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Body composition profiling is gaining attention as a pre-operative factor that

can play a role in predicting the short- and long- term outcomes of patients

undergoing oncologic liver surgery. Existing evidence is mostly limited to

retrospective and single-institution series and in many of these studies, the

evaluation of body composition is based on parameters which are derived from

CT-scan imaging. Among body composition phenotypes, sarcopenia is the

most well studied but this is only one of the possible profiles which can impact

the outcomes of oncologic hepatic surgery. Interest has recently grown in

studying the effect of sarcopenic obesity, central obesity, or visceral fat

amount, myosteatosis, and bone mineral density on -such patients. The

objective of this review is to summarize the current evidence on whether

imaging-based parameters of body composition have an impact on the

outcome of patients undergoing liver surgery for each of the most frequent

indications for liver resection in clinical practice: hepatocellular carcinoma

(HCC), cholangiocarcinoma (CCA), and colorectal liver metastases (CRLM).
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Introduction

Body composition profiling is gaining attention as a pre-operative factor which can

play a role in predicting the short- and long- term outcomes of patients undergoing

oncologic liver surgery.

The current evidence is mostly limited to retrospective trials and single-institution

series. In many of these studies, the evaluation of body composition profiling is based on

parameters obtained from pre-operative CT-scan imaging, mainly focusing on the
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presence of sarcopenia, a condition of both low muscle mass and

low muscle function (strength or performance) (1, 2).

More in detail, three meta-analysis and 3 reviews published

in the period 2015 – 2022 used sarcopenia (defined as the loss of

skeletal muscle quantity or quality) as the body composition

profile of interest. The three meta-analysis studied the impact of

sarcopenia on the outcomes of liver surgery for primary liver

cancers such as hepatocellular carcinoma (HCC) and

cholangiocarcinoma (CCA) suggesting that at least in the case

of HCC, sarcopenia negatively effects the post-operative

outcomes and possibly have a detrimental effect on long-term

survival (3–5). In a review from 2015 pre-operative sarcopenia

was indicated as an independent negative prognostic factor for

short- and long-term outcomes after hepatectomy in patients

with liver cancers; the study was limited by the small number of

studies included and by a general lack of data (6). Two others

more recent reviews pointed out the detrimental effect of

sarcopenia on patients with HCC undergoing hepatectomy

and treatments in general (7, 8).

While for HCCs the literature seems to be therefore more

consistent, indicating a negative prognostic role of sarcopenia

independently of cancer stage, liver function, or allocated

treatment, the relation between body composition and the

outcomes of surgery for others indications remains poorly

investigated (9, 10). Moreover, sarcopenia is only one of the

possible imagine-based body composition parameters which can

impact the outcomes of oncologic liver surgery. Recently,

interest has grown in studying the effect of sarcopenic obesity,

central obesity, or visceral fat amount, myosteatosis, and bone

mineral density on such patients (11–13).

The aim of this study is to review and summarize the current

evidence available on the impact of imaging-based body

composition on patients undergoing liver surgery for primary

or secondary malignant liver tumors in term of surgical and

oncologic outcome. Existing evidence will be synthetized for

each of the most frequent indications for liver resection in

cl inical pract ice : hepatocel lular carcinoma (HCC),

cho l ang ioca r c inoma (CCA) , and co lorec t a l l i v e r

metastases (CRLM).
Methods

This updated narrative review was performed in accordance

with the guidelines of preferred reporting items for systematic

reviews and metanalysis (PRISMA) 2020.
Literature search strategy and study
identification

A systematic literature search of PubMed (MEDLINE) and

Cochrane Library databases was performed independently by
Frontiers in Oncology 02
three researchers (LB, RR, FV). The following combination of

MESH terms was used: “sarcopenia, body composition, liver

surgery”. Research was restricted for papers published from

January 2010. Moreover, relevant articles as well as references

from reviews and meta-analysis published in the period of

interest were manually screened and added according to their

relevance to the topic.
Eligibility criteria and selection process

The population, intervention, comparator, outcome, timing

and setting (PICOTS) strategy was used to formulate study

ques t ions and to se lec t s tudies according to the

following criteria.
Population/intervention

Studies were considered eligible for inclusion if including

adult patients undergoing liver resection (LR) for any indication

(benign/malignant), excluding living donors for living donor

liver transplantation (LDLT). Studies were excluded when the

body composition was not evaluated by imaging-based

parameters (i.e., BMI only, metabolic syndrome, etc.).
Comparator

As comparator we included any surrogate of body

composition, or any marker or imaging parameter used to

evaluate body composition of patients undergoing liver surgery.
Outcome/timing

The endpoints were short-term outcomes specifically

intended as post-operative morbidity, major morbidity,

specific liver-related morbidity (defined as composite

endpoints or according to author’s definitions), post-

hepatectomy liver failure (defined with ISGLS criteria or by

other systems of classification when specified), mortality (within

30- or 90-days after surgery). Long-term outcomes were overall

survival (OS), recurrence-free or disease-free survival (RFS/

DFS) (14).
Setting

We considered for inclusion any comparative study design

(case–control and cohort studies, prospective or retrospective)

except study protocols, narrative or systematic reviews, common

overviews, letters, case reports, experimental (animal model)
frontiersin.org
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studies, and conference abstracts, case series of fewer than

10 patients.

The reference list of articles in full text was screened to find

relevant articles. No language restrictions were applied. Studies

not meeting the inclusion criteria or not reporting the outcomes

of interest were excluded as well as studies not including patients

underwent liver surgery, studies including pediatric populations

and duplicated articles. Non-comparative articles were

also excluded.
Fron
1)By PICOTS strategy, 3 study questions were elaborated:

Does body composition effect short terms outcomes after

liver surgery? (Post-operative morbidity, Major-

morbidity, liver-specific morbidity, mortality)

• Liver resection irrespective of the indication

• Hepatocellular carcinoma (HCC),

• Cholangiocarcinoma (CCA),

• Colorectal liver metastases (CRLM)

2) Does body composition affect survival after liver

resection?

