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Abstract
Cytoreductive surgery (CRS) and HIPEC results in a median disease-free survival (DFS) of 12–15 months, overall survival (OS)
of 23–63months, and cure in around 15% of patients with colorectal peritoneal metastases (CPM). The wide variation in OSmay
largely be attributed to different criteria for patient selection employed by different investigators. To evaluate outcomes of CRS
and HIPEC for CPM in patients enrolled in the Indian HIPEC registry. A retrospective analysis of patients enrolled in the registry
since its inception in March 2016 was performed. The impact of various prognostic factors on DFS and OS was evaluated. From
Jan 2013 to Dec 2017, 68 patients underwent CRS with HIPEC at six Indian centers. The median PCI was nine [range 3–35].
Twenty-two (32.3%) had mucinous tumors. A CC-0 resection was performed in 53 (77.9%) and CC-1 in 14 (20.5%). Themedian
DFS was 12 months [95% CI 11.037–12.963 months] and the median OS 25 months [95% CI 18.718–31.282]. The DFS was
inferior in patients with right upper quadrant involvement (p = 0.02) and 90-day major morbidity (p = 0.002) and OS inferior in
those with 90-day major morbidity (p < 0.001) and mucinous tumors with a PCI > 20. The DFS compares well with results
obtained by pioneering teams but we have no Bcured^ patients. Better patient selection and utilization of systemic therapies could
in the future improve the OS. There is a compelling need to identify subgroups of CPM that benefit from the addition of HIPEC to
CRS.
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Introduction

Surgical treatment comprising of cytoreductive surgery and
HIPEC can cure selected patients with colorectal peritoneal
metastases (CPM) [1]. The recent PRODIGE 7-ACCORD 15
trial (NCT00769405) underlined the survival benefit of surgi-
cal resection of CPM that has previously been demonstrated
by other studies [2, 3]. This trial did not show a benefit of
adding oxaliplatin hyperthermic intraperitoneal chemotherapy

(HIPEC) to complete cytoreductive surgery (CRS) in a large
proportion of patients with CPM who had responded to neo-
adjuvant systemic chemotherapy [3]. In the light of these re-
sults, it should be borne in mind that the benefit of any form of
intraperitoneal chemotherapy in addition to CRS will remain
marginal and subgroups that derive the maximum benefit
from intraperitoneal therapies remain undefined.

Most studies report a similar disease-free survival follow-
ing CRS and HIPEC of 12–15 months but the overall survival
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ranges from 23 to 63 months [4]. The disease extent according
to the PCI and completeness of cytoreduction are the twomost
important prognostic factors [5]. Other factors that have a
negative impact on survival are the presence of lymph node
metastases, extensive disease on the small bowel, signet ring
cell histology, and BRAF-mutation-positive tumors [4]. A re-
cent study demonstrated that patients with early onset of
metachronous metastases after chemotherapy develop early
recurrence after CRS and HIPEC [6]. The results in patients
with colorectal PM are evaluated for the combined modality
largely and it is difficult to quantify the benefit of each.
Colorectal PM at large is a heterogeneous group of patients
and it is not clear if the outcomes in patients with colonic
versus rectal tumors, right-sided versus left-sided tumors are
different [7, 8]. The molecular subtype commonly found in
colorectal PM is the one with the worst prognosis [9]. While
comparing different studies or subgroups within one study, it
is possible to balance only the known prognostic factors and
hence the homogeneity of subgroups remains questionable.

Colorectal cancer is an uncommon cancer in India [10].
The oncological practices in India commonly follow western
trends in the setting of the clinician’s own experience, the
socioeconomic status of the population being treated, and their
expectations. In this manuscript, we look at outcomes of CRS
and HIPEC for colorectal PM in patients enrolled in the Indian
HIPEC registry.

Methods

A retrospective analysis of prospectively collected data was
performed. Indian Network for Development of Peritoneal
Surface Oncology (INDEPSO) is a collaborative group of
Indian surgeons specializing in the management of peritoneal
surface malignancies. All patients with colorectal PM enrolled
in the Indian HIPEC registry since its inception inMarch 2016
were included in the study.

