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HIGHLIGHTS

* Primary cytoreductive surgery (PCS) associated with a 20% morbidity rate compared to 8% in neoadjuvant chemotherapy (NACT)
» NACT associated with increased optimal cytoreduction rates but no difference in overall or progression free survival.
* PCS should remain standard of care where complete gross resection is achievable.
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gery (PCS) compared to neoadjuvant chemotherapy and interval cytoreductive surgery (NACT + ICS) for ad-
vanced ovarian cancer.

Methods. A literature search was performed for publications reporting morbidity and mortality in patients un-
dergoing PCS compared to NACT + ICS. Databases searched were Cochrane, Medline, Pubmed, Pubmed Central,

g?;?;g;d;ncer clinicaltrials.gov and Embase. Two independent reviewers applied inclusion and exclusion criteria to select in-
Cytoreductive surgery cluded papers, with differences agreed by consensus. A total of 1341 citations were reviewed; 17 studies com-
Primary cytoreductive surgery prising 3759 patients were selected for the analysis. The literature search was performed using Preferred
Neoadjuvant chemotherapy Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Results were reported as
Surgical morbidity mean differences or pooled odds ratios (OR) with 95% confidence intervals (95% CI).

Surgical mortality Results. Patients in the PCS group were significantly more likely to have a Clavien-Dindo grade > 3 morbidity

with an overall rate of 21.2% compared to 8.8% (95%CI 1.9-4.0, p < 0.0001) and were more likely to die within
30 days of surgery (OR 6.1, 95% CI 2.1-17.6, p = 0.0008). Patients who underwent NACT + ICS had significantly
shorter procedural times (MD —35 min, p = 0.01), lost less blood intraoperatively (MD-382 ml, p < 0.001) and
had an average admission 5.0 days shorter (MD —5.0 days, 95% CI —8.1 to —1.9 days, p = 0.002) than those un-
dergoing PCS. While NACT was associated with significantly increased optimal and complete cytoreduction rates
(OR 1.9,95% CI 1.3-2.9, p = 0.001, and OR 2.2, 95% CI 1.5-3.3, p = 0.0001 respectively), this did not confer any
additional survival benefit (OR 1.0, p = 0.76).

Conclusion. NACT is associated with less morbidity and mortality and improved complete cytoreduction com-
pared to PCS, with no survival benefit. Hence NACT is an acceptable alternative in selected patients in particular
with medical co-morbidities or a high tumour burden.
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1. Introduction malignancy ovarian carcinoma, epithelial ovarian cancer, and synonyms

Ovarian cancer frequently presents at an advanced stage and is asso-
ciated with the greatest mortality of the gynaecological malignancies
[1]. At the time of diagnosis, 75% of patients with epithelial ovarian can-
cer have advanced disease i.e. International Federation of Gynaecology
and Obstetrics (FIGO) stage IIIC or IV [2]' [3]. The prognosis associated
with stage IV disease is poor with a 5-year survival of <20% [4]. The in-
ternational standard treatment for advanced ovarian cancer is extensive
cytoreductive surgery followed by platinum-based chemotherapy. A
Cochrane review [5] recommended that surgery should proceed with
the goal of complete cytoreduction of all macroscopic disease, as this
has been shown to significantly prolong survival [6].

The timing of chemotherapy in relation to surgery remains a subject
of much debate. Primary cytoreductive surgery (PCS) followed by adju-
vant carboplatinum-paclitaxel chemotherapy is considered the stan-
dard of care. However patients with a high tumour burden at
presentation or a poor performance status may not be suitable candi-
dates for primary surgery as they are unlikely to achieve complete
cytoreduction.

Many ovarian cancers are chemosensitive tumours with a high re-
sponse rate of 80-90% [7], hence NACT followed by interval
cytoreductive surgery (ICS) has emerged as an alternative option for
those patients not suitable for PCS. Neoadjuvant chemotherapy
(NACT) aims to reduce tumour burden as well as to increase the chance
of achieving complete cytoreduction [8] with a number of studies dem-
onstrating non-inferior survival outcomes [9], [10]. Previous meta-
analyses have shown improved cytoreduction rates and less morbidity
with NACT compared to PCS [10], [11]. This meta-analysis aims to add
additional data by including a number of recent publications and
randomised controlled trials, and in particular to compare morbidity
and mortality in patients treated with NACT compared to PCS.

