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Abstract

Introduction: Despite the magnitude of improvement 
in Overall Survival (OS) obtained in the GOG172, Intraperi-
toneal Chemotherapy (IPC) in advanced Epithelial Ovarian 
Cancer (EOC) has not been widely accepted as a standard 
procedure due to toxic effects. This together with negative 
results in recent Randomized Clinical Trials (RCTs) suggested 
a need for this meta-analysis.

Methods: A literature search of PubMed, Embase, MED-
LINE and ClinicalTrials.gov between January 1990 and Janu-
ary 2018 was conducted to identify relevant RCTs comparing 
IPC vs. intravenous chemotherapy (IV CT) after cytoreduc-
tive surgery in women with a new diagnosis of primary 
EOC. Progression-Free Survival (PFS) and OS were primary 
outcomes and secondary outcomes were Complete Patho-
logical Response (CPR) and adverse effects. Pooled Hazard 
Ratios (HRs) with 95% Confidence Intervals (CI) were calcu-
lated with fixed or random-effect models using the generic 
inverse-variance method. Statistical heterogeneity and pub-
lication bias were analyzed.

Results: Nine phase III trials and one phase II trial were 
included, involving 3688 patients in the pooled analyses. 
There was a significant improvement in PFS (HR= 0.86, 95% 
CI 0.77 to 0.95), in OS (HR= 0.81, 95% CI 0.73 to 0.90) and 
in CPR (RR= 1.28, 95% CI 1.08 to 1.51) in the IP arm. Infec-
tion, pain and cardiovascular, gastrointestinal and metabolic 
toxicity were more common in the IP arm.

Conclusions: The magnitude of the calculated benefit 
is clinically important, with an impact on OS. These results 
suggest that IPC is a valuable although more toxic strategy, 
that could be considered in EOC after complete upfront sur-
gery.
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Introduction

Epithelial Ovarian Cancer (EOC) represents 3.4% of tumors in 
women and accounts for approximately 300,000 new cases and 
180,000 deaths every year worldwide [1].

The disease is usually diagnosed and treated in advanced 
stages (stages III, IV), which affects its prognosis [2]. For more 
than 30 years the standard treatment of recently diagnosed 
advanced EOC has been optimal cytoreduction followed by 
systemic platinum-base chemotherapy [3,4]. However, despite 
significant rates of complete cytoreduction in front-line surgery 
this disease frequently relapses and long-term survival is poor. 
This has led to the emergence of numerous studies aimed at 
improving outcomes both in surgical techniques to minimize 
residual disease and in different ways of administering chemo-
therapy.

As far as surgical techniques are concerned, the optimal sur-
gical cytoreduction established by Gynecologic Oncology Group 
(GOG) as residual disease ≤1 cm has evolved to no macroscopic 
residual disease [5], as patients with this latter status showed 
improved survival when compared to those with any visible re-
sidual implant [6].

Furthermore, Intraperitoneal Chemotherapy (IPC) emerged 
as a novel therapeutic strategy for patients with certain types of 
malignancy confined to the peritoneal area, such as advanced 
EOC. In 1978 it was reported that higher concentrations of in-
tratumoral drugs were achieved when the exposure of the dis-
ease to chemotherapy drugs occurred in the peritoneum rather 
than through the intravenous route [7].

Since then, several clinical trials have documented the out-
standing impact of IPC, reporting important survival benefits 
that outweighed toxicity limitations. Three large phase III trials 
[8-10] of the GOG (protocols 104, 114 and 172) showed that 
IPC resulted in approximately 25% decrease in the risk of death 
compared with systemic therapy. In fact the National Cancer In-
stitute (NCI) communicated an announcement in January 2006 
underlining the clinical utility of cisplatin-based IPC in advanced 
EOC based on the magnitude of benefit in Overall Survival (OS) 
obtained in the GOG172 [10]. This survival advantage conferred 
by IPC was validated in a large meta-analysis with over 10 years 
of follow-up that confirmed the substantial benefit of IPC in 
this setting [11]. Nevertheless, GOG172 [10] has received sev-
eral criticisms, the main one being that the experimental arm 
included not only IPC but also a weekly schedule with higher 
doses than the thrice-weekly intravenous control arm.

