
Vol.:(0123456789)

Ann Surg Oncol 
https://doi.org/10.1245/s10434-023-14417-z

ORIGINAL ARTICLE – PERITONEAL SURFACE MALIGNANCY

Is Systemic Chemotherapy Useful in Patients Treated 
with Cytoreductive Surgery and Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC) for Colorectal Peritoneal Metastases? 
A Propensity‑Score Analysis

Marco Tonello, MD, PhD1, Dario Baratti, MD2, Paolo Sammartino, MD3, Andrea Di Giorgio, MD4, 
Manuela Robella, MD5, Cinzia Sassaroli, MD6, Massimo Framarini, MD7, Mario Valle, MD8, 
Antonio Macrì, MD9, Luigina Graziosi, MD10, Federico Coccolini, MD11,12, 
Piero Vincenzo Lippolis, MD13, Roberta Gelmini, MD14, Marcello Deraco, MD2, Daniele Biacchi, MD3, 
Francesco Santullo, MD4, Marco Vaira, MD5, Katia Di Lauro, MD15, Fabrizio D’Acapito, MD7, 
Fabio Carboni, MD8, Erica Milone, MD16, Annibale Donini, MD10, Paola Fugazzola, MD17, 
Pinuccia Faviana, MD18, Lorena Sorrentino, MD14, Elisa Pizzolato, MD1, Carola Cenzi, MS, PhD1, 
Paola Del Bianco, MS19, and Antonio Sommariva, MD1

1Unit of Surgical Oncology of Digestive Tract, Veneto Institute of Oncology IOV-IRCCS, Padua, Italy; 2Peritoneal Surface 
Malignancy Unit, Dept. of Surgery, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy; 3Cytoreductive 
Surgery and HIPEC Unit, Department of Surgery “Pietro Valdoni”, Sapienza University of Rome, Rome, Italy; 4Surgical 
Unit of Peritoneum and Retroperitoneum, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy; 5Surgical 
Oncology Unit, Candiolo Cancer Institute, Candiolo, Turin, Italy; 6Abdominal Oncology Department, Fondazione 
Giovanni Pascale, IRCCS, Naples, Italy; 7General and Oncologic Department of Surgery, Morgagni – Pierantoni Hospital, 
AUSL Romagna, Forlì, Italy; 8Peritoneal Tumours Unit, IRCCS, Regina Elena Cancer Institute, Rome, Italy; 9Department 
of Human Pathology in Adulthood and Childhood “Gaetano Barresi”, University of Messina, Messina, Italy; 10General 
and Emergency Surgery Department, University of Perugia, Santa Maria Della Misericordia Hospital, Perugia, Italy; 
11General Emergency and Trauma Surgery, Bufalini Hospital, Cesena, Italy; 12General Emergency and Trauma Surgery, 
Pisa University Hospital, Pisa, Italy; 13General and Peritoneal Surgery, Department of Surgery, Hospital University Pisa 
(AOUP), Pisa, Italy; 14General and Oncological Surgery Unit, AOU of Modena University of Modena and Reggio Emilia, 
Modena, Italy; 15Department of Advanced Biomedical Sciences, “Federico II” University, Naples, Italy; 16University 
Hospital “G. Martino”, Messina, Italy; 17General surgery, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy; 
18Pathological Anatomy III, Laboratory Medicine Department, Hospital University Pisa (AOUP), Pisa, Italy; 19Clinical 
Research Unit, Veneto Institute of Oncology IOV-IRCCS, Padua, Italy 

ABSTRACT 
Purpose.  Multimodal treatment of colorectal (CRC) perito-
neal metastases (PM) includes systemic chemotherapy (SC) 
and surgical cytoreduction (CRS), eventually with hyper-
thermic intraperitoneal chemotherapy (HIPEC), in select 

