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Abstract

CPM > 6 months after primary curative surgery.

disease biology.

Background: Colorectal peritoneal metastases (CPM) occur in up to 13% of patients with colorectal cancer, presenting
either synchronously or metachronously. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS
and HIPEC) have been increasingly utilised for selected CPM patients with favourable outcomes, though its benefits
may differ for synchronous (s-CPM) and metachronous CPM (m-CPM).

Methods: A retrospective analysis of CPM patients treated with CRS and HIPEC at the National Cancer Centre
Singapore over 15 years was performed. In the s-CPM group, CPM was diagnosed at primary presentation with CRS
and HIPEC performed at the time of or within 6 months from primary surgery. In the m-CPM group, patients developed

Results: One hundred two patients with CPM were treated with CRS and HIPEC. Twenty (19.6%) patients had s-CPM and
82 (80.4%) had m-CPM. Recurrences occurred in 45% of s-CPM and in 54% of m-CPM (p = 0.619). Median overall survival
was significantly prolonged in patients with m-CPM (45.2 versus 26.9 months, p = 0.025). In a subset of m-CPM patients
with limited PCl in whom ICU stay was not required, a survival advantage was seen (p = 0.031).

Conclusion: A survival advantage was seen a subset of m-CPM patients, possibly representing differences in
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Introduction

Peritoneal metastases (PM) occur in up to 20% of
patients with stage IV colorectal cancer (CRC) [1]. The
peritoneum has been recognised as a site of metastases
that is distinct from its pulmonary and hepatic counter-
parts where a hypoxic environment may hinder the
penetration of systemic chemotherapeutic agents [2]. In
an attempt to improve local-regional delivery of cytotoxic
drugs, Spratt and Sugarbaker developed the concept of
cytoreductive surgery (CRS) and hyperthermic intra-
peritoneal chemotherapy (HIPEC) [3, 4]. At present, CRS
and HIPEC when performed for selected patients with
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peritoneal-only metastases boost a median overall survival
(OS) of 30 months [5], superior to modern chemotherapy
regimens (reported median OS of 12 to 24 months) [6].

In CRC with hepatic metastases, it has been proposed
that a synchronous or metachronous presentation im-
plied differing tumour biologies [7]. Synchronous liver
disease has been associated with a more aggressive clin-
ical picture, with patients experiencing poorer survival
outcomes when compared with their metachronous
counterparts [8]. Amongst colorectal peritoneal metasta-
ses (CPM), the reported proportion of synchronous
metastases (s-CPM) was 60%; median OS was 7 months
in s-CPM patients while the metachronous group saw a
median of 12 months survival from time of diagnosis of
CPM in the era of palliative systemic therapy [9]. To
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date, the role of CRS and HIPEC in the management
of CPM has been evaluated in two large randomised
control trials (RCTs) and multiple retrospective series
[5, 10-12] and none, however, attempted to differen-
tiate between s-CPM and m-CPM.

As such, our study aims to compare survival and
recurrence outcomes of patients with s-CPM and m-
CPM in the context of CRS and HIPEC. We believe that
discussing their outcomes independently may shed light
on their possibly distinct biology and is crucial in any
management algorithm undertaken.

Materials and methods
Patient selection and data
The current study was performed in a single tertiary
institution. Data was retrieved from a prospectively
maintained database of patients treated with CRS and
HIPEC for CPM between January 2003 and January 2018.
Our primary endpoints were overall survival (OS) and
progression-free survival (PES). Clinical characteristics,
operative data, and 30-day morbidity and mortality were
also evaluated.
The study was conducted with the approval of the
Centralized Institutional Review Board of Singapore
Health Services.

Key definitions
Patients were classified into two groups for comparison:

1. Synchronous CPM (s-CPM) — CPM present at the
time of the first diagnosis for which CRS and HIPEC
were performed within 6 months of diagnosis

2. Metachronous CPM (m-CPM) — CPM was not
present at the time of the first diagnosis of
colorectal cancer but detected at subsequent follow-
up and for which CRS and HIPEC were performed

In both groups, OS was defined as time in months,
between CRS and HIPEC to date of last follow-up or
death, while PFS was defined as the time interval from
the date of CRS and HIPEC to the date of detection of
recurrent disease.

