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Background: We present a systematic review and network meta-analysis (NMA) that is the pre-
cursor underpinning the Bayesian analyses that adjust for publication bias, presented in the same
edition in AJT. The review assesses optimal cytoreduction for women undergoing primary advanced
epithelial ovarian cancer (EOC) surgery.

Areas of Uncertainty: To assess the impact of residual disease (RD) after primary debulking surgery
in women with advanced EOC. This review explores the impact of leaving varying levels of primary
debulking surgery.

Data Sources: We conducted a systematic review and random-effects NMA for overall survival (OS) to
incorporate direct and indirect estimates of RD thresholds, including concurrent comparative, retrospec-
tive studies of $100 adult women (18+ years) with surgically staged advanced EOC (FIGO stage III/IV)
who had confirmed histological diagnoses of ovarian cancer. Pairwise meta-analyses of all directly
compared RD thresholds was previously performed before conducting this NMA, and the statistical
heterogeneity of studies within each comparison was evaluated using recommended methods.

Therapeutic Advances: Twenty-five studies (n 5 20,927) were included. Analyses demonstrated the
prognostic importance of complete cytoreduction to no macroscopic residual disease (NMRD), with
a hazard ratio for OS of 2.0 (95% confidence interval, 1.8–2.2) for ,1 cm RD threshold versus NMRD.
NMRD was associated with prolonged survival across all RD thresholds. Leaving NMRD was
predicted to provide longest survival (probability of being best 5 99%). The results were robust
to sensitivity analysis including only those studies that adjusted for extent of disease at primary
surgery (hazard ratio 2.3, 95% confidence interval, 1.9–2.6). The overall certainty of evidence was
moderate and statistical adjustment of effect estimates in included studies minimized bias.

Conclusions: The results confirm a strong association between complete cytoreduction to NMRD
and improved OS. The NMA approach forms part of the methods guidance underpinning policy
making in many jurisdictions. Our analyses present an extension to the previous work in this area.

Keywords: network meta-analysis, advanced epithelial ovarian cancer, complete cytoreduction, opti-
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INTRODUCTION

Ovarian cancer is the seventh most common cancer
among women up to 75 years of age and is a leading
cause of death in women with gynecological malig-
nancies.1 Age older than 40 years, more than 90% of
ovarian cancers originate from the surface (epithelial)
cells of the ovary, termed epithelial tumors; the risk
increases with age.2,3 Around 70% of women with
ovarian cancer are diagnosed at an advanced stage
[International Federation of Gynaecology and
Obstetrics (FIGO) stages III and IV].4 That is, they have
widespread tumor dissemination within the abdomi-
nal cavity, with the tumor potentially spreading to the
liver, lungs, or distant organs.5 As such, their progno-
sis is often poor.
Surgery and platinum-based chemotherapy are the

mainstay of treatment in advanced epithelial ovarian
cancer (EOC). The aim of primary surgery was to
achieve “optimal cytoreduction,” as the amount of
residual disease (RD) (tumor remaining after surgery)
is one of the most important prognostic factors for
survival,6–12 along with sensitivity to chemotherapy.
The term “optimal cytoreduction” has been variably
defined as referring to a maximal diameter of any
residual tumor of between 0 and 1 cm, with RD greater
than 1 cm being branded suboptimal.7 “Complete cy-
toreduction” is achieved when there is no macroscopic
residual disease (NMRD) (no visible tumor) left after
surgery. A recently published National Ovarian Can-
cer Audit feasibility pilot report, by a British Gynaeco-
logical Cancer Society action group, highlights the
need for more attempts at cytoreductive surgery in
the United Kingdom.13 In addition, some centers
may not have the expertise to achieve complete cytor-
eduction, potentially leading to some patients not
achieving optimal results for their individual surgery.
The results from the Ovarian Cancer Audit feasibility
pilot shows that on average only 51% of women with
stage 2–4 and unstaged ovarian cancer receive surgery
in England.13 There are large disparities between sur-
geons and centers in their optimal and complete cytor-
eduction rates.14–17 The development of these skills
requires a shift in the surgeon’s approach to surgery
but, given that the additional procedures can be
learned over a relatively short period, this could lead
to increases in optimal or complete cytoreduction rates
with no significant increases in perioperative morbid-
ity.15 It has previously been shown that optimal cytor-
eduction rates of up to 88% for primary laparotomy in
advanced-stage ovarian cancer by gynecological oncol-
ogists working as a team can be achieved without any
increase in morbidity.16 Recent scientific and clinical

studies relating to vascular epithelial growth factor
receptors and BRCA/HRD status have opened up
new avenues of treatment with biological agents,
including vascular epithelial growth factor receptor
inhibitors18,19 and PARP inhibitors first line20–23 and
in relapsed setting24,25 now becoming standard man-
agement practice. Thus, redefining the role and impact
of complete cytoreduction in the overall survival (OS)
outcomes of women with advanced EOC.

However, without reliable guidelines based on ade-
quate empirical evidence, polarized views will con-
tinue to exist. Reliable quantification is important in
its own right,26 especially because there is still some
resistance to incorporating statistical evidence into
practice in many areas.27 Although few refute the gen-
eral conclusions of previous evidence suggesting that
survival is better where there is complete cytoreduc-
tion compared with less-than-complete cytoreduc-
tion,10,28–30 limitations in study design and in the
conduct of previous analyses have not taken into
account potential biases. Our review necessitated the
inclusion of studies that reported adjusted analyses to
attempt to minimize confounding bias. For example, if
significantly more elderly women were included in a
study where they were cytoreduced to NMRD than
younger women with suboptimal RD thresholds, then
there may be a confounding effect where suboptimal
may be seen to have a better survival outcome. This is
due to younger aged women being independently
associated with prolonged survival, and therefore,
NMRD may falsely seem to be associated as having
worse survival than suboptimal RD.

Having the most up-to-date and reliable evidence is
crucial to the development of clinical guidelines, and
thus, it is of paramount importance that optimal ana-
lytical methods are used to appraise the available evi-
dence.31 Network meta-analysis (NMA)32,33 is an
extension to a standard pairwise meta-analysis that
can incorporate and synthesize multiple treatments,
or in this case RD thresholds, allowing for direct and
indirect comparisons between groups that have previ-
ously not been compared in published studies. The use
of NMA for guideline development is now common
practice, with the method being well established
within national health technology assessment agen-
cies.34 Furthermore, the World Health Organization
and National Institute for Health and Care Excellence
(NICE) have included recommendations on NMA
within their clinical guidelines.35,36 However, current
guidelines related to optimal cytoreduction for women
undergoing primary EOC surgery are not based on the
highest level of evidence. A NMA on the back of the
recent comprehensive systematic review (SR) in this
area should provide robust evidence to policy makers
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in the field.31,37 The NMA reported in this SR is the
precursor underpinning the Bayesian analyses that
adjust for publication bias.38 The Bayesian analyses
are presented as the second part of this research and
the publication is included in the same edition.

METHODS

Aim

To assess the impact of RD after primary debulking
surgery in women with advanced EOC. This review
explores the impact of leaving varying levels of RD
after primary debulking surgery.

Eligibility criteria

We included retrospective prognostic studies that
included adult women (older than 18 years) with sur-
gically staged advanced EOC (FIGO stage III/IV) who
had confirmed histological diagnoses of ovarian can-
cer. The population of interest was women who had
received primary cytoreductive surgery followed by
adjuvant platinum-based chemotherapy.7

The impact on survival of optimal and suboptimal
cytoreduction for primary advanced disease was as-
sessed using several RD thresholds reported in the
literature. Included studies reported OS for compari-
sons of RD thresholds after surgery and used statistical
adjustment for important baseline characteristics using
multivariable analyses (eg, age, stage, and grade),
to minimize confounding bias.32,39 Owing to the
nature of these retrospective studies, women were
more likely to be allocated surgery by surgeon’s pref-
erence. Consequently, there may be instances where a
higher proportion of younger women, who are in bet-
ter general health (measured using a performance sta-
tus score40) for level of function and capability of self-
care) undergo more aggressive surgery. These women
may experience a better outcome than older women
but this may be due to their better overall general
health rather than the extent of resection. Therefore,
adjusting for confounders is important to minimize
effect distortion based on baseline imbalances. We
included studies with a sample of at least 100 women.
Smaller studies would have been restricted for the
nature and extent of the adjusted analyses, due to
the limited average number of participants per explan-
atory variable. Exclusion criteria included women with
other concurrent malignancies, those who received
chemotherapy before surgery (neoadjuvant), or intra-
peritoneal chemotherapy. This was to avoid the distor-
tion of results to purify the data set and avoid the
distorting effects of multitherapeutic interventions.

Those with concurrent malignancies are not represen-
tative of EOC, and their inclusion would dilute exter-
nal validity.

