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Abstract

Background: Peritoneal metastasis (PM) from colorectal cancer (CRC) carries a poor prog-
nosis. The Peritoneal Cancer Index (PCI) is among the principal prognostic stratification
tools, yet the prognostic value of the anatomical distribution of disease beyond total PCI is
underexplored. This pilot study evaluated whether quadrant-specific involvement adds
prognostic information in patients undergoing cytoreductive surgery (CRS) with hyper-
thermic intraperitoneal chemotherapy (HIPEC), with a focused analysis of oligometastatic
disease (PCI ≤ 6). Methods: A single-institution cohort of 48 CRC-PM patients treated with
CRS + HIPEC was analyzed. Primary endpoints were OS, DFS, and PRFS, with a focused
evaluation of the oligometastatic subset (PCI ≤ 6). Comparative statistics used Student’s
two-sample t test for continuous variables and chi-square or two-sided Fisher’s exact tests
for categorical variables. Survival was estimated by Kaplan–Meier with log-rank tests, and
prognostic factors were evaluated using Cox regression. Results: Median follow-up was
177 months (IQR 87–224). Outcomes favored PCI ≤ 6: 5-year OS and DFS were 54% and
37.5% versus 6.6% and 0% for PCI > 6, and median OS 64 vs. 29 months (log-rank p = 0.007),
median DFS 30 vs. 7 months (p = 0.0002), and median PRFS 26 vs. 8 months (p = 0.0002). In
the PCI ≤ 6 subset (n = 27), quadrant 3 (left upper quadrant) was associated with higher
recurrence risk and shorter DFS, remaining independently prognostic for DFS (p = 0.005)
and PRFS (p = 0.005). For PRFS, quadrants 7 and 8 also showed associations on univariable
analysis; Q7 remained independent (p = 0.047), whereas Q8 was borderline (p = 0.077).
A histology-related signal at Q8 (p = 0.011) was exploratory due to very small mucinous
and signet-ring strata. Sidedness and synchronicity yielded no significant differences in
quadrant involvement within PCI ≤ 6. No quadrant effects were observed in PCI > 6.
Conclusions: PCI remains the dominant prognostic determinant after CRS + HIPEC, yet in
oligometastatic disease, the anatomical distribution adds complementary prognostic infor-
mation, particularly involvement of Q3 and Q7. These findings are hypothesis-generating
and warrant validation in larger, preferably multicenter cohorts with standardized quad-
rant mapping. If confirmed, quadrant-directed operative planning, including consideration
of prophylactic resection in selected high-risk regions, could be prospectively evaluated.
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1. Introduction
Peritoneal metastasis (PM) from colorectal cancer (CRC) is a well-established negative

prognostic factor that significantly affects both short- and long-term outcomes. Approxi-
mately 15% of patients present with synchronous PM, while 4–19% develop metachronous
disease [1]. In up to 24% of cases, PM is the sole site of recurrence [2]. Compared to other
metastatic patterns, PM carries a higher overall mortality risk in CRC patients [3]. The
majority of patients with PM are still managed with palliative intent. The introduction of
modern chemotherapeutic agents (oxaliplatin, irinotecan) and targeted therapies, including
anti-EGFR agents (cetuximab, panitumumab) and anti-VEGF therapy (bevacizumab), has
improved median overall survival (OS) to 16–24 months [4,5].

Over the past two decades, cytoreductive surgery (CRS) combined with hyperther-
mic intraperitoneal chemotherapy (HIPEC) has emerged as a potentially effective treat-
ment for selected patients with peritoneal metastases, achieving median OS rates of up to
40–43 months [6] and lower recurrence rates compared to systemic therapy or palliative care.

Despite its potential benefits, CRS + HIPEC is a complex procedure associated with
significant morbidity and quality-of-life implications. Optimizing patient selection is essen-
tial to maximize outcomes while minimizing unnecessary harm. Nevertheless, outcomes
remain heterogeneous, with nearly two-thirds of patients experiencing recurrence within
the first year after surgery [7]. In particular, peritoneal recurrence strongly influences
post-relapse quality of life and life expectancy.

A wide range of prognostic factors has been explored to improve patient stratification.
Among the most relevant are a high Peritoneal Cancer Index (PCI), incomplete cytoreduc-
tion, lymph node involvement [8,9] and molecular markers, as specific mutational patterns
may pave the way for more targeted therapeutic strategies [10].

The PCI quantifies tumor burden by assessing lesion size in nine abdominopelvic
regions and four small bowel segments, commonly referred to as “quadrants”. It is an
established tool to stratify patients and identify those with limited disease who are most
likely to benefit from complete cytoreduction. While various PCI thresholds have been
proposed to define eligibility for CRS + HIPEC, consensus has yet to be reached. A PCI > 15
is often considered a relative contraindication, and involvement of the lower ileum has been
identified as an additional negative prognostic factor [11]. A recent multicenter study by the
Italian Peritoneal Surface Malignancies Oncoteam (SICO) [12] reported encouraging results:
patients with a completeness of cytoreduction score (CCS) of 0 and PCI ≤ 6 experienced
significantly better long-term survival (median OS 40.7 and 44.3 months, respectively)
compared to those with incomplete cytoreduction (median OS 10.7 months, p = 0.003) or
PCI > 6 (median OS 13.4 months, p = 0.005). Given that peritoneal recurrence is a key
determinant of prognosis after relapse, further investigation is warranted to assess the
prognostic relevance of the specific anatomical distribution of carcinomatosis.

