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ABSTRACT

Background. Selected patients with colorectal cancer
peritoneal metastases (CRPM) could be offered a curative-
intent strategy based on complete cytoreductive surgery
(CRS), potentially combined with hyperthermic intraperi-
toneal chemotherapy (HIPEC) and perioperative systemic
chemotherapy. The impact of different neoadjuvant sys-
temic chemotherapy (NACT) regimens remains unclear
due to a lack of comparative data.

Methods. Consecutive CRPM patients from a monocen-
tric database who were treated with complete CRS after
single-line NACT were included in this study. Che-
motherapy regimens were tailored as a doublet drug
(FOLFOX/FOLFIRI) with/without targeted therapy (anti-
epidermal growth factor receptor/bevacizumab) and triplet-
drug combination (FOLFIRINOX). Morphological
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response (MR) was assessed using the Response Evalua-
tion Criteria in Solid Tumors criteria, and pathological
response (PR) was assessed using the Peritoneal Regres-
sion Grading Score (PRGS). Long-term oncologic
outcomes were compared.

Results. The cohort comprised 388 patients, including
127, 202, and 59 patients in the doublet, doublet + tar-
geted, and triplet groups, respectively. MR rates were
higher in the triplet (68.0%) and doublet + targeted groups
(64.2%) when compared with the doublet group (42.4%,
p = 0.003). Complete and major PRs were observed in
13.6% and 32.0% of patients, respectively. Higher MR
rates were observed after doublet + targeted or triplet
regimens, while no difference was observed for PR rates.
In multivariate analysis, FOLFIRINOX was independently
associated with better overall survival (hazard ratio 0.49,
95% confidence interval 0.25-0.96; p = 0.037). FOLFIR-
INOX also resulted in a higher rate of severe postoperative
complications.

Conclusions. In this retrospective study, a FOLFIRINOX
regimen as NACT seemed to result in better long-term
outcomes for CRPM patients after complete CRS/HIPEC,
although with higher morbidity. Prospective studies are
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needed, including groups without NACT and those with
FOLFIRINOX + bevacizumab.

Half of colorectal cancer patients develop metastatic
disease, with the main sites being the liver, lung, and
peritoneum.! Effective systemic chemotherapy, together
with advances in surgical techniques and perioperative
management, have allowed the development of curative-
intent strategies.” These comprehensive treatments led to
significant improvement in prognosis, with response to
chemotherapy and achievement of complete resection as
determinant prognostic factors.” In selected patients, a cure
could even be expected.”® Neoadjuvant systemic
chemotherapy (NACT) has three main objectives: assess-
ing chemosensitivity, controlling metastatic spread, and
reducing metastatic burden to increase the chance of a
complete resection.*” These objectives allow for better
patient selection. The drawbacks of NACT could be
increased postoperative morbidity, development of
chemoresistance, and the loss of a resectability window.

Several protocols exist, based on the combination of
leucovorin and 5-fluorouracil with oxaliplatin and/or
irinotecan, defining the doublet (FOLFOX, FOLFIRI) and
triplet (FOLFIRINOX) drug regimens. Depending on RAS
and BRAF mutational status, the addition of targeted
therapies has been proposed to increase the response rates
(anti-epidermal growth factor receptor antibody in RAS
wild-type patients or an anti-angiogenic antibody, typically
bevacizumab). Differences in long-term outcomes were
reported in colorectal metastatic patients, with an advan-
tage for the triplet combination with anti-angiogenic agents
at the cost of increased morbidity.>'" However, compar-
isons were not usually performed in patients selected for a
surgical curative-intent strategy, and rarely focused on
colorectal peritoneal metastases (CRPM).