• Hepatocellular carcinoma (HCC),

• Cholangiocarcinoma (CCA),

• Colorectal liver metastases (CRLM)

3) Does body composition have any impact on the

administration of neoadjuvant or adjuvant treatment

in CRLM patients?
Data collection and outcome measure

Three reviewers screened article titles and abstracts

according to the inclusion and exclusion criteria, and the

resulting full-text articles were further assessed for eligibility

based on the inclusion criteria by the same reviewers.

Disagreements between investigators were resolved by internal

discussion. For each record included, baselined data of the

populations of interest were collected, as well as data on the

intra- and post-operative details.
Statistical analysis

Descriptive statistics were performed, and data expressed as

mean (SD) or median (range) where appropriate. Statistical

significance was set at p<0.05. In the case of missing data, mean

and standard deviation were estimated from available values.

Results

The study flow is summarized in Figure 1. One-hundred-two

records were selected by mesh-words search and other 19 articles
tiers in Oncology 03
were selected following manual review of the literature. After

proper screening and selection, 33 studies fulfilled the eligibility

criteria and were included in the qualitative analysis. To easier

reader’s comprehension, a synopsis of the body composition

patterns which are used in the literature included, of their

definition and methods of measure is displayed in Table 1.

The studies included in the qualitative analysis and their

characteristics are summarized in Table 2.
Does body composition effect short-
term outcomes after liver surgery? (Post-
operative morbidity, Major-morbidity,
liver-specific morbidity, mortality)

Liver resection irrespective of indication
Three articles investigated the impact of body composition

on the outcome after liver surgery irrespective of the indication

for hepatic resection. All authors used sarcopenia as a

comparator and specifically focused on the short-term results

of liver resection (15–17). (Supplementary material, Tab.S1)

Higashi, et al. included in their study 144 patients underwent

major hepatectomies (3 or more Couinaud segments) for HCC

(63%), CRLM (16%), CCA (13%). Patients were stratified by the

presence or absence of sarcopenia and visceral fat amount. No

differences were found in overall post-operative morbidity and

liver specific morbidity; however, sarcopenic patients showed

increased post-operative mortality rates of 9.7% vs. 1.4% in non-

sarcopenic patients (p=0.021). In the multivariable analysis, low

skeletal muscle mass was confirmed a risk factor for mortality

(HR 8.2; p=0.038). In this study, visceral fat amount did not have

any impact on surgical outcomes (18).

Berardi, et al. defined sarcopenia as reduced muscle mass

and strength as recommended by the European Working Group

on sarcopenia in Older People (EWGSOP) and divided a

prospective cohort of 244 patients into 4 groups based on the

presence of sarcopenia using the SMI and muscle strength

(measured by a handgrip strength test) (2). Indications to

surgery were represented by HCC (43.2%), CRLM (41.0%),

CCA (12.8%), other tumors (3%). The authors reported

increased post-operative morbidity in sarcopenic patients

while major morbidity and post-operative mortality were not

influenced by sarcopenia (16).

By assessing sarcopenia only on CT imaging, Martin et al.

did not found difference in post-operative outcomes of 335

patients underwent liver resection. Indications to surgery

consisted in CRLM (43.7%), HCC (13.2%), CCA (15.5%); 10%

of the patients underwent surgery for non-oncological

indications. The authors concluded that other items like

muscle strength and physical performance, in addition to

imaging, should be considered for preoperative risk

stratification (17).
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FIGURE 1

Identification of studies via Databases.
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Hepatocellular carcinoma
Seventeen articles reported the short-term outcomes (30- or

90-days) of patients underwent hepatectomy for HCC,

according to different body composition profiles, their findings

are outlined in Table 3. The majority (fourteen) used the

presence of sarcopenia as comparator (19–35).
Overall morbidity

Nine studies provided data on overall morbidity: in 7

studies, the presence of preoperative sarcopenia (and of

sarcopenic obesity in two studies) did not increase

morbidity after hepatectomy for HCC (19, 21, 22, 24, 28,

29, 31).

Most of the studies reporting similar post-operative

morbidity in sarcopenic and non-sarcopenic patients focused

on survival (overall or recurrence-free) as primary endpoint,

while the short-term outcomes were listed as secondary

endpoints. Sarcopenia was associated with lower BMI and

lower serum albumin levels (when reported) in almost all

these references, and was more frequent in patients ≥ 60

years old in one study (22). Other baseline characteristics
Frontiers in Oncology 04
(ASA score, incidence of comorbidities, etiology of

underlying liver disease) did not differ substantially

according to the presence or absence of sarcopenia. In

particular, the prevalence of cirrhosis was 50-100%, equally

distributed between sarcopenic and non-sarcopenic patients.

Regarding HCC-related factors, there were no significant

difference according to the presence/absence of sarcopenia

but in few of these studies sarcopenia was associated with

more undifferentiated HCC, multinodular HCC, or single HCC

>5 cm in size (22, 31). Finally, surgery-related factors, notably

the extent of hepatectomy (major hepatectomy), also did not

differ substantially in these references.

The relation between visceral adiposity and post-operative

complications was investigated by two groups: Itoh, et al. found

similar complications in patients with high or low visceral

adiposity measured by visceral fat area (VFA) (24).

Conversely, in the study by Okubo, et al., visceral adiposity

was measured using visceral-to-subcutaneous adipose tissue

ratio (VSR). In this study, among 181 cirrhotic patients

underwent hepatectomy for HCC, those with high VSR

(corresponding to high visceral adiposity) had increased

morbidity compared to those with low VSR (p=0.046) (33).
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Looking more in detail, only two studies reported the major

sources of morbidity (27, 31). According to Hamaguchi et al.,

pleural effusion, followed by ascites and intra-abdominal abscess,

were the most frequent sources of morbidity but the authors did

not stratify specific complications according to the presence or
Frontiers in Oncology 05
absence of sarcopenia. However, at multivariate analysis,

preoperative high IMAC (muscle steatosis) was an independent

risk factors for increased infectious complications, together with

low platelet count, Child-Pugh class B and blood loss (27). Kroh

et al. reported that sarcopenic patients developed intra-abdominal
TABLE 1 Synopsis of body composition patterns, definitions and measures used in the literature.

