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Background

Peritoneal metastases from colorectal cancer are associated with significantly
worse prognosis, whether they were the only site of metastasis
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Patients with peritoneal metastatic colorectal cancer and 
two or more additional disease sites (n=726) had the 
shortest survival (adjusted HR 1·40, 95% CI 1·14–1·71; 
p=0·011) compared with those with metastases in the 
peritoneum only. Patients with two or more non-peritoneal 
sites had similar overall survival (adjusted HR 1·04, 
95% CI 0·86–1·25; p=0·693) compared with those with 
peritoneum-only-metastases (fi gure 2 and table 4). 
We noted similar patterns for progression-free survival, 
although magnitude of diff erence was smaller 
(appendix p 2). A combination of peritoneal and liver 
metastases with or without other sites of metastases 
(two or more sites of metastases, n=868; adjusted 
HR 1·33, CI 1·09–1·63; p=0·004) was associated with 
poorer survival compared with isolated peritoneal 
metastases. Subgroup analyses comparing patients with 
peritoneum-only metastasis and patients with more than 
two or more sites of metastasis were done for patients 
treated exclusively with cytotoxic chemotherapy (adjusted 
HR 1·43, 95% CI 1·15–1·78; p=0·001) and for those given 
at least one targeted agent (0·96, 0·60–1·53; p=0·87; data 

Figure 1: Overall survival in patients with metastatic colorectal cancer with metastases in a single organ
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 Events/total Median overall 
survival (months)*

Hazard ratio† p value Adjusted 
events/total†

Adjusted hazard 
ratio†‡

Adjusted 
p value†

All patients with one site of metastasis

Site of metastasis <0·0001§ <0·0001§

Liver only 2269/3179 19·1 (18·3–19·8) 0·75 (0·63–0·88) 0·0004 1554/2240 0·79 (0·65–0·95) 0·0121

Lung only 391/623 24·6 (22·7–26·4) 0·53 (0·44–0·64) <0·0001 277/450 0·61 (0·49–0·76) <0·0001

Peritoneal only 159/193¶ 16·3 (13·5–18·8) Reference ·· 119/147 Reference ··

Distant lymph nodes only 281/405 19·4 (17·0–21·9) 0·69 (0·57–0·84) 0·0003 201/299 0·73 (0·58–0·92) 0·0075

Other isolated site of 
metastasis

127/178 18·0 (14·4–20·5) 0·85 (0·67–1·07) 0·1707 95/131 0·95 (0·73–1·25) 0·7354

Multiple organs or sites‡ 4757/5971 15·0 (14·6–15·3) 1·02 (0·87–1·20) 0·8058 3768/4816 1·09 (0·91–1·31) 0·3644

All groups given only cytotoxic agents

Disease sites <0·0001§ <0·0001§

Liver only 1907/2543 18·3 (17·7–19·2) 0·78 (0·65–0·93) 0·0047 1196/1610 0·85 (0·69–1·05) 0·1224

Lung only 332/511 23·8 (22·0–26·0) 0·55 (0·45–0·67) <0·0001 219/339 0·65 (0·51–0·83) 0·0004

Peritoneal only 137/163 16·3 (12·9–19·2) Reference ·· 98/118 Reference ··

Distant lymph nodes only 228/320 18·2 (16·5–21·3) 0·72 (0·58–0·89) 0·0025 149/216 0·77 (0·60–1·00) 0·0482

Other isolated site of 
metastasis

107/147 18·4 (13·6–20·7) 0·84 (0·65–1·08) 0·1705 75/100 0·95 (0·70–1·29) 0·7623

Multiple organs or sites‡ 3719/4498 14·5 (14·1–15·0) 1·04 (0·87–1·23) 0·6856 2744/3362 1·13 (0·92–1·39) 0·2331

All groups given at least one targeted agent

Disease sites <0·0001§ <0·0001§

Liver-only 362/636 22·2 (20·5–25·7) 0·58 (0·38–0·90) 0·0157 358/630 0·53 (0·34–0·83) 0·0052

Lung-only 59/112 27·4 (23·8–33·5) 0·42 (0·26–0·69) 0·0006 58/111 0·43 (0·26–0·72) 0·0013

Peritoneal only 22/30 17·1 (13·0–22·1) Reference ·· 21/29 Reference ··

Distant lymph nodes only 53/85 22·0 (16·9–28·9) 0·55 (0·33–0·92) 0·0213 52/83 0·54 (0·32–0·91) 0·0203

Other isolated site of 
metastasis 

20/31 15·0 (14·4–34·8) 0·91 (0·49–1·68) 0·7601 20/31 0·89 (0·48–1·66) 0·7220

Multiple organs or sites† 1038/1473 16·8 (15·9–17·6) 0·89 (0·58–1·36) 0·5882 1024/1454 0·83 (0·54–1·29) 0·4067

Data are median (IQR) or HR (95%CI)  unless otherwise stated. A category of multiple sites of metastasis is provided for comparison. NR=not reached. *Calculated with the 
Kaplan-Meier method. †Adjusted for sex, performance score, colon involved, rectum involved, previous chemotherapy, age, and BMI. ‡Calculated with the Cox model. §Global 
likelihood-ratio test p value. ¶ One patient with peritoneal metastatic colorectal cancer was lost to follow up, therefore only 193 patients were available for survival analysis. All tests 
calculated with the Wald Chi-Square test.

