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Abstract

Background Myosteatosis has been associated with shorter overall survival in cancer patients. The increase in ectopic
fat might not be limited to skeletal muscle only and might also extend to other sites such as the liver, resulting in
non-alcoholic fatty liver disease (NAFLD). In this study, we assessed the relationship between myosteatosis and NAFLD
and their association with overall survival in patients with colorectal liver metastases undergoing partial hepatectomy.
Methods Patients were selected from a prospective cohort of 289 consecutive patients with colorectal liver metasta-
ses. All patients with a preoperative computed tomography (CT)-scan and liver biopsy obtained during surgery were
included. If available a second pre-operative CT scan was used to calculate changes in body composition over time.
Muscle radiation attenuation was defined as the average Hounsfield units on CT of all muscle tissue at the L3 level.
Liver biopsies were graded by a liver pathologist using the steatosis, activity, and fibrosis scoring system for NAFLD.
Results Two-hundred and eighteen patients had an available liver biopsy of which 131 patients had two available
pre-operative CT scans with an average time interval of 3.2 months. One-hundred and thirty-five (62%) biopsies were
classified as NAFLD. In multivariable Cox-regression analysis, NAFLD [hazard ratio (HR): 1.8, 95%-confidence interval
(CI) 1.0–3.0, P = 0.037], increase in myosteatosis (HR 1.8, 95%-CI 1.1–2.9, P = 0.018), and skeletal muscle loss (HR
1.7, 95%-CI 1.0–2.9, P = 0.035) were independently associated with shorter overall survival while high visceral
adipose tissue fat content was associated with longer overall survival (HR: 0.7, 95%-CI 0.5–0.9, P = 0.014).
Conclusions Ectopic fat content of liver as well as skeletal muscle tissue is independently associated with shorter
overall survival in patients with colorectal liver metastases, while increased visceral adipose tissue fat content is
associated with longer overall survival.
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Background

Colorectal liver metastases (CRLM) develop in up to 70% of
all colorectal cancer cases and are responsible for around
320 000 annual deaths in high-income countries making it
the second most lethal cancer type.1,2 In around 30% of met-
astatic patients, the metastases are confined to the liver.3

Apart from liver transplantation, partial hepatectomy is cur-
rently the only option for curation with a median 5 year sur-
vival rate of 36–47%.4–6 Around 30% of patients with CRLM
are eligible for surgery. As operative mortality is low (<5%),
survival is probably mostly related to oncologic outcome
and/or host characteristics such as body composition and
comorbidity. In recent years, associations between body com-
position and outcome are being studied increasingly. We re-
cently demonstrated that low visceral adipose tissue mass
and low skeletal muscle mass (sarcopenia) as assessed by
analysis of pre-operative computed tomography (CT) scans
are associated with shorter overall survival in patients with
CRLM.7 Other studies also found relationships between low
skeletal muscle mass and decreased overall survival8 as well
as increased postoperative complications.9 Next to skeletal
muscle and adipose tissue mass, a CT scan can provide esti-
mations of tissue fat content through the tissue specific
radiation attenuation, which is expressed as the average
radiodensity in Hounsfield units (HUs).10 A low skeletal radia-
tion attenuation (myosteatosis) is associated with increased
tissue triglyceride content.11 In visceral and subcutaneous ad-
ipose tissue, a low radiation attenuation probably is an indi-
cator of high adipose tissue lipid content as it is associated
with increased adipocyte size, high adipose tissue mass, and
increased serum lipoprotein levels in obese individuals.12,13

While adipose tissue fat content has been poorly studied in
cancer, myosteatosis has been associated with decreased
overall survival in several cancer types.14–16 However, the
aetiology of myosteatosis is not fully understood. Previous
studies found associations of myosteatosis with increased ad-
ipose tissue mass7 and systemic inflammation7,17 in patients
with colorectal cancer. In healthy adults, myosteatosis has
been shown to be related to systemic hyperinsulinemia and
insulin resistance.18 It could be hypothesized that insulin re-
sistance and systemic inflammation driven by adiposity and/
or tumour factors lead to impaired fat storage in adipocytes
and increased lipolysis. Subsequent increased plasma free
fatty acids would promote increased lipid accumulation in
skeletal muscle tissue. However, the systemic component of
the proposed pathophysiology in this hypothesis suggests
that steatosis might not be limited to skeletal muscle tissue
alone. Liver tissue for instance could also be affected. In
non-oncologic patients with non-alcoholic fatty liver disease
(NAFLD), liver steatosis has been shown to be associated with
both hepatic and skeletal muscle insulin resistance.19 In addi-
tion, NAFLD has been associated with low skeletal muscle
mass in obese patients.20 The direct association between

