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ABSTRACT

Background

Two-stage hepatectomy (TSH) of bilobar coloredtadrl metastases (CRLM) is widely used
and shows encouraging survival results. However, ribk of drop-out after the first-stage
remains high and associated with poor survival. dthjective of our study was to evaluate the
factors associated with long-term survival basedhenpathologic response to preoperative

systemic chemotherapy in CRLM patients who undetWw&H.

Methods
The pathologic response to preoperative chemothesm its effect on second-stage
completion and survival were retrospectively eveddan 67 patients treated between 2003

and 2013.

Results

Fifty-six patients underwent TSH for initially naesectable CRLM. Chemotherapy was
combined with a biotherapy in 22ses. The Tumor Regression Grade (TRG), modifkR@G T
and Blazer grade were used to classify patientesgzonders (TRG and mTRG 1-3, Blazer 0-
1) or non-responders (TRG and mTRG 4-5, Blazelfty #he first stage. Tumor response in
the three classifications was associated with retetage completion (TRG 1-3: OR=4.01
95% CI: 1.12-14.36=0.033; mTRG 1-3: OR=3.8 95% Cl:1.13-12%60.03; Blazer 0-1:
OR=5.45 95% CI: 1.66-17.8$=0.005). Triple chemotherapy was also associatetth wi
responders. The median overall survival of respmdes significantly higher (Blazer 0-1:
42.9 monthssersus Blazer 2: 20.1 monthg=0.018; TRG 1-3: 42.9 month&rsus TRG 4-5:

25.1 monthsp=0.04).

Conclusion

A pathologic response to chemotherapy is associaiittd second-stage completion and
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longer survival. Furthers studies are needed tootarly identify the patients for whom the

benefit of the second surgical stage is less s$tiimigvard.

Keywords: colorectal cancer, liver metastases, two-stagectiese pathologic response,

survival



INTRODUCTION

Liver metastases occur in approximately 50% ofgpdisi affected by colorectal cancer and are
the most common cause of death in this populafioRecent advances in multidisciplinary
approaches have changed the prognosis of patiéhtselorectal liver metastases (CRL¥)
and technical improvements such as the two-stagatbetomy (TSH) now allow a higher

number of patients with CRLM to be eligible for gery’®.

The TSH strategy is widely used since the 2bdos patients with initially unresectable
metastases, becoming resectable after neoadjub@matherapy. This potentially-curative
strategy is associated with longer overall survfealpatients who completed the two surgical
stages. However, the risk of drop-out before thmséd stage is high, mainly due to disease
progressioh Patients who drop-out before the second surgitade have poorer survival
rates, close to those obtained in unresectableerati and surgery may thus be
inappropriaté®. Studies have suggested that increased exposuahemotherapy prior to the
first hepatectomy may predict failure to complete second surgical stagand that the
pathologic response to intensive preoperative clieenapy is a favourable prognostic
factor®. However, the prognostic impact of the patholagiponse to systemic chemotherapy
is probably still underestimated. We thus conddiceretrospective study to demonstrate a
possible correlation between the pathologic respotus preoperative chemotherapy and
survival in CRLM patients who underwent TSH. Thgeahive of our study was to evaluate
the factors associated with the completion of #@nad surgical stage, and, consequently, of
progression-free and overall survival, based on pathologic response to systemic

chemotherapy administered preoperatively.

PATIENTS AND METHODS



Patients

From January 2003 to January 2013, 899 patients weated for CRLM in our institution.
Among these, patients with multiple, bilobar CRLMtially considered unresectable with a
one-stage procedure, and who underwent at leastirdiestage of a planned TSH, were
retrospectively selected for analysis on an inteftteat basis. Initial unresectability was
defined as the inability to resect all metastaséd wmor-free margins while saving a
sufficient remnant liver volume to prevent post@tie liver failure. A sufficient remnant
liver volume was defined as 30% of the residuaériparenchyma on CT-scanor by
estimation of the future remnant liver function Wit Tc-mebrofenin 3D SPECT-CT.
Patients with &°"Tc-mebrofenin clearance rate <2.69%/mihiwere considered at high risk
of postoperative liver failuré

Patients with metachronous metastases diagnosledsitthree months after primary tumor
diagnosis were also included. Patients with unmdnmepeated hepatic resection for
recurrence, who underwent a one-stage resectionvhor presented with an unresectable
extrahepatic abdominal disease were excluded fimenstudy. A limited lung metastatic
involvement was not considered a contraindicationhfepatic resection. The protocol was
approved by the local ethics committee review bo@tee study was conducted according to
the Declaration of Helsinki and European Good CahPractice requirements. Patients were
informed that their clinical and scientific datauts be used for scientific purpose prior to

their care in our institution.

