, including 97 women, met our inclusion criteria: one assessed LHRH agonist (leuprorelin) use in relapsed (platinum-resistant
and platinum-refractory) EOC in comparison with a chemotherapeutic agent (treosulfan) (Du Bois 2002); the other examined LHRH agonist
(decapeptyl) versus a placebo (Currie 1994). Since both studies had different control groups, a meta-analysis was not possible.

There may be little or no difference between treatment with leuprorelin or treosulfan in overall survival (OS) (hazard ratio (HR) 0.98, 95%
confidence interval (Cl) 0.58 to 1.67; very low-quality evidence) or progression-free survival (PFS) at six and 12 months (risk ratio (RR) 0.61,
95% Cl1 0.22 to 1.68, and RR 0.65, 95% CI 0.12 to 3.66; very low-quality evidence), respectively (Du Bois 2002). The duration of follow-up was
2.5 years and quality of life (QoL) was not reported in this study.

Alopecia and fatigue were probably more common with treosulfan than leuprorelin (alopecia RR 0.32,95% Cl 0.12 to 0.91 (very low-quality
evidence)). There may be little or no difference in other Grade 3/4 side effects: nausea and vomiting (RR 0.65, 95% CI 0.12 to 3.66 (very low-
quality evidence)); neurotoxicity (RR 0.32,95% CI 0.01 to 7.71 (very low-quality evidence)) and neutropenia (RR 0.97,95% 0.06 to 14.97 (very
low-quality evidence)),

The Currie 1994 study, which compared decapeptyl treatment with placebo, reported mean PFS of 16 weeks verus 11.2 weeks, respectively.
No relative effects measures or P value at a particular time point were reported. Overall survival (OS) and QoL outcomes were not reported.
In addition, adverse events were only mentioned for the decapeptyl group.

Adverse events were incompletely reported (no adverse events in decapeptyl group, but not reported for the placebo group).

Authors' conclusions

Based on this review of two small RCTs, there is not enough evidence to comment on the safety and effectiveness of LHRH agonists in the
treatment of platinum-refractory and platinum-resistant (relapsed) EOC. Overall, the quality of evidence for all outcomes (including OS,
PFS, QoL and adverse events) is very low.

PLAIN LANGUAGE SUMMARY

The use of hormonal treatment in relapsed epithelial ovarian cancer
Background

Epithelial ovarian cancer (EOC) arises from the cells covering the surface of the ovary. The majority of women with this type of cancer
present with advanced stage disease at diagnosis. The initial treatment involves surgery (removal of as much disease as possible) followed
by chemotherapy. In some cases chemotherapy is given to shrink the cancer before surgery is undertaken. Irrespective of the type of
treatment received, cancer will return at some point in some women. Treatment following relapse, usually involves chemotherapy. The
choice of chemotherapy depends on the cancer-free period from the initial chemotherapy (platinum drugs). If relapse occurs after six
months from finishing initial treatment with chemotherapy, women are treated with platinum drugs. However if the cancer recurs within
sixmonths, women are treated with non-platinum drugs, since platinum drugs would be unlikely to work again. Eventually, the majority of
women develop resistance to any chemotherapeutic drug. Some women also suffer from drug-related side effects and poor quality of life
(QoL) as aresult of treatment. Therefore, there is a need for newer drug treatments with fewer side effects. In this context, hormone therapy
have been tried. Luteinising hormone releasing hormone (LHRH) agonist are hormones that work by telling the pituitary gland located in
the brain to stop producing this hormone and as a result the tumour cells in the ovary, which may be dependent on this hormone, cannot
be stimulated. LHRH agonists have been used in relapsed EOC and some studies have shown low toxicity with these hormones.

Review question

We conducted this review to assess whether hormonal therapy (LHRH agonist) was effective and safe compared with chemotherapy or
placebo in women with relapsed EOC.

Main findings

We searched electronic databases and other resources for randomised controlled trials (RCTs) comparing LHRH agonists with
chemotherapy or placebo in women with relapsed EOC.Two RCTs were identified. Since the comparisons differed, they were reported
separately. Available evidence did not show improvement in overall survival and progression-free survival at six and12 months with
hormonal (LHRH) therapy. Also, major side effects (haematological and neurological) did not statistically differ between the two treatment
groups, but were incompletely reported. Quality of life data were not reported in either study.

Quality of evidence

Currently, the quality of evidence is very low regarding the effectiveness and safety of LHRH agonists in women who relapse within six
months of initial platinum chemotherapy treatment.

Luteinising hormone releasing hormone (LHRH) agonists for the treatment of relapsed epithelial ovarian cancer (Review) 2
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SUMMARY OF FINDINGS

Summary of findings 1. Leuprorelin compared with treosulfan for relapsed epithelial ovarian cancer

Leuprorelin compared with treosulfan for relapsed epithelial ovarian cancer

Patient or population: Platinum-resistant and refractory (relapsed) epithelial ovarian cancer

Setting: Hospital outpatients
Intervention: Leuprorelin
Comparison: Treosulfan

Outcomes Relative effect Anticipated absolute effects* (95% Cl) Quality of the evi-
(95% Cl) dence
Without Leuprore- With Leuprorelin Difference (GRADE)
lin

Progression-free survival at 6 months RR0.61 Study population ®OO6
Ne of participants: 73 (0.22 to 1.68) VERY LOW 1234
(1RCT) 22.2% 13.6% 8.7% fewer

(4.91t037.3) (17.3 fewer to 15.1 more)
Progression-free survival at 12 months RR 0.65 Study population BOOO
Ne of participants: 73 (0.12 to 3.66) VERY LOW 1234
(1RCT) 8.3% 5.4% 2.9% fewer

(1.0 to 30.5) (7.3 fewer to 22.2 more)
Overall survival HR 0.98 Study population GICIOlC)
follow-up: median 22 months (0.58t0 1.67) VERY LOW 145
Ne of participants: 73 19.4% 19.1% 0.3% fewer
(1RCT) (11.8 t0 30.3) (7.7 fewer to 10.9 more)
Skin toxicity (alopecia) RR 0.32 Study population DOOO
Ne of participants: 73 (0.12t0 0.91) VERY LOW 234
(1RCT) 33.3% 10.7% 22.7% fewer

(4.0t0 30.3) (29.3 fewer to 3.0 fewer)
Gastrointestinal toxicity (nausea and vomiting) ~ RR0.65 Study population ICIole]
Ne of participants: 73 (0.12 to 3.66) VERY LOW 1234
(1RCT) 8.3% 5.4% 2.9% fewer

(1.0t0 30.5) (7.3 fewer to 22.2 more)
Neurotoxicity RR0.32 Study population clcle]
Ne of participants: 73 (0.01to0 7.71) VERY LOW 124
(1RCT) 2.8% 0.9% 1.9% fewer
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(0.0t0 21.4) (2.7 fewer to 18.6 more)
Neutropenia grade 3/4 not estimable Study population Telelo)
Ne of participants: 73 VERY LOW 124
(1RCT) 2.8% 0.0% 2.8% fewer

(0.0t0 0.0) (2.8 fewer to 2.8 fewer)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% ClI).

Cl: Confidence interval; HR: Hazard ratio; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Imprecision

2 No confidence intervals or HR reported

3 Significant cross-over between the two treatment groups

4 Trial at overall high risk of bias

5 Treosulfan group had more refractory stage patients compared to the leuprorelin group.
Quality of life data were not reported in this study.
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BACKGROUND

Description of the condition

Ovarian cancer is the seventh most common cancer in women.
It is also the fourth most common cause of death due to cancer
in women (Denny 2013; Ledermann 2013). The majority of these
cancers occur in older and postmenopausal women. A woman's
risk of developing ovarian cancer by the age of 65 years ranges
from 0.4% in developing countries to 0.6% in developed countries
(GLOBOCAN 2012). Epithelial ovarian cancer (EOC) is a disease in
which malignant cells arise from the tissues covering the surface
of the ovary. The exact cause of EOC remains unknown, but has
been found to be associated with nulliparity (women who have
not delivered fetuses greater than 24 weeks pregnancy), delayed
childbearing, early menarche, late menopause, obesity, and BRCA1
and BRCA2 tumour suppressor gene mutations (inherited faulty
genes in the family which increase the risk of both ovarian and
breast cancer), and women of Ashkenazi Jewish descent who
have a far higher incidence of the BRCA1 and BRCA2 genes
(Denny 2013; Feig 2006; Ledermann 2013). Also, recent advances
in molecular pathogenesis (the study and diagnosis of disease
through examination of molecules within organs, tissues or body
fluids) reveals that high-grade serous ovarian cancer (the most
common histological subtype of EOC) appears to develop from
intra-epithelial carcinoma (precancerous cells) in the fallopian
tube. This precancerous condition is termed as 'serous tubal intra-
epithelial carcinoma' (STIC) and is often seen in women with BRCA1
and BRCA2 mutations. A bilateral salpingo-oophorectomy (removal
of tubes and ovaries) has shown to reduce the risk of developing
EOC (Kurman 2013; Polcher 2015).