Demographic data, clinical findings, operative findings,
and perioperative outcomes and details of systemic therapy
were recorded.

All patients undergoing CRS with or without HIPEC
were included. CRS was performed with the goal of
obtaining a complete cytoreduction (CC-0). Patients with
a predicted peritoneal cancer index (PCI) of less than 17–
20 and absence of unresectable extraperitoneal metastases
were taken up for surgery [11]. The other criteria for pa-
tient selection like the use of prognostic scores and re-
sponse to systemic chemotherapy depended on the indi-
vidual surgeons/institutions. HIPEC was performed by the
closed, semi-open or open technique using an oxaliplatin
or mitomycin-C based regimen. The Elias protocol of
460 mg/m2 of oxaliplatin for 30 min with intravenous 5-
FU infused over 1 h just before starting HIPEC was

followed for oxaliplatin HIPEC [12]. Mitomycin C was
used as a single agent (25–35 mg/m2) or in combination
with Adriamycin (15 mg/m2) with or without bidirectional
chemotherapy [13, 14]. The use of perioperative systemic
chemotherapy and targeted therapies was at the discretion
of the treating surgeon/institution. Complications were re-
ported according to the common terminology criteria for
adverse events (CTCAE) classification version 4.0 and the
90-day morbidity was also recorded [15].

Patients were followed up every 3 months for the first
2 years and every 6 months thereafter. Thoracoabdominopelvic
(or whole-body) imaging was performed every 6 months or as
clinically indicated.

In addition, we looked at the distribution of PM based on
the detailed PCI score provided by each surgeon and the im-
pact of histology on survival. The terms right upper quadrant
(RUQ) and left upper quadrant (LUQ) were used for regions 1
and 3 of Sugarbaker’s peritoneal cancer index, respectively.
Regions 5, 6, and 7 were categorized as Blower region^; re-
gions 8, 0, and 4 as Bmiddle region^; and regions 1, 2, and 3 as
Bupper region.^ Mucinous tumors were defined as tumors
with > 50% extracellular mucin and signet ring cell tumors
as those with > 50% signet ring cells [16].

All patients were followed-up till death from any cause.
Survival was calculated from the day of surgery.

Statistical Analysis

Categorical data were described as number (%). Abnormally
distributed continuous data were expressed as the median and
range. Categorical data were compared with the × 2 test.
Multivariate Cox proportional hazard regression was used to
describe the association between individual risk factors and
morbidity, disease-free survival (DFS) and overall survival
(OS) both, in terms of hazard ratio and its 95% confidence
interval (CI). Survival curves were calculated using the
Kaplan–Meier method and compared using the two-tailed
log-rank test. SPSS Version 20 (SPSS Inc., Chicago, IL) and
MedCalc Version 12.2 were used for analysis. A p value of <
0.05 was considered statistically significant. Disease-free sur-
vival and overall survival were both calculated from the date
of surgery.

Results

From Jan 2013 to Dec 2017, 68 patients underwent CRS
with HIPEC at six Indian centers (Table 1). Thirteen
(19.1%) patients were under 40 years of age. Fifty-seven
(83.8%) had colonic primary tumors and 11 (16.2%) had
rectal primaries. The PM were synchronous in 30
(44.1%). Forty-seven (69.1) patients had received system-
ic chemotherapy before CRS of which 23 (48.9%)
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patients received it for PM (neoadjuvant chemotherapy).
The median PCI was nine [range 3–35]. Thirteen (19.1%)
patients had a PCI > 20. Twenty-two (32.3%) patients had
mucinous tumors and 7 (10.2%) patients had signet ring
cell tumors. A complete cytoreduction was obtained in 53
(77.9%) patients, CC-1 in 14 (20.5%), and CC-2/3 in 1
(1.4%) patient. HIPEC was performed in 64 (94.1%) pa-
tients. The drug used was mitomycin C in 38 (55.8%)
patients, mitomycin C and Adriamycin in 4 (5.8%), and
oxaliplatin in 20 (29.4%). The median ICU stay was
3 days [range 0–39 days] and the median hospital stay
was 14 days [range 5–49 days]. 64.1% completed
6 months of perioperative systemic chemotherapy. Only
12% received targeted therapies.