Body
composition
patterns

Definition Methods used to measure body composition Method-
related

definition

Sarcopenia (1,2) Low skeletal muscle
quantity or quality in the
presence of low muscle
strength

Skeletal muscle index
(SMI) or skeletal
muscle mass (SMM)

The cross-sectional areas (cm2) of skeletal muscles on an axial section through
L3 vertebrae, is measured by manual outlining on preoperative CT scans with a
preestablished density threshold (i.e., −29 to +150 HU) and then normalized for
height to obtain the SMI or SMM (cm2/m2).

Low SMI or
SMM

Psoas muscle index
(PMI)

The cross-sectional areas of the bilateral psoas muscles measured by manual
tracing in preoperative CT images at L3 vertebrae is normalized for height to
obtain the PMI (cm2/m2).

Low PMI

Skeletal muscle area
(SMA)

The cross-sectional area of the skeletal muscle is measured by manual tracing in
preoperative CT images at L3 vertebrae and normalized for height to obtain the
normalized SMA (mm2/m2).

Low SMA

Total psoas area
(TPA)

The cross-sectional area of the bilateral psoas muscles is measured by manual
tracing in preoperative CT images at L3 vertebrae and normalized for height to
obtain the normalized TPA (mm2/m2).

Low TPA

Total psoas volume
(TPV)

TPV (cm3) is measured by hand tracing the borders of the entire psoas muscles
for the total psoas length in preoperative CT scan and then normalizing by
height (cm3/m)

Low TPV

Intramuscular adipose
tissue
content (IMAC)

The cross-sectional area of CT scan at L3 vertebrae is measured to identify
abdominal adipose tissue based on specific attenuation (Visceral adipose tissue:
-150 to -50 HU). IMAC = CT attenuation of the multifidus and/or erector spinae
muscles (HU)/CT attenuation of subcutaneous adipose tissue (HU).

High IMAC

Muscle
attenuation (MA)

The mean CT attenuation value of the cross-sectional area of the skeletal muscle
(HU) in preoperative CT scan image at L3 vertebrae.

Low MA

Sarcopenic
obesity

Low skeletal muscle
quantity or quality and
obesity

Skeletal muscle index
(SMI) (cm2/m2) and
body mass index
(BMI) or body fat
percentage (BFP).

SMI is measured as abovementioned. Obesity is measured by BMI or by BFP.
Body fat percentage = [total body weight (kg) – fat-free body mass(kg)]/total
body weight(kg)x100%. Total fat-free body mass (kg) = 0.30x(skeletal muscle at
L3 [cm2] + 6.06).

Low SMI +
obesity

Central or visceral
obesity or visceral
adiposity or
visceral fat
amount (11)

Visceral adipose tissue
content

Visceral (intra-
abdominal) adipose
tissue index (VATI)

The cross-sectional area (cm2) of adipose tissue is measured by manual outlining
in preoperative CT scans at L3 vertebrae or at the level of the umbilicus based on
specific attenuation (-150 to -50 HU) and normalized for height (m) to obtain
the VATI (cm2/m2).

high VATI

Visceral fat area
(VFA)

The cross-sectional area (cm2) of visceral adipose tissue is measured in
preoperative CT scans at L3 vertebrae or at the level of the umbilicus based on
specific attenuations (-190 to -30 HU) and normalized for height (m) to obtain
VFA (cm2/m2).

High VFA

visceral to
subcutaneous fat area
ratio (VSR)

The cross-sectional area (cm2) of subcutaneous and visceral adipose tissue are
measured in CT scans at L3 vertebrae or at the level of the umbilicus based on
specific attenuations (-190 to -30 HU for subcutaneous adipose tissue and -150
to -50 HU for visceral adipose tissue), then normalized for height (m). VSR=
VAT area (cm2)/SAT area (cm2).

High VSR

Myosteatosis (12) Intramuscular fat
deposits

Psoas muscle
attenuation (PMA) or
Skeletal muscle
radiation attenuation
(SM-RA)

The cross-sectional preoperative CT scan image at L3 vertebrae is used to outline
the area of skeletal muscle or of bilateral psoas muscles. Mean PMA or SM-RA
(HU) are calculated to assess muscle fat deposition.

Low PMA
or SM-RA

Bone mineral
density (13)

BMD is the amount of
bone mass per unit
volume (volumetric
density), or per unit area
(areal density).

Bone mineral density
(BMD)

The cross-sectional, non-contrast plain preoperative CT images were analyzed at
the level of the Th11 vertebra. BMD was measured only on trabecular bone with
calculation of the average pixel density (HU) within a circle defined as the mid
vertebral core sample

Low BMD
fro
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TABLE 2 Characteristics of all included studies.

Reference

(author,

year)

Country Study

period

Type of

study

Indication

to surgery

Comparator Parameter Pre-operative

imaging

N° patients Male Sex, n

(%)

Age, median

(range) or

mean (SD)

BMI (kg/mq),

median (range)

or mean (SD)

Peng (2011) USA 2000-

2009

Retrospective CRLM Sarcopenia,

Sarcopenic

obesity

TPA, BMI CT 259. S/NS:

41/218

155 (60). S:

8 (19.5);

NS: 147
(67.4);

(p<0.001)

58 (12). S: 59

(1.4); NS: 58

(1.2); (p=0.68)

<30 (74); >30

(26)

Van

Vledder

(2012)

Netherlands 2001-

2009

Retrospective CRLM Sarcopenia,

central

obesity

SMM, intra-

abdominal

fat

CT

(perioperative)

196. S/NS:

38/158

120. S/NS:

11/109

(p<0.001)

64.5 (31–86).