Search strategy

Electronic databases were searched from 1950 up to
September 2021. Full reporting details are summarized
in a Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow chart (Figure 1)
and in the published review.7

Study selection and data management

We followed the methodology as reported in Bryant
et al,7 in accordance with Cochrane guidelines.32 At
least 2 review authors were independently involved
in the screening process and subsequently abstracted
data.7

Risk of bias

At least 2 review authors independently assessed risk
of bias. Although the included studies were a combi-
nation of RCTs, prospective, and retrospective designs,
the comparison of RD was retrospective in nature. We
therefore assessed risk of bias (and appraised quality)
in the prognostic assessment of residual diease in
included studies using the QUality In Prognosis Stud-
ies (QUIPS) tool. QUIPS is a tool designed to assess the
risk of bias in prognostic factor studies.41

Data synthesis

The NMA synthesized studies according to guidance
from the Cochrane Handbook for Systematic Reviews
of Interventions,32 NICE technical documents, and
technology appraisal guidelines42 and was reported
according to the PRISMA extension for NMAs.7,43,44

Although NMAs are typically used to synthesize only
evidence from RCTs, the highly restrictive eligibility
criteria applied to studies included in the SR underpin-
ning the NMA permitted us to include retrospective
studies, on the grounds that the women recruited into
the studies being reviewed are comparable and could
have been given surgery resulting in any of the RD
thresholds considered in the network.37

The NMA used contrast based data and was con-
ducted using a frequentist framework in Stata IC (ver-
sion 15).45–47 The analysis adjusted for multiarm trials
and used the augmented approach.47 Within the net-
work, RD thresholds are depicted as nodes, with lines
representing comparisons. All data sets and code in
Stata are available on request from the corresponding
author.

We did not anticipate design inconsistency to be a
concern because our inclusion criteria limited hetero-
geneity in patient populations, primary disease, and
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outcomes. There was no reason to suspect effect esti-
mates would differ substantially in comparisons of
thresholds across studies.
We conducted a network meta-regression for age,

stage of disease, and histology to determine the simi-
larity of studies for inclusion in the NMA. We pre-
sented the results of the network meta-regression
using effect sizes reported as hazard ratios and 95%
confidence intervals (CIs) because this is more useful
than presenting a single global statistic in this case. All
the RD thresholds are relative to the NMRD (0 cm)
reference threshold. A meta-regression has been
argued to have low power and be at risk of confound-
ing48,49 so we additionally checked summary and
descriptive characteristics of studies to see whether
there were any clear systematic differences between
studies.
Transitivity in a NMA essentially necessitates that

the underlying assumption of any indirect compari-
sons is that we can learn about the true relative effect
of say RD ,1 cm versus RD .1 cm through NMRD by

combining the true relative effects of NMRD versus
RD ,1 cm and NMRD versus RD .1 cm. This means
that we can compare RD ,1 cm and RD .1 cm
through NMRD. Therefore, the transitivity assumption
underlying the NMA was evaluated by examining
characteristics across studies; there were few concerns
about potential effect modifiers across treatment com-
parisons as the distribution of key clinical characteris-
tics, such as age, seemed similar across studies.
Consistency, measured in agreement of direct and
indirect evidence, was assessed by node-splitting anal-
ysis46,47,50,51 and a formal global test for
inconsistency.46,47,51

We presented the results of the NMA using effect
sizes reported as hazard ratios and 95% CIs alongside
results of the pairwise analyses reported in the SR
underpinning the NMA. All the thresholds are relative
to the NMRD reference threshold. We did not impute
missing outcome data.

We also present plots showing the relative rank of
all RD thresholds in OS (rankograms), which rank RD

FIGURE 1. PRISMA flow diagram.
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Table 1. Characteristics of included studies in the NMA.

Study

Stage n (%) RD (cm) Median RD reported in all models:

covariates used in

multivariable cox regression

model

Median age in yr (range) or n

(%) as reported CountryIII IV Optimal n (%)

Suboptimal n

(%)

F-U in mo

(range)

Akahira 200155 0 (0) 225 (100) ,2: 70 (31) .2: 155 (69) 47.5

(13–112)

Histology and performance

status

54 (26–85) Japan

Aletti 200614,56–58 194 (100) 0 (0) 0: 46 (24) 1–2: 22 (11) 32.4 (0.2–126) Age, ASA,

histology, operative time,

and aggressive surgery

64 (24–87) USA

,1: 85 (44) .2: 41 (21)

Ataseven 201659 0 (0) 326 (100) 0: 157 (55) .1: 41 (14) 34 (IQR: 12–70) Age, performance status,

stage, and ascites

,65: 205 (63) Germany

,1: 88 (31) NS: n5 40 exc .65: 121 (37) Austria

Bristow 201160 405 (100) 0 (0) 0: 209 (52) 33.0 Race, grade, histology, ASA,

SCS, albumin, platinum

therapy, and operative

morbidity

59 USA

,1: 196 (48) Range not reported

Chan 200361 84 (81) 20 (19) ,1: 71 (68) .1: 33 (32) 33 (6–142) Age, stage, and

performance status

Mean 5 50.5 and 61 years

for younger and older

women, respectively,

(range: 22 and 85).

USA

Chang 201262 189 (93) 14 (7) 0: 63 (31) .1: 63 (31) 43 (1–124) Age, stage, and type of

surgery

54 (30–78) South Korea

,1: 77 (38)

Chang 201263 189 (100) 0 (0) 0: 61 (32) ,1: 67

(36)

.1: 61 (32) Not

reported

Age, radical surgery, and

lymphadenectomy

54 (30–78) South Korea

Chi 200164 216 (77) 66 (23) ,1: 71 (25) .2: 137 (49) 32 (1–139) Age, stage, and ascites 59 (22–87) USA

1-2: 73 (26)

Chi 200665 465 (100) 0 (0) 0: 67 (14) .1: 229 (49) 38 (1–199) Age and ascites 60 (22–87) USA

,1: 169 (37)

Cuylan 201867 218 (100) 0 (0) 0: 55 (25) 31.5 Age, stage, omental,

peritoneal, and bilaterality

present

54 (18–78) Turkey

,1: 163 (75)

Eisenkop 200369 408 (100) 0 (0) 0: 351 (86) .1: 16 (4) 32.8 Sum of rankings 62.8 (24–91) USA

,1: 41 (10)

Feng 201670 n 5 567 (91) stage III/

IV

0: 209 (33) .0: 416 (67) 29 (3–100) Age, stage, and time to

chemotherapy

56 (30–84) China

Hofstetter 201371 158 (83) 33 (17) 0: 121 (63) .0: 70 (37) 42 TSIC, stage, age, and extent

of surgery

,57: 98 Europe

.57: 93

(Continued on next page)
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Table 1. (Continued) Characteristics of included studies in the NMA.

Study

Stage n (%) RD (cm) Median RD reported in all models:

covariates used in

multivariable cox regression

model

Median age in yr (range) or n

(%) as reported CountryIII IV Optimal n (%)

Suboptimal n

(%)

F-U in mo

(range)

Kahl 201772 428 (54) 365 (46) 0: 482 (61) .1: 85 47 (IQR: 18–87) Age adjusted CCI,

performance status, stage,

RD, histology, ascites, and

SCS*

60 (19–88) Germany

,1: 226 (39)

Klar 201673–78 4488/5130 (87.5)

stage III/IV;

n 5 4850 in RD

analysis

0: 1779 (37) .1: 1629 (33) 0–144 Age, ECOG status, BMI, stage,

grade, and histology

Mean 57.4 (SD 10.53) Germany

,1: 1442 (30) France

Denmark

Langstraat 201179 210 (76) 67 (24) 0: 61 (22) .1: 95 (35) 3.2 years

(0–15.8)

Age, creatinine, SCS, and

stage

Mean: 73.5 (65–89) USA

,1: 120 (43)

Luger 202080 91 (51) 87 (49) 0: 133 (75) .0: 45 (25) 49.6 (IQR:

33–66)

Age, CA-125, histologically

positive paraaortic lymph

nodes, FIGO, and CPLN.

64.6 Austria

Melamed 2017 81 241 (78) 66 (22) 0: 141 (59) .1: 23 (9) n 5
66 missing

34.1 Age, ethnicity, stage, region,

insurance status, facility

type, hospital annual

ovarian cancer volume, and

comorbidities

,60: 200 (65) USA

,1: 77 (32) .60: 107 (35)

Melamed 201781 4954 (77) 1506 (23) 0: 2048 (46) .1: 546 (12) ,60: 2803 (47)

,1: 1848 (42) 1571 missing .60: 3210 (53)

Paik 201882 370 (88) 49 (12) 0: 107 (26) .1: 165 (39) 43 (3–164) Age, CA-125, stage, and

normal-sized ovary

Mean 54.5 (SD 10.3) South Korea

,1: 147 (35)

Polterauer 201283 II: 15 (7) 37 (16) 0: 157 (69) .0: 69 (31) 25.0 (1–49) Age, stage, grade, and

histology

Mean 57.5 (SD 11.9) Europe

III: 174

(77)

Tewari 201684 1241 (72) 477 (28) 0: 85 (5) .1: 932 (54) Not reported Age, ethnicity, performance

status, grade, stage,

histology, ascites, CA-125,

and TSIC

58.5–60.2 for 0 to .1 cm RD USA

,1: 701 (41)

Tseng 201885 794 (81) 184 (19) 0: 408 (42) .1: 192 (19) 77.7

(1–198)

Age, albumin, stage, ASA

score, histology, BRCA, OR

tumor index, RD, and

postop IP chemo

61 (19–95) USA

,1: 378 (39)

Wimberger

201012
573 (100) 0 (0) 0: 70 (12) .1: 335 (59) Not reported Age, performance status,

histology, peritoneal

carcinomatosis, and

multiple sites

59 (19–83) Germany,

France,1: 168 (29)

(Continued on next page)
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Table 1. (Continued) Characteristics of included studies in the NMA.