2. Methods

A systematic literature search was performed for all publications
that reported on morbidity and mortality in patients undergoing
cytoreductive surgery in primary and recurrent ovarian malignancy.
Embase, Medline, Pubmed, Pubmed Central, clinicaltrials.gov and
Cochrane databases were searched using a Boolean search algorithm
for articles published up to January 2019. Additional screening was per-
formed of the reference lists from the relevant literatures. Original stud-
ies documenting quality of life, morbidity and mortality in patients
undergoing PCS or NACT + ICS for ovarian malignancy were included
for meta-analysis. The overall search strategy was inclusive of alterna-
tive terms for ovarian cancer such as ovarian neoplasm, ovarian

for primary cytoreductive surgery (debulking surgery OR cytoreduction
surgery OR primary cytoreduction) and neoadjuvant chemotherapy
(adjuvant chemotherapy OR neoadjuvant drug therapy). Publications
were evaluated dependent on predefined inclusion and exclusion
criteria as outlined in Fig. 1. All search results were combined in a refer-
ence manager database (Endnote™, Version X7, Thompson Reuters,
New York, USA) and duplicates were removed by hand. Reference lists
of included studies were screened for additional relevant studies.

2.1. Study selection

The inclusion and exclusion criteria were applied to retrieve cita-
tions by two independent reviewers and the abstracts were reviewed
to select full papers for data analysis. Full text studies were further eval-
uated, and exclusion criteria were applied to identify final papers for in-
clusion. Studies reporting on post-operative outcomes (Clavien-Dindo
>3 morbidity or mortality, mean blood loss, transfusion requirements,
mean length of stay), cytoreduction rates and 30-day mortality were in-
cluded. Morbidities were recorded both qualitatively and quantitatively.
Where additional discrepancies were identified these were agreed by
consensus.

The meta-analysis was conducted in accordance with PRISMA guide-
lines. Study methodological quality was assessed by applying the
MINORS criteria for observational studies [12] and the Jadad [13] score
for randomised trials. Where data was not available or uninterpretable,
authors were contacted for further information.

Analyses were performed using RevMan software (Review Manager,
version 5.3; The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark). Continuous data were presented as mean +
standard deviation and statistical significance was interpreted using
the two tailed t-test. Where median and range were presented,
methods described by Hozo and colleagues were followed to derive
mean and standard deviation [14]. Where means were displayed with-
out SD, but had p values according to Student's t-test, the Cochrane
method was used to impute SDs and allow meta-analysis. For survival
analysis, many studies presented their data with Kaplan-Meier plots,
in which cases data was extracted from the plots by hand. Methods to
reconstruct survival data from Kaplan-Meier plots have previously
been described by Guyot et al. [15]. The majority of studies reported me-
dian survival rates with comparative p values, without expressly de-
scribing range or means with standard deviation (SD). In order to
impute this data and allow meta-analysis, the mean was approximated
as the median, and SD obtained using the Cochrane method above. As-
sociation of categorical variables (differences for dichotomous pre-
existing variables between groups) was assessed using chi-square ()
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Inclusion Criteria

Original publication (reviews, opinions, letters, protocols and conference proceedings excluded)
Patients with ovarian malignancy who underwent either Primary Debulking Surgery or
Neoadjuvant Chemotherapy and Interval Debulking Surgery

Reported outcome measures studied

e Morbidity (>Grade 3 Clavien Dindo)

e Mortality

e Quality of Life

e Perioperative outcomes: operative duration, operative blood loss, length of

hospital stay

Exclusion criteria

Papers in languages other than English.

