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ABSTRACT

Objective: To compare the overall survival and progression-free survival of front-line cytoreductive surgery (CRs) + hyperthermic
intraperitoneal chemotherapy versus intensive systemic chemotherapy alone, in patients with isolated peritoneal carcinomatosis of
colorectal origin.

Study Design: Descriptive study.

Place and Duration of Study: Departments of Medical Oncology and Surgical Oncology in University of Health Sciences,
Umraniye Education and Research Hospital, from January 2017 to January 2020.

Methodology: Clinicopathological data of patients presented with isolated peritoneal carcinomatosis were categorised into two
groups according to their treatment type as patients who received intensive systemic chemotherapy alone or underwent front-line
CRS + HIPEC. Overall and progression-free survival outcomes of the two approaches were quantified by survival analysis and
compared with each other. The other collected variables were age, gender, performance status, tumor site and type of systemic
chemotherapy.

Results: Overall, 109 patients were included. The median progression-free survival of patients treated with cytoreductive surgery
+ hyperthermic intraperitoneal chemotherapy was 12 months; whereas, it was 9 months in those treated with intensive systemic
chemotherapy alone (p=0.011). The median overall survival was estimated as 32 months in patients treated with cytoreductive
surgery * hyperthermic intraperitoneal chemotherapy, compared with 23 months for those treated with systemic chemotherapy
alone (p=0.715).

Conclusion: Although not translated into overall survival gain, extended progression-free survival, may give an advantage to
cytoreductive surgery + hyperthermic intraperitoneal chemotherapy when used with intensive systemic chemotherapy in the indivi-
dualised treatment of isolated peritoneal carcinomatosis of colorectal carcinoma.
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INTRODUCTION

Peritoneal carcinomatosis is defined as the invasion of peri-
toneal surface by metastatic tumor deposits. Patients with peri-
toneal carcinomatosis arising from colorectal cancer generally
have shorter survival compared with those without involve-
mentof peritoneum.'
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Historically, the goal of treatment was only palliative including
palliative surgery intended usually for obstruction. While
systemic chemotherapy represents a primary strategy
exhibiting a clear survival advantage over best supportive care
inthetreatment, clinical outcomestill remains poor.”*

There is considerable interest in the implementation of cytore-
ductive surgery (CRS) = hyperthermic intraperitoneal
chemotherapy (HIPEC), particularly as front-line therapy to
improve survival outcomes in the peritoneal carcinomatosis
setting arising from colorectal cancer. Cytoreductive surgery
comprises surgical removal of visible tumor implants located
most commonly in pelvis, bowel surfaces, subphrenic region,
andlessersac. The efficacy of thistreatmentapproachis depen-
dent on the amount of residual tumor deposits remaining after
cytoreduction, which is estimated by using completeness of
cytoreduction score. Persisting implants larger than 2.5 cm at
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the end of cytoreduction are an objective descriptor of subop-
timal cytoreduction and correlate with poor survival. Although,
early signs of clinical benefit from CRS were seen in various
trials,”” the advantage of this strategy has not been definitively
demonstratedtodate.

It was hypothesised that front-line CRS will result in better
survival outcomes compared with intensive systemic
chemotherapy alone, in isolated peritoneal carcinomatosis
arising from colorectal cancer. There are several reasons front--
line CRS could offer advantage over the standard systemic
chemotherapy approach. Removal of invasive peritoneal
implants aids in the reduction of disease burden. Because
patients with peritoneal carcinomatosis have typically gotmore
abdominal symptoms such as abdominal pain, intestinal
obstruction, fistula formation, intractable nausea, vomitingand
malnutrition, sustained quality of life is particularly important
forthese patients.® Importantly, decline in quality of life poses a
significant obstacle to the effective administration of systemic
chemotherapy.

According to the current state of data available on colorectal
cancer, there is controversy about the best course of action for
the first line treatment of patients with peritoneal carcinoma-
tosis. In a recent review of literature, one of the reasons of
conflicting data on clinical efficacy of CRS, was reported to be
the lack of randomised trials in the era of intensive systemic
chemotherapy.’ It was argued that clinical benefit of CRS might
have been much smaller if irinotecan, oxaliplatin, or molecu-
larly targeted regimens were used as systemic therapy. The
contribution of CRS £ HIPEC to survival outcomes of colorectal
cancer presented with isolated peritoneal carcinomatosis
remains to be determined.