Study

Stage n (%) RD (cm) Median RD reported in all models:

covariates used in

multivariable cox regression

model

Median age in yr (range) or n

(%) as reported CountryIII IV Optimal n (%)

Suboptimal n

(%)

F-U in mo

(range)

Winter 200786–92 1895

(100)

0 (0) 0: 437 (23) .1: 667 (35) 43 Age, race, performance

status, histology, and grade

57 (16–86) USA

,1: 791 (42)

Winter

200888,89,91,93,94
360 (100) 0 (0) 0: 29 (8) 1-5: 164 (46) 28 Histology and stage IV

disease site

59 (24–86) USA

,1: 78 (22) .5: 89 (25)

Winter 2008 ,1: 78 (24) .1: 253 (76)

Winter 2008 ,2: 50 (20) .2: 203 (80)

*SCS was added to multivariate analysis and was obtained through personal correspondence with Mr Beyhan Ataseven and included in the sensitivity analysis depicted in

Table 5.

F-U, follow-up; NS, no surgery group excluded; OT, operative time; PS, performance status; ASA, American Society of Anaesthesiology score; SCS, surgical complexity

score; omental, omental involvement; peritoneal, peritoneal involvement; CCI, Charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; BMI, body mass

index; CA-125, cancer antigen 125 protein; TSIC, time from surgery to initiation of chemotherapy; BRCA, breast cancer mutation status; OR tumor index, scoring system to

reflect extent of disease; IP, intraperitoneal; sum of rankings (numerical ranking system of progressively extensive tumor involvement for 5 anatomic regions); CPLN,

cardiophrenic lymph node.
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thresholds from having the highest probability (ranked
1) to the lowest probability (ranked 9) of maximizing
OS. In addition, we report the “probability of being
best” RD threshold, which assigns a probability that
each RD threshold results in most prolonged survival
relative to all others. Cumulative ranking probabilities
using the surface under the cumulative ranking curve
(SUCRA) were also calculated.52 SUCRA presents a
single value associated with each RD threshold. A
value of 100% indicates the RD threshold is certain
to be the most effective in the network (top ranked),
while 0% indicates it is certain to be the least effective
(in bottom rank). SUCRA was estimated through
10,000 repetitions in Stata using the network rank
command.45

Sensitivity analysis

Because it was hypothesized that women with more
extensive disease may have a poorer prognosis
despite the outcome of their surgery, a sensitivity
analysis including only studies that adequately
adjusted for extent of disease at primary surgery
was performed.

Certainty of the evidence

Guidance on the use of GRADE for prognostic factor
studies has not yet been published,53,54 but we
appraised the quality and certainty of the evidence
following existing guidelines for interventional SRs.54

We based our judgment on the strength of the body of
evidence based on the domains used by the GRADE
Working Group (GRADE Working Group54). We in-
terpreted our results in light of this graded evidence.

RESULTS

Study selection and characteristics

The flow of literature are shown in in the PRISMA
diagram (Figure 1). The search strategy identified
8606 unique references, of which 200 progressed to
full-text screening. At this stage, 154 were excluded,
leaving 46 references12,14,55–94 reporting on 25 primary
studies12,14,55,59–65,67,69–73,79–85,92,94 that met our inclu-
sion criteria. Searches of the gray literature did not
identify any additional relevant studies (Figure 1).
The 25 included studies assessed a total of 20,927

women, with the most having stage III disease. Three
studies included a small proportion of women with
early or unknown stage disease (range 3.6%–

12.5%).70,73,83 The analyses in Klar et al73 included
1182 women with stage IIB-IIIB and 3684 women with
stage IIIC-IV disease. This study contributed heavily to

the analyses but results remained robust to its exclu-
sion in a sensitivity analysis. See Table 1 for a full list
of patient and study characteristics.

FIGURE 2. Risk of bias in included studies.
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Risk of bias

The risk of bias assessments across all studies is shown
in Figure 2. In general, most studies were at low to
unclear risk of bias across domains but tended to be
either at high or unclear risk for the statistical analysis
and reporting domain. However, all included studies
reported adjusted statistics to potentially minimize
confounding bias. Owing to the restrictive inclusion
criteria and attempts to minimize biases across the
spectrum, studies were not necessarily at overall high
risk of bias because they satisfied several of the criteria
used to assess risk of bias.

Effects of interventions

The network meta-regression (Table 2) summarizes
most covariates (age, stage, and histology) were not
statistically significant (P . 0.05) in each of the RD
comparisons. Although some covariates were statisti-
cally significant (P , 0.05) in a small number of com-
parisons, these differences were clearly not clinically
meaningful. On examination of summary and descrip-
tive characteristics (Table 1), there were no clear sys-
tematic differences between studies. We also checked
the consistency assumption after completion of the
NMA. There was no evidence of inconsistency in the
network (see below).

Before data analysis, it is important to understand
the geometry of the network.95 The network plot
shows which RD thresholds have been compared
directly in studies and which can only be informed
indirectly. The network geometry is depicted using

the network diagram in Figure 3 and shows the range
of RD thresholds and comparisons after optimal cytor-
eductive surgery for advanced EOC.96 The RD thresh-
olds presented in the NMA include complete
cytoreduction to 0 cm (NMRD), 0.1–1 cm (0 cm ,
RD #1 cm, labelled as ,1 cm for consistency with
the published literature), .0 cm, 1–2 cm, .1 cm, 0.1–
2 cm (labelled as ,2 cm), .2 cm, 1–5 cm, and .5 cm.
The nodes of some of the thresholds overlap, for exam-
ple, .1 cm node overlaps with the 1–2 cm and .2 cm
node, but these were all categorized as separate and
unique nodes and interpreted accordingly and reflect
the nature of data reported. Of note the 1–2 cm and ,2
cm nodes included very sparse data so in that respect
are less informative. Nodes where there were more
comparative data available were for RD thresholds of
0 cm and ,1 cm (indicated by the thick edge joining
these 2 nodes in Figure 3). The comparisons of ,1 cm
and .1 cm included the 0 cm group, but this was
deemed to have a negligible impact on the results
and did not affect risk of bias profiles, certainty of
the evidence or distort results because this was only
applicable to 3 small studies.61,64,94

Table 3 summarizes the results of the NMA with a
comparison of direct and indirect effect sizes of opti-
mal and suboptimal RD thresholds. The results seem
consistent across all split RD comparisons (sides), and
there was no evidence of inconsistency in the network
(P 5 0.48).

The results in Table 4 and Figure 4 demonstrate pro-
longed survival if primary cytoreductive surgery

Table 2. Network meta-regression exploring age, FIGO stage, and histology.

RD*
Age† FIGO stage‡ Histology§

Ref¶ (0 cm) HRk 95% CI** P†† HRk 95% CI** P†† HRk 95% CI** P††

,1 cm 0.98 0.96 to 1.01 0.24 1.00 1.00 to 1.01 0.13 0.99 0.99 to 1.00 0.02‡‡

.0 cm 1.03 0.93 to 1.13 0.62 1.00 0.97 to 1.03 0.86 0.96 0.93 to 1.00 0.07

1–2 cm 0.97 0.78 to 1.22 0.82 1.00 0.95 to 1.05 0.96 1.01 0.85 to 1.21 0.89

,2 cm 1.25 0.97 to 1.62 0.09 1.03 0.98 to 1.08 0.25 0.97 0.81 to 1.17 0.75

.1 cm 1.00 0.97 to 1.03 0.89 1.00 1.00 to 1.01 0.2 0.99 0.99 to 1.00 0.02‡‡

.2 cm 1.09 0.87 to 1.37 0.46 1.02 0.97 to 1.08 0.37 0.92 0.77 to 1.10 0.38

*RD thresholds of 1–5 cm and .5 cm were dropped due to detection of collinearity.

†Median age reported in this study was used except when not reported and mean was used.

‡Percentage of women in this study with International Federation of Gynecology and Obstetrics (FIGO) stage III EOC.

§Percentage of women in this study with serous histology.

¶Ref, reference: RD 5 0 cm was used as the reference group.

kHR, hazard ratio.

**CI, confidence interval.

††P: significance probability. This is the probability of the observed data or data more extreme, given the null hypothesis is true.