patients. Considering lack of clear guidelines, this study was 
designed to analyze the role of chemotherapy and its timing 
in patients treated with CRS-HIPEC.
Methods.  Data from 13 Italian centers with PM expertise 
were collected by a collaborative group of the Italian Soci-
ety of Surgical Oncology (SICO). Clinicopathological vari-
ables, SC use, and timing of administration were correlated 
with overall survival (OS), disease-free survival (DFS), and 
local (peritoneal) DFS (LDFS) after propensity-score (PS) 
weighting to reduce confounding factors.
Results.  A total of 367 patients treated with CRS-HIPEC 
were included in the propensity-score weighting. Of the 
total patients, 19.9% did not receive chemotherapy within 
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6 months of surgery, 32.4% received chemotherapy before 
surgery (pregroup), 28.9% after (post), and 18.8% received 
both pre- and post-CRS-HIPEC treatment (peri). SC was 
preferentially administered to younger (p = 0.02) and node-
positive (p = 0.010) patients. Preoperative SC is associated 
with increased rate of major complications (26.9 vs. 11.3%, 
p = 0.0009). After PS weighting, there were no differences 
in OS, DFS, or LDFS (p = 0.56, 0.50, and 0.17) between 
chemotherapy-treated and untreated patients. Considering 
SC timing, the post CRS-HIPEC group had a longer DFS 
and LDFS than the pre-group (median DFS 15.4 vs. 9.8 m, 
p = 0.003; median LDFS 26.3 vs. 15.8 m, p = 0.026).
Conclusions.  In patients with CRC-PM treated with CRS-
HIPEC, systemic chemotherapy was not associated with 
overall survival benefit. The adjuvant schedule was related 
to prolonged disease-free intervals. Additional, randomized 
studies are required to clarify the role and timing of systemic 
chemotherapy in this patient subset.

Colorectal cancer (CRC) is the third most prevalent neo-
plasm worldwide, with approximately 2 million new cases 
each year.1 The peritoneum is the second most common site 
of CRC metastasis, presenting after colorectal curative sur-
gery or at diagnosis in 5% of cases.2

Peritoneal metastasis (PM) is a poor prognostic factor, 
and patients with PM have a shorter life expectancy (pro-
gression-free and overall survival, OS), even when com-
pared to stage IV patients with other metastatic sites.3,4

In the past, CRC-PM was considered incurable, and 
palliative chemotherapy was the only appropriate option; 
however, cytoreductive surgery (CRS) with or without 
hyperthermic intraperitoneal chemotherapy (HIPEC) 
is currently being offered to selected patients. Surgi-
cal treatment combined with systemic chemotherapy 
improves overall survival, resulting in a median OS of 
40–43 months.5–7

In cases of resectable CRC-PM, the need for systemic 
chemotherapy or optimal regimens has not been fully deter-
mined. Systemic chemotherapy has been advocated as a 
strategy to prevent or delay recurrence due to the high recur-
rence rate after CRS-HIPEC (up to 40% in the first year).8

Chemotherapy can be administered either as a neoadju-
vant treatment before CRS, as an adjuvant treatment after 
surgery, or as part of a perioperative schedule both before 
and after surgery.9–11 In the absence of consensus, each 
chemotherapy regimen has both advantages (prevention of 
recurrence, treatment of undiagnosed hematogenous micro-
metastases, and possibly improvement in patient selection) 
and disadvantages (potential increase in postoperative com-
plications, delay in surgery, and side effects).10,12 This study 
was designed to analyze the role of systemic chemotherapy 
on the survival outcomes of CRC-PM patients treated with 

radical surgery and HIPEC by using a multicenter database 
of the Italian Society of Surgical Oncology (SICO).

MATERIALS AND METHODS

Study Design and Patients

Data from 13 Italian centers with PM expertise were 
collected by a collaborative group of the Italian Society of 
Surgical Oncology (SICO). All participating centers are 
SICO-accredited referral centers for the surgical treatment 
of patients with peritoneal metastases. The present study 
was approved by the Ethics Committee of the Veneto Insti-
tute of Oncology, IOV Padua, as the responsible center (No. 
194/2019). All enrolled patients were treated in accordance 
with national guidelines for CRC and were selected for 
CRS-HIPEC after multidisciplinary discussion. Race and 
ethnicity data were not recorded. Surgical, preoperative, and 
postoperative treatments have been reported previously.13

Two distinct analyses were performed by dividing 
patients based on the time schedule of systemic chemo-
therapy. The first analysis evaluated two groups: the chem-
otherapy (SC) group receiving treatment within 6 months 
of CRS-HIPEC and the no-SC group. The second analysis 
categorized treated patients into three groups: pre-HIPEC 
chemotherapy, peri-HIPEC chemotherapy, and post-HIPEC 
chemotherapy, using a cutoff period of 6 months from CRS-
HIPEC. Patients who received the last chemotherapy treat-
ment 6 months before CRS-HIPEC (e.g., adjuvant after pri-
mary tumor resection in the case of metachronous PM) or 
started treatment 6 months after CRS-HIPEC were included 
in the “no chemotherapy” group in the first analysis and 
excluded from the second.

Outcomes

Overall survival (OS), disease-free survival (DFS), and 
local (peritoneal), disease-free survival (LDFS) were the pri-
mary endpoints assessed. Overall survival was defined as the 
time from HIPEC to the date of death due to any cause; DFS 
was the time from HIPEC to the date of a local or distant 
relapse or death; and LDFS was the time from HIPEC to 
the date of a local relapse. The last date of observation was 
used to censor patients who did not develop an event during 
the study period.

