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ABSTRACT 
Background.  Selection of colorectal cancer patients with 
concomitant peritoneal (PM) and liver metastases (LM) for 
radical treatment with cytoreductive surgery (CRS), includ-
ing liver resection and hyperthermic intraperitoneal chemo-
therapy (HIPEC), needs improvement. This retrospective, 
monocentric study was designed to evaluate the predictive 
factors for early recurrence, disease-free survival (DFS), and 
overall survival (OS) in such patients treated in a referral 
center.
Methods.  Consecutive colorectal cancer patients with 
concomitant LM and PM treated with curative intent with 
perioperative systemic chemotherapy, simultaneous com-
plete CRS, liver resection, and HIPEC in 2011–2022 were 
included. Clinical, radiological (before and after preopera-
tive chemotherapy), surgical, and pathological data were 
investigated, along with long-term oncologic outcomes. 
A multivariate analysis was performed to identify predic-
tive factors associated with early recurrence (diagnosed <6 
months after surgery), DFS, and OS.

Results.  Of more than 61 patients included, 31 (47.1%) had 
pT4 and 27 (40.9%) had pN2 primary tumors. Before pre-
operative chemotherapy, the median number of LM was 2 
(1–4). The median surgical PCI (peritoneal carcinomatosis 
index) was 3 (5–8.5). The median DFS and OS were 8.15 
(95% confidence interval [CI] 5.5–10.1) and 34.1 months 
(95% CI 28.1–53.5), respectively. In multivariate analysis, 
pT4 (odds ratio [OR] = 4.14 [1.2–16.78], p = 0.032]) and 
pN2 (OR = 3.7 [1.08–13.86], p = 0.042) status were inde-
pendently associated with an early recurrence, whereas ret-
roperitoneal lymph node metastasis (hazard ratio [HR] = 
39 [8.67–175.44], p < 0.001) was independently associated 
with poor OS.
Conclusions.  In colorectal cancer patients with concomi-
tant PM and LM, an advanced primary tumor (pT4 and/or 
pN2) was associated with a higher risk of early recurrence 
following a radical multimodal treatment, whereas RLN 
metastases was strongly detrimental for OS.

Keywords  Colorectal peritoneal metastases · 
Liver metastases · Colorectal cancer · Hepatectomy · 
Cytoreductive surgery · Hyperthermic intraperitoneal 
chemotherapy

Colorectal cancer ranks third in terms of incidence 
worldwide and second in terms of mortality.1 Half of these 
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patients present with metastases at diagnosis, sometimes 
multifocal.2,3 Their location impacts survival; peritoneum 
is associated with the worst prognosis.4 The advent of effec-
tive systemic chemotherapy regimens, the development of 
minimally invasive ablative therapies, and the improvement 
of imaging, surgical techniques, and perioperative manage-
ment extended the boundaries of resecability while improv-
ing the control of the residual microscopic disease, leading 
to prolonged survival.5–10 These strategies, based on com-
plete surgical resection, have been reinforced by the locore-
gional administration of chemotherapy with techniques, 
such as hepatic intra-arterial infusion and hyperthermic 
intraperitoneal chemotherapy (HIPEC).11,12 This strategy, 
developed to treat oligometastatic colorectal cancer patients 
with curative-intent, has been detailed in the ESMO rec-
ommendations.13 Briefly, patients with a limited number 
of metastases according to precise workup, responding to 
systemic chemotherapy, requiring a resection with predicted 
low rate of severe morbidity and managed in an expert center 
could be considered for a radical strategy prone to improve 
long-term outcomes. Thus, patient selection is crucial.14

The existence of both peritoneal and liver metastases (PM 
and LM) from colorectal cancer has long been seen as a 
contraindication to curative-intent treatment.15,16 Later, the 
safety of the synchronous treatment of PM and LM, combin-
ing complete peritoneal cytoreductive surgery (CRS), liver 
resection, and HIPEC, was compared to the outcomes of 
patients treated for PM only, with contradictory results.17–20 
Nevertheless, this strategy appeared feasible in a selected 
population, because median overall survival (OS) could 
range from of 13 to 36 months and severe postoperative 
complication rates from 27 to 56%.21,22 These results com-
pared favorably with nonoperative treatment strategy, based 
on systemic treatments only, whose OS was evaluated at 12.3 
months.4 However, no randomized trials directly compared 
these two approaches.21,22 Although these results are encour-
aging, the recurrence rate (67–73%) following complete 
resection remains high.22 Of note, besides the postoperative 
risk, a primary concern is the risk of an early recurrence 
(occurring in less than 6 months). It is associated with a 
significant negative psychological impact, because patients 
may perceive it as treatment futility.23 Predicting patients 
at high risk of early recurrence is thus a crucial stake in 
the management of multifocal metastatic disease. There is a 
lack of accurate criteria in the literature as some studies had 
few patients, short-term follow-up, or inclusion of patients 
treated before 2000.18,24–26

The purpose of this retrospective, monocentric study was 
to evaluate clinical, radiological, surgical, and histopatho-
logic risk factors for early recurrence in a selected cohort 
of patients treated simultaneously with curative intent for 
PM and LM by CRS, including liver resection, HIPEC, and 
perioperative systemic chemotherapy.

MATERIAL AND METHODS

This study was performed according to the ethical 
standards of the World Medical Association Declaration of 
Helsinki and approved by the Institutional Review Board 
of the Hospices Civils de Lyon. The informed consent 
requirement was waived by the ethics committees based 
on the nature of this retrospective study, in which patient 
data were kept confidential.