The Peritoneal Cancer Index (PCI) score as described
by Sugarbaker was used to describe the extent of disease
[13]. The completeness of cytoreduction (CC) score was
utilised to measure the amount of residual disease [14],
with CC-0/1 considered as optimal cytoreduction.

Selection of patients for pre-operative systemic treatment
The decision for upfront CRS and HIPEC versus neoadju-
vant treatment prior to surgery was guided by a multi-
disciplinary tumour board comprising of surgical, medical
and radiation oncologists, pathologists and radiologists.
Patient fitness and preference; tumour biology, inferred by
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PCI score; disease-free interval; primary tumour charac-
teristics (grade of differentiation; histological features, e.g.
mucinous; signet ring cell; molecular status; e.g. RAS;
BRAF mutations); and confidence of surgeon to achieve a
CCO resection were all considerations in the selection of
patients for pre-operative systemic therapy.

CRS and HIPEC and follow-up

The CRS and HIPEC procedure performed at our institu-
tion was as previously described [15, 16] and involved the
removal of all macroscopic peritoneal disease to achieve
complete cytoreduction, with the subsequent administra-
tion of HIPEC. A closed technique for HIPEC was
adopted. For CPM, mitomycin C was administered (dose
of 12.5 mg/m> for males and 10 mg/m? for females) with
4 L of peritoneal dialysis solution at 41-42 °C over a dur-
ation of 60 min. A hyperthermia pump was used during
the study duration to deliver the intraperitoneal chemo-
therapy agent via a single inflow catheter, and drainage
was via four intra-abdominal drains.

Post-operatively, patients were transferred to the surgi-
cal intensive care unit (SICU) or high-dependency unit
for monitoring. All intra- and post-operative complica-
tions were recorded and graded based on the Clavien-
Dindo classification [17].

During follow-up, patients were reviewed at 3 monthly
intervals during which a full physical examination and
tumour markers were taken. A computed tomography
(CT) scan of the chest-abdomen and pelvis was per-
formed 6 monthly for the first 2 years post CRS-HIPEC
and then yearly thereafter. Details of recurrences, if any,
were recorded.