‡‡P was statistically significant but the HR point estimates and 95% CI’s clearly show this is very unlikely to equate to any meaningful

clinically significant differences in the percentage of women with serous histology across studies.
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debulked to NMRD compared with any other RD
threshold. Complete cytoreduction to NMRD was over-
whelmingly the best ranked threshold because it was
consistently ranked first (see Table 4 and Figure 5) with
a very high probability of being the best RD threshold
(SUCRA and P-best of 99.9% and 99%, respectively).

Table 4 also summarizes the benefit of incorporating
reliable indirect estimates as an additional comparison
between 0 cm versus ,2 cm, while estimates for com-
parisons with sparse numbers are now more precise. A
full breakdown of results is provided in in the detailed
forest plots, which show results of all available com-
parisons (see Figure 6) and as a league table giving
specific effect estimates for each and every comparison
(see Table 5). There was no evidence of publication
bias (see Figure 7).

Sensitivity analysis

A sensitivity analysis incorporating the results of 8
studies including an adequate adjustment for extent of
disease at primary surgery increased the magnitude of
effect estimates showed significantly prolonged sur-
vival in those with cytoreduction to NMRD (see
Table 6). The results of this NMA also seem to be con-
sistent across all sides in the network, and there was no
evidence of overall inconsistency (P 5 0.31). Other key
probability and ranking statistics continued to provide
strong evidence that NMRD (0 cm) is the best threshold
(P 5 99.4%) and the SUCRA value remained very high
(99.9%). Adjustment for extent of disease included: type
(aggressive vs. standard) and extent of surgery; surgical
complexity score; and progressively extensive tumor
involvement in anatomic regions.

FIGURE 3. Network diagram showing RD comparisons

after primary cytoreductive surgery for advanced EOC.

Table 3. Inconsistency test between direct and indirect RD threshold after primary surgery for advanced EOC com-

parisons in NMA.

Side
Direct Indirect Difference

Pcm Coefficient SE Coefficient SE Coefficient SE

0 to ,1* 0.688 0.063 0.570 0.353 0.118 0.358 0.741

0 to .0 No indirect estimate

0 to 1–2 1.383 0.583 1.169 0.276 0.214 0.640 0.739

0 to .1 0.913 0.067 1.320 0.236 20.406 0.245 0.097

0 to .2 2.119 0.597 1.349 0.265 0.770 0.648 0.235

0 to 1–5* 0.603 0.301 0.655 0.557 20.052 0.639 0.936

0 to .5* 1.000 0.311 1.052 0.557 20.052 0.639 0.936

0 to 1–2* 0.474 0.251 1.360 0.937 20.886 0.957 0.354

0 to .1* 0.279 0.061 20.356 0.335 0.635 0.340 0.062

,1 to .2* 0.743 0.243 1.629 0.939 20.886 0.957 0.354

,1 to 1–5* 20.057 0.308 20.109 0.547 0.052 0.639 0.936

,1 to .5* 0.340 0.312 0.288 0.555 0.052 0.639 0.936

1–2 to .2* 0.265 0.250 21.779 490.334 2.044 490.334 0.997

,2 to .2* 0.433 0.168 2.509 469.566 22.075 469.566 0.996

1–5 to .5 No indirect estimate

*All the evidence about these contrasts comes from the studies which directly compare them.

cm, centimeter; Coefficient, log hazard ratio; SE, standard error of log hazard ratio; P, significance probability (P) observed from the Z

score.
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DISCUSSION

We identified 25 studies meeting our inclusion criteria.
These studies assessed survival after primary cytore-
ductive surgery followed by adjuvant platinum-based
chemotherapy in women with advanced EOC. The
Sundar et al.13 underpinning the NMA and the results
of our updated analysis provides more precise and
reliable estimates than seen in previous studies and
reviews in this area,6,8–12,97 which should enable more
informed decisions to be made. Although the findings
do not enable us to determine whether the survival
benefit is a direct effect of the surgical intervention,

they may encourage the surgical community to strive
toward improving rates of complete cytoreduction and
perhaps more centers adopting a more aggressive
approach to attempt to improve rates of complete cy-
toreduction. Factors such as training, high-dependency
unit support, patient selection and developing inter-
surgical collaborations such as colo-rectal, upper gas-
trointestinal, hepato-biliary and vascular specialties
could be important to help achieve this. RD and com-
plete cytoreduction rates should be part of routinely
collected cancer data and should be a quality indicator
for advanced ovarian cancer surgery along with other
indicators recommended by the British Gynaecological

Table 4. Results of NMA and pairwise analysis of optimal RD threshold after primary cytoreductive surgery for

advanced EOC.

RD threshold versus

0 cm (reference)

NMA
Pairwise

Mean rank P (best) % SUCRA %HR (95% CI) HR (95% CI) n studies (participants)

0 cm Reference 1 99 99.9

,1 cm 1.98 (1.76–2.24) 2.03 (1.80–2.29) 17 (9404) 3.4 0 70.2

.0 cm 1.95 (1.48–2.58) 1.96 (1.44–2.67) 4 (1220) 3.4 0 70.6

1–2 cm 3.34 (2.04–5.47) 3.95 (1.33–11.78) 1 (68) 7.3 0 21.8

,2 cm 2.82 (1.58–5.04) No direct estimate 6.0 0 36.9

.1 cm 2.57 (2.26–2.93) 2.50 (2.13–2.94) 14 (7988) 5.8 0 40.0

.2 cm 4.36 (2.69–7.04) 8.24 (2.68–25.33) 1 (87) 8.7 0 3.4

1–5 cm 1.85 (1.11–3.08) 1.83 (1.14–2.94) 1 (193) 3.2 1 72.0

.5 cm 2.75 (1.62–4.67) 2.72 (1.65–4.47) 1 (118) 6.2 0 35.3

HR, hazard ratio; P (best), probability that RD threshold is the best.

FIGURE 4. Forest plot showing RD thresholds versus complete cytoreduction (0 cm) after primary cytoreductive sur-

gery for advanced EOC.
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Cancer Society ovarian cancer action group and ESGO
(European Society of Gynaecological Oncologists).
Pairwise analyses and NMAs clearly showed the

prognostic importance of complete cytoreduction, with
OS significantly prolonged in this RD threshold.32,33

There should always be concern around “small study”
biases, such as publication biases,32,39 in meta-analyses.
Although there was no evidence of publication bias
(Figure 7), the results should still be interpreted with
some caution. In addition, the nature of model selection
procedures in the included studies may have meant
study authors with nonstatistically significant P values
may not have included RD in their final model.98 How-
ever, including only studies that reported adjusted anal-
yses should mean we have examined the best available
evidence. Furthermore, a sensitivity analysis of the
results of 8 studies that included an adequate adjust-
ment for extent of disease at primary surgery strength-
ened the main conclusions. We emphasize the
importance of this adjustment in this area; the results
of the sensitivity analysis are key to proponents of
aggressive surgery, as it was hypothesized that women
with more extensive disease may have had poor prog-
nosis despite the outcome of their surgery. However,
the benefit of achieving complete cytoreduction became
more evident after statistical adjustment for extent of
disease. Nonetheless, we do suggest that all caveats
should be discussed with patients before their primary
surgery, especially in cases where there is likely to be a
large trade-off between complete cytoreduction to
NMRD and morbidity/quality of life.99–101

When compared with NMRD, all RD thresholds
above this level resulted in shorter patient survival.

When we compared different definitions of optimal
and suboptimal cytoreduction, we observed the same
survival patterns in those with greater removal of dis-
ease. However, these were attenuated compared with
complete cytoreduction. Consequently, a key question
is how much extra effort should be made to minimize
RD if complete cytoreduction to NMRD is not possi-
ble. Although our findings do not enable us to deter-
mine whether the survival benefit is a direct effect of
the surgical intervention, they do suggest that every
effort should be made to reduce the tumor to micro-
scopic disease. Where this is not considered achiev-
able, attempts should be made to obtain near-
optimal cytoreduction, defined as RD , 1 cm. From
the magnitude of effect sizes in comparisons of 0 cm
versus larger amounts of RD (where there were suffi-
cient evidence available for a give RD threshold), it
seems that if RD cannot be limited to an optimal level
then the surgeon could potentially prioritize their
focus on morbidity and quality of life (QoL). The
results of the SOCQER-2102 study commissioned by
NICE, assessed QoL in women undergoing standard
or extensive surgery after primary surgery in
advanced EOC. This study found no important differ-
ences in global QoL scores measured across 6 weeks, 6
months, and 12 months postsurgery in varying com-
plexities of surgery. Patients who underwent low-
complexity surgery were associated with higher rates
of RD and lower survival compared with those with a
similar disease burden undergoing surgery of interme-
diate complexity. Postoperative RD was associated
with poorer OS, particularly in patients undergoing
low-complexity surgery.