In the USA, the five-year survival rate for ovarian cancer is 45%
(Siegel 2011). In the UK, the age-standardised relative survival
rates for ovarian cancer are 72% at one year, falling to 43%
at five years or more (Cancer Research UK 2012). Women with
advanced EOC may be relatively asymptomatic, or may have only
mild, vague symptoms when they present to the clinician. This
results in poor survival rates for this group of women, since
most women will relapse despite high initial response rates to
chemotherapy (Jemal 2008). Other causes of poor survival include
late presentation, tumour biology and suboptimal cytoreduction
either due to disease distribution or limited surgical ability.

The International Federation of Gynecology and Obstetrics (FIGO)
describes ovarian cancer staging as | to IV (see Appendix 1)
(Society of Gynaecologic Oncology). Epithelial ovarian cancer
spreads trans-coelomically (across the abdominal cavity) by the
spillage of tumour cells. It is also known to spread to pelvic
and para-aortic nodes (lymph nodes situated behind the womb
and the upper abdomen) via retroperitoneal lymphatic channels
(lymphatic channels situated behind the lining of the abdomen),
especially in advanced EOC. It can spread to the liver and outside
the peritoneal cavity to the chest and supraclavicular nodes (lymph
nodes felt above the collar bone) via lymphatic channels through
the diaphragm. Approximately two thirds of women with EOC
present with FIGO stage Il and IV (Makar 1995; Pettersson 1994;
Twombly 2007).

The FIGO surgical stage predicts the five-year survival rate for
women with ovarian cancer. The survival rates are shown in
Appendix 2 (Cancer Research UK 2011; Cancer Research UK
2012). Staging is carried out by midline laparotomy (opening

the abdomen via a midline vertical cut) and systematic
examination of all areas in the abdomen and pelvis. This normally
involves obtaining peritoneal washings or ascites for cytology,
total abdominal hysterectomy (removal of the womb), bilateral
salpingo-oophorectomy (removal of both ovaries and tubes),
omentectomy (removal of the fatty apron covering the bowel),
debulking of any visible disease (removal of any visible cancer),
random biopsies of the pelvic and abdominal peritoneum and
retroperitoneal lymph node assessment (removal of lymph nodes
situated within the pelvis and abdomen) (Cancer Research UK;
Denny 2013).

A key indicator for survival in women with advanced EOC is the
amount of residual disease remaining following primary debulking
surgery (Griffiths 1975; Hoskins 1992; Hoskins 1994). The aim of
primary debulking surgery is complete cytoreduction (removal
of all visible cancer) or residual disease < 1 cm if complete
cytoreduction not achievable. A meta-analysis has demonstrated
that patient survival is longer in the absence of residual disease in
comparison to the presence of residual disease (whether it is < 1
cm or>1cm) (Shih 2010). A systematic review on optimal primary
cytoreduction for advanced EOC showed that women with residual
disease < 1 cm still do better than women with residual disease
> 1 cm (Elattar 2011). To what extent this is due the direct effect
of surgical intervention or underlying tumour biology affecting
tumour resectability remains a matter of debate.

Women with early stage disease, FIGO stage IC (grade 3) and
above, are recommended to have platinum-based chemotherapy,
either after surgery (adjuvant) or increasingly before surgery if
disease is widespread (neoadjuvant chemotherapy) (Du Bois 2009;
Feig 2006; Vergote 2010). A recent Cochrane review concluded
that neoadjuvant chemotherapy (chemotherapy given prior to
surgery in order to reduce the bulk of the disease) is a
reasonable alternative to primary debulking surgery in patients
with bulky advanced EOC that cannot be optimally reduced
(Morrison 2012). However, most women (75%) with advanced
EOC will relapse following surgery and chemotherapy, despite
initial chemosensitivity with platinum-based regimens. Eventually,
sometime after several cycles of chemotherapy, most women who
relapse will develop resistance to conventional chemotherapy
drugs (Gonzalez-Martin 2013).

Description of the intervention

Although women with advanced EOC initially respond well to
cytoreductive surgery and platinum-based, first-line chemotherapy
(initial response rate following platinum-based chemotherapy is
around 70%), the majority of women (70% to 80%) will relapse
or progress within 12 to 24 months (Colombo 2014; Ledermann
2013; Sourbier 2012). In general, women with relapsed EOC are
treated with chemotherapy. However, if complete cytoreduction
can be achieved in these women (recurrent disease in single site or
few sites with resectable disease), chemotherapy could be held in
reserve for when surgery is no longer an option.

The response to chemotherapy and type of chemotherapeutic
regimen used for women with relapse depends on the time interval
between the initial platinum-based chemotherapy and recurrence
of disease (relapse-free interval). If relapse occurs after 12 months
of completion of initial platinum chemotherapy, the tumour is
considered to be platinum-sensitive, and if relapse occurs within
six months after completion of initial chemotherapy, the tumour

Luteinising hormone releasing hormone (LHRH) agonists for the treatment of relapsed epithelial ovarian cancer (Review) 5
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is considered to be platinum-resistant. Patients presenting with
disease between six to 12 months post completion of initial
platinum combination are considered to be partially platinum-
sensitive (Banerjee 2011; Colombo 2014; Friedlander 2011; Pfisterer
2006).

Women with platinum-sensitive or partially platinum-sensitive
disease are generally treated with carboplatin, alone or in
combination with paclitaxel, liposomal doxorubicin or gemcitabine
(Ledermann 2013). The Ovarian Cancer Study (OCEANS) assessed
the role of bevacizumab (anti-angiogenic drug) in the treatment
of platinum-sensitive recurrences. In this phase Il double-
blind placebo-controlled trial, chemotherapy (gemcitabine +
carboplatin), with or without bevacizumab was used for recurrent
epithelial ovarian, primary peritoneal or fallopian tube cancer.
The results demonstrated an improved median progression-free
survival (PFS) for patients receiving bevacizumab when compared
to those receiving a placebo (Aghajanian 2012).

Women resistant to platinum chemotherapy are treated with non-
platinum drugs; the most commonly-used drugs are liposomal
doxorubicin, gemcitabine, taxanes and topotecan. These patients
have low response rates and experience severe side effects. This
can negatively influence quality of life (QoL). Eventually women
develop resistance to any chemotherapeutic regimen (Ledermann
2013). Itis thereforeimportant to balance the benefits and toxicities
of prolonged chemotherapy treatment in women with recurrent
disease. New treatments that can be used to treat recurrence
or prevent disease progression after first-line chemotherapy or
subsequent chemotherapy are important, especially those with a
low toxicity profile (few side effects).

Luteinisinghormone releasing hormone (LHRH) agonists have been
used in both the treatment of advanced EOC (in addition to first-
line, platinum-based chemotherapy) and also in relapsed disease.
Some studies have shown objective remissions, whilst other
studies (including phase Il studies) have shown little or no benefit
(Adelson 1993; Levine 2007; Lind 1992; Medl 1993; Miller 1992;
Ron 1995). Most studies have shown a better side-effect profile
for LHRH agonists when compared to standard chemotherapeutic
agents used in EOC (relapsed or progressive disease) (Emons 1990;
Emons 1994). In addition, LHRH agonists have shown disease
stabilisation and improved PFS when used in patients with relapsed
EOC, without any major side effects (Lind 1992). Anecdotal reports
on LHRH agonists use as consolidation therapy in advanced EOC
and recurrent ovarian cancer showed long-term complete clinical
remission and longer (seven to 14 years) overall survival (OS)
(Chudecka-Glaz 2009). Despite several studies showing benefit,
to date there has been no systematic review addressing the role
of LHRH agonists versus other chemotherapeutic interventions in
relapsed EOC.