myosteatosis and liver steatosis has not been studied, how-
ever. Also, virtually all studies on body composition and/or
myosteatosis in cancer patients use only one CT scan,
providing a mere snap shot of the patient’s body composition
without insight into skeletal muscle loss/gain or increase/
decrease in myosteatosis over time. In this study, we
assessed the relationship between body composition,
myosteatosis, adipose tissue fat content, and liver steatosis
and their associations with disease-free and overall survival
in CRLM patients who had undergone partial hepatectomy,
using serial CT scans over time and liver biopsies.

Patients and methods

Patients

Patients were selected from a prospective cohort of 289
patients undergoing partial hepatectomy between 2008
and 2013, at the Maastricht University Medical Centre,
the Netherlands. Patients were selected for inclusion if they
met the following criteria: pathology-proven colorectal
liver metastasis, two preoperative CT scans available with
a 1–6 months interval in between, and a surgical biopsy
of unaffected liver tissue. Patients with poor quality CT
scans or large radiation artefacts were excluded from the
study.

Data collection

The primary outcome of this study was overall survival,
expressed in months from the day of surgery. Secondary out-
comes included disease-free survival, expressed in months
from day of surgery until recurrence, andmajor complications.
A validated liver surgery-specific composite endpoint was
used as outcome parameter for major complications.21 The
composite endpoint included the following major (Dindo–
Clavien ≥ 3) liver surgery specific complications occurring
within 90 days after surgery: ascites, post-operative liver fail-
ure, bile leakage, intra-abdominal abscess, intra-abdominal
haemorrhage, and operative mortality. Radical resection was
defined as a cancer-free surgical margin of more than 1 mL.
The Fong-score was calculated to estimate the risk of tumour
recurrence (one point each: node-positive primary tumour,
initial disease-free interval < 12 months, >1 liver metastasis,
largest metastasis> 5 cm, and CEA> 200 ng/mL).22 Recorded
patient characteristics included age, sex, body mass index,
American Society of Anaesthesiologists classification, comor-
bidities (cardiac, pulmonal, renal, and diabetes mellitus), and
the administration of neoadjuvant chemotherapy.
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Liver biopsies

Surgical liver biopsies were performed during partial hepatec-
tomy from an unaffected part of the liver (without metasta-
ses) at minimal 3 cm depth. Biopsies were fixed in formalin
for 24 h and embedded in paraffin. Thereafter, 4 μm sections
were stained with haematoxylin & eosin. One blinded pathol-
ogist classified the liver tissue according to the steatosis, ac-
tivity, and fibrosis (SAF) scoring system as NAFLD with
NASH, NAFLD without NASH or no NAFLD.23 According to
the SAF scoring system, NAFLD was defined as a steatosis
score of at least Grade 1 (5% to 33% steatotic hepatocytes)
and NAFLD with NASH was defined as at least Grade 1 of all
three SAF features (steatosis, hepatocellular ballooning, and
lobular inflammation).

Computed tomography scan analysis

Pre-operative CT scans were selected if they were per-
formed within 4 months before surgery. If available, an ad-
ditional earlier CT scan performed within 1–6 months
before the pre-operative CT scan was selected to assess
preoperative body composition changes over time. Patients
received intravenous contrast during scanning. Average
slice thickness was 4.2 ± 1.1 mm; tube voltage was
120 kV. One blinded researcher trained in radiologic anat-
omy and body composition analysis performed all CT scan
analyses using sliceOmatic 5.0 (TomoVision, Magog,
Canada) software for Microsoft Windows® as described
previously.15 In short, a single CT-slice at the level of the
third lumbar vertebra (L3) was selected for each scan.
Using predefined HU ranges, the total areas of skeletal
muscle (�29 to 150 HU), visceral adipose tissue (VAT,
�150 to �50 HU), and subcutaneous adipose tissue (SAT,
�190 to �30 HU) were assessed. Total adipose tissue
(TAT) area was calculated by adding up VAT and SAT area.
Tissue area (cm2) was adjusted for height to calculate the
L3-index (cm2/m2), which corresponds well with total body
muscle and adipose tissue mass.24 In addition, the tissue
specific radiation attenuation was calculated as the average
HU value of the total tissue area for muscle, VAT, and SAT
separately. A high tissue fat content is associated with a
low radiation attenuation. The measurement errors (% co-
efficient of variation) for tissue area and radiation attenua-
tion measurements were 0.65% and 0.60%, respectively. To
correct for sex-related and age-related body composition
differences, Z-scores were calculated for the L3-index and
radiation attenuation of each tissue. A Z-score is the num-
ber of standard deviations that each patient differs from his
or her sex-specific and age-specific mean value within the
study cohort and was calculated using the following
formula:

