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ses (SLM) should be resected simultaneously with primary cancer or should

be delayed.
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Methods: Adults with colorectal cancer and resectable SLM were randomly

assigned to either simultaneous or delayed resection of the metastases. The

primary outcome was the rate of major complications within 60 days follow-

ing surgery. Secondary outcomes included overall and disease-free survival.

Results: A total of 105 patients were recruited. Eighty-five patients (39 and

46 in the simultaneous- and delayed-resection groups, respectively) were

analyzed. The percentage of major perioperative complications did not differ

between groups (49% and 46% in the simultaneous- and delayed-resection

groups, respectively, adjusted OR 0.84, 95% CI 0.35–2.01; P¼ 0.70, logistic

regression). Complications rates were 28% and 13% (P ¼ 0.08, x2 test) at

colorectal site and 15% and 17% (P ¼ 0.80, x2 test) at liver site, in

simultaneous- and delayed-resection groups, respectively. In the delayed-

resection group, 8 patients did not reach the liver resection stage, and this was

due to disease progression in 6 cases. After 2 years, overall and disease-free

survival tended to be improved in simultaneous as compared with delayed-

resection groups (P¼ 0.05), a tendency which persisted for OS after a median

follow-up of 47 months.

Conclusions: Complication rates did not appear to differ when colorectal

cancer and synchronous liver metastases are resected simultaneously. Delayed

resection tended to impair overall survival.

Keywords: colorectal cancer, colorectal liver metastases, liver metastases,

simultaneous resection, synchronous metastases

(Ann Surg 2021;273:49–56)
C olorectal cancer (CRC) is one of the most frequent cancers in
Europe and North America.1 At CRC diagnosis, synchronous

liver metastases (SLM) are already present in approximately 15% of
patients and confined to the liver for 50% to 80% of them.2,3 For
patients with CRC and SLM, the timing of colorectal and liver
surgery remains controversial.

For patients with initially nonresectable SLM, expert recom-
mendations are that chemotherapy should be administrated first with
the aim of achieving secondary SLM resectability. One of the
possible strategies is then to proceed in 2 steps: liver resection,
followed by colorectal resection.4 For patients with initially resect-
able SLM, simultaneous resection of CRC and metastases has the
advantage of requiring a single operation. However, it can be
associated with an increased rate of perioperative complications at
both colorectal and liver sites, especially when the primary cancer is
rectal and when the liver resection is major. Conversely, delayed
resection of liver metastases from colorectal cancer can reduce
perioperative morbidity at either site but it obliges patients to
undergo 2 operations and introduces the risks of liver metastasis
er Health, Inc. All rights reserved.

progression and extra-hepatic dissemination in the interval.
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Numerous retrospective studies have compared the 2 strategies. Their
findings have been reported in 5 recent reviews and meta-analyses.
The conclusions were contradictory. One found that the postopera-
tive morbidity rate was significantly lower among patients undergo-
ing simultaneous resection5 while the others found that the 2
strategies may well not differ in terms of postoperative complica-
tions.1,6–8 Overall and disease-free survival were similar in the 5
studies. However, patients with simultaneous resection were more
likely to have right colon cancer (technically easier to manage) or to
have undergone minor liver resections, while delayed resection of
liver metastases from colorectal cancer was preferentially performed
among patients with bilobar, large size or multiple SLM. In addition,
since patients were identified from hepatectomy databases, patients
who did not reach the liver resection stage as a result of progression
were ignored. Thus, whether liver resection should be simultaneous
or delayed among patients with resectable CRC-SLM remains an
unanswered question.

In 2006, we initiated a prospective nationwide multicenter
randomized study (METASYNC) to compare the safety and efficacy
of delayed resection (DR) with simultaneous resection (SR) among
patients with resectable CRC-SLM. The primary outcome was the
percentage of patients with major postoperative complications occur-
ring at either surgical site. Secondary outcomes included overall and
disease-free survival.

METHODS

Study Design
This prospective open-label randomized controlled parallel-

group trial involved 10 French tertiary referral centers, specialized in
colorectal and hepatobiliary surgery. The study protocol was
approved by the Consultative Committee for the Protection of
Individuals taking part in Biomedical Research, Rennes, France,
on April 6, 2005 (protocol no 05/11–538).