How the intervention might work

Cramer 1983 hypothesised that elevated gonadotrophin hormonal
levels (hormones produced by the pituitary gland) found in
postmenopausal women can be a causative factor for developing
ovarian cancer. Emons 1990 postulated that EOC can be
gonadotrophin-dependent. Adelson 1993 reported the presence of
luteinising hormone (LH), follicle-stimulating hormone (FSH) and
gonadotrophin releasing hormone (GnRH) receptors on ovarian
tumours, and manipulation of these hormones resulted in tumour
response both in vivo and in vitro. Other studies found that human

EOC cell lines express LHRH receptors and proliferation of these
cellswas decreased by treatment with both agonists and antagonist
analogues of LHRH in vitro (Emons 1994; Emons 1996; Emons 2000).
It is reported that specific LHRH binding sites can be found in at
least 80% of EOC (Emons 1990; Emons 1994; Emons 1996; Emons
2000; Lind 1992), and this could be a target for hormonal therapy
with LHRH agonists. In vivo, LHRH agonists cause suppression
of LH and FSH levels, which in turn inhibit the growth of EOC
(Dowsett 1988; Emons 2000). Hence LHRH analogues could be used
in EOC treatment due to their anti-proliferative effect. A number of
phase | and phase Il clinical trials have reported that suppression
of endogenous LH and FSH secretion by administration of LHRH
analogues induces objective remissions of 9% to 12% and disease
stabilisation in 15% to 26% of patients with advanced resistant
EOC, and with less side effects than chemotherapy (Emons 2000;
Paskeviciute 2002).

Why it is important to do this review

In women with stage | or Il EOC, around 20% to 25% will have
relapse of disease following treatment, while most women (75%)
with advanced EOC will relapse (Ushijima 2010). Treatment after
relapse is usually palliative and there is a need to find treatments
with low toxicity to improve QoL outcomes. There have been
observational studies in the literature evaluating the role of LHRH
agonists in patients with advanced EOC and some studies report a
beneficial effect (Lind 1992; Rzepka-Gorska 2003) in terms of overall
and PFS. Hassan 2005 reported that a combination of goserelin
and tamoxifen prolonged survival in women with relapsed and
platinum-resistant disease similar to that seen for single-agent
chemotherapy regimens. Hormonal therapy might be better than
conventional chemotherapy due to its relative lack of toxicity, ease
of administration and tolerability in the context of compromised
bone marrow function, and suitable for women heavily pre-treated
with other chemotherapeutic agents and with platinum-resistant
disease. There have been a few randomised controlled trials (RCTs)
addressing this important clinical question (Du Bois 2002; Emons
1996; Jager 1995).

As far as we are aware, there has been no systematic review and
meta-analysis published addressing this clinical question. Due to
the lack of consensus in the literature, there was a need to conduct
a comprehensive systematic review on this subject.

OBJECTIVES

To compare the effectiveness and safety of luteinising hormone
releasing hormone (LHRH) agonists with chemotherapeutic agents
or placebo in relapsed epithelial ovarian cancer (EOC).

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs).

Types of participants

Adult women (aged 18 years or older) diagnosed with relapsed
(platinum-resistant and platinum-refractory) epithelial ovarian
cancer (EOC).
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Types of interventions

Intervention: Any luteinising hormone releasing hormone (LHRH)
agonists (e.g. zoladex or goserelin or triptorelin or leuprorelin or
decapeptyl or D-Trp-6-LH-RH).

Comparison: Chemotherapeutic agents or placebo.

Types of outcome measures

RCTs that reported any one of the following clinical outcomes.

Primary outcomes

Overall survival (OS): survival until death from all causes. Survival
was assessed from the time when women were enrolled in the
study.

Secondary outcomes

« Progression-free survival (PFS): the length of time during and
after the treatment during which the cancer does not get worse.

« Adverse events, classified according to CTCAE 2006, for example:
o chemotherapy toxicity;

o other side effects not categorised above (e.g. of hormonal
treatment).

« Categories of toxicity, grouped as:
o haematological (leucopenia, anaemia, thrombocytopenia,
neutropenia, infection, haemorrhage);
o gastrointestinal (nausea, vomiting, anorexia, constipation,
diarrhoea, liver);

o genitourinary;

o skin (stomatitis, mucositis, alopecia, hand foot syndrome,
allergy);

o neurological (peripheral and central) e.g. neuropathy;

o pulmonary.

« Quality of life (QoL) measured using a scale that has been
validated through reporting of norms in a peer-reviewed
publication by a validated scale.

Grade assessment

We performed Grade assessment using GRADEpro (GRADEproGDT)
software to create a 'Summary of findings' table in this review.
We downgraded the quality of the evidence for numerous reasons,
but the main ones included the small size of the trials (especially
Currie 1994 (n = 24), overall high risk of bias, incomplete reporting
and potentially selective reporting of outcomes. Each outcome in
both trials was downgraded for at least three different reasons
so applying the GRADE approach and starting with high-quality
evidence, we justified downgrading a level for each reason and this
ultimately reduced the quality of the evidence to very low (See
Quality of the evidence and Summary of findings 1).

Search methods for identification of studies

We searched for papers in all languages and translations were
carried out if necessary.

Electronic searches

The following electronic databases were searched.

« The Cochrane Gynaecological Cancer Review Group's Trial
Register

« Cochrane Central Register of Controlled Trials (CENTRAL), (the
Cochrane Library 2016, Issue 1)

o MEDLINE (1946 to January 2016)
« Embase (1980 to January 2016)

The MEDLINE, Embase and CENTRAL search strategies based on
terms related to the review topic are presented in Appendix 3,
Appendix 4 and Appendix 5.

All relevant articles found were identified on PubMed using the
'related articles' feature, a further search was carried out for newly-
published articles.

Searching other resources
Unpublished and grey literature

We searched the following sources to check for ongoing trials.

Metaregister (www.controlled-trials.com/rct), Physicians Data
Query (  www.nci.nih.gov),  www.clinicaltrials.gov;  and
www.cancer.gov/clinicaltrials.

We did not find any ongoing trials with regards to this topic.

We searched conference proceedings and abstracts through ZETOC
(http://zetoc.jisc.ac.uk/) and WorldCat Dissertations.

We conducted a Google search for internet-based resources and
open-access publications.

Handsearching.
We handsearched the following sources for reports of conferences.

« International Gynecological Cancer Society (IGCS)

« European Society of Gynaecological Oncology (ESGO)
« Society of Gynecologic Oncologists (SGO)

« British Gynaecological Cancer Society (BGCS)

« Australian Society of Gynaecologic Oncologists (ASGO)
« American Society of Clinical Oncology (ASCO)

« European Society of Medical Oncology (ESMO)

« Clinical Oncological Society of Australia (COSA)

Data collection and analysis
Selection of studies

All titles and abstracts retrieved by electronic searching were
downloaded to the reference management database (Endnote)
and duplicates were removed. Two review authors (RW, SS)
independently examined the titles and abstracts of the remaining
references to assess the eligibility. Those references that clearly
did not meet the inclusion criteria were excluded and copies
of the full text of potentially relevant references were obtained.
The eligibility of retrieved papers was assessed independently by
two review authors (RW, SS). Disagreements were resolved by
discussion between the two authors and if necessary by a third
review author (AM). Reasons for exclusion were documented

Data extraction and management

Two authors (RW, SS) independently extracted the data onto a data
extraction form specifically designed for the review. Differences
between review authors were resolved by discussion.
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For included studies, data were abstracted as specified in Chapter
7 of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We extracted the following data.

« Author, year of publication and journal citation (including
language).

« Country.

o Setting.

« Study design, methodology.

« Study population:

« total number enrolled;

« patient characteristics;

« age (aged 18 years or older);
« co-morbidities;

« performance status;

« typeoftreatmentreceived forrelapsed EOC, including details
of dose, duration and combination.

« EOC details:

« FIGO stage, grade and histology;
« recurrent disease;
« progressive disease.

« Total number in the intervention groups.
« Intervention details:

« luteinising hormone releasing hormone (LHRH) agonists
(any), including details of dosing schedule, route, frequency
and duration.

« Comparison details:

« chemotherapeutic agents, including details of dosing
schedule, route, frequency and duration

« placebo.

« Risk of bias in each study (see Assessment of risk of bias in
included studies).

« Duration of follow-up.
« OQutcomes: OS, PFS, response to treatment and adverse events:

« for each outcome: outcome definition and unit of
measurement (if relevant);

« for scales: upper and lower limits, and whether high or low
score is good;

« results: number of participants allocated to each group;

Data on outcomes were extracted as follows.

For dichotomous outcomes (e.g. adverse events or deaths, if it was
not possible to use a hazard ratio), we therefore, extracted the
number of patients in each group who experienced the outcome of
interest and the number of patients assessed at endpoint, in order
to estimate a risk ratio (RR).

The HR for overall survival was reported in the Du Bois 2002 trial so
this was also included as an outcome and we inputted the log HR
and SE of the log HR into RevMan 5 and reported the HR with 95%
confidence interval.

Where possible, all data extracted were those relevant to an
intention-to treat analysis, in which participants were analysed in
groups to which they were assigned to reduce the bias.