Z ¼ x � μ
σ

Z is the patient’s Z-score, x is the patient’s CT value, μ is
the sex-specific and age-specific mean, and σ the
sex-specific and age-specific standard deviation derived from
the present cohort. Z-scoring facilitates body composition
comparison among patients with different sex and age.
Changes in body composition over time were calculated using
the following formula:

Δbody composition ¼ xCTpreop � xCT2
xCT2

� 100%
� �

� ndays
100

� ��1

Δbody composition is the pre-operative change in body
composition for a specific parameter in %/100 days in which
a negative Δ signifies tissue loss and a positive Δ signifies gain
of tissue area. A similar formula was used for radiation atten-
uation. A negative Δ for radiation attenuation signifies an in-
crease in tissue fat content while a positive Δ signifies a
decrease in tissue fat content. xCT preop is the pre-operative
CT value (closest to surgery), xCT2 is the additional CT value
(before pre-operative scan), and ndays is the number of days
between the pre-operative and additional CT scans.

Statistical analysis

A value of ≤� 2% change in any body composition parameter
was considered a loss of tissue or radiation attenuation,
which was well above the minimal detectable change
(0.65% and 0.60%, respectively).25 Data were analysed using
IBM SPSS statistics 23 for Microsoft Windows®. Follow-up
was determined using the Kaplan–Meier estimate of poten-
tial follow-up.26 Patient characteristics were assessed by ei-
ther a χ2 test, independent t-test, or one-way analysis of
variance where appropriate. For correlations, Pearson’s cor-
relation coefficient (rp) was used. Correlations were visual-
ized in a correlation heatmap using R 3.4.1 for Microsoft
Windows®. Univariable and multivariable Cox-regression
analyses were used to assess the associations between
NAFLD/body composition parameters and overall survival/
disease-free survival. Univariable and multivariable logistic
regression was used to assess the association with major
complications (composite endpoint). For regression analysis,
three models were used: Model 1 was the unadjusted
univariable analysis. Model 2 was the multivariable analysis
including all known confounding variables which included
sex, age, American Society of Anaesthesiologists, comorbid-
ity, neoadjuvant chemotherapy, radical resection, and FONG
score. Model 3 was the final multivariable analysis in which
all liver and body composition variables were added to Model
2 and selected by backward elimination with a P value of
<0.1 as condition to keep the variable in the model. Eligible
variables were as follows: liver steatosis; pre-operative
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Z-score of muscle, VAT, SAT, and TAT L3-index; pre-op Z-score
of muscle, VAT, and SAT radiation attenuation; Δmuscle, VAT,
SAT, and TAT area; and Δ muscle, VAT, and SAT radiation at-
tenuation. Associations among different fat storage compart-
ments in patients were visualized in a proportional Venn
diagram using eulerAPE (University of Kent, Canterbury,
United Kingdom).27 A P value of <0.05 was considered statis-
tically significant.

Results

Patient characteristics

Of the 289 patients in the prospected cohort, 218 patients
were selected for analysis. Sixty-one patients did not have a
CT scan available, eight patients had poor quality scans, and
two patients did not have a liver biopsy available. There were
no significant differences in patient characteristics between
excluded and included patients. Of the 218 patients, 131 pa-
tients had a second CT scan available prior to the
pre-operative CT scan within the pre-defined time-frame. Pa-
tients with a second CT-scan available had significantly more
often neoadjuvant chemotherapy and a higher rate of
metachronous metastasis compared with patients with only
one pre-operative CT scan available (82% vs. 49%, P < 0.001
and 79% vs. 49%, P < 0.001, respectively). Median time be-
tween pre-operative CT scan and surgery was 47 days [inter-
quartile range (IQR): 28–68 days], and median time between
the pre-operative CT scan and second CT scan was 94 days
(IQR: 75–119 days). Median follow-up was 56 months (IQR:
36–72 months). Patient characteristics are shown in Table 1.