S/NS: 65.5

(47–84)/65.0
(31–86);

(p=0.229)

S: 23.7 (3.0); NS:

26.7 (3.5);

(p<0.001)

Harimoto

(2013)

Japan 2004-

2009

Retrospective HCC Sarcopenia SMM CT 186. S/NS:

75/111

S/NS: 50/

95;

(p=0.004)

S: 67 (11); NS:

66 (10);

(p=0.55)

S: 20.5(2.4); NS:

24.0 (2.8);

(p<0.001)

Lodewick
(2014)

Netherlands,
Germany,

UK

2005-
2012

Retrospective CRLM Sarcopenia,
obesity,

sarcopenic

obesity

L3 MI, BMI CT (within 3
months before

surgery)

171. S/NS:
80/91. O/

NO: 69/102.

SO/NSO: 49/

102

NA 64 (24–86). S/
NS: 65 (39–

86)/64 (24–

83); (ns). O/

NO: 66 (41–
86)/64 (24–

83); (ns). SO/

NSO: 67 (41–

86)/64 (24–
83); (ns)

25.7 (18.4-42.8)

Itoh (2014) Japan 2004-

2009

Retrospective HCC visceral fat

area

VFA CT 190. Low/

High VFA:

84/106

Low/High-

VFA: 67

(80)/69

(65);
(p=0.395)

Low/High-

VFA: 68 (34–

87)/69 (31–

83); (p=0.918)

Low/High-VFA:

20.5 (14.2–26.1)/

24.0 (18.7–32.1);

(p<0.001)

Valero III

(2014)

USA 2000-

2013

Retrospective Primary

liver tumors

(HCC,

ICC)

Sarcopenia TPA, TPV CT (<60 days

before surgery

or <10 days

after)

96. S (TPA)/

S (TPV): 44

(45.8)/47

(48.9);
(p=0.12)

59 (61.5) 61.9 (12.3) 27.4 (5.4)

Levolger

(2015)

Netherlands 2002-

2013

Retrospective HCC Sarcopenia SMI CT (<3

months prior

to or >3 days

after
treatment)

90; resected:

71 (67.8).

SR/NSR: 36

(69.2)/25
(65.8)

S/NS: 39

(75.0)/24

(63.2);

(p=0.226)

S/NS: 61 (22–

86)/62 (25–

77); (p=0.48)

S/NS: 24.7 (17.6–

33.4)/26.0 (19.5–

37.8); (p=0.003)

Otsuji

(2015)

Japan 2008-

2014

Retrospective pCCA Sarcopenia TPA preoperative

abdominal/

pelvic CT

<30 days prior
to surgery

256. S/NS:

85/171

162 (63). S/

NS: 461

(58)/66.1

(107);
(p=0.954)

67 (34–85). S/

NS: 69 (9)/67

(10); (p=0.133)

21.5 (15.1–30.8).

S/NS: 20.5 (2.3)/

22.0 (2.7);

(p<0.001)

Voron
(2015)

France 2006-
2012

Retrospective HCC Sarcopenia SMI CT (<2
months before

surgery or <7

days

after surgery)

109. S/NS:
59/50

92 (84.4); S/
NS: 53

(90)/39

(78);

(p=0.09)

61.6 (13.3). S/
NS: 64.55

(12.92)/58.25

(13.08);

(p=0.013)

25.64 (4.49). S/
NS: 24.62 (4.67)/

26.85 (3.98);

(p=0.009)

Coelen
(2015)

Netherlands 1998-
2013

Retrospective pCCA Total skeletal
muscle mass

at L3

low skeletal
muscle mass

CT 100 (normal/
low SMM:

58/42)

normal/low
SMM: 36/

28;

(p=0.636)

normal/low
SMM: 62 (9)/

61 (11);

(p=0.520)

normal/low
SMM: 26 (3)/24

(3); (p=0.001)

Hamaguchi

(2015)

Japan 2005-

2014

Retrospective HCC Sarcopenia

(skeletal
muscle

quality)

IMAC CT 477. High/

normal-
IMAC: 209/

268

389 (82).

High/
normal-

IMAC: 171

(82)/218

(81);
(p=0.8944)

67 (10). High/

normal-IMAC:
71 (7)/64 (10);

(p<0.0001)

23.1 (3.4). High/

normal-IMAC:
23.9 (3.6)/22.6

(3.1); (p=0.0002)

(Continued)
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TABLE 2 Continued

Reference

(author,

year)

Country Study

period

Type of

study

Indication

to surgery

Comparator Parameter Pre-operative

imaging

N° patients Male Sex, n

(%)

Age, median

(range) or

mean (SD)

BMI (kg/mq),

median (range)

or mean (SD)

Harimoto
(2016)

Japan 2004-
2013

Retrospective HCC Sarcopenia L3-SMA CT 296. S/NS:
57/82

S/NS: 40/
58;

(p=0.943)

S/NS: 76.5
(3.9)/75.9

(4.0); (p=

0.345)

S/NS: 23.3 (3.2)/
23.0 (3.5);

(p=0.6445)

Kamachi

(2016)

Japan 2005-

2013

Retrospective HCC Sarcopenia L3-SMI CT 92. S/NS: 61/

31. LR: 35
(57)/11 (35);

(p=0.05).

RFA 26

(43)/20 (65)

S/NS: 51

(84)/14
(45);

(p<0.01)

S/NS: 73 (49–

84)/70 (47–
80); (p=0.14)

S/NS: 21.2 (14.6–

29.7)/24.6 (19.4–
33.6); (p<0.01)

Takagi
(2016)

Japan 2007 -
2013

Retrospective HCC Sarcopenia,
ASA score

SMI CT <3 months
prior to

surgery

254. S/NS:
118/136

207. S/NS:
93/114;

(p=0.31)

65.7 (10.5). S/
NS: 68.6

(10.0)/63.1

(10.3);

(p<0.001)

23.7 (3.5). S/NS:
22.0 (3.0)/25.2

(3.3); (p<0.001)

Higashi
(2016)

Japan 2007 -
2013

Retrospective Any
malignancy

requiring

liver

resection

Sarcopenia,
Visceral fat

amount

L3-SMI, L3-
VFA

CT 144. S/NS:
72/72. Low/

High VFA:

75/69

108. S/NS:
54/54 (ns).

Low/High

VFA: 55/53

(ns)

65.1 (10.1). S/
NS: 64.9

(11.6)/65.4

(8.4); (p=0.95).