Patients
Adults with synchronous initially resectable SLM deriving

from CRC were eligible for the study. Initially resectable means that
complete resection of the SLM can be achieved in 1 step without the
need for reduction by preoperative chemotherapy, portal vein embo-
lization, or intraoperative vascular or biliary reconstruction. Major
liver resections were performed if the future remaining liver volume
was estimated sufficient to prevent postoperative liver failure.
Patients for whom CRC was revealed by colic obstruction were
not excluded if the obstruction could first be treated by simple
colostomy or intraluminal stenting. Perioperative adjuvant chemo-
therapy was administered according to the protocols in the
different centers.

Preoperative noninclusion criteria and intraoperative exclu-
sion criteria are given in the Online supplemental methods.

Written informed consent was obtained from all patients prior
to inclusion.

Surgery
The techniques implemented were left to the discretion of

each team, that is open or laparoscopic approach, hand-sewn or
mechanical anastomoses, clamping or not of the liver pedicle and/or
infra-hepatic vena cava, tools for liver parenchymal transection and
hemostasis, additional radiofrequency ablation when necessary.

However:
1.

50
in both groups, resections had to be performed with complete
macroscopic clearance, following abdominal exploration and
 Copyright © 2020 Wolters Kluw

liver ultrasonography.
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in the SR group, with the aim of standardizing practices, CRC
resection had to be performed first and digestive anastomoses had
to be performed after liver resection to avoid congestion of the

anastomosis line owing to possible Pringle maneuver.

3. in the DR group, CRC resection had to be performed first and
SLM resection had to be performed between the 12th and 14th
weeks following CRC resection, depending on patient’s condi-
tion. Chemotherapy was allowed in the interval.

Outcomes
The primary outcome was the percentage of patients with at

least 1 major complication within 60 days following surgery for the
CRC and/or the SLM. Major complications, which were validated for
Major digestive complications: intra- or postoperative bleeding
requiring blood transfusion or reoperation; necrosis of the colon
or small bowel; peritonitis; intra-abdominal abscess; anastomosis
fistula requiring percutaneous drainage or reoperation, bowel

obstruction requiring reoperation.
Major hepatic complications: intra- or postoperative bleeding
requiring at least 1 blood unit transfusion or reoperation; bile
leakage requiring percutaneous drainage or reoperation; bile duct
stenosis requiring endoscopic or percutaneous stenting or reop-
eration; subphrenic abscess requiring percutaneous drainage or
reoperation; severe liver failure defined by Factor V < 30% on

postoperative day-3.
Major general complications: perioperative death; pulmonary
embolism; wound abscess requiring reoperation; pulmonary
infection requiring antibiotics and or pleural drainage; severe
sepsis as defined by the association of an infection and at least 2
parameters of the systemic inflammatory response syndrome or

septic shock; acute renal insufficiency;

4. In the DR group, progression of the disease in the interval
between the 2 surgical procedures preventing SLM resection.
The percentages of patients with major digestive, hepatic, or
general complications. When METASYNC was designed, the
Clavien-Dindo classification9 had not yet been published. The
protocol was therefore amended in July 2016, and all patient
clinical files were retrospectively examined to redefine compli-

cations following the Clavien-Dindo classification.
Perioperative mortality, that is death occurring within 60 days of

the SR or DR, failure to achieve liver resection,

3. Overall survival (OS), and disease-free survival (DFS) which was
counted from the first surgical procedure to the date of the first
event among the following: 1) among DR patients, metastatic
progression after resection of the primary tumor resulting in
nonresectability of the SLM, 2) among SR or DR patients,
recurrence after complete resection of CRC-SLM, 3) among
SR or DR patients, death from any cause.

Follow-up
Patients were followed for 2 years after randomization. Fol-

low-up was performed on a daily basis during hospitalizations and
thereafter at least every 3 months (Online supplemental data mate-
rial, http://links.lww.com/SLA/C25). OS and DFS data were updated
for all patients on December 31, 2017.