Despite the positive results and the NCI announcement, IPC 
has not been adopted as a standard procedure in several coun-
tries, mainly due to the toxic effects of IPC and catheter compli-
cations. More recently, results from well-designed, prospective 
randomized trials [12,13] have shown no benefit from IPC ad-
ministration over standard intravenous arm.

IPC has generated a high level of controversy, since the inter-
pretation of these results has led to a discrepancy among on-
cologists over levels of recommendation in clinical guidelines. 

In light of this, we identified a need to perform a meta-analy-
sis including the latest negative results. The primary endpoint of 
this meta-analysis was to establish the benefit of IPC in terms of 
survival in primary EOC after cytoreductive surgery. Specifically, 
the research question was: How does IPC impact on survival of 
primary EOC after primary cytoreductive surgery compared to 

intravenous chemotherapy (IV CT)?

Secondary objectives were to evaluate the clinical response 
in both groups and to analyze the safety of IPC administration.

Methods

This meta-analysis has been reported in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement [14]. The study protocol has been 
published in the Prospero registry (CRD42018104564).

Selection criteria

Studies were selected according to the following inclusion 
criteria: 1) Patient type: Patients recently diagnosed with a pri-
mary EOC after cytoreductive surgery; 2) intervention type: the 
intervention arm was Chemotherapy (CT) including a route of 
repeated IP administration while standard IV CT was consid-
ered as the control arm; 3) outcomes: the primary outcomes 
were Progression-Free Survival (PFS) defined as time to recur-
rence, and Overall Survival (OS) defined as the time to death 
or date of last follow-up. Secondary outcomes were Complete 
Pathological Response (CPR) defined as no evidence of disease 
in the pathological examination on a second-look surgery, and 
adverse events assessed by any recognized and validated scor-
ing system; 4) study type: Randomized Clinical Trials (RCTs) with 
primary outcomes of PFS or OS. We excluded RCTs that evalu-
ated intraperitoneal chemotherapy as a single administration 
during surgery under hyperthermic conditions.

Search strategy

We performed a literature search of PubMed, Embase, MED-
LINE and ClinicalTrials.gov between January 1990 and January 
2018 to find those RCTs comparing IPC vs. IV CT after cytoreduc-
tive surgery in epithelial ovarian cancer. We limited the search 
to those studies written in English language and in which the 
subject of the study were human. Additionally, abstracts from 
the annual meetings of the European Society for Medical On-
cology (ESMO) and the American Society of Clinical Oncology 
(ASCO) were screened in order to identify other potential RCTs. 
The reference lists of recruited trials and of previously pub-
lished reviews and meta-analysis were also checked in order 
to identify potentially eligible studies. The search strategy for 
MEDLINE can be found in the published protocol.

Study selection and data extraction

Screened studies were examined by two independent inves-
tigators (MJ and JAPF) and selected separately by each investi-
gator.

Assessment of methodological quality and risk of bias was 
carried out in accordance to the CONSORT (Consolidated Stan-
dards of Reporting Trials) [15] 2010 statement. A checklist of 25 
items was analyzed, each item given a score ranging from 0 to 
2 (0= no description, 1= inadequate description, 2= adequate 
description). The maximum score a RCT could obtain was 50 
points. Clinical trials that obtained at least 65% of the maximum 
score were classed as high quality.