Peritoneal fluid circulation plays a crucial role in shaping the distribution of peritoneal
disease. The peritoneum, the largest serosal membrane in the body, lines the abdominal
cavity and viscera, creating compartments through the omentum, mesentery, and ligaments.
It secretes a sterile fluid that facilitates frictionless organ movement and contributes to
immune defense [13].

The direction of fluid flow is determined by diaphragmatic motion, bowel peristalsis,
hydrostatic pressure gradients, and gravity, a phenomenon described as cephalic circu-
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lation [14]. Dynamic peritoneographic studies have demonstrated predictable routes of
peritoneal fluid movement [15,16].

Fluid ascends from the pelvis into the right paracolic gutter, reaching Morrison’s pouch
and the right subphrenic space, while the phrenicocolic ligament restricts communication
between the left paracolic gutter and the perisplenic space. In the left subcolic space, flow
is directed towards the pelvis, with stagnation along the superior border of the sigmoid
mesocolon before continuing to the rectum. In the right submesocolic space, fluid courses
through mesenteric recesses, accumulating at the ileocecal junction before descending into
the pelvis. Flow across mesenteric attachments may also facilitate disease spread. From the
pelvis, fluid collects in the pouch of Douglas and paravesical fossae.

Overall, four sites have been identified as preferential areas for fluid stasis and poten-
tial metastatic implantation: the pouch of Douglas at the rectosigmoid level (Q6 according
to PCI score); the right lower quadrant at the termination of the small bowel mesentery
(Q7 according to PCI score); the left lower quadrant along the upper border of the sigmoid
mesocolon (Q5 according to PCI score); and the right paracolic gutter adjacent to the cecum
and ascending colon (Q8 according to PCI score) [13].

The aim of this study is to evaluate the impact of quadrant-specific peritoneal involve-
ment on OS, disease-free survival (DFS), and peritoneal recurrence-free survival (PRFS)
in patients undergoing CRS and HIPEC for colorectal cancer, with a particular focus on
whether patients with a PCI ≤ 6 or >6 derive greater benefit from the procedure or are more
adversely affected by the involvement of specific peritoneal regions. Given the paucity of
data addressing the prognostic value of the anatomical distribution of colorectal peritoneal
metastases, and the limited number of eligible cases treated with CRS + HIPEC even in
high-volume centers, the present work was conceived as a pilot, hypothesis-generating
study. Its primary intent is to explore potential quadrant-specific prognostic signals rather
than to provide confirmatory evidence. As the analysis was restricted to patients who
achieved complete cytoreduction (CC-0), the conclusions drawn from this study apply
specifically to this population.

2. Patients and Methods
2.1. Study Design and Selection Criteria

This study included patients with synchronous or metachronous CRC-PM who under-
went curative-intent CRS and HIPEC in the Surgical Department of Morgagni-Pierantoni
Hospital, Forlì, Italy, from March 2004 to January 2024.

Patients with appendiceal cancer were excluded due to their distinct molecular and
biological behavior compared to colorectal malignancies. We also excluded patients who
received prophylactic HIPEC (with a PCI of 0) and patients undergoing repeat HIPEC
procedures for recurrent disease. Patients with insufficient follow-up were excluded when
postoperative or oncologic surveillance was conducted at external institutions, precluding
reliable survival assessment. These exclusions reflected missing follow-up data rather than
outcome-related selection bias.

Patients with a CCS greater than 0 (i.e., CC-1, indicating residual macroscopic
nodules ≤ 2.5 mm) were excluded from quadrant-wise analyses because residual macro-
scopic disease is a major confounder for PRFS and could obscure the independent prognos-
tic contribution of preoperative disease distribution among patients rendered macroscopi-
cally disease-free (CC-0).

All cases were evaluated preoperatively by a dedicated multidisciplinary team (MDT)
including at least one oncologist, one radiologist, two surgical oncologists, one endoscopist,
and, as needed, specialists in thoracic, hepatobiliary, or urological surgery. Patients with
unresectable extra-peritoneal metastases or nodal disease outside the primary field were
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considered ineligible. Since 2019, patients with limited, stable pulmonary metastases have
been considered for CRS/HIPEC on a case-by-case basis.

The following clinical data were collected: age, sex, vital status and cause of death
(cancer-related vs. other), peritoneal cancer index (PCI), intraoperative quadrant involve-
ment, cytoreduction status, surgical details, molecular profile when available, and receipt
of pre- or post-HIPEC.

PCI was dichotomized as ≤6 or >6 based on literature supporting improved prognosis
in patients with lower disease burden (oligometastatic). Abdominal quadrant involvement
was recorded for each of the 13 anatomical regions (Q0–Q12) in accordance with the
Sugarbaker PCI map. For the purpose of the analysis, we considered only the presence
or absence of quadrant involvement rather than the PCI subscore assigned to each region,
as further stratification would have excessively fragmented the cohort and precluded
meaningful statistical comparisons.