When compared with other metastatic sites, CRPM are
less sensitive to systemic chemotherapy, determining the
worst prognosis.' A complete cytoreductive surgery (CRS)
combined with perioperative systemic chemotherapy
improved the median survival to 41 months,12 which
compared favorably with the 16-24 months obtained
without resection.”'? In expert centers, CRS is typically
followed by hyperthermic intraperitoneal chemotherapy
(HIPEC), with contrasted outcomes.'*'* Morphological
response (MR) and pathological response (PR) to NACT
were reported to be major prognostic factors,'* however
new NACT regimens have not been compared in CRPM
patients treated with curative intent. We present a retro-
spective comparative analysis of MR and PR with the main
NACT protocols, along with the inherent postoperative
results and long-term outcomes.

METHODS
Patient Selection

Consecutive patients treated for CRPM at Lyon Sud
University Hospital between January 2005 and June 2018
were screened for inclusion. Eligibility criteria were
pathologically proven CRPM, treated with one line of
NACT, and complete CRS defined by a completeness of
cytoreduction (CC) score of 0 or 1, corresponding to
residual disease of < 2.5 mm.'> Non-resectable patients,
those with a CC score > 1, or those without preoperative
chemotherapy were excluded. Appendiceal PM patients
were also excluded. All data were extracted from a
prospectively maintained database (BIG-RENAPE-
NCT02823860). Data regarding race and ethnicity were not
recorded. The study was performed in accordance with the
precepts of the Helsinki declaration and was approved by
the Lyon Human Investigation Committee. All patients
signed informed consent at the time of their initial man-
agement to authorize the use of their data.

Treatment Strategy

The main treatment strategy decisions were taken
according to national guidelines, based on comprehensive
work-up during multidisciplinary team (MDT) meetings. In
particular, extension of the peritoneal disease and the
presence of extraperitoneal metastases (EPM) were pre-
cisely determined using a standardized imaging strategy.
The contrast-enhanced thoraco-abdomino-pelvic computed
tomodensitometry (CT) scan was completed by liver
magnetic resonance imaging (MRI) in the case of doubtful
liver lesions, and by positron emission tomography (PET)
scan in the case of EPM. A peritoneal MRI was system-
atically performed a few days before CRS to map
peritoneal lesions, and also, when necessary, to explore
abdominopelvic EPM (for example, parietal). In case of
doubtful resectability of PM, a staging laparoscopy was
added to the work-up.

During the study period, the treatment strategy of CRPM
patients was based on perioperative systemic chemother-
apy and CRS/HIPEC.

Neoadjuvant Chemotherapy

The choice of chemotherapy regimen was based on
ongoing national guidelines reported in the Thesaurus
National de Cancerologie Digestive (TNCD), updated
every 12-18 months.'® The FOLFOX and FOLFIRI pro-
tocols defined the doublet regimen and FOLFIRINOX
defined the triplet regimen. Depending on RAS and BRAF
mutational status, targeted therapies could be added. Three
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groups were compared—doublet, doublet 4 targeted, and
triplet. In the triplet group, patients did not receive targeted
therapies. Schematically, the choice of protocol depended
on the current policy of the department (with the search for
consistency at the center level), the expected level of
response, and the patient’s history.

Upfront resectable patients were intended to receive four
cycles of NACT before being resected, while patients in
whom tumor burden shrinking was needed received as
many cycles as needed. NACT could also be prolonged for
different reasons, i.e. scheduling constraints in the theater,
tolerance issues, and/or for prehabilitation purposes.
Therefore, a cut-off of six cycles (one cycle lasting 2
weeks) was used to define short- and long-lasting NACT.

Postoperative chemotherapy was based on the doublet
regimen corresponding to the preoperative regimen, with-
out targeted therapy.

Morphological Response Evaluation

Every four cycles of NACT, patients were re-assessed
with thoraco-abdomino-pelvic CT scan to define the MR
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) criteria.'” Regarding CRPM, only well-
defined nodular peritoneal nodules >10 mm were consid-
ered as target lesions, otherwise CRPM were considered as
non-target lesions.'® This MR was stated during the MDT
meeting, based on expert radiologist interpretation.