Low/High
VFA: 65

(10.4)/65 (9.7);

(p=0.99)

22.9 (4.2). S/NS:
21.6 (4.7)/24.2

(3.2); (p=0.0012).

Low/High VFA:

21.3 (4.4)/24.7
(3.2); (p<0.001)

Hamaguchi

(2016)

Japan 2005 -

2014

Retrospective HCC Sarcopenia,

quality of
skeletal

muscle

PMI, IMAC CT 492. High/

normal-
IMAC: 219/

273

403 (82).

High/
normal-

IMAC: 180

(82)/223

(82);
(p=0.885)

68 years (31–

89). High/
normal-IMAC:

71 (8)/64 (10);

(p<0.001)

23.2 (3.4). High/

normal-IMAC:
23.9 (3.6)/22.6

(3.1); (p<0.001)

Yabusaki

(2016)

Japan 2003-

2014

Retrospective HCC Sarcopenia SMI, VFA CT 195. Low/

high-SMI:

89/106

157 (80).

Low/high-

SMI: 57

(64)/100
(94);

(p<0.001)

66 (22-80).

Low/high-SMI:

66.2 (10.1)/

63.8 (10.1);
(p=0.100)

23.2 (14.3-37.3);

Low/high-SMI:

21.8 (2.6)/24.3

(3.5); (p<0.001)

Kobayashi

(2016)

Japan 2007-

2012

Retrospective HCC Quality and

quantity of

skeletal
muscle

IMAC, PMI

(DIMAC,

DPMI)

CT 241.

Preoperative

normal
IMAC: 112

(High/Low

DIMAC 6

M: 32/43.
High/Low

DPMI 6 M:

24/51)

NA NA NA

Kobayashi

(2017)

Japan 2005-

2015

Retrospective HCC Sarcopenia,

obesity,
sarcopenic

obesity

SMI, BMI CT 465. NN/

NO/SN/SO:
184 (39.5)/

219 (47.1)/

31 (6.7)/31

(6.7)

367 (78.9).

NN/NO/
SN/SO: 124

(67.4)/188

(85.8)/24

(77.4)/31
(100);

(p<0.001)

67.6 (9.60).

NN/NO/SN/
SO: 66.0

(10.1)/67.9

(9.2)/69.5

(9.0)/73.6
(7.8);

(p<0.001)

23.4 (3.6). NN/

NO/SN/SO: 21.7
(2.4)/25.6 (3.3)/

18.7 (2.1)/22.5

(2.9); (p<0.001)

Okumura

(2017)

Japan 2004-

2015

Retrospective iCCA Skeletal

muscle mass,

skeletal
muscle

quality,

visceral

adiposity

SMI, MA,

VSR

CT (<2

months before

operation)

109. Low/

High SMI:

69/40. Low/
High MA:

53/56. Low/

High VSR:

23/86

67 (61).

Low/High

SMI: 45/22
(p=0.291).

Low/High

MA: 35/32

(p=0.340).
Low/High

68 (61–73).

Low/High

SMI: 69 (63–
74)/64.5 (55–

71); (p=0.027).

Low/High

MA: 69 (65–
77)/64 (54–

21.9 (19.9–24.4).

Low/High SMI:

21.4 (19.6–23.9)/
22.7 (20.4–25.8);

(p=0.042). Low/

High MA: 23.3

(20.9–25.2)/21.1
(19.2–22.4)

(Continued)
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TABLE 2 Continued

Reference

(author,

year)

Country Study

period

Type of

study

Indication

to surgery

Comparator Parameter Pre-operative

imaging

N° patients Male Sex, n

(%)

Age, median

(range) or

mean (SD)

BMI (kg/mq),

median (range)

or mean (SD)

VSR: 11/56
(p=0.130)

71); (p<0.001).
Low/High

VSR: 63 (48-

75)/68 (63–

73); (p=0.137)

(p<0.001). Low/
High VSR: 21.2

(19.2–23.3)/22.1

(20.3–24.4);

(p=0.333)

Eriksson
(2017)

Sweden 2010-
2014

Retrospective CRLM Muscle mass SMI (if NAC
muscle mass

loss/no loss).

CT 225. S/NS:
147/78.

NAC: 97

(43). NAC

muscle loss/
no loss: 50/

47

S/NS: 94
(64)/39

(50);

(p=0.043).

NAC
muscle loss/

no loss: 34/

27 (ns).

S/NS: 69.0
(63–76)/67.5

(62–72);

(p=0.107).

NAC muscle
loss/no loss:

66.5 (63–75)/

68.0 (62–71);

(ns)

S/NS: 24.2 (21.5–
26.1)/27.6 (25.4–

29.9); (p<0.001).

NAC muscle

loss/no loss: 24.6
(21.4–27.0)/24.3

(22.9–27.1); (ns)

Okuno
(2018)

USA 2009-
2013

Retrospective CRLM sarcopenia,
muscle mass,

before and

after NAC

SMI, muscle
loss, body

weight

CT (<30 days
before

preoperative

chemotherapy

and during
the period

between

preoperative

chemotherapy
and surgery)

169. Low/
High SMI

before NAC:

58/111. Low/

High SMI
after NAC:

61/108

97 (57.4).
Minor/

major

muscle loss:

86 (58.5)/11
(50.0);

(p=0.49)

56.2 (11.7) NA

Chakedis

(2018)

USA 2007-

2016

Retrospective BTC Sarcopenia PMI CT (<90 days

of the

operation)

117. NSR/

SR/U: 48/30/

39

52 (44).

NSR/SR/U:

20 (42)/14

(47)/17
(44);

(p=0.910)

66 (50–82).

NSR/SR/U: 68

(49–87)/67

(57–77)/64
(47–81);

(p=0.929)

28.1 (6.4). NSR/

SR/U:29.1 (6.6)/

27.7 (6.6)/27.4

(5.9); (p=0.410)

Kroh

(2018)

German/

Netherlands

2010-

2014

Retrospective HCC Sarcopenia,

obesity,

sarcopenic
obesity

L3 MI, BFA CT (<3

months before

resection)

70. S/NS: 33/

37. O/NO:

28/42. SO/
NSO: 21/49

49 (70). S/

NS: 21

(64)/28
(76);

(p=0.3061).