Population

All patients treated for PM and LM were reviewed. 
The inclusion criteria were patients with synchronous or 
metachronous PM and LM from colorectal cancer treated 
surgically in our center between January 2011 and Janu-
ary 2022 by synchronous CRS, liver-directed treatment, 
HIPEC, and perioperative chemotherapy. These surgical 
strategies had been validated by a multidisciplinary meet-
ing using clinical, biological, and radiological data. The 
exclusion criteria were: patients treated consecutively for 
PM and LM, concomitant extralymphatic, extraperito-
neal and extrahepatic metastases, those with prophylactic 
HIPEC, with CRS without HIPEC, with previous CRS 
(with or without HIPEC), and patients with nonavail-
able imaging (performed >1 month before initiation of 
neoadjuvant chemotherapy or >1 month before curative 
surgery), or uninterpretable examination because of poor 
image quality.

Data Screening

Pathologic and molecular data of the primary tumor 
and details of pre- and postoperative chemotherapy were 
collected. The synchronous or metachronous status of liver 
and peritoneal metastases and the existence of retroperi-
toneal lymph nodes suspected to be invaded at diagnosis 
were reviewed. A metastasis was considered synchronous 
if it was present or appeared within 6 months after the 
discovery of the primary cancer.

Imaging Screening

A thoraco-abdomino-pelvic CT at the portal phase was 
performed at baseline, before chemotherapy and during 
follow-up. A board-certified radiologist with 15 years of 
experience in gastrointestinal oncology imaging (PR) and 
a board-certified radiologist with 5 years of experience 
(RG) analysed the images by consensus (Centricity Uni-
versal Viewer, General Electric Healthcare). Liver MRI 
scans were not performed routinely, only in select cases of 
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doubt regarding the liver CT. These MRI scans were not 
analysed for this study.

The total number of LM and of involved liver segments 
and the size of the largest LM were evaluated at baseline 
(before) and after preoperative chemotherapy by cross-sec-
tional imaging. The size of the largest LM was measured 
in the axial plane in millimetres at the portal phase. The 
RECIST 1.1 guidelines were used to assess the response 
of LM to chemotherapy, between baseline and preoperative 
CT scans.27 The burden score was calculated as previously 
reported.28 Disappearing LM following preoperative chemo-
therapy also were recorded. Regarding PM, the radiologi-
cal peritoneal carcinomatosis index (PCI) was calculated at 
baseline and after preoperative chemotherapy by using a free 
dedicated software PROMISE.29

Surgery

The surgical treatment of LM and PM was performed 
simultaneously for all patients. Liver resection was consid-
ered major if it involved three or more hepatic segments. 
The PM extension was quantified using to the PCI.30 Intra-
operative thermal ablation was used as an adjunct in patients 
where complete resection leaving adequate remnant liver 
was impossible or when maximal parenchymal sparing sur-
gery was desired. When retroperitoneal lymph node (RLN) 
invasion was suspected, based on a small lymph node axis 
>10 mm on CT and/or hypermetabolism on the PET scan-
ner, radical para-aortic lymphadenectomy was performed.

The PM were resected with the intention of complete 
removal of macroscopic lesions by combining peritonecto-
mies and organ resections. The CRS radicality was defined 
according to the completeness of cytoreduction (CC) score: 
CC-0, no macroscopic residual tumor; CC-1, residual tumor 
<2.5 mm, residual tumor between 3.5 mm and 25 mm; CC-3, 
residual tumor >25 mm.31 HIPEC using the closed abdomen 
technique was performed intraoperatively with a continuous 
flow at 800–1200 mL/min at 41–43 °C and 10–15 mmHg of 
intraperitoneal pressure. Main protocols were: mitomycin 
C 35 mg/m2 in 3 fractions for 90 min, cisplatin 100 mg/m2 
in 3 fractions for 90 min, and oxaliplatin 360–460 mg/m2 
during 30 min with concomitant intravenous 5-FU.

The postoperative complications were graded according 
to the Clavien-Dindo Classification.32 Complications graded 
≥III were considered as major complications. Postoperative 
complications and death were defined as occurring within 90 
days after surgery or until hospital discharge.

Pathologic Analysis

For LM, resection margins were reported as microscopi-
cally >1 mm (R0) or ≤1 mm (R1). A complete pathologi-
cal response was considered when no evidence of residual 

tumor was found in the surgical specimen. Major response 
was considered in LM and PM if necrosis and/or fibrosis 
predominated over tumoral tissue, and minor response was 
considered if tumor predominated over necrosis and/or fibro-
sis (≥50%).

Follow‑up

Patients were followed by using clinical examination, 
serum tumor marker measurements, abdomino-pelvic, and 
chest CT scan every 3 months during the first 2 years and 
then every 6 months for the 3 years thereafter. If recurrence 
was suspected, positron emission tomography and/or liver 
biopsy were performed. The disease-free survival (DFS) was 
defined as the time from surgery to the first disease recur-
rence. The sites of first recurrence were recorded and clas-
sified as liver, peritoneum, lung, lymph node, and/or bone. 
The date of last follow-up and the date of death also were 
recorded. The OS was defined as the time from the date of 
surgery to the date of death or last follow-up.

Statistics

Patient and disease characteristics were described by 
using categorical and continuous variables. Categorical 
variables were reported as number with corresponding per-
centage and compared with the chi-test or Fisher’s test, as 
appropriate. Continuous variables were reported as median 
with corresponding interquartile range and compared with 
Wilcoxon test. Factors associated with an early recurrence 
were identified through uni- and multivariate analyses using 
a logistic regression model with odds ratio (OR) and 95% 
confidence intervals (95% CI). Survivals were estimated 
by using the Kaplan-Meier method and compared with the 
log-rank test. Corresponding uni- and multivariate analyses 
were performed by using a Cox’s model regression with haz-
ard ratio (HR) and 95% confidence interval (CI). Statistical 
significance was considered for p < 0.05. Statistical analy-
ses were performed by using R software (4.2.2 version). 
Kaplan-Meier curves were used with GraphPad software 
(8.4.2 version).