Statistical analysis

Statistical analysis was performed using the SPSS STATISTICS 
V.21 software. Pooled HRs for time-to-event data or pooled RRs 
for dichotomous data with two-sided 95% confidence intervals 
and P values were calculated with fixed (IV, fixed) or random-
effect (IV, random) models using the generic inverse-variance 
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method. We used I2 statistic for quantifying the impact of het-
erogeneity [16]. I2 thresholds for low, moderate and high de-
grees of heterogeneity were 25%, 50% and 75% respectively 
[17]. If there was no or low heterogeneity, we used a fixed-ef-
fect model, in all other cases using a random-effect model [18]. 
Statistical significance was two-tailed P < .05. Begg’s and Egger’s 
tests were used in order to assess the potential publication bias 
[19,20]. Sensitivity analyses to evaluate the contribution of in-
dividual studies were also performed by estimating average HRs 
omitting one study each time and omitting lowest quality stud-
ies.

Results

We identified 92 papers in our initial literature search. One 
additional report presented at the 2016 ASCO annual meeting 
was also included. Out of 93 studies 23 were excluded based 
on abstract and title review and 60 were excluded after full text 
review.  Finally 9 phase III RCTs [8-10,12,21-25] and one phase 
II trial [13] including 3688 patients were selected. (Figure S1) 
presents the PRISMA flow diagram.

In 9 RCTs [8-10,12,21-25] IPC was administered after upfront 
surgery and in one (OV21/PETROC) [13] it was given after Neo-
adjuvant Chemotherapy (NACT) and optimal debulking surgery. 
Patients were stratified according to the amount of residual tu-
mor in four RCTs: Kirmani et al, compared patients with residual 
disease <= 1cm vs. >1 cm; Alberts et al., compared residual dis-
ease <= 0.5 cm vs. >0.5 to 2 cm; Polyzos et al, compared residual 
disease <2 cm vs. >= 2 cm, and Walker et al., compared residual 
disease <= 1 cm vs. no visible residual disease. Patients that had 
never received chemotherapy before were reported in five tri-
als [8-10,21,23]. Three trials [9,12-13] were originally designed 
as three-arm trials but only one [12] of them managed this; in 
Markman et al., the third arm, based on a regimen of cisplatin 
75 mg/m2 plus cyclophosphamide 750 mg/m2, was discontin-
ued due to a poorer response compared with the combination 
of cisplatin 75 mg/m2 and paclitaxel 135 mg/m2 delivered over 
24 hours; in Provencher et al., the study was designed to be a 
three-arm phase III trial but later it was amended to an expand-
ed two-arm phase II trial with the primary endpoint of PD9 (pro-
portion of patients with disease progression or death occurring 
within nine months of randomization) due to poor accrual and 
lack of efficacy of arm two compared with the IV regimen at the 
end of the first stage. (Table 1a & 1b) represent the characteris-
tics of the selected studies.

Two independent investigators (MJ and JAF) analyzed nine 
trials [8-10,13,21-25] according to the checklist of 25 items 
of the CONSORT [15] 2010 statement. Only one trial [12] was 
excluded from the analysis of quality because it was not a full 
publication; nonetheless, it was considered high quality for sur-
vival analysis. Seven trials [8-10,13,26-28] were considered high 
quality clinical trials and two trials [21-22] were classed as low 
quality clinical trials after evaluation. The results of the quality 
analysis are shown in (Table 2).

OS and PFS data were extracted from the reports. Only one 
trial [22] was excluded for the survival analysis because it did 
not provide sufficient data to calculate HR; its results were only 
analyzed in the safety analysis.

HR and their 95% CI for OS were available in eight trials [8-
10,13,21,23-25] (2217 patients). The pooled analysis showed 
a significant improvement in OS in the IP intervention group 

(HR=0.81, 95% CI 0.73 to 0.90, p= 0.0001; Figure 1). No het-
erogeneity (P= 0.727, I2= 0.0%) was detected among the trials. 
Begg’s test (P= 0.458) and Egger’s test (P= 0.231) revealed no 
significant publication bias. The effect was similar when only 
high quality trials were pooled [8-10,13,26-28] (HR= 0.80; 95% 
CI 0.72 to 0.89). One-way sensitivity analysis confirmed the 
aforementioned results (Figure S2).

