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ABSTRACT

Purpose. The prognosis of peritoneal carcinomatosis (PC)

from colorectal cancer has been improved with cytore-

ductive surgery (CRS) and hyperthermic intraperitoneal

chemotherapy (HIPEC). However, benefits of postopera-

tive chemotherapy (CT) are unclear.

Methods. This retrospective, multicenter study included

231 patients treated by CRS and HIPEC for isolated PC of

colon cancer in four expert’s centers. Overall survival

(OS), progression-free survival (PFS), and peritoneal

recurrence-free survival (PRFS) were compared between

patients with adjuvant CT (started within 3 months after

surgery) and patients with surveillance only.

Results. After exclusion of 10 patients for early postop-

erative death (4 %), 221 patients were included (CT group:

n = 151; surveillance group: n = 70). Main postoperative

CT regimens (median of 6 cycles) were Folfox (28 %),

Folfiri bevacizumab (24.5 %), Folfiri (16 %), and Folfiri

cetuximab (12.5 %). The median OS after surgery was

43.3 months with no difference between CT and surveil-

lance groups. In multivariate analysis, a low peritoneal

cancer index (p\ 0.0001) and a long delay between

diagnosis of CP and HIPEC (p = 0.001) were associated

with increased OS. The median PFS and PRFS were 12.4

and 17 months, respectively. At 1 year, more patients were

without progression (p = 0.001) or PC recurrence (0.0004)

in the CT group, but with prolonged follow-up this dif-

ference was no longer significant.

Conclusions. Early postoperative CT does not improve

OS after CRS and HIPEC for colon carcinomatosis.

However, a transient effect on PFS and PRFS was

observed. A subgroup of patients who may benefit more

from CT remain to be defined.

Peritoneal carcinomatosis (PC) is a common metastatic

location in colorectal cancer.1 Despite new chemotherapy

regimens and improvement in survival in colorectal

metastatic cancer, prognosis of patients with PC remains

poor with approximately 1 year survival even in recent

series.2–5 However, in selected patients, complete cytore-

ductive surgery (CRS) combined with hyperthermic

intraperitoneal chemotherapy (HIPEC) has been proven to

improve survival.6–10 Prognostic factors currently accepted

are the extent of the peritoneal disease, the absence of
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synchronous extraperitoneal metastasis, and the complete-

ness of the peritoneal carcinomatosis resection.9 To date, the

impact of postoperative systemic chemotherapy after CRS

and HIPEC is still controversial. Two large studies have

suggested a potential interest of this therapeutic approach.9,10

However, chemotherapy was either used in adjuvant or pal-

liative attempt with insufficient data upon treatment

modalities in both series. The purpose of our work was to

study in a large cohort the effect of postoperative

chemotherapy after complete cytoreduction and HIPEC for

isolated synchronous or metachronous PC from colon cancer.

PATIENTS AND METHODS

Patient Population

This multicenter study was conducted in four expert sur-

gical units. The files of all patients who underwent CRS and

HIPEC from January 2004 to December 2012 were retro-

spectively reviewed. Inclusion criteria were histologically

proven colon cancer, isolated synchronous or metachronous

PC at time of surgery, CRS whatever the peritoneal carcino-

matosis index (PCI), and HIPEC whatever the intraperitoneal

drug used. Patients were included in the postoperative CT

group if they have received at least one cycle regardless of the

regimen within 3 months after surgery. Exclusion criteria

were low and mid rectal cancer, CRS alone, and synchronous

extraperitoneal metastasis (except from ovarian location).

Patients were included in the surveillance group if they did not

receive postoperative CT in adjuvant intent. Patients who died

of early postoperative complications were excluded of anal-

ysis. Because postoperative CT depends on expert opinion, no

informed consent was needed for this retrospective study, as

stated by the Ethics Committee.

Statistical Analysis

Quantitative data were reported as median [interquartile

range] and qualitative data as number (percentage). Char-

acteristics of patients were compared between

postoperative CT group and surveillance group using

Wilcoxon tests for quantitative data and Fisher exact tests

for qualitative data. Primary endpoint was overall survival

(OS) defined as time from CRS plus HIPEC procedure until

death from any cause. Secondary endpoints were progres-

sion-free survival (PFS), defined as time from CRS plus

HIPEC procedure until relapse regardless of the site or

death from any cause, and peritoneal recurrence-free sur-

vival (PRFS), defined as time from CRS plus HIPEC

procedure until either peritoneal relapse (radiological or

histologically proven) or death from any cause.

