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Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy in gastrointestinal cancers: fad or

standard of care?

Melissa Ching Ching Teo?, mess, Frcs, Grace Hwei Ching Tan?, mBBs, FRCS

ABSTRACT Peritoneal metastases (PM) are the common endpoint for patients with advanced gastrointestinal cancers.
PM from these cancers are often managed in a similar fashion to other sites of systemic metastases, but the following
must be taken into consideration. (a) PM do not respond to systemic chemotherapy in the same fashion as liver and
lung metastases. (b) PM cause local problems, resulting in disruption of chemotherapy. (c) Cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) actually work for PM. (d) PM are not easily detected on imaging
modalities. There has been mounting evidence of the effectiveness of CRS-HIPEC at prolonging survival in selected patients
with colorectal and gastric PM, but there remains a reluctance to explore this treatment modality. This is likely because
of the perceived morbidity and mortality. An effective management strategy employing CRS-HIPEC for selected patients
with gastrointestinal PM can only be achieved if a concerted effort is made to understand this disease and address the

concerns regarding this treatment.
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INTRODUCTION

Cytoreductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC) have been utilised with significant success
since 1994 for the management of pseudomyxoma peritonei, with
its widespread peritoneal involvement." Since then, researchers
in various institutions have explored the potential benefit that this
combined treatment may offer for other diseases involving the
peritoneal surfaces. In specialised centres that have overcome the
learning curve, CRS and HIPEC are routinely performed for suitable
patients who have peritoneal metastases (PM) with gastrointestinal
and gynaecological origins. However, a large majority of
physicians and surgeons remain sceptical and continue to manage
patients with palliative surgical procedures and/or palliative
chemotherapy and, in some situations, the best supportive care.
This discrepancy between approaches often leads to confusion
for patients who seek multiple opinions in their search for the best
treatment option for their condition. It is important to examine
the evidence and separate the facts from myths and hearsay, to
determine if CRS and HIPEC for the management of PM from
gastrointestinal cancers is a fad or should be the standard of care.

WHAT ARE CRS AND HIPEC?

CRS and HIPEC comprise two parts of a single treatment modality.
CRS was first described by Spratt et al in 1980“ and popularised
by Sugarbaker in 1995.% It aims to remove all macroscopic
peritoneal disease; resection of involved visceral organs is
typically performed first, followed by the removal of sections of
involved peritoneum. HIPEC targets the microscopic diseases,
working on lesions that are smaller than 3 mm. Owing to the
peritoneal-plasma barrier, a higher dose of chemotherapy can
be delivered with less systemic toxicity. The high temperature

increases drug penetration and provides a synergistic effect
with the intraperitoneal chemotherapy. HIPEC is administered
for 60 minutes. A dedicated anaesthetist monitors the patient’s
parameters, including core temperature, via an oesophageal
temperature probe and keeps the patient adequately volume-filled.
We herein examine the evidence in favour of the use of CRS and
HIPEC for the common gastrointestinal cancers.

Colorectal cancer

Colorectal cancer is one of the commonest cancers in most
developed countries, has a worldwide incidence of 43.7 per
100,000 men and women per year and afflicts one in 20 in the
United States alone.® Despite efforts to conduct screening, 60%
of patients are diagnosed at an advanced stage with a significantly
poorer prognosis compared to early-stage disease, resulting in
close to 50,000 cancer deaths per year."

Cancer deaths in Stage 4 colorectal cancer often result
from liver, lung or peritoneal metastases, or a combination of
disease at these sites. Traditionally, the prognosis is dismal for
most Stage 4 cancers. However, complete cytoreduction along
with adjuvant chemotherapy has provided long-term survival of
up to 40% and 50% for patients with lung and liver metastases,
respectively.®? As such, consideration for curative therapy is now
accepted as the standard of care for patients with metastases at
such sites, and it is routine for these patients to be discussed at
multidisciplinary tumour boards.®?