HR and their 95% CI for PFS were available in seven RCTs [9-
10,12-13,21,23,25] (2934 patients). Due to the moderate het-
erogeneity (χ2=11.2, p=0.132, I2=37.3%) a random effect was 
used to PFS analyses. One trial [12] was double analyzed be-
cause it had two intervention arms (carboplatin intraperitoneal 
and cisplatin intraperitoneal). There was a significant improve-
ment in PFS in the IP intervention group (HR=0.86, 95% CI 0.77 
to 0.95, p=0.002; Figure 2). Begg’s test (P= 0.621) and Egger’s 
test (P=0.882) demonstrated no significant publication bias for 
PFS. The effect was similar when only high quality trials were 
pooled [9-10,12-13,26,28] (HR= 0.85; 95% CI 0.77 to 0.94). As 
for OS, a one-way sensitivity analysis confirmed the above PFS 
results (Figure S3).

CPR was evaluated in six trials [8,10,21-23,24] (575 patients) 
by second-look laparotomy in patients without clinical evidence 
of EOC at completion of therapy. In one trial [9] this end point 
was unreliable and likely biased because an important variabil-
ity of procedures between the two arms. The overall analyses 
revealed that there was a statistically significant improvement 
in CPR in the IP intervention group (RR= 1.28, 95% CI 1.08 to 
1.51, p= 0.005; M-H; Figure S4). This remained true even when 
one trial [8] with high relative weight was excluded (RR= 1.24, 
95%CI 1.00 to 1.54, p= 0.047; M-H). No heterogeneity (P = 
0.435, I2 = 0.0%) was detected among the studies. 

All included trials evaluated adverse effects but in one trial 
unpublished data was obtained from the review publication 
[11] (Table 3). The pooled toxicity analysis showed that there 
were no significant differences between interventions for ane-
mia, leukopenia, thrombocytopenia, renal, pulmonary, fever, fa-
tigue and neurologic. There was a significant increase in hearing 
loss in the IV intervention group (three trials, 781 patients; RR= 
0.42, 95%CI 0.25 to 0.70, p= 0.001; IV, fixed). The most common 
adverse effects in the IP arm were infection (three trials, 1171 
patients; RR=3.26, 95%CI 2.00 to 5.30, p<0.001; IV, fixed), meta-
bolic (three trials, 1060 patients; RR= 3.69, 95%CI 1.45 to 9.38, 
p= 0.006; IV, random), cardiovascular (five trials, 2720 patients; 
RR= 1.41, 95%CI 1.15 to 1.73, p<0.001; IV, fixed), gastrointesti-
nal (seven trials, 2907 patients; RR= 1.65, 95%CI 1.28 to 2.12, 
p<0.001; IV, random) and pain (four trials, 1422 patients; RR= 
4.73, 95%CI 1.87 to 11.97, p<0.001; IV, random). 

There were treatment-related deaths in five trials. In Alberts 
et al, two deaths related to respiratory complications occurred 
in the IP group. In Markman et al, two patients in the IV group 
with grade 4 gastrointestinal toxicity and one with concurrent 
grade 4 hematological toxicity died, and in the IP group there 
were two deaths associated with grade 4 hematological toxic-
ity. In Yen et al, one patient died after suffering diffuse perito-
nitis despite intensive antibiotic treatment. In Armstrong et al, 
there were nine deaths all attributed to infection, four in the 
IV and five in the IP group. In Walker et al, fifteen potentially 
toxic deaths were distributed among treatment arms. More-
over there were catheter-related complications in six trials 
[10,13,21-24].
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Figure 1: Pooled analysis of overall survival. 95% CI indicates 
95% confidence interval; Chi2, chi-square test; df, degrees of 
freedom.

Figure 2: Pooled analysis of progression-free survival. 95% CI 
indicates 95% confidence interval; CBT, carboplatin; CDDP, cispla-
tin; Chi2, chi-square test; df, degrees of freedom.

Table 1: Characteristics of eligible trials included in the meta-analysis.

