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muscle mass and long-term oncological outcomes after
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Abstract

Background: Sarcopenia is associated with impaired short- and long-term outcomes in gastrointestinal

cancers. Whether sarcopenia is associated with impaired survival after local therapy of Colorectal Cancer

Liver Metastases (CRLM) remains controversial. This study aimed to determine the influence of sarco-

penia on long-term outcomes after curative-intent therapy for CRLM.

Methods: Patients undergoing local therapy for CRLM between 2003 and 2019 were retrospectively

analyzed using the skeletal muscle index at the level of the third lumbar vertebra as an indicator of

sarcopenia. Factors associated with overall (OS) and disease-free (DFS) survival were analyzed using

univariable and multivariable cox regression.

Results: In total 213/465 patients (46%) were considered sarcopenic. Sarcopenic patients had no

impaired 5-year OS or DFS compared to non-sarcopenic patients, 38% vs 44% (p = 0.153) and 19 vs

23% (p = 0.339) respectively. Sarcopenia was not associated with impaired OS (HR = 1.11, 95%

CI = 0.85–1.46, p = 0.43) or DFS (HR = 0.99, 95%CI = 0.77–1.28, p = 0.96) in multivariable analysis.

There were no significant differences in postoperative complications (p = 0.47), the incidence (p = 0.65)

and treatment (p = 0.37) of recurrent metastases. Five-year OS after resection for recurrences was 14%

(sarcopenic) and 22% (non-sarcopenic) p 0.716.

Conclusion: Sarcopenia assessed by computed tomography was not associated with impaired survival

outcomes in the group of CRLM patients overall.
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Background

Fifteen percent of all colorectal cancer patients present with
colorectal liver metastases (CRLM) upon diagnosis, and an
additional fifteen percent will develop metachronous liver
metastases.1–3 Surgery is the cornerstone of curative treatment
for CLRM, resulting in a five-year survival of 40–60%.4 Cure is
merely reached in one fifth of patients with CRLM after
resection, implicating the importance of adequate patient
selection.5

Sarcopenia is defined as a progressive and generalized skeletal
muscle disorder, that is associated with worse short-term and
long-term outcomes in various gastrointestinal cancers,
HPB 2022, 24, 1711–1719 © 2022 The Author(s). Published by Elsevier Ltd on
access
including stage I-III colorectal cancer.6–11 Skeletal muscle mass
can be measured on abdominal computed tomography (CT)
scans. It is often used as an indication of sarcopenia. The impact
of sarcopenia on survival in patients with CLRM remains
controversial. Although some studies have found a negative
impact of sarcopenia on survival, they generally lacked adequate
follow-up time and did not correct for confounding.3,12,13 The
few studies that investigated long term survival after resection of
CRLM describe late occurrence of disease progression and
mortality, past three years of follow-up.5,14,15 Therefore extrap-
olation of short term results may not adequately represent the
true impact of sarcopenia on long-term survival.
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The aim of this study was to determine the impact of sarco-
penia on long-term outcomes with regards to Overall- and
Disease-free survival, and the incidence and treatment of re-
currences in patients undergoing therapy for CRLM with cura-
tive intent.
Methods

Patient selection
Patients with available preoperative abdominal CT scans, after
neoadjuvant chemotherapy if applicable, were selected from a
prospectively maintained database of all patients who underwent
local therapy with curative intent for CLRM at the Erasmus MC
Cancer Institute between January 1st 2003 and March 1st 2019.
Exclusion criteria were: insufficient quality of the preoperative
CT-scan for assessment, no curative intent treatment for all
CRLM, for extrahepatic metastases or for the primary tumour,
and no records of weight and height.

(Neo-)adjuvant chemotherapy and postoperative
follow-up
Indications for neoadjuvant chemotherapy were irresectable or
borderline resectable CRLM, and/or the presence of synchro-
nous extrahepatic disease. Follow-up for disease recurrence was
performed every 3 months in the first two years after surgery
and every 6 months for the following 3 years. Follow-up
consisted of clinical evaluations, serum carcinoembryonic an-
tigen (CEA) level measurements, and thoracoabdominal CT
scans. Adjuvant chemotherapy for CRLM was not administered
after resection according to common Dutch clinical practice.
Curable recurrences were treated with repeat resection, abla-
tion, stereotactic radiation therapy, or combinations of these
modalities.