Statistical Analysis

Baseline characteristics of treatment groups were com-
pared by using Fisher’s exact test for categorical variables 
and the Wilcoxon test for continuous variables. The median 
follow-up time was determined by using the reverse Kaplan-
Meier estimator. Due to the exploratory nature of the study, 
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no formal hypothesis or power sample size calculation was 
undertaken.

Each patient’s propensity score (PS), i.e., the probability 
that a given subject would be assigned to a treatment condi-
tion, was estimated by using a logistic regression model that 
incorporated all confounding factors thought to influence 
both treatment assignment and outcomes. Age at treatment, 
gender (male, female), PCI score (≤ 15, > 15), completeness 
of cytoreduction score (CC0, CC1), primary tumor locali-
zation (colon, rectum, nodal status [N0, N1, N2]), KRAS/
BRAF mutation (wild-type, mutation), the presence of sig-
net ring cells (SRC), presence of major complications, and 
clinical center were the variables included in the PS analysis.

To reduce variability, stabilized weights were calculated 
for each patient by using the propensity score.14 Survival 
curves were generated by using the adjusted Kaplan-Meier 
method with inverse probability weights.15,16 We assigned a 
weight of 1/propensity score to patients who did not receive 
SC and a weight of 1/(1–propensity score) to those who did 
receive SC.17

Hazard ratios (HR) and 95% confidence intervals (CI) 
were derived from weighted Cox proportional-hazards 
regression models, and a robust variance “sandwich” esti-
mator was used to account for the weighted nature of the 
sample. The covariate balance was calculated by using 
standardized differences after propensity-score weighting, 
and covariates were considered well-balanced if the stand-
ardized differences were less than 0.1.17

To evaluate the strength of these results, multivariable 
Cox proportional-hazards regression models with treatment 
and all variables included in the PS analysis were fitted on 
the whole unweighted cohort and the adjusted HRs were 
compared with those obtained from the weighted procedure.

All statistical tests were two-tailed, with p-values < 0.05 
considered statistically significant. RStudio (RStudio: Inte-
grated Development for R. RStudio Inc., Boston, MA) was 
used to perform statistical analyses.

RESULTS

The study group comprised 367 patients with available 
and complete data for propensity-score weighting; the study 
group was selected from 437 cases gathered in a SICO col-
laborative database. The median year of surgical treatment 
(CRS-HIPEC) was 2015 (IQR 2013–2018), and 86.6% of 
patients were treated at seven high-volume centers (hospi-
tals with more than 35 cases enrolled in the present study). 
Mean PCI was 9.5 (SD = 6.3), less than 15 in 83.1% of 
cases, and complete cytoreduction (no residual tumor, CC0) 
was achieved in 83.9% of cases; the remaining patients had 
minimal residual disease (<2.5 mm, CC1).

Patient demographics are reported in Table 1. Cytore-
ductive surgery (CRS) with hyperthermic intraperitoneal 

chemotherapy (HIPEC) alone was used in 73 patients 
(19.9%). In patients who received chemotherapy, SC was 
administered pre-CRS-HIPEC in 119 (cases 32.4%), post-
CRS-HIPEC in 106 cases (28.9%), and peri-CRS-HIPEC in 
69 cases (18.8%) (before and after surgery within 6 months). 
KRAS-mutated patients were 194 (46.1%) and BRAF 
mutated 25 (6.8%). The oxaliplatin-irinotecan combination 
was administered before CRS-HIPEC in the most recent 
cases (the median administration year was 2017 compared 
with 2015 for other regimens; p 0.04).

Single therapy (5-FU) was used in 12 (4.1%) cases, 
whereas the vast majority (239 patients, 81.8%) received 
a doublet regimen (Oxaliplatin or Irinotecan-based); triplet 
schedule (FOLFOXIRI) was administered in 33 patients 
(11.3%). Immunotherapy was used in two patients (0.7%). 
Target therapy with anti-VEGF was used in 109 cases 
(63.4%) and anti-EGFR in 46 cases (26.7%). The adminis-
tration of regimens was similar, except for greater utilization 
of oxaliplatin-based therapy in the post-CRS-HIPEC group 
(p 0.03). Most cases received only one SC line, whereas 
23.1% of patients received two or more lines of systemic 
chemotherapy before CRS-HIPEC.