Papers where data was unavailable or uninterpretable and authors uncontactable
Non-human studies

No data on morbidity for PCS vs NACT-ICS

Fig. 1. Study inclusion and exclusion criteria.

test or Fisher's test where appropriate. Cochran's Q test was used to cal- significant heterogeneity between studies. A fixed-effects model was
culate the I? statistic in order to objectively measure heterogeneity for performed for each variable, or where there was appreciable heteroge-
each of the outcome measures; an I? value >50% was taken to denote neity (I > 50%) a random-effects model was used for meta-analysis. For

c
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Fig. 2. Flow diagram of systematic review and meta-analysis process.
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continuous variables, the weighted mean differences (MD) are pre-
sented with 95% confidence intervals (CI). For categorical variables
Mantel-Haenszel odds ratios (ORs) were calculated and described
with 95% CL. Corresponding funnel plots of log standard error as a func-
tion of effect size were used to examine the effect of publication bias vi-
sually. P values were two tailed, differences of <0.05 were deemed to be
significant.

3. Results

A comprehensive search of databases resulted in a total of 1456 pa-
pers, of which 1328 remained for review after removal of duplicate pa-
pers (Fig. 1). Following review of titles and abstracts, 64 full text papers
were reviewed. Seventeen studies were eventually included after meet-
ing the study inclusion criteria (Fig. 2). In total the studies comprised
3759 patients, with study sizes ranging from 60 to 632 patients. Of the
3759 patients, 1619 (43%) received neoadjuvant chemotherapy
followed by interval cytoreductive (NACT+ICS), and 2140 (57%)
underwent primary cytoreductive surgery (PCS). The studies selected
for meta-analysis included 4 randomised trials, 4 prospective and 9 sin-
gle institution retrospective reviews (Table 1). All papers were pub-
lished between 2010 and 2018, with patients included from 1995 to
2017.

There was no difference in mean age between the two groups (61 +
9.9 in NACT vs 60.6 4 11.4 years for PCS, p = 0.260). WHO performance
status was reported in 5 studies [16], [17], [18], [19], [20], with a similar
number of patients scoring >2 in both groups (17% NACT n = 170, 14%
PCSn = 128,p = 0.118).

FIGO stage was reported in all except one study and there was no dif-
ference between both groups, with 70% of patients in the NACT having
stage IIIC disease compared to 73% in the PCS group (p = 0.354).
There was also no difference in the proportion of patients with FIGO
Stage IV disease, with 29.8% in the NACT group compared to 26.3% in
the PCS group (p = 0.085). All studies except two reported on tumour
histology, with 73.7% of patients having high grade serous carcinoma.
Serum cancer antigen 125 (CA 125) was reported in 10 studies with pa-
tients in the NACT group having a significantly higher mean level at di-
agnosis than those in the PCS group (7699.9 + 3291.8 vs 5593.1 +
4731.7, p = 0.0001).

Chemotherapy treatment protocols used in each study are reflective
of standard regimes used during the study period, with the majority

giving 3-6 cycles of NACT prior to ICS followed by a further 3 cycles,
and PCS being followed by 6-8 cycles of chemotherapy. The median
number of NACT cycles was 4.8 (range 1-10). Chemotherapy agents
were mostly platinum based with no significant differences between
the adjuvant and neoadjuvant regimes. Only one study [17] commented
on the interval from commencing NACT to patients undergoing ICS,
with patients triaged to surgery within 4 weeks if disease progression
was excluded. Hyperthermic intraperitoneal chemotherapy (HIPEC)
was not used in any of the included studies.

3.1. Meta-analysis

3.1.1. Perioperative outcomes

The mean length of operative time for all procedures was 208 +
113 min, with patients who underwent NACT prior having significantly
shorter procedural times than those undergoing primary surgery (MD
—35 min, p = 0.01, Fig. 3A). Patients in the neoadjuvant group lost
less blood intraoperatively (MD —382 ml, p < 0.001), however there
were no differences in the quantities of red cell concentrate units trans-
fused in each group (p = 0.15). Overall, 64.7% of patients had optimal
cytoreduction (<1 cmresidual disease) and 35.2.% had complete macro-
scopic resection (complete cytoreduction). The optimal cytoreduction
rate in the NACT group was 71.3% compared to 59.8% in the PCS group
(p = 0.001) and the complete cytoreduction rate in the NACT group
was 44.4% compared to 28.3% in the PCS group (p = 0.0001). Patients
in the group undergoing NACT were twice as likely to receive optimal
and complete cytoreduction (OR 1.9, 95% CI 1.3-2.9, p = 0.001, and
OR 2.2, 95% CI 1.5-3.3, p = 0.0001 respectively, Fig. 3B).

