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Abstract

BACKGROUND

Peritoneal metastasis from colorectal cancer (CRC) carries a poor prognosis in
most studies. The majority of those studies used either a single-agent or doublet
chemotherapy regimen in the first-line setting.

AIM
To investigate the prognostic significance of peritoneal metastasis in a cohort of
patients treated with triplet chemotherapy in the first-line setting.

METHODS

We retrospectively evaluated progression-free survival (PFS) and overall survival
(OS) in 51 patients with metastatic CRC treated in a prospective clinical trial with
capecitabine, oxaliplatin, irinotecan, and bevacizumab in the first-line setting
according to the presence and absence of peritoneal metastasis. Furthermore,
univariate and multivariate analyses for PFS and OS were performed to assess the
prognostic significance of peritoneal metastasis at the multivariate level.

RESULTS

Fifty-one patients were treated with the above triplet therapy. Fifteen had
peritoneal metastasis. The patient characteristics of both groups showed a
significant difference in the sidedness of the primary tumor (left-sided primary
tumor in 60% of the peritoneal group vs 86% in the nonperitoneal group, P = 0.03)
and the presence of liver metastasis (40% for the peritoneal group vs 75% for the
nonperitoneal group, P = 0.01). Univariate analysis for PFS showed a statistically
significant difference for age less than 65 years (P = 0.034), presence of liver
metastasis (P = 0.046), lung metastasis (P = 0.011), and those who underwent
metastasectomy (P = 0.001). Only liver metastasis and metastasectomy were
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statistically significant for OS, with P values of 0.001 and 0.002, respectively. Multivariate analysis
showed that age (less than 65 years) and metastasectomy were statistically significant for PFS, with
P values of 0.002 and 0.001, respectively. On the other hand, the absence of liver metastasis and
metastasectomy were statistically significant for OS, with P values of 0.003 and 0.005, respectively.

CONCLUSION

Peritoneal metastasis in patients with metastatic CRC treated with first-line triple chemotherapy
does not carry prognostic significance at univariate and multivariate levels. Confirmatory larger
studies are warranted.

Key Words: Colorectal cancer; Peritoneal carcinomatosis; Triplet chemotherapy; Survival; Prognostic
factors; Metastasectomy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The established poor prognostic indicator of peritoneal metastasis in metastatic colorectal cancer
(CRC) has been in patients treated with single agent or doublet chemotherapy. In our study, we
retrospectively demonstrated that in patients treated with triplet chemotherapy in the first-line setting, the
significance of peritoneal metastasis as a poor prognostic factor was lost. This might suggest a beneficial
therapeutic effect of triplet chemotherapy in the first-line setting in patients with metastatic CRC and
peritoneal metastasis.

Citation: Bazarbashi S, Alghabban A, Aseafan M, Aljubran AH, Alzahrani A, Elhassan TA. Prognostic
significance of peritoneal metastasis from colorectal cancer treated with first-line triplet chemotherapy. World J
Clin Cases 2022; 10(8): 2429-2438

URL: https://www.wjgnet.com/2307-8960/full/v10/i8/2429.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i8.2429

INTRODUCTION

Globally, colorectal cancer (CRC) is the third most-common cancer and the second-most-common cause
of cancer death in males and third in females[1]. There has been a significant improvement in overall
survival (OS) for patients with metastatic CRC secondary to the introduction of several new
chemotherapy and targeted agents[2-5]. Although no major improvement in survival was observed with
first-line doublet chemotherapy regimens compared to single-agent regimens[6-8], triplet chemotherapy
apparently resulted in improved OS compared to doublets in the first-line setting[9-12].

Several studies have shown that patients with peritoneal carcinomatosis in metastatic CRC have poor
survival, and this was an independent poor prognostic factor[13,14]. However, the majority of those
studies used either single-agent or doublet chemotherapy with or without targeted therapy[13,14]. It is
unclear whether peritoneal carcinomatosis continues to be a poor prognostic factor in patients with
metastatic CRC treated with triplet regimens.

We have previously reported the results of our phase I/II trial of triplet chemotherapy using
capecitabine, oxaliplatin, and irinotecan with bevacizumab in patients with advanced CRC[15]. Here,
we report the post hoc analysis of the efficacy of the above combination in patients with and without
peritoneal metastasis and examined the different prognostic factors for progression-free survival (PFS)
and OS in these groups of patients.

MATERIALS AND METHODS

Study design

The present study represents a post hoc analysis of the previously published phase 1/1I trial of triplet
therapy in patients with unresectable metastatic or locally advanced CRC. Efficacy data were analyzed
according to the presence vs the absence of peritoneal metastasis.