Assessment of risk of bias in included studies

We assessed the risk of bias in included RCTs in accordance
with guidelines in the Cochrane Handbook using the Cochrane
Collaboration's tool and the criteria specified in Chapter 8 (Higgins
2011). This included assessment of the following.

« Selection bias: random sequence generation and allocation
concealment.

« Performance bias: restricted to blinding of outcome assessors as
itis not possible to blind participants and healthcare providers.

 Detection bias: blinding of outcome assessment.

« Attrition bias: incomplete outcome data.

The proportion of participants whose outcomes are not reported
at the end of the trial were recorded; we noted if loss to follow-up
was not reported. For each outcome, the satisfactory level of loss
to follow-up was coded as:

+ low risk of bias, if fewer than 20% of patients were lost to
follow-up and reasons for loss to follow-up were similar in
both treatment groups;

« high risk of bias, if more than 20% of patients were lost
to follow-up or reasons for loss to follow-up were different
between treatment groups;

« unclear, if loss to follow-up was not reported.

« Reporting bias: selective reporting of outcomes.
+ Other possible sources of bias.

The 'Risk of bias' tool was applied independently by two review
authors (RW, SS) and differences were resolved by discussion or by
appeal to a third review author (AM). Results are presented in 'Risk
of bias' tables and also as a 'Risk of bias' summary (Figure 1).

o for each outcome of interest: sample size; missing
participants.
Luteinising hormone releasing hormone (LHRH) agonists for the treatment of relapsed epithelial ovarian cancer (Review) 8
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Figure 1. 'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.
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Assessment of heterogeneity

This was not relevant as meta-analyses were not judged to be
appropriate due to clinical heterogeneity of the studies.

Assessment of reporting biases

It was not possible to assess small-study biases such as publication
bias due to the inclusion of only two single study analyses in the
review.

Data synthesis

The comparisons were different in the two included trials (Du Bois
2002 and Currie 1994) and therefore it was not possible to perform
meta-analysis. It was therefore not relevant to assess heterogeneity
between results of trials or conduct any subgroup or sensitivity
analysis.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies

Results of the search

The search strategy identified 577 unique references after removal
of duplicates. The abstracts of these were read independently by
two review authors. The articles that did not meet the inclusion
criteria at this stage were excluded. Five references (two meeting
abstracts and three journal articles) were retrieved in full (Figure
2). The full-text screening excluded two studies for the reasons
described in the table of Characteristics of excluded studies; Jager
1993 and Jager 1995 described the results of the same study and
were excluded.
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Figure 2. Study flow diagram.
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Two randomised controlled trials (RCTs) were identified that
met our inclusion criteria; these are described in the table
Characteristics of included studies.

Included studies

The two included studies (Du Bois 2002; Currie 1994) included 97
eligible women (73 from Du Bois 2002 and a further 24 from Currie
1994).

Design of studies

Du Bois 2002 examined the effect of luteinising hormone releasing
hormone (LHRH) agonist (leuprorelin) versus chemotherapy
(treosulfan) in platinum-refractory or relapsed epithelial ovarian
cancer (EOC) within six months of first-line chemotherapy whereas
Currie 1994 assessed the effect of LHRH agonist (decapeptyl)
versus placebo in platinum-resistant EOC. The two studies, Du
Bois 2002 and Currie 1994 were conducted in Germany and
USA, respectively. Du Bois 2002 was a multi-centred, prospective
and randomised, but unblinded trial, whilst Currie 1994 was a
prospective, randomised and placebo-controlled (type of blinding
was unclear) trial. However, the blinding was broken when women
progressed, in order to consider cross-over and treat with LHRH
agonists, if on placebo.

Currie 1994 was published as an abstract. We were unable to
obtain additional information. This study was included, as it met
the inclusion criteria. However, minimal information regarding
outcomes was reported without any statistical values (hazard
ratios, P values or confidence intervals were not reported).

Patient characteristics

Du Bois 2002 included 73 women. Thirty-seven women were
included in the intervention group (LHRH agonist: leuprorelin)
and 36 in the control group (chemotherapy: treosulfan). Both
groups were comparable with respect to age, initial FIGO stage
and performance status. All relapses occurred within six months.
However, the treosulfan group had more refractory stage patients
compared to the leuprorelin group.The mean age in the leuprorelin
group was 58.8 years (range: 27 to 75) and the mean age in the
treosulfan group was 58 years (range: 36 to 75). The initial FIGO
stage at diagnosis of most women (94.5%) was stage Il and IV, with
only few women with stage II. All women had received prior first-
line, platinum-based chemotherapy.

Currie 1994 included 24 women. Twelve women were included
in the intervention arm (D-TRP-6-LHRH: Decapeptyl) and 12 in
the comparison arm (placebo). The mean age of participants was
58.4 years. Women had advanced EOC and all had previously
received multiple first-line chemotherapy. However, there was no
information regarding the type of prior chemotherapy received.
The performance status of women was not reported. Therefore, Itis
not possible to comment on the comparability of women between
the two groups.

Interventions

In the Du Bois 2002 study, 37 women received leuprorelin (LHRH
agonist) 3.75 mg injected subcutaneously (SC) or intramuscularly
(IM) in the intervention group and 36 women received treosulfan
7 gm/m2 infusion (chemotherapy) in the comparison group. The
dose of treosulfan was reduced depending on the toxicity. Both
treatments were repeated every four weeks. The mean duration

of treatment in the leuprorelin group was 13 weeks and in the
treosulfan group 18 weeks. A total of 122 courses in the leuprorelin
group and 150 courses in the treosulfan group were evaluated.

In the Currie 1994 study, 12 women received LHRH agonist
(D-TRP-6-LHRH: Decapeptyl) in the intervention group and 12
women in the comparison group received placebo. Both treatments
were repeated every four weeks. Neither the dose nor route
of administration of either of the treatments were reported in
this study. Also, the type of follow-up (clinical or radiological),
frequency, and duration of follow-up were not reported.

Outcomes

In the Du Bois 2002 study, both treatment groups were comparable.
Overall survival (OS) and progression-free survival (PFS) at six and
12 months were reported. Hazard ratio was reported only for OS,
but not for PFS. The median OS time was 36 and 30 weeks in
the treosulfan and leuprorelin groups, respectively. Adverse events
were reported in Du Bois 2002 study. Quality of life (QoL) data were
not reported in this study.The duration of follow-up in this study
was 2.5 years. Objective response to treatment was also reported
but was not observed in either group.

Currie 1994 was published as a meeting abstract only. The PFS
was reported, but there were no statistical comparisons between
the two treatment groups. Adverse events were incompletely and
selectively reported (no adverse events in decapeptyl group, but
not reported for placebo group). Overall survival and QoL data were
not reported for either treatment group.We were unable to obtain
more detailed information on the two RCTs.

Excluded studies

Three references were excluded after obtaining the full text (see
Characteristics of excluded studies).

Jager 1993 (published as abstract) and Jager 1995 (published in
peer review journal) reported results of the same study. This was
a randomised comparison of triptorelin versus tamoxifen in the
treatment of women with progressive ovarian cancer. In this study,
hormonaltherapy was used in both the intervention (LHRH agonist)
and comparison (tamoxifen) groups, hence it did not meet our
inclusion criteria.

Emons 1996 was a prospective, randomised, double-blind trial in
which LHRH agonist (triptorelin) was used in combination with
first-line chemotherapy for treatment of advanced EOC following
cytoreductive surgery and not in relapsed EOC. Our study criterion
was LHRH agonist use in relapsed EOC. Therefore this study was
excluded.

Risk of bias in included studies

Both studies were at a high risk of bias, but the Du Bois 2002 trial
met three of the six core 'Risk of bias' criteria, compared to Currie
1994, which did not address any (see Figure 1)

Allocation

It was unclear whether an adequate sequence had been generated
to assign women to treatment groups and whether the allocation
was adequately concealed in the Currie 1994 study. Random
assignment of the women to the two treatment groups was
performed in the Du Bois 2002 study. Patient groups (leuprorelin
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and treosulfan) were comparable in the Du Bois 2002 study, but not
reported in Currie 1994, making it impossible to tell whether there
was an element of allocation bias.

Blinding

Blinding of outcome assessor was not reported in either study
(Currie 1994; Du Bois 2002). In the Currie 1994 study, it was
unclear whether the blinding was used as it was reported that
the blinding was broken in the placebo arm when the disease
progressed in these patients and they were subsequently treated
with LHRH agonist (decapeptyl). It is unclear whether assessors
were unblinded also. While blinding of the outcome assessor is not
important for outcomes such as 0S, it is vital for PFS and both trials
reported this outcome. Therefore the unclear risk of bias in these
trials for this item can be deemed as being potentially prone to
performance and detection biases.