3.1.2. Postoperative morbidity, mortality and length of stay

Patients in the PCS group were 2.8 times more likely to have a
Clavien-Dindo grade > 3 morbidity, with a morbidity rate of 21.2% com-
pared to 8.8% in the NACT group (95%CI 1.9-4.0, p < 0.0001, Fig. 3C). This
remained true for the individually reported morbidities of moderate-to-
severe infection (7.1% vs 3%, p = 0.0001, Fig. 3D), venous thromboem-
bolism (3.7% vs 1.9%, p = 0.02), and intestinal fistula (1.2% vs 0.1%, p =
0.06) (ORs 2.5, 1.9 and 4.0 respectively, supplementary appendix). Sig-
nificantly more patients required bowel resection in the PCS group com-
pared to the NACT group (23.5% vs 8.8%, OR 3.2, 95% Cl 1.6-6.4, p <
0.001, supplementary appendix). Chemotherapy morbidity was graded
using the Common Terminology Criteria for Adverse Events (CTCAE)

Table 1
Overview of included studies.
Author Year Country Study period Study type Total NACT + ICS (%) PCS (%) Jadad Score
n
Vergote [15] 2010 Belgium 1998-2006 Randomised prospective 632 322 (51) 310 (49) 3
Kehoe [16] 2015 England/NZ 2004-2010 Randomised non-inferiority trial 550 274 (49) 276 (51) 3
Onda [36] 2016 Japan 2006-2011 Randomised non-inferiority trial 277 130 (43) 147 (57) 3
Fagotti [18] 2016 Italy 2011-2014 Randomised Phase 3 study 110 55 (50) 55 (50) 3
Author Year Country Study period Study type Total NACT + ICS (%) PCS (%) Minors Score
n
Drews [37] 2016 England 2007-2014 Retrospective 220 149 (67) 71 (33) 19
Hou [38] 2007 USA 1998-2005 Retrospective 172 63 (36) 109 (64) 19
Medina [39] 2017 Mexico 2000-2015 Prospective, Comparative 105 63 (60) 42 (40) 20
Mueller [40] 2015 USA 2008-2013 Retrospective 586 154 (26) 432 (74) 18
Nelson [41] 2010 Canada 2006-2009 Retrospective, single institution 67 38 (56) 29 (44) 19
OShea [42] 2018 USA 2010-2013 Retrospective, single institution 131 66 (50.5) 65 (49.5) 18
Rauh-Hain [43] 2012 USA 1995-2007 Retrospective 242 66 (27) 176 (73) 19
Sayyah-Melli [44] 2013 Iran 2011-2012 Prospective, single institution 60 30 (50) 30 (50) 17
Worley [45] 2013 USA 2000-2010 Retrospective 165 40 (24) 125 (76) 19
Zheng [46] 2012 China 2006-2009 Retrospective 67 30 (44) 37 (56) 19
Chisti [47] 2009 Pakistan 1999-2008 Prospective 118 40 (33) 78 (67) 18
Siesto [48] 2018 Italy 2009-2017 Propensity Matched Analysis Retrospective 100 50 (50) 50 (50) 18
Kobal [49] 2018 Slovenia 2008-2012 Retrospective 157 49 (31.2) 108 (68.8) 18

NACT + ICS = Neoadjuvant Chemotherapy + Interval Cytoreductive Surgery/PCS = Primary Cytoreductive Surgery.
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[21] and there was no difference in chemotherapy related morbidities
between the two groups (OR 1.0, p = 0.88). Patients in the PCS group
were more likely to die within 30 days of surgery (OR 6.1, 95% CI
2.1-17.6, p = 0.0008, supplementary appendix). The mean LOS in the
NACT group was on average 5.0 days shorter than in the PCS group
(MD —5.0 days, 95% CI —8.1 to —1.9 days, p = 0.002).