FIGURE 5. Rankograms showing ranks of RD thresholds for probability of being best at prolonging OS.
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The overall certainty of the identified available evi-
dence is moderate.54 The evidence was primarily
downgraded by one level from high certainty to mod-
erate because the statistical analysis and reporting
domain in the QUIPS tool41 was assessed as being at
high or unclear risk of bias in all included studies.
Many study authors reported that statistically signifi-
cant variables from the univariate analysis were
included in the multivariable model, but gave no fur-
ther details about any conceptual framework. The
problem with this method is that there are variables
that may not be important in a univariate association
but are important in the full model. It is often more
appropriate to include all pertinent variables that are
plausibly important, potentially using data reduction
methods to combine closely related variables.103 This
was the most serious bias from the QUIPS domains
that could influence the effect estimates. The results
are consistent and seem to be reliable and precise in
conclusions drawn. Some comparisons were sparse
with wide CIs, but even the lower 95% CI would be
clinically significant as a point estimate in many cases,
indicating a gain in OS. Consequently, further research
is unlikely to change our confidence in the existing
estimates of effect.54 The exact reasons for performing
one type of surgery over another were not well docu-
mented, and it was likely that women in generally
poor health would be subjected to less aggressive sur-
gery and thus would be more likely to have larger RD.
This would most likely result in poorer survival. For
this reason, we applied strict inclusion criteria and
included studies that used statistical adjustment. How-
ever, it is generally accepted that the major reason for
not achieving complete cytoreduction in most of the
cases is not actually related to patient factors but is
more associated with a deficiency in surgical skill
and/or a lack of willingness in the surgeon to embrace
ultraradical surgery.

The evidence suggests the need to redefine the term
“optimal cytoreduction” by the Gynecological Cancer
InterGroup, from its definition of ,1 cm RD to
NMRD.10,104–106 We suggest retaining 3 categories of
RD classification but redefining to optimal, “near opti-
mal,” and “suboptimal” cytoreduction rather than
complete, optimal, and suboptimal for RD of 0 cm,
,1 cm, and .1 cm, respectively. Similar suggestions
using the terms complete, minimal, and gross have
been previously published.107

Implications for research

Part 2 of this research is presented in the same edition
and focused on adjustments for publication bias using
expert elicitation.38 This research aimed to conduct a
series of sensitivity analyses to adjust the results of theT
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NMA for publication bias, to confirm or refute the
existing conclusions. The next piece of research in this
area should focus on developing a model for accu-
rately predicting important outcomes such as survival
and quality of life based on remaining RD after pri-
mary surgery, and the effects of ultraradical surgery,
so women can plan for their future and make informed
decisions on subsequent treatment. This could be
achieved by first conducting a review of prognostic
studies to identify all studies reporting prognostic
models for OS, as well as disease recurrence in women
with advanced EOC following primary surgical de-
bulking and also determine the performance of these
models for predicting the risk stratification of women
with this disease.108 Measures should include discrim-
ination, the area under the (curve) receiver operating
characteristic curve, calibration, and overall model
performance.109,110 Given the fact that remaining RD
after primary surgery is likely to remain the main pre-
dictor of survival in this area, a precise prediction

FIGURE 6. Forest plots showing results of all available RD comparisons and global test of consistency.

FIGURE 7. Funnel plot showing studies including com-

parisons of RD ,1 cm, .0 cm, and .1 cm with complete

cytoreduction (RD 0 cm).
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model would allow women and their families to plan
for the future and aid future decisions on their sub-
sequent further line treatment care pathway.

Because we have presented an updated and finalized
analysis of impact of RD after primary surgery for
advanced EOC, future research should also be con-
ducted to determine whether increasing attempts at
achieving complete cytoreduction have a direct effect
on improving survival outcomes. This research should
use methodologies and trial designs that reduce or elim-
inate confounding effects, such as the patient’s perfor-
mance status, disease spread, and tumor biology within
the new paradigm of treatment with biological agents
and genetic status. Despite the obvious challenges, this
should be considered more than feasible because on
average only around half of women with stage II–IV
and unstaged ovarian cancer receive surgery in Eng-
land.13 Existing trials have shown conflicting results
when further surgery was performed as an interval pro-
cedure after suboptimal cytoreduction at primary sur-
gery.111 Therefore, it seems best to increase attempts at
optimizing to lower levels of RD at first surgery.
Because there are large disparities between surgeons
and centers in their optimal and complete cytoreduction
rates,14–17 it is worth considering randomizing patients
to specialist centers providing more extensive surgery to
achieve complete cytoreduction or to nonspecialist cen-
ters.112 This may be best achieved by the conduct of a
cluster randomized controlled trial. The increasing prac-
tice of offering neoadjuvant chemotherapy followed by
interval debulking surgery should not complicate the
performance of these trials, by including stratification
for this factor within the study design.113

Another possible option is to randomize surgeons or
hospitals to an intervention to develop their expertise
and capability to perform more extensive ultraradical
surgery, as additional training may be necessary.114,115

There is a suggestion that maximal attempts to achieve

complete cytoreduction are currently not being per-
formed by most of the practising gynecological oncol-
ogists,91 as previously indicated by low rates of
complete cytoreduction to NMRD in many coun-
tries.116,117 The development of these skills requires a
shift in the surgeon’s approach to surgery. Given that
the additional procedures can be learned over a rela-
tively short period, this could potentially lead to
increases in optimal/complete cytoreduction rates
with no significant increases in perioperative morbid-
ity.15 Similarly, it has been shown previously that opti-
mal cytoreduction rates of up to 88% at primary
laparotomy in advanced-stage ovarian cancer by gyne-
cological oncologists working as a team can be
achieved, without any increase in morbidity.16

CONCLUSIONS

Our results identified a strong association between
achievement of complete cytoreduction and improved
OS, highlighting a real need for clinical practice to fol-
low Gynecological Cancer InterGroup recommenda-
tions. The NMA forms part of the methods guidance
underpinning policy making in many jurisdictions. Part
2 of this research presents an extension to this work.38
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Table 6. Sensitivity analysis showing NMA of optimal RD threshold after primary cytoreductive surgery for advanced

EOC including studies using adjustment for extent of disease.

RD threshold versus 0 cm

(reference)*

HR (95% CI)

Mean rank P (best) % SUCRA %NMAs

0 cm Reference 1 99.4 99.9

,1 cm 2.25 (1.93–2.63) 2.4 0 72.5

.0 cm 2.95 (1.87–4.67) 3.6 0 47.2

1–2 cm 3.32 (1.29–8.58) 3.9 0.7 41.9

.1 cm 3.41 (2.78–4.18) 4.3 0 33.5

.2 cm 6.89 (2.59–18.31) 5.8 0 5.0

*Comparisons involving ,2 cm, 1–5 cm, and .5 cm RD thresholds were not reported.

HR, hazard ratio; P (best), probability that RD threshold is the best.

e50 Bryant et al

American Journal of Therapeutics (2023) 30(1) www.americantherapeutics.com



REFERENCES

1. Ferlay J, Bray F, Siegel RL, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2015;65:87–108.

2. Kurman RJ, Carcangiu ML, Herrington CS. WHO Clas-
sification of Tumours of Female Reproductive Organs. 4th
ed. Lyon, France: WHO Press; 2014.

3. Webb PM, Jordan SJ. Epidemiology of epithelial ovarian
cancer. Best Pract Res Clin Obstet Gynaecol. 2017;41:3–14.

4. Berek JS, Kehoe ST, Kumar L, Friedlander M. Cancer of
the ovary, fallopian tube, and peritoneum. Int J Gynecol
Obstet. 2018;143(suppl 2):59–78.

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019.
CA Cancer J Clin. 2019;69:7–34.

6. Bristow RE, Tomacruz RS, Armstrong DK, et al. Sur-
vival effect of maximal cytoreductive surgery for
advanced ovarian carcinoma during the platinum era:
a meta-analysis. J Clin Oncol. 2002;20:1248–1259.

7. Bryant A, Hiu S, Kunonga PT, et al. Impact of residual
disease as a prognostic factor for survival in women
with advanced epithelial ovarian cancer after primary
surgery. Cochrane Database Syst Rev. 2022;9:CD015048.

8. Griffiths CT. Surgical resection of tumor bulk in the
primary treatment of ovarian carcinoma. Natl Cancer
Inst Monogr. 1975;42:101–104.

9. 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 subop-
timal residual epithelial ovarian carcinoma. Am J Obstet
Gynecol. 1994;170:974–980.

10. du Bois A, Reuss A, Pujade-Lauraine E, et al. Role of
surgical outcome as prognostic factor in advanced epi-
thelial ovarian cancer: a combined exploratory analysis
of 3 prospectively randomized phase 3 multicenter tri-
als: by the Arbeitsgemeinschaft Gynaekologische Onko-
logie Studiengruppe Ovarialkarzinom (AGO-OVAR)
and the Groupe dInvestigateurs Nationaux Pour les
Etudes des Cancers de l’Ovaire (GINECO). Cancer.
2009;115:1234–1244.

11. Chang SJ, Hodeib M, Chang J, Bristow RE. Survival
impact of complete cytoreduction to no gross residual
disease for advanced-stage ovarian cancer: a meta-anal-
ysis. Gynecol Oncol. 2013;130:493–498.

