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Backgrounds/Aims: Timing of resection for synchronous colorectal liver metastasis (CRLM) has been debated for decades. The aim
of the present study was to assess the feasibility of simultaneous resection of CRLM in terms of major complications and develop a pre-
diction model for safe resections.

Methods: A retrospective single-center study of synchronous, resectable CRLM, operated between 2013 and 2021 was conducted.
Upper limit of 95% confidence interval (CI) of major complications (> grade IIIA) was set at 40% as the safety threshold. Logistic re-
gression was used to determine predictors of morbidity. Prediction model was internally validated by bootstrap estimates, Harrell’s
C-index, and correlation of predicted and observed estimates.

Results: Ninety-two patients were operated. Of them, 41.3% had rectal cancers. Major hepatectomy (> 4 segments) was performed for
25 patients (27.2%). Major complications occurred in 20 patients (21.7%, 95% CI: 13.8%-31.5%). Predictors of complications were the
presence of comorbidities and major hepatectomy (area under the ROC curve: 0.692). Unacceptable level of morbidity (> 40%) was en-

countered in patients with comorbidities who underwent major hepatectomy.
Conclusions: Simultaneous bowel and CRLM resection appear to be safe. However, caution should be exercised when combining ma-

jor liver resections with bowel resection in patients with comorbid conditions.
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INTRODUCTION

Synchronous liver metastasis is present in 15% of colorectal
cancer (CRC) patients. Nearly 50% of patients with colorectal
liver metastasis (CRLM) have liver limited metastasis [1,2]. The
approach to synchronously presenting resectable CRLM has
been debated for decades without a consensus on timing or
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sequencing of liver and bowel operations. Prior series have ex-
amined various strategies, including simultaneous and staged
resections with bowel or liver first approaches. Metanalysis of
these studies has reported similar oncological outcomes with
any of these strategies [3].

Simultaneous resections offer reduce overall hospital stay,
costs, patient anxiety, and probability of progression between
two operations of a staged approach. Despite the conceptual
appeal, synchronous resections are not widely adopted. The
hesitation is largely due to fear of additive major morbidity,
referral after colorectal resections, and a strong surgical bias
towards a particular approach of management. Arguably, the
decision for simultaneous or staged resection should be based
on the acceptable level of morbidity when cancer outcomes ap-
pear to be similar.

Previous retrospective studies have uniformly found higher
complication rates with simultaneous resection [4-6]. The only
randomized evidence comparing simultaneous and staged
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resection of synchronously presenting liver metastasis is the
MetaSync trial [7]. The synchronous arm had a serious mor-
bidity rate of 49% with better 2-year overall survival (OS) and
disease-free survival (DFS). Another single-arm study investi-
gating the feasibility of enrolling patients in a randomized trial
of simultaneous or delayed resection also demonstrated a ma-
jor morbidity rate of 41% [8]. These high morbidity rates from
prospective studies reinforce apprehension of synchronous
resections and cast doubt on the universal applicability of this
approach and feasibility of future trials.

The present study aimed to assess complication rates of si-
multaneous resections, identify predictors of major morbidity,
and develop a prediction model to estimate the safety of syn-
chronous operations at our institute. The goal was to define a
cohort where simultaneous resections would be safe for forth-
coming prospective studies.

PATIENTS AND METHODS

Setting, design, and patients

The prospectively maintained operative CRLM database of
a tertiary referral cancer center was retrospectively reviewed.
All patients with simultaneous operation for the CRLM and
bowel cancer between February 2013 and December 2021 were
included. Synchronous CRLM patients were electively planned
for staged resections when they were considered unfit for si-
multaneous resection as decided by the joint multi-disciplinary
team (MDT). Patients with a symptomatic, resectable bowel
cancer underwent resection of the primary tumour first. Pa-
tients that were managed with thermal ablation for liver metas-
tasis were not included. Those with CRLM requiring two-stage
hepatectomy or preoperative volume augmentation for inad-
equate future liver remnant (FLR) and those with resections
involving six or more liver segments were excluded.