RESULTS

Patient Characteristics

Patients characteristics are detailed in Table 1. Between 
January 2011 and January 2022, from 91 patients screened 
for inclusion, 66 matched the selection criteria (Fig. 1). 
The median age was 59.7 (range 52.8–69.6) years, and 17 
(25.8%) patients had a right-sided colon cancer. The primary 
tumors were treated in emergency in 13 (19.4%) patients; 
31 (47.1%) primary were pT4 and 27 (40.9%) were pN2. 
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The KRAS, BRAF, and MMR status were available in 65 
(97%), 62 (94%), and 48 (82.7%) patients, respectively. 
Among them, 33/66 (50%) patients had KRAS mutation, 
7/66 (10.6%) had BRAF mutation, and 1/66 (1.5%) patients 
had microsatellite instability (MSI)-high status.

Regarding preoperative chemotherapy, oxaliplatin-based 
regimen was chosen in 27/66 (40.9%) patients, in combina-
tion with targeted therapy in 43/66 (65.2%) patients. The 
median number of preoperative chemotherapy cycles was 5 
(range 4–6).

Imaging

Imaging characteristics are detailed in Table 2. The LM 
involvement was bilobar in 21/66 (31.3%) patients. The 
median number of LM was 2 (range 1–4) in a median of 
2 (range 1–4) liver segments. The median diameter of the 
largest lesion was 22 (range 12–31) mm. The median tumor 
burden score was 3.3 (range 2.4–5.2).

After preoperative chemotherapy, the median number of 
LM was 2 (range 1–3.5), and the median diameter of the 
largest lesion was 14 (range 9–25) mm (Sup. Fig. 1). Median 
tumor burden score was 2.7 (range 2.1–4.5). Two (3.0%) 
patients had a complete response, 33(50.0%) patients had a 
partial response, and 27(40.9%) patients had stable disease, 
whereas 4(6.1%) patients exhibited LM progression. At least 
one LM disappeared in 17/66 (25.8%) patients after preop-
erative chemotherapy. At baseline, the median radiological 
PCI was 4 (range 2–6) and 3 (range 2–4.5) after preoperative 
chemotherapy.

Surgery

Patient’s operative details are presented in Table  3. 
Major hepatectomy was performed in four (6.1%) patients, 
17 (25.8%) patients had simultaneous thermal ablation dur-
ing liver surgery, and one (1.5%) patient had thermal abla-
tion alone. The median surgical PCI was 3 (range 5–8). The 
Spearman’s correlation between surgical and the radiological 
preoperative PCI was 0.83 (range 0.73–0.89). The median 
duration of procedure was 360 (range 273–390) min, and 

TABLE 1   Baseline characteristics of the study population

Variable Total N = 66

Age (yr)a 59.7 (52.8–69.6)
Gender (male), n (%) 31 (47.0)
ASA score, n (%)
 I 15 (22.7)
 II 44 (66.7)
 III 6 (9.1)
 IV 1 (1.5)

BMI (kg/m2)a 25.1 (21.7–29)
Location of primary, n (%)
 Right colon 17 (25.8)
 Left colon 44 (66.7)
 Rectum 3 (4.5)
 Transverse colon 2 (3.0)

Emergency treatment of primary, n (%) 13 (19.4)
Primary tumor differentiation, n (%)
 Adenocarcinoma
  Poorly differentiated 16 (24.2)
  Moderately differentiated 38 (57.6)
  Well differentiated 3 (4.5)
  Mucinous 8 (12.1)
  Adenosquamous 1 (1.5)

Mutations, n (%)
KRAS mutation
 Yes 33 (50.0)
 No 32 (48.4)
 Unkown 1 (1.5)

BRAF mutation
 Yes 7 (10.6)
 No 55 (83.4)
 Unkown 4 (6.0)

MMR status
 MSI 1 (1.5)
 MSS 47 (71.2)
 Unkown 18 (27.3)

Metastases, n (%)
Synchronous LM 52 (78.8)
Synchronous PM 38 (57.6)
pT stage of primary, n (%)
 pT1 1 (1.5)
 pT2 3 (4.5)
 pT3 29 (43.9)
 pT4 31 (47.1)

Unknown 2 (3.0)
pN stage of primary, n (%)
 pN0 17 (25.8)
 pN1 22 (33.3)
 pN2 27 (40.9)

Preoperative chemotherapy regimen, n (%)
 Oxaliplatin-based regimen 27 (40.9)
 Irinotecan-based regimen 22 (33.3)

Table 1   (continued)

Variable Total N = 66

 Oxaliplatin and irinotecan-based regimen 17 (25.8)
 Associated target therapy 43 (65.2)

No. preoperative cyclesa 5 (4–6)

ASA American Society of Anesthesiologists; BMI body mass index; 
IQR interquartile range; MMR mismatch repair; MSI microsatellite 
instability; MSS microsatellite stability; pT pathological tumor stage; 
pN pathological nodal stage
a Values expressed as median (IQR)
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the median blood loss was 300 (range 100–800) mL. The 
CRS was rated CC-0 and CC-1 respectively in 63 (95.4%) 
and three (4.6%) patients. There were no in-hospital deaths.

Complications occurred in 46 (69.7%) patients; 17 
(25.8%) had major complications (Table 3). Regarding the 
HIPEC regimen used, 30.6%, 0, and 23.1% of the patients 
treated with mitomycin, cisplatin, or oxaliplatin-HIPEC pre-
sented severe complications, respectively. Of note, 12 of the 
19 patients who had severe complications (70.6%) started 
adjuvant chemotherapy (4 following oxaliplatin-HIPEC and 
8 mitomycin-HIPEC), whereas 36/49 (73.5%) patients with 
no severe postoperative events did.