3.1.3. Survival

There were no apparent differences in survival rates reported at five
years between the two groups (OR 1.0, p = 0.76, Supplementary Ap-
pendix), and only a one month improved mean survival in the NACT
group (MD —1.0 month, 95% CI —1.6 to —0.3, p = 0.006). This data
was particularly heterogeneous, with an I? of 94%, and mean survival
ranging from 22.6 to 56.4 months among studies.

3.1.4. Sensitivity analysis

When studies with mean optimal cytoreduction rates falling outside
of one SD of the overall mean optimal cytoreduction rate were excluded,
sensitivity analysis revealed three outcomes which lost significance at

A

NACT Primary surgery

Study or Subgroup  Mean [minutes] SD [minutes] Total Mean [minutes] SD [minutes] Total Weight IV, Random, 95% CI [minutes] Year

H.C. Bartels et al. / Gynecologic Oncology 154 (2019) 622-630

meta-analysis — operative time, thromboembolism and the incidence
of intestinal fistula.

When studies were assessed for quality for sensitivity analysis, only
one study attained a MINORs criteria >19 or Jadad score > 3 and so this
could not be performed.

3.1.5. Quality of life

Quality of Life (QOL) data was reported in only two studies [15] [18],
and was therefore not amenable to meta-analysis. QoL was assessed by
the European Organization for Research and Treatment of Cancer
(EORTC) QoL questionnaires [22] in all studies that reported on QoL out-
comes. The SCOPRION trial [ 18] found a statistically significant improve-
ment in QoL scores in 6 different scales including emotional and
cognitive functioning in the NACT group. The randomised EORTC-NCIC
trial [15] found no difference between the groups at any time point.
The CHORUS trial [16] reported only on global quality of life scores
and found a significantly higher QoL score at 6 months in the NACT pa-
tients compared to the PCS group (means difference — 7.6, p = 0.043),
however at 12 months QoL scores were no different between the groups
(p = 0.97).

Mean Difference
IV, Random, 95% CI [minutes]

Mean Difference

Hou 2007 2108 1032 63 2159 1032 109 25.8% 65.10[-97.11,-33.09) 2007 —
Chisti 2009 222 1966 40 22 1853 78 11.1% 0.00[-73.51,73.51] 2009
Vergote 2010 2315 883 322 265 1183 310 335% -21.50-43.82, -11.18] 2010 —a—
Sayyah-Melli 2013 2208 5 30 2172 42 30 296% 360-20.88,28.08] 2013 -
Kehoe 2015 121 10 274 120 135 276 Not estimable 2015
Fagotti 2016 255 825 55 463 1225 55 Not estimable 2016
Drews 2016 194 593 149 1785 51 T Not estimable 2016
Siesto 2018 180.3 502 50 197.1 688 50 Not estimable 2018
Total (95% Cl) 455 527 100.0% -24.94[-54.11, 4.23] <
ity 2 = . 2 = = = |2 = 0/ I { { I
Heterogeneity: Tau? = 591.73; Chi? = 11.80, df = 3 (P = 0.008); I* = 75% 00 50 0 5 0

Test for overall effect: Z=1.68 (P = 0.09)

Favours NACT Favours primary surgery

B
NACT + IDS PDS Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Nelson 2010 10 38 6 29 55% 1.37[0.43,4.34] 2010 -
Vergote 2010 151 322 61 310 9.5% 3.60[2.53,5.14] 2010 —
Rauh-Hain 2012 12 66 13 176 7.0% 2.79[1.20,6.47] 2012 — =
Sayyah-Melli 2013 7 30 10 30 56% 0.6110.20, 1.90] 2013 .
Worley 2013 16 40 20 125 7.3% 3.50[1.58,7.73] 2013 s
Kehoe 2015 79 274 39 276 92% 2.46[1.60, 3.78] 2015 -
Mueller 2015 82 154 203 432 9.4% 1.280.89, 1.86] 2015 T
Onda 2016 83 130 17 147 82% 13.50[7.27,25.09] 2016 —
Drews 2016 54 149 23 71 83% 1.19[0.65, 2.16] 2016 —
Fagotti 2016 30 55 25 55  75% 1.44[0.68, 3.05] 2016 =
O'Shea 2018 42 66 34 65 78% 1.60[0.79, 3.21] 2018 -1
Kobal 2018 38 49 58 108 7.4% 2.98[1.38,6.43] 2018 e
Siesto 2018 28 50 2 5 73% 1.62[0.74, 3.57] 2018 N
Total (95% Cl) 1423 1874 100.0% 2.20 [1.48, 3.27] i
Total events 632 531