Skeletal muscle measurement
The cross-sectional area of skeletal muscle was measured at the
mid-level of the third lumbar vertebra on standard diagnostic
contrast-enhanced CT-images using the software application
Fatseg, based on the MeVisLab version 2.2.1 software package
(MeVis Medical Solutions, Bremen, Germany). A Hounsfield
Unit level of −30 to +150 was classified as skeletal muscle.16 The
total cross-sectional area of the segmented tissue was then
calculated automatically. The obtained area of skeletal muscle
was corrected for height to calculate the skeletal muscle index
(SMI) in cm2/m2. Sarcopenia was defined as SMI <41 cm2/m2 in
women, < 43 cm2/m2 in men with BMI <25 and < 53 cm2/m2 in
men with BMI >25 as these cut-off levels have been shown to be
associated with low survival in patients with gastrointestinal
malignancies in a large cohort (n = 1473).17 The researchers were
blinded for patient outcomes while conducting these measure-
ments. For all patients who underwent neoadjuvant chemo-
therapy, the sarcopenia measurements were evaluated on CT
scans made after chemotherapy.
HPB 2022, 24, 1711–1719 © 2022 The Author(s). Published by Elsevier Ltd on
access
Endpoints and definitions
The primary objective of this study was to evaluate the effect of
sarcopenia on oncological outcomes after curative therapy for
CRLM. Survival was measured as overall survival (OS) and
disease-free survival (DFS). The OS was defined as time in
months between curative therapy of CRLM and death, as regis-
tered in the Municipal Personal Records Database. DFS was
defined as time in months between curative therapy of CRLM
and diagnosis of first recurrence of disease or death. Develop-
ment of initial disease recurrence and localization of initial dis-
ease recurrence were evaluated, as well as treatment intent of the
first recurrence.
Histopathological Growth Patterns (HGPs) are an emerging

biomarker for prognosis in patients with CRLM. The HGPs are
observed at the tumor– liver interface on standard hematoxylin
and eosin slides of resected liver metastases. The HGPs of CRLM
are divided into desmoplastic HGP, characterized by a rim of
desmoplastic tissue that separates the tumour cells from the
hepatocytes, and non-desmoplastic HGP where there is direct
contact between tumour cells and hepatocytes, with no desmo-
plastic stroma in between.18 Several studies have shown a strong
correlation between HGP’s and OS as well as DFS.19–21

Fong clinical risk score was determined for all patients and
summarized as low (�2 points) or high risk (>2 points).22

Resection was considered irradical (R1) in case of microscopic
invasion of the resection margins.

Statistical analysis
Continuous data were presented as medians (interquartile
range). Categorical data were presented as numbers (percent-
age). Differences between groups were investigated using
Mann–Whitney U-test for continuous variables and c2 test for
categorical variables. Median follow-up for survivors was
calculated using the reverse Kaplan–Meier method. Overall
survival (OS) and disease-free survival (DFS) rates were
calculated and compared with the Kaplan–Meier method and
differences between groups were tested using log-rank tests.
Uni- and multivariable hazard ratios (HR) with 95% confidence
intervals were calculated for relevant clinicopathological vari-
ables associated with OS and DFS using Cox regression analysis.
Comorbidity at baseline was quantified using the Charlson
Comorbidity Index.23–25 Statistical analyses were performed
using R version 4.0.2.26 A two-tailed p value below 0.05 was
considered statistically significant. This study was approved by
the Erasmus MC Medical Ethics commission (number MEC-
2020-0294).
Results

Patients
A total of 580 patients underwent local therapy with curative
intent for CRLM in the study period with available CT scans.
Reasons for exclusion were: no information regarding body
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Table 1 Patient characteristics compared for the presence of sarcopenia