The effect of post-HIPEC CT and other potential prog-

nostic factors on the three endpoints was assessed using

Cox proportional hazards models. As the proportional

hazard assumption was clearly violated for effect of post-

operative CT group on both PFS and PRFS, model with

time-dependent effect (an early effect during the first year

and a late effect after first year) were fitted. Moreover,

early and late impact of postoperative CT was assessed

using restricted mean PFS and restricted mean PFRS, with

restriction at 1, 2, and 3 years. Finally, a qualitative

interaction between chemotherapy effect and PCI was

searched using the Gail and Simon test.

RESULTS

Patient’s Characteristics

During the study period, 231 patients (women 53 %;

median age 56 years) were included. Primary tumors were

mainly well or moderately differentiated (90 %), T3/T4

stage (97 %), with positive node (76 %). PC was mainly

synchronous (55 %). In case of metachronous PC, the

mean time between colon cancer diagnosis and PC occur-

rence was 19 months. Twenty-three patients (10 %)

presented nonovarian extraperitoneal metastasis before CP

surgery leading to hepatic resection (n = 12) or resection

of various sites (n = 11). Sixty-six patients (28 %) pre-

sented ovarian metastasis leading to resection before CP

surgery in 32 cases. Patients in CT or Surveillance group

were comparable in clinical or in tumor’s characteristics

(Table 1). There was only a trend for more women and for

more N1/N2 tumors in the surveillance group.

Preoperative Regimens

A total of 127 patients (55 %) received adjuvant CT after

colon cancer resection with 5FU alone or FOLFOX regimen

(Leucovorin, 5FU bolus, and Oxaliplatin at day 1 followed

by infusional 5FU for 2 consecutive days every 2 weeks), in

almost all cases (n = 120; 94 %). A total of 177 patients

(77 %) received also a neoadjuvant regimen with at least one

chemotherapy cycle within 3 months prior to CRS and

HIPEC with a median number of 6 cycles (IQR: 4–8 cycles).

Neoadjuvant chemotherapy regimens were based on fluo-

ropyrimidines combined with irinotecan (59 %) or

oxaliplatin (40 %) or both (1 %). Response or stability was

achieved in 87 % of cases assessed by local CT scan

according to RECIST 1.1 criteria or surgical evaluation.

HIPEC and Adjuvant Chemotherapy Regimens

All patients had CC0 resection. HIPEC was conducted

through an open abdominal procedure in 125 patients

(54 %) and a closed abdominal procedure in 106 patients

(46 %) according to local practice of each surgical center.
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Ten patients (4 %) died postoperatively. The causes of

death were septic shock (n = 3), hemorrhagic shock

(n = 3), multiorgan failure (n = 2), respiratory distress

syndrome (n = 1), and pulmonary bronchospasm (n = 1).

At all, 151 patients received postoperative chemotherapy

(CT group) and were compared to the remaining 70

patients who did not received postoperative chemotherapy.

Both groups were comparable regarding demographic,

neoplastic and surgical characteristics. Chemotherapy

characteristics are listed in Table 2.

Among the 151 patients, 50 (53 %) needed dose

reduction or chemotherapy stopping according to toxicity

(Common toxicity Criteria (CTC) of at least grade 3):

combined toxicities (22 %), gastrointestinal disorders

(20 %), neuropathy (18 %), hematological (16 %), and

unknown in 24 % of the cases.

Among the 151 patients, 48 % (n = 73) received

perioperative chemotherapy using the same protocol in

neoadjuvant and adjuvant settings. In the 70 patients of

the surveillance group, the reasons for nonprescription of

postoperative CT were medical decision according to the

local multidisciplinary team choice on a case-by-case

basis due to the lack of evidence-based national con-

sensus (n = 38; 60 %), delay to recover from surgery

(n = 14; 22 %; Clavien–Dindo score CIII: n = 7),

patient’s choice (n = 7; 10 %), and early tumor recur-

rence (n = 5; 8 %); data were missing in 6 patients.