ity: Tau? = : Chiz = = 2= 819 f t f f f I
Heterogeneity: Tau? = 0.40; Chi? = 62.99, df = 12 (P < 0.00001); I>=81% 01 02 05 ] 2 5 10

Test for overall effect: Z = 3.88 (P = 0.0001)

Favours primary surgery Favours NACT

Fig. 3. Forest plots. A: Operative time B: Complete cytoreduction C: Clavien-Dindo morbidity D: Infection.
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& NACT Primary surgery Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup  Events Total Events Total Weight  M-H, Random, 95% CI Year M-H, Random, 95% CI
Hou 2007 17 63 37 109  92% 1.3910.70, 2.75] 2007 =
Chisti 2009 6 40 16 78  6.6% 1.4610.52, 4.09] 2009
Vergote 2010 19 322 60 310 10.4% 3.83[2.22,6.58] 2010 -
Nelson 2010 10 38 3 29 46% 0.32[0.08, 1.31] 2010 ¢
Zheng 2012 5 30 9 37 54% 1.61[0.47,5.44] 2012
Rauh-Hain 2012 5 66 53 176 7.0% 5.26[2.00, 13.83] 2012 -
Sayyah-Melli 2013 0 30 0 30 Not estimable 2013
Worley 2013 2 40 33 125  4.3% 6.82[1.56, 29.83] 2013 S—_
Mueller 2015 9 154 4l 432 8.9% 3.17[1.54,6.51] 2015 = =
Kehoe 2015 30 274 60 276 11.0% 2.26[1.41,3.63] 2015 -
Fagotti 2016 3 55 31 55  51% 22.39[6.23, 80.52] 2016 —
Drews 2016 11 149 13 1 7.8% 2.81[1.19,6.64] 2016 - -
Onda 2016 6 130 22 147 72% 3.64 [1.43,9.28] 2016 -
Medina 2017 3 63 4 42 4.0% 2.11[0.45,9.93] 2017
Kobal 2018 349 24 108 5.3% 4.38[1.25,15.34] 2018 ’
Siesto 2018 2 50 4 50 3.4% 2.0910.36, 11.95] 2018 ’
Total (95% Cl) 1553 2075 100.0% 2.78 [1.92, 4.03] 0
Total events 131 440
Heterogeneity: Tau? = 0.27; Chi? = 32.07, df = 14 (P = 0.004); I = 56% 0 " sz 0 e ! 2 . 0
Test for overall effect: Z = 5.43 (P < 0.00001) Favours NACT Favours primary surgery

D

NACT Primary surgery Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup  Events Total Events  Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Hou 2007 3 63 6 109 10.5% 1.1710.28,4.83] 2007 "
Vergote 2010 5 322 25 310 13.2% 5.56[2.10, 14.72] 2010 -
Rauh-Hain 2012 0 66 5 176 2.1% 4.2710.23,78.21] 2012 " ’
Sayyah-Melli 2013 130 1 30 2.8% 1.00[0.06, 16.76] 2013 ¢ ’
Worley 2013 5 40 23 125 18.1% 1.58[0.56, 4.47] 2013 o
Kehoe 2015 6 274 16 276 16.6% 2.75[1.06, 7.13] 2015 .
Drews 2016 5 149 14 N 16% 7.07[2.44,20.54] 2016 —=*
Onda 2016 1 130 1 147 3.1% 0.88[0.05, 14.27] 2016 *¢ ’
Fagotti 2016 5 55 0 55 15.9% 0.08[0.00, 1.53] 2016 *
Medina 2017 5 63 5 42 10.3% 1.5710.42,5.79] 2017 .
Total (95% Cl) 1192 1341 100.0% 2.4511.65, 3.64] ‘
Total events 36 9
itv' Chi2 = =9(P= -2 = 400 I } } } I

Heterogeneity: Chi? = 14.98, df = 9 (P = 0.09); 2= 40% 04 02 05 1 5 10

Test for overall effect: Z =4.43 (P < 0.00001)

Fig. 3 (continued).