Statistical Hypotheses and Sample Size Calculations
A group sequential design using a double triangular test was

chosen to enable the trial to be stopped on the basis of efficacy or
 Health, Inc. All rights reserved.

lity at the time of interim analyses. The triangular test was

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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designed to detect an absolute difference of 20% between groups for
the primary outcome with 95% power, while the type I error (2-sided)
was set at 5%. Under these conditions, using PEST 4.0 statistical
software (Reading University, Reading, England), we determined
that the average number of patients required to discontinue the study
was 96 (90th percentile, 125 patients) and 104 (90th percentile, 158
patients) under the null and alternative hypotheses respectively. The
maximum number of patients (corresponding to the apex of the
triangle) was 277. We also calculated that the equivalent fixed sample
design would have required 222 patients.

Randomization
Centre-stratified randomization lists were kept by the phar-

macist of the coordinating center. Investigators asked for randomi-
zation by fax and the pharmacist answered in the same way. A copy
of the randomization fax was sent to the methodology and manage-
ment team.

Statistical Analyses
Statistical analyses were performed on an intent-to-treat basis.

2

 Copyright © 2020 Wolters Kluw

The t test was used for the comparison of continuous variables, the x test

FIGURE 1. Trial profile.

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
(or Fisher exact test when appropriate) for the comparison of categorical
variables and the log-rank test for the comparison of censored variables.
For the main outcome, a logistic regression analysis was used to adjust
the comparison on the location of the primary tumor. An adjusted odds
ratio (OR) with its 95% CI was calculated. For censored outcomes, a
multivariate Cox model was used to adjust the comparison on possible
confounders (Online supplemental data material, http://links.lww.com/
SLA/C25). A backward stepwise procedure (Wald) was used to keep the
most important confounders in the model. Adjusted hazard ratios (HRs)
with 95% CIs were calculated.

In univariate and multivariate analyses, P values of less than
0.05 were considered to be significant.

METASYNC Trial Registration clinicaltrials.gov Identifier:
NCT00264979.

RESULTS

Sequential Analysis
A total of 105 patients were randomized between March 2,

2006 and December 21, 2015, among whom 85 were evaluable.
er Health, Inc. All rights reserved.

Figure 1 shows the study flow-chart with group allocations and
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TABLE 1. Demographic, Clinical, and Surgical Characteristics of Patients

Total Simultaneous Resection Delayed Resection

N ¼ 85 N ¼ 39 N ¼ 46 P Value

Demographics
Age, years (mean � SD) 67� 10 68� 9 66� 11 0.21
Female sex 35 (41.2%) 14 (35.9%) 21 (45.7%) 0.36
BMI, kg/m2 (mean � SD) 25.5� 4.1 25.5� 3.7 25.5� 4.5 0.95

Site of colorectal primary cancer 0.16
Colon 52 (61.2%) 27 (69.2%) 25 (54.4%)

Right 17 (20.0%) 10 (25.6%) 7 (15.2%)
Left 35 (41.2%) 17 (43.6%) 18 (39.2%)

Rectum 33 (38.8%) 12 (30.8%) 21 (45.6%)
Liver metastases at the time of screening

Number of SLM (median [min–max]) 2 [1–13] 2 [1–13] 2 [1–9] 0.34
SLM 0.24

Solitary SLM 35 (41.2%) 17 (43.6%) 18 (39.1%)
2 SLM 23 (27.0%) 13 (33.3%) 10 (21.8%)
� 3 SLM 27 (31.8%) 9 (23.1%) 18 (39.1%)

Number of segments involved (median [min–max]) 2 [1–6] 2 [1–5] 2 [1–6] 0.97
Location of SLM 0.98

Unilobar 50 (58.8%) 23 (59.0%) 27 (58.7%)
Bilobar 35 (41.2%) 16 (41.0%) 19 (41.3%)

Largest diameter, mm (mean � SD) 38.9� 31.3 40.8� 28.8 37.2� 33.5 0.30
CEA, ng/mL (median [min–max]) 7.4 [0.5–2707.0] 8.3 [1.0–2707.0] 7.1 [0.5–900.0] 0.71

Chemotherapy 0.95
Preoperative chemotherapy 52 (61.2%) 24 (61.5%) 28 (60.9%)
Interval chemotherapy NA NA 31 (67.4%)
Postoperative chemotherapy 39 (45.9%) 30 (76.9%) 9 (19.6%)

BMI indicates body mass index; CEA, carcino-embryonic antigen; NA, not applicable; SD, standard deviation.
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causes of exclusion. Five patients (3 and 2 in the SR and DR groups,
respectively) dropped out of the protocol between randomization and
primary resection. At the time of the first surgical procedure, 15 (9
and 6 in SR and DR groups, respectively) of the remaining 100
patients were excluded, mainly as a result of peritoneal carcinoma-
tosis and/or unresectable SLM with curative intent. Thus, 85 patients
(39 and 46 in the SR and DR groups, respectively) were analyzed.