Regarding histopathologic liver analysis, seven (10.8%) 
resections were considered R1. Complete response was seen 

in eight (12.3%) patients regarding LM, 19 (28.8%) patients 
regarding PM, and four (6.1%) patients regarding both LM 
and PM. Of the 23 (34.8%) patients with lymph node dis-
section, five had infrarenal retroperitoneal RLN metastatic 
invasion.

Oncologic Outcomes

After a median follow-up time of 32.5 (range 18.5–48.5) 
months, 56 (84.8%) patients had recurrence. The first 
recurrence location was liver (n = 30), lung (n = 24), peri-
toneum (n = 21), bone (n = 7), and lymph node (n = 4). 
Twenty-five (37.9%) experienced a recurrence in multiple 
sites. The median DFS was 8.2 months (95% CI 5.5–10.1), 

FIG. 1   Study population. Total 
of 91 patients were identified, 
and 66 were included. CRS 
cytoreductive surgery; HIPEC 
hyperthermic intraperitoneal 
chemotherapy; LM liver metas-
tases; PM peritoneal metastases

Patients treated for PM and LM from
January 2011 to March 2022
 (n = 91)

Patients by simultaneous liver resection,
CRS and HIPEC

(n = 66)

Patients excluded (n = 25)

Discontinued peritoneal and liver surgery n = 9•
•
•
•
•
•
•

Prophylactic HIPEC n = 7
Lung metastases at diagnosis n = 4
Previous CRS + HIPEC n = 2
CRS without HIPEC n = 1
Imaging not available n = 1
No neoadjuvant chemotherapy n = 1

TABLE 2   Imaging data of the 
study population before and 
after preoperative chemotherapy

PCI peritoneal carcinomatosis index; RECIST Response Evaluation Criteria in solid tumors; TBS tumor 
burden score
a Values expressed as median (IQR)

Variable Total N = 66

Bilobar involvement, n (%) 21 (31.3)
Diameter of largest lesion (mm) at baselinea 22 (12–31)
Diameter of largest lesion (mm) after preoperative chemotherapya 14 (9–25)
No. involved segmentsa 2 (1–4)
No. lesions before preoperative chemotherapya 2 (1–4)
No. lesions after preoperative chemotherapya 2 (1–3.5)
TBS before preoperative chemotherapya 3.3 (2.4–5.2)
TBS after preoperative chemotherapya 2.7 (2.1–4.5)
RECIST 1.1 evaluation after preoperative chemotherapy, n (%)
 Complete response 2 (3.0)
 Partial response 33 (50)
 Stable disease 27 (40.9)

Progression disease 4 (6.1)
Radiological PCI before preoperative chemotherapya 4 (2–6)
Radiological PCI after preoperative chemotherapya 3 (2–4.5)
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and the median OS was 34.1 months (95% CI 28.1–53.5) 
(Fig. 2). The 1-year, 3-year, and 5-year OS rates were 
84.5%, 49.7%, and 29.3%, respectively.

Twenty-three (34.8%) patients had early recurrence (<6 
months), in which the median time to recurrence was four 
(range 2–5) months. Ten (15.1%) patients did not have 
recurrence with a median follow-up time of 49 months. All 

TABLE 3   Surgical and oncological outcomes of the study popula-
tion

Variable Total N = 66

Surgical technique, n (%)
 Major resection 4 (6.1)
 Minor resection 61 (92.4)
 Thermal ablation alone 1 (1.5)
 Associated thermal-ablation 17 (25.8)
 Associated lymph node dissection 23 (34.8)
 Surgical PCIa 3 (5–8)
 Blood loss (cc)a 300 (100–800)

90-day postoperative complications, n (%)
 0 20 (30.3)
 I 4 (6.1)
  Post-operative ileus 4

 II 25 (37.9)
  Red blood cell transfusion 4
  Post-operative antibiotherapy 21

 IIIa 9 (13.6)
  Hematuria - irrigation 1
  Abdominal collection - radiological drainage 8

 IIIb 6 (9.1)
  Anastomotic fistula 5
  Abdominal evisceration 1

 IVa 2 (3.0)
  Acute respiratory distress/pleural effusion 1
  Septic shock/anastomotic fistula 1

 V 0(0)
Type of complication, n (%)
 Gastrointestinal 30 (45.4)
 Infectious 20 (30.3)
 Haemorrhagic 7 (10.6)
 Respiratory 1 (1.5)
 Other 8 (12.1)

Chemotherapy for HIPEC, n (%)
 Mitomycin 36 (54.5)
  With severe complication 11 (30.6)

 Cisplatin 4 (6.1)
  With severe complication 0

 Oxaliplatin 26 (39.4)
  With severe complication 6 (23.1)

Completeness of cytoreduction, n (%)
 CC-0 63 (95.4)
 CC-1 3 (4.6)

Liver resection status, n (%)
 R1 7 (10.8)
 R0 58 (89.2)

Lymph node metastasis, n (%) 7 (10.6)
 Retroperitoneal lymph node 5 (7.6)
 Glissonean pedicle lymph node 2 (3.0)

Histological response on liver, n (%)
 Minor response 29 (44.6)

Complications were graded according Clavien-Dindo classification
a Values expressed as median (IQR)
b Values expressed as median (95% CI)
CC completeness of cytoreduction; HIPEC hyperthermic intraperito-
neal chemotherapy; ICU intensive care unit; CI confidence interval; 
IQR interquartile range; PCI peritoneal carcinomatosis index

Table 3   (continued)

Variable Total N = 66

 Major response 28 (43.1)
Complete response 8 (12.3)
 Histological response on PM, n (%)
 Minor response 34 (51.5)
 Major response 13 (19.7)
 Complete response 19 (28.8)