Statistical analysis
Differences in demographics and clinical characteristics
of the patients and recurrent patients were assessed
between the two groups (1) s-CPM and (2) m-CPM by
using Fisher’s exact test for categorical variables and two
group ¢ tests for numeric variables. Wilcoxon rank-sum
test was used if the distributions were skewed for
numeric variables. Survival functions were estimated
using Kaplan-Meier method, and log-rank test was used
to evaluate the differences between the two groups.
Univariate Cox regression was applied to investigate
potential factors on the risk of the event of death and
recurrence. Variables with p value less than 0.10 in the
univariate analysis were included in the multivariate Cox
regression model. The model was built using backward
selection. Variables with p value < 0.05 would be in the
final model. Cox proportionality assumption was
assessed by using an overall test on Schoenfeld residuals.
A two-sided p value of < 0.05 was considered statisti-
cally significant. All analyses were performed using Stata
version 12.0.
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Table 1 Demographics and clinical characteristics of CPM patients undergoing CRS and HIPEC
All CPM (n = 102) s-CPM (n = 20) m-CPM (n = 82) p value
Patient characteristics
Age, years 54.0 (24-78) 49 (24-72) 55 (30-78) 0.132
Gender 1.000
Male 39 (38.2%) 8 (40%) 31 (37.8%)
Female 63 (61.8%) 12 (60%) 51 (62.2%)
Race 0.004
Chinese 85 (82.5%) 12 (60.0%) 73 (89.0%)
Others 17 (17.5%) 8 (40.0%) 9 (11.0%)
ECOG status 0.350
01 94 (92.2%) 20 (100.0%) 74 (90.2%)
2 8 (7.8%) 0 (0.0%) 8 (9.8%)
Tumour characteristics
T-stage (primary tumour) 0.502
T1-2 3 (2.9%) 0 (0.0%) 3 (3.7%)
T3-4 99 (97.1%) 20 (100%) 79 (96.3%)
N-stage (primary tumour) 0.15
NO-1 63 (61.8%) 11 (55%) 52 (63.4%)
N2 31 (30.4%) 6 (30%) 25 (30.4%)
Unknown 8 (7.8%) 3 (15%) 5 (6.2%)
Tumour differentiation (primary tumour) 1.02
Well 5 (5%) 1(5%) 4 (4.8%)
Moderate 60 (58.8%) 10 (50%) 50 (61%)
Poor 31 (30.4%) 7(35%) 24 (29.3%)
Unknown 6 (5.8%) 2 (10%) 4 (4.9%)
Histology (primary tumour) 051
Adenocarcinoma 74 (72.5%) 13 (65.0%) 61 (74.5%)
Mucinous 23 (22.5%) 6 (30.0%) 17 (20.7%)
Signet ring cell 2 (2%) 0 (0.0%) 2 (2.4%)
Mixed 2 (2%) 1(5.0%) 1(1.2%)
Others 1 (1%) 0 (0.0%) 1 (1.2%)
Sidedness of Tumour (primary tumour) 0.54
Right 32 (31.4%) 7 (35%) 25 (30.5%)
Left 51 (50%) 10 (50%) 41 (50%)
Rectum 15 (14.7%) 1 (5%) 14 (17%)
Unknown 4 (3.9%) 2 (10%) 2 (2.5%)
Pre-operative CEA levels, mean (uG/l) 323 431 (1.1 - 501) 298 (0.5 - 441) 0.043
Intra-operative
PCl score, median (range) 7 (0-27) 9 (3-27) 5 (0-24) 0.12
PCl score 0.1
<10 55 (54%) 10 (50%) 45 (54.9%)
10-20 31 (30.3%) 4 (20%) 27 (32.9%)
> 20 5 (5%) 3 (15%) 2 (3.8%)
Unknown 11 (10.7%) 3 (15%) 8 (8.4%)
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Table 1 Demographics and clinical characteristics of CPM patients undergoing CRS and HIPEC (Continued)
All CPM (n = 102) s-CPM (n = 20) m-CPM (n = 82) p value
CC-score 0.352
cco 101 (98.1%) 19 (95.0%) 82 (100%)
ccl 1(1.0%) 1 (5.0%) 0 (0.0%)

PCl Peritoneal Cancer Index, CC-score Completeness of Cytoreduction Score

Results

Patient and tumour characteristics

A total of 102 patients with CPM underwent CRS and
HIPEC from January 2003 to January 2018. There were
20 (20%) patients with s-CPM and 82 (80%) with m-
CPM. Ninety-seven percent of all patients with CPM
and all with s-CPM had locally advanced, i.e. T3/T4 pri-
mary tumours. Pre-operative CEA levels was signifi-
cantly higher in the s-CPM patients (p = 0.043). Other
baseline clinical-pathological characteristics are as de-
scribed in Table 1.

Surgery and peri-operative outcomes

In the s-CPM group, 75% (n = 15) received neo-adjuvant
chemotherapy or chemoradiation therapy before CRS
and HIPEC were performed. Agents used were mainly 5-
fluorouracil (FU) based with the addition of oxaliplatin
or irinotecan. Targeted agents were used at the discre-
tion of the medical oncologists after consideration of
general response and molecular status. In the m-CPM

group, the median time between surgery for the primary
tumour and the development of metachronous metasta-
ses was 21.7 months (range 7.9-186.2). Eleven (13%) pa-
tients received neoadjuvant chemotherapy prior to CRS
and HIPEC.

The CRS and HIPEC duration was 390 min (range
245-855) in s-CPM and was 415 min (range 200-960) in
m-CPM (p = 0.618). There were no differences in terms
of intra-operative blood loss (1200 ml versus 1003 ml).