In this study, the aim was to compare the survival outcomes of
front-line CRS = HIPEC followed by intensive systemic
chemotherapy with intensive systemic chemotherapy alone in
patients with isolated peritoneal carcinomatosis of colorectal
origin.

METHODOLOGY

This retrospective decriptive study took place at the Depart-
ments of Medical Oncology and Surgical Oncology inthe Univer-
sity of Health Sciences, Umraniye Education and Research
Hospital. The clinicopathological data of patients diagnosed
with advanced colorectal cancer presented with isolated peri-
toneal carcinomatosis between 01/01/2017 and 07/01/2020,
were retrieved from preserved individual patientfilesinarchive
department or from hospital's database. Then, the medical
records of patients who received intensive systemic
chemotherapy alone or underwent front-line CRS = HIPEC were
retrospectively reviewed by researchers. Following determina-
tion of suitable patients, the data were processed by one
researcher to avoid bias. Parameters were assessed as per
objective, including progression-free survival, overall survival,
age, gender, performance status, tumor site and type of
systemic chemotherapy. The overall and progression-free

survival outcomes of the two above-mentioned treatment
approaches for peritoneal carcinomatosis were quantified by
survival analysis and compared with each other. Ethical
approval was obtained from the Ethics Committee of University
of Health Sciences, Umraniye Education and Research Hospital
(Date:08.10.2020, No. 331).

Inclusion criteria were: patients aged 18 years or older, patho-
logically proven colorectal adenocarcinoma, isolated peri-
tonealcarcinomatosis, front-line CRS = HIPECfollowed by inten-
sive systemic chemotherapy or receipt of intensive systemic
chemotherapy alone. Exclusion criteria were presence of any
distant metastasis in addition to peritoneum (including limited
number of liver metastases) poor performance status
precluding the institution of intensive systemic chemotherapy
regimenand suboptimal cytoreduction.

Intensive systemic chemotherapy regimen consisted of
FOLFOX (Oxaliplatin 85 mg/m’IV Day 1, Leucovorin 400 mg/m’
IV Day 1, 5-FU 400 mg/m* IV bolus on Day 1' then 1200
mg/m’/day x 2 days IV continuous infusion) or FOLFIRI
(Irinotekan 180 mg/m*IV over 30-90 min on Day 1, Leucovorin
400 mg/m’1V infusion to match duration of irinotecan infusion
Day 1, 5-FU 400 mg/m’IV bolus on Day 1, then 1200 mg/m?/day
x2 days IV continuous infusion) cycled every two weeks.
Targeted monoclonal antibody and later line treatments
provided after progression on first-line regimen were also
recorded.

Data on cytoreductive surgery, which was performed by the
same surgical team as described by Sugarbaker, were
collected. HIPEC procedure consisted of the delivery of oxali-
platin (OXA; 300 mg/m2BSA) in 5% dextrose into the peritoneal
cavityin3Lofheated perfusion (42°C-43°C) for 30 min.

Patients were categorised into two groups, according to their
treatment type for peritoneal carcinomatosis: patients who
received intensive systemic chemotherapy alone or under-
went front-line CRS £ HIPEC. Comparison of patientand tumor
characteristics between treatment groups including age,
gender, performance status and tumor site was achieved
using Chi-square test. Kaplan-Meier method was performed to
estimate the survival curves. Log-rank test was used to
compare survival times between treatment groups. Progres-
sion-free survival (PFS) was defined as the time from the date
of diagnosis to the date of progression or death. Overall
survival (OS) was defined asthe time between the date of diag-
nosis and the date of death from any cause. Multivariate Cox
proportional hazards analysis was done to determine the inde-
pendent impact, if any, of the treatment type (intensive
systemic chemotherapy alone vs. front-line CRS + HIPEC
followed by systemic chemotherapy) along with age, gender,
performance status, tumor localisation and type of systemic
chemotherapy, onthe overall survival. The statistical analyses
were achieved by SPSS version 23.0 (IBM Corporation,
Armonk, NY, US). p-value of <0.05 was accepted to indicate
statistical significance.
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Table I: Patient and tumor characteristics according to treatment arm.