Reference PHASE TYPE OUTCOMES SAMPLE SIZE TREATMENT CYCLE

Kirmani et al, 
1994 [21]

PHASE III SINGLE CENTRE

OS
IV 33

CYCLOPH IV 600 (MG/M2) + CDDP IV 100 (MG/
M2)

q21d X6
PFS

ADVERSE EFFECTS IP 29
VP-16 IP 350 (MG/M2) + CDDP IP 200 (MG/
M2)

q28d X6

Alberts  et al, 
1996 [8]

PHASE III MULTICENTRIC

OS
IV 279

CYCLOPH IV 600 (MG/M2) + CDDP IV 100 (MG/
M2)

q21d X6
ADVERSE EFFECTS

PATHOLOGICAL CR IP 267
CYCLOPH IV 600 (MG/M2) + CDDP IP 100 (MG/
M2)

q21d X6

Polyzos et al, 
1999 [22]

PHASE III MULTICENTRIC

OS
IV 46

CYCLOPH IV 600 (MG/M2) + CBT IV 350 (MG/
M2)

q21d X6
PFS

ADVERSE EFFECTS IP 44
CYCLOPH IV 600 (MG/M2) + CBT IP 350 (MG/
M2)

q21d X6

Gadducci et al, 
2000 [23]

PHASE III MULTICENTRIC

OS
IV 56

4-EPI IV 60 (MG/M2) + CYCLOPH IV 600 (MG/
M2) + CDDP IV 50 (MG/M2)

q28d X6
PFS

ADVERSE EFFECTS IP 57
4-EPI IV 60 (MG/M2) + CYCLOPH IV 600 (MG/
M2) + CDDP IP 50 (MG/M2)

q28d X6

Markman et 
al, 2001 [9]

PHASE III MULTICENTRIC

OS
IV 227

PACL IV 135 (MG/M2) 24H (d1) + CDDP IV 75 
(MG/M2) (d2)

q21d X6
PFS

ADVERSE EFFECTS IP 235
CBT IV (AUC 9) q28dx2  à PACL IV 135 (MG/M2) 
24H (d1) + CDDP IP 100 (MG/M2) (d2)

q21d X6

Yen et al, 2001 
[24]

PHASE III SINGLE CENTRE

OS IV 55
CYCLOPH IV  500 (MG/M2) + ADRI IV 50 (MG/
M2) + CDDP IV 50 (MG/M2)

q21d X6

ADVERSE EFFECTS IP 63
CYCLOPH IV 500 (MG/M2) + ADRI IV 50 (MG/
M2) + CDDP IP 100 (MG/M2)

q21d X6

Armstrong et 
al, 2006 [10]

PHASE III MULTICENTRIC

OS

IV 210
PACL IV 135 (MG/M2) 24H (d1) + CDDP IV 75 
(MG/M2) (d2)

q21d X6PFS

ADVERSE EFFECTS

QOL (FACT-O) IP 205
PACL IV 135 (MG/M2) 24H (d 1) + CDDP IP 100 
(MG/M2) (d2) + PACL IP 60 (MG/M2) (d8)

q21d X6

2.521.510.5

Kirmani, 1994 [21]

Alberts, 1996 [8]

Gadducci, 2000 [23]

Yen, 2001 [24]

Markman, 2001 [9]

Armstrong, 2006 [10]

Yen, 2009 [25]

Provencher, 2018 [13]

TOTAL (95% IC)

Hazard Ratio

IV, fixed, 95%IC

Favours IP Favours IV

Heterogeneity: Chi =4.46,
df=7 (p=0.73); I2=0%
Test for overall effect:
Z=3.85 (p=0.0001)

2

Study

2.5%

23.8%

4.0%

4.8%

25.2%

17.7%

17.9%

4.2%

100.0%

Weight

1.24 (0.62, 2.47)

0.76 (0.61, 0.95)

0.67 (0.39, 1.15)

1.13 (0.69, 1.86)

0.81 (0.65, 1.00)