Favours NACT Favours PCS

4. Discussion

This meta-analysis demonstrates that NACT followed by ICS is asso-
ciated with significantly less morbidity and mortality compared to PCS.
In patients deemed unsuitable for PCS based on performance status or
disease distribution NACT followed by ICS was associated with in-
creased complete cytoreduction rates but did not improve on OS or PFS.

Traditionally, NACT was reserved for those patients deemed not suit-
able for PCS due to medical co-morbidities or extent of tumour burden,

based on a number of retrospective studies concluding that NACT was
associated with inferior survival outcomes compared to PCS. Retrospec-
tive studies by Rosen et al. reported poorer 7-year survival in patients
treated with NACT (8.6% versus 41%; p < 0.0001) [24], while May et al
found similar results with 5 year survival outcomes of 39% vs 27% in
PCS and NACT respectively [25]. However, other studies found no differ-
ence in survival outcomes [26], including the prospective randomised
EORTC-NCIC[15] and the CHORUS [16] trials both of which are included
in the current study. In this metaanalysis we found no difference in
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survival between the two groups with a range of 22.6-56.4 months, al-
though this data was highly heterogeneous. Of note, the OS and PFS re-
ported in this meta-analysis and in both the EORTC-NCIC and the
CHORUS trial ranging from 23 to 30 months in all study arms are still
significantly lower than those reported in the GOG 1722 trial, in
which patients with stage 3 ovarian cancer had primary cytoreductive
surgery to a residual <1 cm followed by adjuvant intraperitoneal che-
motherapy, which reported a median OS of 66 months.

Therefore the standard of care for ovarian cancer remains primary
cytoreduction if there is a reasonable prospect of achieving a gross mac-
roscopic resection and the patient's performance status is sufficient to
withstand a multivisceral resection. The decision to offer NACT should
not be based on the basis that it increases gross macroscopic resection
rates. There is a fundamental flaw in the interpretation of NACT studies
that report an increase in complete cytoreduction rates, which should
correlate with improved survival rates. Interpretation of residual dis-
ease after NACT can be extremely difficult and the complexity of ICS
can often be reduced, reflected in the significantly lower number of
bowel resections in this group compared to at PCS. It is likely that resid-
ual disease is higher after ICS than reported.

Importantly, morbidity and mortality were significantly increased in
those in the PCS group as was 30-day mortality. This should be
interpreted in the context of the performance status of patients included
in these studies. Infection and thromboembolism both contributed sig-
nificantly to the increased morbidity associated with PCS, both of which
are potentially preventable complications. Infection and thromboembo-
lism are both associated with modifiable risk factors such as obesity, di-
abetes and malnutrition, hence pre-operative optimisation and the
implementation of intra- and post-operative ERAS protocols may re-
duce perioperative morbidity. Prevention is the crucial step in reducing
patient morbidity and more aggressive strategies to optimize any iden-
tifiable risk factors and focusing on the recognised contributors of mor-
bidity, such as infection and thromboembolism, could result in a more
favourable outcome in PCS.

The increased morbidity associated with PCS needs to be carefully
considered when selecting patients for primary surgery. The ability to
achieve complete gross resection will vary between centres, with recent
studies demonstrating significantly increased complete resection rates
when debulking is performed by an experienced surgeon in a high vol-
ume centre [27] [28],.In particular the addition of upper abdominal pro-
cedures such as splenectomy, distal pancreatectomy, cholecystectomy
and liver wedge resection have shown to increase the optimal
cytoreduction rates from 46% to 80% [29]. Both the EORTC-NCIC [15]
and the CHORUS [16] included in the current study performed very
low rates of radical upper abdominal surgery in the PCS group, likely
contributing to the lower complete cytoreduction rates reported.
Hence high-volume centres with greater experience can offer patients
the best chance of achieving optimal surgical outcomes and improve
survival outcomes. A reasonable approach seems to set complete gross
resection as the threshold for selecting patients for PCS. Patients with
an extensive tumour burden particularly involving the small bowel
mesentery and/or stage IV disease are likely to benefit from the reduced
morbidity associated with NACT.