No Sarcopenia Sarcopenia p value

252 213

Age at liver resection (median [IQR]) 63.0 [56.0, 70.0] 66.0 [60.0, 73.0] 0.001

Sex (%) Male 166 (66) 127 (60) 0.164

BMI (median [IQR]) 25.5 [23.8, 29.0] 25.9 [23.0, 27.5] 0.048

ASA (%) ASA Class I 84 (33) 43 (20) 0.006

ASA Class II 137 (54) 142 (67)

ASA Class III 31 (12) 28 (13)

Charlson Comorbidity Index (median [IQR]) 8.0 [7.0, 9.0] 8.0 [8.0, 9.0] 0.004

Primary tumor (%) Right-sided 46 (19) 38 (18) 0.953

Left-sided 109 (44) 96 (46)

Rectum 90 (37) 75 (36)

T stage (%) T0 8 (3) 8 (4) 0.648

T1 4 (2) 2 (1)

T2 27 (11) 31 (15)

T3 179 (73) 141 (67)

T4 28 (11) 27 (13)

N stage (%) N0 96 (39) 87 (42) 0.573

N1 150 (61) 122 (58)

Neoadjuvant chemotherapya (%) 130 (52) 117 (55) 0.472

N cycles (median [IQR]) 4 [3, 6] 4.0 [3, 6] 0.951

Metachronous metastases (%) 107 (42) 99 (46) 0.385

Number of CRLM (median [IQR]) 2.0 [1.0, 4.0] 2.0 [1.0, 4.0] 0.931

Largest diameter of CRLM (median [IQR]) 3.2 [2.0, 4.7] 3.0 [2.0, 4.5] 0.765

Preoperative CEA (median [IQR]) 12.0 [4.7, 47.2] 14.0 [4.7, 40.0] 0.815

Fong clinical risk score (%) Low 166 (66) 127 (60) 0.164

High 86 (34) 86 (40)

Resection radicality (%) R0 195 (81) 162 (80) 0.829

R1 38 (16) 32 (16)

Ablation 8 (3) 9 (4)

Major liver resection (%) 73 (29) 57 (27) 0.664

Additional local therapyb (%) RFA 71 (87) 54 (77) 0.059

MWA 11 (13) 10 (14)

SRx 0 (0) 2 (3)

Multiple 0 (0) 4 (6)

Two stage liver resection (%) 23 (9) 14 (7) 0.311

Preoperative extrahepatic disease (%) 24 (10) 25 (12) 0.439

Postoperative complication (%) No or grade 1-2 230 (92) 191 (90) 0.468

(Dindo) Grade 3 or higher 21 (8) 22 (10)

Histopathological Growth Pattern CRLM dHGP 61 (28) 41 (23) 0.228

(%) non-dHGP 155 (72) 138 (77)

(BMI = body mass index, ASA = Americain Society of Anesthesiologists Physical Status, CRLM = colorectal liver metastases,
CEA = carcinoembryonic antigen, RFA = radiofrequency ablation, MWA = microwave ablation, SRx = stereotactic radiation therapy, statistically
significant p-values are shown in bold).
a For liver metastases.
b During or after resection of CRLM (does not include treatment of recurrent disease).
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height or weight (n = 19), no adequate preoperative CT-scan for
sarcopenia assessment (n = 41), no completion of scheduled
second stage hepatectomy (n = 21), no resection of the primary
tumour (n = 32) and open-close procedures due to perioperative
signs of disease progression (n = 14). This resulted in a total of
465 patients included for the analyses. The baseline characteristics
for the total cohort, as well as the sarcopenic and non-sarcopenic
patients are shown in Table 1. A total of 213 (46%) patients were
considered sarcopenic according to the predefined cutoff values.
Sarcopenic patients were significantly older (66 years (60–73
IQR) vs 63 years (56–70 IQR) (p = 0.001)), had a higher BMI
(25.9 (23.0–27.5 IQR) vs 25.5 (23.8–29.0 IQR) (p = 0.048)), and
were less often classified as ASA 1 (20% vs 33% (p = 0.006)).
There were no significant differences in tumour characteristics for
the primary tumor as well as for the metastases. In addition, there
was no difference in the occurrence of severe postoperative
complications (Dindo grade 3 or higher) between sarcopenic and
non-sarcopenic patients (p = 0.47).

