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Background: The objective of this study was to assess trends in the use as well as the outcomes of pa-
tients undergoing simultaneous versus staged resection for synchronous colorectal liver metastases.
Methods: Patients undergoing resection for colorectal liver metastases between 2008 and 2018 were
identified using a multi-institutional database. Trends in use and outcomes of simultaneous resection of
colorectal liver metastases were examined over time and compared with that of staged resection after
propensity score matching.
Results: Among 1,116 patients undergoing resection for colorectal liver metastases, 690 (61.8%) patients
had synchronous disease. Among them, 314 (45.5%) patients underwent simultaneous resection, while
376 (54.5%) had staged resection. The proportion of patients undergoing simultaneous resection for
synchronous colorectal liver metastases increased over time (2008: 37.2% vs 2018: 47.4%; ptrend ¼ 0.02).
After propensity score matching (n ¼ 201 per group), patients undergoing simultaneous resection for
synchronous colorectal liver metastases had a higher incidence of overall (44.8% vs 34.3%; P ¼ .03) and
severe complications (Clavien-Dindo �III) (16.9% vs 7.0%; P ¼ .002) yet comparable 90-day mortality
(3.5% vs 1.0%; P ¼ .09) compared with patients undergoing staged resection. The incidence of severe
morbidity decreased over time (2008: 50% vs 2018: 11.1%; ptrend ¼ 0.02). Survival was comparable among
patients undergoing simultaneous versus staged resection of colorectal liver metastases (3-year overall
survival: 66.1% vs 62.3%; P ¼ .67). Following simultaneous resection, severe morbidity and mortality
increased incrementally based on the extent of liver resection and complexity of colectomy.
Conclusion: While simultaneous resection was associated with increased morbidity, the incidence of
severe morbidity decreased over time. Long-term survival was comparable after simultaneous resection
versus staged resection of colorectal liver metastases.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and
the second leading cause of cancer-related deaths worldwide.1

Nearly one-half of CRC patients will develop colorectal liver me-
tastases (CRLM) during the course of their disease, with approxi-
mately 15% to 20% of patients presenting with synchronous CRLM
at the time of diagnosis.2,3 In general, synchronous presentation
portends a worse prognosis compared with metachronous
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disease.4 Although many patients with synchronous CRLM may
present with unresectable disease, surgery remains the best chance
for long-term survival among patients with resectable disease, as
well as among individuals with initially unresectable disease who
receive preoperative “conversion” chemotherapy.5,6 In fact, 5-year
survival of patients with synchronous CRLM after surgical resec-
tion has been reported to range from 27% to 73%.7

A staged resection has been the traditional approach to the
treatment of patients with synchronous CRLM.3,8 The staged
approach typically involves initial resection of either the primary
CRC (classic approach) or the liver metastasis (reverse approach)
followed by chemotherapy and a subsequent operation to address
the remaining disease site(s). Due to advances in surgical tech-
niques and perioperative care, many surgeons now advocate for
simultaneous resection of CRC and CRLM as the preferred strategy
for synchronous CRLM.2,9 Proponents of the simultaneous
approach note that 1 operation (instead of 2) leads to a shorter
duration of stay and decreased costs, as well as equivalent onco-
logic outcomes compared with staged resections.1,7 Other surgeons
have expressed concerns, however, regarding the safety of a
simultaneous approachdespecially among patients requiring a
major liver or colorectal resectiondthat may lead to higher
morbidity and mortality.10e12

As such, the “optimal” surgical strategy (ie, simultaneous versus
staged resection) for patients with synchronous CRLM remains
controversial. Previous data have often been limited to single-
center reports or derived from large administrative datasets,
which often lack clinical granularity.7,9e15 Previous studies also
often failed to stratify outcomes such as morbidity and mortality
relative to the extent of liver resection and the type of concurrent
colectomy. As such, the safety and efficacy of simultaneous versus
staged resection remains debated and controversial.7,9e15 In turn,
the relative use of simultaneous versus staged resection over the
last decade has not been defined. Therefore, the objective of the
current study was to characterize trends in the use as well as the
outcomes associated with simultaneous versus staged resection for
synchronous CRLM over the last decade. In particular, using a large,
international, multi-institutional database, we sought to define
variations in morbidity and mortality relative to extent of liver and
colorectal resection, as well as to perform a head-to-head com-
parison of staged versus simultaneous resection after adjusting for
differences in baseline characteristics using propensity score-
matching (PSM) analysis.