Patients

Patients with metastatic CRC not amenable to surgical resection were enrolled in a phase I/1I trial of
triplet chemotherapy consisting of capecitabine, oxaliplatin, irinotecan, and bevacizumab. The study
procedures have been published earlier[15]. Briefly, patients were eligible for inclusion if they were
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more than 18 years old, had histologically confirmed CRC adenocarcinoma with no prior chemotherapy
or targeted therapy for metastatic disease, had Eastern Cooperative Oncology Group performance status
0-2, had measurable disease [defined by response evaluation criteria in solid tumors (RECIST) V1.1]
[16], and had adequate organ function (defined as absolute neutrophil count 2 1.5 x 10°/L, platelet count
> 100 x 10°/L, normal serum bilirubin, serum transaminases < 2.5 times the upper limits of normal,
normal serum creatinine, and urine dipstick for proteinuria < 2 +). Patients who had prior adjuvant
oxaliplatin or fluoropyrimidine chemotherapy were eligible if the last chemotherapy was > 12 mo.
Exclusion criteria included central nervous system metastasis, severe cardiovascular dysfunction, prior
malignancy within 5 years (except for adequately treated nonmelanoma skin cancer or in situ cervical
cancer), active infection, bleeding diathesis, major surgery within 28 d of starting therapy, uncontrolled
hypertension, prior history of dihydropyrimidine deficiency, and pregnancy or breastfeeding. The study
was approved by the institutional review board under the number RAC2081068 and was listed on
clinical trials.gov (NCT01311050). All patient signed informed consent.

Treatment

The phase I part of the trial has been described earlier in a previous publication[15]. According to phase
I, the recommended doses for phase Il were capecitabine 1000 mg/m? orally on days 1 to 14, oxaliplatin
130 mg/m?, irinotecan 150 mg/m? and bevacizumab at 7.5 mg/kg of body weight, all on day 1 of each
cycle. Treatment cycles were repeated every 21 d. Patients were given 5-8 cycles of a triplet regimen
with bevacizumab. Responding patients were placed on maintenance capecitabine and bevacizumab at
the above doses until disease progression or unacceptable toxicity.

Statistics and efficacy endpoints

The statistical design of the phase I and II parts of this study was described earlier[15]. The number of
patients planned for the phase II part of the trial was 46. All patients were assessed for response
according to RECIST criteria V1.1 by computed tomography scans or magnetic resonance imaging
performed after the second, fifth, and eighth cycles of chemotherapy and every 2 mo thereafter.

Patient characteristics were summarized using frequencies with percentages, while continuous
variables were summarized using medians with interquartile ranges. Patient characteristics were further
retrospectively compared according to the presence or absence of peritoneal metastasis. Categorical
variables were compared using the chi-square test, while continuous variables were compared using the
Mann-Whitney test.

OS was defined as the time to death of any cause, while PFS was defined as the time to disease
progression, recurrence, or death from any cause. Surviving patients were censored at last follow-up.
Probabilities of OS and PFS were calculated using the Kaplan-Meier estimator with variance calculated
using the Greenwood formula. Survival curves were compared using log-rank test. Multivariate
analysis was performed using the cox proportional hazard regression model. The proportional hazards
assumption was tested, and covariates that violated the proportional hazards assumption were added
as time-dependent covariates. P value < 0.05 was considered significant. Analysis was conducted using
RStudio. Version 1.4.1106 © 2009-2021 RStudio, PBC. The statistical methods of this study were
performed and reviewed by Tusneem Elhassan from King Faisal Specialist Hospital and Research
Center.

RESULTS

A total of 53 patients with metastatic or locally advanced unresectable CRC were enrolled in a phase I/1I
trial of combination chemotherapy with capecitabine, oxaliplatin, irinotecan, and bevacizumab (6 in the
phase I part and 47 in the phase II part). Among those, two withdrew. Therefore, a total of 51 patients
were available for evaluation. Patient characteristics are illustrated in Table 1. Fifteen patients (29.4%)
had peritoneal metastasis. Forty (78.4%) had left-sided colon cancer. Thirty-three (64.7%) had liver
metastasis; 20 (39.2%) had lung metastasis, and 32 (62.7%) patients had more than one site of metastasis.

The characteristics of patients with peritoneal metastasis vs no peritoneal metastasis are illustrated in
Table 1. Of note, 31 (86%) patients with no peritoneal metastasis had left-sided primary tumors, while
only 9 (60%) patients in the peritoneal metastasis group had left-sided primary tumors (P = 0.03).
Additionally, 25 (75%) of the patients with no peritoneal disease had liver metastasis, while only 6 (40%)
of the patients with peritoneal metastasis had liver metastasis (P = 0.01).