Preoperative chemotherapy and therapeutic strategy
All patients were treated with intensive chemotpgrbefore liver resection, with oxaliplatin,
irinotecan, 5-fluorouracil (5-FU), leucovorin andpecitabine (5-FU oral form) as doublet or

triplet regimens. From 2008, a biotherapy (bevaviah, cetuximab or panitumumab)®



was frequently added, depending on B&S status. The Response Evaluation Criteria In
Solid Tumor (RECIST)evaluation was used to select patients respondingréoperative

chemotherapy.

Surgery

During the first operative stage, the future remiaer was cleared from tumor tissue using
wedge resection and/or anatomical resection amdéhofrequency ablation. Resection of the
primary colorectal tumor was performed concomitaiitthe surgical liver procedure was not
too important and in case the primary tumor waspgmatic. To prevent tumor progression,
interval chemotherapy was for most patients adri@resl between the two surgical stages. A
portal vein ligation or embolization was performex prevent postoperative liver failure
according to volumetric CT-scan and mebrofenin tegmantigraphy data. Resection was
mostly a right hepatectomy to achieve a curatigecgon. Postoperative morbidity at 30 days
was graded according to the Clavien-Dindo classifict’. Postoperative mortality was

defined as death occurring within 90 days followsuggery.

Pathologic response

All tumor metastases were sampled for pathologyrexation. Threqim thick sections of
formalin-fixed paraffin-embedded tissues were mednbn SuperFrost Plus glass slides
(Menzel, GmbH, Germany) deparaffinized before HemmaEosin-Saffron (HES) staining.
Three pathologists with hepatobiliary expertise hhidded to the clinical data evaluated the
response in all resected metastases, using the rTiRegression Grade (TRG), the modified
TRG and the Blazer classificattdt®'® Challenging evaluation cases were reviewed jpintl
for final consensus. Patients were classified aBgbegic responders (TRG and mTRG 1-3,

Blazer 0-1) or non-responders (TRG and mTRG 4-8z&i 2) after the first stage. The mean



percentage of residual tumor cells and regresstatufes in the different metastases were
used to define the pathologic response. Differénotiatumour size, number of metastases and

resection margins were also reported for eachmatie

Statistical analyses

Patients’ characteristics were compared usingyther the Fisher's exact tests for discrete
variables. The Student’s t-test and Wilcoxon ramkistest were used for continuous
variables. Factors associated with second-stagepletion were analysed using univariate
and multivariate logistic regression models. Factsignificant at theg<0.05 level in the
univariate analysis and the appropriate pathologgponse variable were included in the
classical multivariate model, validated using apstee automatic method. Survival rates
were estimated from the first surgery until therév& interest, death of any cause for OS and
recurrence for RFS, using the Kaplan-Meier metrard) compared using a log-rank test.
Median survival was presented with its 95% confaeimterval (95% CI). Patients lost to
follow-up were censored at the last documented, \asid those who died without recurrence
at the date of death. All statistical analyses wmrdormed using the STATA 11.0 software

(StataCorp, College Station, Texas).

RESULTS

Patients’ characteristics

TSH strategy was planned for 67 patients, amongmwhd were excluded because of the lack
of pathological sample: 8 because they only haibfedjuency and 3 because the samples
were not found (Figure 1 and Table 1). The medgmwas 59 years (range: 38-77) and there
were 25 (44.6%) women. The primary tumor site walsrcin 80.4% cases. All CRLM were

bilobar at diagnosis, and 90.9% were synchronote. Mmedian time from initial diagnosis



and occurrence of metachronous metastases wasnbiths (95% CI: 11.8-28.7RAS was
mutated in 30.6% patients and 25.5% had a carcibpgygenic antigen (CEA) level

>200ng/mL.