Body composition analysis

Sex-specific and age-specific preoperative body composition
variables are shown in Table 2. In general, males were more
muscular (P < 0.001) and had more visceral adipose tissue
(P < 0.001), while females had more subcutaneous adipose
tissue (P = 0.001). Adipose tissue mass and especially muscle
fat content increased with age in both males and females
(P = 0.001). Of the 131 patients with consecutive CT scans,
66 (59%), 77 (59%), 80 (61%), and 82 (63%) patients experi-
enced ≥2% loss of skeletal muscle tissue, VAT, SAT, and TAT
L3-index, respectively. Concerning radiation attenuation, 56
(43%), 40 (31%), and 36 (28%) had a ≥2% decrease in respec-
tively muscle tissue, VAT, and SAT. Correlations among the
various body composition parameters are visualized in
Figure 1. Adipose tissue L3-indexes were highly correlated
with adipose tissue radiation attenuation, but only mildly
with muscle radiation attenuation. There were no strong cor-
relations between single pre-operative CT-parameters and
changes over time.

Liver biopsies

According to the SAF score, 83 patients had no NAFLD, 133
patients had NAFLD without NASH, and two patients had
NAFLD with NASH. Patient characteristics and differences be-
tween NAFLD and non-NAFLD patients are shown in Table 1.
The majority of NAFLD patients had mild steatosis (78%).
NAFLD patients had diabetes mellitus and higher skeletal
muscle significantly more often, and higher VAT, SAT, and
TAT masses. VAT and SAT radiation attenuation were signifi-
cantly lower in NAFLD patients (P < 0.001 and P = 0.001,
respectively), whereas skeletal muscle tissue radiation atten-
uation was not different (P = 0.752). Figure 2 visualizes the
co-existence of increased fat content/low radiation attenua-
tion in liver, skeletal muscle, and VAT. Twenty-five per
cent of patients had all three features (liver steatosis,
myosteatosis, and high fat content in VAT).

Survival analysis and major complications

In multivariable Cox-regression analysis, NAFLD [hazard ratio
(HR) 1.8, 95%-confidence interval (CI) 1.0–3.0, P = 0.037],
decreas in muscle radiation attenuation over time (HR 1.8,
95%-CI 1.1–2.9, P = 0.018), and skeletal muscle index loss
over time (HR 1.7, 95%-CI 1.0–2.9, P = 0.035) were associated
with shorter overall survival (Figure 3). In addition, VAT radi-
ation attenuation Z-score was associated with shorter overall
survival (HR 1.4, 95%-CI 1.1–1.9, P = 0.014) indicating that a
high-fat content of VAT was protective. NAFLD (HR 1.8,
95%-CI 1.0–3.0, P = 0.021), decrease in muscle radiation
attenuation over time (HR 1.8, 95%-CI 1.1–3.0), and SAT radi-
ation attenuation Z-score (HR 1.5, 95%-CI 1.2–2.0, P = 0.001)
were associated with shorter disease-free survival (Figure 4).
In addition, radical resection was associated with longer over-
all survival and disease-free survival (both HR 0.4, 95%-CI
0.2–0.6, P < 0.001), while comorbidity was associated
with shorter disease-free survival (HR 2.2, 95%-CI 1.2–4.3,
P = 0.016). There were no significant associations between
major complications and any of the studied variables in
multivariable logistic regression analysis. VAT and SAT radia-
tion attenuation had similar associations with both overall
survival and disease-free survival. As they were collinear, only
one (VAT RA or SAT RA) variable was included per multivari-
able analysis (the variable with the strongest association).

Discussion

In this study, we found that ectopic fat deposition in liver and
pre-operative decrease in skeletal muscle radiation attenua-
tion over time is independently associated with shorter over-
all and disease-free survival after liver resection for CRLM,
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while a high adipose tissue fat content on the pre-operative
CT scan was related to increased survival. Whereas we ex-
pected that steatosis of liver and skeletal muscle tissue would
occur simultaneously, they can occur independently from
each other. Liver steatosis was associated with increased ad-
ipose tissue fat content, whereas myosteatosis was not, sug-
gesting a different aetiology.