Methods

Study population and inclusion criteria

Patients who underwent liver resection for CRLM between 2008
and 2018 were identified from an international, multi-institutional
database incorporating data from 5 major hepatobiliary centers:
The Ohio State University Comprehensive Cancer Center (Colum-
bus, OH), Stanford University (Stanford, CA), Cleveland Clinic
Foundation (Cleveland, OH), Fundeni Clinical Institute (Bucharest,
Romania), and the University of Verona (Verona, Italy). Patients
who (1) underwent palliative resection, (2) had missing data on
presentation of CRLM (synchronous/metachronous), and (3) had
missing data on type of resection (simultaneous/staged resection of
CRC and CRLM) were excluded. The institutional review board of all
the participating institutions approved the study.

Variables, definitions, and outcomes

Variables examined included patient characteristics (ie, age, sex,
Charlson comorbidity score), colorectal tumor characteristics (ie,
location of primary tumor, American Joint Committee on Cancer T
stage, lymph node metastasis associated with CRC), liver metastasis
characteristics (ie, number of tumors, size of the largest tumor, tumor
burden score [TBS] group), as well as other clinical characteristics
includingKRASmutational status, carcinoembryonic antigen (CEA) at
the time of CRLM diagnosis, chemotherapy before liver resection,
minimally invasive surgery, extent of liver resection, concurrent
ablation, margin status, and receipt of adjuvant chemotherapy.

TBS incorporated both maximum tumor size and number of
tumors so that TBS2 ¼ (maximum tumor diameter)2 þ (number of
tumors)2, as previously described.16,17 Patients were categorized as
having a low (TBS < 3), medium (TBS� 3 to TBS < 9), or high (TBS�
9) tumor burden, as previously defined.16 Synchronous metastasis
was defined as CRC and CRLM present at the time of diagnosis. For
the analysis of major morbidity and mortality relative to the
different types of colectomy (low/high risk) and liver resection
(minor/major hepatectomy), colectomies were categorized as low
risk (sigmoid resection, left colectomy, right colectomy, and low
anterior resection) and high risk (extended left colectomy,
extended right colectomy, total abdominal colectomy, abdominal
perineal resection), as previously described.10 Liver resections were
categorized as major and minor hepatectomies based on the
number of resected Couinaud liver segments, as this is the most
widely accepted classification.18

The primary outcomes included overall complications, severe
complications, 90-day mortality, and 90-day readmission. Severity
of complications was determined according to the Clavien-Dindo
classification system; severe complications were defined as
Clavien-Dindo grade � III.19 Secondary outcomes included overall
survival (OS) and disease-specific survival (DSS). OS was defined as
the time interval between the date of simultaneous resection (for
the simultaneous resection group) or the first operation (for the
staged resection group) to the date of death from any cause or last
follow-up. Similarly, DSS was defined as the time interval between
the date of simultaneous resection (for the simultaneous resection
group) or the first operation (for the staged resection group) to the
date of disease-specific death or last follow-up.

Statistical analysis

Descriptive statistics were presented as median (interquartile
range [IQR]) and frequency (%) for continuous and categorical vari-
ables, respectively. Continuous variables were compared using the
Wilcoxon rank-sum test and categorical variables using the c2 test or
Fisher exact test, as appropriate. To overcome selection bias, a 1:1
nearest neighbor PSM was performed to compare outcomes among
patients with simultaneous versus staged resection after adjusting
for clinically important variables, including age, sex, location of
primary tumor, lymph node metastasis, primary tumor T stage,
CEA levels, year of surgery, extent of liver resection (ie, minor, major),
total number of CRLM, size of the largest CRLM, KRAS mutational
status (ie, wild type, mutant type, unknown), minimally invasive
surgery, and chemotherapy before and after liver resection. Survival
analyses were performed using the Kaplan-Meier method and the
log-rank test. The level of statistical significance for all tests was set
at a ¼ .05. All statistical analyses were performed with the SPSS,
version 26, (IBM Corporation, Armonk, NY) and JMP, version 14,
(SAS Institute, Inc, Cary, NC) statistical packages.