Preoperative chemotherapy

All patients received downstaging chemotherapy. ieelian number of cycles was 8 (4-25).
A doublet regimen, FOLFIRI (5FU+irinotecan) or FORKR (5FU+oxaliplatine) was
administered to 60.7% patients and FOLFIRINOX (5Bkaliplatine+irinotecan) to 33.9%

patients. A biotherapy was associated with chemmaphyefor 55.3% patients.

First-stage hepatectomy

The median hospital stay was 11 days (6-162) (T2pl& median of 3 (1-5) radiofrequency

ablations and 1 (1-6) non-anatomical resection weréormed. The median size of the largest
metastasis resected was 18mm (3-60). The primdoyemial tumor was resected during this
first surgery in 22 patients (39.3%). Postoperatjrede>3 morbidity at 30 days was reported

in 8 (14.3%) patients (Table 2), mainly hepaticcasses (n=3) and complications linked to

the primary colorectal tumor (n=3). There was nstpperative mortality at 90 days.

Second-stage hepatectomy

The TSH was completed for 35 (62.5%) patients. Tyene patients dropped-out after the

first surgical stage. The main reason was diseasggssion (n=16), including hepatic (n=14)

or extra-hepatic (n=1) progression, or both (n=1Byvo patients experienced severe
complications after the first surgery (one rectstiula and one abdominal wall complication)

which prevented undergoing the second stage; otienpaefused the second surgery, and 3

were lost to follow-up.



The median time between the two surgical stages6vamnths (2-24), mainly due to our
deliberate policy to administer systemic chemothgraetween the two stages. Interval
chemotherapy was administered to 50 (89.3%) patiemith a median of 6 cycles (4-20)
(Table 1). Six patients (11%) did not receive imééichemotherapy, mostly patients who had
undergone radiofrequency ablations with non-anataesections. A portal vein embolization
was reported in 17.6% patients. The median hosgtiggl was 11 days (5-49). A standard right
hepatectomy was performed in 31.4% patients, and%23underwent a right lobectomy
(Table 2). Postoperative grad® morbidity was reported in 6 (17.1%) patients rhalrepatic
abscesses (n=3) and complications linked to thagw colorectal tumor (n=2). Two patients
died of disease progression within 90 days follagvithe second stagéhere was no

postoperative mortality reported.

Pathologic response

A pathologic response (TRG, mTRG 1-3, and Blazé) as observed in 21 (37.5%), 24
(42.9%), and 30 (53.6%) patients, respectively [@&). Patients who completed the two
stages were significantly better responders thasethvho dropped-out, according to the three
classifications: 48.6%s 19.0%, 54.3%vs 23.8% and 68.6%s 28.6% respondergs non-
responders for the TRG, mTRG and Blazer, respdygtive

The pathologic response was associated with sestagd@ completion according to the three
classifications: TRG 1-3: OR=4.01; 95% CI: 1.12364p=0.033; mTRG 1-3: OR=3.8; 95%
Cl: 1.13-12.6;p=0.03; Blazer 0-1: OR=5.45; 95% CI. 1.66-17.§5:0.005 in univariate
analysis. In multivariate analysis, among the trolessifications, only the Blazer grade was
associated with second stage completion (Blazer @R=5.42; 95% CI: 1.53-19.15;
p=0.006), together with the initial number of metasts<5 (OR=4.06, 95% CI: 1.14-14.47,

p=0.009) (Table 4).



The neoadjuvant FOLFIRINOX regimen was associatigh a/pathologic response according
to the three classifications (TRG 1-3:73.¥86I'RG 4-5: 26.3%p<0.001; mTRG 1-3: 73.7%

vs MTRG 4-5: 26.3%p<0.0001; Blazer 0-1: 84.2%s Blazer 2: 15.8%p=0.002) (Table 5).