Survival outcomes
Median follow-up for survivors was 93 months (68–141 IQR).
Out of all 465 patients, 289 (61%) died during follow-up. OS did
not differ between sarcopenic and non-sarcopenic patients
(p = 0.153), as shown in Fig. 1. In univariable analysis, sarco-
penia was also not associated with impaired OS (HR = 1.18, 95%
CI = 0.94–1.49, p = 0.15). Correcting for confounders through
multivariable analysis did not alter this result (HR = 1.11, 95%
CI = 0.85–1.46, p = 0.43). Uni- and multivariable HRs for OS are
shown in Table 2.
Figure 1 Overall survival (OS) for sarcopenic (blue) and non-

sarcopenic (red) patients undergoing curative treatment for CRLM

(log rank test: p = 0.153)

HPB 2022, 24, 1711–1719 © 2022 The Author(s). Published by Elsevier Ltd on
access
The total number of events in DFS analysis was 335 (71%).
DFS was not different between sarcopenic and non-sarcopenic
patients (log rank, p = 0.339), as depicted in Fig. 2. In addi-
tion, sarcopenia was not associated with impaired DFS in
univariable analysis (HR = 1.11, 95%CI = 0.90–1.38, p = 0.34)
or multivariable analysis (HR = 0.99, 95%CI = 0.77–1.28,
p = 0.96). Predictors of DFS are shown in Table 3.

Location and treatment of recurrent disease
Disease recurrence occurred in 141 (61%) out of 213 sarcopenic
patients, compared to 168 (67%) out of 252 non-sarcopenic
patients (p = 0.65). In the whole cohort only 26 (5%) patients
died without recurrence. No differences were found between
sarcopenic and non-sarcopenic patients regarding the location of
disease recurrence, as shown in Table 4. Recurrences were treated
with curative intent in 71 (50%) out of 141 sarcopenic patients
and in 92(55%) out of 168 non sarcopenic patients (p = 0.37).
Patients with recurrent disease limited to the liver were more
frequently treated with stereotactic radiotherapy in the sarco-
penic group (8/85, 19%) compared to the non sarcopenic group
(2/61, 4%) p = 0.039. Patients with recurrent disease limited to
the lungs were more frequently treated with resection in the non
sarcopenic group (16/41, 57%), compared to the sarcopenic
group (4/29, 33%). There were no other significant differences in
the treatment of recurrences. The treatment for recurrent disease
is shown in Table 5.
OS after recurrence was not different for sarcopenic patients

compared to non-sarcopenic patients both for the entire cohort
(log rank, p = 0.293), as well as after curative-intent treatment
for recurrences (log rank, p = 0.716), as shown in Fig. 3.
Discussion

This present study showed that CT-assessed sarcopenia was not
associated with impaired OS and DFS in patients who underwent
local therapy for CRLM (OS: HR = 1.22, p = 0.18; DFS:
HR = 1.10, p = 0.48). Furthermore there were no differences in
tumour characteristics or postoperative complications between
sarcopenic and non-sarcopenic patients with CRLM. There were
no differences in the incidence, location, and treatment of disease
recurrence. There was no difference in OS after curative intent
treatment for recurrence.
Previous studies on the influence of sarcopenia on survival in

patients with CRLM have yielded conflicting results. Some earlier
publications did find impaired short-term survival in sarcopenic
patients with CRLM.3,12,13 These studies all have a relatively
short follow-up duration of 24–32 months compared to 93
months in the current study. Studies investigating the impact of
sarcopenia in patients with CRLM with a median follow-up
exceeding three years did not find an association between
sarcopenia and worse long-term outcomes.27,28 This is similar to
the results of this current study. Studies with short-term follow-
up demonstrating impaired survival, while studies with long-
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Figure 2 Disease-free survival (DFS) for sarcopenic (blue) and non-sarcopenic (red) patients undergoing curative treatment for CRLM (log rank

test: p = 0.339)