12. Wimberger P, Wehling M, Lehmann N, et al. Influence
of residual tumor on outcome in ovarian cancer patients
with FIGO stage IV disease: an exploratory analysis of
the AGO-OVAR (Arbeitsgemeinschaft Gynaekologi-
sche Onkologie Ovarian Cancer Study Group). Ann
Surg Oncol. 2010;17:1642–1648.

13. Sundar S, Andreou A, Balega J, et al. BGCS Call to
Action—Response to Findings from National Ovarian Can-
cer Audit Feasibility Pilot. 2021. Available at: https://
www.bgcs.org.uk/wp-content/uploads/2021/05/
OCAFP_BGCS-Call-to-action-21-05-2021-ref-14.00.pdf.
Accessed October 1, 2022.

14. Aletti GD, Dowdy SC, Gostout BS, et al. Aggressive
surgical effort and improved survival in advanced-
stage ovarian cancer. Obstet Gynecol. 2006;107:77–85.

15. Chi DS, Eisenhauer EL, Zivanovic O, et al. Improved
progression-free and overall survival in advanced ovar-
ian cancer as a result of a change in surgical paradigm.
Gynecol Oncol. 2009;114:26–31.

16. Naik R, Galaal K, Alagoda B, et al. Surgical training in
gastrointestinal procedures within a UK gynaecological
oncology subspecialty programme. BJOG 2010;117:26–
31 Surgical training in gastrointestinal procedures
within a UK gynaecological oncology subspecialty pro-
gramme. BJOG. 2010;117:26–31.

17. van der Burg ME, van Lent M, Buyse M, et al. The effect
of debulking surgery after induction chemotherapy on
the prognosis in advanced epithelial ovarian cancer:
gynecologic Cancer Cooperative Group of the Euro-
pean Organization for Research and Treatment of Can-
cer. N Engl J Med. 1995;332:629–634.

18. Burger RA, Brady MF, Bookman MA, et al. Incorpora-
tion of bevacizumab in the primary treatment of ovar-
ian cancer. N Engl J Med. 2011;365:2473–2483.

19. Oza AM, Cook AD, Pfisterer J, et al. Standard chemo-
therapy with or without bevacizumab for women with
newly diagnosed ovarian cancer (ICON7): overall sur-
vival results of a phase 3 randomised trial. Lancet Oncol.
2015;16:928–936.

20. Banerjee S, Moore KN, Colombo N, et al. Maintenance
olaparib for patients with newly diagnosed advanced
ovarian cancer and a BRCA mutation (SOLO1/GOG
3004): 5-year follow-up of a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol. 2021;22:
1721–1731.

21. Ray-Coquard I, Pautier P, Pignata S, et al. Olaparib plus
bevacizumab as first-line maintenance in ovarian can-
cer. N Engl J Med. 2019;381:2416–2428.

22. Moore K, Colombo N, Scambia G, et al. Maintenance
olaparib in patients with newly diagnosed advanced
ovarian cancer. N Engl J Med. 2018;379:2495–2505.

23. González-Martín A, Pothuri B, Vergote I, et al. Nirapar-
ib in patients with newly diagnosed advanced ovarian
cancer. N Engl J Med. 2019;381:2391–2402.

24. Poveda A, Floquet A, Ledermann JA, et al. Olaparib
tablets as maintenance therapy in patients with
platinum-sensitive relapsed ovarian cancer and a
BRCA1/2 mutation (SOLO2/ENGOT-Ov21): a final
analysis of a double-blind, randomised, placebo-
controlled, phase 3 trial. Lancet Oncol. 2021;22:620–631.

25. Mirza MR, Monk BJ, Herrstedt J, et al. Niraparib main-
tenance therapy in platinum-sensitive, recurrent ovar-
ian cancer. N Engl J Med. 2016;375:2154–2164.

26. NICE. Contributing to Clinical Guidelines—A Guide for
Patients and Carers. National Institute for Health and
Care Excellence. 2013. Available at: https://www.
nice.org.uk/media/default/About/NICE-
Communities/Public-involvement/Developing-NICE-
guidance/Factsheet-1-contribute-to-developing-clini-
cal-guidelines.pdf. Accessed October 1, 2022.

A Systematic Review and Network Meta-Analysis e51

www.americantherapeutics.com American Journal of Therapeutics (2023) 30(1)

https://www.bgcs.org.uk/wp-content/uploads/2021/05/OCAFP_BGCS-Call-to-action-21-05-2021-ref-14.00.pdf
https://www.bgcs.org.uk/wp-content/uploads/2021/05/OCAFP_BGCS-Call-to-action-21-05-2021-ref-14.00.pdf
https://www.bgcs.org.uk/wp-content/uploads/2021/05/OCAFP_BGCS-Call-to-action-21-05-2021-ref-14.00.pdf
https://www.nice.org.uk/media/default/About/NICE-Communities/Public-involvement/Developing-NICE-guidance/Factsheet-1-contribute-to-developing-clinical-guidelines.pdf
https://www.nice.org.uk/media/default/About/NICE-Communities/Public-involvement/Developing-NICE-guidance/Factsheet-1-contribute-to-developing-clinical-guidelines.pdf
https://www.nice.org.uk/media/default/About/NICE-Communities/Public-involvement/Developing-NICE-guidance/Factsheet-1-contribute-to-developing-clinical-guidelines.pdf
https://www.nice.org.uk/media/default/About/NICE-Communities/Public-involvement/Developing-NICE-guidance/Factsheet-1-contribute-to-developing-clinical-guidelines.pdf
https://www.nice.org.uk/media/default/About/NICE-Communities/Public-involvement/Developing-NICE-guidance/Factsheet-1-contribute-to-developing-clinical-guidelines.pdf


27. Windish DM, Huot SJ, Green ML. Medicine residents’
understanding of the Biostatistics and results in the
medical literature. JAMA. 2007;298:1010–1022.

28. Colombo N, Van Gorp T, Parma G, et al. Ovarian can-
cer. Crit Rev Oncology/Hematology. 2006;60:159–179.

29. Vergote I, De Wever I, Tjalma W, et al. Neoadjuvant
chemotherapy or primary debulking surgery in
advanced ovarian carcinoma: a retrospective analysis
of 285 patients. Gynecol Oncol. 1998;71:431–436.

30. Vergote I, Trimbos BJ. Treatment of patients with early
epithelial ovarian cancer. Curr Opin Oncol. 2003;15:452–
455.

31. Leucht S, Chaimani A, Cipriani AS, et al. Network
meta-analyses should be the highest level of evidence
in treatment guidelines. Eur Arch Psychiatry Clin Neuro-
sci. 2016;266:477–480.

32. Higgins JPT, Chandler J, Cumpston M, et al, eds. Co-
chrane Handbook for Systematic Reviews of Interventions
Version 6.0 Cochrane. 2019.

33. Higgins JPT, Welton NJ. Network meta-analysis: a
norm for comparative effectiveness? The Lancet. 2015;
386:628–630.

34. Laws A, Tao R, Wang S, et al. A comparison of national
guidelines for network meta-analysis. Value in Health.
2019;22:1178–1186.

35. NICE. Developing NICE Guidelines: The Manual Chapter
6. National Institute for Health and Care Excellence
(NICE); 2020.

36. Kanters S, Ford N, Druyts E, et al. Use of network meta-
analysis in clinical guidelines. Bull World Health Organ.
2016;94:782–784.

37. Schmitz S, Adams R, Walsh C. Incorporating data from
various trial designs into a mixed treatment comparison
model. Stat Med. 2013;32:2935–2949.

38. Bryant A, Grayling M, Elattar A, et al. Residual disease
after primary surgical treatment for advanced epithelial
ovarian cancer; Part 2: network meta-analysis incorpo-
rating expert elicitation to adjust for publication bias.
Am J Ther. 2022. doi: 10.1097/MJT.0000000000001548

39. Ahmed I, Sutton AJ, Riley RD. Assessment of publica-
tion bias, selection bias, and unavailable data in meta-
analyses using individual participant data: a database
survey. BMJ. 2012;344:d7762.

40. Azam F, Latif MF, Farooq A, et al. Performance status
assessment by using ECOG (eastern cooperative oncology
group) score for cancer patients by oncology healthcare
professionals. Case Rep Oncol. 2019;12:728–736.

41. Riley RD, Moons KGM, Snell KIE, et al. A guide to
systematic review and meta-analysis of prognostic fac-
tor studies. BMJ. 2019;364:k4597.

42. NICE. Guide to the Methods of Technology Appraisal NICE.
2013.

43. Moher DLA, Liberati A, Tetzlaff J, Altman DG. Pre-
ferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. J Clin Epidemiol.
2009;62:1006–1012.

44. Hutton B, Salanti G, Caldwell DM, et al. The PRISMA
extension statement for reporting of systematic reviews

incorporating network meta-analyses of health care
interventions: checklist and explanations. Ann Intern
Med. 2015;162:777–784.