Survival

After a median follow-up of 66 months, the mediarerall survival (OS) of the whole
population was 39 months (95% CI: 25.1-42.9), Wdthiear and 5-year OS rates of 46.7%
(95% CI: 32.6-59.6) and 17.1% (95% CI: 7.1-30.8).phtients who completed TSH, the
median OS was significantly higher than that ofigres who did not: 50 months (95% CI:
36.2-59.3)versus 18.4 months (95% ClI: 12.0-22.2) respectively, watl8-year OS rate of
71% (95% CI: 51.4-83.8)ersus 9.5% (95% CI: 1.6-26.1), hazard ratio (HR)=0.13%0CI:
0.08-0.35,p<0.001) (Figure 2).The median relapse-free survival (RFS) of patiemt®
completed the two stages (n=43) was 16.9 month# (@5 14.5-21) (Figure 2). The median
OS was significantly higher in responders accordinghe TRG and Blazer classifications:
Blazer 0-1: 42.9 monthsersus Blazer 2: 20.1 months, HR= 2.14 (95% CI: 1.13-%.04
p=0.018, and TRG 1-3: 42.9 monttarsus TRG 4-5: 25.1 months, HR=2.08 (95% CI: 1.03-

4.19),p=0.04 (Figure 3).

DISCUSSION

The present study is, to our knowledge, the fosiémonstrate a direct correlation between a
favorable pathologic response to chemotherapy aodnsl-stage completion, and thus longer
survival. In unresectable CRLM patients, previowsl®s have shown that a major pathologic
response after preoperative treatment was a falorptognostic factdf®° Yet, its
importance is not fully taken into account wheririgkkherapeutic decisions. Among the three

classifications, the TR considers fibrosis as a characteristic featureetiilar response,
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whereas the mTRBalso takes into account the infarct-like necrgkibl); the Blazer scor®

is exclusively based on the percentage of residumabr cells relative to the total tumor area,
whatever the type of regression, and may thus bee refficient to evaluate the impact of
intensive induction treatments. Probably becausthatf reason, the pathologic response was
higher assessed with the Blazer score than with that TRG and mTRG in our series, and it
was the only classification associated with secstagte completion in multivariate analysis.
Our study also allowed identification of patienteated with FOLFIRINOX as better
responders than those treated with the standamheeg Correlatively, Ychowt al. showed
that this triplet systemic chemotherapy was assediavith a better response, higher

resectability and OS ratés

Very few series have evaluated the impact of thbgdagic response in the setting of TSH
strategies. Faitott al. showed that the pathologic response was assocvatedclinical
outcome but not with TSH feasibility, contrary torcstudy. Another study, Menthat al.,
showed in 22 CRLM patients treated with neoadjusttartapy and TSH that a “dangerous
halo” in the pathologic findings was a bad progadactor but didn’t correlate the intensity of
the pathologic response to survi“aRecently, Pietrantoniet al. showed that bevacizumab
induced significant better pathological responsesrand complete responses compared with
cetuximab even if OS was not significantly diffef@nMoreover, a significant correlation
with pathological response was found between thmbem of resected metastases and

bevacizumab allocation.

Numerous studies have suggested that regeneratigethy factor levels increased
immediately after the first-stage hepatectomy amtributed to tumor recurrenc¢e?® In this

context, administering interval chemotherapy alldwa longer period of natural liver
regeneration while preventing tumor progressionthils was our deliberate policy to
administer interval systemic chemotherapy, althouigh benefits are still controversial.
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Tanaka et al.?’ showed decreased tumour growth and growth facigression with
perioperative chemotherapy, while Muratose al.?® showed no benefit of interval

chemotherapy on disease progression between theurgal stages.

The main drawback of the TSH strategy is that ntbem 30% patients drop-out after the
first-stage procedure (36% patients in our sti8yJhey have a poor prognosis, with survival
no longer than that of patients undergoing chemefhealoné. The median OS of patients
who only underwent the first stage was of 18.4 me1i®5% CI: 12-22.2) compared to almost
50 months for those who completed the second stagear OS rates were 9.5%, and 71%,
respectively. Completion of the whole procedurewa#i a similar benefit than that of the
single stage reported in patients with initially seetable liver metastagés