Overall, the median PCI score was 7 (range 0—27). There
was no significant difference in the PCI scores when com-
paring s-CPM and m-CPM (9 versus 5, p = 0.12). All pa-
tients received complete cytoreduction surgery.

Post CRS and HIPEC, the decision for further adjuvant
chemotherapy was discussed at our multi-disciplinary
tumour board. Twenty-eight (27.2%) patients received
further systemic therapy, of which nine patients were
from the s-CPM group and 19 the m-CPM group.

Opverall, the median duration of hospital stay was 12
days (range 7-66), and it was 14.5 days (range 7-26) and

Table 2 Pattern of recurrence post CRS and HIPEC surgery for s-CPM and m-CPM patients

Pattern of recurrence

All recurrent CPM (n = 54) s-CPM (n = 9) m-CPM (n = 45) p values
Peritoneum 33 (61.1%) 7 (77.8%) 26 (57.8%) 045
Peritoneum only 15 5 10
Peritoneum and lung 5 - 5
Peritoneum and liver 3 - 3
Peritoneum and anastomosis 6 2 4
Peritoneum, liver, and lung 1 - 1
Peritoneum, bone, and abdominal wall 1 - 1
Peritoneum, liver, lung, bone, and abdominal wall 1 - 1
Peritoneal, liver, lung, and spleen 1 - 1
Lung 8 (14.8%) 1(11.1%) 7 (15.5%) 1.00
Lung only 4 1 3
Lung and anastomosis 2 - 2
Lung, bone, and abdominal wall 1 - 1
Lung, liver, bone, and CNS 1 - 1
Liver 6 (11.1%) 1(11.1%) 5(11.2%) 0453
Liver only 4 1 3
Liver and CNS 1 - 1
Liver and kidney 1 - 1
Others 7 (13%) - 7 (15.5%) 0.112
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Table 3 Overall survival (OS) and progression-free survival (PFS) for s-CPM and m-CPM patients post CRS and HIPEC

No. of events/no. of patient ~ Median OS, (95% Cl) 1 year rate, % (95% Cl) 3 vyear rate, % (95% Cl) 5 year rate,% (95% Cl)  p value
Overall survival
s-CPM 9/20 26.9 (9.8-44.5) 77.0 (43.2-92.2) 27.5 (45-584) 13.8 (0.8-44.7) 0.025
m-CPM  25/82 45.2 (30.2-54.3) 92.1 (81.3-96.0) 62.0 (45.1-74.6) 31.2 (15.1-484)
Progression-free survival
s-CPM 9/20 19.7 (7.7-43.2) 755 (41.6-914) 288 (5.2-59.1) 0 0.356
m-CPM  45/82 30.2 (19.8-37.8) 92.2 (82.3-96.7) 39.8 (26.2-529) 102 (3.5-21.5)

11 days (range 7—66) in s-CPM and m-CPM patients, re-
spectively (p = 0.198). Post-operative complications oc-
curred in 47% (n = 48) of patients with no difference
between the two groups. Majority of patients (86%) suf-
fered Clavein-Dindo grade 1 or 2 complications. Of the
15 patients who required invasive intervention (i.e. grade
3 or 4 complications), four patients suffered pleural effu-
sions necessitating chest tube insertion; two patients had
post-operative bleeding needing re-laparotomy; and two
patients had a ureteric leak requiring insertion of percu-
taneous nephrostomy (PCN) tubes, with three patients
having intra-abdominal collections, three patients with
anastomotic leak requiring insertion of abdominal drain
and one patient with acute retention of urine requiring
the insertion of urinary catheter. There was no in-
hospital mortality.

Recurrence outcomes

In total, 54 (52.4%) patients developed recurrences after
CRS and HIPEC: nine (n = 9/20, 45%) from the s-CPM
group and 45 (n = 45/82, 54.9%) from the m-CPM group
(p = 0.619). Median time to recurrence was 9.5 months

(range 0.9-33.7). It was 13.1 (range 2.6-17.8) and 9.5
(range 0.9-33.7) months respectively in s-CPM and m-
CPM groups (p = 0.917). The pattern of recurrence was
as described in Table 2.