Incomplete outcome data

All eligible women were assessed at the endpoint for outcomes in
the Du Bois 2002 study (low risk of bias), while this unclear in the
Currie 1994 abstract (unclear risk of bias).

Selective reporting

Only PFS and incomplete adverse event data were reported in
the Currie 1994 study. There was emphasis on one woman with
stable disease for 80 weeks in the decapeptyl group (high risk of
bias). All outcomes were reported in the Du Bois 2002 study but
statistical comparisons were incompletely reported (hazard ratios
and confidence intervals were not reported for all outcomes - high
risk of bias). QoL data were not reported in either study.

Other potential sources of bias

There was insufficient information to make a judgement on
whether any additional risk factor for bias existed (unclear risk of
bias).

Effects of interventions

See: Summary of findings 1 Leuprorelin compared with treosulfan
for relapsed epithelial ovarian cancer

Summary of outcomes for comparisons of interventions in the
included studies are shown in Summary of findings 1.

In the case of dichotomous outcomes, we were unable to estimate
a risk ratio (RR) for comparisons of treatment, if the data
were incompletely reported or if one or both treatment groups
experienced no events.

Leuprorelin versus treosulfan

Du Bois 2002 (73 participants) included this comparison and all
outcomes below are based on results from this single trial.

Overall survival (0S)

Women received treatment until disease progression or death. The
duration of follow-up was 2.5 years. There may be little or no
difference in overall survival (OS) between the two groups (hazard
ratio (HR) 0.98, 95% confidence interval (Cl) 0.58 to 1.67, P value =
0.95) (Analysis 1.1). In this study, there was significant cross-over
between the two treatment groups.

Progression-free survival (PFS)

There may be little or no difference in PFS at six (risk ratio (RR) =
0.61,95%Cl0.22t0 1.68, P value =0.34) (Analysis 1.2) and 12 months
(RR0.65,95% Cl 0.12 to 3.66, P value = 0.62) (Analysis 1.3) between
the two treatment groups.

Adverse events (Minor)

Overall, both treatments (leuprorelin versus treosulfan) were well-
tolerated with only one woman stopping treatment due to toxicity.

Skin toxicity

The study reported that 33% (n = 12) of women had alopecia in
the treosulfan group compared with 11% (n = 4) in the leuprorelin
group. The women who received leuprorelin probably had a lower
risk of alopecia than those who received treosulfan (RR 0.32, 95%
C10.12t0 0.91, P value = 0.03). (Analysis 1.4)

Fatigue

Fatigue was reported in 22% (n = 8) of women in the treosulfan
group and 2.7% (n =1) in the leuprorelin group (RR 0.12,95% CI 0.02
t0 0.92, P value =0.04). (Analysis 1.5).

Hot Flushes

Hot flushes were similar in both treatment groups (RR 0.97, 95% ClI
0.06 to 14.97, P value = 0.98). (Analysis 1.6)

Gastrointestinal toxicity

There may be little or no difference in the risk of nausea and
vomiting between women who received leuprorelin and those who
received treosulfan (RR 0.65, 95% Cl 0.12 to 3.66, P value = 0.62).
(Analysis 1.7)

Neurotoxicity (Grade 3)

There may be little or no difference in the risk of neurotoxicity
between women who received leuprorelin and those who received
treosulfan (RR0.32,95% C10.01to 7.71, P value=0.49). (Analysis 1.8)

Pain (Grade 3)

There may be little or no difference in the risk of grade 3 pain
between women who received leuprorelin and those who received
treosulfan (RR0.19,95% C10.01t0 3.92, P value=0.29). (Analysis 1.9)

Haematological toxicity (Grade 3/4)

The incidence of neutropenia grade 3/4 was similar in both
treatment groups (RR 0.97, 95% Cl 0.06 to 14.97, P value = 0.98)
(Analysis 1.10). There may be little or difference in grade 3/4
thrombocytopenia and anaemia (RR 0.24, 95% CI 0.03 to 2.07,
and RR.28, 95% CI 0.06 to 1.25) between women who received
leuprorelin and those who received treosulfan (Analysis 1.11 and
Analysis 1.12).

Quality of life
Quality of life data were not reported in the Du Bois 2002 study.

Objective response

Objective response to treatment did not differ between the two
groups with only few having stable disease in either groups.
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LHRH agonist (D-TRP-6-LHRH: Decapeptyl) versus placebo

Only the Currie 1994 trial (24 participants) included this comparison
and all outcomes below are based on results from this single trial.

Overall survival (0S)

0S and QoL were not reported in the Currie 1994 trial and PFS was
not adequately reported. Twenty-four patients were enrolled in the
study (published as an abstract only). The information regarding
blinding was unclear as there was significant cross-over in the
placebo group. All women in the placebo group were treated with
LHRH agonist (decapeptyl) when the disease progressed. Mean PFS
was 16 weeks and 11.2 weeks in the decapeptyl and the placebo
group, respectively.

No adverse events were seen in the decapeptyl group, but were not
reported in the placebo group.

We did not apply GRADE assessment (GRADEproGDT) to this trial
because the evidence was clearly of very low quality, namely
because it is so very small (n = 24), poorly reported and reported in
abstract form.

DISCUSSION

Summary of main results

We found two randomised controlled trials (RCTs) that met
the inclusion criteria (73 women from Du Bois 2002 and a
further 24 from Currie 1994).The data were too sparse and prone
to bias to adequately assess the safety and effectiveness of
luteinising hormone releasing hormone (LHRH) agonists in the
treatment of (platinum-refractory and platinum-resistant) relapsed
epithelial ovarian cancer (EOC). The comparisons were restricted to
individual study data only. In the Du Bois 2002 study, progression-
free survival (PFS) at six and 12 months did not statistically differ
between the two treatment groups. Overall survival (OS) was not
different between the two treatment groups in the Du Bois 2002
study and it was not reported in the Currie 1994 study.The duration
of follow-up was 2.5 years in the Du Bois 2002 study. Given the poor
prognosis of this condition (relapsed EOC), this was considered
adequate. The follow-up period in the Currie 1994 study was not
reported. Quality of life (QoL) was not reported in either study
and adverse events were incompletely reported in the Currie 1994
study. In the study by Du Bois 2002, minor side effects such as
alopecia and fatigue were higher in the treosulfan group than
those in the leuprorelin group. However, major side effects of
neutropenia, neurotoxicity and grade 3 pain did not statistically
differ between the two treatment groups.

Overall completeness and applicability of evidence

Grade assessment of quality of evidence was performed using
GRADEproGDT software to create a 'Summary of findings' (SoF)
table for this review of two small RCTs. Overall, the quality of
evidence for all outcomes was very low in both trials (Currie 1994;
Du Bois 2002). The reasons are outlined below and explained in
Summary of findings 1 and in Effects of interventions.

This review was based on a small number of women (97) in
platinum-refractory and platinum-resistant (relapsed) EOC. Meta-
analysis was not possible as the study comparisons were different
in the two included RCTs. Based on this review, there is not enough
evidence from the included studies to support the use of LHRH

agonists (leuprorelin) in the treatment of platinum-refractory or
platinum-resistant EOC.

The current practice in the treatment of women with relapsed
EOC depends on platinum sensitivity which in turn is based on
a platinum-free interval from initial chemotherapy. Women with
platinum-sensitive disease are generally treated with carboplatin
alone or in combination with paclitaxel, liposomal doxorubicin
or gemcitabine. Recently, bevacizumab (anti-angiogenic drug)
has demonstrated an improved median PFS in the treatment of
platinum-sensitive recurrences when compared to those receiving
a placebo. Women resistant to platinum chemotherapy are treated
with non-platinum drugs; the most commonly-used drugs are
liposomal doxorubicin, gemcitabine, taxanes and topotecan. It is
unlikely that the current practice will change in these patients
based on the above findings.

Quality of the evidence

We performed a Grade assessment of quality of evidence as
outlined above (see; Summary of findings 1 and in Effects of
interventions).

Two RCTs were included in this review which assessed 97 women
(73 from Du Bois 2002 and a further 24 from Currie 1994). Both
studies had different comparisons groups and therefore the data
were presented individually and meta-analysis was not possible.
The quality of evidence for OS, PFS and adverse events was very
low in both included trials (Currie 1994; Du Bois 2002) (Summary of
findings 1 and in Effects of interventions).