Liver steatosis has been studied mostly in non-oncologic
patients with obesity-associated NAFLD. Liver steatosis is
highly related to obesity, especially visceral adiposity.28 A
tracer study in obese NAFLD patients demonstrated that
around 60% of liver triglycerides are formed from adipose

tissue-derived fatty acids; de novo lipogenesis contributed
up to 25% (five times more than in healthy individuals), pos-
sibly due to insulin resistance.29 Myosteatosis has been stud-
ied less extensively than liver steatosis. There is a low
correlation between myosteatosis and obesity.30 Goodplaster
et al. found that myosteatosis was associated with insulin re-
sistance independent of visceral fat in non-oncologic
subjects.31 In colorectal cancer patients, myosteatosis has
been associated with systemic inflammation.17 While we did
not assess systemic inflammation in the present study, we re-
cently demonstrated that myosteatosis was associated with
elevated serum C-reactive protein levels as well as increased

Table 1 Patient characteristics

Characteristic
Total No NAFLD NAFLD

P value(n = 218) (n = 83) (n = 135)

Male (n, %) 142 (65.1%) 55 (66%) 87 (64%) 0.784
Age (years) 63.8 ± 10.5 62.2 ± 11.4 64.8 ± 9.8 0.084
BMI (kg/m2) 26.3 ± 3.8 25.0 ± 3.5 27.1 ± 3.7 <0.001
ASA classification (n, %)
1 35 (16.1%) 13 (16%) 22 (16%) 0.491
2 132 (60.6%) 47 (56%) 85 (63%)
≥3 51 (23.4%) 23 (28%) 28 (21%)

Comorbidity (n, %) 134 (62%) 46 (55%) 88 (65%) 0.150
Cardiovascular 97 (45%) 33 (40%) 64 (47%) 0.270
Pulmonary 21 (10%) 9 (11%) 12 (9%) 0.635
Renal 7 (3%) 4 (5%) 3 (2%) 0.431
Diabetes mellitus 19 (9%) 3 (3.6%) 16 (12%) 0.036
Other 21 (10%) 8 (10%) 13 (10%) 0.998

Neoadjuvant chemotherapy (n, %) 150 (69%) 58 (69%) 92 (68%) 0.789
Radical resection (n, %) 145 (67%) 59 (71%) 86 (64%) 0.262
Fong-score > 2 (n, %) 72 (33%) 26 (31%) 46 (34%) 0.675
Synchronous metastasis (n, %) 71 (33%) 51 (61%) 96 (71%) 0.139
Node positive primary (n, %) 140 (64%) 53 (64%) 87 (64%) 0.930
Largest metastasis ≥ 5 cm (n, %) 29 (13%) 13 (16%) 16 (12%) 0.421
>1 metastasis (n, %) 128 (59%) 47 (57%) 81 (60%) 0.623
CEA ≥ 200 ng/mL (n, %) 6 (3%) 2 (2%) 4 (3%) 1.000

Liver steatosis grade (n, %)
0 83 (38%) 83 (100%) — <0.001
1 106 (48%) — 106 (78%)
2 21 (10%) — 21 (16%)
3 8 (4%) — 8 (6%)

Tissue L3-index (Z-score)
Muscle 0 ± 1.0 �0.20 ± 0.91 0.12 ± 1.00 0.022
VAT 0 ± 1.0 �0.46 ± 0.91 0.28 ± 0.93 <0.001
SAT 0 ± 1.0 �0.30 ± 0.89 0.18 ± 1.00 <0.001
TAT 0 ± 1.0 �0.42 ± 0.92 0.26 ± 0.94 <0.001

Tissue radiation attenuation (Z-score)
Muscle 0 ± 1.0 0.03 ± 1.05 �0.02 ± 0.96 0.752
VAT 0 ± 1.0 0.43 ± 1.07 �0.27 ± 0.83 <0.001
SAT 0 ± 1.0 0.32 ± 1.22 �0.20 ± 0.75 0.001

ΔTissue L3-index (%/100 days)a

Muscle �2.4 ± 9.7 �1.5 ± 9.4 �2.9 ± 9.9 0.425
VAT 10.4 ± 43.3 20.8 ± 60.2 3.7 ± 26.1 0.060
SAT 3.6 ± 20.2 7.4 ± 25.3 1.1 ± 15.8 0.114
TAT 5.1 ± 22.6 10.4 ± 30.6 1.7 ± 14.9 0.065