Table 3: Unadjusted and adjusted prognostic overall survival diff erences in patients with metastasis in one organ
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Authors Nb of Patients Median OS Source

Glehen 506 32 JCO 2004

Elias 523 33 JCO 2009

Chua 110 38 Ann Surg Oncol 2011

Quenet 146 41 Ann Surg 2011

Prada-Villaverde 539 33 J Surg Oncol 2014

Background

V.Verwaal, Ann Surg Oncol. 2003
Ann Surg Oncol. 2008showed that patients with six to seven regions still had a very

poor survival (median, 5.4 months) compared with those with
zero to five regions involved (median, ! 29 months; Fig 4; P "
.0001). The success of the surgical procedure also had prognostic
value. After complete resection (R-1), only one of 18 patients
died. Fourteen of the 21 patients with limited residual disease
(R-1a) died, compared with seven of the 10 patients with
extensive residual disease (R-2b) (P " .0001). The median times
to death in the latter two groups were 20 and 5 months,
respectively (Fig 5).

DISCUSSION

This study was designed to answer the question of whether the
addition of aggressive cytoreduction and HIPEC with MMC
improves survival in patients with PC of colorectal origin. In this
analysis, the results of all 105 randomly assigned patients are

reported. The median follow-up at the time of analysis was 21.6
months, which is more than twice the median survival in the
standard arm. At the time of this writing, an event (either
recurrence or death) had occurred in 61% of the patients—
almost two-thirds of what had been experienced in the standard
arm. Follow-up, therefore, is long enough to demonstrate any
impact of this new therapy on survival. The analysis was carried
out according to the intention-to-treat principle, irrespective of
the actual treatment received. Protocol violations, including
ineligibility of enrolled patients and treatment alterations, should
have a negative impact on the experimental arm. Nevertheless,
Kaplan-Meier survival analysis showed a statistically significant
survival benefit for the experimental therapy. The effect is of a
remarkable size. The median duration of survival almost dou-
bled, while the 2-year survival was even more than twice as high.
The difference between the patient groups withstands selection
bias, as in the control arm, life expectancy exceeded 6 months
known from literature.27,28 Nevertheless, these relative good
results suggest positive selection before random assignment.
Although the longest survivor is at present only 4 years after

randomization, the Kaplan-Meier survival curve suggests a
5-year survival rate in the order of 20%, which is comparable to

Fig 2. Kaplan-Meier survival curve, comparing standard treatment to hyper-
thermic intraperitoneal chemotherapy (HIPEC).

Fig 3. Explorative subgroup analysis on survival of all 105 patients random-
ized. This Forest plot shows the hazard ratio (odds of death) for various subgroups
of patients. The size of the squares represent the number of patients, the horizontal
lines through the squares indicate the 99% CIs. The diamond (!) indicating the
overall result corresponds with the 95% CI. HIPEC, hyperthermic intraperitoneal
chemotherapy.

Fig 4. Kaplan-Meier survival curve of 49 patients with peritoneal Carcinoma-
tosis (PC) treated by cytoreduction followed by hyperthermic intraperitoneal
chemotherapy, comparing the number of regions affected with PC.

Fig 5. Kaplan-Meier survival curve of 49 patients with peritoneal carcinoma-
tosis treated by cytoreduction followed by HIPEC, comparing the number of regions
with residual tumor.
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Unicancer Prodige 7 trial design

Stratification :

• Centre
• Residual tumor status (R0/R1 vs R2 ≤ 1 mm) 
• Prior regimens of systemic chemotherapy
• Neoadjuvant Chemotherapy

Peritoneal 
carcinomatosis of 
colorectal origin
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with HIPEC
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Patients received 
systemic 

chemotherapy 
for 6 months, 

either pre-operative, 
post-operative, or 

both

For both arms:

Surgery:
complete surgical 

resection
≤ 1 mm
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Main Inclusion Criteria

- Histologically confirmed colorectal cancer

- Absence of extra peritoneal metastases including hepatic and pulmonary metastases