During follow-up, 176 patients relapsed (missing data:

TABLE 1 Characteristics of patients and surgery

Variable Whole cohort (N = 231) Postoperative CT (N = 151) Postoperative surveillance

(N = 70)

p value

Sex 0.08

Female 123/231 53 % 77/151 51 % 45/70 64 %

Male 108/231 47 % 74/151 49 % 25/70 36 %

Age (year; median [range]) 56 [48–62] 56 [49–62] 57 [48–62] 0.855

Initial TNM status 0.793

T1/T2 6/218 3 % 5/142 3 % 1/67 1 %

T3/T4 212/218 97 % 137/142 97 % 66/67 99 %

N0 52/220 24 % 40/145 28 % 11/67 16 % 0.09

N1/N2 168/220 76 % 105/145 72 % 56/67 84 %

M0 94/226 42 % 56/147 38 % 30/70 43 % 0.46

M1 132/226 58 % 91/147 62 % 40/70 57 %

Number of preoperative cure (median [range])

6 [4–7] 6 [4–10] 0.225

PCI 0.56

1–6 84/231 37 % 56/151 37 % 23/70 33 %

7–12 77/231 33 % 49/151 32 % 22/70 31 %

13–19 44/231 19 % 31/151 21 % 13/70 19 %

[19 26/231 11 % 15/151 10 % 12/70 17 %

Node involvement 0.522

Yes 69/222 31 % 48/147 33 % 18/65 28 %

No 153/222 69 % 99/147 67 % 47/65 72 %

Intra peritoneal drug regimen

Oxaliplatin 111/231 48 % 80/151 53 % 27/70 39 %

Oxaliplatin ? Irinotecan 71/231 31 % 48/151 32 % 21/70 30 %

Mitomycin 37/231 16 % 20/151 13 % 15/70 21 %

Other 12/231 5 % 3/151 2 % 7/70 10 %

Complications (Clavien–Dindo grading) 0.543

I/II 95/172 55 % 66/108 61 % 29/54 54 %

III/IV 67/172 39 % 42/108 39 % 25/54 46 %

V (death) 10/172 6 %

PCI peritoneal carcinomatosis index
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n = 7) requiring reintroduction of a systemic CT in 81 %

of cases (n = 142).

Survival

The median OS of the entire cohort (n = 231) was

43.3 months, with an OS of 58 % [50–66 %] at 3 years and

34 % [25–45 %] at 5 years. No significant difference was

observed between the postoperative CT group and the

surveillance group with median OS of 49 versus

43 months, respectively (p = 0.93; Fig. 1). An elevated

PCI and a shorter duration between colon cancer diagnosis

and CRS with HIPEC was independent predictor of shorter

OS (Table 3). Survivals are presented in Fig. 2.

Median PFS and median PRFS in the whole population

were 12.4 and 17 months, respectively. Median PFS and

median PRFS in the postoperative chemotherapy group

were 13 and 19 months, respectively. Median PFS and

median PRFS in the surveillance group were 10 and

14 months, respectively. In multivariate analysis, the

presence of intra-abdominal lymph node involvement at

the time of CRS and extended PC were significantly

associated with poorer PFS. An elevated PCI and a shorter

duration between colon cancer diagnosis and CRS with

HIPEC were associated with poorer PRFS. At 1 year after

surgery, benefit for both PFS and PRFS (HR 0.426, 95 %

CI 0.263–0.689, p = 0.001) in the postoperative CT group

was observed with an adjusted difference of mean PFS

restricted at 1 year of 47 days [95 % CI 17–], (p = 0.002)

and 50 days [22–78], (p = 0.00056), respectively. How-

ever, this was no longer significant thereafter at 2 and

3 years following HIPEC.

In the chemotherapy group, a separate analysis accord-

ing to the chemotherapy regimen (oxaliplatin vs.

irinotecan-based) also was performed. In those patients

(142/151 patients received one or other of these two drugs),

there was no significant difference. PFS was 13 months in

the oxaliplatin group (n = 62) and 14 months in the

irinotecan group (n = 80; p = 0.46) and PRFS was

18 months in the oxaliplatin group and 24 months in the

irinotecan group (p = 0.55).

Among patients who received perioperative CT (less

than 3 months before and after HIPEC), a similar regimen

for both pre- and post-operative chemotherapy (n = 72) or

the modification of postoperative regimen regardless of the

reason (n = 44) had no prognostic value for OS

(HR = 0.73 [0.37–1.44], p = 0.36), PFS (HR = 0.97

[0.64–1.48], p = 0.89) and PRFS (HR = 0.86 [0.54–1.36],

p = 0.51). No evidence of qualitative interaction between

effect of postoperative chemotherapy and PCI was found,

neither for the early or the late effect.

