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Abstract

Background: There is great variability in the uptake of
cytoreductive surgery (CRS) with hyperthermic intraperi-
toneal chemotherapy (HIPEC) in the management of col-
orectal peritoneal metastases (CRPM) in Australia and
New Zealand. This study aims to provide a snapshot of
perceptions among colorectal surgeons in the manage-
ment of CRPM.
Methods: A structured ten-question online survey was
sent to all colorectal surgeons, with three questions on
clinical experience and demographics, one on health
economics and six on hypothetical clinical scenarios.
Scores were collated and reported based on Likert scales.
Results: Eighty-one respondents (36.2%) completed the
survey. Most surgeons (66.7%) strongly disagreed with
offering CRS and HIPEC at all hospitals. The majority
(87.7%) agreed that CRS and HIPEC offered a higher
survival benefit than systemic chemotherapy in pseudo-
myxoma peritonei (PMP), and 69.1% in CRPM (compara-
tors: 60.5% ovarian cancer, 14.8% gastric cancer). There
were mixed strategies in managing low-volume, isolated
peritoneal recurrences. The majority did not recommend
second-look laparoscopy, but favoured operative man-
agement of Krukenberg tumours. In the presence of inci-
dental peritoneal metastases, only 29.6% favoured biopsy
only and referring the patient to a peritoneal disease
centre.

Conclusions: Response rate was relatively low. In
Australia and New Zealand, colorectal surgeons see a
strong role for CRS and HIPEC in the management of
PMP and CRPM. The role of “second look” surgery in
high-risk cases is controversial and not supported.
Krukenberg tumours are viewed as surgical disease.
Regular updates and collaboration with peritoneal
centres may help surgeons stay abreast with latest evi-
dence in the field.

Keywords: colorectal peritoneal metastases, cytoreduc-
tive surgery, hyperthermic intraperitoneal chemotherapy,
peritoneal carcinomatosis

Introduction

Peritoneal metastases confer the worst survival among
patients with metastatic colorectal cancer (CRC) [1].
Historically, patients with peritoneal metastases had an
overall survival of only 6–9months [2, 3]. The greatest
advance in the management of peritoneal metastases has
been the advent and adoption of cytoreductive surgery
(CRS) with hyperthermic intraperitoneal chemotherapy
(HIPEC). Verwaal et al. [4] demonstrated in a randomised
trial that CRS and HIPEC offers an improved survival of
22.3months compared to 12.6months with systemic che-
motherapy only in the management of colorectal perito-
neal metastases. Since then, a number of other studies
have reported favourable median survival of 30–58
months with CRS and HIPEC, with a 27–46% 5-year sur-
vival [5–11].

Despite mounting evidence in favour of CRS and
HIPEC, there remains ongoing skepticism about its role
and efficacy among medical oncologists and surgeons
alike. This is reflected in differing approaches to perito-
neal disease by different hospitals and clinicians, as well
as varying guidelines in management. However, it is
unclear whether skepticism is due to lack of awareness
and knowledge among clinicians in the management
of peritoneal disease. Recent studies have shown that
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poor awareness of the value of the CRS and HIPEC in the
management of colorectal peritoneal metastases
(CRPM) contributes to reduced utilisation of CRS and
HIPEC [12, 13].

In Australia and New Zealand, management of peri-
toneal disease is restricted to selected centres, with most
peritoneal units comprised of colorectal surgeons. This
study aimed to gain a snapshot of perceptions in the
management of peritoneal metastases from colorectal
cancer among colorectal surgeons in Australia and New
Zealand.

Materials and methods

A structured ten-question online Survey Monkey survey was sent to
all colorectal surgeons affiliated with the Colorectal Surgical Society
of Australia and New Zealand (CSSANZ). Three questions were based
on clinical experience and demographics, one on health economics
and the remaining six were hypothetical scenarios evaluating man-
agement of peritoneal disease. These six scenarios were a range of
classical cases involving management of isolated peritoneal meta-
stases, synchronous and metachronous peritoneal disease, high-risk
patients and risk factors for peritoneal recurrence. The survey design
ensured that surveys could only be returned if all questions were
completed.