Results

Characteristics of patients who underwent resection of synchronous
CRLM

Among 1,116 patients who underwent resection of CRLM, 690
(61.8%) patients had synchronous disease (Supplemental Table I).



Table I
Differences in characteristics of patients undergoing simultaneous versus staged resection for synchronous CRLM

Variables Total (N ¼ 690) Simultaneous resection (n ¼ 314) Staged resection (n ¼ 376) P value

Patient characteristics
Age, median (IQR) 60 (51e68) 61 (51e69) 59 (51e66) .17
Sex (male) 413 (59.9%) 189 (60.2%) 224 (59.6%) .87
Charlson comorbidity score (IQR) 8 (7e9) 8 (7e9) 8 (7e9) .11
Colorectal tumor characteristics
Location of primary tumor .10
Rectum 210 (30.5%) 101 (32.3%) 109 (29.1%)
Left colon 309 (44.9%) 127 (40.6%) 182 (48.5%)
Right colon 169 (24.6%) 85 (27.2%) 84 (22.4%)

T stage .59
T1 10 (1.5%) 6 (2.0%) 4 (1.2%)
T2 40 (6.2%) 18 (5.9%) 22 (6.4%)
T3 434 (66.9%) 208 (68.6%) 226 (65.3%)
T4 165 (25.4%) 71 (23.4%) 94 (27.2%)

Lymph node metastases 464 (70.4%) 201 (65.0%) 263 (75.1%) .005
Liver metastases characteristics
No of tumors (IQR) 2 (1e4) 2 (1e3) 2 (1e4) <.001
Size of largest tumor, cm (IQR) 2.8 (1.7e4.5) 2.5 (1.5e4.1) 3.0 (1.9e4.8) .001
Tumor burden score .02
Low 201 (30.6%) 108 (36.0%) 93 (26.1%)
Medium 396 (60.3%) 167 (55.7%) 229 (64.1%)
High 60 (9.1%) 25 (8.3%) 35 (9.8%)

Clinical characteristics
KRAS status .13
Wild type 252 (36.5%) 102 (32.5%) 150 (39.9%)
Mutant 156 (22.6%) 77 (24.5%) 79 (21.0%)
Unknown 282 (40.9%) 135 (43.0%) 147 (39.1%)

CEA (ng/mL) (IQR) 8.1 (3.0e41.0) 8.8 (3.2e31.8) 7.9 (2.8e57.0) .93
Chemotherapy before hepatectomy < .001
None 195 (30.4%) 148 (50.5%) 47 (13.5%)
Cytotoxic chemo 210 (32.8%) 80 (27.3%) 130 (37.4%)
Cytotoxic chemo þ biological agent 236 (36.8%) 65 (22.2%) 171 (49.1%)

Minimally invasive liver resection 87 (12.9%) 32 (10.4%) 55 (15.1%) .07
Type of liver resection <.001
Minor 465 (67.4%) 253 (80.6%) 212 (56.4%)
Major 225 (32.6%) 61 (19.4%) 164 (43.6%)

Concurrent ablation 92 (13.4%) 32 (10.3%) 60 (16.0%) .03
Margin status .047
R0 510 (76.0%) 242 (79.6%) 268 (73.0%)
R1 161 (24.0%) 62 (20.4%) 99 (27.0%)