0.75 (0.58, 0.97)

0.85 (0.66, 1.10)

0.80 (0.47, 1.35)

0.81 (0.73, 0.90)

Hazard Ratio

IV, fixed, 95%IC

Kirmani, 1994 [21]

Gadducci, 2000 [23]

Markman, 2001 [9]

Armstrong, 2006 [10]

Yen, 2009 [25]

Walker (IP CBT), 2016 [12]

Walker (IP CDDP), 2016 [12]

Provencher, 2018 [13]

TOTAL (95% IC)

Hazard Ratio

IV, random, 95% IC

Favours IP Favours IV

Heterogeneity: Chi =6.21,
df=7 (p=0.52); I2=0%
Test for overall effect:
Z=3.06 (p=0.0022)

2

Study

1.5%

4.1%

17.2%

13.0%

19.3%

19.3%

19.2%

6.4%

100.0%

Weight

1.26 (0.57, 2.78)

0.70 (0.44, 1.12)

0.78 (0.66, 0.94)

0.80 (0.64, 1.00)

0.76 (0.65, 0.89)

0.95 (0.81, 1.11)

1.01 (0.86, 1.18)

0.82 (0.57, 1.17)

0.86 (0.77, 0.95)

Hazard Ratio

IV, random,
95% IC

21.510.5
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Yen et al, 2009 
[25]

PHASE III SINGLE CENTRE

OS
IV 152

PACL IV 175 (MG/M2) 3H (d1) + CBT IV 300 
(MG/M2) (d2)

q21d X6
PFS

NOMOGRAMA IP 146
PACL IV 175 (MG/M2) 3H (d1) + CDDP IP 100 
(MG/M2) (d2)

q21d X6

Walker et al, 
2016 [12]

PHASE III MULTICENTRIC PFS

IV 461

PACL IV 80 (MG/M2) 1H (d1, 8, 15) + CBT IV 
(AUC 6) (d1) q21d X6

+ BEV IV 15 (MG/KG) (d1) on cycles 2 -22

IP CBT 464

PACL IV 80 (MG/M2) 1H (d1, 8, 15) + CBT IP 
(AUC 6) (d1) q21d X6

+ BEV IV 15 (MG/KG) (d1) on cycles 2 -22

IP 
CDDP

456

PACL IV 135 (MG/M2) 3H (d1) + CDDP IP 75 
(MG/M2) (d2) + PACL IP 60 (MG/M2) (d8) q21d X6

+  BEV IV 15 (MG/KG) (d1) on cycles 2 -22

Provencher et 
al, 2018 [13]

PHASE II MULTICENTRIC

PD9

IV 101
PACL IV 135 (MG/M2) (d1) + CBT IV (AUC 5-6) 
(d1) + PACL IV 60 (MG/M2) (d8)

q21d X6
OS

PFS

ADVERSE EFFECTS

QOL IP 102
PACL IV 135 (MG/M2) (d1) + CBT IP (AUC 5-6) 
(d1) + PACL IP 60 (MG/M2) (d8)

q21d X6

Os: Overall Survival; Pfs: Progression-Free Survival; Iv: Intravenous; Ip: Intraperitoneal; Cycloph: Cyclophosphamide; CDDP: Cisplatin; q21d X 6, 
every 21 days for a total of six cycles; VP-16, etoposide; q28d X6, every 28 days for a total of six cycles; CBT, carboplatin; 4-EPI: Epidoxorubicin; 
PACL: Paclitaxel; ADRI: Adriamycin; QOL: Quality of Life; BEV: Bevacizumab; PD9: Proportion of patients with disease progression or death due to 
any cause occurring within 9 months of randomization.

Table 1b: Characteristics of eligible trials included in the meta-analysis.