Morbidity and Mortality

Grade 3–4 complications developed in 20 (29.4%) patients at
30 days and in 27 (39.7%) at 90 days. The commonest com-
plications were respiratory complications in 4 (5.8%), anasto-
motic leak in 3 (4.4%), spontaneous bowel perforations in 2
(2.9%), systemic sepsis in 2 (2.9%), and intraperitoneal hem-
orrhage in 2 (2.9%). Four (5.8%) patients died within 90 days
of surgery. The cause of death was spontaneous bowel perfo-
rations in one patient, intraabdominal sepsis in one, respirato-
ry failure in one, and acute renal failure in one. Eighteen
(26.4%) patients had positive regional nodes. In five patients,
adjuvant chemotherapy was delayed due to complications. In
19 patients, it was not planned. Patients with a PCI > 12 had a

Table 1 Patient and disease characteristics and perioperative outcomes in patients undergoing CRS and HIPEC

Characteristic Overall (%) Right side Left side p value

Age Less than 40 13 (19.1) 4 9 0.172
More than 40 55 (80.9) 25 23

Sex Male 31(45.5) 11 18 0.152
Female 37 (54.5) 18 14

Synchronous vs metachronous Synchronous 30 (44.1) 14 14 0.229
Metachronous 31 (45.5) 11 17

Info missing 07 (10.2) 4 01

Chemotherapy before PM Yes 47 (69.1) 17 25 0.100
No 21 (30.9) 12 07

NACT for PM Yes 23 (33.8) 11 9 0.415
No 45 (66.2) 18 23

Prior surgery Yes 45 (66.2) 15 25 0.03
No 23 (33.8) 14 7

PCI < 12 43 (63.2) 18 22 0.714
> 12 25 (66.8) 10 10

Histology Mucinous 22 (32.3) 12 8 0.295
Non-mucinous 36 (52.9) 2 5

Signet ring 07 (10.2) 14 19

Mucinous+signet 3 (4.5) 1 0

CC-score CC-0 53 (77.9) 20 27 0.225
CC-1 14 (20.5) 08 05

CC-2/3 01 (1.4)

Ovarian metastases Present 17 (25.5) 7 8 0.938
Absent 51 (75.5) 22 24

Diverting stoma Yes 9 (13.2)

No 59 (86.8)

90-day grade 3–4 morbidity Yes 24 (35.2) 10 12 0.806
No 44 (64.8) 19 20

90-day mortality Yes 05 (7.3) 3 1 0.255
No 63 (92.7) 26 31

Failure to rescue Yes 05 (7.3) 2 2 0.919
No 63 (92.7) 27 30

Early recurrence (within 9 months) Yes 20 (29.4) 11 7 0.170
No 48 (70.6) 18 25

Adjuvant therapy after CRS Yes 20 (29.4) 10 8 0.417
No 48 (70.6) 19 24
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higher incidence of complications at 30 days (p = 0.08) and
90 days (p = 0.08) and also increased mortality (p = 0.06)
though these were not statistically significant (Table 2).
Patients with no diverting stoma in the presence of a bowel
anastomosis (p = 0.02) and diaphragmatic surgery (p = 0.08)
had a higher incidence of grade 3–4 complications at 30 days.
Patient with diaphragmatic surgery also had an increased in-
cidence of mortality (p = 0.002).

