L))

Check for
updat

Review Article on Appendiceal Malignancy and Colon Cancer

Sequential postoperative intraperitoneal chemotherapy for
colorectal cancer with peritoneal metastases: a narrative review

Peter H. Cashin, Wilhelm Graf

Department of Surgical Sciences, Section of Surgery, Uppsala University, Akademiska Sjukhuset, Uppsala, Sweden

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (IIT) Provision of study materials or patients: All
authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII)
Final approval of manuscript: All authors.

Correspondence to: Dr. Peter Cashin. Department of Surgical Sciences, Bengt Ihre Fellow, Uppsala University, Akademiska Sjukhuset, 75185 Uppsala,

Sweden. Email: Peter.cashin@surgsci.uu.se.

Abstract: Sequential postoperative intraperitoneal chemotherapy (SPIC) is a chemotherapy abdominal
infusion given as a postoperative adjuvant treatment for 6 months after cytoreductive surgery (CRS) for
peritoneal surface malignancies. It has most commonly been used in conjunction with ovarian cancer where
the SPIC treatment has been integrated with adjuvant systemic chemotherapy. This review investigates the
role of SPIC in the setting of colorectal cancer with peritoneal metastases. The focus is on the CRS+SPIC
combination treatment with no systemic chemotherapy component. Several cohort studies, several
comparative studies, and one randomized trial have been reported with several important endpoints. The
following aspects will be covered in this review: overall survival, disease-free survival, morbidity, quality-of-
life, and cost-effectiveness. In comparison to systemic chemotherapy alone for isolated resectable colorectal
peritoneal metastases, CRS+SPIC is superior concerning overall survival, has no difference in morbidity,
is similar in quality-of-life, and SPIC is cost-effective. In comparison to HIPEC, results are conflicting
in multivariate analysis; but in a univariate analysis HIPEC (most often combined with systemic adjuvant
therapy) appears superior to SPIC alone (no systemic component). The future of SPIC is uncertain.
However, a combination of HIPEC and SPIC + a systemic chemotherapy component is a possible direction

to explore further.
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Introduction & methodology

Locoregional chemotherapy to treat peritoneal metastases
has great pharmacodynamic advantages over systemic
treatment but also definite limitations. A major challenge is
the limited penetration into tissue—at most a few mm (1).
Selection is required only of patients with minimal residual
disease as suitable candidates for locoregional treatment.
The most common treatment package today is cytoreductive
surgery (CRS) combined with hyperthermic intraoperative
intraperitoneal chemotherapy, i.e., HIPEC (2). In this
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well-established modality, maximum cytoreduction is
combined with a single chemotherapy perfusion in an
abdomen released from all adhesions allowing extensive
exposure of the abdominal compartment to the heated
chemotherapy solution. However, limited time of treatment
may be a disadvantage leading to a higher risk of tumor
regrowth. In order to overcome this problem, several other
locoregional protocols have been developed. Adding a few
days treatment after a major peritonectomy procedure is
achieved when early intraperitoneal chemotherapy (EPIC)

is used. Here normothermic treatment follows surgery
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for 4-6 days postoperatively. The drug is infused through
an intraperitoneal catheter placed prior to closure of the
abdomen (3). A new modality is pressurized intraperitoneal
chemotherapy (PIPAC) which has been used for various
gastrointestinal malignancies with peritoneal spread (4).
PIPAC treatment is usually repeated, mimicking systemic
oncologic treatment but as a locoregional treatment in the
abdominal cavity. This methodology requires a laparoscopic
procedure for its application, thus making it a costly
treatment alternative.

Another way of repeating locoregional treatment in the
abdomen is sequential intraperitoneal chemotherapy (SPIC)
which has been used for colorectal cancer with peritoneal
metastases as a 6-month adjuvant intraperitoneal treatment
after CRS (5). In the present review article, we describe the
development of the method of delivering SPIC, treatment
administration, morbidity/mortality, oncological results,
SPIC vs. HIPEC, and the future of SPIC.

This review was conducted using literature relevant
to SPIC treatment development and clinical results for
colorectal cancer from 1989 to 2018. We have used only
published peer reviewed articles in the English language.

We present the following article in accordance with
the Narrative Review Checklist (available at http://dx.doi.
org/10.21037/jgo-20-137).