Management

CRCs included adenocarcinomas of the right colon (proximal
to splenic flexure), left colon (splenic flexure till rectosigmoid
junction), and the rectum (< 15 cm from the anal verge). Stag-
ing investigations for all CRCs included a colonoscopy, biopsy,
contrast enhanced computed tomography (CT) of the chest,
abdomen, and the pelvis, and magnetic resonance imaging
for rectal cancers. Positron emission tomography was not per-
formed for metastatic CRCs as a routine. CRLM was diagnosed
on triphasic CT scans. Doubtful liver lesions were character-
ized using a combination of ultrasonography, magnetic reso-
nance imaging and tissue sampling.

The approach to synchronously presenting CRLM was decid-
ed by the MDT. The preferred path was simultaneous resection
unless the patient was unfit for combined procedure, planned
extended liver resections (6 or more segments, biliary or vas-
cular anastomosis), requirement of preoperative volume aug-
mentation, or in the presence of symptomatic colonic primary

requiring resection. For smaller (< 3 cm), deep-seated, limited
(n = 1-3) liver lesions, thermal ablations were utilized on a case-
to-case basis. Similarly, the decision for perioperative chemo-
therapy was individualized for resectable CRLM based on the
need for preoperative therapy in advanced rectal cancers and
the number, size, and distribution of liver metastasis. The Fong’s
clinical risk score [9] and KRAS mutation status also contribut-
ed to the decision to deliver preoperative chemotherapy.

The sequence of operation during simultaneous resection
relied on the complexity of individual operation. Usually, liver
resection was performed prior to colorectal resection. Portal
clamping was not routinely performed. Surgical approaches
included open, laparoscopic, and robotic platforms. Rectal
resections were usually performed by minimally invasive sur-
gery (MIS) while colonic and liver resections were performed
by open operations in the majority of patients. Major hepa-
tectomy was defined as resection of 4 or more segments. It
essentially included formal hemi-hepatectomies or extended
hemi-hepatectomies. Wedge and non-anatomical resections in
four segments were not considered as a major hepatectomy. For
smaller metastasis, the preference was towards non-anatomical
resections rather than inflow directed segmentectomies. FLR
adequacy was defined as 30% without preoperative chemother-
apy and 40% with prior chemotherapy. Resectability of liver
metastasis in general was defined as the ability to achieve RO
with an adequate FLR.

Variables and outcomes

Perioperative outcomes recorded were blood loss, hospital
stay, 30-day postoperative complications and 90-day hospi-
tal readmissions. Complications were recorded on the Cla-
vien-Dindo scale [10]. Grade IITA or higher complications were
regarded as serious or major morbidity. Liver specific compli-
cations recorded were post hepatectomy bile leaks, liver failure
and hemorrhage per the International Study Group of Liver
Surger (ISGLS) classification systems [11-13]. Colorectal anas-
tomotic leak was defined clinically or based on radiological
extraluminal contrast extravasation.

RO resection for colorectal resections was considered for
tumor-free margin > 1 mm while that for liver resections was
considered when tumor was absent at the inked resection sur-
face absence. OS was calculated from date of operation to the
date of death. DFS was calculated from the date of operation to
the date of recurrence. Liver recurrence-free survival (LRFS)
was similarly derived from the date of surgery to the date of
liver relapse.

Safety endpoints and sample size

Based on major complication rates in two prospective studies
on synchronous resections [7,8], a 40% serious morbidity rate (>
grade IITA) was considered as the safety threshold. If the upper
limit of the 95% confidence interval (CI) of major complica-
tions was over 40%, simultaneous resections were considered
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unsafe. In a previous institutional audit, 21% of liver resections
had serious complications [14]. Assuming a 30% major morbid-
ity rate with synchronous resections, at least 88 patients would
be required to demonstrate the safety threshold with 95% con-
fidence.

Statistical methods

Data were recorded and analyzed using the statistical pro-
gram for social sciences (IBM SPSS version 26; IBM Corp.,
Armonk, NY, USA). Continuous variables are presented as me-
dians and ranges. Categorical variables are presented as num-
bers and proportions. The primary outcome of interest (serious
complications) was reported with 95% confidence intervals.
Median follow up was calculated by the reverse Kaplan-Meier
method. Survivals analysis was performed using Kaplan-Meier
curves.