After the survey was sent out, a reminder was sent to those who
had not responded 2weeks later. The survey was open for 1month.
Survey questions are presented as Supplementary Data 1.

Statistical analyses

Data were collated and analysed using Microsoft Excel. Bar graphs
were created to demonstrate the percentage of respondents choosing
each management option. χ2-Test was used to compare differences
in responses based on surgical experience.

Ethics

This project was approved by the Institutional Research Ethical
Review Committee (LNR/19/PMCC/25).

Results

Surveys were sent to 224 colorectal surgeons affiliated
with CSSANZ. Eighty-one (36.2%) surveys were success-
fully completed. Nineteen (23.5%) respondents were from
New Zealand, with the remaining 62 (76.5%) being
Australian colorectal surgeons.

Scores were collated based on classical Likert scales
into five categories and reported accordingly.

Demographics and experience

The majority (88.9%) of colorectal surgeons were practic-
ing in metropolitan cities. Of the 81 respondents, over two
thirds (67.9%) had 5 or more years experience as a color-
ectal surgeon.

Health economics

The majority (65.4%) of surgeons either agreed or
strongly agreed with the existing model of a single state
based service being the most effective (Figure 1A). The
majority (48.1%) were not in favour of managing only
complex cases at a state centre (Figure 1B). Most surgeons
(66.7%) strongly disagreed with offering CRS and HIPEC
at all hospitals (Figure 1C).

Role of CRS and HIPEC over systemic
chemotherapy

In treating pseudomyxoma peritonei from perforated
appendiceal neoplasms, 87.7% of surgeons agreed
or strongly agreed that CRS and HIPEC offered a higher
survival benefit than systemic chemotherapy (Figure 2A).
Comparatively, with CRPM, only 69.1% felt CRS and HIPEC
offered improved survival over systemic chemotherapy.
Notably, over a quarter of surgeons (27.1%) felt there was
no difference in survival offered by CRS and HIPEC
(Figure 2B). In gastric cancer, most (70.4%) felt there
was no benefit from CRS and HIPEC over systemic chemo-
therapy (Figure 2C), while in ovarian cancer, 60.5% felt
CRS and HIPEC offered an improved survival (Figure 2D).

Management of imaging detected isolated
low volume peritoneal recurrence

Question 6 explored the management of an imaging
detected 2 cm isolated peritoneal recurrence, 18months
after primary colorectal cancer resection. There were
mixed strategies among surgeons in managing this, with
45.7% favouring surgery to excise the isolated nodule
(Figure 3A). Over three quarters (75.3%) disagreed or
strongly disagreed with biopsing the nodule (Figure 3B).
Over half (58.1%) favoured systemic therapy for treating
low volume isolated peritoneal disease (Figure 3C). Almost
three quarters (72.8%) agreed or strongly agreed with
referring such a case for consideration of CRS and HIPEC
(Figure 3D).
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Role of pro-active ‘early relook’ surgery

Question 7 evaluated the role of a pro-active “early relook”
in a high-risk case of a T4a tumour with no imaging
evidence of peritoneal recurrence. The majority (49.4%)
of surgeons disagreed or strongly disagreed with offering
a diagnostic laparoscopy at 6months (Figure 4A). Almost
three quarters (72.3%) would not refer this case to a
peritoneal centre for consideration of “early relook” and
HIPEC (Figure 4B), with the majority of surgeons (81.5%)
opting for standard national guideline based surveillance
(Figure 4C).

Management of Krukenberg tumours

Question 8 evaluated responses to an imaging detected
isolated left Krukenberg tumour 9months after primary
colorectal tumour resection. Almost half (49.4%) agreed

or strongly agreed to treat this case with systemic chemo-
therapy (Figure 5A). The majority (60.4%) agreed or
strongly agreed with performing a diagnostic laparoscopy
to evaluate PCI (Figure 5B). While the majority (64.2%)
would not refer this case to gynae-oncology, over a quar-
ter (25.9%) would refer a Krukenberg tumour to gynae-
oncology for an oophorectomy (Figure 5C). Most surgeons
(63.0%) agreed or strongly agreed with referring this case
to a peritoneal centre for consideration of CRS and HIPEC
(Figure 5D).