The median follow-up time was 38.6 months (95% con-
fidence interval [CI]: 35.2, 49.3). During the follow-up 
period, 280 patients had an event (local or distant relapse 
or death), 159 had a local relapse, and 161 died. Unadjusted 
patient characteristics were compared between treatment 
groups (Table 2). Chemotherapy was administered more 
frequently to younger patients (the median age of treated 
patients was 59 years compared with 62 years for untreated 
patients; p 0.02) and to patients with a positive nodal sta-
tus (the pathological nodal status of the primary tumor was 
N2 in 43.9% in treated patients compared with 20.5% of 
untreated patients; p 0.001). There were differences in SC 
administration between clinical centers; a classification tree 
with a Gini splitting index was used (see Additional Materi-
als) to classify and statistically determine the use of chemo-
therapy by the different centers. Ten institutions grouped 
as “high SC centers” used chemotherapy in 85.5% of cases 
(272/318) within 6 months of CRS-HIPEC compared with 
three “low SC centers,” which administered chemotherapy 
only in 44.9% of cases (22/49); p 0.0001. “High SC cent-
ers” included seven high-volume hospitals; there were no 
differences in regimens between centers. Major postopera-
tive complications (Clavien-Dindo 3/4) occurred in 18.7% 
of treated patients compared with 11.0% of chemo-naïve (p 
not significant). Considering timing of SC, complications 
had a quantitative SC dose-correlation (p 0.009), because 
the pre-CRS-HIPEC group had the highest complication 
rate (26.9%), followed by the perigroup (15.9%) and the 
postgroup (11.3%—the same complication rate of untreated 
patients; Table 2). Considering only severe complications, 
28.3% are due to anastomotic leakage or perforation, 22.6% 



	 M. Tonello et al.

TABLE 1   Patient demographics

High/Low SC center refers to chemotherapy administration rate according to clinical practice (see text)
PCI peritoneal cancer index, CC completeness of cytoreduction, SRC signet ring cell, SC systemic chemotherapy, IQR interquartile range

Pre-HIPEC
SC (N = 119)

Post_HIPEC
SC (N = 106)

Peri_HIPEC
SC (N = 69)

No SC (N = 73) Total (N = 367)