DISCUSSION

CRS with HIPEC has demonstrated its therapeutic effi-

cacy in colorectal PC.8 While CRS with HIPEC is proven

TABLE 2 Characteristics of drugs regimen of the 151 patients

treated with postoperative chemotherapy

Variable Patients

No (%)

Type of chemotherapy

5-FU 151 100

Irinotecan 80 52

Oxaliplatin 62 41

Bevacizumab 50 33

Cetuximab 25 17

Chemotherapy regimen

Folfox 43 28

Folfiri–bevacizumab 37 24.5

Folfiri 24 16

Folfiri–Cetuximab 19 12.5

Folfox–Bevacizumab 13 9

Folfox–Cetuximab 6 4

5FU–Bevacizumab 4 3

LV5FU2 4 3

Folfirinox 1 \1

Number of cure (median [range]) 6 [5.25–8]

Modification of protocol

None 44/94 47

Reduction 30/94 32

Stop for toxicity 20/94 21
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FIG. 1 Overall survival. Median OS in CT group = 49 months,

median OS in no CT group = 43 months (p = 0.93). OS overall
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to increase survival, the benefit of adding early postoper-

ative adjuvant CT remains controversial. Our series

performed in a highly selected population who underwent

complete CRS showed a prolonged survival but with no

benefit of chemotherapy in terms of overall survival, PFS,

or PRFS.

We report the largest study evaluating the efficacy of

postoperative chemotherapy in a population who under-

went complete CRS and HIPEC for isolated PC of colon

cancer in reference surgical centers. The median OS was

43.3 months with no difference in surveillance and post-

operative CT groups. This very prolonged survival is one

of the longest observed in patients with PC. This illustrate

the high benefit of CRS with HIPEC in highly selected

cases as previously reported.11 In our series, two selection

criteria can explain these results. First, our study only

includes isolated PC and absence of extraperitoneal meta-

static site is a widely recognized prognostic factor. Second,

we have only included patients with complete cytoreduc-

tion, which is known to have a strong impact on survival.

In the study by Glehen et al., CT was used after CRS or

incomplete resection with inadequate or unspecified CT

regimens (5-FU alone: 46 %, unknown or various: 20 %,

5-FU-cisplatin: 17 %, 5-FU with oxaliplatin or irinotecan:

17 %).10 Furthermore, after exclusion of patients deceased

of early postoperative death, the OS between postoperative

CT group and surveillance group was similar. In the study

by Elias et al., postoperative CT was used in different

situations (after CRS, incomplete resection or relapse) with

no details upon CT modalities.9

Our study found no additional effect of chemotherapy

after complete cytoreduction and contrasts with these two

large cohorts studies. The beneficial effect in those series

may be explained by the benefit of systemic chemotherapy

in patients with residual PC or previous extraperitoneal

disease.

The median PFS and PRFS were respectively 12.4 and

17 months and also showed no differences in CT and

surveillance group. We have only observed a transient

benefit at 1 year in the postoperative CT group for both

parameters. Apart from our study, three retrospective

studies analyzed the specific role of systemic CT in

patients who underwent HIPEC. One study have suggested

in a cohort of 90 patients that neoadjuvant chemotherapy

had no significant prognostic impact whatever the response

rate contrarily to adjuvant chemotherapy.12 In a recent

study of 73 patients with PC from both colorectal and

appendiceal origin, it was observed a better PFS and OS in

the CT group versus CRS and HIPEC alone but with no

benefit of postoperative CT alone compared to preopera-

tive CT on both PFS and OS.13 Another retrospective study

comparing 110 patients who underwent CRS and HIPEC

followed by CT with 184 patients non eligible for surgery

who had either base supportive care (38 %) or exclusive

palliative CT showed a strong increase of OS (38 vs.

9 months) in the combined group.14 Nevertheless, these

two groups were not comparable (selected patients with no

data on the number of incomplete resection in the com-

bined group, unfit patients for surgery in the CT group).

Subsequently, our conclusions in an homogeneous surgical

population with well-defined CT modalities cannot be

compared with studies with undefined population. We have

noticed a better percentage of patient without progression

of PC recurrence at 1 year in the postoperative CT group.

This could reflect a trend to CT benefit in a subgroup of

patients. However, with a median follow-up of 34 months,

no additional benefit was observed in postoperative CT

group.