Development of the spic method

A one-week course of intraportal infusion as adjuvant
therapy after curative resection of colorectal cancer was
popularized during the 1980s. In order to avoid a portal
vein catheter, intraperitoneal infusion was suggested (6). A
randomized controlled study suggested that 5-fluorouracil
at a dose of 500 mg/m’/day combined with intravenous
leucovorine 60 mg/m’/day for 6 consecutive postoperative
days could be given without increased risk of postoperative
complications after colon cancer surgery (7). In an
animal model, resembling adjuvant use of 5-fluorouracil,
anastomotic strength was reduced indicating that the dose
used was close to the threshold of impaired anastomotic
healing (8). Moreover, collagen accumulation in humans
was reduced during EPIC treatment to a similar extent, but
normalizes after the end of treatment (9). Based on these
experiments, the SPIC protocol was developed as a repeated
EPIC variant. In order to avoid catheter related problems
an abdominal Port a Cath was used. The treatment was
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designed to resemble an adjuvant course of intravenous
S-flurouracil. SPIC is administered as an intraperitoneal
dose (550 mg/m’ S-fluorouracil) a day for 6 days in a row
and then repeated every 4-6 weeks over a 6-month period
usually 6 cycles. The most common currently used protocol
is the 5-fluorouracil (5-FU) protocol.

Administration of chemotherapy solution and
morbidity & mortality

CRS+SPIC treatment has been compared to systemic
chemotherapy alone in one RCT (10). This was at a time
when peritoneal metastases from colorectal cancer was still
considered a generalized form of colorectal cancer and
systemic chemotherapy was still the international standard
as first line therapy. The ability to complete all planned
cycles in both groups was impaired. In the CRS+SPIC
group, 33% completed all 6 cycles of postoperative SPIC
therapy with a mean of 3.6 cycles/person. In the systemic
chemotherapy arm, 58% completed all 12 cycles with
a mean of 10 cycles/person. Grade 3-4 adverse events
was numerically higher in the systemic chemotherapy
group at 50% wvs. 42% in the SPIC group. There was no
mortality in either group. In a non-comparison study on
just CRS+SPIC, the grade 3-4 morbidity was 41% (51/123
patients) and there were 5 deaths within 90 days (4%) (11).

The morbidity and mortality of CRS+SPIC is acceptable.
The main problem has been the feasibility of completing
all planned cycles. Due to adhesion development, there is
a significant problem with port dysfunction (10-12). This
is also something that is well known from the ovarian
cancer setting (13). Problems with port dysfunction leads
to premature treatment termination. In the colorectal
RCT, there was a significant incentive to complete as many
treatments as possible (10). It is quite likely that the number
of successful SPIC cycles will be less in the routine clinical
setting. However, there are no studies showing how many
cycles are needed to reach a clinically relevant locoregional
effect.

Another limitation with SPIC is the variable distribution
of chemotherapy solution in the abdomen and pelvis as
measured with single photon emission tomography. The
fluid distribution correlated with the number of cycles that
could be given (14). In the non-randomized comparison,
the distribution volume varied from 32 mL to almost
12,000 mL with an average distribution of 2,896 mL (12).
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This leads to dosing/toxicity issues as the uptake may vary
accordingly.

Survival benefit

The SPIC method has not been widely used as a long-
term postoperative normothermic intraperitoneal adjuvant
therapy. It has, however, been extensively researched
within the area of ovarian cancer. In this setting, there
are many randomized trials proving the survival benefit
of this approach (13). For colorectal cancer peritoneal
metastases treatment, there is only one randomized trial
as mentioned above (10). This trial demonstrated that
the combined CRS+SPIC approach was more beneficial
than systemic chemotherapy alone. The median OS was
25 vs. 18 months, P=0.04; and the hazard ratio was 0.51
(95% CI, 0.27-0.96) in favor of CRS+SPIC, P=0.04. An
additional non-randomized comparative study between
CRS+SPIC vs. systemic chemotherapy also demonstrated
an improvement when using the combined approach (12).
Median OS in this study was 32 months (95% CI, 22-63)
for CRS+SPIC treatment vs. 14 months (95% CI, 6-25)
for systemic chemotherapy, P=0.01. The long-term results
between systemic chemotherapy and CRS+SPIC also favor
CRS+SPIC. The 5-year survival in the non-randomized
trial was 28% with CRS+SPIC but only 5% with systemic
chemotherapy, albeit outdated 5-fluorouracil therapy (12).
Yet in the more recent RCT, the difference was 33% uvs.
4%. In the RCT, the systemic chemotherapy arm was
oxaliplatin-based (10). Despite intensifying the systemic
chemotherapy, the long-term survival was not increased.
This underscores the fact that systemic chemotherapy has
poor effect on isolated colorectal PM.

Quality-of-life and cost-effectiveness

In a follow-up study of the RCT, health-related quality
of life (HRQOL) of the CRS+SPIC arm was better than
a general reference population after 24 months (15).
Numerically, the HRQOL for the systemic chemotherapy
arm was lower. However, the sample sizes were too small
to draw any firm conclusions about superiority of either
arm. Nonetheless, one of the major criticisms of this
combination treatment (CRS+SPIC) is that it is associated
with increased morbidity, and an assumption is that it will
impair the long-term HRQOL. This study was able to
dismiss this concern as unfounded. The long-term survivors

have a good HRQOL.
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A quality adjusted life years (QALY) analysis was
performed in the same study as the HRQOL (15). The
QALY benefit in favor of CRS+SPIC with 3.8 QALYs
was very near statistical significance (P=0.06); and the
incremental cost-effectiveness ratio per QALY gained was
between £26,700-31,200 ($33,600-39,200) making the

treatment cost-effective by most health-care systems.