Center
High SC 112 (94.1%) 94 (88.7%) 66 (95.7%) 46 (63.0%) 318 (86.6%)
Low SC 7 (5.9%) 12 (11.3%) 3 (4.3%) 27 (37.0%) 49 (13.4%)
Age (yr, median [IQR]) 59 (51, 65) 59 (47.2, 66) 59 (51, 64) 62 (55, 68) 60 (50, 66)
Gender
Male 64 (53.8%) 44 (41.5%) 37 (53.6%) 32 (43.8%) 177 (48.2%)
Female 55 (46.2%) 62 (58.5%) 32 (46.4%) 41 (56.2%) 190 (51.8%)
PCI
≤15 92 (77.3%) 95 (89.6%) 59 (85.5%) 59 (80.8%) 305 (83.1%)
>15 27 (22.7%) 11 (10.4%) 10 (14.5%) 14 (19.2%) 62 (16.9%)
Median (IQR) 9.0 (5.0, 15.0) 7.0 (5.0, 12.0) 9.0 (5.0, 12.0) 8.0 (4.0, 13.0) 9.0 (5.0, 13.5)
Mean (SD) 10.3 (6.5) 8.6 (5.9) 9.7 (5.7) 9.4 (6.7) 9.5 (6.3)
CC grade
0 (no residual) 93 (78.2%) 95 (89.6%) 56 (81.2%) 64 (87.7%) 308 (83.9%)
1 (<2.5 mm) 26 (21.8%) 11 (10.4%) 13 (18.8%) 9 (12.3%) 59 (16.1%)
Primary tumor
Colon 111 (93.3%) 83 (78.3%) 59 (85.5%) 62 (84.9%) 315 (85.8%)
Rectum 8 (6.7%) 23 (21.7%) 10 (14.5%) 11 (15.1%) 52 (14.2%)
Grading
G1 3 (2.5%) 15 (14.2%) 3 (4.3%) 2 (2.7%) 23 (6.3%)
G2 61 (51.3%) 42 (39.6%) 33 (47.8%) 35 (47.9%) 171 (46.6%)
G3 47 (39.5%) 39 (36.8%) 30 (43.5%) 32 (43.8%) 148 (40.3%)
Missing 8 (6.7%) 10 (9.4%) 3 (4.3%) 4 (5.5%) 25 (6.8%)
KRAS or BRAF mutation
Wild-type 51 (42.9%) 61 (57.5%) 31 (44.9%) 30 (41.1%) 173 (47.1%)
Mutated 68 (57.1%) 45 (42.5%) 38 (55.1%) 43 (58.9%) 194 (52.9%)
SRC histology
No 119 (100.0%) 100 (94.3%) 68 (98.6%) 71 (97.3%) 358 (97.5%)
Yes 0 (0.0%) 6 (5.7%) 1 (1.4%) 2 (2.7%) 9 (2.5%)
Nodal status
N0 36 (30.3%) 24 (22.6%) 22 (31.9%) 30 (41.1%) 112 (30.5%)
N1 38 (31.9%) 28 (26.4%) 17 (24.6%) 28 (38.4%) 111 (30.2%)
N2 45 (37.8%) 54 (50.9%) 30 (43.5%) 15 (20.5%) 144 (39.2%)
SC regimen
Single-agent (5-FU) 2 (1.7%) 6 (5.7%) 4 (5.9%) 12 (4.1%)
Doublet 91 (77.1%) 94 (88.7%) 54 (79.4%) 239 (81.8%)
Oxaliplatin-based 41 (34.7%) 64 (60.4%) 27 (39.7%) 132 (45.2%)
Irinotecan-based 50 (42.4%) 30 (28.3%) 27 (39.7%) 107 (36.6%)
Triplet (FOLFOXIRI) 20 (16.9%) 4 (3.8%) 9 (13.2%) 33 (11.3%)
Immuno-therapy 1 (0.8%) 0 (0.0%) 1 (1.5%) 2 (0.7%)
Other 4 (3.4%) 2 (1.9%) 0 (0.0%) 6 (2.1%)
Missing 1 1 2
SC targeted therapy
AntiVEGF 61 (67.0%) 12 (46.2%) 36 (65.5%) 109 (63.4%)
AntiEGFR 26 (28.6%) 4 (15.4%) 16 (29.1%) 46 (26.7%)
Other 4 (4.4%) 10 (38.5%) 3 (5.5%) 17 (9.9%)
Missing 28 80 14 122
Metachronous interval
(mo, median (IQR)) 24.9 (15.0, 42.1) 17.1 (11.8, 24.4) 23.4 (17.4, 29.8) 22.2 (14.8, 32.1) 21.4 (14.4, 32.4)
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abdominal bleeding, 9.4% infections, and 39.7% other medi-
cal (cardiac or cerebral infarction, thrombosis, pancreati-
tis, pulmonary emblosim, bowel obstruction). Bleeding 
was observed in 42.1% of complicated cases in pregroup, 
compared with 15.8% of peri- with no cases in postgroup; 
leakage/perforation and infections rates are similar among 
SC groups.

The groups were well-balanced after propensity-score 
(PS) weighting was applied. Almost all covariates resulted 
in a standardized median difference (SMD) of <10%, with a 
slight residual imbalance for N2 nodal status (SMD = 0.142) 
and major morbidity (SMD = 0.201) in systemic chemo-
therapy versus no-SC treatment and signet ring cells (SMD 
= 0.206) in SC timing analysis (Table 2).

After PS weighting, there were no differences between 
the SC and no-SC groups in median overall, disease-free, 
and local disease-free survival (Fig. 1). The median overall 
survival was 38.8 months (95% CI 32.7, 47.9) in the SC 
group and 55.0 months in the no-SC group (95% CI 22.1, 
NE); p 0.56 (Table 3). The median disease-free survival was 
12.9 months (95% CI 11.2, 14.0) in treated patients and 16.0 
months (95% CI 11.0, 22.9) in untreated patients; p 0.50; the 
median local disease-free survival was 20.4 months (95% 
CI 15.9, 27.5) in treated patients in the SC group and 25.0 
months (95% CI 16.0, NE) in untreated patients (p 0.17; 
Table 3).

The timing of chemotherapy administration did not cor-
relate with survival in patients who received chemotherapy 
with propensity score adjustment, with the exception of the 
post-CRS-HIPEC schedule increasing both disease-free 
survival (15.4 months (95% CI 13.1, 18.2) compared with 
9.8 months (95% CI 7.5, 11.6) for the pre-group; HR 0.6, p 
0.003) and local disease-free survival (26.3 months (95% CI 
16.6, 49.7) compared with 15.8 months (95% CI 11.2, 24.1) 
for the pre-group (HR 0.6, p 0.026). The median overall 
survival was 38.9 months (95% CI 29.9, 47.9) in the pre-
CRS-HIPEC group, 43.1 months (95% CI 30.3, 57.3) in the 
peri-CRS-HIPEC group, and 37.9 months (95% CI 28.0, 
54.3) in the post-CRS-HIPEC group (p 0.71 and 0.88) using 
the pre-group as the reference (Table 3).