In December 2015, the enrollment was discontinued because
results from the fourth planned interim analysis showed no evidence
of a difference in major complications between SR and DR groups
(Online supplementary data results and Figure 1, http://links.
lww.com/SLA/C25).

Basic Characteristics of the Study Participants
Table 1 shows patient characteristics. In the DR group, the

number of primary rectal cancers was slightly larger than in the SR
group. Technical details of surgeries are given on the online supple-
mental data Table 2, http://links.lww.com/SLA/C25.

Four and 6 patients had combined rectal cancer resection and
major liver resection in SR and DR groups respectively. The pTN
stage was similar in the 2 groups.

Primary Outcome
Table 2 shows the primary outcome. The percentages of major
 Copyright © 2020 Wolters Kluw

complications occurring within 60 days of surgery were not

TABLE 2. Numbers and Percentages of Patients Who Had at Leas

Simultaneous Resection Dela

N ¼ 39

Major complications 19 (48.7%) 2
Colon 12 (30.7%) 1
Rectum 7 (18.0%) 1

52 | www.annalsofsurgery.com
statistically different according to whether SLM resection was
simultaneous or delayed in relation to CRC resection: 49% and
46% in the SR and DR groups, respectively. Corresponding unbiased
estimates taking into account the sequential nature of the analysis
reached 51% and 44%. The final analysis on the primary outcome
using a logistic regression model yielded an adjusted odds ratio of
0.84 [CI 95% (0.35–2.01), P ¼ 0.70].

Secondary Outcomes
The proportions of digestive and hepatic complications were

28% and 13% and 15% and 17% in the SR and DR groups,
respectively (Table 3). We did not observe any intraoperative deaths,
but 3 patients died in the first 3 months of the postoperative period: 2
in the SR group (disruption of colo-anal anastomosis and femoral
neck fracture, on postoperative days 32 and 42, respectively) and 1 in
the DR group (ruptured mycotic pseudo-aneurysm of the hepatic
artery on postoperative day 10).

According to the Clavien-Dindo classification, the proportion
of complications was similar in the 2 groups (Table 3). The percen-
tages of grade III and IV complications were 55.5% and 40.6% in the
SR and DR groups, respectively. These differences did not reach
significant levels.

In the SR group, the median length of hospital stay was
12 days [range: 4–41]. In the DR group, the median length of
er Health, Inc. All rights reserved.

hospital stay was 8 days [range: 4–44] and 7 days [range: 3–25]

t One Major Complication

yed Resection Adjusted Odds Ratio P Value

N ¼ 46

1 (45.7%)
1 (23.9%) 0.84 [0.35–2.01] 0.70
0 (21.7%)

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Type and Number of Major Complications

Simultaneous Resection N ¼ 39 Delayed Resection N ¼ 46 P Value

Digestive complications 11 (28.2%) 6 (13.0%)
Hemorrhage 1 2 0.08
Necrosis of the colon or small bowel 0 0
Peritonitis 4 1
Intra-abdominal abscess 2 0
Anastomosis fistula 4 3
Bowel obstruction 1 1

Hepatic complications 6 (15.4%) 8 (17.4%) 0.80
Hemorrhage 3 5
Bile leakage 0 0
Bile duct stenosis 0 0
Sub-phrenic abscess 3 2
Severe liver failure 0 1

General complications 5 (12.8%) 11 (23.9%) 0.19
Perioperative death 2� 1y

Pulmonary embolism 1 1
Wound abscess 0 1
Pulmonary infection 0 0
Severe sepsis or septic shock 1 1
Acute renal insufficiency 1 0
SLM not resectable 0 8

Clavien-Dindo classificationz N ¼ 27 N ¼ 31 0.57
Grade I 6 (22.2%) 9 (29.0%)
Grade II 4 (14.8%) 8 (25.8%)
Grade III 7 (25.9%) 8 (25.8%)