Survival Outcomes

At a median follow-up of 13 months [range 3–72 months], the
median DFS was 12 months [95% CI 11.037–12.963 months]
and the median OS was 25 months [95% CI 18.718–31.282].
On univariate analysis, patients with PCI < 12 (p = 0.04),
without RUQ involvement (p = 0.01), female sex (p = 0.04),
and without grade 3–4 morbidity at 30 days (p = 0.005) and
90 days (p < 0.001) experienced a prolonged DFS (Table 3).
Only RUQ involvement (p = 0.02) and 90-day major morbid-
ity (p = 0.002) were independent predictors of an inferior
DFS. Patients with PCI < 12 (p = 0.01), without RUQ involve-
ment (p = 0.02) and without grade 3–4 morbidity at 30
(p < 0.001) and 90 days (p < 0.001) experienced a longer OS
but only absence of 90-day grade 3–4 morbidity was an inde-
pendent predictor of a superior OS (p < 0.001). Other factors
like lymph node involvement, mucinous histology, side of the
primary tumor, colonic versus rectal primary tumor and use of
HIPEC had no significant impact on either the DFS or OS.

Distribution of Peritoneal Metastases

Ovarian metastases were present in 16 (23.5%) patients. Small
bowel involvement was seen in 24 (35.2%) patients of which 14

(58.3%)hada small bowelPCI> 3.TheRUQwas involved in31
(45.5%) patients. In patients with RUQ involvement, the lower
regions (regions 5, 6, and 7) were involved in all patients except
one.PatientswithRUQinvolvementhadahighermedianPCI(18
versus 6), higher small bowel PCI (p < 0.001), higher proportion
ofmucinous tumors (p < 0.01) andCC-1 versus CC-0 resections
(p = 0.03), and received more neoadjuvant chemotherapy
(p < 0.001). All patients without RUQ involvement had a PCI
of less than 12 compared to 22.5%with RUQ involvement. Left
upper quadrant involvement (region3)was associatedwithRUQ
involvement in all except two patients. The 90-day grade 3–4
morbidity (p = 0.08) and 90-daymortality (p = 0.52) was similar
between patients with and without RUQ involvement.
Involvement of the RUQ was an independent predictor of an
inferior DFS [Hazard ratio 2.097 (95% CI 1.067–4.122); p =
0.03] (Fig. 1). The median OS was inferior (p = 0.02) in these
patients though it did not reach statistical significance on multi-
variate analysis.

Outcomes in Patients with Mucinous Tumors

There were 25 (36.7%) patients with mucinous tumors of
which 3 (4.4%) had a rectal primary tumor. Seventeen
(77.2%) colonic tumors were right sided and five were left
sided. The proportion of ovarian metastases (p = 0.01) was
higher in the mucinous group (p = 0.02). The mucinous group
had a median PCI of 13 [range 4–35] compared to 8 [range 3–
27] in the non-mucinous group and more patients with a PCI
> 12 (p = 0.01). All patients except one in the mucinous group
had a complete cytoreduction (CC-0/1). HIPEC was per-
formed in 92% in the mucinous and 90.6% in the non-
mucinous group (p = 0.85). 88% in the mucinous and 88.3%
in the non-mucinous group received 6 months of perioperative

Table 2 Factors affecting
morbidity and mortality Characteristic 30-day morbidity 90-day morbidity Grade 3–4 morbidity

Age < 65 and > 65 0.148 0.373 0.448

Sex 0.910 0.333 0.379

Synchronous versus metachronous 0.580 0.184 0.431

Right versus left sided tumors 0.960 0.962 0.400

Prior surgery 0.766 0.898 0.496

Prior chemotherapy 0.542 0.417 0.407

PCI < 12 versus > 12 0.081 0.082 0.006

PCI < 20 versus > 20 0.012 0.016 0.002

Stoma formation 0.022 0.094 0.406

Mucinous versus non-mucinous tumors 0.307 0.056 0.542

RUQ disease 0.081 0.139 0.026

HIPEC versus no HIPEC 0.103 0.241 0.558

Drug-oxaliplatin versus Mitomycin C 0.359 0.521 0.499

Duration of surgery more than 480 min 0.820 0.400 0.617
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chemotherapy. The DFS was 12 months in both groups and
the median OS was 26 months for mucinous and 20 months
for non-mucinous tumors (p = 0.51). Patients with mucinous
tumors with a PCI of > 20 had a median DFS of 6 months
compared to 24 months in those with a PCI of < 20 (p =
0.016). As with non-mucinous tumors, patients with a PCI
>12 had an inferior survival compared to patients with
PCI<12 (p=0.08) though the difference was not statistically
significant (Fig. 2). A PCI < 20 [hazard ratio (HR) 0.109; 95%
confidence interval (CI) 0.021–0.570; p < 0.001] was the only
independent predictor of a longer OS.