2.1.1. Surgical Details

HIPEC was performed using a semiclosed coliseum technique. The preferred protocol
included intravenous 5-fluorouracil (400 mg/m2) and folinic acid (20 mg/m2), followed
by intraperitoneal oxaliplatin (460 mg/m2) administered over 30 min at 41.5 ◦C, based
on the Elias protocol. Mitomycin C (3.4 mg/m2) was used as an alternative regimen in
selected cases. The chemotherapeutic protocol was chosen by MDT oncologists based
on patients’ prior treatments and clinical characteristics. During hyperthermia, urinary
output was maintained above 10 cc/min with intravenous hydration, and amifostine was
administered as nephroprotection until 2020. Fresh frozen plasma was routinely transfused
at the end of HIPEC. All patients were transferred to the intensive care unit (ICU) for
24–48 h postoperatively.

2.1.2. Post-Resection Follow-Up

Histopathologic examination of all peritonectomy and nodule specimens confirmed
metastatic colorectal adenocarcinoma, consistent with the intraoperative PCI findings.
Patients were followed every 6 months for 2 years, then annually. Follow-up included
thoracoabdominal-pelvic CT, hepatic ultrasonography, and serum tumor markers (CEA-
Ca 19-9).

2.2. Statistical Analysis

Descriptive statistics were performed using means and standard deviations for contin-
uous variables, and proportions for categorical variables. Comparisons between PCI groups
(≤6 vs. >6) were performed using Student’s two-sample t test (two-sided) for continuous
variables and the χ2 or Fisher’s exact tests (two-sided) for categorical variables, applying
Fisher when any expected cell count was <5. The normality of continuous variables was
assessed using the Shapiro–Wilk test. A two-sided α = 0.05 was adopted.

The primary outcomes were overall survival (OS), disease-free survival (DFS), and
peritoneal recurrence-free survival (PRFS). OS was defined as the time from CRS/HIPEC
to death or last follow-up. DFS was defined as the time from surgery to any recurrence
(peritoneal or distant), and PRFS as the time from surgery to documented peritoneal
recurrence only. Patients who died from non-oncological causes were censored for OS, DFS
and PRFS analyses.

Survival analyses were performed using the Kaplan–Meier method and log-rank
tests. Time-to-event analyses were stratified by PCI (≤6 vs. >6), and univariate Cox
proportional hazards models were fitted to assess the prognostic impact of quadrant
involvement and other covariates on OS, DFS, and PRFS. Multivariate models included
only variables with p < 0.05 in univariate analysis and were stratified by PCI category. To
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minimize overfitting, multivariable models were limited to a maximum of three covariates.
To account for multiple quadrant-wise comparisons, p-values were adjusted using the
Benjamini–Hochberg false discovery rate (BH-FDR) method, and adjusted p-values (q-
values) were reported for both univariable and multivariable analyses.

Hazard ratios (HRs) and 95% confidence intervals (CIs) were reported. Statisti-
cal analyses were performed using Stata/SE version 18.0 (StataCorp, College Station,
TX, USA).

3. Results
A total of 65 patients with CRC-PM underwent CRS and HIPEC at our institution

(Morgagni-Pierantoni Hospital, Forlì, Italy). Among these, complete data on all prognostic
variables of interest were available for 48 patients, who constituted the study population.
Data were obtained from prospectively maintained institutional databases and retrospec-
tively reviewed.

In all 48 patients, complete cytoreduction was achieved (CC-0). Of the 48 patients
included, 33 received neoadjuvant chemotherapy before HIPEC, and 32 received chemother-
apy post-HIPEC. Twenty patients received both pre- and post-HIPEC (baseline characteris-
tics are available in Table 1).

Table 1. Comparative analysis of PCI-stratified baseline characteristics; patients (n = 48).

PCI ≤ 6 (n = 27) PCI > 6 (n = 21) p-Value
Sex p = 0.315

Male 18 (66.7%) 11 (52.4%)
Female 9 (33.3%) 10 (47.6%)

Age 64 ± 9 60 ± 9 p = 0.12
Status p = 0.016
Alive 11 (40.7%) 2 (9.5%)
Dead 16 (59.3%) 19 (90.5%)

Metastases p = 0.971
Synchronous 13 (48.2%) 10 (52.4%)

Metachronous 14 (51.8%) 11 (47.6%)
Histotype p = 0.297

Adenocarcinoma 21 (77.8%) 16 (76.2%)
Mucinous 2 (7.4%) 4 (19%)

Signet Ring 4 (14.8%) 1 (4.8%)
KRAS status

Wild-type 9 (33.3%) 2 (9.5%)
Mutated 4 (14.8%) 10 (47.6%)

ND 14 (51.9%) 9 (42.8%)
BRAF status

Wild-type 5 (18.5%) 5 (23.8%)
Mutated 4 (14.8%) 1 (4.8%)

ND 18 (66.7%) 15 (71.4%)
MMR status

Wild-type 2 (7.4%) 3 (14.3%)
Mutated 2 (7.4%) 1 (4.7%)

ND 23 (85.2%) 17 (81%)
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Table 1. Cont.