TABLE 3 Multivariate analysis of prognostics factors for overall survival of 221 patients treated with complete cytoreductive surgery and

HIPEC

Hazard ratio 95 % CI p

Variable

T4 status 0.93 0.57–1.51 0.75

Initial node involvement 1.33 0.67–2.67 0.41

Synchronous PC 1.41 0.85–2.33 0.18

Peritoneal carcinomatosis extent

PCI 7–12 1.13 0.61–2.09 0.70

PCI 13–19 3.87 2.09–7.16 \0.001

PCI[20 7.02 3.26–15.12 \0.001

Oxaliplatin based HIPEC 0.88 0.53–1.45 0.61

Long duration between PC diagnosis and HIPEC 0.96 0.93–0.98 0.002

Postoperative complications 1.06 0.62–1.8 0.83

Postoperative systemic chemotherapy 1.13 0.7–1.84 0.62

HIPEC hyperthermic intra peritoneal chemotherapy, PCI peritoneal carcinomatosis index, PC peritoneal carcinomatosis

Chemotherapy After HIPEC for Colon Cancer 867



As expected, the PCI index was a major prognosis factor

significantly correlated with OS, PFS, and PRFS in our

cohort. Positive nodal status on colectomy specimen, syn-

chronous, or metachronous occurence of PC and major

postoperative complications defined by a Clavien-Dindo

score C3 were not associated with different OS, PFS, or

PRFS.

Interestingly, a long duration between the diagnosis of

PC and CRS with HIPEC was also associated with a better

OS. More than a higher sensitivity to chemotherapy, it may

reflect the fact that the patients with slow tumor growth

have a better prognostic by theirselves with a lower rate of

recurrence.

Despite the retrospective design of our study, we address

special attention to chemotherapy modalities, which are

poorly studied in literature to date; the previous cohorts

being mainly focused on surgery procedure. We fail to

demonstrate a benefit of oxaliplatin- or irinotecan-based

postoperative regimen. Folfox is the reference schedule in

the adjuvant setting of node-positive colorectal cancer and

as perioperative adjunct after complete resection of hepatic

metastases contrasting with negative results with Fol-

firi.15,16 We also have not demonstrated the influence of

perioperative CT modifications on outcome. The type of

chemotherapy prescribed mainly depends of investigator

decision. Postoperative chemotherapy regimen is guided by

tumor response (imaging or surgeon evaluation), patho-

logical response, residual toxicities of previous drugs, and

number of chemotherapy received before surgery. How-

ever, whatever the reason of postoperative CT prescription,

we have not observed any difference of various strategies

(early modification for poor response to preoperative

chemotherapy, same regimen for response, drug with-

drawal for toxicity). Impact of targeted therapies has not

been evaluated in our cohort because of protocol’s

heterogeneity with a subsequent number of patients treated

before KRAS and NRAS determination era. However,

bevacizumab and cetuximab fail to demonstrate an interest

in the adjuvant setting of stage III colorectal cancer pre-

dicting poor interest of these drugs after CRS and

HIPEC.17–19 It seems confirmed by preliminary data by

Chua et al. who showed no benefit of triplet including

targeted agents after cytoreduction and HIPEC.14

The main strengths of our study are the inclusion of a

large number of patients with complete CRS, precise

description of CT regimen, specific analysis of two groups

of patients according to their postoperative CT status, and

the long duration of follow-up. Yet, several limitations

need to be acknowledged. First, this a retrospective study.

However, the population analyzed was homogeneous,

because all patients were treated in referal HIPEC centers.

Second, 80 % of our population (176/221 patients) under-

went relapse leading to CT reintroduction in 81 % of cases.

The high proportion of treated patients with chemotherapy

at progression may partially explain the absence of benefit

on OS. Third, we can’t exclude that the relative hetero-

geneity of CT regimen may lead to underestimate the

efficacy of a specific protocol.

A standardised approach remains desperately needed

after CRS and HIPEC. Currently, in the absence of evi-

dence-based data, a pragmatic approach according to the

regimen and the number of cycles received preoperatively

appears useful to decide the best strategy. The establish-

ment of an algorithm modeling various prognostic factors

(tumor characteristics including biological profile,

chemosensitivity to preoperative CT, histological response,

quality of resection, PCI) could help to identify patients

eligible for postoperative treatment.20

Time (months)

Pe
ri

to
ne

al
 R

ec
ur

re
nc

e 
Fr

ee
 S

ur
vi

va
l

0 12 24 36 48 60 72

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

70 37 20 9 7 5 4 group=no CT
151 107 48 21 13 6 3 group=CT

group=no CT

group=CT

Time (months)

Pr
og

re
ss

io
n 

Fr
ee

 S
ur

vi
va

l

0 6 12 18 24 30 36 42 48 54 60 66 72 78

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

70 51 29 19 14 13 8 7 6 6 5 5 4 group=no CT
151 134 89 39 20 15 10 9 7 5 3 3 1 group=CT

group=no CT

group=CT

a

b
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