Discussion

The median DFS (12 months) in this group of patients
is similar to that reported by other studies whereas the
median OS (25 months) is inferior to the best results
obtained worldwide [17, 18]. It is difficult to determine
the reasons for the inferior OS since the patient popu-
lation is heterogeneous and the selection criteria for sur-
gery are not uniform. But even the 95% confidence
interval is not very large with the longest survivors
averaging only 32 months.

Table 3 Factors affecting disease
free and overall survival Variable Disease-free survival Overall survival

Univariate
analysis

Multivariate
analysis

Univariate
analysis

Multivariate
analysis

Age < 40 versus > 40 0.111 NA 0.101 NA

Male versus female 0.048 0.346 NA

Metachronous versus synchronous 0.859 NA 0.167 NA

PCI < 12 versus > 12 0.042 0.012

PCI < 20 versus > 20 0.003 0.001

CC-0/1 versus CC-2/3 NA

Mucinous vs non-mucinous vs
signet ring

0.195 NA 0.515 NA

Right sided versus left sided 0.898 NA 0.620 NA

Colonic versus rectal primary 0.892 NA 0.467 NA

Right upper quadrant involvement
(region 1)

0.013 0.024 0.027 Not significant

Ovarian metastases versus no
metastases

0.235 NA 0.974 NA

NACT for PM 0.696 NA 0.972 NA

Adjuvant chemotherapy after CRS 0.296 NA 0.011 Not significant

Lymph node involvement 0.604 NA 0.901 NA

Grade 3–4 morbidity 0.005 0.000

90-day morbidity 0.000 0.002 0.000 0.000

Abbreviations: NA not applicable

Fig. 1 Disease-free survival and overall survival in patients with and without RUQ involvement
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Though the 90-day grade 3–4 morbidity (39.7%) is compa-
rable to published reports, 5 patients did not receive the planned
chemotherapy due to complications [19, 20]. The benefit of
adding HIPEC has to be weighed against the risk of morbidity
especially where resources are limited. The same can be uti-
lized for biological/systemic therapy. 64.4% of the patients
completed 6 months of perioperative chemotherapy but only
12% received targeted therapy. Though the role of systemic
chemotherapy remains undefined, the high survival outcomes
reported in the PRODIGE-7 trial also underline the benefit of
systemic chemotherapy [21]. The median progression-free sur-
vival in this trial was only 14 months while the overall survival
was 43 months [2]. Even if systemic chemotherapy is not given
as adjuvant therapy, it will invariably be used at the time of
recurrence which will develop in over 75% of the patients [22].

The other question is of cure. In our experience, we had no
Bcured^ patients. Patients who are disease-free at 5 years are
considered to be cured [1]. All Bcured^ patients have a PCI of
< 10. It would be interesting to know if the pathological re-
sponse to chemotherapy had an impact on cure but such infor-
mation is unavailable. Less than 10% of patients receiving
NACT experience a complete response [23]. A complete/near
complete pathologic response to systemic chemotherapy may
be one of the important factors leading to cure. And in such
patients, surgery may have a role in resection of residual dis-
ease or staging but HIPEC may not have much of a role [24].
Though over 2/3 of our patients received 6 months of periop-
erative chemotherapy, we do not have an evaluation of the
pathological response to chemotherapy. Detractors of systemic
chemotherapy argue that it may lead to the exclusion of patients
with potentially resectable disease from surgery and add to the
toxicity without benefit in poor responders. Most studies in-
cluding ours do not have information on patients that are ex-
cluded due to toxicity and disease progression. It is possible
that many such patients never reach a specialized center and
hence it may not be unreasonable to recommend that all

patients with PM are evaluated by a specialized team even if
the initial plan is to administer systemic chemotherapy [25]. It
is not just the surgical management that requires expertise but
also administration of systemic chemotherapy and radiological
and pathological evaluation.