PM are diagnosed synchronously in 10%-15% of all newly
diagnosed colorectal cancer cases and in 40%-70% of patients
who suffer recurrences. They are the sole sites of metastases in
10%-30% of these cases, but the approach to the management
of colorectal cancer PM remains a point of debate. The Fourth
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International Workshop on Peritoneal Surface Malignancies in
Spain came to a consensus in 2004 that “cytoreductive surgery
with perioperative intraperitoneal chemotherapy was considered
standard of care for all cases of mucinous appendiceal neoplasms
with peritoneal dissemination, in an otherwise fit patient in the
absence of distant metastases”."” Another consensus statement
was issued at the 59th Annual Cancer Symposium of the Society of
Surgical Oncology held in San Diego in 2006, stating that “ Better
surgical techniques that include peritonectomy procedures,
standardised methods to deliver intraoperative hyperthermic
intraperitoneal chemotherapy and better patient selection criteria
have resulted in a significant improvement in survival and in
morbidity and mortality of the surgical management of this
particular group of Stage IV colon cancer patients”."" Despite
the lapse of ten years since these statements have circulated,
and in spite of the large volume of publications and mounting
evidence that CRS and HIPEC afford long-term survival in selected
patients with colorectal PM, this treatment modality is still not
universally considered the standard of care and many patients
are routed to a palliative course, usually with chemotherapy.

The role of CRS and HIPEC for colorectal PM was established
in the first randomised prospective trial in 2003.7? In the trial,
105 patients were assigned to either systemic chemotherapy
(5-fluorouracil/leucovorin) with or without palliative surgery,
or CRS and HIPEC with mitomycin C, followed by systemic
chemotherapy. Median survival times of 12.6 months and
22.3 months in the standard treatment arm and the CRS and HIPEC
arm, respectively (p = 0.032), were reported in the preliminary
study. The CRS and HIPEC arm also reported an associated
mortality rate of 8%. The 2008 update of the study reported
disease-specific survival times of 12.6 months and 22.2 months
in the control and the CRS and HIPEC arms,"* respectively. The
trial has received much criticism, most notably concerning the
high mortality rate experienced by those in the CRS and HIPEC
arm, and also the somewhat outdated chemotherapy regime
used in the standard arm. A much larger and more recent study
on the outcomes of CRS and HIPEC for colorectal PM by Glehen
etal" involved 506 patients treated at 28 institutions. Morbidity
and mortality rates of 22.9% and 4%, respectively, and overall
survival (OS) time of 19.2 months were attained.

Gastric cancer

PM occur in up to 70% of gastric cancer patients. They are found
intraoperatively during planned surgical resection in 10%-20%
of patients, will develop in 20%-50% of patients after curative
surgery"™ and are the cause of death in 60% of gastric cancer
patients."® Traditionally, PM with a gastric origin are considered
distant metastases. Often, these patients are treated with a
palliative intent and have a median survival time of 3-6 months."”)
Palliative treatment often includes systemic chemotherapy or
best supportive care, and studies have shown a survival benefit
from systemic chemotherapy for patients with advanced gastric
cancer."® However, these studies notably included all metastatic
gastric cancer patients and did not reflect the minimal effect of
systemic chemotherapy on the peritoneal disease."*?"

In recent years, CRS and intraperitoneal chemotherapy
have been proposed to treat selected patients with gastric
peritoneal metastases (GPM), with variable results.?" Currently,
intraperitoneal chemotherapy can be given in three ways:
(@) HIPEC; (b) neoadjuvant intraperitoneal/systemic (bidirectional)
chemotherapy (NIPS); and (c) early postoperative intraperitoneal
chemotherapy (EPIC).

CRS and HIPEC
CRS alone has shown poor results when it was attempted for
GPM, 2" but has had promising outcomes when combined with
HIPEC. One caveat for CRS is that it is more effective for patients
with a low disease burden, with patients who had a peritoneal
cancer index score of < 7 benefitting from the procedure.??
CRS and HIPEC have been employed in two different
settings. In the first, patients with early gastric cancers received
the treatment as an adjuvant and a prophylactic. In the second,
advanced gastric cancer patients underwent the procedure
as a cure. Yonemura et al® randomised 139 patients with
Stage 2—4 gastric cancer into three groups: HIPEC and surgery,
intraperitoneal normothermic chemotherapy plus surgery,
and surgery alone. The results indicated that the group that
received HIPEC had an improved survival rate of 61%, while
the intraperitoneal normothermic chemotherapy plus surgery
and the surgery alone groups had survival rates of 43% and
42%, respectively. Similar results have been shown by other
Japanese groups, with five-year OS rates of up to 30%.%% In a
French study, a five-year survival rate of 23% was reported in
patients with Stage 3—4 gastric cancer, and only when complete
cytoreduction was achieved.®”