ΔTissue radiation attenuation (%/100 days)a

Muscle 5.7 ± 23.3 6.3 ± 25.5 5.3 ± 21.9 0.801
VAT 1.2 ± 7.5 1.4 ± 9.3 1.1 ± 6.1 0.859
SAT 1.4 ± 7.8 1.5 ± 9.4 1.4 ± 6.7 0.948

Patient characteristics and differences in characteristics between non-NAFLD and NAFLD patients. Continuous variables are depicted as
mean ± standard deviation.
ASA, American Society of Anaesthesiologists; BMI, body mass index; CEA, carcinoembryonic antigen; NAFLD, non-alcoholic fatty liver dis-
ease; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; VAT, visceral adipose tissue.
aDifferences in body composition over time were assessed in 131 patients.
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visceral fat in patients with CRLM, suggesting multiple possi-
ble aetiologies of myosteatosis.7 As systemic inflammation is
a hallmark of cancer cachexia,32 its relationship with
myosteatosis warrants further investigation.

One of the key findings of the present study was that the
location of fat storage (adipose tissue vs. ectopic) showed op-
posing associations with survival. The protective effect of
high adipose tissue fat content is a relatively new finding as
most other studies on body composition did not report on
adipose tissue radiation attenuation. Silvério et al. found
up-regulated expression hormone-sensitive lipase and

adipose triglyceride lipase in white adipose tissue of patients
with cancer cachexia,33 which could potentially lead to tri-
glyceride depletion (and increased radiation attenuation). Ad-
ipose tissue mass had a similar association with survival, as is
to be expected with a correlation of �0.66 between VAT
radiation attenuation and VAT L3-index. We previously
reported lower overall survival in CRLM patients with a low
VAT L3-index in a different cohort.7 In addition, Ebadi et al.
found that in a cohort of 1746 cancer patients, a low SAT
L3-index was independently associated with poor survival.34

Moreover, in the presence of sarcopenia, patients with high

Figure 1 Correlation matrix of all CT body composition variables. Values represent Pearson correlation coefficients (r). Only significant correlations
(<0.05) are shown, white squares indicate insignificant correlations. L3-indexes are a representation of whole-body tissue mass and have been Z-
scored for sex and age. Δ parameters indicate changes between two pre-operative CT scans in %/100 days. CT, computed tomography; RA, radiation
attenuation; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; VAT, visceral adipose tissue.

Table 2 Sex-specific and age-specific body composition parameters assessed by computed tomography scan

Sex
Age

(years) n (%)

L3-index (cm2/m2) Radiation attenuation (HU)

Muscle VAT SAT TAT Muscle VAT SAT

Male <60 33 (15%) 51.6 ± 10.0 55.9 ± 29.8 62.4 ± 30.6 118.3 ± 54.1 38.0 ± 7.0 �93.0 ± 5.4 �98.0 ± 8.9
60–70 67 (31%) 49.9 ± 7.7 56.6 ± 28.8 50.9 ± 22.5 107.5 ± 44.6 34.0 ± 8.2 �91.9 ± 6.8 �94.3 ± 7.4
>70 42 (19%) 49.0 ± 7.3 74.7 ± 29.2 60.0 ± 21.4 134.7 ± 42.1 31.3 ± 7.0 �93.2 ± 5.7 �93.6 ± 7.8

Female <60 30 14(%) 40.0 ± 5.1 28.2 ± 15.8 73.3 ± 25.6 101.6 ± 39.2 37.4 ± 9.2 �88.5 ± 9.1 �101.8 ± 6.0
60–70 30 (14%) 40.2 ± 6.2 47.0 ± 30.9 94.8 ± 49.9 141.9 ± 73.9 32.9 ± 8.6 �89.6 ± 9.0 �99.5 ± 10.7
>70 16 (7%) 38.2 ± 6.0 45.7 ± 19.4 86.3 ± 29.2 132.0 ± 43.0 26.7 ± 7.6 �90.4 ± 6.9 �98.7 ± 7.5