PCI ≤ 6 (n = 27) PCI > 6 (n = 21) p-Value
Primary tumor location p = 0.94

Right-sided 10 (37%) 8 (38.1%)
Left-sided 17 (63%) 13 (61.9%)

CHT before CRS + HIPEC p = 0.025
Yes 15 (55.6%) 18 (85.7%)
No 12 (44.4%) 3 (14.3%)

CHT after CRS + HIPEC p = 0.537
Yes 17 (63%) 15 (71.4%)
No 10 (37%) 6 (28.6%)

CHT before and after CRS + HIPEC p = 0.012
Yes 7 (26%) 8 (38.1%)
No 20 (74%) 13 (61.9%)

Peritoneal Recurrence p = 0.005
Yes 11 (40.7%) 17 (81%)
No 16 (59.3%) 4 (19%)

Extraperitoneal Recurrence p = 0.036
Yes 16 (64%) 19 (90.5%)
No 9 (36%) 2 (9.5%)

3.1. Baseline Characteristics and Comparative Analysis by PCI Stratum

The mean age of the cohort was 62.6 ± 9.3 years (range, 31–74). The study included
27 patients with PCI ≤ 6 and 21 with PCI > 6. At last follow-up, 13 patients were alive,
84.6% of whom were in the PCI ≤ 6 group; among the 35 deaths, 54.3% occurred in patients
with PCI > 6. Synchronicity was comparable across PCI strata, with synchronous peritoneal
metastases present in 62.5% of patients overall. Molecular profiling (KRAS, BRAF, MSI)
was available only for a subset, as routine testing was introduced after 2011; the high
proportion of missing data, combined with the small sample size, likely reduced power to
detect molecular associations. Baseline characteristics are summarized in Table 1.

Regarding systemic therapy, a greater proportion of patients in the PCI > 6 group
received chemotherapy before HIPEC (85.7% vs. 55.6%; p = 0.025), and receipt of chemother-
apy both before and after CRS + HIPEC also differed (38.1% vs. 26.0%; p = 0.012), whereas
post-HIPEC alone did not (71.4% vs. 63.0%; p = 0.537).

Recurrence patterns were more favorable in the low-PCI group: peritoneal recurrence
occurred in 40.7% vs. 81.0% (p = 0.005) and extraperitoneal recurrence in 64.0% vs. 90.5%
(p = 0.036).

With respect to disease distribution, involvement of individual peritoneal regions
differed significantly between PCI groups, with a higher burden of quadrant involvement
in patients with PCI > 6 (χ2 test, p < 0.05 for multiple regions; Table 2).

3.2. Quadrant-Specific Distribution in Oligometastatic Subgroup, with Comparative Findings by
Histology, Sidedness and Prior Colorectal Surgery

After excluding patients with PCI > 6, 27 patients remained and were stratified by
histotype (Adenocarcinoma n = 21; Mucinous n = 2; Signet-ring n = 4). Given the very
small cell counts and high variability in the mucinous/signet groups, between-histology
comparisons of quadrant involvement were performed using two-sided Fisher’s exact
tests. As shown in Table 3, only Q8 reached statistical significance (p = 0.011), suggesting a
possible predilection of this region in non-adenocarcinoma subtypes. Given the extremely
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small numbers in the mucinous and signet-ring strata, these findings should be considered
exploratory and hypothesis-generating, pending confirmation in larger cohorts.

Table 2. Comparative analysis of quadrant involvement stratified by PCI; patients (n = 48).

PCI ≤ 6 PCI > 6 p-Value
Q0 7 (25.9%) 14 (66.7%) p = 0.005
Q1 2 (7.41%) 14 (66.7%) p < 0.005
Q2 4 (14.8%) 10 (47.6%) p = 0.013
Q3 4 (14.8%) 9 (42.8%) p = 0.03
Q4 5 (18.5%) 7 (33.3%) p = 0.24
Q5 3 (11.1%) 9 (42.8%) p = 0.012
Q6 13 (48.1%) 17 (80.9%) p = 0.02
Q7 8 (29.6%) 13 (61.9%) p = 0.025
Q8 6 (22.2%) 11 (52.4%) p = 0.03
Q9 2 (7.4%) 8 (38.1%) p = 0.009

Q10 1 (3.7%) 7 (33.3%) p = 0.006
Q11 1 (3.7%) 8 (38.1%) p = 0.002
Q12 1 (3.7%) 8 (38.1%) p = 0.002

Table 3. Oligometastatic patients (PCI ≤ 6) stratified by primary tumor histology; patients (n = 27).