Operation time (min)a 360 (273–390)
Hospital stay (days)a 18 (13-27)
ICU stay (days)a 1.5 (1–3)
Adjuvant chemotherapy, n (%) 47 (71.2)
Adjuvant chemotherapy regimen, n (%) n=47
 Oxaliplatin-based regimen 26 (55.3)
 Irinotecan-based regimen 18 (38.3)
 Oxaliplatin and irinotecan-based regimen 3 (6.4)

Associated target therapy 21 (44.7)
No. adjuvant chemotherapy cyclesa 6 (4–7)
Follow-up (months) a 32.5 (18.5–48.5)
Survival, n (%)
 Disease-free survival (months)b 8.2 (5.5–10.1)
 Overall survival (months)b 34.1 (28.1–53.5)
 1-year survival 56 (84.5)
 3-year survival 27 (49.7)
 5-year survival 8 (29.3)
 Recurrence 56 (84.8)

Recurrence site, n (%)
 Liver 30 (45.4)
 Lung 24 (36.4)
 Peritoneum 21 (31.8)
 Bone 7 (12.5)
 Lymph node 4 (7.0)

Treatment of first recurrence, n (%)
 Surgery 15 (26.8)
 Thermal ablation 9 (16.1)
 Chemotherapy 42 (75.0)
 Radiotherapy 6 (10.7)
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five patients with RLN metastasis had an early recurrence 
(<6 months) and died within 12 months after surgery.

Prognostic Factors

Prognostic factors were analysed in Table 4. There was no 
difference regarding OS, DFS and early recurrence for age 
>70, ASA score ≥2, gender, emergency treatment of pri-
mary, KRAS mutation, synchronous, mucinous tumor, previ-
ous liver surgery, objective response according to RECIST, 
bilobar involvement, postoperative chemotherapy, and length 
of intensive care unit stay >7 days.

Early Recurrence
Among studied factors, pT4 primary status (OR = 3.16 

[range 1.12–9.48], p = 0.033), pN2 status (OR = 3.59 [range 
1.27–10.73], p = 0.018), the number of involved liver seg-
ments (OR = 3.37 [range 1.1–10.72], p = 0.035), tumor bur-
den score >3 (OR = 4.53 [range 1.42–17.65], p = 0.016), >3 
LM at baseline (OR = 5.61 [range 1.83–18.65], p = 0.003), 
and major complications (OR = 3.69 [range 1.18–14.22], p 
= 0.036) were associated with early recurrence. In multivari-
ate analysis, pT4 status (OR = 4.14 [range 1.2–16.87], p = 
0.032) and pN2 status (OR = 3.7 [range 1.08–13.86], p = 
0.042) were independently associated with early recurrence. 
Patients with pT4N2 status had a significant poorer median 
DFS compared with other patients (5 vs. 10 months, p < 
0.05) (Fig. 3A).

Disease‑free Survival
Synchronous LM (HR = 2.37 [range 1.19–4.72], p = 

0.014), synchronous PM (HR = 2 [range 1.12–3.56], p = 

0.019), number of involved segments >3 (HR = 1.91 [range 
1.04–3.49], p = 0.04), tumor burden score >3 (HR = 2.14 
[range 1.18–3.86], p = 0.01), surgical PCI >12 (HR = 2.78 
[range 1.15–6.74], p = 0.02), RLN metastasis (HR = 4.87 
[range 1.75–13.58], p < 0.001) were associated with poorer 
DFS. In the multivariate analysis, RLN metastasis (HR = 
3.11 [range 1–9.66], p = 0.05) were closed to be indepen-
dently associated with poorer DFS.

Overall Survival
In univariate analysis, tumor burden score >3 (HR = 

2.78 (range 1.39–5.58), p < 0.001), RLN metastases (HR = 
26.05 (range 6.62–102.45), p < 0.001), >3 LM at baseline 
(HR = 2.02 (range 1.06–3.88), p = 0.03) were associated 
with poor OS. In multivariate analysis, RLN metastasis (HR 
= 39 [range 8.67–175.44], p < 0.001) were independently 
associated with poor OS. The 22 (33.3%) patients with PCI 
>12 and/or LM >3 had an overall median survival of 24 
months, whereas the 44 (66.6%) patients with PCI ≤12 and 
LM ≤3 had a median overall survival of 45 months (p < 
0.001) (Fig. 3B).

DISCUSSION

The retrospective analysis of this cohort of metastatic 
colorectal cancer patients showed that patients with locally 
advanced primary tumors (pT4 and/or pN2) were signifi-
cantly associated with an increased risk of early recurrence 
following a comprehensive radical treatment combining 
perioperative chemotherapy, complete CRS, liver resection, 
and HIPEC. In parallel, RLN metastasis was confirmed as a 
strong predictive factor for poor DFS and OS.

100

80

60

40

20

0
0 12 24 36

Months elapsed

O
ve

ra
ll 

su
rv

iv
al

48 60 72 84 96

0 12 24 36 48 60 72 84 96

66

Number at risk

62 56 27 19 8 3 3 3

100

80

60

40

20

0
0 6 12 18

Months elapsed

D
is

ea
se

-f
re

e 
su

rv
iv

al

24 30 36 42

0 6 12 18 24 30 36 42

66

Number at risk

42 21 17 12 10 7 6

A B

FIG. 2   Kaplan-Meier curve for overall (A) and disease-free (B) 
survival of the study population (N = 66). The median OS was 34.1 
(95% confidence interval 28.1–53.5) months, and the median DFS 

of the study population was 8.2 (95% confidence interval 5.5–10.1) 
months. DFS disease-free survival; OS overall survival