Pathological Response Evaluation

The PR was based on the percentage of viable tumor
cells with respect to the nodule area, independent of
chemotherapy-related tissue injury, fibrosis, or necro-
sis."*!'” The Peritoneal Regression Grading Score (PRGS)
was used to rate the pathologic response: no residual cancer
cells in all specimens (complete response — PRGS 1),
1-49% residual cancer cells (major response — PRGS 2),
>50% residual cancer cells (minor response — PRGS 3),
and no response (PRGS 4) (5,10). For patients with mul-
tiple specimens, mean values were used to define the PR,
including at least one sample for each resection.'*'?

Surgery

Chemotherapy was discontinued at least 4 weeks before
CRS (6 weeks for targeted therapies). Patients underwent a
midline laparotomy under general anesthesia, with com-
prehensive exploration leading to calculation of the
Peritoneal Carcinomatosis Index.”® A complete CRS was
performed if deemed reasonable, combining peritonec-
tomies and organ resections.”'** Before the inclusion period
of PRODIGE7, patients received HIPEC following a

complete CRS.'? After PRODIGE7, HIPEC was adminis-
tered according to national guidelines.””> When indicated,
HIPEC was performed according to the ‘closed abdomen’
technique as previously described.”* Depending on the
treatment period, cytotoxic agents were mitomycin C,
oxaliplatin, irinotecan, or cisplatin, alone or in combina-
tion.”> The 90-day postoperative mortality and morbidity
were recorded according to the Dindo—Clavien classifica-
tion, with grade 3 or 4 used to define severe complications.”®

Follow-Up

Patients were offered perioperative  systemic
chemotherapy, with the aim of achieving 12 cycles in total,
avoiding targeted therapies postoperatively, and shifting to
the doublet regimen for patients using the triplet regimen in
the neoadjuvant setting.

Patients were followed-up every 3 months for 2 years,
then every 6 months for 3 years, and then annually. Clinical
examination, tumor markers and thoraco-abdomino-pelvic
CT scan were performed. In case of recurrence, a second-
line treatment was proposed.

Statistical Analysis

Student’s #-test was used for continuous variables, and
parametric and McNemar tests were used for categorical
variables, as a non-parametric test. The Fisher’s exact test
was used for comparisons within groups. The Mann—
Whitney U test was used as a non-parametric test for
comparisons between independent variables without
Gaussian distribution and equality of variance assumption.

Univariate and multivariate survival analyses with Cox
model regression were conducted. Missing data were dealt
with imputation using the mice package (v3.13.0; van
Buuren and Groothuis-Oudshoorn, 2011). Imputation was
conducted for the multivariate regression model and the
selected covariates. The overall survival (OS) rate was
evaluated depending on preoperative chemotherapy
schemes used, as well as MR and PR.

Survivals were calculated from the date of CRPM
diagnosis. Survival rates were first estimated using the
Kaplan—Meier method and compared using the log-rank
test. However, given the non-randomized nature of this
comparative study, multivariate analyses were used as
primary analyses. The hazard ratios (HRs) were estimated
with 95% confidence intervals (CIs) through Cox regres-
sion multivariate models. Assumption of hazard
proportionality through time was confirmed for the selected
model. The best regression model was chosen using a
combination of the literature-based prognostic factors and
based on the best Akaike information criterion (AIC) in a
stepwise algorithm, using the ‘stats’ R package. Survival
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rates were estimated using the Kaplan—-Meier method and
compared using the log-rank test. Analysis was performed
using RStudio Software (RStudio: Integrated Development
for R. PBC, Boston, MA, USA; 2020). A two-sided p-value
<0.05 indicated statistical significance.

RESULTS
Descriptive Data

Over the study period, 427 consecutive CRPM patients
were treated in curative intent with 499 procedures. The
selection criteria defined a study population of 388 patients,
including 127 (33%), 202 (52%), and 59 (15%) patients in
the doublet, doublet 4 targeted, and triplet groups,
respectively (see electronic supplementary material Fig. 1).
Analysis of the number of patients included in each group
per year showed that, notably, 63% of the FOLFIRINOX
patients were included during the last 5 years (2014-2018),
as highlighted in the histogram shown in Fig. 1.