Inthe Du Bois 2002 study, LHRH agonist (leuprorelin) was compared
with chemotherapeutic agent (treosulfan) whilst in the Currie 1994
study, LHRH agonist (decapeptyl) was compared with placebo.
The Currie 1994 study was underpowered and it was also difficult
to interpret the data as there was significant cross-over (all
women in the placebo arm received decapeptyl when the disease
progressed). Overall survival was not reported and adverse events
were reported only for decapeptyl group in the Currie 1994
study. In the Du Bois 2002 study, the power was reported to be
adequate. However, there was significant cross-over between the
two treatment groups and there were more patients with refractory
stage in the treosulfan group compared to leuprorelin group. This
may have had an impact on survival analysis (OS). Major adverse
events such as neutropenia, neurotoxicity and grade 3 pain did not
statistically differ between the two treatment groups. The PFS at six
and 12 months did not differ between treosulfan and leuprorelin
group. Quality of life was not reported in either study.

Both studies were at high risk of bias. Currie 1994 did not fulfil any
of the core individual 'Risk of bias' items while the study of Du
Bois 2002 fulfilled only a few of the core individual 'Risk of bias'
items. The follow-up for all patients was reported in the Du Bois
2002 study and was considered adequate (2.5 years), while in the
Currie 1994 study, the type or the duration of follow-up was not
reported. All outcomes were reported in the Du Bois 2002 study,
but not in the Currie 1994 study. Hazard ratio, which is the best
estimate of statistical analysis to summarise the differences in the
two treatment groups, was not reported in the Currie 1994 study
and was only reported for OS in the Du Bois 2002 study.

From these data, it is not possible to draw meaningful conclusions
about whether LHRH agonists are safe and effective in the
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treatment of platinum-refractory and platinum-resistant (relapsed)
EOC. Overall, the quality of the evidence was very low in both
included trials (Currie 1994; Du Bois 2002). The quality of the
evidence was downgraded for numerous reasons, but the main
ones included the small size of the trials (especially Currie 1994 (n=
24)), overall high risk of bias, incomplete reporting and potentially
selective reporting of outcomes. There are lots of gaps in the
evidence in this area and the evidence base is very limited.

Potential biases in the review process

A comprehensive search was performed, including a thorough
search of the grey literature and all studies were independently
assessed and the data retrieved by two review authors. We
restricted theincluded studies to RCTs as they provide the strongest
level of evidence available. Hence we have attempted to reduce the
bias in the review process.

The greatest threat to the validity of the review is likely to be
the possibility of publication bias (studies that did not find the
treatments to have been effective may not have been published).
We were unable to assess this possibility as we did not find an
adequate number of studies that met our inclusion criteria and all
the treatment comparisons were restricted to single-trial analysis.

Agreements and disagreements with other studies or
reviews

The comparison between LHRH agonists with chemotherapeutic
agent or placebo is difficult, as there are no published systematic
reviews in the literature with similar eligibility criteria to this review.
Currently there is no convincing evidence to support LHRH agonist
use in platinum-refractory and platinum-resistant (relapsed) EOC.

AUTHORS' CONCLUSIONS

Implications for practice

Based on this review, there are insufficient data to make a
thorough assessment of the effectiveness and safety of luteinising
hormone releasing hormone (LHRH) agonists in the treatment of
platinum-refractory and platinum-resistant (relapsed) epithelial
ovarian cancer (EOC). This review is based on two trials, which were
incompletely or poorly reported and the conduct and methodology
of these trials is also questionable. Overall survival (0S) and

progression-free survival (PFS) did not differ between leuprorelin
(LHRH agonist) and treosulfan (chemotherapeutic drug) group.
Also, there was no difference in adverse events between the two
treatment groups. The data were insufficient and of too low quality
to draw any meaningful conclusions regarding comparison of LHRH
agonist (decapeptyl) versus placebo in resistant (relapsed) EOC.
Quiality of life data were not reported in either study.

Currently, the patients who relapse (EOC) are treated with either
platinum or non-platinum drugs and this is dependent on the
platinum-sensitivity and platinum-free interval. It is unlikely that
the current practice will change in these patients based on the
above findings.

Implications for research

Our review indicates that there is a need for well-conducted
randomised controlled trials (RCTs) with adequate power and
comparable groups to allow satisfactory comparisons of outcomes
or detect meaningful differences in survival outcomes. The RCT by
Du Bois 2002, is more than 13 years old, and the comparison is
with a chemotherapeutic agent which is not used currently as a
standard second-line chemotherapeutic agent for ovarian cancer.
There is no new evidence to justify multi-centre trials to compare
LHRH agonists with placebo or even with standard chemotherapy.
Now that there is good evidence to show that the majority of high-
grade serous malignancies are actually of fallopian tube origin,
perhaps further scientific research is required in the first instance to
determine the effects of LHRH agonists on fallopian tube cells and
serous tubal intra-epithelial carcinoma (STIC) lesions.
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Currie 1994

Study characteristics

Methods

RCT, Baltimore, John Hopkins Medical Institution and Sinai Hospital, Maryland.

Participants

Patients with resistant EOC who had prior multiple courses of chemotherapy. The mean age of patients
was 58.4 years. There was no information regarding initial FIGO stage or performance status of patients
or the type of prior first-line chemotherapy received by these patients. We are not able to comment on
the comparability of patients between the intervention and comparison groups as it is not reported by
the authors.

Interventions

Decapeptyl (LHRH agonist) versus placebo. Twelve patients were included in the intervention group (D-
TRP-6-LHRH: Decapeptyl) and 12 patients in the comparison group (placebo). Both treatments were re-
peated every 4 weeks. The dose and duration of treatment was not reported for both groups.

Outcomes PFS, adverse events (incompletely reported) and response to treatment. Confidence intervals, P values
and Hazard ratios were not reported.

Notes The type of blinding was unclear and it was mentioned that the blinding was broken in the placebo
group when the disease progressed in these patients and they were treated with LHRH agonist de-
capeptyl. OS was not reported and adverse events were incompletely reported. Therefore individual
patient data were not presented for these outcomes.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Unclear risk Not reported

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk While not an issue for OS, blinding of treatment was broken in the placebo

sessment (detection bias) arm when the disease progressed in these patients and they were treated with

All outcomes LHRH agonist decapeptyl.

Incomplete outcome data  Unclear risk Loss to follow-up not documented

(attrition bias)

All outcomes

Selective reporting (re- High risk 0S was not reported, only PFS and there was emphasis on one patient experi-

porting bias) encing stable disease for 80 weeks in the decapeptyl group

Other bias Unclear risk Insufficient information to assess whether an additional risk of bias may be

present
Du Bois 2002
Study characteristics
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Du Bois 2002 (Continued)
Methods

RCT, Multicentre trial, Germal Arbeitsgemeinschaft Gynaekologische Onkologie (AGO) Study Group
Ovarian Cancer, Germany,

Participants

Patients with EOC progressing or experiencing relapse within six months of first-line platinum-based
chemotherapy. The trial included 73 adult patients. The mean age of patients in the intervention arm
(LHRH agonist) was 58.8 years (range:27-75) and the mean age in the comparison arm (chemothera-
py; Treosulfan) was 58 years (range: 36-75). The initial FIGO stage at diagnosis of most patients (94.5%)
was stage Ill and IV with only few patients with stage II. All patients had received prior first-line plat-
inum-based chemotherapy.

Interventions

Leuprorelin versus treosulfan. Thirty-seven patients received leuprorelin (LHRH agonist) 3.75 mg in-
jected subcutaneously (SC) or intramuscularly (IM) in the intervention group and 36 patients received
treosulfan 7 gm/m2 infusion (chemotherapy) in the comparison group. Both treatments were repeat-
ed every four weeks. The mean duration of treatment in the leuprorelin group was 13 weeks and in the
treosulfan arm 18 weeks. A total of 122 courses in the leuprorelin group and 150 courses in treosulfan
group were evaluated.

Outcomes 0S, PFS and adverse effects
Notes Both groups were comparable.
Patients were followed at 3-monthly intervals until death.
Additonal outcomes were reported in this trial.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Central randomisation
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Unclear risk Blinding not reported in the methods. There was also significant cross-over be-
and personnel (perfor- tween the two treatment groups. In the treosulfan arm, 15 women received
mance bias) third to fifth-line treatment and three women received leuprorelin. In leuprore-
All outcomes lin arm, almost all patients received third-line chemotherapy.
Blinding of outcome as- Unclear risk Not reported. While blinding of the outcome assessor is not important for out-
sessment (detection bias) comes such as OS it is vital for PFS
All outcomes
Incomplete outcome data  Low risk Follow-up on all patients was reported
(attrition bias)
All outcomes
Selective reporting (re- Low risk All outcomes were reported. In addition other outcomes were reported.
porting bias)
Other bias Unclear risk Insufficient information to assess whether an additional risk of bias may be

present

EOC: epithelial ovarian cancer

FIGO: Federation of Gynecology and Obstetrics
LHRH: luteinising hormone releasing hormone

0S: overall survival
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PFS: progression-free survival

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Emons 1996 In this trial, LHRH agonist (triptorelin) was used in combination with first-line chemotherapy in pa-
tients with advanced EOC following cytoreductive surgery.