It was shown that the main cause of drop-out isafie progression between the two stages
It is thus essential to identify patients who widit reach the second surg@nSeveral studies
have identified predictive factors of drop-but®>? among which major postoperative
complications after the first stafe older age, CEA level >200ng/ml before portal vein
embolization, 3 or more tumours in the future remraer’, high number of metastases, and
increased exposure to chemotherapy prior to tise liepatectonfy Mise et al. showed that a
RAS mutation should be taken into account to predisponse to chemotherdpyln this
study, a pathologic response was more common iergatwith wild-typeRAS compared
with patients withRAS mutations. Passat al. showed that th&®AS mutation independently

predicts the oncologic efficacy of TS$H

A pathologic response was shown to be a strongnosige factor after preoperative
chemotherapy and surgical resection of CRE:fland, in another field, of colorectal distant
metastasis such as peritoneal carcinomatosisowever, its use for treatment decision

remains limited. Our study shows some limitatiossitavas retrospective and monocentric,
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and with a relatively limited number of patientwever, it is the first to show a significant
correlation between a pathologic response to chesnapy and second stage completion and
consecutively, a better survival and, considerihg tlesign limitations, proofs of these
correlations seem quite robust. We hope it to bsa step towards further investigations
correlating histologic and radiologic findings. Amp these, identifying non-responders
patients before the first surgical step, which rigortunately not yet possible, would allow

sparing some patients from a not necessarily-nesualegbry.

CONCLUSION

A pathologic response to preoperative chemothei&psr the first-stage hepatectomy is
associated with completion of the second surgitzajesand of longer survival. The accurate
assessment of the pathologic response to indudteatments represents an important
contribution from pathologists for treatment demisifor these patients, and may allow
avoiding resections for patients for whom the TSittategy benefit seems less
straightforward.
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Figure legends

Figurel

Flowchart of the study

Figure 2

A: Overall survival in patients who completed od diot complete the two-stage resection;

B: Relapse-free survival of patients who compldtetisecond stage.

Figure3

Overall survival depending on the pathological cese, according to the TRG (A), mTRG
(B) and Blazer (C) classifications. A: TRG clagsition: responders (TRG 1,2)&¥sus non-
responders; B : mTRG classification: respondersR@TL,2,3)versus non-responders (4,5) ;

C : Blazer classification: responders (Blazer 9et¥us non-responders (Blazer 2).
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Table 1: Patients’ characteristics

Patients’ characteristics n=56
Age (years) med (range) 59 (38-77)
Sex, n (%) n (%)
Male 31 (55.4)
Female 25 (44.6)
Site of primary tumor n (%)
Colon 45 (80.4)
Rectal 11 (19.6)
N+ stage n (%) 42 (75.0)
Metastases, n (%)
Synchronous 50 (90.9)
Metachronous 5(9.1)
Missing 1
Initial number of metastases n (%)
0-5 28 (50.9)
5-10 7 (12.7)
>10 20 (36.4)
Missing 1
Neoadjuvant chemotherapy regimensn (%) 56 (100)
Doublet therapy (Folfox or Folfiri) 34 (60.7)
Triplet therapy (Folfirinox) 19 (33.9)
Biotherapy 31 (55.3)
Bevacizumab 14 (25)
Cetuximab 16 (28.6)
Panitumumab 1(1.5)
Missing 3
Number of cycles, med (range) 8 (4-25)
Missing 5
Interval chemotherapy regimens n (%) 50 (89.3)
Doublet therapy (Folfox or folfiri) 42 (75)
Triplet therapy (Folfirinox) 6 (10.7)
Biotherapy 37 (66.1)
Number of cycles, med (range) 6 (4-20)
Preoperative CEA plasma level (ng/mf) (%)
> 200 13 (25.5)
Missing 5
RAS status n (%)
Mutated 15 (30.6)
Missing 7

CEA: Carcinoembryonic antigen
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Table 2: Surgical characteristics of the first and secdades