O/NO: 20

(71)/29
(69);

(p=1.000).

SO/NSO:

15 (71)/34
(69);

(p=1.000)

67.74 (12.95).

S/NS: 66.97

(16.84)/68.43
(8.23);

(p=0.6530). O/

NO: 69.18

(12.14)/66.79
(13.53);

(p=0.4432).

SO/NSO:

69.67 (13.28)/
66.92 (12.86);

(p=0.4283)

26.64 (4.62). S/

NS: 25.29 (4.32)/

27.85 (4.61);
(p=0.0191). O/

NO: 28.61 (4.82)/

25.33 (4.04);

(p=0.0045). SO/
NSO: 26.73

(3.92)/26.61

(4.93);

(p=0.9100)

Kobayashi

(2018)

Japan 2005-

2014

Retrospective CRLM Visceral

adiposity and

muscularity

SMI, IMAC,

VSR

CT 124; normal/

L-SMI: 100/

24. Normal/
H-IMAC:

50/74.

Normal/H-

VSR: 78/46.

78 (63).

Normal/L-

SMI: 60
(60)/18

(75).

Normal/H-

IMAC: 33
(66)/45

(61).

Normal/H-

VSR: 49
(63)/29 (63)

65 (59–70).

Normal/L-

SMI: 64.5 (58–
70)/66.5 (61–

75); (p=0.126).

Normal/H-

IMAC: 60
(53–66)/69

(62–73);

(p<0.001).

Normal/H-
VSR: 63 (55–

70)/68 (61–

72); (p=0.055)

22.7 (20.3–24.7).

Normal/L-SMI:

23.3
(20.5–24.9)/20.9

(18.1–23.5),

(p=0.005).

Normal/H-
IMAC: 21.6

(18.8–23.5)/23.8

(21.0–25.2);

(p<0.001).
Normal/H-VSR:

22.7

(19.5–24.4)/22.8

(20.4–24.9);
(p=0.492)

Miyachi

(2019)

Japan 2005-

2015

Retrospective HCC Bone Mineral

Density

BMD at T11 CT (<2months

before

surgery)

465. Low/

normal

367 69(62-75).

Low/normal

BMD: 70 (64–

23 (21-25). Low/

normal BMD: 23

(Continued)
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abscess (15%) followed by PHLF (9%), bile leak (6%), ascites (6%)

and pulmonary complications (6%). In this study specific

complication rates were similar compared to non-

sarcopenic patients (31). Similarly, in the paper by Itoh et al.,

HCC patients showing low visceral adiposity, which was

correlated with sarcopenia, experienced wound infections (13%),
Frontiers in Oncology 09
intra-abdominal infections (5.9%) bile leak (3.5%) and ascites

(3.5%) but again without significant differences compared to

patients presenting high visceral adiposity (20). None of

the studies included reported significantly increased infectious

complications rate in sarcopenic vs. non-sarcopenic

HCC patients.
TABLE 2 Continued

Reference

(author,

year)

Country Study

period

Type of

study

Indication

to surgery

Comparator Parameter Pre-operative

imaging

N° patients Male Sex, n

(%)

Age, median

(range) or

mean (SD)

BMI (kg/mq),

median (range)

or mean (SD)

BMD: 206/
161

75)/66 (58–
74); (p<0.001)

(21-26)/23 (21-
25); (p=0.50)

Berardi

(2020)

Italy 2018-

2019

Prospective Any

malignancy

requiring

liver
resection

sarcopenia,

muscle

strength

SMI,

handgrip

strength

measured by
a

dynamometer

CT (<1 month

before

surgery)

234. *Group

A/B/C/D:

78/13/75/68

158. Group

A/B/C/D:

56/10/61/

31;
(p<0.001)

66.5(58.00-

74.25). Group

A/B/C/D:

68.00
(59.75-74.00)/

66.00

(60.00-73.50)/

66.00
(60.00-74.00)/

68.00 (54.50-

75.00);

(p=0.90)

27.12(23.28-

29.55). Group A/

B/C/D: 27.10

(22.26-30.32)/
28.10 (22.7-

31.75)/26.34

(25.62-29.70)/

25.06 (23.40-
31.18); (p=0.11)

Van Dijk
(2020)

Canada NA Retrospective CRLM sarcopenia,
myosteatosis,

systemic

inflammation

SM, SM-RA;
VAT; SAT;

CRP (z-

scores)

CT 97 67 (69).
Low/high

SM: 39

(65)/28

(76);
(p=0.27)

61.2 (10.7).
Low/high SM:

63.0 (10.7)/

58.3 (10.2);

(p=0.035)

NA

Van Dijk

(2021)

Netherlands 2008-

2013

Retrospective CRLM myosteatosis,

NAFLD

VAT, SAT,

TAT, liver

steatosis (0-

3). (z-scores)

CT <4 months

before surgery

218 142 (65.1) 63.8 (10) 26.3 (3.8)

Okubo
(2021)

Japan 2011-
2017

Retrospective HCC Visceral
adiposity

VSR CT 181. High/
low VSR: 60/

121

123 (68).
High/low

VSR: 50

(83)/73

(60);
(p=0.001)

67 (34-87).
High/low VSR:

68 (53–82)/66

(34–87);

(p=0.534)

23.1(13.8-40.4).
High/low VSR:

23.2 (17.8-34.2)/

22.9 (13.8-40.4);

(p=0.573)

Yang

(2021)

South Korea 2002-

2011

Retrospective HCC sarcopenia,

myosteatosis,

visceral

adiposity

PMI, PMA,

VATI

CT (<3

months before

surgery)

160. S/NS:

28 (17.5)/

132 (82.5)

120 (75). S/

NS: 17

(60.7)/103

(78.0);
(p=0.055)

55 (11). S/NS:

64.07 (8.32)/

53.31 (11.22);

(p<0.001)

24.26 (2.80). S/

NS: 23.57 (2.79)/

24.42 (2.81);

(p=0.079)

Meister

(2022)

Germany 2008-

2019

Retrospective HCC Sarcopenia,

Myosteatosis

SMI, SM-RA CT (<12

weeks before

surgery)

100. MYS/

NMYS: 60/

40; S/NS: 54/

46

72 (72).