2385Metastatic Colorectal Cancer Treated with …              

TA
BL

E 
4  

U
ni

va
ria

te
 a

nd
 m

ul
tiv

ar
ia

te
 a

na
ly

si
s C

ox
 re

gr
es

si
on

 fo
r e

ar
ly

 re
cu

rr
en

ce
 (<

6 
m

on
th

s)
, D

FS
, a

nd
 O

S

C
ha

ra
ct

er
ist

ic
s

Ea
rly

 re
cu

rr
en

ce
 (<

6 
m

on
th

s)
D

is
ea

se
-f

re
e 

su
rv

iv
al

O
ve

ra
ll 

su
rv

iv
al

U
ni

va
ria

te
 a

na
ly

si
s

M
ul

tiv
ar

ia
te

 a
na

ly
si

s
U

ni
va

ria
te

 a
na

ly
si

s
M

ul
tiv

ar
ia

te
 a

na
ly

si
s

U
ni

va
ria

te
 a

na
ly

si
s

M
ul

tiv
ar

ia
te

 a
na

ly
si

s

O
R

p
O

R
p

H
R

p
H

R
p

H
R

p
H

R
p 

va
lu

e

A
ge

>
70

0.
13

 [0
.0

1–
0.

75
]

0.
06

1
0.

82
 [0

.3
7–

1.
82

 ]
0.

62
0.

58
 [0

.2
4–

1.
37

 ]
0.

21
A

SA
≥

2
2.

58
 [0

.7
1–

12
.3

6 
]

0.
18

0.
91

 [0
.4

8–
1.

71
 ]

0.
76

1.
14

 [0
.5

5–
2.

39
 ]

0.
72

M
al

e
1.

05
 [0

.3
8–

2.
92

]
0.

92
1.

07
 [0

.6
2–

1.
84

]
0.

81
0.

82
 [0

.4
5–

1.
5]

0.
52

Em
er

ge
nc

y 
tre

at
m

en
t o

f 
pr

im
ar

y

2.
18

 [0
.6

–7
.9

5]
0.

23
1.

85
 [0

.8
6–

3.
96

]
0.

12
0.

86
 [0

.3
8–

1.
94

]
0.

72

pT
4

3.
16

 [1
.1

2–
9.

48
]

0.
03

3*
4.

14
 [1

.2
–1

6.
78

]
0.

03
2*

1.
19

 [0
.2

8–
5.

03
]

0.
06

0.
51

 [0
.1

2–
2.

22
]

0.
11

pN
2

3.
59

 [1
.2

7–
10

.7
3]

0.
01

8*
3.

7 
[1

.0
8 

- 
13

.8
6]

0.
04

2*
1.

14
 [0

.6
7–

1.
94

]
0.

64
0.

95
 [0

.5
–1

.7
9]

0.
87

K
R

A
S 

m
ut

at
io

n
1.

36
 [0

.4
9–

3.
88

]
0.

55
3

0.
93

 [0
.5

3–
1.

63
]

0.
8

1.
09

 [0
.5

9–
2]

0.
78

M
uc

in
ou

s h
ist

ol
-

og
y

3.
7 

[0
.8

2–
19

.6
8]

0.
09

1.
5 

[0
.6

6–
3.

43
]

0.
34

1.
79

 [0
.6

3–
5.

12
]

0.
28

Sy
nc

hr
on

ou
s L

M
2.

29
 [0

.6
2–

11
.0

5]
0.

24
2.

37
 [1

.1
9–

4.
72

]
0.

01
4*

1.
15

[0
.3

8-
3.

51
]

0.
81

1.
36

 [0
.6

5–
2.

85
]

0.
41

Sy
nc

hr
on

ou
s P

M
1.

23
 [0

.4
4–

3.
53

]
0.

69
2 

[1
.1

2–
3.

56
]

0.
01

9*
1.

31
[0

.5
9-

2.
91

]
0.

51
1.

47
 [0

.8
–2

.7
1]

0.
21

Pr
ev

io
us

 li
ve

r 
su

rg
er

y
0.

57
 [0

.1
2–

2.
16

]
0.

43
0.

82
 [0

.4
1–

1.
62

]
0.

56
0.

53
 [0

.2
2–

1.
25

]
0.

15

N
um

be
r o

f 
in

vo
lv

ed
 se

g-
m

en
ts

>
3

3.
37

 [1
.1

–1
0.

72
]

0.
03

5*
1.

02
 [0

.0
4–

10
.8

5]
0.

98
6

1.
91

 [1
.0

4–
3.

49
]

0.
04

*
0.

81
[0

.2
7-

2.
46

]
0.

71
1.

78
 [0

.9
2–

3.
46

]
0.

09

B
ur

de
n 

sc
or

e>
3

4.
53

 [1
.4

2–
17

.6
5]

0.
01

6*
2.

74
 [0

.6
2–

13
.6

8]
0.

19
2

2.
14

 [1
.1

8–
3.

86
]

0.
01

*
1.

25
[0

.4
8-

3.
27

]
0.

65
2.

78
 [1

.3
9–

5.
58

]
<

0.
00

1*
*

2.
31

 [1
–5

.3
3]

0.
05

Su
rg

ic
al

 P
C

I>
12

2.
81

[0
.5

7-
15

.4
7]

0.
2

2.
78

 [1
.1

5–
6.

74
]

0.
02

*
2.

4 
[0

.9
1–

6.
34

]
0.

08
2.

33
 [0

.9
7–

5.
59

]
0.

06
R

LN
 m

et
as

ta
si

s
N

A
0.

99
4.

87
 [1

.7
5–

13
.5

8]
<

0.
00

1*
*

3.
11

 [1
–9

.6
6]

0.
05

26
.0

5 
[6

.6
2–

10
2.