Neoadjuvant intraperitoneal/systemic chemotherapy

NIPS, the latest development in intraperitoneal chemotherapy,
is a bidirectional chemotherapy that targets PM from both sides
of the peritoneum (the peritoneal cavity and subperitoneal blood
vessels). The rationale is to downstage the disease, improve the
likelihood of complete cytoreduction and, together with CRS
and HIPEC, achieve improved outcomes. Yonemura et al have
been the pioneer in this area, showing remarkable response
rates of up to 69%.? There are, however, some downsides to
this therapy, as the literature shows the risks of high toxicity and
the heterogeneity of systemic and intraperitoneal chemotherapy
regimes.

Early postoperative intraperitoneal chemotherapy

EPIC is administered in the first few days after CRS with the
aim of eradicating residual intraperitoneal cancer cells in the
postoperative period, before the development of adhesions. In an
early study by Jeung et al, the administration of EPIC resulted in
an OS time of 12 months for patients with intra-abdominal gross
residual lesions after palliative gastrectomy.?® The Korean group
showed that patients who received EPIC after gastric resection
had improved OS compared to patients who had surgery only.
The results were particularly striking for patients with Stage Il
and IV gastric cancer.?”)
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Small bowel cancer

Small bowel cancer is much more uncommon compared to
colorectal and gastric cancers, and constitutes only 0.6% of
all newly diagnosed cancers in the United States, afflicting less
than 10,000 people annually based on 2014 data.®® As with the
other gastrointestinal cancers, the peritoneum is not spared from
metastases in small bowel cancer and the prognosis is uniformly
poor once such a diagnosis is reached.

A few publications have described the use of CRS and
HIPEC for PM from small bowel cancer and provided a similar
underlying principle and rationale for the choice of this combined
treatment modality.?°3% Van Oudheusden et al reported that
CRS and HIPEC were successfully performed in 84% of patients
who underwent explorative laparotomy, and that morbidity
and mortality rates were 25% and 0%, respectively.?” Disease
recurrence was 50% in his series of 19 patients and median
survival time was 31 months.?® In another paper on CRS and
HIPEC for gastrointestinal cancers, where two out of 22 patients
were being treated for PM from small bowel cancer, the two-year
survival rate was reportedly 46% and significant prognostic factors
included completeness of resection and peritoneal carcinomatosis
index (PCI) scores.®” However, the use of CRS and HIPEC for small
bowel cancer is still considered experimental, and the tumour
biology is likely to be different from that of colorectal and gastric
cancers, which will be a limiting factor. The role of CRS and HIPEC
in the management of small bowel peritoneal disease can perhaps
be considered in the context of a clinical trial.

AS FIRST CONSIDERATION FOR
ISOLATED PERITONEAL METASTASES

Poor response to systemic chemotherapy

Patients with colorectal metastases are usually administered
chemotherapy in a bid to control the systemic disease. Upfront
chemotherapy or chemotherapy after the resection of the primary
tumour but before the metastatectomy (pseudo-neoadjuvant
chemotherapy) in those who present with synchronous metastases
is often employed for a twofold purpose: (a) to allow the
determination of the specific biology of that particular tumour
and (b) for an in vivo test of the efficacy of the chemotherapeutic
agent for that tumour. Patients whose tumours respond to the
prescribed chemotherapy are often considered for resection of
the metastases, especially if these are situated in the liver or lung,
and complete resection with clear margins is deemed possible. In
patients who present with metachronous lesions, upfront resection
is often considered for liver and lung metastases, especially if
there has been a reasonable disease-free interval and the patient
has not progressed on adjuvant chemotherapy.” This approach
has allowed improved prognoses among patients with resectable
liver and lung metastases.