DISCUSSION

Historically, patients with untreated peritoneal metastases 
of colorectal origin had a poor prognosis of 6-9 months or 
less.3 Using modern chemotherapy and targeted agents, the 
prognosis for stage IV CRC can be improved to up to 20-24 
months; however, patients with PM still have a significantly 
worse survival (16.3 months) than patients with isolated 
nonperitoneal sites (liver, lungs, and lymph nodes).4 Most 
patients are still treated with palliative systemic chemother-
apy due to poor functional status, technical contraindications 

(e.g., nonresectable lesions), or limited access to a cytore-
ductive surgery center.3,18

Consistent data on the surgical treatment of CRC-PM 
reveals that CRS+/-HIPEC provides good long-term sur-
vival (approximately 40 months) in select patients with 
limited disease (PCI less than 15/20) and when complete 
cytoreduction can be obtained.19,20

Patients referred to a center with PM management exper-
tise can be treated with different chemotherapy strategies 
(pre- or perioperative) or upfront surgery, eventually fol-
lowed by adjuvant chemotherapy (postoperative). Never-
theless, optimal chemotherapy regimens and strategies are 
still a topic of debate.21 As for liver-only CRC metastatic 
patients, the use of perioperative chemotherapy remains con-
troversial due to the absence of a proven survival benefit 
(increase in DFS with similar OS).22,23

Preoperative chemotherapy could reduce the burden of 
peritoneal disease, downstaging PCI and, therefore, allow-
ing for higher rates of complete cytoreduction with limited 
surgery extension and possibly increasing survival.10,24 In 
addition, preoperative SC could also be used to treat hema-
togenous micrometastasis, thus preventing early extraperi-
toneal recurrence.25,26

Given that CRS-HIPEC is a demanding procedure, chem-
otherapy before surgery also could improve patient selec-
tion by excluding fast-progressing patients. Conversely, if 
the response to SC is seen as a contraindication rather than 
a negative prognostic indicator, this may result in patient 
undertreatment, excluding a potentially curative approach in 
a progressing disease that is still resectable. Therefore, the 
multidisciplinary board decision process should carefully 
evaluate the response to chemotherapy as a surrogate for the 
biological behavior of the tumor.27,28

Preoperative SC is not without potential risks related to 
toxicity and worsening of functional status with reduced 
access to CRS-HIPEC treatment or a potential increase in 
the surgical complication rate (as with bleeding and anti-
VEGF therapy).12,29–31

The scientific literature about the efficacy of neoadju-
vant chemotherapy is still controversial. Three old series 
reported a detrimental effect of pre-operative SC on OS, 
whereas postoperative SC increased OS.11,32 Four retrospec-
tive series have reported more recent data favoring preopera-
tive use,10,33–35 but only one case demonstrated a survival 
advantage in multivariate analysis.36

Two independent, systematic reviews were conducted in 
2017, both reporting the lack of strong evidence of pre-, 
post-, or perioperative SC efficacy.9,37 Rovers included 11 
studies (1708 patients) on SC, suggesting a potential role 
for pre- and perioperative systemic therapy and questioning 
postoperative therapy as standard care.

Waite included 16 studies, reporting no advantage of pre-
operative treatment and limited evidence of improvement in 
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OS with postoperative (weak evidence suggesting that adju-
vant chemotherapy is associated with longer OS, especially 
after incomplete cytoreduction).

On this topic, one randomized, controlled trial (COM-
BATAC) evaluating perioperative FOLFOX/FOLFIRI plus 

Cetuximab versus CRS-HIPEC alone was closed in 2014 
due to insufficient accrual of patients. With obvious limita-
tions, the results indicate the feasibility and safety of the 
perioperative strategy.30
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FIG. 1   Survival curves after propensity score weighting; OS overall survival; DFS disease-free survival; LDFS local (peritoneal) disease-free 
survival
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Another RCT (CAIRO6) with a similar design (experi-
mental arm: perioperative SC, control arm: CRS-HIPEC 
only) commenced in 2017. Preliminary results demonstrated 
that perioperative SC could be safely added to CRS-HIPEC 
with similar surgical radicality and postoperative complica-
tions. Notably, 38% of pretreated patients had a major patho-
logical response.38

Cashin et al. used a large, retrospective series of 778 
patients matched with propensity score-analysis and reported 
a survival advantage (OS and relapse-free survival) in the 
adjuvant setting; however, neoadjuvant SC administration 
resulted in comparable survival.39