Regression for binary categorical dependent variable was per-
formed using logistic regression with odds ratio (OR) reported.
Regression for time-to-event variables was carried out using
Cox-regression analysis with hazard ratios reported. Indepen-
dent variable selection for multivariate regression was done by
backward elimination method using exit level alpha of 0.1. Log
likelihood ratios were utilized for assessing model goodness-
of-fit. A two-sided p-value of 0.05 was considered statistically
significant.

A prediction model was created using independent variables
reduced by backward elimination. Internal validation and
correction for prediction with small datasets were performed

95 Metachronous CRLM

236 Resectable CRLM

using the principle of bootstrapping [15]. Bias corrected ac-
celerated estimates and bootstrapped p-values were provided.
Calibration or goodness-of-fit was assessed by comparing the
observed number of events to the expected number derived
from the prediction model. Discrimination ability of the model
was tested using the Harrell’s ¢ index. In the case of binary out-
comes, the c-statistic is equivalent to the area under the ROC
curve (AUC).

Ethics

A signed informed consent was obtained from each patient
during treatment, surgery and questionnaires. The study
protocol followed the ethical standards of the institutional re-
search committee and the 1964 Helsinki Declaration with its
later amendments. Due to the retrospective nature of this study
and the use of anonymized data, approval from the institution-
al review board was not mandated. All records were derived
from the Electronic Medical records and all patients are a part
of ongoing prospective audit that is approved by the IRB (IRB
project number 1478).

The strengthening the reporting of observational studies
guidelines were followed for study reporting. Transparent
reporting of multivariable prediction model for individual
prognosis or diagnosis and statistical analysis and methods in
published literature were used for reporting statistical method-
ology and results.

27 Emergency
primary resection

Staged resections
2 Portal vein embolization
2 Trans-arterial
chemoembolization

141 Synchronous CRLM

Fig. 1. Patient selection process. CRLM, colorectal liver metastasis.
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RESULTS

Participants

Within the study period, 236 patients with CRLM were re-
sected, including 141 who had a synchronous presentation.
Forty-three patients underwent planned staged resection be-
cause of reasons listed in Fig. 1. Amongst 98 patients intended
for simultaneous resection, the bowel resection was abandoned
intraoperatively for six patients. Finally, 92 patients who un-
derwent simultaneous bowel and liver resections were included
for further analysis.

Patients
Median age of the cohort was 52.5 years. Thirty-eight (41.3%)

Table 1. Baseline characteristics of study subjects (n = 92)

patients had rectal cancers. Median number of liver metasta-
ses was two, ranging from one to eight with a median size of
3 cm. Bilobar liver metastases were present in 29 (31.5%) pa-
tients. Preoperative chemotherapy was assigned to 63 (68.5%)
patients. Ten (10.9%) patients received targeted therapy (Table
1). Major hepatectomy (> 4 segments) was performed for 25
(27.2%) patients. Eight patients had rectal resections with major
hepatectomy. Another eight patients had pelvic exenterations
for advanced rectal cancers with minor hepatectomy.

Outcomes

Serious complications (= grade IITA) were observed in 20
(21.7%, 95% CI: 13.8%-31.5%) patients. Thus, the safety thresh-
old was not crossed by the cohort (Table 2). Specifically, bile

Table 1. Continued

Variable Value
Age (yr) 52.5 (45-61)
Sex
Male 51 (55.4)
Female 41 (44.6)
Primary tumour site
Right colon 21(22.8)
Left colon 33(35.9)
Rectum 38 (41.3)
Histologic subtype
Well/moderately differentiate 81 (88.0)
Poorly differentiated 11(12.0)
Signet-ring cell cancer 5(5.4)
Clinical T stage
T2 9(9.8)
T3 67(72.8)
T4 16 (17.4)
Clinical N stage
NO 42 (45.7)
N1 42 (45.7)
N2 8(8.7)
Pelvic nodes in rectal cancer (n = 38) 9(23.7)
Extra-hepatic metastasis
None 79 (85.9)
Lung 5(5.4)
Retroperitoneal nodes 3(3.3)
Peritoneum 5(5.4)
Carcinoembryonic antigen (ng/mL) 18.7 (4.6-56)
Performance status (Eastern Cooperative Oncology Group)
0 13(14.1)
1 76 (82.6)
2 3(3.3)
Comorbidity (ASA scale)
1 50 (54.3)
2 39 (42.4)
3 3(3.3)

Variable

Value

Body mass index (kg/m?)