Baseline characteristics are depicted in Table 1. Patients
throughout the three groups were comparable for age, sex,
primary tumor location, and EPM. When compared with
the doublet and doublet + targeted groups, the triplet
group highlighted two significant differences: a higher
proportion of synchronous presentation (64% and 44% vs.
81%, respectively) and less NACT cycles (fewer than six in
75% and 73% vs. 93%, respectively). A similar proportion
of patients received adjuvant chemotherapy. The differ-
ences in mutational status, notably the significantly higher
incidence of KRAS mutation in the doublet group (67% vs.
47% and 54%, respectively) and the higher proportion of
BRAF mutation in the triplet group (22% vs. 7% and 13%,
respectively) was hardly interpretable considering the high
proportion of missing data (29% and 44%, respectively).
Of note, when adding RAS and RAF mutations, the triplet
group included 57% of mutated patients compared with
42% and 44% in the doublet and doublet + targeted
groups, respectively.

The proportion of CCO resections and HIPEC were
broadly comparable. The median intraoperative Peritoneal
Cancer Index (PCI) was 6 (6.7), consistent throughout the
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groups; however, the triplet group exhibited a higher pro-
portion of patients with PCI >20 (17% vs. 4% and 6%,
respectively). Eleven (2.8%) patients died postoperatively
and the postoperative major morbidity rate was 51.2%.
Patients in the triplet group presented a higher rate of severe
complications (61% vs. 43% and 53%, respectively).

Morphological and Pathological Responses

MR and PR according to NACT protocols are depicted
in Table 2, with no data available for 53/388 (14%) and
160/388 (41%) patients, respectively. Regarding MR,
58.8% of patients were considered as responders and 35%
showed stable disease. Comparison between regimens
showed a higher MR rate after doublet chemotherapy with
targeted therapies (64.2%) or triplet therapy (68.0%) than
in the doublet group (42.4%) [p = 0.003].

Regarding PRs, PRGS 1 and PRGS 2 were observed in
31 (13.6%) and 73 (32.0%) patients, respectively. The
comparison between NACT groups did not show signifi-
cant differences, with 43—48% of patients presenting a
PRGS 1 or 2. The 31 patients with complete response
exhibited a median PCI of 4 (4.1). Twelve of these patients
(39%) were treated with the doublet regimen, 17 (55%)
were treated with doublet + targeted drugs, and 2 (6%)
were treated with the triplet regimen.

Survival Analysis

After a median follow-up of 24.7 months (interquartile
range [IQR] 30.2), the median OS of the study population
was 51.9 months (95% CI 42.8-77.2). The median follow-
up was 25.3 months (IQR 30.4), 25.3 months (IQR 30.8),
and 19.2 months (IQR 24.1) for the doublet, dou-
blet 4 targeted, and triplet groups, respectively.

Survival outcomes according to NACT regimens are
presented in Fig. 2. The median OS was 45.0 months for
the doublet + targeted group, and not reached for the
doublet and triplet groups, with respective 5-year OS rates
of 42.2%, 50.3%, and 63.3% (log-rank test, p = 0.21).

The 5-year PFS was 17.1%, 23.1%, and 25.7% in the
doublet + targeted, doublet, and triplet groups,

NACT

Doublet alone
Doublet + targeted therapy
Triplet

2005 2006 2007 2008 2009 2010 2011
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. o (M 0w s e

2012 2013 2014 2015 2016 2017 2018

ar

FIG. 1 Histogram showing the distribution of included patients, by group and by year. NACT neoadjuvant chemotherapy
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TABLE 1 Patient characteristics