Table 2 Predictors of overall survival (OS)

Univariable Multivariable

HR p value HR p value

Sarcopenia 1.18 [0.94–1.49] 0.15 1.11 [0.85–1.46] 0.43

Age 1.01 [1.00–1.02] 0.12 1.01 [0.99–1.04] 0.31

Female 0.87 [0.68–1.11] 0.26 0.83 [0.63–1.09] 0.18

Charlson Comorbidity Index 1.08 [0.99–1.18] 0.08 1.03 [0.84–1.27] 0.78

Obesity 1.35 [1.00–1.83] 0.05 1.26 [0.89–1.79] 0.20

Primary location Rightsided (reference) 1 – 1 –

Leftsided 0.68 [0.50–0.93] 0.02 0.70 [0.49–0.98] 0.04

Rectum 0.68 [0.49–0.94] 0.02 0.71 [0.50–1.02] 0.07

Fong Clinical risk score >2 1.47 [1.16–1.86] <0.01 1.54 [1.16–2.05] <0.01

EHD preoperative 2.07 [1.48–2.89] <0.001 2.11 [1.41–3.16] <0.001

Radicality R0 (reference) 1 – 1 –

R1 1.61 [1.18–2.19] <0.01 1.29 [0.91–1.81] 0.15

Ablation only 1.30 [0.71–2.39] 0.39 1.30 [0.31–5.40] 0.72

Neoadjuvant chemotherapy 1.18 [0.93–1.49] 0.17 1.20 [0.90–1.60] 0.20

Desmoplastic HGP 0.64 [0.47–0.87] <0.01 0.64 [0.47–0.88] <0.01

(CRLM = colorectal liver metastases, CEA = carcinoembryonic antigen, EHD = extra-hepatic disease, HGP = Histopathological Growth Pattern,
statistically significant p-values are shown in bold).

HPB 1715
term follow-up showing no impaired survival suggests that
sarcopenia may be more relevant to immediate postoperative
outcomes than to long term survival. However, we could not
confirm this in our cohort.
A possible explanation may be that long-term survival in pa-

tients with CRLM is mostly determined by disease recurrence.5 In
our whole cohort 26 (5%) patients died without recurrence.
There were no differences in disease recurrences between sarco-
penic and non-sarcopenic patients. Thus the presence of
HPB 2022, 24, 1711–1719 © 2022 The Author(s). Published by Elsevier Ltd on
access
sarcopenia does not seem to be associated with underlying un-
favorable tumour biology. Another argument lending support to
this statement is the finding that there were no impactful differ-
ences in tumour characteristics between sarcopenic and non-
sarcopenic patients, which is similar to the results of other
studies investigating sarcopenia in patients with CRLM.3,13,27,29,30

Predictors like HGP and Fong clinical risk score appear to be
better markers for tumour biology than CT-assessed sarcopenia,
with regards to long-term survival.
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Table 3 Predictors of disease-free survival (DFS)