Management of incidental synchronous
peritoneal metastases

Question 9 evaluated the management strategy employed
when resectable synchronous peritoneal metastases are
incidentally encountered. The decision between proceed-
ing with the right hemicolectomy or not was evenly

Figure 1: Models of care for treating peritoneal disease.
(A) Most surgeons agree with the existing model of a single state based peritoneal centre. (B) The majority disagree with the concept of only
complex cases being managed at a state centre. (C) Almost all surgeons disagree with the concept of offering CRS and HIPEC at all
hospitals.
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divided with 46.7% of surgeons favouring completing
surgery as planned, and approximately the same propor-
tion not in favour of completing surgery as planned
(Figure 6A). Most (79%) felt an omentectomy should be
performed with right hemicolectomy to complete the sur-
gery (Figure 6B). Most surgeons (77.8%) disagreed or
strongly disagreed with performing the right hemicolec-
tomy and merely taking a biopsy of the omental meta-
stases (Figure 6C). Almost a third (29.6%) favoured only
taking a biopsy of an omental deposit and referring the
patient for consideration of CRS and HIPEC (Figure 6D).

Risk factors for peritoneal recurrence

Question 10 evaluated surgeons’ perceptions on risk factors
for peritoneal recurrence. Over three quarters (76.5%) felt a
non-perforated T4 cancer conferred a very high or above
average risk for peritoneal recurrence. Almost all surgeons
felt that a perforated cancer (97.5%), ovarian metastases

(97.5%) and isolated peritoneal metastases resected at
index operation (100%) carried an above average or very
high risk for peritoneal recurrence. Intra-operative tumour
spillage was seen as an above average risk factor by two
thirds (66.7%) of surgeons, with an obstructed tumour seen
as average risk by the majority (54.3%).

Role of surgical experience on management
of peritoneal metastases

Of the 81 respondents, 55 (67.9%) had 5 or more years
experience as a colorectal surgeon, with the remaining 26
(32.1%) having less than 5 years experience.

Two questions yielded significantly different responses
based on surgical experience, with all other questions hav-
ing similar responses regardless of surgical experience.

In evaluating the role of a pro-active ‘second look’
surgery and HIPEC 6months after a T4a resection,
younger surgeons agreed with performing a diagnostic

Figure 2: Improvement in survival with CRS and HIPEC compared to systemic chemotherapy in different situations.
(A) Pseudomyxoma peritonei from perforated appendiceal neoplasms; (B) low volume colorectal peritoneal metastases; (C) low volume
gastric cancer peritoneal metastases; and (D) low volume peritoneal metastases from ovarian cancer.
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laparoscopy to assess PCI compared to more experienced
surgeons (38.5% vs. 9.1%, p=0.036) (Suppl. Figure 1A).
Similarly, younger surgeons agreed to refer such a case to
a peritoneal centre for consideration of ‘second look’
surgery and HIPEC compared to experienced surgeons
(15.4% vs. 1.8%, p=0.014) (Suppl. Figure 1B).

Discussion

To our knowledge, this study provides the first snapshot
of perceptions among colorectal surgeons in Australia
and New Zealand in the management of CRPM. CRS and
HIPEC is a complex procedure, with major morbidity and
mortality rates ranging from 13.1–47.2% and 1.0–4.1%,
respectively [9, 14]. Numerous studies have demonstrated
a consistent relationship between high volume centres
and improved long term survival after cancer surgery
[15, 16]. Furthermore, there is a clear learning curve of
approximately 140–220 cases that has to be overcome
before achieving proficiency [17, 18]. Therefore, having a

centralised system for management of peritoneal disease
ensures selected centres can develop and maintain a high
level of expertise in managing peritoneal disease.