However, the situation is quite different for patients with PM,
whose disease often does not respond to systemic chemotherapy.
In many publications about patients on palliative chemotherapy
for colorectal metastases, survival data is based on treatment
of metastases at all sites.®" There remain few reports of similar
evidence in patients with PM being treated with chemotherapy.
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In Jayne et al’s study looking at this issue, it was found that a
diagnosis of PM immediately confers a poorer prognosis by
threefold, and that the median OS is seven months.¢? Hence,
the often-quoted prolonged survival with state-of-the-art
chemotherapy for colorectal metastases cannot be extrapolated
to those with peritoneal disease.

It is not clear why PM respond differently to systemic
chemotherapy compared to liver and lung metastases; however,
chemotherapy-induced toxicity causing early discontinuation,
the poorer vasculature of the peritoneum, and an unfavourable
biological profile of these tumours have been postulated as being
reasons for the difference.®*3> Further molecular studies on response
to chemotherapy at different metastatic sites would shed more
light on the matter, but investigations are still ongoing. Currently,
targeted agents are increasingly being utilised in the treatment of
Stage 4 gastrointestinal cancers, but in conjunction with standard
chemotherapy, and hence result in similar issues of systemic toxicity.

Local problems disrupting planned chemotherapy

It is often not difficult to spot and diagnose a patient with
peritoneal disease, as these patients are often symptomatic, with
symptoms of abdominal distension and bloatedness, shortness
of breath and poor oral intake. Some present with respiratory
difficulties secondary to splinting of the diaphragm from massive
ascites, requiring insertion of cope loop catheters for drainage
of the ascites and temporary relief. These patients are frequently
referred to general surgeons by medical oncologists when
they experience symptoms of intestinal obstruction, either in
the midst of chemotherapy or while they are being managed
conservatively. Patients with intestinal obstruction often require
admission for bowel rest, intravenous hydration and, in some
instances, a palliative surgical procedure of resection or bypass
of the offending obstructive lesion. In comparison, most patients
with liver or lung metastases remain asymptomatic and are able
to complete their planned chemotherapy. On evaluation of our
institution’s data (to be published), it was found that only 29% of
patients with PM from colorectal cancer were able to complete
their planned courses of palliative chemotherapy.©®

Effectiveness for peritoneal disease

Multiple articles have been published since Verwaal et al’s
randomised trial on CRS and HIPEC versus intravenous
chemotherapy for PM from colorectal cancer."? Prolonged
survival in the arm treated with CRS and HIPEC has been similarly
reported in Glehen’s review" following the earlier publications.
To date, state-of-the-art chemotherapy has not been able to attain
such long-term survival results.

Several recent cohort studies have continued to show a
survival benefit for patients with PM for colorectal cancer. These
include an Italian group’s ten-year experience, which reported an
OS of 24.6 months, with PCl and completeness of cytoreduction
as important prognostic factors affecting survival.®” The Peritoneal
Malignancy Unit in Basingstoke, United Kingdom, also recently
performed a systemic review on the same topic and concluded
that enhanced survival can be achieved with CRS and HIPEC.®®
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TREATING AN UNDETECTABLE

DISEASE: A PROACTIVE APPROACH?
Patients with gastrointestinal cancers are often kept on
surveillance, with regular visits to physicians’ clinics where a
thorough history and physical examination are performed, along
with a sampling of their serum carcinoembryonic antigen level,
surveillance endoscopy and imaging. In patients who develop
recurrences, the hope is for early enough detection that would
enable a potentially curative approach to the management of
the recurrence. This often entails a multidisciplinary approach
of combination therapy using surgery and chemotherapy, which
is usually a good strategy for the management of liver and lung
metastases in colorectal cancers. When these sites of metastases
are detected in gastric and small bowel cancers, the prognoses
are uniformly poor and a palliative approach is usually taken.