Univariable Multivariable

HR p value HR p value

Sarcopenia 1.11 [0.90–1.38] 0.34 0.99 [0.77–1.28] 0.96

Age 1.01 [1.00–1.02] 0.18 1.01 [0.99–1.04] 0.30

Female 0.98 [0.78–1.22] 0.83 0.88 [0.68–1.13] 0.32

Charlson Comorbidity Index 1.05 [0.97–1.14] 0.23 1.00 [0.83–1.21] 0.96

Obesity 1.15 [0.85–1.55] 0.36 1.03 [0.73–1.43] 0.88

Primary location Rightsided (reference) 1 – 1 –

Leftsided 0.76 [0.56–1.01] 0.06 0.80 [0.58–1.10] 0.17

Rectum 0.69 [0.51–0.94] 0.02 0.74 [0.53–1.04] 0.08

Fong Clinical risk score >2 1.80 [1.44–2.23] <0.001 1.71 [1.32–2.22] <0.001

EHD preoperative 1.44 [0.99–2.08] 0.06 1.98 [1.30–3.01] <0.01

Radicality R0 (reference) 1 – 1 –

R1 1.93 [1.45–2.57] <0.001 1.51 [1.10–2.07] 0.01

Ablation only 1.25 [0.74–2.10] 0.41 1.02 [0.32–3.26] 0.97

Neoadjuvant chemotherapy 1.18 [0.95–1.46] 0.13 1.13 [0.87–1.46] 0.38

Desmoplastic HGP 0.51 [0.38–0.68] <0.001 0.49 [0.37–0.66] <0.001

(ASA = Americain Society of Anesthesiologists Physical Status, CRLM = colorectal liver metastases, CEA = carcinoembryonic antigen, EHD = extra-
hepatic disease, HGP = Histopathological Growth Pattern, statistically significant p-values are shown in bold).

Table 4 Disease recurrences and localization for sarcopenic and non-sarcopenic patients with CRLM

N (%)

Sarcopenia No sarcopenia p value

Total recurrences 141 168

Location recurrences Hepatic 58 (41) 61 (36) 0.65

Pulmonary 29 (21) 41 (24)

Local Recurrence 3 (2) 6 (4)

Peritonitis carcinomatosa 4 (3) 2 (1)

Distant lymph nodes 6 (4) 12 (7)

Bone 1 (1) 0 (0)

Other 4 (3) 6 (4)

Multiorgan 36 (26) 40 (24)

Treatment intent recurrence Palliative 71 (50) 76 (45) 0.37

Curative 70 (50) 92 (55)

1716 HPB
Sarcopenia has been associated with a higher risk of perioper-
ative complications in patients with hepatobiliary malig-
nancies.8,29,31 We did not find an increased occurrence of major
complications in sarcopenic patients with CRLM, similar to
several studies investigating the influence of sarcopenia in
CRLM.3,30,32–34 This may be due to the fact that the majority of
patients with resectable CRLM in our cohort had a limited tumor
load and required minor liver resection for curative treatment. In
addition, most patients with CRLM are asymptomatic when un-
dergoing curative treatment. This is in contrast to patients with
primary hepatic malignancies, who are more often symptomatic
at diagnosis and more frequently undergo major resections. Liver
HPB 2022, 24, 1711–1719 © 2022 The Author(s). Published by Elsevier Ltd on
access
cirrhosis, which is related to impaired postoperative outcomes, is
uncommon in patients with liver metastases.11,35,36 Another factor
may be the relatively limited use of preoperative chemotherapy in
the current cohort. Chemotherapy can lead to preoperative skel-
etal muscle loss, which may induce or worsen sarcopenia.3 In
order to partially correct for this effect, neoadjuvant chemo-
therapy was included as a coviariate in multivariable cox regres-
sion for OS and DFS. Adjuvant chemotherapy is not given after
resection for CRLM in the Netherlands, so correction was not
necessary. However, the results from this study may not be entirely
representative for populations who undergo preoperative
chemotherapy more frequently.
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Table 5 Curative intent treatment modalities per location of first recurrence

Hepatic Pulmonary Other

No Sarcopenia Sarcopenia p No Sarcopenia Sarcopenia p No Sarcopenia Sarcopenia p

n 61 58 41 29 66 54

Treatment modality

Resection 23 (45) 17 (40) 0.332 16 (57) 4 (33) 0.021 8 (67) 12 (80) 0.139

Ablation 20 (39) 16 (37) 0.537 0 (0) 0 (0) – 0 (0) 0 (0) –

SRx 2 (4) 8 (19) 0.039 12 (43) 8 (67) 0.878 3 (25) 1 (7) 0.413

Resection + Ablation 5 (10) 2 (5) 0.271 0 (0) 0 (0) – 0 (0) 2 (13) –

Ablation + SRx 0 (0) 0 (0) – 0 (0) 0 (0) – 1 (8) 0 (0) –

Resection + RFA + SRx 1 (2) 0 (0) – 0 (0) 0 (0) – 0 (0) 0 (0) –

Figure 3 a) Overall survival after diagnosis of recurrence. (log rank test p = 0.293) b) Overall survival curative treatment of recurrence. (log rank

test: p = 0.716) Sarcopenic = blue and non-sarcopenic = red)