Body composition parameters were assessed by analysing a single pre-operative computed tomography slice at the level of the third lum-
bar vertebra (L3). Total tissue mass was estimated by assessing the total tissue area at L3 and dividing it by height squared. The radiation
attenuation is the average Hounsfield unit value of the total tissue area at L3. A lower radiation attenuation is associated with increased
tissue fat content. Values are depicted as mean ± standard deviation.
HU, Hounsfield units; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; VAT, visceral adipose tissue.
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SAT L3-index had the longest survival. Furthermore, Choe
et al. reported that patients with colorectal cancer who had
an increase in VAT after surgery had better overall survival.35

In contrast, van Vledder et al. found a decreased disease-free
survival in men with CRLM and central obesity, but they did
not perform a multivariable analysis for this variable.8 Lee
et al. reported decreased overall survival in colorectal cancer
patients with visceral obesity.36 However, this cohort is diffi-
cult to compare with our patient cohort as they studied colo-
rectal cancer patients without liver metastasis in an adjuvant
chemotherapy setting. To our knowledge, there are no stud-
ies that assessed changes in skeletal muscle fat content over

time preoperatively, although many studies reported that
baseline myosteatosis was associated with decreased survival
in patients with lung, pancreatic, hepatocellular, or colorectal
cancer.14–16 In line with the results in the present study,
we did not find an association between preoperative
myosteatosis based on a single-CT scan analysis and survival
in CRLM patients in a previous study.7 A possible explanation
could be that CRLM patients are generally not severely
cachectic but rather in a pre-cachectic state without pro-
found myosteatosis. The patients with an increase in skeletal
muscle fat content before surgery could be progressing
towards profound myosteatosis, possibly explaining the
observed association with survival in the present study.

Previously, the relationship between body composition
and liver steatosis had only been studied in non-oncologic pa-
tients with NAFLD, almost exclusively in Korea. Lee et al.
found in a cross-sectional nationwide study including
15 132 subjects that sarcopenia was associated with NAFLD20

and liver fibrosis37 independent of obesity and insulin resis-
tance. However, they used a NAFLD prediction model for
identification of NAFLD instead of liver biopsies. In a biopsy
proven NAFLD cohort, Koo et al. found that sarcopenia was
independently associated with NASH and liver fibrosis.38

However, they used bioelectrical impedance analysis for body
composition assessment, which can overestimate as well as
underestimate skeletal muscle mass compared with CT scan
or dual-energy X-ray absorptiometry based analysis.24 Other
studies in NAFLD patients reported similar associations
between sarcopenia and NAFLD/NASH.39–41 In the present
study, we did not find a relationship between skeletal muscle
mass and liver steatosis (NAFLD). This may be explained by
the following: (i) we assessed liver steatosis and skeletal
muscle mass by different methods, applying the gold
standard techniques; (ii) we studied a cohort of CRLM

Figure 3 Cox regression analysis for overall survival. Liver steatosis and body composition variables were only kept in the multivariable model if
P< 0.05. Liver steatosis was defined as a steatosis grade of ≥1. Z-scores are included as continuous variables. Radiation attenuation (RA) is the average
Hounsfield unit value of a certain type of tissue; a low RA is associated with a high tissue triglyceride content. Decrease/loss was defined as a Δ of
<�2%/100 days. *P < 0.05. ASA, American Society of Anaesthesiologists; RA, radiation attenuation; VAT, visceral adipose tissue.

Figure 2 Venn diagram depicting the co-existence of lipid accumulation
in liver, skeletal muscle, and visceral adipose tissue. Numbers represent
n patients. Liver steatosis was defined as at least steatosis Grade 1 on his-
tology. Myosteatosis was defined as a skeletal muscle radiation attenua-
tion Z-score of <0. Increased VAT fat content was defined as a VAT
radiation attenuation Z-score of <0. VAT, visceral adipose tissue.
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patients who were not necessarily obese or at risk of having
liver steatosis, resulting in lower grades of liver steatosis
(79% mild) and only two patients with NASH; (iii) as patients
with high adipose tissue mass also tend to have high skeletal
muscle mass,7 patients with liver steatosis are likely to have
both more adipose tissue and more skeletal muscle tissue.
This also explains why patients with diabetes mellitus in our
cohort had a relatively high skeletal mass, which is in contrast
with a study by Park et al. who found lower skeletal muscle
mass in (non-oncologic) patients with type 2 diabetes
mellitus.42 Because patients with diabetes are more likely to
be obese, they also are more likely to have more skeletal
muscle mass, as is the case in our cohort. Thus, to assess
body composition in the diabetes mellitus subgroup, skeletal
muscle mass should be corrected for adipose tissue mass
which was not possible considering the small number of pa-
tients with diabetes in our cohort (n = 19). Nevertheless, this
shows the importance of elaborate assessment of patients
(i.e. deep phenotyping). While we found that increased
adipose tissue fat content has a favourable association with
overall survival (in-line with the obesity-paradox43), we also
found that liver steatosis was associated with worse survival,
while liver steatosis in turn was associated with increased
adipose tissue mass and fat content. Adipose tissue mass
can consequently be low or high relative to the patient’s
sex, age, race, and inflammatory status. This illustrates the
complex different pathophysiological mechanisms at work
in a single patient and advocates that body composition
should never be solely assessed without taking other
confounding characteristics into account.