Chemotherapy after hepatectomy 458 (70.5%) 200 (69.2%) 258 (71.5%) .53

Bolded values represent statistical significance.
CEA, carcinoembryonic antigen; CRLM, colorectal liver metastases; IQR, interquartile range.
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Among individuals with synchronous disease, median age was 60
years (IQR 51e68), and more than one-half of patients were male
(n ¼ 413, 59.9%). The majority of patients had a primary CRC of the
left colon (n ¼ 309, 44.9%), T3 disease (n ¼ 434, 66.9%), and lymph
node metastasis associated with primary CRC (n ¼ 464, 70.4%).
The median number of CRLM was 2 (IQR 1e4), and the median
CRLM size was 2.8 cm (IQR 1.7e4.5). Most patients were catego-
rized as having a medium tumor burden (n ¼ 396, 60.3%). Median
preoperative CEA was 8.1 ng/mL (IQR 3.0e41.0) and roughly two-
thirds of patients received chemotherapy after hepatectomy (n ¼
458, 70.5%). The majority of patients underwent an R0 resection of
CRLM (n ¼ 510, 76.0%) (Table I).

Among patients with synchronous disease, 314 (45.5%) pa-
tients underwent simultaneous resection of CRC and CRLM, while
376 (54.5%) had staged resection. Patients who had simultaneous
resection more frequently underwent a minor hepatectomy
(80.6% vs 56.4%; P < .001) for low tumor burden disease (36.0% vs
26.1%; P ¼ .02) and more frequently had an R0 resection (79.6% vs
73%; P ¼ .047) versus patients who had staged resection (Table I).
In contrast, patients who underwent staged resection more
frequently had lymph node metastasis associated with the pri-
mary CRC (75.1% vs 65.0%; P ¼ .005), had chemotherapy before
liver resection (86.5% vs 49.5; P < .001), and had concurrent
ablation at the time of the liver operation (16.0% vs 10.3%; P ¼ .03)
(Table I).

Trends in use and outcomes of simultaneous resections over time

The proportion of patients undergoing simultaneous resection
for synchronous CRC and CRLM increased from 2008 to 2018 (2008:
37.2% vs 2018: 47.4%; ptrend ¼ 0.02). The temporal trend was almost
entirely due to an increase in simultaneous minor liver resections
(2008: 32.6% vs 2018: 47.4%; ptrend ¼ 0.03), whereas simultaneous
major liver resections remained limited over time (2008: 4.7% vs
2018: 0%; ptrend ¼ 0.10). The use of minimally invasive surgery for
simultaneous CRLM resections also remained low over time (2008:
2.3% vs 2018: 0%; ptrend ¼ 0.27) (Fig 1, A). A large variation in
simultaneous resections was noted among the different partici-
pating centers (range 28.7%e69.6%).

In assessing changes in morbidity and mortality over the study
period, the incidence of overall complications (ptrend¼ 0.73) as well
as 90-day mortality (ptrend ¼ 0.46) remained stable over time after
simultaneous resection. The incidence of severe morbidity (Clav-
ien-Dindo � III) did, however, decrease after simultaneous resec-
tion over the study periods examined (2008: 50% vs 2018: 11.1%;
ptrend ¼ 0.02) (Fig 1, B).



Fig 1. Trends in the use of simultaneous liver resection for synchronous CRLM between 2008 and 2018 per extent of liver resection (A). Trends in morbidity and mortality among
patients who underwent simultaneous resection for synchronous CRLM between 2008 and 2018. CD, Clavien-Dindo; CRLM, colorectal liver metastases.

Fig 2. Observed incidence of severemorbidity and 90-day mortality among patients
undergoing simultaneous low/high-risk colectomy and minor/major liver resection.
CD, Clavien-Dindo.
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Severe morbidity and mortality stratified by risk of colorectal and
liver resections