HPB 1717
There are very few baseline differences between sarcopenic and
non sarcopenic patients with regards to patient and tumour char-
acteristics. The patients underwent neoadjuvant chemotherapy in
HPB 2022, 24, 1711–1719 © 2022 The Author(s). Published by Elsevier Ltd on
access
the same proportion and with the same amount of cycles. It is not
known how many patients did not proceed to resection after
neoadjuvant chemotherapy. There may be a slight difference in
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general fitness, as reflected by the higher ASA score of the sarco-
penic group. This could also be the cause for the sarcopenic patients
undergoing less surgery and more radiotherapy for recurrences.
Based on our analyses, CT-assessed sarcopenia is not suitable

as long-term prognosticator in patients with CRLM. Moreover,
the European Working Group on Sarcopenia in Older People
recently revised its definition of sarcopenia and shifted the focus
from muscle mass to muscle strength.6 Due to the retrospective
nature of our study it was not possible to measure muscle
strength of the participants of this study preoperatively. The
impact of sarcopenia using the revised definition on long-term
outcomes after resection of CRLM has yet to be determined.
For short-term outcomes a recent publication described a highly
increased risk of 90-day post-operative morbidity for sarcopenic
patients undergoing hepatectomy for various malignant tu-
mours, including CRLM (HR = 3.92).37 With this strongly
increased risk of complications, long-term outcomes might also
be negatively influenced by sarcopenia using the revised defini-
tion. Future prognostic studies on the impact of sarcopenia on
long-term outcomes after resection of CRLM should be initiated
implementing the revised definition of sarcopenia. Even with this
new definition, sarcopenia is easily measured using readily
available clinical parameters. Thus it is warranted to evaluate the
prognostic impact of this new definition of sarcopenia for CRLM
patients in clinical practice. A prospective cohort study could
validate the impact of sarcopenia on short-term outcomes and
could evaluate the effect on long-term outcomes.
Strengthsof this study are the relatively large sample size and long

follow-up duration. The large number of eventsmade it possible to
correct for all known confounding factors contributing to the
prognosis of patients with CRLM. Several limitations however
apply to this study. First due to the retrospective nature and the
exclusion of patients without adequate preoperative CT scans se-
lection bias is unavoidable. Second the majority of patients in this
cohort had limited disease and required minor liver resections, as
seen in Table 1. It is not clear how well these results will apply to
patients with more extensive disease who require major surgery.
Third, it was not possible to retrospectively implement other var-
iables of sarcopenia such as handgrip strength, gait speed, or the
chair stand test. Adding these variables would have given a more
complete view of the impact of sarcopenia on long-term outcomes
after local therapy for CLRM. Lastly, patients’ nutritional status is
not routinely assessed at our institution. Poor nutritional status is
associatedwith sarcopenia38 andwithunfavourable short- and long
term survival outcomes.39,40 This could not be taken into account
due to the retrospective nature of this study.
In conclusion, low CT-assessed skeletal muscle mass is not

associated with impaired survival after curative therapy for
CRLM in the current series. Low CT-assessed skeletal muscle
mass patients experienced similar rates of severe complications
and disease recurrences after curative therapy for CRLM. The
HPB 2022, 24, 1711–1719 © 2022 The Author(s). Published by Elsevier Ltd on
access
survival of these patients after treatment of recurrent metastatic
disease is also comparable in our cohort. Sarcopenia may still be
an effective predictor for prognosis, which should be evaluated
(prospectively) with a more comprehensive definition of sarco-
penia than a low SMI on CT scan alone.
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