There was however no significant difference in PFS be-
tween s-CPM and m-CPM groups (p = 0.356; Table 3,
Fig. 1). Median PFS was 19.7 months (range 7.7-43.2) in
s-CPM and 30.2 months (range 19.8—-37.8) in m-CPM.

Survival outcomes

Overall median OS in all CPM patients was 40.6 months.
Comparing s-CPM and m-CPM, a significant difference
was found in OS outcomes: 26.9 months (range 9.8—
44.5) in the former and 45.2 months (range 30.2-54.3) in
the latter (p = 0.025). One-, 3-, and 5-year OS is as illus-
trated in Table 3 and Fig. 2.

In the univariate analysis, synchronous disease, need
for ICU stay, PCI > 12, older age and longer duration of
CRS and HIPEC were significant predictors for overall
survival. On multivariate analysis, only ICU stay, PCI >
12, older age, and longer duration of CRS and HIPEC
remained significant (Table 4).
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Fig. 1 Progression-free survival for s-CPM versus m-CPM post CRS and HIPEC




Wong et al. World Journal of Surgical Oncology (2020) 18:10

Page 6 of 8

1.00
|

0.75
1

Overall survival estimates

Overall Survial Probability
0.50
1

0.25
1

0.00
1

1] T

0 20 40

60
Overall survival time (mths)

T T T T
80 100 120 140 160

s-CPM

m-CPM

Fig. 2 Overall survival for s-CPM versus m-CPM post CRS and HIPEC

On subgroup analysis adjusted for ICU stay, it was
found that in patients who did not require ICU stay, s-
CPM was associated with poorer OS (p = 0.034). In
addition, in the subset of m-CPM patients with PCI < 12,
a more significant survival advantage was seen (Table 5).

Discussion

The tumour cell entrapment hypothesis has been postu-
lated to be the mechanism behind the occurrence of
peritoneal disease [18]. Locally advanced primary CRC
result in the spillage and dissemination of tumour cells
into the peritoneal cavity. Subsequent implantation then
leads to the development of CPM. Introduced in the late
twentieth century, CRS and HIPEC aim to remove all
macroscopic and microscopic peritoneal disease, in the
hope of improving penetration of cytotoxic agents into
the peritoneum [3]. In 2003, Verwaal et al. proved the
efficacy of CRS and HIPEC over systemic chemotherapy
in the management of CPM [10]. This was further sup-
ported numerous multi-centre studies and robust meta-
analysis on this unique disease entity [2, 19]. In our
centre, we have reported median OS for CPM after CRS
and HIPEC of 40.9 months, a significant improvement

even when compared to modern chemotherapeutic re-
gimes [6].

Both synchronous and metachronous PM are known
indications for CRS and HIPEC in CRC. Unlike hepatic,
pulmonary and para-aortic lymph node metastases for
which synchronous disease have been found to be as-
sociated with an aggressive biology and poorer sur-
vival [7, 20, 21], data for CPM is scarce. While Jayne
et al. reported poorer survival trends in the synchron-
ous disease [9], a recent retrospective analysis by the
Dutch group failed to prove a difference in outcomes
between the two [22]. With a significantly reduced
OS seen in the s-CPM group, our study further com-
pounds the likelihood of poor tumour biology in pa-
tients who present with synchronous disease.

At present, rates of s-CPM in published studies range
from 20% to 80%. In the PRODIGE 7 trial [11], 30% and
20.5% of its participants had s-CPM in the HIPEC and
no HIPEC arms, respectively. The absence of a signifi-
cant survival advantage in patients who underwent
HIPEC (median OS 41.7 months) versus no HIPEC (me-
dian OS 41.2 months) challenges to contradict its previ-
ously established role in CPM. The Japanese group in an