The overall observed incidence of severe morbidity and mor-
tality among patients with synchronous resection in the entire
cohort was 19.4% and 3.2%, respectively. After categorization of
patients into low- and high-risk relative to CRC resection (n ¼ 281
patients with data on type of CRC resection out of 314 with syn-
chronous resection, 89.5%), 4 possible synchronous resection cat-
egories were created: (1) low-risk colectomy and minor
hepatectomy (n ¼ 197, 62.7%), (2) high-risk colectomy and minor
hepatectomy (n ¼ 29, 9.2%), (3) low-risk colectomy and major
hepatectomy (n¼ 51, 16.2%), and (4) high-risk colectomy and major
hepatectomy (n ¼ 4, 1.3%). The observed incidence of severe
morbidity increased among the 4 different risk groups (group 1:
15.7% vs group 2: 24.1% vs group 3: 25.5% vs group 4: 50%). Simi-
larly, observed mortality increased among the different simulta-
neous resection cohorts (group 1: 2.0% vs group 2: 3.4% vs group 3:
5.9% vs group 4: 25.0%) (Fig 2). The use of prehepatectomy
chemotherapy differed among the simultaneous resection cohorts
(group 1: 46.3% vs group 2: 44% vs group 3: 63.6% vs group 4: 100%;
P ¼ .03).

Among patients who underwent staged resection and had
available data on type of CRC and CRLM resection (n ¼ 323 out of
376, 85.9%), 170 (45.2%) were in group 1 (ie, low-risk colectomy and
minor hepatectomy), 16 (4.3%) were in group 2 (ie, high-risk
colectomy and minor hepatectomy), 130 (34.5%) were in group 3
(ie, low-risk colectomy and major hepatectomy), and 7 (1.9%) were
in group 4 (ie, high-risk colectomy and major hepatectomy). The
observed incidence of severe morbidity (group 1: 5.3%, group: 2:
0%, group 3: 11.5%, group 4: 28.6%) and mortality (group 1: 1.2%,
group 2: 0%, group 3: 2.3%, group 4: 0%) did not increase across the
minor/major colectomy/hepatectomy subgroups (Supplemental Fig
1).
Short- and long-term outcomes after simultaneous versus staged
resection: PSM analysis

To reduce selection bias and minimize confounders, a PSM
analysis was performed to compare outcomes of patients who
underwent simultaneous versus staged resection of CRC and CRLM
(n ¼ 402). After PSM, no differences were noted in the character-
istics of individuals who underwent simultaneous or staged
resection, except patients who underwent a staged resection more
often had received prehepatectomy chemotherapy (83.9% vs 49.2%;
P < .001) (Supplemental Table II). After PSM (n ¼ 201 per group),
patients who underwent simultaneous resection for synchronous
CRLM had a higher incidence of overall complications (44.8% vs
34.3%; P ¼ .03) and severe complications (Clavien-Dindo � III)
(16.9% vs 7.0%; P¼ .002). In contrast, 90-day mortality (3.5% vs 1.0%;
P¼ .09) and 90-day readmission (9.0% vs 7.5%; P¼ .59) were similar
among patients who underwent simultaneous versus staged
resection (Table II).

With a median follow-up of 25.5 months (IQR 13.5e44.3), OS
(simultaneous: 1-year, 90.3%; 3-year, 66.1% vs staged: 1-year, 91.4%;
3-year, 62.3%; P ¼ .67) and DSS (simultaneous: 1-year, 93.8%; 3-
year, 70.5% vs staged: 1-year, 94.4%; 3-year, 65.2%; P ¼ .56) were



Table II
Outcomes of patients undergoing simultaneous versus staged resection for synchronous CRLM in the PSM cohort (n ¼ 402)

Total (n ¼ 402) Simultaneous resection (n ¼ 201) Staged resection (n ¼ 201) P value

Short-term outcomes
Overall complications 159 (39.6%) 90 (44.8%) 69 (34.3%) .03
Severe complications (CD �III) 48 (11.9%) 34 (16.9%) 14 (7.0%) .002
90-d readmission 33 (8.2%) 18 (9.0%) 15 (7.5%) .59
90-d mortality 9 (2.2%) 7 (3.5%) 2 (1.0%) .09
Long-term outcomes .67*

1-y OS 90.8% 90.3% 91.4%
3-y OS 64.1% 66.1% 62.3%
5-y OS 46.5% 48.8% 44.0%

Bolded values represent statistical significance.
CD, Clavien-Dindo; CRLM, colorectal liver metastases; OS, overall survival; PSM, propensity score matching.