22.9(21-25.7)

Hemoglobin (g/dL) 11.2(10-12.8)
Albumin (g/dL) 3.8(3.6-4.2)
BRAF status (n =13)

Wild 12(92.3)

Mutant 1(7.7)
KRAS (n = 45)

Wild 32(71.1)

Mutant 13 (28.9)
Number of liver metastasis 2(1-8)
Distribution of liver metastasis

Unilobar 63 (68.5)

Bilobar 29 (31.5)
Size of largest metastasis (cm) 3(1-15)
Portal lymphadenopathy 6 (6.5)
Fong’s clinical risk score

0 0

1 20(21.7)

2 43 (46.7)

3 27 (29.3)

4 1(1.1)

5 1(1.1)
Preoperative chemotherapy 63 (68.5)
Chemotherapy regimens (n = 63)

FOLFOX/CapeOx 50 (79.4)

Single agent Capecitabine 5(7.9

FOLFIRINOX 4(6.3)

FOLFIRI 4(6.3)
Number of chemotherapy cycles (n = 63) 4(2-13)
Targeted therapy (n = 63) 7(11.1)
Preoperative radiation in rectal cancers (n = 38) 32(84.2)

Values are presented as median (interquartile range) or number (%).
FOLFOX, 5-fluorouracil and oxaliplatin; CapeOX, capecitabine and
oxaliplatin; FOLFIRINOX, 5-flurouracil, Irinotecan, oxaliplatin; FOLFIRI,
5-flurouracil, irinotecan.
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Table 2. Operative and pathological features of study subjects (n = 92)

Table 2. Continued

Variable Value Variable Value
Surgery for primary pN stage
Colectomy 32 (34.8) NO 29 (31.5)
Anterior resection 25(27.2) N1 43 (46.7)
Low anterior resection/ 22(23.9) N2 20(21.7)
intersphincteric resection Number of nodes retrieved 15(11-22)
Abdominoperineal resection 5(54) RO of colorectal resection 92 (100)
Pelvic exenteration 8(8.75) RO of liver resection 78 (84.8)
Surgery for liver Lymphovascular invasion 29 (31.5)
Anatomical resection 39 (42.4) Perineural invasion 18 (19.6)
Non-anatomical resection 53(57.6) Adjuvant chemotherapy 83(90.2)
No. of segments resected Values are presented as number (%) or median (interquartile range).
; z: E:;i; pT, pathological T stage; pN, pathological N stage.
3 1(1.1)
4 22(23.9) Table 3. Oncological outcomes (n = 92)
5 333) Variable Value
> 4 segment resection 25(27.2) -
Portal lymphadenectomy 6(65) Median follow-up (95% Cl), mon 42 (33.66-50.34)
Surgical approach Recurrences 53(57.6)
Open 76 (82.6) Sites of recurrence (n = 53)
Minimally invasive 4(4.3) Liver 39(73.6)
Hybrid (minimally invasive rectal and open liver) 12(13.0) Lung 9(16.9)
Blood loss (mL) 1,000 (600-1,800) Local colorectal 109
Hospital stay (day) 9 (7-13) Extra-regional nodes 6(11.3)
Clavien-Dindo complication Peritoneal 2(3.8)
0 55 (59.8) Adrenal 2(3.8)
| 13(14.1) Multiple sites (Inclusive of above) 6(11.3)
I 4(43) Death 31(33.7)
A 8(8.7) Overall Survival (mon)
1B 8(8.7) Median (95% CI) 61(35.1-86.8)
v 3(3.3) 3-year (%) 713
v 101.1) Disease-free survival (mon)
Serious complications (> Grade IIIA) 20 (21.7) Median (95% CI 17(9.6-24.3)
95% confidence interval (%) 13.8-31.5 3-year (%) 232
Bile leak Liver recurrence-free survival (mon)
All grades 7(7.6) Median 43
Grade A 4 (4.3) 3-year (%) >3
Grade B 2(2.2) Values are presented as number (%).
Grade C 101.0) Cl, confidence Interval.
Post hepatectomy liver failure (> Grade B) 12(13.0)
Post hepatectomy bleeding 0
Colorectal anastomotic leak (n = 79) 6(7.6)
90-day re-admission 3(3.3)
pT stage
T0 3(3.3)
T1 1(1.1)
T2 9(9.8)
T3 60 (65.2)
T4 19 (20.7)
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leaks (any grade), post hepatectomy liver failure (> grade B)
and anastomotic leak were present in 7 patients (7.6%), 12
patients (13.0%), and 7 patients (7.6%), respectively. Adjuvant
therapy could be delivered to 83 (90.2%) patients. At a median
follow-up of 42 months, 53 patients developed recurrences (Ta-
ble 3). A majority of relapses were within the liver (39 patients).
Three-year OS, DFS, and LRES were 71.3%, 23.2%, and 51.3%,
respectively (Fig. 2). Results of multivariate Cox regression
analysis for factors predicting OS, DFS, and LRES are shown in
Supplementary Table 1.