IIIa 3 (11.1%) 1 (3.2%)
IIIb 4 (14.8%) 7 (22.6%)

Grade IV 8 (29.6%) 5 (16.1%)
IVa 7 (25.9%) 5 (16.1%)
IVb 1 (3.7%) 0 (0.0%)

Grade V 2 (7.4%) 1 (3.2%)

�Ruptured mycotic pseudo-aneurysm of the hepatic artery and disruption of colo-anal anastomosis.
yFemoral neck fracture.
zIn DR group, we only considered the highest type of the 2 procedures.
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for the colorectal and the liver surgeries, respectively, with a total
median length of hospital stay of 17 days [range: 7–51] (P ¼ 0.002
vs. SR group).

In the SR group, all patients had SLM resection at the time of
primary surgery. In the DR group, 37 patients had SLM resection
after a median time of 17 [8–49] weeks, 1 patient had a single
surgical intervention following anatomical complications, and 8
patients dropped out as a result of disease progression (6 patients),
heart failure (1 patient), or small anticipated residual liver volume (1
patient).

The rates of occurrence of R0 margins at the colorectal site
were similar in the 2 groups (100% vs. 95.7%, in the SR and DR
groups, respectively). The rate of occurrence of R0 margins at liver
sites was slightly lower in the DR group, but the difference was not
statistically significant (97.4% vs. 84.2%, in the SR and DR groups,
respectively [Online supplemental data Table 2, http://links.
lww.com/SLA/C25]).

By the end of the follow-up mentioned in the protocol (ie, 2 yrs
after randomization), OS rates were 87.2% and 69.6% (P ¼ 0.05) in
the SR and DR groups, respectively, and DFS rates were 35.9% and
17.4% (P ¼ 0.05) in the SR and DR groups, respectively. To assess
long-term survival, the follow-up was updated on December 31,
2017. Median follow-up for the entire population was 47 months.
Median OS was 5.9 [95% CI 3.4–NA] and 3.9 [95% CI 2.1–4.9]
years, and median DFS was 1.3 [95% CI 0.7–2.0] and 1.0 [95% CI
0.8–1.3] years in the SR and DR groups, respectively. Figure 2 shows
Kaplan–Meier distributions for OS and DFS. Tables 4 and 5 report
 Copyright © 2020 Wolters Kluw

univariate and multivariate Cox regression analyses for OS and DFS

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
respectively. OS, but not DFS, tended to be better in the SR compared
to the DR group (P ¼ 0.07 and P ¼ 0.57, respectively, Cox models).

DISCUSSION

METASYNC is the first randomized controlled trial compar-
ing 2 resection strategies for CRC-SLM. We have observed that,
among CRC patients with resectable SLM, the percentage of intra- or
postoperative complications did not differ whether resection of the
colorectal cancer and liver metastases was simultaneous or delayed.
However, the percentage of digestive complications was higher in the
SR group and the percentage of R1 resection was higher in the DR
group, but the differences did not achieve statistical significance. In
addition, the 2-year overall survival tended to be prolonged after
simultaneous resection. We therefore suggest that CRC patients with
initially resectable SLM could undergo simultaneous resection. Our
results provide arguments for change among teams who, in the
absence of evidence-based data, rely on the precautionary principle
to opt for delayed resection of liver metastases from colorectal
cancer.10–12 However, our trial lacks power to assert that simulta-
neous resection is still recommended in all situations, and particu-
larly in extreme situations combining major hepatectomy and
complex rectal resection (eg, low anterior resections).

When METASYNC was designed, the Clavien-Dindo classi-
fication9 was not published yet. It was added to the protocol as a
secondary outcome in July 2016. Although the Clavien-Dindo
classification did not match the major complications as defined in
the protocol, we did not find significant differences between the SR
er Health, Inc. All rights reserved.

and DR groups. The percentage of patients with major complications
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FIGURE 2. Overall and disease-free survival. A, Kaplan–Meier analysis of overall survival. B, Kaplan–Meier analysis of disease-free
survival.
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(Grades III and IV) was higher when using the Clavien-Dindo
classification expressing that the definitions of major complications
we used in the protocol were more restrictive.