Selecting patients for PCS remains challenging however there is in-
creasing evidence to support a staging laparoscopy. A Cochrane review
[30] found the use of resectability criteria at laparoscopy has a high
specificity which would leave no patient inappropriately explored,
however, up to 30% of patients would still be left with residual disease.
A systematic review including 9 studies and 778 staging laparoscopy's
found that patients who had a staging laparoscopy were less likely to
undergo a futile laparotomy (10% vs 39%) [31]. While further
randomised trials are needed to fully explore the role of staging laparos-
copy to prevent unnecessary laparotomy, its use as a triage tool before
initiating treatment is promising.

A significant disadvantage to NACT is the potential increased risk of
platinum resistant disease. Rauh-Hain et al reported significantly more

patients treated with NACT compared to PCS (88.8% v's 55.3%) devel-
oped platinum resistance [32]. The time to developing first platinum re-
sistance may be reduced by up to 50% in those treated with NACT,
however this may be reflective of underlying aggressive tumour biol-
ogy. The number of chemotherapy cycles administered is also related
to the development of platinum resistance, with evidence suggesting
those patients who received >3 cycles of chemotherapy are at signifi-
cantly increased risk with no additional survival benefit [33]. Although
a number of predictive biomarkers of platinum resistance have been
proposed, none have withstood thorough validation. So, while the ques-
tionable benefit of NACT in increasing optimal cytoreduction rates has
been proposed as a major advance, it has not conferred any survival
benefit, probably due to increasing platinum resistance. In conclusion,
the development of platinum resistance is a limitation of NACT of
which clinicians and patients must be aware when making decision re-
garding optimal treatment.

This meta-analysis has several strengths and limitations. The main
strength is the inclusion of high-quality randomised trials and a number
of recent prospective studies. To our knowledge, this is the largest meta-
analysis to compare morbidity in NACT and PCS. As with any meta-
analysis, the conclusions that can be drawn are limited to the limitations
of the original included studies. In particular, the survival data included
is highly heterogeneous and was estimated from Kaplan-Meier curves,
and as such needs to be interpreted with caution. Furthermore, a num-
ber of the included studies were performed in single-institutions and as
a consequence are at high risk of bias due to individual clinician deci-
sions regarding patient treatment. This is also reflected in the low
MINORS and Jadad scores for the included studies. A previous meta-
analysis by Qin et al. [34] of 1220 patients found similar results, how-
ever this review adds additional data from 2 further randomised control
trials, with survival outcomes now presented and a number of recent
publications to add further strength to the results.

Research on QoL is lacking with only two randomised trials
reporting on QoL outcomes. A recent single centre study found no differ-
ence in symptom burden or functional recovery in patients immediately
after undergoing either PCS or ICS [35]. However, the current literature
is deficient in evidence to support one treatment option over the other.
Additional QoL data would be valuable when counselling patients re-
garding treatment options allowing more informed choices to be made.

In conclusion, NACT is associated with significantly less peri-
operative morbidity and 30-day post-operative mortality compared to
PCS. Furthermore, complete cytoreduction rates are significantly in-
creased with NACT although this was not found to confer any increase
in OS or PFS. Hence, while NACT is an attractive alternative treatment
option, particularly in frail patients with medical comorbidities and
those with stage IV disease, PCS should remain the standard of care. Ul-
timately, the timing of surgery should be made on an individual basis
taking into account the patient's age, tumour burden, co-morbidities
and the likelihood of achieving complete resection. Future research
should focus on methods to optimize patient performance status pre-
operatively and reducing the recognised contributors of morbidity
such as thromboembolism and infection.
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