Adenocarcinoma
(n = 21)

Mucinous
(n = 2)

Signet Ring
(n = 4) p Value

Q0 71.4% (5/21) 50% (1/2) 25% (1/4) p = 0.75
Q1 4.76% (1/21) 50% (1/2) 0% (0/4) p = 0.16
Q2 19.05% (4/21) 0% (0/2) 0% (0/4) p = 1
Q3 19.05% (4/21) 0% (0/2) 0% (0/4) p = 1
Q4 19.05% (4/21) 0% (0/2) 0% (0/4) p = 1
Q5 14.29% (3/21) 0% (0/2) 0% (0/4) p = 1
Q6 52.38% (11/21) 0% (0/2) 50% (2/4) p = 0.531
Q7 23.81% (5/21) 0% (0/2) 75% (3/4) p = 0.142
Q8 9.52% (2/21) 50% (1/2) 75% (3/4) p = 0.011
Q9 9.52% (2/21) 0% (0/2) 0% (0/4) p = 1

Q10 4.76% (1/21) 0% (0/2) 0% (0/4) p = 1
Q11 0% (0/21) 50% (1/2) 0% (0/4) p = 0.074
Q12 0% (0/21) 50% (1/2) 0% (0/4) p = 0.074

Ten patients had right-sided primaries (cecum to the proximal two-thirds of the trans-
verse colon) and 17 had left-sided disease, including the rectum (n = 5). For topographic
consistency and given the limited sample, rectal cancers were grouped with the left-sided
category. Comparisons of quadrant involvement by sidedness showed no statistically
significant differences on two-sided Fisher’s exact tests. The largest absolute contrast was
for Q0 (right 50.0% [5–10] vs. left 11.8% [2–17]; p = 0.065). To explore whether prior surgery
might alter dissemination patterns, patients were further stratified by synchronicity within
each side. On the right (n = 10), 6 were synchronous and 4 metachronous; no quadrant
reached significance. On the left (n = 17), 7 were synchronous and 10 metachronous; all
tests were non-significant. These analyses are exploratory and limited by sparse cells and
small group sizes; confirmation in larger cohorts is warranted.
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3.3. Overall, Disease-Free and Peritoneal Recurrence-Free Survival

The median follow-up was 177 months (IQR: 87–224).
OS rates at 1, 3, 5, and 10 years were 91.6%, 74.3%, 54%, and 43% for patients

with PCI ≤ 6, versus 90%, 37%, 6.6%, and 0% for those with PCI > 6. Median OS was
64 vs. 29 months, respectively (log-rank p = 0.007), as shown in Figure 1.

Figure 1. Overall survival by PCI.

DFS followed a similar trend, with 1- and 3-year rates of 66.1% and 45.8% vs. 15.0%
and 5.0%. No patients with PCI > 6 remained disease-free at 5 or 10 years, while DFS in
the PCI ≤ 6 group was 37.5% and 32.8%, respectively. Median DFS was 30 vs. 7 months
(log-rank p = 0.0002), as shown in Figure 2.

Figure 2. Disease-free survival by PCI.
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PRFS was also significantly longer in patients with low PCI, with a median of
26 months vs. 8 months (log-rank p = 0.0002), as shown in Figure 3.

Figure 3. Peritoneal relapse-free survival by PCI.

3.4. Univariable and Multivariable Analysis of Overall Survival

OS was significantly associated with PCI. In univariate analysis, a PCI ≤ 6 was predic-
tive of prolonged OS (p = 0.005; 95% CI: 0.18–0.74). In the PCI > 6 subgroup, involvement
of Q0 emerged as a protective factor (p = 0.02; 95% CI: 0.07–0.84), although this association
may reflect residual confounding.

KRAS mutation showed a borderline association with improved OS in the overall
model (p = 0.064; 95% CI: 0.06–1.08). However, nearly half of the cohort (47.9%) lacked
molecular data and were excluded from the model, potentially introducing selection bias.

At multivariate analysis, low PCI remained independently associated with longer OS
(p = 0.016; 95% CI: 0.01–0.62). When stratified by PCI, no variables were independently
associated with OS among patients with PCI ≤ 6 or PCI > 6.

3.5. Univariable and Multivariable Analysis of Disease-Free Survival

DFS was significantly associated with PCI. In univariate analysis, patients with
PCI ≤ 6 had improved DFS (p = 0.001; 95% CI: 0.14–0.58), while no significant associations
were found for KRAS status or specific quadrants when considering the entire cohort.

When stratifying by PCI, Q3 involvement emerged as a significant risk factor for
recurrence in the PCI ≤ 6 subgroup (p = 0.05; 95% CI: 1.12–11.67). This association was
confirmed in multivariate analysis (p = 0.005; 95% CI: 1.76–26.76), suggesting a possible
locoregional prognostic relevance in patients with limited peritoneal disease (Table 4).
After BH-FDR correction across the 13 quadrant-wise tests within the PCI ≤ 6 subgroup,
no associations reached statistical significance. For DFS, the lowest adjusted p-value was
observed for Q3 (q = 0.41). No significant predictors were identified in the PCI > 6 subgroup.
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Table 4. Univariate and multivariate analysis of DFS.