Jager 1993 This study was published as abstract. It is the same study as Jager 1995, a randomised trial com-
paring triptorelin with tamoxifen in the treatment of progressive EOC. A hormonal therapy was
compared with another hormonal therapy and did not fit our inclusion criteria.

Jager 1995 This trial was a randomised comparison of triptorelin with tamoxifen for the treatment of progres-
sive EOC. A hormonal therapy was compared with another hormonal therapy and did not fit our in-
clusion criteria.

EOC: epithelial ovarian cancer
LHRH: luteinising hormone releasing hormone

DATA AND ANALYSES

Comparison 1. LHRH agonist versus treosulfan for the treatment of relapsed EOC

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Overall survival 1 Hazard Ratio (IV, Random, 95% CI)  Subtotals only

1.2 Progression-free survivalat 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

6 months

1.3 Progression-free survivalat 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

12 months

1.4 Skin toxicity (alopecia) 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

1.5 Fatigue 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

1.6 Hot flushes 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

1.7 Gastrointestinal toxicity 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

(nausea and vomiting)

1.8 Neurotoxicity 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

1.9 Grade 3 pain 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

1.10 Neutropenia grade 3/4 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

1.11 Thrombocytopenia 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only

1.12 Anaemia 1 Risk Ratio (IV, Random, 95% Cl) Subtotals only
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Analysis 1.1. Comparison 1: LHRH agonist versus treosulfan

for the treatment of relapsed EOC, Outcome 1: Overall survival
Hazard Ratio

Leuprorelin  Treosulfan Hazard Ratio

Study or Subgroup

log[Hazard Ratio]

SE

Total

Total

IV, Random, 95% CI

IV, Random, 95% CI

Du Bois 2002

-0.016

0.2698

Test for subgroup differences: Not applicable

37

36

0.98[0.58 , 1.67]

05

0.7

1.5

2

Favours leuprorelin

Favours treosulfan

Analysis 1.2. Comparison 1: LHRH agonist versus treosulfan for the
treatment of relapsed EOC, Outcome 2: Progression-free survival at 6 months

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 5 37 8 36 0.61[0.22, 1.68] _
Test for subgroup differences: Not applicable 0?1 0?2 Oi 5 1 é é 1:0

Favours leuprorelin Favours treosulfan

Analysis 1.3. Comparison 1: LHRH agonist versus treosulfan for the treatment
of relapsed EOC, Outcome 3: Progression-free survival at 12 months

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 2 37 3 36 0.65[0.12, 3.66] 1

01 02 05 1 2 5 10
Favours leuprorelin Favours treosulfan

Test for subgroup differences: Not applicable

Analysis 1.4. Comparison 1: LHRH agonist versus treosulfan for
the treatment of relapsed EOC, Outcome 4: Skin toxicity (alopecia)

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 4 37 12 36 0.32[0.12,0.91] R T—
Test for subgroup differences: Not applicable 051 0?2 Of 5 1 é é 1:0

Favours leuprorelin Favours treosulfan

Luteinising hormone releasing hormone (LHRH) agonists for the treatment of relapsed epithelial ovarian cancer (Review)
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Analysis 1.5. Comparison 1: LHRH agonist versus treosulfan for the treatment of relapsed EOC, Outcome 5: Fatigue

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 1 37 8 36 0.12[0.02, 0.92] R T—
Test for subgroup differences: Not applicable 0_61 0?1 L 1:0 1(:)0
Favours leuprorelin Favours treosulfan

Analysis 1.6. Comparison 1: LHRH agonist versus treosulfan
for the treatment of relapsed EOC, Outcome 6: Hot flushes

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 1 37 1 36 0.97 [0.06 , 14.97]
Test for subgroup differences: Not applicable 0_:05 Oi 2 i é 2:0
Favours leuprorelin Favours treosulfan

Analysis 1.7. Comparison 1: LHRH agonist versus treosulfan for the treatment
of relapsed EOC, Outcome 7: Gastrointestinal toxicity (nausea and vomiting)

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 2 37 3 36 0.65[0.12, 3.66] 1
Test for subgroup differences: Not applicable 051 0?2 Of 5 1 é 1:3 1:0
Favours leuprorelin Favours treosulfan

Analysis 1.8. Comparison 1: LHRH agonist versus treosulfan
for the treatment of relapsed EOC, Outcome 8: Neurotoxicity

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 0 37 1 36 0.32[0.01, 7.71] 1
Test for subgroup differences: Not applicable 0.61 Ofl i 1:0 1(:)0
Favours leuprorelin Favours treosulfan
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Analysis 1.9. Comparison 1: LHRH agonist versus treosulfan
for the treatment of relapsed EOC, Outcome 9: Grade 3 pain

Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 0 37 2 36 0.19[0.01, 3.92] _
Test for subgroup differences: Not applicable 0_0:05 Oil L 1:0 2(:)0
Favours leuprorelin Favours treosulfan
Analysis 1.10. Comparison 1: LHRH agonist versus treosulfan for
the treatment of relapsed EOC, Outcome 10: Neutropenia grade 3/4
Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 1 37 1 36 0.97 [0.06 , 14.97]
Test for subgroup differences: Not applicable 0_:05 Oi 2 i é 2:0
Favours leuprorelin Favours treosulfan
Analysis 1.11. Comparison 1: LHRH agonist versus treosulfan for
the treatment of relapsed EOC, Outcome 11: Thrombocytopenia
Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 1 37 4 36 0.24[0.03, 2.07] -
Test for subgroup differences: Not applicable 0_:02 0?1 i 1:0 5:0
Favours leuprorelin Favours treosulfan
Analysis 1.12. Comparison 1: LHRH agonist versus treosulfan
for the treatment of relapsed EOC, Outcome 12: Anaemia
Leuprorelin Treosulfan Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% CI IV, Random, 95% CI
Du Bois 2002 2 37 7 36 0.28[0.06, 1.25] _—r
Test for subgroup differences: Not applicable 0_:02 0?1 i 1:0 5:0
Favours leuprorelin Favours treosulfan
APPENDICES
Appendix 1. Ovarian cancer staging
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FIGO classification of ovarian cancer (2014)

Stage Characteristics

I Growth limited to ovaries

1A Growth limited to one ovary. The ovarian capsule is intact without tumour on the external surface
and no malignant cells present in washings or ascites

IB Growth limited to both ovaries. The ovarian capsule is intact without tumour on the external sur-
face and no malignant cells present in washings or ascites

IC Either stage IA or IB but with tumour on the surface of one or both ovaries, or surgical spill, or cap-
sule rupture before surgery or with ascites present containing cancerous cells, or with positive peri-
toneal washings

IC1 Surgical spill

IC2 Tumour on ovarian surface or capsule rupture before surgery

IC3 Positive peritoneal washings or ascites containing malignant cells

Il Growth involving one or both ovaries with spread to other pelvic organs (below the pelvic brim)

I1A Metastasis to uterus or tubes

1B Metastasis to other pelvic intraperitoneal organs

I Growth involving one or both ovaries with histologically or cytologically confirmed peritoneal im-
plants outside the pelvis and/or positive retroperitoneal lymph nodes

A Positive peritoneal spread confirmed microscopically or positive retroperitoneal lymph nodes

1AL Positive retroperitoneal lymph nodes
II1A (i)-Metastasis less than 10 mm size
IA(lii)- Metastasis more than 10 mm size

111A2 Microscopic peritoneal metastasis outside the pelvis +/- positive retroperitoneal lymph nodes

1B Macroscopic peritoneal metastasis < 2 cm size outside the pelvis +/- positive retroperitoneal lymph
nodes +/- involvement of liver and/or splenic capsule

nc Macroscopic peritoneal metastasis > 2 cm size outside the pelvis +/- positive retroperitoneal lymph
nodes +/- involvement of liver and/or splenic capsule

v Distant metastasis excluding peritoneal metastasis

IVA Analysis of pleural effusion showing malignant cells

IVB Parenchymal liver and/or splenic metastasis and metastasis to extra-abdominal organs including
inguinal lymph nodes and other lymph nodes outside the abdominal cavity
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Appendix 2. Five-year survival rates for ovarian cancer

Stage Survival rate (%)
Stagel 92%

Stage 2 55%

Stage 3 22%

Stage 4 6%

Overall survival for all stages 43%

Appendix 3. MEDLINE (Ovid) search strategy
Medline Ovid 1946 to Jan week 12016

1 exp Ovarian Neoplasms/

2 (Ovar* adj5 (cancer* or tumor* or tumour* or malignant* or neoplasia* or carcinoma* or adenocarcinoma*)).mp.
3lor2

4 exp Gonadotropin-Releasing Hormone/

5 LHRH.mp.

6 luteinising hormone releasing hormone*.mp.
7 gonadotropin releasing hormone*.mp.