The importance of collecting prospective data at multiple
time points is highlighted in the present study. Single
time-point body composition parameters such as sarcopenia
and myosteatosis can often be misinterpreted as muscle loss.

Our data indicate that there is little to no correlation be-
tween pre-operative body composition determined using a
single-CT scan analysis and tissue loss or gain over time.
Few studies have evaluated body composition changes over
time, all in a chemotherapy setting instead of a
pre-operative setting like in the present study. Rutten et al.
assessed CT scans before and after neoadjuvant chemother-
apy for ovarian cancer and found that both skeletal muscle
loss and VAT loss were associated with shorter overall
survival.25 Blauwhoff-Buskermolen et al. only assessed skele-
tal muscle mass in colorectal cancer patients before and after
receiving chemotherapy and also found an association with
overall survival.44 Our findings are in line with these studies
because we also found an association between skeletal mus-
cle loss and overall survival. We could not detect an associa-
tion with VAT loss, as was described by Rutten et al., but the
latter did not assess changes in VAT radiation attenuation in
their model, possibly explaining this difference.

The present study has some limitations that should be con-
sidered. Firstly, it should be noted that by only selecting
patients with two available pre-operative CT scans, we in-
duced some selection bias as these patients were more
likely to receive neoadjuvant chemotherapy, for which we
corrected in the multivariable analysis. Secondly, we used
different modalities to assess steatosis in skeletal muscle
(CT scan) and liver (histologic assessment). The reason we
used histologic assessment for liver biopsies is that this still
is the gold standard.45 However, recent advancements in
non-contrast-enhanced CT scan analysis of liver steatosis
have shown it to be an acceptable non-invasive alternative
for histologic assessment.46,47 Unfortunately, non-contrast-
enhanced CT scans were not available for most patients.
Nonetheless, this is a promising technique to be used in
future studies as it is non-invasive, does not suffer from

Figure 4 Cox-regression analysis for disease-free survival. Liver steatosis and body composition variables were eliminated from the multivariable
model by stepwise backward elimination if P > 0.05. Liver steatosis was defined as a steatosis grade of ≥1. Z-scores are included as continuous
variables. Radiation attenuation (RA) is the average Hounsfield unit value of a certain type of tissue; a low RA is associated with a high tissue triglyc-
eride content. Decrease was defined as a Δ of < �2%/100 days. *P < 0.05. ASA, American Society of Anaesthesiologists; RA, radiation attenuation;
SAT, subcutaneous adipose tissue.
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sampling error, and could be used to assess changes over
time. Finally, we used adipose tissue radiation attenuation
as a marker of adipose tissue fat content. The assumption
that low adipose tissue radiation attenuation reflects
high-fat content is reasonable because a high correlation
between CT adipose tissue radiation attenuation and
adipocyte size (assessed on tissue biopsies) has been
reported in obese individuals.13 However, few studies7,48 on
adipose tissue radiation attenuation have been conducted
in cancer patients and studies comparing CT-radiation atten-
uation with tissue biopsy triglyceride content should be con-
ducted to further support our findings.

In conclusion, we found that ectopic fat content in liver as
well as skeletal muscle tissue is independently associated
with shorter overall survival in patients with CRLM, while in-
creased visceral adipose tissue fat content is associated with
longer overall survival. Assessing body composition changes
over time adds valuable information to regular single
time-point body composition assessment and should be en-
couraged in future studies in both perioperative and pallia-
tive settings.
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