PCI ≤ 6 PCI > 6
Univariate Multivariate BH-FDR Univariate

Overall DFS p = 0.0005 (CI: 0.14–0.58)
Q0 p = 0.30 q = 0.75 p = 0.49
Q1 p = 0.72 q = 0.9 p = 0.75
Q2 p = 0.56 q = 0.9 p = 0.92

Q3 p = 0.05
(CI: 1.1–11.6)

p = 0.035
(CI: 1.1–11.7) q = 0.41 p = 0.29

Q4 p = 0.33 q = 0.75 p = 0.94
Q5 p = 0.97 q = 0.9 p = 0.53
Q6 p = 0.83 q = 0.9 p = 0.27
Q7 p = 0.22 q = 0.75 p = 0.19
Q8 p = 0.15 q = 0.75 p = 0.16
Q9 p = 0.67 q = 0.9 p = 0.48

Q10 p = 0.40 q = 0.75 p = 0.49
Q11 p = 0.48 q = 0.9 p = 0.61
Q12 p = 0.30 q = 0.9 p = 0.12

KRAS status p = 0.23 p = 0.59
Sidedness p = 0.31 p = 0.18

Synchronicity p = 0.40 p = 0.12
CHT before CRS + HIPEC p = 0.47 p = 0.46
CHT after CRS + HIPEC p = 0.76 p = 0.51

CHT before and after CRS + HIPEC p = 0.12 p = 0.92

3.6. Univariable and Multivariable Analysis of Peritoneal Relapse-Free Survival (PRFS)

Unsurprisingly, PRFS was significantly associated with PCI (p = 0.0004, 95%
CI: 0.1–0.54). PRFS analysis revealed no significant predictors in the PCI > 6 group. In
contrast, univariate analysis within the PCI ≤ 6 group identified involvement of quadrants
Q3 (p = 0.060; 95% CI: 0.95–14.4), Q7 (p = 0.05; 95% CI: 1.01–11.18), and Q8 (p = 0.05; 95% CI:
1.04–16.02) as potential risk factors for peritoneal relapse. After BH-FDR correction across
the 13 quadrant-wise tests within the PCI ≤ 6 subgroup for PRFS, the lowest adjusted
p-values were seen for Q3, Q7, and Q8 (q = 0.26 for each), while all other regions showed
q ≥ 0.67.

In univariable Cox analysis, the model-level likelihood ratio test suggested association
for KRAS (p = 0.020), but the hazard ratio was not reliably estimable (zero events in one
stratum; degenerate CI). Given the small number of events and high missingness, KRAS
was not included in multivariable models.

Multivariate analysis confirmed Q3 (p = 0.005; 95% CI: 2.31–120.06) and Q7 (p = 0.047;
95% CI: 1.02–31.78) as independent prognostic factors for peritoneal recurrence in patients
with limited PCI, while Q8 retained borderline significance (p = 0.077; 95% CI: 0.85–22.5)
(Table 5). In multivariable analysis within the PCI ≤ 6 subgroup, Q3 involvement re-
mained significantly associated with shorter peritoneal relapse-free survival after BH-FDR
correction (q = 0.016), whereas Q7 (q = 0.071) and Q8 (q = 0.077) showed borderline,
non-significant trends.

Due to the small sample size and the resulting sparse distribution across several quad-
rants, often with 2–4 patients per stratum, the statistical power to detect true associations
is limited, and the confidence intervals around hazard ratios are necessarily wide. These
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analyses should therefore be interpreted as exploratory and descriptive in nature, intended
to identify potential prognostic patterns that warrant validation in larger cohorts.

Table 5. Univariate and multivariate analysis of peritoneal relapse-free survival (PRFS); p-values
adjusted for multiple comparisons using the Benjamini–Hochberg FDR (BH-FDR) across the three
tested quadrants (Q3, Q7, Q8).

PCI ≤ 6
Univariate Multivariate BH-FDR

Overall PRFS p = 0.0004 (CI: 0.1–0.54)
Q0 p = 0.22
Q1 p = 0.76
Q2 p = 0.59

Q3 p = 0.06 (CI: 0.95–14.4) p = 0.005 (CI:
2.31–120) q = 0.01

Q4 p = 0.28
Q5 p = 0.70
Q6 p = 0.93

Q7 p = 0.05 (CI:
1.01–11.18)

p = 0.047 (CI:
1.02–31.7) q = 0.07

Q8 p = 0.05 (CI:
1.04–16.02)

p = 0.077 (CI:
0.85–22.5) q = 0.07

Q9 p = 0.12
Q10 p = 0.31
Q11 p = 0.48
Q12 p = 0.48

KRAS status p = 0.02
Sidedness p = 0.38

Synchronicity p = 0.38
CHT before CRS + HIPEC p = 0.44
CHT after CRS + HIPEC p = 0.28

CHT before and after CRS + HIPEC p = 0.61

4. Discussion
The peritoneum is the third most common site of CRC metastasis after the liver and

lungs [17]. The peritoneal microenvironment, shaped by immune cells, fibroblasts, and
extracellular matrix components, plays an active role in supporting tumor progression
and may contribute to both biological aggressiveness and limited drug penetration in the
peritoneal cavity [18].

Unlike hematogenous or lymphatic spread, peritoneal metastases represent a distinct
pattern of dissemination, typically arising from direct serosal seeding and modulated by
peritoneal fluid dynamics.