45. StataCorp. Stata Statistical Software: Release 15. 15th ed.
College Station, TX: StataCorp LLC; 2017.

46. Shim S, Yoon BH, Shin IS, et al. Network meta-analysis:
application and practice using Stata. Epidemiol Health.
2017;39:e2017047.

47. White IR. Network meta-analysis. Stata J. 2015;15:951–
985.

48. Thompson SG, Higgins JPT. How should meta-
regression analyses be undertaken and interpreted? Stat
Med. 2002;21:1559–1573.

49. Borenstein M, Hedges LV, Higgins JPT, et al. Notes on
subgroup Analyses and meta-regression. In: Borenstein
M, Hedges LV, Higgins JPT, Rothstein HR, eds. Intro-
duction to Meta-Analysis. 2009. Available at: https://doi.
org/10.1002/9780470743386.ch21

50. Higgins JPT, Jackson D, Barrett JK, et al. Consistency
and inconsistency in network meta-analysis: concepts
and models for multi-arm studies. Res Synth Methods.
2012;3:98–110.

51. Dias S, Welton NJ, Caldwell DM, et al. Checking con-
sistency in mixed treatment comparison meta-analysis.
Stat Med. 2010;29:932–944.

52. Mbuagbaw L, Rochwerg B, Jaeschke R, et al.
Approaches to interpreting and choosing the best treat-
ments in network meta-analyses. Syst Rev. 2017;6:79.

53. Foroutan F, Guyatt G, Zuk V, et al. GRADE Guidelines
28: use of GRADE for the assessment of evidence about
prognostic factors: rating certainty in identification of
groups of patients with different absolute risks. J Clin
Epidemiol. 2020;121:62–70.

54. Schünemann H, Guyatt G, Oxman A, eds. The GRADE
Working Group. GRADE Handbook for Grading Quality of
Evidence and Strength of Recommendations. Cochrane
Handbook. 2013.

55. Akahira JI, Yoshikawa H, Shimizu Y, et al. Prognostic
factors of stage IV epithelial ovarian cancer: a multicen-
ter retrospective study. Gynecol Oncol. 2001;81:398–403.

56. Aletti GD, Dowdy SC, Podratz KC, Cliby WA. Relation-
ship among surgical complexity, short-termmorbidity, and
overall survival in primary surgery for advanced ovarian
cancer. Am J Obstet Gynecol. 2007;197:676.e1–676.e7.

57. Aletti GD, Dowdy SC, Podratz KC, Cliby WA. Surgical
treatment of diaphragm disease correlates with
improved survival in optimally debulked advanced
stage ovarian cancer. Gynecol Oncol. 2006;100:283–287.

58. Aletti GD, Podratz KC, Jones MB, Cliby WA. Role of
rectosigmoidectomy and stripping of pelvic peritoneum
in outcomes of patients with advanced ovarian cancer.
J Am Coll Surgeons. 2006;203:521–526.

59. Ataseven B, Grimm C, Harter P, et al. Prognostic impact
of debulking surgery and residual tumor in patients
with epithelial ovarian cancer FIGO stage IV. Gynecol
Oncol. 2016;140:215–220.

60. Bristow RE, Ueda S, Gerardi MA, et al. Analysis of
racial disparities in stage IIIC epithelial ovarian cancer

e52 Bryant et al

American Journal of Therapeutics (2023) 30(1) www.americantherapeutics.com

https://doi.org/10.1002/9780470743386.ch21
https://doi.org/10.1002/9780470743386.ch21


care and outcomes in a tertiary gynecologic oncology
referral center. Gynecol Oncol. 2011;122:319–323.

61. Chan JK, Loizzi V, Lin YG, et al. Stages III and IV
invasive epithelial ovarian carcinoma in younger versus
older women: what prognostic factors are important?
Obstet Gynecol. 2003;102:156–161.

62. Chang SJ, Bristow RE, Ryu HS. Impact of complete
cytoreduction leaving no gross residual disease associ-
ated with radical cytoreductive surgical procedures on
survival in advanced ovarian cancer. Ann Surg Oncol.
2012;19:4059–4067.

63. Chang SJ, Bristow RE, Ryu HS. Prognostic significance
of systematic lymphadenectomy as part of primary de-
bulking surgery in patients with advanced ovarian can-
cer. Gynecol Oncol. 2012;126:381–386.

64. Chi DS, Liao JB, Leon LF, et al. Identification of prog-
nostic factors in advanced epithelial ovarian carcinoma.
Gynecol Oncol. 2001;82:532–537.

65. Chi DS, Eisenhauer EL, Lang J, et al. What is the opti-
mal goal of primary cytoreductive surgery for bulky
stage IIIC epithelial ovarian carcinoma (EOC)? Gynecol
Oncol. 2006;103:559–56464.

66. Eisenhauer EL, Abu-Rustum NR, Sonoda Y, et al. The
effect of maximal surgical cytoreduction on sensitivity
to platinum-taxane chemotherapy and subsequent sur-
vival in patients with advanced ovarian cancer. Gynecol
Oncol. 2008;108:276–281.

67. Cuylan ZF, Meydanli MM, Sari ME, et al. Prognostic
factors for maximally or optimally cytoreduced stage
III nonserous epithelial ovarian carcinoma treated with
carboplatin/paclitaxel chemotherapy. J Obstet Gynaecol
Res. 2018;44:1284–1293.

68. Eisenkop SM, Friedman RL, Wang HJ. Complete cytor-
eductive surgery is feasible and maximizes survival in
patients with advanced epithelial ovarian cancer: a pro-
spective study. Gynecol Oncol. 1998;69:103–108.

69. Eisenkop SM, Spirtos NM, Friedman RL, et al. Relative
influences of tumor volume before surgery and the cy-
toreductive outcome on survival for patients with
advanced ovarian cancer: a prospective study. Gynecol
Oncol. 2003;90:390–396.

70. Feng Z, Wen H, Bi R, et al. Prognostic impact of the
time interval from primary surgery to intravenous che-
motherapy in high grade serous ovarian cancer. Gynecol
Oncol. 2016;141:466–470.

71. Hofstetter G, Concin N, Braicu I, et al. The time interval
from surgery to start of chemotherapy significantly
impacts prognosis in patients with advanced serous
ovarian carcinoma—analysis of patient data in the pro-
spective OVCAD study. Gynecol Oncol. 2013;131:15–20.

72. Kahl A, du Bois A, Harter P, et al. Prognostic value of
the age-adjusted Charlson comorbidity index (ACCI) on
short- and long-term outcome in patients with
advanced primary epithelial ovarian cancer. Ann Surg
Oncol. 2017;24:3692–3699.

73. Klar M, Hasenburg A, Hasanov M, et al. Prognostic
factors in young ovarian cancer patients: an analysis
of four prospective phase III intergroup trials of the

AGO Study Group, GINECO and NSGO. Eur J Cancer.
2016;66:114–124.

74. Mahner S, Eulenburg C, Staehle A, et al. Prognostic
impact of the time interval between surgery and che-
motherapy in advanced ovarian cancer: analysis of pro-
spective randomised phase III trials. Eur J Cancer. 2013;
49:142–149.

75. 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 gyne-
cologic cancer intergroup trial of the AGO-OVAR and
GINECO. J Natl Cancer Inst. 2006;98:1036–1045.

76. du Bois A, Herrstedt J, Hardy-Bessard AC, et al. Phase
III trial of carboplatin plus paclitaxel with or without
gemcitabine in first-line treatment of epithelial ovarian
cancer. J Clin Oncol. 2010;28:4162–4169.

77. du Bois A, Meier W, Adams HP, et al. A randomized
clinical trial of cisplatin/paclitaxel versus carboplatin/
paclitaxel as first-line treatment of ovarian cancer. Cancer-
Spectrum Knowledge Environ. 2003;95:1320–1329.

78. du Bois A, Weber B, Rochon J, et al. Addition of epiru-
bicin as a third drug to carboplatinpaclitaxel in first-line
treatment of advanced ovarian cancer: a prospectively
randomized gynecologic cancer intergroup trial by the
Arbeitsgemeinschaft Gynaekologische Onkologie Ovar-
ian Cancer Study Group and the Groupe d’Investiga-
teurs Nationaux pour l’Etude des Cancers Ovariens.
J Clin Oncol. 2006;24:1127–1135.

79. Langstraat C, Aletti GD, Cliby WA. Morbidity, mortal-
ity and overall survival in elderly women undergoing
primary surgical debulking for ovarian cancer: a deli-
cate balance requiring individualization. Gynecol Oncol.
2011;123:187–191.

80. Luger AK, Steinkohl F, Aigner F, et al. Enlarged cardio-
phrenic lymph nodes predict disease involvement of the
upper abdomen and the outcome of primary surgical
debulking in advanced ovarian cancer. Acta Obstetricia
Gynecologica Scand. 2020;99:1092–1099.