There is also a need to develop biomarkers for selecting
patients for chemotherapy. If the patients who are likely to
respond could be identified, the selection process could become
more homogenous across centers.

The high rate of complete cytoreduction (98.1%) in this
series reflects good patient selection in terms of resectability
alone. But other prognostic factors need to be taken into ac-
count while selecting patients for surgery. The important in-
formation that is missing in this study is the KRAS and BRAF
mutation status and the MSI status. At times, these investiga-
tions are performed only when targeted therapy is planned.
This is one aspect of practice that needs to undergo change.
It has been shown that the survival in patients with KRAS and
BRAF mutations is inferior with CRS and HIPEC [26].
Though CRS and HIPEC may still have a benefit over sys-
temic chemotherapy alone in this subgroup, the survival is
inferior to that in patients with non-mutated tumors and this
information can be used for counseling patients of the expect-
ed benefit in survival.

The OS was non-inferior in 7 patients with signet ring cell
tumors in this study. The peritoneal surface disease severity
score (PSDSS) may be useful in selecting patients with signet
ring cell tumors for surgery and could be used [27].

The proportion of mucinous tumors is higher but that re-
flects a selection bias as these patients are more commonly
referred for surgery and surgeons take up patients with a high
PCI for surgery as well. The survival in mucinous and non-
mucinous tumors was also similar which has been reported by
other investigators too [28]. Patients with mucinous tumors and
PCI > 20 had a significantly inferior survival compared to those
with a PCI < 20. However, another series of 58 patients with

Fig. 2 Impact of PCI on survival in patients with mucinous and non-mucinous tumors
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CPM did not show any difference in survival between patients
with PCI < or > 16. This data needs confirmation in larger
prospective series [29].

Our results show the negative prognostic impact of
RUQ involvement on survival. Involvement of the RUQ
was seldom associated with localized disease—most pa-
tients had extensive disease. It was predictive of an infe-
rior DFS and OS following complete CRS and HIPEC
that were not offset by the use of systemic chemotherapy.
Involvement of this region can be determined on pre-op
imaging or staging laparoscopy and could be incorporated
into patient selection tools and nomograms as a poor
prognostic factor.

This study is retrospective with a small number of pa-
tients and the median follow-up is short, which are its
major limitations. This study design is not ideal for estab-
lishing the proposed conclusions. Though the data collec-
tion is prospective, some important prognostic informa-
tion is missing. Nevertheless, it provides a snapshot of
the real-time situation in the country. There is a need to
have not just specialist surgeons but multidisciplinary
teams to improve outcomes in patients with peritoneal
metastases.

In light of existing evidence, the role of CRS and HIPEC
should be considered individually. There is level 1 evidence
for performing cytoreductive surgery by Bspecialist surgeons^
for colorectal PM [30]. HIPEC can be performed in selected
subgroups of patients where the risk of morbidity is low, after
consultation in multidisciplinary meetings taking into consid-
eration the patients’ socioeconomic status and education level.
Some of the subgroups that benefit from HIPEC are patients
with PCI 10–15, those that have limited disease that is poorly
responding to chemotherapy or when systemic chemotherapy
is not planned, and in patients with mucinous tumors. Further
analysis of the outcomes of the PRODIGE-7 [2] and the re-
sults of the CAIRO-6 (NCT02758951) trial will largely influ-
ence the future of HIPEC for colorectal PM.

Conclusions

CRS and HIPEC can be performed with an acceptable mor-
bidity in Indian patients with a DFS comparable to that report-
ed by experienced centers across the world though there were
no Bcured^ patients. Prognostic scores should be developed
and used to stratify patients according to the expected survival
benefit which in turn should be used for patient selection and
counseling. Optimizing the use of systemic therapies is essen-
tial for obtaining long-term survival and cure. Patients with
colorectal PM represent a heterogeneous group in which there
is a compelling need to identify subgroups that benefit from
the addition of HIPEC to complete cytoreductive surgery.
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