Overall Doublet alone [n = Doublet + targeted therapy Triplet Missing  p-
[n = 388] 127] [n = 202] [n = 59] value®
Age, years 0 (0) 0.3
> 55 270 (70) 90 (71) 144 (71) 36 (61)
<55 118 (30) 37 (29) 58 (29) 23 (39)
Sex 0 (0) 0.4
Female 182 (47) 60 (47) 90 (45) 32 (54)
Male 206 (53) 67 (53) 112 (55) 27 (46)
Primary location 8 (2.1) 0.9
Left colon 243 (64) 80 (65) 123 (62) 40 (69)
Rectum 19 (5.0) 6 (4.9) 10 (5.0) 3(5.2)
Right colon 118 (31) 37 (30) 66 (33) 15 (26)
PM timing 0 (0) < 0.001
Synchronous 217 (56) 81 (64) 88 (44) 48 (81)
Metachronous 171 (44) 46 (36) 114 (56) 11 (19)
PCI 22 (5.7) 0.068
0-6 190 (52) 66 (55) 96 (50) 28 (52)
7-12 91 (25) 31 (26) 51 (27) 9 (17)
13-20 60 (16) 18 (15) 34 (18) 8 (15)
21-39 25 (6.8) 54.2) 11 (5.7) 9 (17)
Extraperitoneal 168 (45) 48 (39) 95 (49) 25 (42) 12 (3.1) 0.2
metastases
NACT cycles, n 8 (2.1) 0.004
<6 291 (77) 94 (75) 142 (73) 55 (93)
>6 89 (23) 32 (25) 53 (27) 4 (6.8)
KRAS 114 (29) 0.018
Wild-type 127 (46) 24 (33) 82 (53) 21 (46)
Mutated 147 (54) 49 (67) 73 (47) 25 (54)
BRAF 172 (44) 0.10
Wild-type 188 (87) 55 (93) 101 (87) 32 (78)
Mutated 28 (13) 4 (6.8) 15 (13) 9 (22)
HIPEC 331 (85) 108 (85) 168 (83) 55 (93) 0 (0) 0.2
CC score 0 (0) 0.8
CCo 364 (94) 118 (93) 191 (95) 55 (93)
CC1 24 (6.2) 9 (7.1) 11 (5.4) 4 (6.8)
Grade >3 90 POD 198 (51) 54 (43) 108 (53) 36 (61) 1 (0.3) 0.045
Mortality 11 (2.8) 4 (3.2) 6 (3.0) 1(1.7) 1 (0.3) 1.000
Adjuvant chemotherapy 259 (68) 82 (65) 138 (70) 39 (70) 8(2) 0.6

Data are expressed as n (%)

Pearson’s Chi-square test, Fisher’s exact test

Doublet FOLFOX or FOLFIRI, CC completeness of cytoreduction, CCO no visible residual tumor, CC/ residual tumor < 2.5 mm, Grade > 3 90
POD severe complications (Dindo—Clavien classification) occurring within 90 postoperative days, PM peritoneal metastases, PCI Peritoneal

Cancer Index, HIPEC hyperthermic intraperitoneal chemotherapy

respectively (log-rank test, p = 0.18), corresponding to a
median PFS of 12.4, 14.4, and 14.4 months, respectively.

Long-term outcomes according to PR and MR are
reported in Figs. 3 and 4, respectively. The difference in
5-year OS between patients with MR (46.9%) and patients

with progression (33.4%) was not significant (p = 0.45),
while the advantage was significant for 5-year PFS, which
was null for patients in progression and nearly 20% in
responding patients (log-rank test, p = 0.048).
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TABLE 2 Morphologic and pathologic response according to NACT type

Characteristic Overall Doublet alone Doublet + targeted therapy Triplet Missing  p-
[n = 388] [n = 127] [n = 202] [n = 59] value®
Morphologic response 53 (14) 0.003
Response 197 (59) 39 (42) 120 (64) 38 (68)
Stable 116 (35) 47 (51) 54 (29) 15 (27)
Progression 22 (6.6) 6 (6.5) 13 (7.0) 3(54)
Pathologic response 160 0.13
(PRGS) (41)
Complete (PRGS 1) 31 (14) 12 (17) 17 (14) 2 (5.7)
> 50% (PRGS 2) 73 (32) 18 (26) 42 (34) 13 (37)
< 50% (PRGS 3) 94 (41) 24 (35) 54 (44) 16 (46)
None (PRGS 4) 30 (13) 15 (22) 11 (8.9) 411
Data are expressed as n (%)
“Fisher’s exact test
Doublet FOLFOX or FOLFIRI, PRGS Peritoneal Regression Grading Score, NACT neoadjuvant systemic chemotherapy
100% 100% 5-year PFS (95% CI)