MYS/

NMYS: 42

(70)/30
(75); S/NS:

36 (67)/36

(78); (ns)

67 (11). MYS/

NMYS: 70 (8)/

64 (14); S/NS:

68 (11)/66
(11); (ns)

26 (22-30). MYS/

NMYS 26 (5)/26

(3); (ns). S/NS:

24 (3)/29 (4);
(ns)

Martin

(2022)

Switzerland 2014-

2020

Retrospective Any liver

disease

Sarcopenia SMI, SMRA CT (<1 month

before
surgery)

355. S/NS:

212/143

210 (59.2).

S/NS: 139
(65.6)/71

(49.9);

(p<0.01)

62 (13.0). S/

NS: 64 (13.5)/
59 (12.7);

(p<0.01)

25.5 (4.9). S/NS:

23.9(3.5)/27.7
(4.9); (p<0.01)
HCC, hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; pCCA, perihilar cholangiocarcinoma; CRLM, colorectal liver metastases; S, sarcopenia; NS, non-sarcopenia; SMM,
skeletal muscle mass; SMI, skeletal muscle index; PMI, psoas muscle index; IMAC, intramuscular adipose content; PMA, psoas muscle attenuation; VATI, visceral adipose tissue index; MA,
muscle attenuation; SR-MA, muscle attenuation; VAT, visceral adispose tissue; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; VSR, visceral to subcutaneous adipose tissue
area ratio; BTC, biliary tract cancers; NSR, non-sarcopenic resectable; SR, sarcopenic resectable; NA, not assessed.
*Skeletal muscle loss= decrease SMI >5%. *Patients divided in 4 groups: group A (normal muscle mass and strength), group B (reduced muscle strength), group C (reduced muscle mass),
group D (reduced muscle mass and strength).
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TABLE 3 Liver resection for hepatocellular carcinoma (HCC).

Reference Country Study Type of Comparator Parameter Liver status N° patients Major Morbidity, Liver Liver
Failure
ISGLS), n

(%)

Major
morbidity,

n (%)

Mortality,
n (%)

DFS/RFS
(months),
median

(range) or
(%)

OS (months),
median (range) or

(%)

A NA NA 5-y RFS: S/
NS: 13/33.2;
(p=0.013)

5-y S/NS: 71/83.7;
(p=0.001)

A NA 0 (0) 3-/5-/7-y
High vs. Low
VFA: 54.7/
46.4/36.5 vs.
37.3/23.7/
14.4;
(p=0.001)

3-/5-/7-y High vs.
Low VFA: 86.5/78.2/
74.3 vs. 79.0/65.3/
45.2; (p=0.043)

A S/NS: 17
(32.7)/5
(13.2);
(p=0.033)

S/NS: 9
(17.3)/1
(2.6);
(p=0.029)

S/NS: 18 (12–
24)/18 (11–
26); (p=0.67)

S/NS: 33 (17–48)/
105 (28–181);
(p=0.002)

A 21 (19.3).
S/NS: 13
(22.1)/8
(16);
(p=0.560)

5 (4.6). S/
NS 4 (6.8)/
1 (2)

S/NS: 10.1/
34.23;
(p<0.001)

S/NS: 52.3/
70.3; 1-y: 69.8/95.5;
(p=0.015)

A NA NA ↓RFS High/
normal
IMAC;
(p=0.0012).
Low/normal
PMI: ns
(p=0.7468)

↓OS High/normal
IMAC; (p< 0.0001).
Low/normal PMI: ns
(p=0.3178)

A NA NA DFS in
patients
with
sarcopenia
also
significantly
associated
with poor
prognosis in
the older

↓OS in sarcopenic
patients aged ≥70
years (P=0.002).
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(author,
year)

period study resections
(>3 seg-
ments), n

(%)

n (%) surgery
specific

morbidity,
n (%)

Harimoto
(2013)

Japan 2004-
2009

Retrospective Sarcopenia SMM Cirrhosis:
S/NS: 43
(57)/56
(50.5); (ns)

186. S/NS:
75/111

NA S/NS: 24
(32)/56
(50.5);
(p=0.613)

NA N

Itoh (2014) Japan 2004-
2009

Retrospective Visceral fat
area at
umbilicus

VFA Cirrhosis:
Low/High
VFA: 33
(39.2)/27
(25.4);
(p=0.041)

190. Low/
High VFA:
84/106

NA Low/High
VFA: 17
(20.2)/19
(17.9);
(p=0.686)

Low/High
VFA: 6 (7)/
6 (5.6);
(p>0.05)

N

Levolger
(2015)

Netherlands 2002-
2013

Retrospective Sarcopenia SMI Cirrhosis:
45 (50.0). S/
NS: 26
(50)/19
(50);
(p=1.000)

90 (resected:
71 (67.8)).
SR/NSR: 36
(69.2)/25
(65.8)

NA S/NS: 24
(46.2)/13
(34.2);
(p=0.255)

NA N

Voron
(2015)

France 2006-
2012

Retrospective Sarcopenia SMI Cirrhosis:
63 (57.8). S/
NS: 32
(54.2)/31
(62);
(p=0.41)

109. S/NS:
59/50

68 (62.4).
S/NS: 36
(62)/32
(64);
(p=0.75)

41 (37.6).
S/NS: 23
(39)/18
(36); (ns)

NA N

Hamaguchi
(2015)

Japan 2005-
2014

Retrospective Sarcopenia
(skeletal
muscle
quality)

IMAC Cirrhosis:
477 (100).
High/
normal
IMAC: 209/
268;
(p=0.0679)

477. High/
normal
IMAC: 209/
268

NA NA NA N

Harimoto
(2016)

Japan 2004-
2013

Retrospective Sarcopenia L3-SMA Cirrhosis S/
NS: 19/37;
(ns)

296. S/NS:
57/82

NA S/NS: 7
(12.2)/15
(18.3);
(p=0.4791)

NA N
(
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TABLE 3 Continued

Reference
(author,

Country Study
period

Type of
study

Comparator Parameter Liver status N° patients Major
resections

Morbidity,
n (%)

Liver
surgery

Liver
Failure

LS), n
%)

Major
morbidity,

n (%)

Mortality,
n (%)

DFS/RFS
(months),
median

(range) or
(%)

OS (months),
median (range) or

(%)

patient group
(P=0.030).