First-stage perioperative characteristics n=56
Length of stay (days) med (range) 11 [6-162]
Associated resection of primary tumor n (%) 22 (39.3)
Sid;im;]?epatic clearance resec n (%) 6 (10.7)
Le?t 40 (71.4)
Right + Left 10 (17.9)
Anatomic minor liver resection (segmentectomyy)(%o) 15 (22.3)
Wedge resection n (%) 46 (82.1)
Median number per patient med (range) 1[1-6]
Radiofrequency, n (%) 25 (44.6)
Median number per patient med (range) 3 [1-5]
Largest diameter of the resected metastases (med,(range) 18 [3-60]
Missing 2
Resection margins (mm), med (range) 2 [1-25]
Contact margins with tumor, n (%) 10 (17.8)
Missing 10
Morbidity grade>3 n (%) 8(14.3)
Second-stage perioperative characteristics n=35
Length of stay (days) med (range) 11 [5-49]
Delay between the 2 stages (months) med (range) 6.7 [2.1-24.5]
Portal embolization n (%) 6 (17.6)
Right hepatectonly n (%) 11 (31.4)
Right lobectom§ n (%) 8 (22.8)
Left hepatectomyy n (%) 2 (5.7)
Segmental resectionsq)* n (%) 6 (17.1)*
Morbidity grade>3 n (%) 6 (17.1)

! Segments 5 to 8;Segments 4 to §;Segments 2 to 4

* Two patients had a single segmentectomy, but laégba right hepatectomy extended to segment 4

during the first surgical stage.
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Table 3: Patients’ and tumor characteristics, and histalogsponse in the “first-stage only”
and the “two-stages completed” groups

First stage only | 2 stages completed Total
e n=21 n=35 n=56 SHEE
Age: <60 8 (38.1) 21 (60) 29 (51.8) ns
> 60 13 (61.9) 14 (40) 27 (48.2)
Se» Male 13 (61.9 18 (51.4 31 (55.4 ns
Female 8 (38.1) 17 (48.6) 25 (44.6)
Primary tumor localization
Colon 17 (81) 28 (80) 45 (80.4) ns
Rectum 4 (19) 7 (20) 11 (19.6)
T stage /I 1(4.8) 5 (14.3) 6 (10.7) ns
/v 16 (76.2) 28 (80) 44 (78.6)
X 4 (19) 2 (5.7) 6 (10.7)
N stage NO 2 (9.5) 9 (25.7) 11 (19.6) p=0.03
N+ 16 (76.2) 26 (74.3) 42 (75)
NX 3 (14.3) 0 3(5.4)
Metastases p<0.01
Number< 5 6 (28.6) 22 (64.7) 28 (50.9)
Number > 5 15 (71.4) 12 (35.3) 27 (49.1)
Missing 0 1 1
Type ns
Synchronous 19 (90.5) 31 (91.2) 50 (90.9)
Metachronous 2 (9.5) 3 (8.8) 5(9.1)
Missing 0 1 1
CEA leve

<200 ng/dl 13 (76.5) 25 (73.5) 38 (74.5) ns

>200 ng/dl 4 (23.5) 9 (26.5) 13 (25.5)

Missing 4 1 5

RAS status

Mutated 5(29.4) 10 (31.3) 15 (30.6) ns

Non-mutated 12 (70.6) 22 (68.8) 34 (69.4)

Missing 4 3 7

Chemotherapy
Neoadjuvant 21 (100) 32 (91.4) 53 (94.6) ns
Interval 19 (90.5) 31 (88.6) 50 (89.3) ns
All-grade morbidity after the
first stage (Clavien-Dindo) 6(28.6) 9(25.7) 15(26.8) ns
Histologic response

TRG p=0.045
Responders (1/2/3) 4 (19.0) 17 (48.6) 21 (37.5)
Non-responders (4/5) 17 (81.0) 18 (51.4) 35 (62.5)

MTRG p=0.026
Responders (1/2/3) 5 (23.8) 19 (54.3) 24 (42.9)
Non-responders (4/5) 16 (76.2) 16 (45.7) 32 (57.1)

Blazer p= 0.004
Responders (0/1) 6 (28.6) 24 (68.6) 30 (53.6)
Non-responders (2) 15 (71.4) 11 (31.4) 26 (46.4)

CEA: Carcinoembryonicantigen; TRG: Tumor Regres$&oade; mTRG: modified TRG




Table 4: Factors associated with second-stage completimngnd multivariate analyses)