45
]

<
 0

.0
01

**
39

 [8
.6

7–
17

5.
44

]
<

 0
.0

01
**

Li
ve

r l
es

io
ns

>
3 

at
 b

as
el

in
e

5.
61

 [1
.8

3–
18

.6
5]

0.
00

3*
*

3.
33

 [0
.3

4–
75

.3
2]

0.
33

9
1.

78
 [1

–3
.1

8]
0.

05
1.

61
 [0

.5
5–

4.
71

]
0.

39
2.

02
 [1

.0
6–

3.
88

]
0.

03
*

1.
22

 [0
.5

7–
2.

65
]

0.
28

La
rg

es
t L

M
 a

t 
ba

se
lin

e 
>

20
 

m
m

1.
96

 [0
.7

–5
.7

9]
0.

21
1.

7 
[0

.9
7–

2.
98

]
0.

06
1.

59
 [0

.8
5–

2.
99

]
0.

15

R
EC

IS
T 

1.
1 

ob
je

ct
iv

e 
re

sp
on

se

1.
1 

[0
.6

5–
1.

89
]

0.
88

0.
86

 [0
.4

7–
1.

58
]

0.
63

0.
86

 [0
.4

7–
1.

58
]

0.
63

B
ilo

ba
r h

ep
at

ic
 

in
vo

lv
em

en
t

1.
23

 [0
.4

1–
3.

6]
0.

71
1.

23
 [0

.6
9–

2.
18

]
0.

49
1.

34
 [0

.7
1–

2.
51

]
0.

37

M
aj

or
 c

om
pl

ic
a-

tio
ns

 (≥
II

I)
3.

69
 [1

.1
8–

14
.2

2]
0.

03
6*

0.
46

 [0
.1

–1
.8

1]
0.

28
2

1.
61

 [0
.8

9–
2.

91
]

0.
12

1.
41

 [0
.7

2–
2.

76
]

0.
31



2386	 R. Grange et al.

The strategy of treatment of concomitant PM and LM 
from colorectal cancer is controversial.14,22 Among patients 
treated with combined CRS, HIPEC and liver resection, in 
the literature, the median DFS ranged from 5 to 24 months, 
the median OS from 13 to 36.1 months, and the recurrence 
rate from 67% to 73%, in line with the present study (8.2 
months, 34.1 months, and 84.8%, respectively). Among 14 
studies comparing survival outcomes of patients treated for 
combined PM+LM and those treated for PM, five studies 
identified LM as a negative independent prognostic factor 
for OS,16,18,33–35 whereas nine studies reported no significant 
difference between patients with or without LM.36–38 Never-
theless, most studies showed a trend toward poorer clinical 
outcomes for patients treated for PM+LM. The challenge 
facing clinicians is to select good candidates for radical 
treatment, because this combined strategy can lead to signifi-
cant improvements in long-term outcomes compared with 
patients treated with chemotherapy alone or, conversely, to 
inappropriate, aggressive treatments with early recurrence 
and poor OS.39 The identification of factors predictive of 
such early recurrence and OS is therefore fundamental.

In a previous study, we explored the impact of the number 
and types of metastatic sites in selected patients with colo-
rectal cancer PM treated by CRS and HIPEC.40 Survival 
was significantly reduced when patients had three or more 
metastatic sites and in case of RLN invasion, whereas lim-
ited extraperitoneal disease involving one other site did not 
seem to significantly impair the oncologic outcomes.40 In the 
present study, 61 (of 66) patients without RLN had a median 
survival of 38 months, whereas all five patients with RLN 
metastasis had an early recurrence (<6 months) and died 
within 12 months following surgery. Moreover, we found 
a particularly strong association (HR = 39) between RLN 
and poor OS. RLN constitutes a rare metastatic site, found in 
2–6% of colorectal cancer.41,42 Synchronous RLN metastasis 
from colorectal cancer are associated with poor survival out-
comes with a 65.7% 3-year OS and 67% recurrence rate dur-
ing follow-up.43 Surgical resection of colorectal RLN metas-
tasis is associated with a 59–68% 3-year OS, a median OS 
of 25–83 months, and a median DFS of 8.6–36 months.42–44 
The oncological benefit of surgical management of RLNs 
remains controversial.45,46 Conversely, radiotherapy of RLN 
metastasis is a safe option, offers an alternative to surgical 
resection, and can achieve an objective response in >60% of 
patients with isolated RLN metastasis.47,48 To date, no ran-
domized, controlled trials have been performed to compare 
strategies for RLN management; existing studies concern 
isolated RLNs.46–48 It is therefore difficult to have a uniform 
strategy for RLN resection, all the more in cases of multiple 
metastatic sites. CT scans have a high negative predictive 
value (96.6%), a high specificity (94.1%), but low positive 
predictive value (66.7%) and sensitivity (66.7%) to detect 
RLN metastasis from colorectal cancer in the series of Nakai *  St
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et al.49 Generally, a short axis >1 cm is necessary to declare 
RLN as suspicious for metastases.50 However, this cutoff 
does not allow systematic detection of micrometastases,51 
although only 50% of patients with lymph node >1 cm are 
pathologically metastatic.49 Indeed, inflammatory or infec-
tious intercurrent disease during preoperative chemotherapy 
can lead to false positives on imaging, creating a false-neg-
ative prognostic factor. The addition of PET to CT may be 
useful to outrule retroperitoneal metastases in lymph node 
≤10 mm.49 However, the use of PET may delay patient man-
agement. There is currently no conclusive scientific evidence 
available regarding the role of the (18)F-FDG PET/CT in 
RLN exploration.52 Finally, some patients have a complete 
response after preoperative chemotherapy and no residual 
RLN metastasis, as in the present study with 14/19 patients 
who had RLN resection without histological invasion.