To quantify disease burden, PCI remains the most widely adopted prognostic tool,
combining lesion size and anatomical distribution across 13 regions. While the prognostic
value of total PCI is well established, the independent relevance of tumor location within
specific peritoneal regions remains underexplored.

In the oligometastatic subset, the hypothesis that histology shapes peritoneal dissem-
ination patterns with preferential quadrant involvement was evaluated. Based on the
peritoneal fluid-flow dynamics theory, tumor histology, sidedness and prior colorectal
surgery in metachronous disease were considered potential modifiers of peritoneal spread.
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Mesenteric reorientation may disrupt physiological peritoneal flow and thereby alter the
topography of peritoneal deposits.

In patients with higher PCI, the disease burden inherently entails involvement of more
than three quadrants, which prevents a meaningful assessment of single-quadrant effects;
by contrast, in the oligometastatic subset, limited topographic spread makes quadrant-level
analyses statistically feasible.

After excluding PCI > 6, only one quadrant-histology association met conventional
significance: Q8 differed across subtypes (p = 0.011), with higher involvement in mucinous
and signet-ring cancers than in adenocarcinoma. Q8 corresponds to the right paracolic
gutter, a recognized area of cephalad flow and fluid pooling, which offers a plausible
anatomical rationale. However, the mucinous (n = 2) and signet-ring (n = 4) strata were
extremely small, generating wide uncertainty and a high risk of chance findings in the
context of multiple comparisons. This signal should therefore be viewed as exploratory
and hypothesis-generating.

By contrast, sidedness did not show statistically significant differences in quadrant
involvement within PCI ≤ 6. The largest absolute contrast was observed for Q0 (right
50.0% vs. left 11.8%; p = 0.065), but this did not reach significance. Further stratification
by synchronicity within each side also yielded no significant differences. These negative
results are compatible with limited statistical power and sparse cells, rather than evidence
of equivalence.

Consistent with previous literature, in our study, PCI was strongly associated with
OS, DFS, and PRFS. Patients with PCI ≤ 6 demonstrated markedly improved outcomes
compared to those with higher disease burden. Specifically, 5-year OS and DFS rates were
54% and 37.5%, respectively, and 10-year OS remained as high as 43%, indicating durable
long-term survival in a substantial proportion of patients. Conversely, the PCI > 6 group
showed 5-year OS and DFS rates of 6.6% and 0%, respectively, with no survivors at
10 years. Median OS was 64 months for PCI ≤ 6 versus 29 months for PCI > 6 (log-rank
p = 0.007), and median DFS was 30 versus 7 months (log-rank p = 0.0002).

PRFS followed a similar pattern, with patients in the PCI ≤ 6 group showing a median
PRFS of 26 months compared to 8 months in the PCI > 6 group (log-rank p = 0.0002). These
differences underscore the central prognostic role of PCI in determining both oncologic effi-
cacy and durability of disease control following CRS and HIPEC. Notably, no patients with
PCI > 6 remained disease-free at 5 years, further emphasizing the challenge of achieving
long-term control in extensive peritoneal disease despite complete cytoreduction.

Beyond the global PCI score, we identified that, in oligometastatic, the involvement of
specific regions carried additional prognostic relevance. Notably, Q3, corresponding to the
left upper quadrant, was independently associated with both decreased DFS and increased
risk of peritoneal recurrence. In the PCI ≤ 6 subgroup, Q3 involvement was significantly
associated with recurrence in univariate analysis (p = 0.031; 95% CI: 1.12–11.67) and retained
strong significance in multivariate models for both DFS (p = 0.005; 95% CI: 1.76–26.76) and
PRFS (p = 0.005; 95% CI: 2.31–120.06). The association between Q3 involvement and poorer
peritoneal recurrence-free survival, although counterintuitive compared to the commonly
reported predominance of right diaphragmatic disease, may be related to the greater
technical complexity of exploring the left upper quadrant during CRS. The splenic recess
and left subphrenic space are anatomically constrained areas where microscopic nodules
may be more easily missed to avoid splenic injury. Quadrants 7 and 8, which include
the right lower quadrant and the right colic gutter respectively, also emerged as relevant
prognostic indicators in the low-PCI group. In univariate analysis for PRFS, Q7 and Q8
involvement were both significantly associated with increased risk of peritoneal relapse
(Q7: p = 0.048; 95% CI: 1.01–11.18; Q8: p = 0.043; 95% CI: 1.04–16.02). Multivariate analysis
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confirmed Q7 as an independent predictor (p = 0.047; 95% CI: 1.02–31.78), while Q8 retained
borderline significance (p = 0.077; 95% CI: 0.85–22.51), suggesting a potential prognostic
trend that may warrant further exploration.

The observed predilection of Q8 involvement may also be partly explained by the
higher frequency of mucinous and signet-ring cell histologies originating from right-sided
colorectal primaries, which tend to disseminate along the right paracolic gutter toward
this region.