8 GNRH.mp.

9 (zoladex or goserelin or triptorelin or leuprorelin or decapeptyl or D-Trp-6-LH-RH).mp.
104or50r6or7or8or9

113and 10

12 randomized controlled trial.pt.

13 controlled clinical trial.pt.

14 randomized.ab.

15 placebo.ab.

16 drug therapy.fs.

17 randomly.ab.

18 trial.ab.

19 groups.ab.
2012or13orl4orl50rl6orl7orl8orl9
2111and 20

22 exp animals/ not humans.sh.

2321 not22

key: mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier

Appendix 4. Embase (Ovid) search strategy
Embase Ovid 1980 to 2016 week 3

1 exp ovary tumor/

2 (Ovar* adj5 (cancer* or tumor* or tumour* or malignant* or neoplasm* or carcinoma* or adenocarcinoma*)).mp.
3lor2

4 gonadorelin/

5 LHRH.mp.

6 luteinising hormone releasing hormone*.mp.

7 gonadotropin releasing hormone*.mp.

8 GNRH.mp.

9 (zoladex or goserelin or triptorelin or leuprorelin or decapeptyl or D-Trp-6-LH-RH).mp.
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104or5o0r6or7or8or9

113and 10

12 crossover procedure/

13 double-blind procedure/

14 randomized controlled trial/

15 single-blind procedure/

16 random*.mp.

17 factorial*.mp.

18 (crossover* or cross over* or cross-over*).mp.
19 placebo*.mp.

20 (double* adj blind*).mp.

21 (single* adj blind*).mp.

22 assign*.mp.

23 allocat*.mp.

24 volunteer*.mp.
25120r13o0rl4orl50rl6orl7orl8orl19or200or2lor22or23or24
26 11 and 25

key:[mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device

trade name, keyword]

Appendix 5. CENTRAL search strategy
CENTRAL 2015, Issue 12

#1 MeSH descriptor: [Ovarian Neoplasms] explode all trees

#2 ovar* near/5 (cancer* or tumor* or tumour* or malignant* or neoplasm* or carcinoma* or adenocarcinoma*)
#3 #1 or #2

#4 MeSH descriptor: [Gonadotropin-Releasing Hormone] explode all trees

#5 LHRH

#6 luteinising hormone releasing hormone*.

#7 gonadotropin releasing hormone*

#8 GnRH

#9 (zoladex or goserelin or triptorelin or leuprorelin or decapeptyl or D-Trp-6-LH-RH)
#10 #4 or #5 or #6 or #7 or #8 or #9

#11 #3 and #10

WHAT'S NEW

Date Event Description

25 March 2021 Review declared as stable Most recent search 15 February 2021. No potentially relevant
new studies identified. The conclusions of this Cochrane Review
are therefore still considered up to date for this topic.

HISTORY

Protocol first published: Issue 9, 2014
Review first published: Issue 6,2016

Date Event Description

21 January 2019 Amended No potentially relevant new studies identified after a scoping
search in January 2019. The conclusions of this Cochrane review

are therefore still considered to be up to date for this topic. A fur-
ther search of the literature will be carried out in 2021, 5 years af-

ter the review was first published.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Searches and inclusion of studies

We stated in our inclusion criteria that women with relapsed EOC would be included in this review. However, the study of Du Bois 2002
included women who progressed while receiving platinum chemotherapy (platinum-refractory) and also women who relapsed within six
months of platinum chemotherapy (platinum-resistant) and these were not reported separately. Both were included in this review.

In the protocol we stated:

"If ongoing trials that have not been published are identified through these searches, we will approach the principal investigators and
major co-operative groups active in this area, to ask for relevant data"

However, we did not find an active co-operative trials group or any relevant ongoing trials, so we did not make these contacts.

Quality of life (QoL)
In the protocol we stated that we would report:

""Quality of life (QoL) measured using a scale that has been validated through reporting of norms in a peer-reviewed publication by a
validated scale"

However, QoL was not reported in either study.

Continous outcome and time-to-event data

Time-to-event data were incompletely reported and continuous data and adjusted statistics were not reported so the following text was
removed from measures of treatment effect sections.

Measures of treatment effect

Time-to-event data were incompletely reported and continuous data and adjusted statistics were not reported so the following text was
removed from measures of treatment effect sections for this version of the review.

« "For time-to-event data (survival and disease progression), we will extract the log of the hazard ratio [log (HR)] and its standard error
from trial reports. If these are not reported, we will attempt to estimate the log (HR) and its standard error using the methods of Parmar
1998.

« For continuous outcomes (e.g. quality of life), we will extract the final value and standard deviation of the outcome of interest and the
number of patients assessed at endpoint in each treatment arm at the end of follow-up. We will pool the mean differences between the
treatment arms at the end of follow-up if all trials measure the outcome on the same scale, otherwise standardised mean differences
will be pooled if trials measure outcomes on different scales.

« If reported, we will extract both unadjusted and adjusted statistics."
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Data Synthesis

Since the comparisons differed in the two included RCTs in this review, it was not possible to perform a meta-analysis. Therefore it
was not relevant to assess heterogeneity between results of trials or conduct any subgroup analysis or sensitivity analysis. Continuous
data and adjusted statistics were not reported and time-to-event data were incompletely reported in the included trials. Therefore, the
corresponding sections from the protocol as mentioned below were removed.

"If sufficient, clinically-similar studies are available we will pool their results in meta-analyses using Cochrane Review Manager software
(Review Manager 2014).

« Fortime-to-event data, we will pool hazard ratios (HRs) using the generic inverse variance facility of Review Manager 2014.
« Forany dichotomous outcomes, we will calculate the risk ratio (RR) for each study and these will then be pooled.

« For continuous outcomes, we will pool the mean differences between the treatment arms at the end of follow-up if all trials measure
the outcome on the same scale, otherwise standardised mean differences will be pooled."

"If any trials have multiple treatment groups, we will divide the ‘shared’ comparison group into the number of treatment groups, and
comparisons between each treatment group and the split comparison group will be treated as independent comparisons."

"We will use the random-effects model with inverse variance weighting for all meta-analyses (DerSimonian 1986)."

Assessment of heterogeneity

In future updates we will assess heterogeneity between studies by visual inspection of forest plots, by estimation of the percentage
heterogeneity between trials which cannot be ascribed to sampling variation (Higgins 2003), by a formal statistical test of the significance
of the heterogeneity (Deeks 2001) and, if possible, by subgroup analyses. If there is evidence of substantial heterogeneity, the possible
reasons for this will be investigated and reported.

Assessment of reporting biases

We will examine funnel plots corresponding to meta-analysis of the primary outcome to assess the potential for small-study effects such
as publication bias, if a sufficient number of studies are identified.

Subgroup analysis and investigation of heterogeneity

We will conduct subgroup analysis if possible between different LHRH agonists versus different chemotherapeutic agents. We will consider
factors such as age, stage, type of intervention, length of follow-up and 'Risk of bias' status in the interpretation of any heterogeneity.

Sensitivity analysis

If a sufficient number of trials is included in the review, we will perform sensitivity analyses to examine possible differences in
methodological or clinical aspects between the trials e.g. compare trials at low risk of bias versus high risk of bias or trials with different
clinical criteria for survival.

Methods

Grade assessment of quality of evidence was performed using GRADEproGDT software to create a 'Summary of findings' table for this
review. This was not described in the protocol but has been included in this review (see Summary of findings 1 and in Effects of
interventions).

INDEX TERMS

Medical Subject Headings (MeSH)

Antineoplastic Agents, Alkylating [*therapeutic use]; Antineoplastic Agents, Hormonal [*therapeutic use]; Busulfan [*analogs &
derivatives] [therapeutic use]; Carcinoma, Ovarian Epithelial; Gonadotropin-Releasing Hormone [*agonists]; Leuprolide [*therapeutic
use]; Neoplasm Recurrence, Local [*drug therapy]; Neoplasms, Glandular and Epithelial [*drug therapy]; Ovarian Neoplasms [*drug
therapy]; Randomized Controlled Trials as Topic

MeSH check words

Adult; Female; Humans
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