Prediction model

Prediction model for serious complications derived from
logistic regression analysis and bootstrapping resulted in two
variables (comorbidities and major hepatectomy) contribut-
ing to the model fit (Table 4). Only major hepatectomy had
an independent predictive value (OR: 3.884; p = 0.016). The
regression model had a better fit when comorbidities were in-
corporated (OR: 2.138; p = 0.145). Fig. 3 shows expected events
(serious morbidity) derived from the prediction model for
different permutations of comorbidities and extent of liver re-
section against observed events. Similarities between observed
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and expected event rates suggest adequate calibration, fit and
internal validity of the model. The AUC of the derived mode
was 0.692 (95% CI: 0.556-0.827; p = 0.009) (Supplementary Fig.
1). Thus, the model had a moderate discrimination ability. It
could correctly predict the outcome for 70% of cases.

Based on the model, only patients with comorbidities under-
going major hepatectomy had a predicted probability of serious
complications over 40% (49.4%), irrespective of colorectal op-
eration.

DISCUSSION

In a largely unselected cohort of synchronous resectable
CRLM, simultaneous resection appeared to be safe with a
major complication rate of 21.7%. An internally validated pre-
diction model estimated unacceptable level of complications (>
40%) in patients with comorbid conditions undergoing major
liver resection, irrespective of colorectal operation.

Despite oncological equivalence, synchronous resections,
especially combining rectal resections or major hepatectomies,
are not routinely performed. The hesitation is largely due to
high complication rates and a strong surgical bias towards a
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Fig. 2. Survival curves.
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Table 4. Logistic regression analysis for serious complications (= grade IlIA)

Univariate Multivariate
Variable 95% 95% Bias
Odds ratio confidence p-value Odds ratio confidence p-value corrected
interval interval p-value

Age 1.029 0.987-1.073 0.172
Body mass index 0.934 0.831-1.048 0.244
Hemoglobin 0.886 0.697-1.128 0.326
Albumin 1.213 0.491-3 0.675
Comorbidity 2.100 0.765-5.765 0.149 2.138 0.748-6.112 0.156 0.145
Tumour location

Right colon Reference

Left colon 0.862 0.233-3.179 0.822

Rectum 0.852 0.239-3.043 0.807
No. of liver metastasis 1.123 0.848-1.488 0.416
Segments resected

<4 Reference Reference

=4 3.8 1.337-10.804 0.012 3.844 1.330-11.112 0.013 0.016
Size of liver metastasis >5 cm 1.945 0.629-6.017 0.248
Neoadjuvant chemotherapy 1.095 0.373-3.216 0.868
Surgical approach

Open Reference

MIS 2172 0.451-10.475 0.334

MIS, minimally invasive surgery.

particular approach that could lead to difficulties in recruiting
patients for simultaneous resection in prospective studies [7,8].
The philosophy of the MDT at our hospital preferred simulta-
neous resections irrespective of the primary resection or the
extent of liver disease unless patient factors (comorbidities,
performance status) or intraoperative complications preclud-
ed the combined resection. Less than 20% of patients eligible
for simultaneous resection underwent staged resection at our

hospital. This strengthened our results due to minimization of
selection biases.

The fact that only previous comorbid illness and major hepa-
tectomy influenced complications was not surprising since sig-
nificant physiological changes were expected with both of these
rather than a lower gastrointestinal resection. Our finding that
colorectal resection did not influence complications was not
an isolated result. Shubert et al. [16] have found similar results.