In the absence of shared guidelines, centers adopt dif-
ferent approaches that reflect their organization’s and 
clinicians’ paradigms. In our series, the vast majority of 
patients (80.6%) had been administered chemotherapy 
within 6 months of CRS-HIPEC; a preoperative schedule 

(only pre- or perioperative administration) was preferred 
for 77.5% of treated patients. High-volume centers tend 
to treat more patients (82.9% of cases) than low-volume 
centers, where only 50% of patients are offered SC within 
6 months of surgery (p 0.001). This may be the result 
of the varying perspectives of clinicians about center 
organizational issues (e.g., easier access to chemotherapy 
due to close collaboration between surgeons and oncolo-
gists, where chemotherapy is a “bridge” to surgery dur-
ing the waiting list period). Neverthless, use of systemic 
chemotherapy in the neoadjuvant setting should be care-
fully evaluated considering the increased risk of major 
postoperative complications. There were no differences 
across clinical centers regarding the regimens used. The 
preference for the oxaliplatin-irinotecan combination in 
more recent cases (median administration year 2017 vs. 
2015; p 0.04) may represent a shift in therapy following 

TABLE 3   Unadjusted and propensity score-weighted survival according to the chemotherapy regimen and timing

SC systemic chemotherapy, Pre-HIPEC SC administration ended within 6 months of CRS-HIPEC, Post-HIPEC SC administration started within 
6 months after CRS-HIPEC, Peri-HIPEC SC administration before and after CRS-HIPEC, PS propensity score, SMD standardized mean differ-
ence

Unweighted PS weighted Multivariable

Median (95% 
CI)

HR (95% CI) p Median (95% 
CI)

HR (95% CI) p HR (95% CI) p

Overall survival SC 38.4 (32.4, 
47.9)

Ref 38.8 (32.7, 
47.9)

Ref Ref

No SC 55.0 (27.9, -) 0.77 (0.50, 
1.20)

0.2500 55.0 (21.5, -) 0.85 (0.49, 
1.46)

0.5570 0.85 (0.52, 
1.40)

0.5300

Disease-free 
survival

SC 12.9 (11.2, 
13.9)

Ref 12.9 (11.2, 
14.0)

Ref Ref

No SC 17.6 (13.2, 
22.1)

0.75 (0.55, 
1.02)

0.0644 16.0 (11.0, 
22.9)

0.89 (0.63, 
1.26)

0.5020 0.79 (0.56, 
1.11)

0.1710

Local disease-
free survival

SC 19.2 (15.8, 
26.0)

Ref 20.4 (16.6, 
27.5)

Ref Ref

No SC 25.1 (17.7, -) 0.74 (0.49, 
1.11)

0.1420 25.0 (17.6, -) 0.73 (0.46, 
1.15)

0.1720 0.71 (0.45, 
1.13)

0.1480

Overall survival Pre-HIPEC 35.5 (27.5, 
45.6)

Ref 38.9 (29.9, 
47.9)

Ref Ref

Post-HIPEC 43.1 (32.4, 
57.3)

0.82 (0.55, 
1.21)

0.3220 43.1 (30.3, 
57.3)

0.92 (0.58, 
1.45)

0.7080 0.76 (0.49, 
1.19)

0.2330

Peri-HIPEC 37.9 (28.0, 
70.0)

0.90 (0.58, 
1.40)

0.6490 37.9 (28.0, 
54.3)

1.03 (0.65, 
1.64)

0.8840 0.79 (0.51, 
1.24)

0.3100

Disease-free 
survival

Pre-HIPEC 9.2 (6.8, 11.2) Ref 9.8 (7.5, 11.6) Ref Ref
Post-HIPEC 15.7 (13.4, 

20.5)
0.55 (0.41, 

0.75)
0.0001 15.4 (13.1, 

18.2)
0.60 (0.43, 

0.84)
0.0030 0.57 (0.40, 

0.79)
0.0001

Peri-HIPEC 13.8 (10.1, 
15.2)

0.74 (0.53, 
1.04)

0.0795 13.1 (10.1, 
15.2)

0.77 (0.54, 
1.11)

0.1680 0.80 (0.56, 
1.13)

0.2110

Local disease-
free survival

Pre-HIPEC 15.1 (11.2, 
21.1)

Ref 15.8 (11.2, 
24.1)

Ref Ref

Post-HIPEC 30.0 (19.0, 
51.3)

0.54 (0.36, 
0.81)

0.0032 26.3 (16.6, 
49.7)

0.60 (0.39, 
0.94)

0.0259 0.58 (0.37, 
0.91)