Table 4 Uni- and multivariable comparison of OS of CPM after CRS and HIPEC

Variable Univariate hazard ratio (95% Cl) p value Multivariate hazard ratio (95% Cl) p value
m-CPM versus s-CPM 045 (0.21-0.97) 0.042 092 (0.33-261) 0.880
Age 0.96 (0.94-0.99) 0016 0.94 (0.90-0.98) 0.004
Duration of CRS and HIPEC 1.003 (1.001-1.005) 0.004 0.99 (0.990-0.999) 0.014
ICU stay 1.14 (0.99-1.31) 0.065 3.16 (147-6.76) 0.003
Median length of stay 1.03 (0.99-1.06) 0.052 1.06 (1.01-1.11) 0.009
PCl score > 12 1.11 (1.06-1.16) <0.001 1.10 (1.02-1.18) 0.011
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Table 5 Subgroup analysis of OS outcomes based on ICU stay and PCl score
Variable Univariate hazard ratio (95% Cl) p value Multivariate hazard ratio (95% Cl) p value
CRS and HIPEC patients without ICU stay
m-CPM versus s-CPM 0.27 (0.06-1.15) 0.077 0.11 (0.02-0.85) 0.034
Age 0.96 (0.91-1.01) 0.112 0.99 (0.94-1.05) 0.759
PCl score 4 (1.0 27) 0.020 4 (0.99-1.30) 0.063
Duration of CRS and HIPEC 1.00 (0.99-1.01) 0.145 1(0.99-1.02) 0.215
PCl <12
m-CPM versus s-CPM 0.18 (0.05-0.67) 0.011 0.19 (0.04-0.86) 0.031
Age 0.95 (0.89-1.02) 0.149 0.98 (0.92-1.03) 0.399
Duration of CRS and HIPEC 1.002 (0.999-1.006) 0.244 0.997 (0.990-1.003) 0316
SICU stay 1.91 (0.93-3.91) 0.078 3.95 (0.74-21.25) 0.109

attempt to prove the efficacy of optimal CRS without
HIPEC evaluated 78 patients with s-CPM only—a me-
dian OS of 33.4 months was reported [23]. The trend to-
wards reduced survival in patients with synchronous
disease echoes the findings of our study. As surgical on-
cologists worldwide scramble to make sense of the find-
ings of the PRODIGE 7, we believe that the concept of
synchronicity should be considered to better select for
patients that will benefit most from CRS and HIPEC.

Recurrence despite CRS and HIPEC is common,
occurring in up to 65% of patients with CPM [24]. In
our cohort, 52% of patients suffered recurrent disease—
though the pattern of recurrence appears to differ be-
tween patients with s-CPM and m-CPM with the former
demonstrating a trend towards peritoneal recurrence
(Table 2). This again points to the plausibility of differ-
ing biology between the two groups. In our m-CPM pa-
tients, a long disease-free interval (DFI) of 21.7 months
was observed between primary surgery and the first re-
currence. It is known that stable disease with chemo-
therapy and a long DFI often result in improved survival
outcomes [25]. As such, a selection bias exists in the
metachronous group as potential, and only the ‘better
players’ were selected to undergo eventual CRS and
HIPEC. This may account for the better OS seen in m-
CPM. While no consensus has been reached with
regards to the optimal selection of patients for CRS and
HIPEC, stringent criteria taking into account disease-
free intervals, response to systemic chemotherapy, PCI
scores and primary tumour characteristics is paramount
to ensure good recurrence and survival outcomes.

The retrospective design and relatively small numbers
in this study may have resulted in selection bias as well
as a failure to show a significant difference between s-
CPM and m-CPM groups in the multi-variate analysis.
Though subgroup analysis pointing to a possible trend
improves OS in the m-CPM group after accounting for
the PCI score and ICU stay, further prospective studies
with larger sample sizes will be necessary to further

elucidate the true biological differences between s-CPM
and m-CPM.

Conclusion

In a subset of m-CPM patients with limited peritoneal
disease in whom intensive care post-operatively was not
required, a survival advantage was seen over the s-CPM
group. This may represent differences in disease biology
and emphasises the need to approach these patients
differently. Further prospective studies are needed to
determine the appropriate management of s-CPM versus
m-CPM.
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