Delayed resection altered the 2-year OS and DFS compared
with simultaneous resection. This was partly due to liver metastasis
progression after colorectal surgery and it would have been advan-
tageous in these cases to apply the liver first procedure. However, this
strategy had not been described when our trial was set up. Also, it
raises the question whether the time interval between the 2 stages
allowed time for disease progression. When our protocol was
designed, none of the published studies comparing SR and DR
 Copyright © 2020 Wolters Kluw

groups had reported yet the mean time interval between the 2

TABLE 4. Multivariate Cox Regression Analysis for Overall Surviva

Univariate Analysis

HR [CI 95%]

Overall survival
Treatment (DR vs. SR) 1.70 [0.98; 2.94]
Age (year) (>68 vs. �68) 2.16 [1.25; 3.71]
Site of colorectal primary cancer

Left colon vs. right colon 0.77 [0.38; 1.57]
Rectum vs. right colon 0.90 [0.44; 1.84]

Location of SLM (bilobar vs. uni) 1.35 [0.79; 2.31]
Number of SLM (>3 vs. � 3) 1.53 [0.74; 3.15]
Preoperative CEA (> 5 vs. � 5 ng/mL) 0.92 [0.52; 1.64]
Tumor stage (pT)

3 vs. � 2 1.02 [0.40; 2.61]
4 vs. � 2 1.83 [0.62; 5.39]

Primary lymph nodes (pN)
1 vs. 0 1.18 [0.63; 2.22]
2 vs. 0 1.65 [0.83; 3.28]

CEA indicates carcino-embryonic antigen; DR, delayed resection .

54 | www.annalsofsurgery.com
operations in the DR group. We chose a time interval of 12 to
14 weeks based on our previous experience and in order to avoid
complications at the second operation. Nowadays, we would recom-
mend performing the liver resection as soon as the patient has
recovered from the first operation.

Despite the use of the triangular test, the trial lasted 10 years
instead of the 4 years that were initially planned. This sequential
design allowed the discontinuation of inclusions as soon as cumula-
tive data suggested that a difference between groups would have been
unlikely, even with a larger sample size. In our trial, it resulted in a
62% reduction in the sample size compared with a single-stage
er Health, Inc. All rights reserved.

design. However, the recruitment capacity was clearly overestimated

l

Multivariate Analysis

P Value HR [CI 95%] P Value

0.06 1.66 [0.96; 2.87] 0.07
0.006 2.13 [1.24; 3.66] 0.0064
0.76

0.27
0.25
0.79
0.25

0.36

� 2020 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 5. Multivariate Cox Regression Analysis for Disease-free Survival

Univariate Analysis Multivariate Analysis

HR [CI 95%] P Value HR [CI 95%] P Value

Disease-free survival
Treatment (DR vs. SR) 1.32 [0.82; 2.13] 0.25 1.15 [0.71; 1.88] 0.57
Age (year) (>68 vs. �68) 1.54 [0.96; 2.46] 0.074 1.62 [1.01; 2.60] 0.0453
Site of colorectal primary cancer 0.55

Left colon vs. right colon 0.75 [0.40; 1.41]
Rectum vs. right colon 0.98 [0.52; 1.85]

Location of SLM (bilobar vs. uni) 1.63 [1.01; 2.61] 0.044
Number of SLM (>3 vs. �3) 3.25 [1.71; 6.19] 0.0003 3.31 [1.70 ; 6.44] 0.0004
Preoperative CEA (> 5 vs. � 5 ng/mL) 1.10 [0.67; 1.81] 0.71
Tumor stage (pT) 0.75

3 vs. � 2 1.08 [0.46; 2.54]
4 vs. � 2 1.37 [0.50; 3.72]

Primary lymph nodes (pN) 0.68
1 vs. 0 1.25 [0.73; 2.15]
2 vs. 0 1.24 [0.67; 2.30]

CEA indicates carcino-embryonic antigen; DR, delayed resection.
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and at least 3 explanations can be proposed. First, CRC with initially
resectable SLM confined to the liver remains a rare situation (less
than 10% of CRC).2 Second, all participating centers were tertiary
referral centers to which SLM patients are usually referred for
reasons of poor overall status or initially nonresectable SLM. Third,
a majority of patients with resectable or nonresectable SLM were
referred after the primary tumor had already been resected, in
particular, to treat or prevent complications such as bowel obstruc-
tion, abscesses, or bleeding. Since bowel obstruction may be first
treated by colostomy, and since tumor bleeding can be efficiently
stopped by chemotherapy and radiotherapy,13,14 we recommend that
these patients undergo a simultaneous resection strategy in expert
centers. This recommendation also goes for patients with rectal
cancers. Indeed, although the number of rectal cancers was larger
in the DR group, the complication rate, adjusted on the primary
location, was not statistically different between the SR and
DR groups.