After applying the BH-FDR correction across all 13 quadrant-wise tests within the
PCI ≤ 6 subgroup, no associations reached formal statistical significance in the univariable
analyses. For DFS, the lowest adjusted p-value was observed for Q3 (q = 0.41), whereas
for PRFS, the lowest q-values were found for Q3, Q7, and Q8 (q = 0.26 each). In the
multivariable PRFS model including these three quadrants, Q3 involvement remained sig-
nificant after FDR adjustment (q = 0.016), while Q7 (q = 0.071) and Q8 (q = 0.077) displayed
borderline trends. These results support the presence of a reproducible signal for Q3 in-
volvement in oligometastatic patients, suggesting that even within this favorable subgroup,
the anatomical distribution of peritoneal disease may influence recurrence dynamics and
contribute to further risk stratification. Nevertheless, all findings should be interpreted
cautiously within the exploratory, hypothesis-generating framework of this pilot study.
Involvement of these specific quadrants, particularly Q3 and Q7, may reflect areas more
prone to microscopic residual disease or less amenable to complete cytoreduction, despite
achieving CC-0 status. This observation aligns with prior hypotheses [19] suggesting that
not all peritoneal regions carry the same prognostic weight. Localization, especially in
areas involving intestinal or pelvic structures, may affect both the technical complexity of
resection and the likelihood of recurrence. However, most existing studies have focused
primarily on total PCI rather than the prognostic implications of its anatomical subcom-
ponents. Our findings that certain quadrants may be associated with poorer outcomes in
patients with low disease burden suggest a potential refinement in the prognostic relevance
of peritoneal tumor distribution, warranting further investigation.

In contrast, among patients with PCI > 6, no quadrant-specific associations emerged
for survival or recurrence, indicating that in widespread disease, the influence of anatomical
site is likely eclipsed by total tumor burden. Systemic disease control may be the primary
driver of outcomes in advanced-stage presentations, whereas the impact of local tumor
distribution becomes more relevant in patients with limited disease.

KRAS mutation showed a borderline association with improved OS in univariate
analysis but was not retained in multivariable models. The high proportion of missing
molecular data limits our ability to draw definitive conclusions.

These observations are hypothesis-generating and require confirmation in larger,
prospective cohorts with standardized quadrant mapping and pathology.

Should future studies validate these findings, the concept of quadrant-specific prog-
nostic assessment could contribute to refining patient selection or guiding operative
planning. However, no changes in current surgical practice can be inferred from this
exploratory analysis.

The study benefits from a homogeneous, single-institution cohort treated under stan-
dardized protocols with long-term follow-up, but several limitations temper inference. The
limited sample size, particularly within the PCI ≤ 6 subgroup, and the large number of
quadrant-wise comparisons inherently increase the risk of both type I and II errors across
multiple quadrant-wise tests. The retrospective design may introduce selection bias. Group-
ing rectal primaries with left-sided colon tumors, although anatomically pragmatic, may
blur biological differences specific to rectal disease. Residual confounding by treatment tim-
ing and prior surgery is also possible. Molecular profiling was incomplete for a substantial
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proportion of patients, reducing the power to detect associations between genotype and
outcome. Although the inclusion period spans two decades, the CRS and HIPEC protocols
remained largely unchanged over time; however, era-related improvements in systemic
therapy or perioperative management cannot be entirely excluded and are acknowledged
as a potential limitation.

The findings should therefore be regarded as preliminary signals consistent with
a pilot, hypothesis-generating analysis rather than definitive associations. These results
specifically pertain to colorectal peritoneal metastases, as other primary tumors (e.g., gastric
or ovarian) exhibit distinct biological behavior, dissemination patterns, and prognostic
trajectories, and extrapolation beyond this histologic context should therefore be avoided.

These limitations underscore the need for validation in larger, preferably multicenter
cohorts with adequate representation of non-adenocarcinoma histologies and pre-specified,
flow-based hypotheses to enable a more definitive assessment of pattern-phenotype rela-
tionships and to clarify the role of prophylactic resection.

5. Conclusions
In colorectal peritoneal metastasis treated with CRS + HIPEC, PCI remains the dom-

inant prognostic determinant, with PCI ≤ 6 associated with durable disease control and
PCI > 6 with poor long-term outcomes. Within the oligometastatic subset, however, the
anatomical distribution of disease added prognostic information: involvement of specific
regions, particularly Q3 and Q7, correlated with inferior DFS and higher risk of peritoneal
relapse, while Q8 showed a borderline signal and a small, exploratory histology-related
difference. No quadrant effects were observed in PCI > 6, consistent with outcomes being
driven primarily by overall tumor burden in extensive disease. These findings support
a biologically grounded view of peritoneal spread shaped by fluid flow and regional sta-
sis, and they raise the hypothesis that quadrant-directed operative planning might refine
selection and local control in oligometastatic candidates. In selected high-risk regions,
evaluation of prophylactic peritonectomy despite the absence of macroscopic deposits
could be considered in prospective studies, provided oncologic benefit and acceptable
morbidity are demonstrated. Given the retrospective design, small group sizes with sparse
cells, incomplete molecular profiling, and the pragmatic grouping of rectal with left-sided
primaries, validation in larger, preferably multicenter cohorts with standardized quadrant
mapping, adequate representation of non-adenocarcinoma histologies, and pre-specified
flow-based hypotheses is warranted.
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