75%

Doublet+targeted
Doublet

17.1% (12.1%-24.2%)
23.1% (15.9%-33.6%)
25.7% (13.4%-49.5%)

[y
75% \

Triplet

El
z
7 s0% 2 509
= P® 5-year OS (95% CI) B 0%
g
5
3 Doublet+targeted 42.2% (34.3%-51.8%)
25% 25%
Doublet 50.3% (40.0%-63.3%
b (40.0%-63.3%) p=021 p=0.18
Triplet 63.3% (43.9%-91.2%)
0% 0%
0 12 24 36 48 60 0 12 2% 36 48 60
Time (months)
— Doubletstargeted therapy — Doublet alone Triplet — Doublet+targeted therapy — Doublet alone Triplet
Doublet+targeted therapy[ 202 163 114 75 53 34 Doublet-+targeted therapy[ 194 96 40 19 16 12
Doublet alone| 123 102 64 43 27 21 Doublet alone| 117 63 7 16 11 9
Triplet] 59 42 23 11 7 2 Triplet| 59 28 10 5 4 0

FIG. 2 Overall survival and progression-free survival according to the NACT regimen. OS overall survival, PFS progression-free survival,

NACT neoadjuvant systemic chemotherapy, CI confidence interval

PR was predictive of both OS and PFS. In particular, the
5-year OS was 96.9%, 48.2%, 31.8%, and 26.9% in the
PRGS 1-4 groups, respectively (p < 0.001), while the
5-year PFS was 58.9%, 21.3%, 15.4% and 7.2% in PRGS
1, 2, 3 and 4 patients, respectively (p < 0.001).

Multivariate Analysis

Univariate and multivariate analysis for OS and PFS are
presented in Table 3. Univariate Cox regression showed
that PCI, extraperitoneal and retroperitoneal metastases
(RPLNM), major postoperative complications, and PR
were negative OS predictors. In multivariate analysis, the
triplet regimen was an independent prognostic factor of OS
(HR 0.49, 95% CI 0.25-0.96; p = 0.037), as well as PCI,
with HR increasing with PCI subgroups (p < 0.001),
RPLNM (HR 2.65, 95% CI 1.34-5.24, p = 0.008) and PR
(p < 0.01).

The doublet + targeted group, long-lasting NACT, PCI
level, EPM, and pathologic response were associated with
PFS in univariate analysis. In multivariate analysis, PCI
level, EPM (HR 1.54, 95% CI 1.19-1.99; p = 0.001) and
pathologic response were independently associated with
PFS.

DISCUSSION

This study comparing NACT regimens for CRPM
patients undergoing complete resection confirmed the
strong prognostic impact of PR and argues in favor of the
triplet regimen in this setting, with FOLFIRINOX being an
independent factor of better OS (HR 0.49, p = 0.037). This
survival advantage was obtained despite a higher rate of
patients with PCI >20 and a higher rate of RAS/RAF-
mutated patients, factors of poor prognosis.”’
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o
25% <50% 42.3(25.7-NR) 33.4% (21.3% - 52.5%)
None 30.3 (21.3-NR) 26.1% (6.6% - 61.3%)
0%
0 12 24 36 48 60
Time (months)
= < 50% response = >50% response Complete response = No response
Complete response 31 30 17 12 12 9
> 50% response 71 59 41 22 10 8
< 50% response 93 67 40 23 14 8
No rest 30 21 14 7 3 2
100%
p <0.001
75% Med OS (95%CT) 5-year OS (95% CI)
Complete NR 69.1% (52.7% - 90.7%)
= 50%
>50% 16.9 (11.3 - 22.6) 22.7% (13.9% - 37.1%)
259, <50% 10.8 (8.7 - 12.8) 15.6% (8.7% - 27.7%)
None 9.1(7.7-11.2) 8.1% (2.1% - 30.4%)
0%
0 12 24 36 48 60
Time (months)
= < 50% response = >50% response Complete response = No response
Complete response 30 23 13 7 7 5
> 50% response 70 37 18 8 3 2
< 50% response 89 37 13 7 6 5
No response 28 4 2 2 1 1