CRS + HIPEC Intensive chemotherapy alone
n % Median n % P
Age 59.1 £11.8 58 613+ 9.5 60.0 0.623
<60 26 53.1% 29 48.3%
Age 0.623
>60 23 46.9% 31 51.7%
Female 19 38.8% 19 31.7%
Gender 0.438
Male 30 61.2% 41 68.3%
0 26 53.1% 34 56.7% 0.078
ECOG performance status 1 19 38.8% 36 43.3% '
2 4 8.2% 0 0.0%
) Left colon 30 61.2% 43 71.7% 0.249
Tumour site -
Right colon 19 38.8% 17 28.3%
) Oxaliplatin 31 63.3% 30 50.0%
Systemic chemotherapy - 0.165
Irinotecan 18 36.7% 30 50.0%
Anti-VEGF 28 57.1% 37 61.7%
Targeted therapy - 0.632
1Anti-EGFR 21 42.9% 23 38.3%
Chi-square test. CRS: Cytoreductive surgery. HIPEC: Hyperthermic intraperitoneal chemotherapy. VEGF: Vascular endothelial growth factor. EGFR: Epidermal
rowth factor receptor.
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Figure 1: Progression-free survival curves of two treatment arms.
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Figure 2: Progression-free survival curves of three treatment arms.

RESULTS

In total, 109 patients were included. Median age was 59
years, ranging from 27-77 years. There were 38 female
(34.9%) and 71 male patients (65.1%). Sixty (55%) out of 109
patients were started on intensive systemic chemotherapy
alone as initial treatment choice, while 49 patients (45%)

underwent front-line CRS = HIPEC followed by intensive
systemic chemotherapy. Among these 49 patients, 26 cases
(53%) underwent CRS without HIPEC due to technical inade-
quacy. The CRS = HIPEC and the intensive systemic
chemotherapy alone groups were statistically similar in terms
of clinical characteristics. Data about patient and tumor char-
acteristics are presented in Table I.
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Figure 3: Overall survival curves of two treatment arms.

With regard to survival, median progression-free survival of
all patients was found to be 10 (2-22) months. The median
progression-free survival of patients treated with CRS +
HIPEC followed by intensive systemic chemotherapy was 12
(11.0-12.9) months; whereas, it was 9 (7.7-10.2) months in
those treated with intensive systemic chemotherapy alone
(p =0.011, Figure 1). When the groups were subdivided into
three as CRS, CRS + HIPEC and intensive systemic
chemotherapy alone; the median progression-free survival
was similar between both CRS groups (either with or without
HIPEC), whereas it was statistically significantly inferior in
the intensive systemic chemotherapy alone group (Figure 2).

Median overall survival was 22 (2-72) months for the entire
study group. The median overall survival was estimated as
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32 (22-41) months in patients treated with CRS = HIPEC
followed by systemic chemotherapy, compared with (13-32)
23 months in those treated with systemic chemotherapy
alone (p =0.715, Figure 3). Similarly, comparison of overall
survival resulted in no statistically significant difference
across CRS, CRS + HIPEC, and intensive systemic
chemotherapy alone groups.

In the multivariate analysis, among the considered variables
including age, gender, performance status, tumor site and
treatment type, CRS + HIPEC was not identified to be an
independent prognostic variable for improved overall
survival (p=0.332).

DISCUSSION

The entity of peritoneal carcinomatosis of colorectal origin,
affecting approximately 10% of metastatic colorectal cancer
cases, has still an unestablished treatment algorithm. In this
study, we observed a significantly longer progression-free
survival with front-line cytoreductive surgery (CRS) = hyper-
thermic intraperitoneal chemotherapy (HIPEC) than with first
line intensive systemic chemotherapy alone, in patients with
isolated colorectal peritoneal carcinomatosis. However, the
overall survival gain with CRS = HIPEC did not meet the
statistical criteria for significance.

Regarding systemic chemotherapy, the fluoropyrimidines
alone were used for a long time in the history of metastatic
colorectal cancer. Later, with the addition of newer
chemotherapeutics and targeted therapy, all survival
endpoints improved. Today, an intensive first-line systemic
treatment regimen in metastatic colorectal cancer is
composed of a combination of fluoropyrimidine, oxaliplat-
infirinotecan, and a monoclonal antibody."*