Regarding the comparisons of survival distributions between
groups, DR patients’ OS tended to be lower than that of SR patients.
To perform the multivariable analysis, all confounders were intro-
duced in the Cox model and progressively withdrawn using a
backward procedure to prevent the risks of high multicollinearity
and overfit models in which regression coefficients and P values
would have been misleading. The lower OS in DR patients was
probably partly due to the dropping-out of 6 patients whose disease
progressed to nonresectability in the interval between the 2 surgical
procedures. This supports the hypothesis of a tumor-enhancing effect
of surgery.15 Indeed, a recent meta-analysis suggested that initial
surgical resection of CRC could stimulate the growth of synchronous
undetectable hepatic and extra-hepatic metastases.16

Combining a DR strategy with a liver-first approach17 could
circumvent the risk of liver disease progression, but this would not
have limited extra-hepatic progression, which occurred in 2 out of the
8 dropout cases in our study. In fact, 3 systematic reviews comparing
liver-first, colorectal-first and SR approaches failed to identify a clear
survival benefit in terms of 5-year overall survival for any of the 3
strategies.17–19

Some patients did not receive chemotherapy prior to colorec-
tal surgery because, at the time METASYNC was initiated, the
benefit of preoperative chemotherapy only relied on the study by
Adam et al20 who retrospectively showed that metastasis progression
 Copyright © 2020 Wolters Kluw

while on chemotherapy would contraindicate liver resection. Today,
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it could be suggested perioperative chemotherapy with FOLFOX4, a
chemotherapy regimen that has been shown to be compatible with
major liver surgery.21

Our study, which was dealing with heterogeneous and com-
plicated patients, was not only difficult to conduct, but also difficult
to rigorously analyze. One issue was that, despite randomization,
there were some slight unbalances in the distribution of location of
primary tumor as well as in the size of liver procedure. In both cases,
although the differences between the 2 groups did not reach statistical
significance, the SR group had more favorable characteristics (more
right colons vs. rectal cancers and fewer major liver resections)
compared with the DR group. Moreover, in the DR group, although
the recommended interval between the 2 operations was 12 to 14
weeks, investigators reported difficulties in controlling the second
operation date since it depended on administration of a chemother-
apy in the interval, patient’s general condition, patient’s desire, and
surgical team availability, all these factors placing the DR group in
less favorable conditions than the SR group. Also, although the
protocol recommended evaluating the resectability of liver disease
for the DR group at first operation, this may have been difficult when
the colorectal tumor was resected laparoscopically. Then the results
could have been biased in favor of the SR group, as some patients of
the DR group, who either progressed or had too small of a projected
liver remnant at second operation, were found to be unresectable. For
these reasons we adjusted the comparison on the main outcome with
a multivariable analysis. Finally, during the long period of accrual,
improvements in chemotherapy, imaging, and surgical techniques
may have impacted the outcomes. In particular, the capacity to detect
extrahepatic metastases, consideration for simultaneous resection of
the primary and liver metastases, and subsequent consideration for
enrollment in the trial may all have increased with time. Most
improvements similarly affected the 2 groups of patients and proba-
bly only contributed to increase the variability of outcomes. How-
ever, some (eg, interval chemotherapy) could have specifically
affected the delayed resection group and may have impacted OS
and DFS in this group.

In conclusion, we suggest that it is acceptable for patients
presenting with colorectal cancer and synchronous resectable liver
metastases to undergo simultaneous resection of the primary tumor
and the liver metastases. This strategy has the advantage of imposing
only 1 operation to patients. However, because of its long duration
er Health, Inc. All rights reserved.

and of a limited number of patients, the trial did not capture every
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situation since we did not specifically address the issue of major
hepatectomies and complex colorectal resections. We therefore
believe that a delayed strategy still has an important place in the
care of these complicated patients.
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