              PFS OS

Reference Sample Size Stage PS
Median 

Age

Median 
follow-up 
(months)

Residual 
Mass

No Pts (%) 
received all 
cycles of as-

signed CT

Median 
(months)

HR (95% 
CI)

Median 
(months)

HR (95% CI)

Kirmani et al, 
1994 [21]

IV 33
IIC-IV 0-2

61
46

>1 cm or 
<=1 cm

60% 14 1.26 (0.57-
2.78)a

- 1.24 (0.62-
2.47)a

IP 29 60 76% 12 -

Alberts  et al, 
1996 [8]

IV 279
III 0-2

56
- <=2 cm

58%
- -

41 0.76 (0.61-
0.96)IP 267 59 58% 49

Polyzos et al, 
1999 [22]

IV 46
III 0-3

55
-

>2 cm or 
<=2 cm

-
19

-
25

-
IP 44 58 18 26

Gadducci et 
al, 2000 [23]

IV 56
II-IV < 2

53
- < 2 cm

96% 25 0.70 (0.44-
1.12)b

51 0.67 (0.39-
1.15)b

IP 57 56 65% 42 67

Markman et 
al, 2001 [9]

IV 227
III 0-2 - - <=1 cm

86% 22.2 0.78 (0.66-
0.94)

52.2 0.81 (0.65-
1.00)IP 235 71% 27.9 63.2

Yen et al, 
2001 [24]

IV 55
III 0-2

52.8
74 < 1 cm

32%
- -

48 1.13 (0.69-
1.86)IP 63 54.6 25% 43

Armstrong 
et al, 2006 

[10]

IV 210
III 0-2 -

48.2
< 1 cm

83% 18.3
0.80 (0.64-

1.00)

49.7
0.75 (0.58-

0.97)IP 205 52.6 42% 23.8 65.6

Yen et al, 
2009 [25]

IV 152
III 0-2

56.6
62.4 <=1 cm

-
-

0.76 (0.65-
0.89)c

-
0.85 (0.66-

1.10)c
IP 146 58.1 49,3%

Walker et al, 
2016 [12]

IV 461

II-IV - 58 -

<=1 cm or 
no visible 
residual 
tumor

90% 26.8  

- -
IP CBT 464 91% 28.7

0.95 (0.81-
1.11)

IP 
CDDP

456 84% 27.8
1.01 (0.86-

1.18)

Provencher 
et al, 2018 

[13]

IV 101
IIB-
IVA

0-2
62

33 <=1 cm -
11.3

0.82 (0.57-
1.17)

38.1
0.80 (0.47-

1.35)IP 102 62 12.5 59.3
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PS indicates GOG Performance Status; Pts: Patients; CT: Chemotherapy; PFS: Progression-Free Survival; OS: Overall Survival;  IV: Intravenous; IP: 
Intraperitoneal; CBT: Carboplatin; CDDP: Cisplatin.
aHR estimated from the Kaplan-Meier survival curve
bHR estimated using Parmar’s methods
cData obtained from the review publication [8]

Table 2: CONSORT 2010 checklist [10].

Section/Topic Item No
Kirmani 

1994 [21]
Alberts 
1996 [8] 

Polyzos 
1999 [22]

Gadducci  
2000 [23]

Markman 

2001 [9]
Yen         

2001 [24]
Armstrong 
2006 [10]

Yen   
2009 
[25]

Walker 
2016 
[12]

Provencher 
2017 [13]

 
Title and ab-
stract

1 1 1 1 1 2 1 1 1 - 2

 
Background and 
objectives

2 2 2 2 2 2 2 2 2 - 2

M
et

ho
ds
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Participants 4 2 2 2 2 2 2 2 2 - 2
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Sample size 7 0 2 0 2 2 2 2 0 - 2
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Sequence gen-
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Allocation 
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mechanism
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Statistical 
methods
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Re
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  29 (58%) 36 (72%) 28 (56%) 37 (74%) 40 (80%) 35 (70%) 44 (88%)
33 

(66%)
- 48 (96%)

The score for each item ranged from 0 to 2 (0: No Description; 1: Inadequate Description; 2: Adequate Description). Maximum score: 50 points.
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Discussion