SPIC vs. HIPEC

HIPEC has become a more widespread method for
treating colorectal PM. There are two comparative studies
performed between HIPEC and SPIC, but none are
randomized. One case/control study demonstrated that
HIPEC was superior to SPIC in both overall and disease-
free survival (5). The overall survival was 36.5 vs. 23.9
months, P=0.01. Likewise, the disease-free survival was 22.8
vs. 13.0 months, P=0.02. The grade 3-4 morbidity didn’t
differ statistically, but that may have been a power problem
because numerically it was 37% wvs. 19%. The other study
was a cohort study (16), where 69 HIPEC patients were
compared to 57 SPIC patients that included all consecutive
patients from the Uppsala center. The overall survival
was 34 months with HIPEC and 25 months with SPIC,
P=0.047. However, in the multivariable analysis, it turned
out that HIPEC was not superior to SPIC. Furthermore,
the grade 3-4 morbidity did differ statistically, 30% vs. 41%
in favor of SPIC, P=0.02.

The future of SPIC

SPIC treatment starts off in a similar manner as EPIC and
then continues every 4-6 weeks for a total of 6 months of
intraperitoneal chemotherapy treatment. EPIC has been
widely used by itself, but also in conjunction with HIPEC.
The use of SPIC for treating peritoneal metastases from
colorectal cancer has been primarily a Swedish phenomenon.
Consequently, research with this modality has been limited.
Nonetheless, there is randomized data supporting its use;
and furthermore, it is the only modality with a HRQOL
and cost-effectiveness analysis within a randomized
trial. With the setback of the Prodigy 7 trial (17),
an interest in other modalities have been stimulated. While
it is unlikely that SPIC will replace HIPEC, there may be
a future for a combined approach. Anecdotally, one patient
from the Uppsala center did receive combination HIPEC
+ SPIC with a very high peritoneal cancer index, and this
patient is cured and has had no relapses for 16 years. The
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Table 1 Summary of sequential postoperative intraperitoneal
chemotherapy (SPIC) outcomes

Endpoints SPIC outcomes

Grade 3-4 morbidity, %

Cohort 1 [11] 41%
Phase 3/RCT setting [10] 42%
Cohort 2 [16] 30%
Case-control study [5] 19%

Overall survival—median (after 5 years)

Non-randomized comparison [12] 32 months (28%)
Phase 3/RCT setting [10] 25 months (33%)
Cohort 2 [16] 25 months (18%)
Case-control study [5] 24 months (18%)

Disease-free survival—median

(after 5 years)

Phase 3/RCT setting [10] 12 months (17%)
Cohort 2 [16] 10 months (12%)
Case-control study [5] 13 months (N/A)

Health-related quality-of-life after
24 months [15]

Phase 3/RCT setting (EORTC mean
sum score)

93 (out of 100
possible)*

Cost-effectiveness: phase 3/RCT [15]

QALY increase (vs. systemic 3.8 QALYs (P=0.06)

chemotherapy)

ICER/QALY gained 26,700-31,200 GBP/

QALY gained

*, a Swedish healthy reference population scores 85 on their
mean sum scores. SPIC, sequential postoperative intraperitoneal
chemotherapy; RCT, randomized control trial, ICER, incremental
cost-effectiveness ratio; QALY, quality-adjusted life year; chemo,
chemotherapy, N/A, not available.

first step towards this combination is to investigate the
combination of HIPEC + EPIC. Since SPIC starts off
basically as an EPIC administration directly after CRS,
this needs to be investigated in a randomized trial as a first
step, which is something currently under consideration in
the national HIPEC network in Sweden.

While the postoperative adjuvant treatment of SPIC
barely survives in the shadow of HIPEC treatment, a

new trial of repeated intraperitoneal chemotherapy in
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the neoadjuvant setting is being launched from Holland,
the INTERACT trial (18). This may renew the repeat
intraperitoneal chemotherapy modality as an option
to pursue. The INTERACT trial is a phase 1 dose-
escalation study within the setting of non-resectable
or high-volume PM of colorectal cancer. The most
important advantage with the neoadjuvant setting
compared to the adjuvant setting is that the abdomen has
less adhesions and the problem of port dysfunction may
be much less of an issue.

While SPIC has not had widespread use, there is
evidence for its application (Tzble 1). Hopefully, the
optimal perioperative and postoperative intraperitoneal
chemotherapy treatment combination will be discerned in
the coming years through more collaborative efforts. The
goal is to improve the survival of patients with peritoneal
metastases from colorectal cancer.
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