While a number of international consensus guide-
lines support the role of CRS and HIPEC in the treatment
of isolated CRPM [19, 20], it must be noted that most of
the data supportive of CRS and HIPEC is in the form of
cohort studies that report a median survival of 30–58
months [7–10] with a paucity of randomised data [4].
Furthermore, CRS and HIPEC are offered to selected
cases, while systemic chemotherapy is offered to a more
unselected cohort. Systemic chemotherapy can offer
patients with CRPM a median survival of only 16 months
[1], with a 5-year survival of less than 5% [21]. In ovarian
cancer, a recent RCT [22] demonstrated that CRS and
HIPEC offered a significantly improved recurrence free
and overall survival compared to CRS with systemic ther-
apy alone. This trial did however demonstrate poorer
survival in both arms compared to previous trials in
ovarian peritoneal disease [23]. It is plausible that this
landmark trial may lead to greater consideration for CRS
and HIPEC in advanced ovarian cancer [24].

Figure 3: (A–D) Responses to different options in the management of an isolated 2 cm peritoneal recurrence.
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While the superiority of CRS and HIPEC over systemic
chemotherapy has been previously demonstrated in an
RCT [4], the role of systemic chemotherapy as an adjunct
to CRS and HIPEC remains unexplored. Various studies
[6, 25] have reported an improved survival with the use of
neoadjuvant or adjuvant systemic chemotherapy with
CRS and HIPEC. However, based on current evidence,
there is very limited role for systemic chemotherapy as
mainstay of treatment for resectable isolated CRPM [26].
The role of systemic chemotherapy as an adjunct to CRS
and HIPEC, in the neoadjuvant or adjuvant setting is
currently under investigation in the CAIRO 6 trial
(NCT02758951) [27].

While CRS with HIPEC is viewed as the mainstay of
treatment for isolated CRPM, recent evidence has raised
questions about the efficacy of HIPEC. The recently com-
pleted PRODIGE 7 trial [28] demonstrated an impressive
41.2months median overall survival following CRS alone,
with the addition of HIPEC not offering a significant
survival benefit (41.2months vs. 41.7months, HR 1.00;
95% CI: 0.73–1.37). Subgroup analysis however demon-
strated a survival benefit with HIPEC in those with a PCI

11–15. This trial, while yet unpublished, reaffirmed the
value of complete cytoreduction, but has raised doubts
about the overall efficacy of oxaliplatin-based HIPEC.

The role of pro-active “second look” surgery in
high-risk cases for peritoneal recurrence is controversial.
In approximately 25% of primary CRC resections, there
are clinical or pathological findings that indicate a high
risk for peritoneal recurrence [29]. Given well-established
factors that predict early peritoneal recurrence such as
T4a pathology, ovarian metastases or perforated cancers,
studies have evaluated the role of a pro-active approach
in patients at high risk for peritoneal recurrence. Elias
et al. [30] demonstrated that asymptomatic peritoneal
metastases were diagnosed in 55% of cases undergoing
a second-look laparotomy 13months after resection of a
high-risk primary colorectal cancer. These included
cases of synchronous peritoneal metastases, ovarian
metastases or perforated primary tumours. In a follow
up study [31], peritoneal metastases were found in 56%
of patients undergoing second-look laparotomy for CRS
and HIPEC 12months following high-risk primary color-
ectal cancer resection. Following successful CRS and

Figure 4: (A–C) Responses to options in managing a high-risk case for peritoneal recurrence with no imaging evidence of peritoneal recurrence.
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HIPEC at second-look surgery, 5-year OS was 90%, with
a 44% DFS.

Recent RCTs however, offer a different view. The
recently completed French RCT (Prophylochip-
NCT01226394) [32] explored the role of systematic sec-
ond-look surgery and oxaliplatin based HIPEC vs. surveil-
lance for asymptomatic patients 6months following a
high risk primary colorectal cancer resection. High risk
was defined as minimal CRPM resected with the primary,
ovarian metastases or perforated primary tumour. While
peritoneal metastases were diagnosed in 52% of patients
undergoing second-look surgery, there was no difference
in 3-year DFS (44% vs. 51%, p=0.75) or 3-year OS (79% vs.
80%) in the second look or surveillance arms. Similarly,
the COLOPEC trial (NCT02231086) [33] evaluated the role
of adjuvant oxaliplatin based HIPEC after pT4 or perfo-
rated primary colorectal cancers. There was no difference
in the primary endpoint of peritoneal metastases free
survival (77% vs. 81%) by diagnostic laparoscopy at 18
months in the control and adjuvant HIPEC arms.
Furthermore, there was no difference in DFS and OS at
18months between the two arms.