Surgical management has also evolved in terms of the intro-
duction of CRS = HIPEC in colorectal cancer involving peri-
toneal surface. Cytoreductive surgery combined with hyper-
thermic intraperitoneal chemoperfusion, after the well-estab-
lished role in mesothelioma, pseudomyxoma peritonei, and
some gynecological malignancies, has shown favorable dura-
tion of disease control in isolated peritoneal carcinomatosis
of colorectal origin and an attempt has been made to ask for
its benefit over systemic chemotherapy alone.*®*** Unfortu-
nately, most trials comparing systemic chemotherapy alone
with CRS + HIPEC found that the systemic chemotherapy
group did not involve an intensive regimen or even the
chemotherapeutics were not specified.****

Concerning the comparison of overall survival with litera-
ture, Mirnezami et al. in their research, reviewed 27 studies
on CRS and intraperitoneal chemotherapy for colorectal peri-
toneal metastases.'® Most studies included in this review
were in the form of case series and only four studies
involved systemic chemotherapy as the control group.
Among these four, two studies did not clearly describe which

chemotherapeutics were used and in the other two, 5-Fluo-
rouracil alone was reported to be utilised as systemic
chemotherapy. The review concluded that improved overall
survival can be achieved with the use of CRS and intraperi-
toneal chemotherapy. However, in the present study, 32
months of median overall survival were found in the CRS %
HIPEC group, which was numerically superior to the 23
months (mo) of median overall survival were found in the
intensive systemic chemotherapy alone group, but not statis-
tically significant. This could be explained, by the fact that
all the patients in the systemic chemotherapy alone group
were administered intensive chemotherapy regimen
including oxaliplatin or irinotecan in the current study.
Again, either vascular endothelial growth factor (VEGF) or
epidermal growth factor receptor (EGFR)-targeting therapies
were used by all patients. Franko et al., with a very similar
design to this study, compared the outcomes of CRS +
HIPEC with systemic chemotherapy alone for colorectal peri-
toneal carcinomatosis.” They found a statistically significant
improvement in overall survival with CRS+HIPEC (34.7 mo.
vs.16.8 mo, p <0.001). While the median overall survival
times were very close to each other in CRS + HIPEC groups,
the median overall survival of the systemic chemotherapy
alone group in our study was superior to that of Franko et al.
The most probable explanation is that, although not defined
in detail, some patients completed their treatment course
without oxaliplatin, irinotecan, or biological agents in that
study. Besides, unlike our study, limited liver metastases
and initial early-stage disease (a potential cause for later
chemotherapy resistance due to previous usage of agents in
adjuvant setting) were allowed in the two groups of the rele-
vant study.

Concerning the comparison of progression-free survival with
literature, results from a randomised trial involving 48
patients, half of whom received intensive systemic
chemotherapy alone and the remaining half underwent fron-
t-line CRS+HIPEC, revealed that 5-year progression-free
survival was 17% for the CRS+HIPEC arm compared with 0%
for the intensive systemic chemotherapy alone arm of treat-
ment.”* In the present study, progression-free survival
(median of 12 months) was statistically significantly
improved in favor of the CRS £ HIPEC group which is consis-
tent with the above-mentioned study with actuarial progres-
sion-free survival of 12 months in the surgery group.

With regard to HIPEC, this study also addressed the contribu-
tion of HIPEC to CRS. Hyperthermic intraperitoneal
chemotherapy in addition to CRS did not show clear superi-
ority over CRS alone and both progression-free survival and
overall survival curves were similar for CRS with or without
HIPEC. Recently, the multi-institutional PRODIGE 7 trial
investigated the role for HIPEC in patients with isolated peri-
toneal carcinomatosis of colorectal cancer undergoing CRS.*
In line with our results, the authors did not find statistically
significant difference among patients treated with or without
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HIPEC. This can be attributed to the use of multi-drug inten-
sive systemic chemotherapy regimens, effectivity of which,
together with targeted agents, is sufficient to omit the need
for direct administration of chemotherapy into the peritoneal
cavity.

Having an inherent selection bias due to the retrospective
design is the most important limitation of the present study.
Additionally, patient populations of treatment groups are
relatively small, which may not permit for statistical signifi-
cance in the analysis of some clinical variables.

CONCLUSION

There is no definite algorithm as to the best sequence of
treatment options in isolated peritoneal carcinomatosis of
colorectal carcinoma. According to the results of this study,
the finding of improved progression-free survival, which is
clinically and statistically validated along with the numerical
increment in overall survival, demonstrates that CRS =
HIPEC followed by intensive systemic chemotherapy is a
valid treatment option in the modern era of chemotherapeu-
tics.
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