81. Melamed A, Manning-Geist B, Bregar AJ, et al. Associ-
ations between residual disease and survival in epithe-
lial ovarian cancer by histologic type. Gynecol Oncol.
2017;147:250–256.

82. Paik ES, Kim JH, Kim TJ, et al. Prognostic significance of
normal-sized ovary in advanced serous epithelial ovar-
ian cancer. J Gynecol Oncol. 2018;29:e13–e.

83. Polterauer S, Vergote I, Concin N, et al. Prognostic
value of residual tumor size in patients with epithelial
ovarian cancer FIGO stages IIA-IV: analysis of the OV-
CAD data. Int J Gynecol Cancer. 2012;22:380–385.

84. Tewari KS, Java JJ, Eskander RN, et al. Early initiation
of chemotherapy following complete resection of
advanced ovarian cancer associated with improved sur-
vival: NRG Oncology/Gynecologic Oncology Group
study. Ann Oncol. 2016;27:114–121.

85. Tseng JH, Cowan RA, Zhou Q, et al. Continuous
improvement in primary debulking surgery for
advanced ovarian cancer: do increased complete gross
resection rates independently lead to increased

A Systematic Review and Network Meta-Analysis e53

www.americantherapeutics.com American Journal of Therapeutics (2023) 30(1)



progression-free and overall survival? Gynecol Oncol.
2018;151:24–31.

86. Armstrong DK, Bundy BW, Wenzel L, et al. Intraperi-
toneal cisplatin and paclitaxel in ovarian cancer. New
Engl J Med. 2006;354:34–43.

87. 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 inter-
group study of the gynecologic oncology group, south-
western oncology group, and eastern cooperative
oncology group. J Clin Oncol. 2001;19:1001–1007.

88. McGuire WP, Hoskins WJ, Brady MF, et al. Cyclophos-
phamide and cisplatin compared with paclitaxel and
cisplatin in patients with stage III and stage IV ovarian
cancer. New Engl J Med. 1996;334:1–6.

89. Muggia FM, Braly PS, Brady MF, et al. Phase III ran-
domized study of cisplatin versus paclitaxel versus cis-
platin and paclitaxel in patients with suboptimal stage
III or IV ovarian cancer: a gynecologic oncology group
study. J Clin Oncol. 2000;18:106–115.

90. Ozols RF, Bundy BN, Greer BE, et al. Phase III trial of
carboplatin and paclitaxel compared with cisplatin and
paclitaxel in patients with optimally resected stage III
ovarian cancer: a gynecologic oncology group study.
J Clin Oncol. 2003;21:3194–3200.

91. Rose PG, Nerenstone S, Brady MF, et al. Secondary
surgical cytoreduction for advanced ovarian carcinoma.
New Engl J Med. 2004;351:2489–2497.

92. Winter WE, Maxwell GL III, Tian C, et al. Prognostic
factors for stage III epithelial ovarian cancer: a gyneco-
logic oncology group study. J Clin Oncol. 2007;25:3621–
3627.

93. Spriggs DR, Brady MF, Vaccarello L, et al. Phase III
randomized trial of intravenous cisplatin plus a 24- or
96-hour infusion of paclitaxel in epithelial ovarian can-
cer: a Gynecologic Oncology Group Study. J Clin Oncol.
2007;25:4466–4471.

94. Winter WE, Maxwell GL, Tian C, et al. Tumor residual
after surgical cytoreduction in prediction of clinical out-
come in stage IV epithelial ovarian cancer: a Gynecologic
Oncology Group Study. J Clin Oncol. 2008;26:83–89.

95. Rouse B, Chaimani A, Li T. Networkmeta-analysis: an intro-
duction for clinicians. Intern Emerg Med. 2017;12:103–111.

96. Chaimani A, Higgins JPT, Mavridis D, et al. Graphical
tools for network meta-analysis in STATA. PLoS ONE.
2013;8:e76654.

97. Vergote I, Vlayen J, Heus P, et al. KCE Reports 268.
D/2016/10.273/49. Ovarian cancer: diagnosis, treatment
and follow-up. Good Clinical Practice (GCP). Centre
BHCK: Brussels, Belgian; 2016.

98. Williamson PR, Gamble C, Altman DG, et al. Outcome
selection bias in meta-analysis. Stat Methods Med Res.
2005;14:515–524.

99. Br�edart A, Bouleuc C, Dolbeault S. Doctor-patient com-
munication and satisfaction with care in oncology. Curr
Opin Oncol. 2005;17:351–354.

100. Frey MK, Philips SR, Jeffries J, et al. A qualitative study
of ovarian cancer survivors’ perceptions of endpoints
and goals of care. Gynecol Oncol. 2014;135:261–265.

101. Wong BO, Clapp JT, Morris AM. Misinterpretation of
surgeons’ statements on cancer removal-the adverse
effects of we got it all. JAMA Oncol. 2022.

102. Sundar S, Cummins C, Kumar S, et al. Quality of life
from cytoreductive surgery in advanced ovarian cancer:
investigating the association between disease burden
and surgical complexity in the international, prospec-
tive, SOCQER-2 cohort study. Int J Obstet Gynaecol.
2022;129:1122–1132

103. Lo SK, Li IT, Tsou TS, See L. Non-significant in univariate
but significant in multivariate analysis: a discussion with
examples. Changgeng Yi Xue Za Zhi. 1995;18:95–101.

104. Stuart GC, Kitchener H, Bacon M, et al. 2010 gyneco-
logic cancer InterGroup (GCIG) consensus statement on
clinical trials in ovarian cancer: report from the fourth
ovarian cancer consensus conference. Int J Gynecol Can-
cer. 2011;21:750–755.

105. Chang SJ, Bristow RE. Evolution of surgical treatment
paradigms for advanced-stage ovarian cancer: redefin-
ing “optimal” residual disease. Gynecol Oncol. 2012;125:
483–492.

106. Karam A, Ledermann JA, Kim JW, et al. Fifth ovarian can-
cer consensus conference of the gynecologic cancer Inter-
Group: first-line interventions. Ann Oncol. 2017;28:711–717.

107. Zapardiel I, Morrow CP. New terminology for cytore-
duction in advanced ovarian cancer. Lancet Oncol. 2011;
12:214.

108. EQUATOR. Transparent reporting of a multivariable
prediction model for individual prognosis or diagnosis
(TRIPOD): The TRIPOD statement: Enhancing the
QUAlity and Transparency Of health Research (EQUA-
TOR). 2020. Available at: https://www.equator-
network.org/reporting-guidelines/tripod-statement/.
Accessed October 1, 2022.

109. Debray TP, Koffijberg H, Nieboer D, et al. Meta‐analy-
sis and aggregation of multiple published prediction
models. Stat Med. 2014;33:2341–2362.

110. Steyerberg EW, Vickers AJ, Cook NR, et al. Assessing
the performance of prediction models: a framework for
some traditional and novel measures. Epidemiology.
2010;21:128–138.

111. Tangjitgamol S, Laopaiboon M, Lumbiganon P, Bryant
A. Interval debulking surgery for advanced epithelial
ovarian cancer. Cochrane Database Syst Rev. 2016;2016:
CD006014.

112. Wimberger P, Lehmann N, Kimmig R, et al. Prognostic
factors for complete debulking in advanced ovarian
cancer and its impact on survival. An exploratory anal-
ysis of a prospectively randomized phase III study of
the Arbeitsgemeinschaft Gynaekologische Onkologie
Ovarian Cancer Study Group (AGO-OVAR). Gynecol
Oncol. 2007;106:69–74.

113. Markman M. Concept of optimal surgical cytoreduction
in advanced ovarian cancer: a brief critique and a call
for action. J Clin Oncol. 2007;25:4168–4170.

e54 Bryant et al

American Journal of Therapeutics (2023) 30(1) www.americantherapeutics.com

https://www.equator-network.org/reporting-guidelines/tripod-statement/
https://www.equator-network.org/reporting-guidelines/tripod-statement/


114. Bristow RE, Palis BE, Chi DS, et al. The National Cancer
Database report on advancedstage epithelial ovarian
cancer: impact of hospital surgical case volume on over-
all survival and surgical treatment paradigm. Gynecol
Oncol. 2010;118:262–267.

115. Eisenkop SM, Spirtos NM. What are the current surgical
objectives, strategies and technical capabilities of gynae-
cologic oncologists treating advanced epithelial ovarian
cancer? Gynecol Oncol. 2001;82:489–497.

116. Vergote I, Amant F, Kristensen GB, et al. European
organization for research and treatment of cancer –

gynaecological cancer group; NCIC clinical trials
group. Neoadjuvant chemotherapy or primary surgery
in stage IIIC or IV. N Engl J. 2010;363:943–953.

117. Crawford SC, Vasey PA, Paul J, et al. Does aggressive
surgery only benefit patients with less advanced ovarian
cancer? Results from an international comparison within
the SCOTROC-1 trial. J Clin Oncol. 2005;23:5003–5011.

A Systematic Review and Network Meta-Analysis e55

www.americantherapeutics.com American Journal of Therapeutics (2023) 30(1)