0.5 - ) 0.494 05
’ [ Predicted
[ Observed
0.4 - Harrell's C-index (AUC) = 0.692
95% Cl: 0.556-0.827
p =0.009
0.313 0.308
0.3 1
0.202 0.2
0.2 1
No 0.106 0.108
comorbidities 0.1
& major resection
=31.3%
0 -
No comorbidities Cmorbidities No comorbidities Comorbidities
v & non-major & non-major & major & major
hepatectomy hepatectomy hepatectomy (n = 13) hepatectomy (n = 12)
(n=237) (n=230)

Fig. 3. Prediction model. AUC, area under the ROC curve; Cl, confidence interval.
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Rectal resections with an anastomosis are usually considered
as high-risk procedures to combine with liver operations [6].
Major hepatectomy with proctectomy is under-represented
in most studies [6,7,17]. Over 40% of the present study cohort
had rectal cancers and eight patients had major liver resections
combined. Another eight patients had pelvic exenterations for
advanced rectal cancers. Combining exenterations with liver
resections appears to be safe based on the present series as well
as PelvEx data [18].

The rate of serious morbidity was lower in our study than in
the MetaSync trial despite similar distribution of colon and
rectal cancers and similar distribution and extent of liver me-
tastasis [7]. Some possible reasons might be younger patients
with less comorbid conditions, adherence to enhanced recov-
ery pathways [14], routine prophylactic diversion of low rectal
anastomosis, exclusion of patients with highest risk of com-
plications (extended hepatectomy, two-stage liver resection,
inadequate FLR, and uncontrolled comorbidities) and limiting
preoperative chemotherapy to three months. The growing ac-
ceptance of MIS for liver resections as well as advanced CRCs
will further contribute to a reduction in morbidity [19].

Limitations and generalizability

Despite being the largest single institutional data on simul-
taneous resections with a cohort size larger than available
prospective studies [7,8,17], the retrospective nature of our
study imparts limitations that cannot be completely eliminat-
ed. Patients at highest risk of complications (i.e., uncontrolled
comorbidities and inadequate FLR) were not planned for si-
multaneous resection. Thus, we cannot conclusively comment
on outcomes of these patients. However, it is only logical to ex-
trapolate from the prediction model that such patients are best
treated in a staged manner.

The most significant drawback of this study that would limit
its generalizability was that external validation of the predic-
tion model was not performed. It might have a suboptimal
discrimination ability. External validation of this tool is the
logical next research question. We recognize that risk models
that incorporate only two variables are an over-simplification
of clinical situations. Nevertheless, increasing the number of
variables could lead to over-fitting of the model and decrease
its applicability outside the derived dataset when the event rate
is low.

A comprehensive grading of comorbidities such as the Charl-
son comorbidity index would be more appropriate for risk
stratification as opposed to the mere presence of comorbid
illness. Similarly, the FLR and other parameters of preoper-
ative liver functions are stronger predictors of postoperative
outcomes than the number of segments resected. They should
be incorporated in future studies. This study did not aim to
compare oncological results of simultaneous resections against
staged resections. In addition, many variables that could in-
fluence cancer outcomes were missing. Finally, over 80% of

resections were performed via an open approach. In the pres-
ent-day context, this is a limitation owing to higher short-term
morbidity with an open operation.

Implications and future perspectives

Management of CRLM is surrounded by several uncertain-
ties and deliberations. There are some vital questions regarding
the use of perioperative chemotherapy in resectable CRLM and
the timing of operation in synchronously presenting CRLM.
With perioperative chemotherapy in CRLM being questioned
by recent randomized trials [20,21], a larger proportion of
patients are expected to be eligible for upfront simultaneous
resections. The long-term aim should be comparing hard onco-
logical outcomes by approaches that have not been successfully
performed due to higher complication rates reported with si-
multaneous resections in prospective studies. Results from the
present study can assist in the selection of patients for safe syn-
chronous resections and refine eligibility for future prospective
comparisons.

Conclusion

Simultaneous bowel and CRLM resection appear to be safe in
experienced centers, including the combination of rectal and
major liver resections in patients without comorbid conditions.
Better selection criteria may allow prospective studies to be
performed safely. However, the prediction model needs exter-
nal validation.
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