Univariate analysis Odd ratio 95% ClI p-value
TRG 1/2/3 4.01 1.12-14.36 0.033
MTRG 1/2/3 3.8 1.13-12.67 0.030
Blazer 0/1 5.45 1.66-17.85 0.005
Initial number of

metastasess 4.6 1.4-14.9 0.011
Multivariate analysis

Blazer 0/1 5.42 1.53-19.15 0.006
Initial number of 4.06 1.14-14.47 0.009

metastasesb

TRG: Tumor Regression Grade; mTRG: modified TRGpIBI: 95% Confidence interval
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Table 5: Correlation between the neoadjuvant FOLFIRINOXimem and the pathologic
response

No FOLFIRINOX | FOLFIRINOX Total I
n=43 n=24 n=67 p-value
TRG
Responders (1/2/3) 7 (18.9) 14 (73.7) 21 (37.5)
Non-responders (4/5 30 (81.1) 5 (26.3) 35 (62.5) p<0.001
Missing 6 5 11
mMTRG
Responders (1/2/3) 10 (27.0) 14 (73.7) 24 (42.9)
Non-responders (4/5 27 (73.0) 5 (26.3) 32 (57.1) p=0.001
Missing 6 5 11
Blazer
Responders (0/1) 14 (37.8) 16 (84.2) 30 (53.6)
Non-responders (2) 23 (62.2) 3 (15.8) 26 (46.4) p=0.001
Missing 6 5 11

TRG: Tumor Regression Grade; mTRG: modified TRG
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Figure 1: Flowchart of the study

899 patients treated for CRLM

| —

67 patients with planned TSH

l .

56 patients selected for analysis

| —

35 patients completed TSH

832 patients not eigible for TSH

11 patients excluded

- 3 patients with missing anapathol ogical
samples

- 8 patients who underwent radiof requency
ablation only

21 patients dropped-out before the 2™ stage
- 16 disease progression (14 hepatic,

1 extra-hepatic, 13 both)

- 2 severe complications after 1%-stage

- 3lost to follow-up




Figure2

A. Overdl survival (0OS) in patients who completed or did not complete the two-stage
resection

1.00

HR=0.18; 95%Cl [0.09-0.36]; p<0.001

0.50 0.75

0.25

0.00

0 6 12 18 24 30 36 42 48 54 60
Time (month

Number at risk ! ( S)

Iststage 24 24 17 13 8 4 2 1 0 0 0

2ndstage 43 43 41 37 30 25 22 17 12 8 5

1" stage — 2" stage

* OS was defined as the time between the date of first surgery to death. The Kaplan-Meier estimates of
probabilities of OSwere estimated in all patients who completed or not the two-stage resection

B. Relapse-free survival (RFS) of patients who completed the second stage

0.50 0.75 1.00

0.25

0.00

0 6 12 18 24 30 36 42 48 54 60
Time (months)

67 53 37 21 14 9 8 5 4 2 2

Number at risk

* RFSwas defined as the time between the date of first surgery to the relapse event. The Kaplan-Meier estimates
of probabilities of RFSwere estimated in all patients who completed the two-stage resection



Figure 3: Overall survival depending on the pathological response, according to the TRG (A),
MTRG (B) and Blazer (C) classifications.

A. TRG classification: responders (TRG 1,2,3) versus non-responders (4,5)
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Resp Non-resp

* OS was defined as the time between the date of first surgery to death. The Kaplan-Meier estimates of
probabilities of OS depending on the TRG pathological response were estimated for responders (TRG 1,2,3)
versus non-responders (TRG 4,5)

B. mTRG classification: responders (MTRG 1,2,3) versus non-responders (4,5)
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* OS was defined as the time between the date of first surgery to death. The Kaplan-Meier estimates of
probabilities of OS depending on the mTRG pathol ogical response were estimated for responders (TRG 1,2,3)
versus non-responders (TRG 4,5)



C. Blazer classfication: responders (Blazer 0,1) versus non-responders (Blazer 2)
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* OS was defined as the time between the date of first surgery to death. The Kaplan-Meier estimates of
probabilities of OS depending on the Blazer pathological response were estimated for responders (Blazer 0,1)

versus non-responders (Blazer 2)