FIG. 3 Overall survival and progression-free survival according to pathological response. OS overall survival, PFS progression-free survival, CI

confidence interval, NR not reached

Perioperative systemic chemotherapy management
remains debated for CRPM patients. If it seems demon-
strated that systemic chemotherapy is associated with
better long-term outcomes when compared with no peri-
operative systemic treatment, the best timing is still in
question.”® Moreover, NACT regimens were rarely com-
pared in retrospective series with heterogenous data, as
highlighted by a systematic review.?’ Our team proposed a
retrospective analysis of 115 patients focused on PR in
2014. The results were consistent with the present study,
however the triplet regimen was not used at that time and
20% of patients had two or more lines preoperatively.'*
Passot et al. reported complete and major response rates of
9.7% and 20.2%, while the present study reported rates of
14% and 32%. The regimen associated with the best OS
was FOLFOX + bevacizumab.'* In both studies, PR was
strongly associated with OS, whereas MR was not. Another
retrospective study comparing NACT protocols found
bevacizumab to be an independent factor of improved OS.’

Interestingly, in the present analysis, the addition of
targeted therapy improved the radiological response when
compared with the doublet group (p = 0.003) and also
increased the complete PR rate; however, when including
PRGS 1 and 2, the difference was attenuated (43%, 48%,
and 43% of the doublet, doublet + targeted, and triplet
regimens, respectively). Finally, only FOLFIRINOX was
an independent factor of better OS (HR 0.49, p = 0.037),
while no regimen gave significant survival advantage in
Kaplan—-Meier analysis, with the best OS (63.3%) and
progression-free survival (PFS; 25.7%) being observed in
the FOLFIRINOX group.

In a retrospective study of CRPM patients, preoperative
bevacizumab was reported to induce higher rates of severe
postoperative complications (34% vs. 19 %, p = 0.020),
despite an appropriately-timed discontinuation before CRS/
HIPEC.*® In this current study, the highest severe mor-
bidity was observed in the triplet group.?® The phase IT part
of the CAIRO6 randomized trial compared postoperative
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100%
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FIG. 4 Overall survival and progression-free survival according to morphological response. OS overall survival, PFS progression-free survival,

CI confidence interval, NR not reached

outcomes after NACT (37 patients, all but one with
bevacizumab) with upfront CRS/HIPEC (42 patients). No
significant difference was found in severe morbidity (22%
vs. 33% of patients; HR 0.65, 95% CI 0.31-1.37;
p =025

Several large randomized controlled trials compared
chemotherapy regimens for non-resectable metastatic col-
orectal patients.*'" Cremolini et al. gathered these
outcomes in an individual patient data meta-analysis of
1697 patients, confirming that FOLFOXIRI + beva-
cizumab  provided longer median OS  than
doublets + bevacizumab (28.9 vs. 24.5 months; HR 0.81,
95% CI 0.72-0.91; p < 0.001) and higher RO resection rate
(16.4% vs. 11.8%; p = 0.007), at a cost of significantly
increased adverse events (severe neutropenia and diar-
rhea).'® Thus, the current stake of systemic chemotherapy
regimen choice in the colorectal metastatic patient popu-
lation seems to aim to increase response and conversion
rates while limiting toxicities.*** Results are rapidly

evolving, with a trend toward more individualized treat-
ment strategies, based on molecular stratification, favoring
the use of targeted therapies in addition to the doublet or
triplet regimen.'®'" In these trials, no independent analysis
was performed regarding CRPM patients, and little was
known about surgical treatment, precluding clear conclu-
sions being drawn on the choice of NACT regimen in the
setting of peritoneal metastases. In the present study, no
patients were treated with the quadruplet regimen and the
best long-term outcomes were associated with the triplet
regimen as NACT, at a cost of increased severe compli-
cations but with no difference in the proportion of patients
receiving adjuvant chemotherapy, questioning the oppor-
tunity of more accurately evaluating the role of targeted
therapies in NACT regimens in the future.