Despite the significant impact on survival in randomized clin-
ical trials, the benefit of IPC has been under debate for years. 
As a consequence of this controversy, its toxic profile and com-
plexity of administration, the use of this therapeutic alternative 
has not been widely accepted. In this context, two recent ran-
domized trials [12-13] have increased doubts about the ben-
efit of IPC. Firstly, OV21/PETROC [13] attempted to evaluate 
the benefit of IP/IV chemotherapy in following NACT but this 
trial was underpowered to draw firm conclusions about OS and 
PFS. Secondly, the initial findings of GOG252 [12] showed no 
improvement in PFS with IPC, although survival data are not yet 
mature and available data have been presented only as a com-
munication.

The results of our pooled analysis confirmed that IPC ob-
tained a statistical survival benefit, increasing both PFS and OS. 
These results were statistically homogeneous despite the fact 
that the treatment regimens were different. Most of the tri-
als [8-10,21,23-25] included cisplatin-containing IPC regimens 
but in the latest two trials [12-13] cisplatin was replaced with 
carboplatin, most likely due to the results of numerous stud-
ies documenting the potential benefits of carboplatin over cis-
platin, such as lower toxicity and better tolerance [26]. It was 
also hypothesized that including OV21/PETROC [13] designed 
to evaluate the role of IPC after NACT could be a cause of het-
erogeneity, but it was considered important to include this trial 
to assess how its negative results influenced the meta-analysis, 
and because its results provide data both supporting the use of 
IP carboplatin and showing non-inferiority of NACT vs. upfront 
surgery in EOC.

Moreover, GOG252 [12] added bevacizumab during chemo-
therapy and as maintenance in all arms, probably based on re-
ports of significantly improved PFS in several clinical trials such 
as GOG-0218 [27], but this fact has triggered the non-signifi-
cant results as predicted by the GOG262 [28] trial. GOG262 [28] 
showed that dose-dense paclitaxel improved PFS over three-
weekly paclitaxel without bevacizumab.

Additionally, the most recent included trials [12,13] have 
also shown that reduced doses of cisplatin IP (75mg/m2) to de-
crease the toxicity could have an impact on efficacy. After the 
first stage in OV21/PETROC [13], arm 2 (cisplatin IP) was discon-
tinued due to lack of effectiveness.

Regarding the secondary objectives, it is worth mention-
ing that the pooled analysis revealed a statistically significant 
improvement in CPR in the IP intervention group. This positive 
result should be treated with caution, however, due to the low 
frequency of second-look surgical procedures in most clinical 
trials.

In terms of toxicity, pooled analysis showed that the most 
common adverse events in the IP arm were infection, pain and 
cardiovascular, gastrointestinal and metabolic toxicity. It should 
be noted that the cardiovascular effects could be explained due 
to the weight of the GOG252 [12], in which bevacizumab was 
used. On the other hand, use of less toxic schedules or carbo-
platin instead of cisplatin is reflected in reduced toxicity com-
pared to the initial trials. These modifications have led to in-
creases in the percentage of patients who received all cycles of 
assigned chemotherapy, increasing from 42% in GOG172 [10] to 
between 80-90% in GOG252 [12].

After the results of the GOG252 [12] trial many oncologists 
decided not to continue with IPC, on the basis that bevacizumab 
would overcome the benefit of IPC with less toxicity. However, 
until these results are mature and published, and while await-
ing the results of the ongoing iPocc trial (GOTIC-001/JGOG-
3019), the data from this meta-analysis confirm the survival 
benefit of IPC as consistent and robust, within the limitations of 
this statistical tool.

The magnitude of the calculated benefit, with a HR 0.86 
and 0.81 for PFS and OS respectively, although more marginal, 
is clinically relevant with an impact on OS. Nevertheless, IPC’s 
toxic profile should be not underestimated in clinical decision-
making. These results suggest that IPC is a valuable, if more 
toxic strategy, that could be considered in EOC after complete 
upfront surgery.
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