The median PFS and OS for the whole group were 10.8 mo [95% confidence interval (CI): 5.1-16.5]
and 31.3 mo (95%CI: 16.9-45.6), respectively. The median PFS for the peritoneal metastasis group vs the
group without peritoneal metastasis was 9.4 (95%CI: 8.6-10.1) mo vs 13.7 (95%CI: 4.4-22.9) mo (P =
0.401). The median OS for the group with peritoneal metastasis vs the group without peritoneal
metastasis was not reached vs 31.3 (95%ClI: 19.5-43.1) mo (P = 0.368) (Figures 1 and 2).

Univariate analysis of known prognostic factors is shown in Table 2. Age (less than 65 years),
presence of liver/lung metastasis, and metastasectomy were statistically significant for PFS, with P
values of 0.034, 0.046, 0.011, and 0.001, respectively. Only liver metastasis and metastasectomy were
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Table 1 Characteristics of 51 patients with metastatic colorectal cancer, with and without peritoneal metastasis treated with triplet

chemotherapy

Whole group Peritoneal metastasis N (%) No peritoneal metastasis N (%) P value
Age in years 52 (23-74) 52 (23-74) 50 (32-73) 0.97
Gender 0.97
Male 27 (52.9%) 8 (53.3%) 19 (52.8%)
Female 24 (47.1%) 7 (46.7%) 17 (47.1%)
Site of primary 0.03
Left 40 (78.4%) 9 (60%) 31 (86.1%)
Right 11 (21.6%) 6 (40%) 5 (13.9%)
Performance status 0.8
0-1 40 (78.4%) 12 (80%) 28 (77.8%)
2 11 (21.6%) 3 (20%) 8 (22.2%)
Liver metastasis 0.01
Yes 33 (64.7%) 6 (40%) 27 (75%)
No 18 (35.3%) 9 (60%) 9 (25%)
Lung metastasis 0.07
Yes 20 (39.2%) 3 (20%) 17 (47.2%)
No 31 (60.8%) 12 (80%) 19 (52.8%)
KRAS status 0.14
wild 20 (39.2%) 3 (20%) 17 (47.2%)
Mutant 21 (41.2%) 9 (60%) 12 (33.3%)
Unknown 10 (19.6%) 3 (20%) 7 (19.4%)
Prior surgery to primary 0.3
Yes 29 (55.9%) 10 (66.7%) 19 (52.8%)
No 22 (43.1%) 5 (33.3%) 17 (47.2%)
No of metastatic sites 0.39
1 19 (37.2%) 4 (28.6%) 13 (41.9%)
>1 32 (62.7%) 10 (71.4%) 18 (58.1%)
Metastasectomy 0.4
Yes 13 (25.5%) 5 (33.3%) 8 (22.2%)
No 38 (74.5%) 10 (66.7%) 28 (77.8%)

JBaishideng®
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statistically significant for OS, with P values of 0.001 and 0.002, respectively.

Multivariate analysis showed that age (less than 65 years) and metastasectomy were statistically
significant for PFS, with P values of 0.002 and 0.001, respectively. On the other hand, the absence of liver
metastasis and metastasectomy were statistically significant for OS, with P values of 0.003 and 0.005,
respectively (Table 3).

DISCUSSION

To our knowledge, this is the first study to evaluate the prognostic significance of peritoneal metastasis
in patients with metastatic CRC treated primarily with triplet first-line chemotherapy. Historically, the
presence of peritoneal carcinomatosis in patients with metastatic CRC has resulted in poor prognosis[13,
14]. The median OS in patients treated with modern chemotherapy regimens, including targeted
therapy, has ranged from 8 to 12 mo[17]. Bakkers et al[17] reported a population-based study with 7233
patients with metastatic CRC, of which 743 had peritoneal carcinomatosis. The median OS for the 409
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Table 2 Univariate analysis of progression-free survival and overall survival in 51 patients with metastatic colorectal cancer treated