All these studies confirm the validity of high risk
factors for peritoneal recurrence. However, based on cur-
rent evidence, early re-look with oxaliplatin based HIPEC
or adjuvant oxaliplatin based HIPEC may not offer any
survival benefit over surveillance. These trials are yet
unpublished, and the final publications may offer further
insight into why the results were unfavourable.

Krukenberg tumours are ovarian metastases com-
monly from cancers such as gastric, colorectal or appen-
diceal. The presence of a new ovarian mass, an elevated
CEA and a previous CRC, is a Krukenberg tumour until
proven otherwise. Ovarian metastases from CRC are seen
in 4–19% of cases [34]. They are often chemo-resistant,
associated with other peritoneal metastases, and confer a
worse prognosis [35, 36]. Ovarian metastases from CRC
are peritoneal disease and therefore should be treated
with CRS and HIPEC [37, 38]. A laparoscopy may be
performed to evaluate PCI as other peritoneal deposits
may be present.

Synchronous CRPM are seen in 4–13% of patients
[39–41]. There are currently no guidelines to direct
care in patients with incidentally found resectable

Figure 5: (A–D) Responses to options in managing an isolated left Krukenberg tumour.
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synchronous CRPM. A recent Dutch study [42] comparing
outcomes after synchronous or metachronous manage-
ment of CRPM with CRS and HIPEC demonstrated no
difference in OS (34 vs. 33months, p=0.819). Other stud-
ies have similarly demonstrated no difference in survival
between metachronous and synchronous treatment of
CRPM with CRS and HIPEC [43, 44]. Shida et al. [45]
recently demonstrated that a synchronous R0 resection
for CRPM without HIPEC can offer a favourable median
survival of 33months and a 5-year survival of 28.7%. This
is an area with only retrospective studies in the literature.
If only low volume incidental CRPM are incidentally
found, findings from PRODIGE 7 [28] would also suggest
HIPEC may not add any survival benefit. CRS and HIPEC
or alternatively ensuring an R0 resection without HIPEC
both appear to be reasonable options supported by stud-
ies in the management of incidentally found synchronous
CRPM.

One of the limitations inherent in all surveys is low
response rate. However, our response rate of 36.2% is
much higher that other similar international surveys in
this field [12, 13, 46]. Furthermore, while most other

surveys [12, 13, 47, 48] have assessed clinician views
and awareness on effectiveness and safety of CRS and
HIPEC, our survey and a recent Swiss survey [46] served
to evaluate how clinicians view and manage commonly
encountered cases with peritoneal disease, as timely,
appropriate and evidence based care in such cases trans-
lates to better clinical outcomes. While this survey cov-
ered the use of HIPEC, it failed to evaluate the role of
other intraperitoneal chemotherapy modalities such as
early postoperative intraperitoneal chemotherapy (EPIC)
or pressurised aerosolised chemotherapy (PIPAC). While
EPIC and PIPAC are very infrequently used in Australia
and New Zealand, it would have nonetheless been useful
to evaluate its perceived role among colorectal surgeons.
This survey also failed to capture general surgeons and
medical oncologists. In Australia and New Zealand, CRCs
are managed by both general and colorectal surgeons. In
metropolitan centres with the majority of the population,
they are managed largely by colorectal surgeons. It
would have been challenging to capture gastrointestinal
medical oncologists only, as medical oncologists not
involved in colorectal cancer care would have been

Figure 6: (A–D) Management options when incidental resectable synchronous omental metastases are found during a right hemicolectomy.
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unlikely to respond, leading to a very low response rate.
Furthermore, we believe that peritoneal disease is largely
a surgical disease, therefore we elected to survey the
most common surgical group involved in the care of
these patients.

Conclusions

This survey provides the first snapshot of management
strategies undertaken by colorectal surgeons in the man-
agement of CRPM in Australia and New Zealand. It dem-
onstrates that while most colorectal surgeons have a
similar view in the management of CRPM, there are
some circumstances that lead to different management
strategies. Regular published updates and ongoing col-
laborations with peritoneal services would help ensure
appropriate utilisation of CRS and HIPEC resources.
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