* Log-rank test.
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comparable among patients who had undergone simultaneous
versus staged resection of CRLM (Fig 3). No differences in OS and
DSS were noted among patients who underwent simultaneous (n¼
201) versus liver-first (n ¼ 41) or colon-first (n ¼ 160) staged
resection in the PSM cohort (1-year OS: 90.5% vs 91.8% vs 90.6%; 3-
year OS: 66.5% vs 77.1% vs 52.8%, respectively; P ¼ .07).

Discussion

Owing to the lack of robust level-I evidence, the surgical man-
agement of synchronous CRLM remains a challenge to both colo-
rectal and hepatobiliary surgeons. While certain investigators have
suggested that simultaneous resection may lead to higher
morbidity and mortality, others have reported comparable out-
comes after simultaneous versus staged resection of synchronous
CRLM.7,9e15 In the current study, the observed incidence of severe
morbidity and mortality after simultaneous resection increased
incrementally based on the extent of liver resection and the
complexity of the colectomy. After adjusting for baseline clinical
characteristics, patients undergoing simultaneous resections had a
higher incidence of severe complications, yet similar perioperative
mortality and long-term outcomes as patients who underwent
staged resection of CRLM.

The current study demonstrated an increased adoption of
simultaneous resection for synchronous CRLM from 2008 to 2018
(2008: 37.2% vs 2018: 47.4%; ptrend ¼ 0.02). The trend was almost
exclusively due to an increasing proportion of simultaneous minor
liver resections, with only a limited number of major liver re-
sections over time (Fig 1). This is in line with a population-based
cohort reported by Bogach et al that demonstrated an increasing
number of simultaneous resections performed in Canada from
2006 to 2018.12 Interestingly, the current study also revealed a large
variation in the use of simultaneous resections for CRLM among the
5 major hepato-pancreatico-biliary participating institutions,
which ranged from 28.7% to 69.6%. Although the reason for this
variation may be multifactorial, differences in patient characteris-
tics, extent of liver disease, surgeon preferences, and institutional
practices may account for these differences. The data also highlight
how the use of simultaneous versus staged approach for synchro-
nous CRLM continues to remain controversial and continues to vary
markedly among surgeons.20

Previous studies have reported conflicting results regarding the
impact of simultaneous resections on short- and long-term out-
comes.7,9,12e15 For example, a population-based study from Canada
reported a higher mortality rate and worse long-term survival after
simultaneous versus staged resection for synchronous CRLM.12 In
contrast, Mayo et al reported no differences in morbidity and
mortality rates, as well as long-term survival, among patients
treated with either of the two approaches.8 The current study
demonstrated a higher incidence of severe complications in the
simultaneous versus staged resection cohort (16.9% vs 7.0%; P ¼
.002) in the PSM analysis. Nevertheless, severe morbidity after
simultaneous resectionwas noted to have decreasedmarkedly over
the study period examined (2008: 50% vs 2018: 11.1%; ptrend ¼
0.02). In addition, patients who underwent simultaneous resection
had similar perioperative mortality and comparable long-term
outcomes compared with individuals who had a staged resection
of synchronous CRLM (3-year OS: 66.1% vs. 62.3%; P ¼ .67, Fig 3). Of
note, the optimal approach (ie, liver-first or colon-first) in staged
resection for CRLM is still controversial.21 Although traditionally a
colorectal-first approach has been employed, more recently in-
vestigators have advocated for a liver-first approach as a means to
avoid delays in receipt of systemic chemotherapy due to recovery
from primary CRC resection.22 In our PSM cohort, the majority of
patients with staged resections (160 out of 201, 79.6%) underwent a
colon-first approach with comparable outcomes to individuals who
underwent a liver-first approach or simultaneous resection. These
results are in line with a previous network meta-analysis that
demonstrated similar short- and long-term outcomes after simul-
taneous versus liver-first or colon-first staged resection for syn-
chronous CRLM.21 In addition, these results are in line with the only
randomized controlled trial published on the topic to date that
confirmed comparable rates of severe morbidity and similar long-
term outcomes after simultaneous versus staged resection for
initially resectable synchronous CRLM.9