The problem with peritoneal disease is that the current
surveillance modalities are unable to detect it in the early stages.
In fact, a significant proportion of patients who are found to
have peritoneal disease on surveillance imaging are found to
have significantly more disease on laparotomy. The volume of
disease may determine the prognosis, as it has been found that
in patients undergoing CRS and HIPEC, the PCI that describes
the extent of peritoneal disease is a significant prognostic factor.
The volume of disease may even preclude a potentially curative
resection, especially if it is found to involve much of the small
bowel serosa. The threshold for abandoning a planned CRS and
HIPEC is even lower for high PCl scores in gastric and duodenal
cancers, diseases with tumour biologies that are distinct from that
of colorectal cancers.

In Elias et al’s systematic second-look surgery in patients at
high risk of developing colorectal PM, more than 50% of these
patients were found to have peritoneal disease that was not
detected by clinical and imaging modalities.®® The high-risk
features included peritoneal nodules detected at the time of
the primary cancer resection, presence of ovarian metastases
at primary surgery, primary cancer perforation or obstruction,
adjacent organ or structure invasion, and fistula formation. In
addition, histopathology played a significant role; patients with
positive margins, positive peritoneal fluid cytology, T3 or T4
mucinous cancer, signet ring morphology and positive nodal
status had an increased risk of PM as well. This finding has led
to the advent of proactive management for high-risk colorectal
cancers, and reduced rates of PM and local recurrence of 4%
(vs. 22%) in patients managed with prophylactic CRS and HIPEC
compared to those who underwent complete surgical resection
only.“% Significant differences were seen in the median overall
and disease-free survival rates as well. The current practice for
patients with high-risk colorectal cancers is adjuvant systemic
chemotherapy after primary cancer resection. However, with
the knowledge that systemic chemotherapy does not work well
for peritoneal disease and that up to 50% of cases may remain
undetected even in the face of a recurrence in the peritoneum,
it would seem prudent that the appropriate ‘adjuvant’ treatment
is administered in each situation and that patients who stand
a high risk of developing peritoneal disease should be treated

with adjuvant HIPEC instead. This rationale may be even more
important for those with gastric and duodenal cancers, who
often suffer a local recurrence and whose disease course often
runs a more aggressive route, followed soon after by systemic
metastases. The benefit of intervening early, even before the
development of PM in these cancers, would be the major factor
in the consideration of adjuvant HIPEC after a complete surgical
resection of the primary tumour.

OTHER CONSIDERATIONS

As with every complex procedure, CRS and HIPEC have widely
reported morbidity and mortality rates. These ranged from 40%
to 80% and 3% to 20%, respectively, in the earlier years but
have since improved to 20%-40% and 3%, respectively.“?
Despite the improvement, many surgeons and oncologists who
are unfamiliar with this treatment modality continue to quote
the earlier figures, often in a bid to dissuade patients who have
read about CRS and HIPEC as a potentially viable treatment
option for their disease.

It has to be acknowledged that the selection process is critical
and necessitates that patients have disease that is confined to the
peritoneal cavity and are of fit enough status to undergo a major
surgical procedure. In addition, the physician should present
and discuss each case at a multidisciplinary tumour board, in
order to exclude patients who would not benefit from CRS and
HIPEC and to appropriately advise those who may benefit from
neoadjuvant or adjuvant treatment prior to or after CRS and
HIPEC, respectively. Itis also important to note that completeness
of resection remains the most important factor in prognosis.“**¥

Institutions should, ideally, welcome discussion of such
complex cases and decide if there is enough supporting
infrastructure, fuelled by committed multidisciplinary parties,
to embark on this but, as with every complex procedure, this
involves a learning curve. It is possible to eventually reduce
morbidity and mortality rates in experienced centres to those
similar to a Whipple’s resection,* leading to improved survival
outcomes.“®*”) Kusamura et al’s paper describes a surgical team
or institution as having proficiency at CRS and HIPEC after they
have completed 140 cases."84¢

CONCLUSION

PM are a common endpoint for many gastrointestinal cancers and
often occur together with debilitating symptoms. CRS and HIPEC
have been proven to improve survival outcomes with acceptable
morbidity and mortality. Stakeholders, including patients and
those in the oncologic community, need to understand the
rationale of the procedure including the selection criteria, address
the concerns and tolerate the learning curve, before CRS and
HIPEC can become the standard of care for selected patients
with gastrointestinal PM.
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