However, with high rates of missing data, the complete
and major response rates were 13.6% and 32.0% in this
analysis, while in liver metastases, rates of 10% and 50%
were reported.*>*® This difference could reflect the lower
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chemosensitivity of CRPM.'*”*® Intra-nodule inefficient
microcirculation®®*° and high interstitial pressure‘”’42
prevent the drug from accessing the tumor cells.***** The
pivotal role of PR should put into perspective the outcomes
of recent RCTs evaluating oxaliplatin/HIPEC.'>**¢ While
PRODIGE?7 reported excellent outcomes after complete
CRS, performed in expert centers with perioperative
chemotherapy, the addition of short-course high-dose
oxaliplatin/HIPEC failed to demonstrate benefit.'> Among
the factors that could have interfered with that outcome, the
question of oxaliplatin chemoresistance induced by NACT
was raised.*”*® Prabhu et al. assessed chemosensitivity
through cell cultures of CRPM patients and found that
oxaliplatin/NACT led to a significantly higher rate of
chemoresistance to oxaliplatin at CRS.*

While pathologic response was confirmed to be a strong
predictor of oncologic outcomes in the analysis by Prabhu
et al., the morphologic response was not. One of the
explanations could be that the RECIST criteria are not well
adapted for peritoneal lesions.”® Indeed, most peritoneal
lesions are thickening of the peritoneum, whose modifi-
cations with NACT do not translate into significant
response. Therefore, some responding patients were ranked
as having stable disease. Some authors proposed a modified
RECIST score system for pleural mesothelioma, prone to
be extended to peritoneal metastases to encompass that
pitfall.>" Conversely, pathologic response was studied with
a four-tie score, the PRGS, more clearly defining the
response level and resulting in a strong prognostic factor.

Beyond the pitfalls inherent to the retrospective nature
of our series (long inclusion period with a majority of
patients in the group having the best results included in the
second part of the study period, significant proportion of
missing data for pathologic response analysis), selection
bias was induced by including only patients ultimately
having undergone a complete CRS. Ideally, an intention-
to-treat analysis of this CRPM population would have
required the inclusion of all patients referred for evaluation
at our center. This group of unresected CRPM patients is
heterogeneous, made up of inoperable patients, those with
initial disease not amenable to secondary CRS, and those
with disease progression during NACT. Unfortunately, a
large proportion of these patients is managed externally
and their follow-up is not recorded in the database, pre-
venting a comprehensive analysis. On the other hand,
focusing on patients ultimately resected allowed us to
compare treatments in a highly selected population, at a
single-center level, leading therefore to a population
slightly more homogeneous. Another pitfall of that analysis
is the absence of a ‘control’ group, made up of patients
with no preoperative systemic chemotherapy, although this
approach is gaining interest for the management of CRPM
patients®® and also puts these results into perspective.

Finally, the fact that NACT regimen choice was not the
result of randomization but rather of the evolution of
national guidelines translated in the center’s policy, was
also a major bias. The duration of NACT was also variable,
influenced by medical and logistic parameters, which could
have interfered with the level of response. These are the
limits of that retrospective analysis which was however the
first to compare NACT regimens in that setting.

CONCLUSIONS

Long-term oncologic results of CRPM patients treated
with CRS/HIPEC and NACT analyzed in this retrospective
monocentric study seemed to favor the FOLFIRINOX
regimen, despite an increased rate of postoperative severe
complications. Among others, pathologic response was
confirmed as a determinant prognostic factor.
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