Previous studies have suggested that the risk of severe
morbidity and mortality increases exponentially with more
extensive simultaneous resections.23,24 In a multi-institutional
study, Reddy et al reported a more than 2-fold increase in severe
morbidity when a major hepatectomy was combined with a colo-
rectal resection.23 In line with these findings, the current study
revealed an incremental increase in severe morbidity and periop-
erative mortality with more extensive liver resections or more
complex colectomies. In particular, the most favorable outcomes
were noted when a low-risk colectomywas combined with a minor
hepatectomy (severe morbidity: 15.7%, mortality: 2.0%). Of note,
when a major hepatectomy was combined with a low-risk colec-
tomy, severe morbidity and mortality increased to 25.5% and 5.9%,
respectively, which was even higher than the respective rates after
a high-risk colectomy combined with minor hepatectomy (24.1%
and 3.4%, severe morbidity and mortality, respectively). Of note,
although only a limited number of patients underwent a major
hepatectomy combined with a high-risk colectomy in our cohort
(n ¼ 4), severe morbidity reached up to 50% in this patient group,
which was similar to results reported in a recent analysis of the
National Surgical Quality Improvement Program database.10

Collectively, the data from the current study suggest that simulta-
neous resection can be safely performed in select patients



Fig 3. Kaplan-Meier curves demonstrating differences in overall survival (A) and disease-specific survival among patients who underwent staged versus simultaneous liver
resection in the propensity-score matching cohort.CD, Clavien-Dindo.
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undergoing a minor hepatectomy, while such an approach should
be generally discouraged when a major hepatectomy is required or
when a high-risk colorectal surgery is to be performed.2

The current study had several limitations that should be taken
into consideration when interpreting the results. Due to the
retrospective nature of the study, selection bias may have impacted
which patients were offered simultaneous resections (ie, patients
were deemed low risk and were fit for a more extensive operation).
Furthermore, although PSM reduced bias secondary to confound-
ing, PSM cannot fully adjust for all unmeasured confounders that
may have been present in the 2 groups, including hospital char-
acteristics as well as surgeon expertise. Whether hepatic or colo-
rectal operations were performed by hepato-pancreatico-biliary or
colorectal surgeons could not be determined, and thus wewere not
able to assess whether the decrease in morbidity over time was
related to changes in surgeon subspecialty. All operations were,
however, performed at high-volume international centers and,
thus, provided a good representation of surgical practice of CRLM at
major hepatobiliary centers worldwide. In addition, although KRAS
status (ie, wtKRAS, mutKRAS, unknown) was well balanced among
simultaneous and staged resection groups in the PSM analysis, the
true status of the “unknown” category may have potentially
impacted the results. Finally, the number of patients who under-
went a high-risk colectomy combined withmajor hepatectomywas
small; therefore, data on morbidity and mortality in this subset of
patients should be interpreted with caution. The proportion of this
patient group was, however, similar with a previous National Sur-
gical Quality Improvement Program analysis.10

In conclusion, an increasing adoption of simultaneous re-
sections for synchronous CRLM was noted over the last decade at
major hepatobiliary centers, which was largely attributed to an
increasing trend in simultaneous minor liver resections. The mor-
tality and morbidity rates associated with synchronous resections
increased incrementally based on the extent of liver and colorectal
resections. While simultaneous resection was associated with
increased morbidity, the incidence of severe morbidity decreased
over time. Long-term survival was comparable after simultaneous
versus staged CRLM resection. The data strongly suggest that both
the extent of hepatectomy as well as the type of colectomy should
be considered when deciding the appropriate treatment strategy
for patients with synchronous CRLM. Simultaneous resections may
be safe and feasible among select patients who require a minor
hepatectomy, while rigorous patient selection is warranted to
identify candidates for simultaneous major hepatectomy.
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