with triplet therapy

PFS 0s

Mo (95% CI) P value Mo (95% Cl) P value
Age 0.034 0.157
<65 12.4 (5-19.9) 31.3 (14.9-47.6)
265 5.7 (5-6.3) 20.9 (0-45.2)
Gender 0.429 0.439
Male 10.8 (4.3-17.3) 31.3 (13.2-49.3)
Female 9.4 (0-19.3) 29.1 (0-58.5)
Site of primary 0.823 0.844
Left 10.8 (4.1-17.5) 31.3 (14.8-47.7)
Right 9.1 (0.5-17.8) 20.9 (0-82.8)
Performance status 0.068 0.532
0-1 15.9 (7-24.8) 38.2 (22.9-53.5)
2 6.9 (2.8-11) 31.3 (5.7-56.8)
Liver metastasis 0.046 0.001
Yes 8.9 (7-10.9) 24.7 (10.9-38.5)
No 15.9 (5.7-26.1) NR
Lung metastasis 0.011 0.087
Yes 8.9 (6.4-11.4) 24.7 (17.6-31.9)
No 13.7 (5.8-21.6) 40 (0-84.7)
Peritoneum metastasis 0.401 0.368
Yes 9.4 (8.6-10.1) NR
No 13.7 (4.4-22.9) 31.3 (19.5-43.1)
KRAS 0.957 0.851
Wild 13.7 (0-30.7) 38.2 (23.3-53)
Mutant 10.8 (5.2-16.4) 29.1 (20.8-37.3)
Unknown 9.4 (8.2-10.5) 22.1 (0-44.4)
Prior surgery to primary 0.928 0.764
Yes 10.8 (3-18.6) 29.1 (23.7-34.4)
No 10.2 (3.4-17) 40 (14.8-65.2)
No of metastatic sites 0.565 0.278
1 124 (6.7-18.2) 61.7 (0-127.7)
>1 8.9 (6.6-11.3) 27.6 (21.9-33.4)
Metastasectomy 0.001 0.002
Yes 18.6 (0-NR) NR
No 8 (5.4-10.6) 27.6 (20.8-34.4)

PFS: Progression-free survival; OS: Overall survival; CI: Confidence interval; NR: Not reached.

patients with synchronous peritoneal carcinomatosis was 8.1 mo compared to 12 mo for those with
metachronous peritoneal metastasis. This difference was not statistically significant in multivariate
analysis, with a hazard ratio of 1.03 (95%CI: 0.83-1.27). Since this was a population-based study,
treatment consisted of palliative chemotherapy, cytoreductive surgery with hyperthermic intraperi-
toneal chemotherapy (CRS-HIPEC) and best supportive care. The percentage of patients who had CRS-
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Figure 1 Kaplan-Meier curve for progression-free survival for patients with metastatic colorectal cancer with (blue curve) and without
(green curve) peritoneal carcinomatosis (P = 0.401).
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Figure 2 Kaplan-Meier curve for overall survival for patients with metastatic colorectal cancer with (blue curve) and without (green
curve) peritoneal carcinomatosis (P = 0.368).
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HIPEC in the above study was 16% in the metachronous group and 8% in the synchronous group.
Palliative chemotherapy was given to 55% and 69% of patients in the metachronous and synchronous
groups, respectively.

A more similar cohort to our study was the pooled analysis reported by Franko ef al[13], wherein they
looked at the survival and prognostic significance of patients with peritoneal metastasis vs other organ
metastasis from two large north central cancer treatment group phase III studies (N9741 and N9841).
Since those patients were entered in a prospective clinical trial, all had good performance status from 0
to 1 and expected survival of more than 3 mo with no negative prognostic factors such as ascites or
malignant bowel obstruction. All patients were treated with doublet regimens (FOLFOX vs IFL vs
IROX). There was no differential impact of the type of systemic chemotherapy used on the basis of the
presence or absence of peritoneal carcinomatosis. Expectedly, peritoneal carcinomatosis in this pooled
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Table 3 Multivariate analysis of progression-free survival and overall survival in 51 patients with metastatic colorectal cancer treated

with triplet therapy
PFS oS
HR (95%Cl) P value HR (95%Cl) P value
Age 0.002
265 1°
<65 0.22 (0.08-0.57)

Liver metastasis
Yes
No
Metastasectomy
Yes

No

0.076 0.003
1° 1°
0.5 (0.23-1.07) 021 (0.07-0.6)

0.001 0.005
18 18
0.23 (0.09-0.57) 0.18 (0.05-0.61)

“Represent the reference group.

PFS: Progression-free survival; OS: Overall survival; HR: Hazard ratio; CI: Confidence interval.
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analysis had a negative prognostic impact on survival, with a hazard ratio (HR) of 1.316 (95%CI: 1.152-
1.504, P < 0.0001). Other investigators at an earlier date found no benefit of infusional 5-fluorouracil (5-
FU) as opposed to bolus 5-FU in patients treated for CRC with peritoneal metastasis[18].