- Peritoneal Cancer Index (PCI) < 25

- Macroscopically complete (R0/R1) or with residual tumor tissue ≤ 1mm (R2)

- All patients had to be treated with systemic chemotherapy for 6 months

- Patients non previously treated with HIPEC

- Patients aged ≥ 18 and ≤ 70 years old

Francois Quenet



HIPEC Arm (open or closed technique)

After Cytoreductive surgery

Oxaliplatin 460mg/m2 in 30 minutes    (360mg/m2 in closed procedures)

Folinic Acid 20mg/m2

5 FU 400mg/m2
During HIPEC

D.Elias Annals of Oncology 2002
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Endpoints

• Secondary:

§ Recurrence-free survival
§ Toxicity (NCI-CTC version 3.0 grading)
§ Morbidity including surgical complications
§ Prognostic factors of survival

• Primary: Overall survival

Francois Quenet



Statistical Framework

Hypothesis
Study designed to have 80% power to detect an increase in
median overall survival from 30 to 48 months (HR 0.625)

Sample size
• 264 patients required to reach 154 events for final analysis, based on the use of the log-rank

test with a two-sided significance level of 5%, b =20 % 

• 2 Planned interim analyses after observation of 51 and 102 events

• Intent to treat analysis (ITT)

Francois Quenet



Flow Chart
Enrollment

PRE-OPERATIVELYAssessed for eligibility (n=396)

Excluded (n=131)
• Not meeting inclusion criteria (n=116)

58 PCI>25
25 No macroscopic PC
11 Non-resectable
10 Liver metastasis
8 General contra-indication
4 R2 > 1 mm

• Withdrawal (n=5)
• Other reasons (n=10)

Randomized (n=265)
From Feb 2008 to Feb 2014

Allocation

INTRA-OPERATIVELY

HIPEC (n=133)

Received allocated intervention (n=133)
Did not receive systemic chemotherapy (n=7)

Non-HIPEC (n=132)

Received allocated intervention (n=132)
Did not receive systemic chemotherapy (n=5)

Per Protocol Population (n=129)

4 Major violations
• 2 Second cancer
• 2 Presence of extra peritoneal metastases

Per Protocol Population (n=113)

3 Major violations
• 2 Non-colorectal carcinomatosis
• 1 No carcinomatosis

16 Cross Over: HIPEC performed after relapse

Francois Quenet
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Baseline Characteristics
Demography HIPEC Non -HIPEC

n (%) n (%)
Men 65 48.9 67 50.8
Women 68 51.1 65 49.2

Francois Quenet

WHO performance status     
0 105 79.5 100 76.9

1 26 19.7 30 23.1

2 1 0.8 0

Missing 1 2

Primary Tumour Localisation
Right colon 51 38.3 50 37.9

Transverse colon 10 7.5 8 6.1

Left colon 57 42.9 58 43.9

Rectum 12 9.0 14 10.6

Missing 1 0.8 4 3.0

Primary Tumour Treatment
Surgery         107 80.4 100 75.8

Chemotherapy 65 48.9 63 47.7

Previous Treatment of PC
Surgery 29 21.8 37 28.0
Chemotherapy 19 14.3 20 15.2



Peritoneal Carcinomatosis Characteristics

PCI           < 11 75 56.4 77 58.3

11 - 15 18 13.5 28 21.2

16 -24 40 30.1 27 20.5

11

Median PCI: 10

Complete macroscopic cytoreduction R0/R1 119 89.5 121 91.7

Residual disease <1mm  R2                         14 10.5 11 8.3

Francois Quenet

PC characteristics HIPEC Non HIPEC

n % n %

Synchronous PC 51 38.6 54 40.9



Safety: Mortality

30 days HIPEC Non-HIPEC

Nb of patients 2 2

Cause of death Pneumonia Renal Failure

IP Hæmorrhage Multivisceral failure

Total mortality rate : 2.6%

Mortality rate at 30 days : 1.5%

Francois Quenet

60 days HIPEC Non-HIPEC

Nb of patients 2 1

Cause of death Pulmonary embolism Acute respiratory distress

Sepsis



Safety: Morbidity at 30 days
HIPEC Non-HIPEC p-value

n (%) n (%)