0.0190

Peri-HIPEC 17.2 (13.9, 
21.9)

0.83 (0.54, 
1.29)

0.4115 17.9 (13.8, 
21.9)

0.87 (0.54, 
1.39)

0.5689 0.94 (0.59, 
1.48)

0.7810
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the publication of the subgroup analysis from the TRIBE 
trial.40

All these disparities have been eliminated with the use 
of propensity score weighting, making the groups (SC vs. 
no-SC and pre- vs. post- vs. perioperative schedule) in the 
analysis comparable. The only parameters with a slight 
imbalance (SMD greater than 10%) are nodal status and 
major morbidity in SC versus no-SC and signet ring cells in 
SC timing analysis. This was attributed to the low prevalence 
of variables (e.g., 2.5% of patients have SRC), because the 
casual distribution of a small number of patients can lead to 
unbalanced standardized mean differences in PS weighting. 
Nevertheless, the method used can be considered reliable 
and robust, because unbalanced SMD variables are few with 
values lower than 20%; in fact, we used very restrictive cri-
teria (SMD < 10%), even though the literature reports SMD 
values up to 25% as the cutoff for acceptable standardized 
biases.41 In addition, multivariable Cox proportional-haz-
ards regression models have been performed to validate the 
results obtained (Tables S2, S3, Supplementary Materials).

With a large and homogeneously treated sample of 
patients, there is no conclusive evidence of chemotherapy’s 
advantage, which is consistent with the results on survival 
rates in the literature. Even after propensity score weighting 
to reduce the effect of known prognostic factors (such as 
PCI, completeness of surgery, nodal status, KRAS/BRAF 
mutational status, and presence of grading/signet ring cells), 
there is no improvement in overall, disease-free, or perito-
neal disease-free survival. Furthermore, a sub-analysis on 
the timing of SC administration failed to demonstrate a clear 
preferential schedule (similar OS and LDFS for pre-, post-, 
and peri-; OS 38.9, 42.3, and 37.9 months and LDFS 44.8, 
49.7, and 20.4 months, respectively), whereas preoperative 
schedule is related with increased risk of major surgical 
complications (26.9% vs. 11.3%, p 0.0009). We observed 
a higher DFS and LDFS survival in patients treated with 
postoperative SC (15.4 vs. 9.4 months, p 0.005; and 26.3 
vs. 15.8 months, p 0.026), as reported in a recent, large, 
retrospective study.39 This advantage could be explained by 
the fact that in the postoperative schedule, chemotherapy 
ended 4–6 months after surgery (and 2–3 months in the peri 
group); therefore, the disease-free period from the end of 
treatment (including SC) could be considered comparable 
to that of the pretreated group.

One of this study’s limitations is its retrospective design 
with data acquired from hospital records.

Another point that can be addressed is the low propor-
tion of patients treated with checkpoint inhibitors (0.2% vs. 
14.1% of patients with microsatellite instability); specific 
therapy for this subset of patients could have improved sur-
vival and possibly altered the analysis. Considering this, the 
population of the study is quite recent; nevertheless, medical 
oncology is a rapidly evolving field with new prospectives 

and evidence emerging in the very last years (e.g., sidedness 
approaches and improved treatment selection), which could 
have changed survival outcomes.

Another limitation of this type of analysis, especially 
when considering overall survival, is that CRC stage IV 
patients receive several lines of chemotherapy during their 
oncological history, including systemic SC or repeated CRS 
at recurrence following CRS-HIPEC. Therefore, OS reflects 
a multimodal and iterative approach that can hide the peri-
operative SC administration effect; disease-free and local 
(peritoneal), disease-free survival may potentially be a more 
reliable indicator for evaluating the role of SC.

Despite these limitations, this study incorporates a large 
series of homogeneously treated peritoneal-only stage IV 
patients with CRC-PM. Subgroups of patients (SC admin-
istration and timing) used in the analysis have considerable 
sample sizes. Also, robust statistics were compiled by using 
propensity-score weighting to mitigate confounding factors.

Additional prospective or randomized studies are needed 
to clarify the role of systemic chemotherapy and the optimal 
administration or timing schedules in patients with CRC-PM 
who are candidates for cytoreductive surgery.

CONCLUSIONS

In CRC-PM patients who are eligible for CRS, systemic 
chemotherapy and perioperative timing do not appear to pro-
vide a clear survival advantage, with the exception of longer 
DFS and LDFS when chemotherapy is administerd after sur-
gery. Considering study limitations, additional randomized 
studies are required to define the role and timing of systemic 
chemotherapy in this subset of patients.
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