Our cohort was treated uniformly with the combination of capecitabine, oxaliplatin, irinotecan, and
bevacizumab. The PFS was 9.4 mo for patients with no peritoneal metastasis vs 13.7 mo in patients with
peritoneal carcinomatosis. A difference was not statistically significant in univariate and multivariate
analyses. Similarly, OS in our cohort was not reached for patients with peritoneal carcinomatosis
compared to 31.3 mo in the no peritoneal metastasis group (P = 0.0368, univariate analysis). The median
follow-up for the whole group was 89 mo.

Generally, survival in patients with peritoneal carcinomatosis from CRC metastasis has improved
with the introduction of CRS-HIPEC. The benefit of CRS-HIPEC has been proven in randomized
controlled clinical trials using older chemotherapy regimens (fluoropyrimidine alone)[19]. There are,
however, multiple prospective phase II and retrospective studies reporting a 3-year survival of 30% to
60% in patients with isolated peritoneal carcinomatosis treated with CRS-HIPEC[20-24]. In our cohort,
the percentage of metastasectomy that could have influenced the efficacy of our therapy was 33.3% in
the peritoneal carcinomatosis group vs 22.2% in the no peritoneal carcinomatosis group, a difference
that did not reach statistical significance. We accordingly believe that surgery played a partial role in the
good results seen in the group of peritoneal metastases.

The presence of other site involvement in patients with CRC peritoneal metastasis has been examined
by Franko et al[14]. A total of 10553 patients treated with systemic therapy in prospective randomized
trials were reported by the ARCAD database. Of those, 9178 (87%) had nonperitoneal metastasis, 194
(2%) had isolated peritoneal metastasis, and 1181 (11%) had peritoneal and other organ metastases.
Survival was better in the nonperitoneal metastasis group (adjusted HR 0.75, 95%CI: 0.63-0.91, P =
0.003). Patients with peritoneal metastasis and one other site had similar survival to those with isolated
peritoneal metastasis (adjusted HR 1.10, 95%CI: 0.89-1.37, P = 0.37). Two of 14 trials reported in the
above pooled analysis used triplet regimens as an investigational arm; however, none of them reported
a subgroup analysis based on peritoneal metastasis[11,25]. In our study, the patients with peritoneal
metastasis had a higher percentage of more than 1 metastatic site involvement (71.4%) than the nonperi-
toneal metastasis group (58.1%), a difference that was not statistically significant (P = 0.39).

Our study has several limitations, firstly the retrospective nature of the study. Additionally, the small
number of patients included makes interpretations of the data difficult. On the other hand, our patient
cohort was treated in a prospective phase 1/1I study with a uniform treatment plan.

CONCLUSION

In conclusion, our data showing equal survival in metastatic CRC patients with peritoneal metastasis vs
no peritoneal metastasis and the absence of a negative prognostic impact of peritoneal carcinomatosis
when patients are treated with a triplet chemotherapy regimen as a first-line therapy is hypothesis-
generating. These data need to be confirmed in large prospective studies.
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ARTICLE HIGHLIGHTS

Research background

Peritoneal metastasis has been shown to be a poor prognostic factor in metastatic colorectal cancer
(CRQ). In all published literature citing the above, the patients were treated with either single or doublet
first-line chemotherapy. There are no data on the prognostic significance of peritoneal carcinomatosis in
patients treated with first-line triplet chemotherapy.

Research motivation
We have shown before that triplet first-line chemotherapy in metastatic CRC overcomes the poor

prognosis of right-sidedness. We wanted to examine whether the same applies to peritoneal metastasis
in CRC.

Research objectives

We wanted to examine the progression-free survival (PFS) and overall survival (OS) of patients with
peritoneal vs no peritoneal metastasis treated with first-line triplet chemotherapy and to confirm the
lack of a statistically significant difference in the two groups on univariate and multivariate analysis.

Research methods

This was a post hoc analysis of a phase I/1I trial evaluating the efficacy and toxicity of triplet
chemotherapy in the first-line treatment of metastatic CRC. Patient characteristics, PFS, and OS were
examined for the groups with and without peritoneal metastasis. Univariate and multivariate analyses
were performed to include other known prognostic factors in metastatic CRC.

Research results

No statistically significant difference was found in the PFS and OS in the group with or without
peritoneal metastasis. Peritoneal metastasis was confirmed not to be an independent prognostic factor in
patients with metastatic CRC treated with first-line triplet chemotherapy based on multivariate analysis.

Research conclusions
The study suggests that first-line triplet chemotherapy overcomes the poor prognostic significance of
patients with metastatic CRC. This needs to be confirmed in large prospective trials.

Research perspectives

Treatment of patients with metastatic CRC should be personalized based on prognostic clinical and
molecular factors. The benefit of triplet chemotherapy might outweigh the excess toxicity in certain
subgroups, such as those with peritoneal carcinomatosis.
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