All complications All grades 87 65.4 73 55.3 0.092

Grades 3-4-5 54 40.6 41 31.1 0.105

Intra-abdominal complications All grades 46 35.0 39 29.6 0.379

Grades 3-4-5 35 26.3 23 17.4 0.080

Extra-abdominal complications All grades 69 51.9 54 40.9 0.073

Grades 3-4-5 35 26.3 28 21.2 0.329

No difference between the two arms

Francois Quenet



Digestive fistula Grades 3-4 14 10.5 8 6.1 22 8.3 NS

Abscesses Grades 3-4 7 5.3 4 3.0 11 4.2 NS

Peritonitis 4 3.0 4 3.0 8 3.0 NS

Peritoneal 
hemorrhages

Grades 3-4-5 11 8.3 3 2.3 14 5.3 NS

Abdominal wall 
complications

Grades 3-4 4 3.0 2 1.5 6 2.3 NS

Others Grades 3-4 11 8.3 8 6.1 19 7.2 NS

Morbidity at 30 days: Intra-abdominal complications

HIPEC Non-HIPEC Total p

n % n % n %

Francois Quenet



Morbidity at 60 days

HIPEC Non-HIPEC p-value

Grades n % n %

All Complications 3-4-5 32 24.1 18 13.6 0.030

Intra-abdominal complications 3-4 8 6 4 3 0.377

Extra-abdominal complications 3-4-5 27 20.3 16 12.1 0.071

Francois Quenet

Hospital Stay days range days range P-value

18.0 [8;140] 13.0 [1;62] <0.0001



Overall survival (ITT)

Median Follow Up: 64 months [95% CI:58.9-69.8]

HIPEC Non-HIPEC P-value

Median Survival
(months)
[95% CI]

41.7
[36.2-52.8]

41.2
[35.1-49.7]

0.995

1-year Survival 86.9% 88.3%

5-year Survival 39.4% 36.7%

HR=1.00: 95%CI [0.73 – 1.37] p=0.995

0.
00

0.
25

0.
50

0.
75

1.
00

O
S 

(%
)
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Relapse-free survival (ITT)

HIPEC Non-HIPEC P-value

Median Survival
(months)
[95% CI]

13.1
[12.1-15.7]

11.1
[9.0-12.7]

0.486

1-year Survival 59.0% 46.1%

5-year Survival 14.8% 13.1%0.
00

0.
25

0.
50

0.
75

1.
00

R
FS

 (%
)

133 107 75 41 27 23 20 18 15 10 7 5HIPEC
132 99 59 37 30 25 19 17 13 12 7 6Non HIPEC

Number at risk

0 6 12 18 24 30 36 42 48 54 60 66
Time (months)

Non HIPEC HIPEC

 

HR=0.908: 95%CI :[0.69-1.19] p=0.486
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Forest Plot for Overall Survival
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Overall survival and PCI

<11 HR= 1
[11-15] HR= 1.88 95%CI [1.25-2.88] p=0.003 
16-24 HR= 3.57 95%CI [2.43-5.23] p<0.001

Francois Quenet

OS PCI [11-15] HIPEC Non-HIPEC HR P-value

Median Survival
(months)
[95% CI]

41.6
[36.1-nor reach]

32.7
[23.5-38.9]

0.437
[23.5-38.9] 0.0209

Entire population



Conclusions

• The addition of oxaliplatin-HIPEC on the top of cytoreductive
surgery does not influence both OS and RFS

• There were more late post-operative complications with HIPEC

• The curative management of PC from colorectal cancer by 
cytoreductive surgery alone shows unexpected satisfactory survival
results

Francois Quenet



Acknowledgements
To our very brave patients and their families who put their trust in us
To all the investigators at the 17 active centers

LYON-PIERRE BENITE Hôpital Lyon Sud Olivier GLEHEN

MONTPELLIER ICM Val d'Aurelle François QUENET

VILLEJUIF Gustave Roussy Dominique ELIAS

NANTES ICO Jacques PAINEAU

TOULOUSE CHU Purpan Laurent GOUHTI

PARIS Hôpital Lariboisière Marc POCARD

DIJON CHU du Bocage Olivier FACY

GRENOBLE CHU de Grenoble Catherine ARVIEUX

ANGERS ICO Gérard LORIMER

CLERMONT-FERRAND Hôtel Dieu Denis PEZET

NANCY Centre Alexis Vautrin Frédéric MARCHAL

PARIS (Tenon) Hôpital Tenon Valéria LOI

LYON Centre Léon Bérard Pierre MEEUS

STRASBOURG CHU HAUTE PIERRE Cécile Brigand

NICE CHU ARCHET2 Jean Marc Bereder

COLOMBES Hôpital Louis Mourier Simon Msika

PARIS Institut Curie JM. Baranger

Francois Quenet



Thank you

• To UNICANCER R&D & CRA:  Claire Jouffroy, Trevor Stanbury

• To National UNICANCER data centre: Sylvain Boudon

• To our statisticians Lise Roca, Andrew Kramar, Sophie Gourgou, who 
helped to design and conduct this trial

• To the IDMC members: Jean-Pierre Delord MD, PhD, Gwenael Ferron MD, 
PhD for their advice.

Trial supported by UNICANCER, La Ligue contre le Cancer and PRODIGE group

Francois Quenet