In line with RLN metastasis, pT4 (OR = 4.14 [range 
1.2–16.78], p = 0.032) and pN2 (OR=3.7[range 1.08-
13.86] p=0.042) were the main factors of early recurrence 
in the studied population. The pT4 and pN2 primary status 
reflect a locally advanced disease with an associated rate of 
peritoneal recurrence of 55% at 5 years and a poor progno-
sis.53 Furthermore, primary N1-N2 status is independently 
associated with a higher risk of peritoneal recurrence after 
curative colorectal cancer surgery,54 and primary pN2 status 
is associated with impaired OS in colorectal PM patients 
treated with CRS and HIPEC.55 Should these patients be 
treated with curative intent? Despite early recurrence, the 
impact of pT4 or pN2 status on overall survival was not sta-
tistically significant (p > 0.05), in agreement with previous 

literature.26 Thus, radical treatment of recurrences, in that 
selected population with CRS/HIPEC, could be considered 
despite the involvement of two metastatic sites, as long 
as there are no invaded RLN.56 Complementary systemic 
chemotherapy is mandatory with objective response. Moreo-
ver, liver-directed minimal invasive treatments can help to 
prolong the locoregional control.57 Nevertheless, a particular 
importance of close serum tumor markers and postopera-
tive imaging monitoring should be given to these high-risk 
patients during the postoperative period. This would allow 
potential iterative radical treatment of these early recur-
rences. In addition, monitoring with circulating tumor 
DNA and intensification of adjuvant chemotherapy could 
be individually discussed in this high-risk population to treat 
microscopic residual disease and prolong DFS.58

This study showed that having more than three LM on 
baseline imaging was associated with poor OS in univari-
ate analysis. The number of LM was already established 
as a prognostic factor in patients treated for LM alone.59 
It reflects a disease with an aggressive potential, requir-
ing more systemic preoperative chemotherapy to achieve 
resectability, more extensive surgery, with more frequent 
major complications. Downs-Canner et al. concluded in a 
study comparing 32 patients undergoing combined CRS, 
HIPEC, and liver resection and 173 patients undergoing 
CRS and HIPEC alone that simultaneous liver resection 
should be considered for patients with less than three 
lesions.60 Elias et al. showed that the number of lesions 
was an important predictive factor in patients treated with 
HIPEC and/or colorectal LM and included this variable in 
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DFS disease-free survival; PCI peritoneal carcinomatosis index; LM 
liver metastasis; OS overall survival; pT pathological tumor stage; pN 
pathological nodal stage



2388	 R. Grange et al.

a predictive nomogram.61 The surgical PCI is considered 
the most widely used tool to evaluate disease extent in 
peritoneal surface malignancies.62 Although radiological 
PCI may be useful in patient management for surgical 
strategy, CT commonly underestimates the tumor load, 
missing small PM or PM with lack of contrast with adja-
cent structures.63 The OS and the PCI have a strong linear 
relationship.64 In addition, some authors have shown the 
negative impact of PCI >12 and have suggested this cut-
off to select candidates for CRS+HIPEC and LM resec-
tion.34 Alzahrani et al. reported a significantly longer OS 
for patients with PCI ≤7 and LM ≤3.18 The median PCI 3 
(range 5–8) in the present study was relatively low com-
pared with previous retrospective studies, ranging from 7 
to 19, for patients treated by combined CRS, HIPEC and 
liver resection.22 This may explain that the median OS 
of 34.1 (95% CI 28.1–53.5) months in the present study, 
compares favorably with the 13 to 36.1 months of OS pre-
viously reported.22 The 44 (66.6%) patients with PCI ≤12 
and LM ≤3 had a median overall survival of 45 months 
(p < 0.001). These criteria, together with the evidence of 
RLN metastases, have the advantage of being easy to use 
to select the right candidates in clinical practice. The pre-
sent study has some limitations. This is a single-center, 
observational, retrospective study, with biases inherent to 
this type of data recording. The focus on patients engaged 
in a surgical strategy with limited tumor burden induced 
a selection bias excluding patients with extensive meta-
static disease not selected for a radical approach.

These analysis highlight the importance to assess the 
intensity of the systemic disease and its response to pre-
operative chemotherapy in colorectal cancer patients with 
multiple metastatic sites. In particular, patients with sus-
pected RLN in addition to LM and PM must be carefully 
selected for radical treatment. These concurrent metasta-
ses should probably lead to contraindicate these patients, 
unless all the other positive prognostic factors are met: 
favorable clinical criteria (limited number of LM, limited 
PCI, objective morphologic response to chemotherapy…) 
and tumor biology (in particular no BRAF V600E muta-
tion and no P53 co-mutations). The advent of accurate 
circulating tumor DNA monitoring will help to refine 
that selection process. Considering the importance of the 
postoperative systemic treatment in these patients and that 
severe complications slightly decrease the chance to start 
the adjuvant chemotherapy (70.6% vs. 73.5% started adju-
vant chemotherapy in that study), prehabilitation program 
should be mandatory if a radical treatment is decided. The 
role of HIPEC in these patients with intense systemic dis-
ease remains relevant to control the locoregional spread 
of metastases within the peritoneal cavity.

CONCLUSIONS

pT4 and/or pN2 stage is associated with a risk of early 
recurrence in patients treated simultaneously with CRS, liver 
resection, and HIPEC, not necessarily impairing long-term 
outcomes, whereas RLN metastases were strongly associ-
ated with poor survival. Conversely, patients with PCI ≤12 
and LM ≤3 had significantly longer OS. These parameters 
could help to refine the selection of better candidates among 
oligometastatic patients for a radical strategy, whereas future 
studies including circulating tumor DNA will perhaps 
encompass this issue.

SUPPLEMENTARY INFORMATION  The online version con-
tains supplementary material available at https://​doi.​org/​10.​1245/​
s10434-​023-​14840-2.
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