NA NA 1-/3-/5-y RFS
S/NS: 39.1/
77.1/81.7 vs.
23.5/59.5/
75.7;
(p=0.03).

1-/3-/5-y S/NS: 91.3/
73.6/
50.5 vs. 96.4/91.6/
68.7; (p=0.04)

35. S/NS:
16/19;
(p=0.32)

5. S/NS: 1/
4; (p=0.13)

NA S/NS: 58.2/82.4;
(p=0.0002). Risk 0
group (NS, ASA<3):
85.6. Risk 1 group (S
or ASA>3): 62.4.
Risk 2 group (S
AND ASA>3): 22.8

.0) 108 (22).
High/
normal-
IMAC: 60
(27)/48
(18);
(p=0.009).
Low/
normal
PMI: 36
(36)/72
(20);
(p=0.229)

12 (2.4) NA NA

NA 5 (2.6).
Low/High-
SMI: 2
(2.2)/3
(2.8);
(p=0.8)

NA NA

NA NA Preoperative
normal
IMAC: High/
Low DIMAC
6 M: 19.5/
30.3;
(p=0.021).
High/Low

NA

(Continued)

B
e
rn
ard

ie
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
2
.10

0
7771

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

11
year) (>3 seg-
ments), n

(%)

specific
morbidity,

n (%)

(ISG

Kamachi
(2016)

Japan 2005-
2013

Retrospective Sarcopenia SMI Cirrhosis:
92 (100)
(Child A)

92. S/NS: 61/
31.
Resection: 35
(57)/11 (35);
(p=0.05)

NA NA NA NA

Takagi
(2016)

Japan 2007 -
2013

Retrospective Sarcopenia,
ASA score

SMI Healthy 254. S/NS:
118/136

97. S/NS:
48/49;
(p=0.31)

NA NA NA

Hamaguchi
(2016)

Japan 2005 -
2014

Retrospective Quality and
quantity of
skeletal
muscle

IMAC,
PMI

Child A/B:
449 (91)/43
(9)

492. High/
normal-
IMAC: 219/
273

172 (35).
High/
normal-
IMAC: 80
(37)/92
(34);
(p=0.513)

180 (37) 82 (16.6) 10 (2

Yabusaki
(2016)

Japan 2003-
2014

Retrospective Sarcopenia SMI, VFA Cirrhosis
195 (100);
Child A/B:
182 (93)/13
(7)

195. Low/
high-SMI:
89/106

62 (31.8).
Low/High-
SMI: 25
(28)/37
(35);
(p=0.31)

41 (21.0).
Low/High-
SMI: 18
(20.2)/23
(21.7);
(p=0.80)

NA NA

Kobayashi
(2016)

Japan 2007-
2012

Retrospective The quality
and quantity
of skeletal
muscle

DIMAC,
DPMI

NA 241.
Preoperative
normal
IMAC: 112
(High/Low
DIMAC 6
M: 32/43.
High/Low

81 (33.6) NA NA NA
(
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TABLE 3 Continued

Reference
(author,

Country Study
period

Type of
study

Comparator Parameter Liver status N° patients Major
resections

Morbidity,
n (%)

Liver
surgery

Liver
Failure

S), n
)

Major
morbidity,

n (%)

Mortality,
n (%)

DFS/RFS
(months),
median

(range) or
(%)

OS (months),
median (range) or

(%)

DPMI 6 M:
17.9/32.6;
(p=0.088).
High DIMAC
(but not High
DPMI) 6 M
(p=0.024) risk
factor for
HCC
recurrence.

97 (20.9).
NN/NO/
SN/SO: 31
(16.9)/44
(20.1)/12
(38.7)/10
(32.3);
(p=0.093)

NA 1-/3-y RFS
NN/NO/SN/
SO: 64.4/37.8
vs. 64.9/38.1
vs. 52.7/31.5
vs.33.8/19.3.
↓SO/NN
(p=0.003).

1-, 3-, 5-y: NN/NO/
SN/SO 91.1, 78.2,
61.0/91.2, 72.6, 58.2/
77.4, 62.7, 38.8/83.9,
45.6, 45.6. ↓SO vs.
NN (p=0.002).

S/NS:
(3);
368).
: 2
5);
).
O: 2
(4)

780)

8 (11). S/
NS: 4 (12)/
4 (11);
(p=1.0). O/
NO: 3 (11)/
5 (12);
(p=1.0);
SO/NSO: 3
(14)/5 (10);
(p=0.6889)

4 (6). S/NS:
1 (3)/3 (8);
(p=0.6165).
O/NO: 1
(4)/3 (7);
(p=0.6450);
SO/NSO: 1
(5)/3 (6);
(p=1.0)

NA S/NS/O/NO/SO/
NSO: 2.54 (-)/1.44
(1.05-2.07)/2.07
(-)/1.51 (0.93-2.51)/
2.63 (-)/1.51 (1.05-
2.07). 1-year: 72.7
(59.0-89.6)/67.6
(54.0-84.5)/82.1
(69.1-97.6)/61.9
(48.8-78.5)/81.0
(65.8-99.6)/65.3
(53.3-80.1). 3-y: 45.0
(29.5–68.6)/13.6
(5.6-32.9)/38.5 (22.6-
65.5)/20.4 (10.6-
39.2)/48.6 (29.0-
81.4)/19.5 (10.5-
36.0)

85(18).
Low/
normal
BMD: 47
(23)/26
(16);
(p=0.116)

low BMD
associated
with a 1.7-
fold higher
hazard of
mortality in
males

low BMD not
associated
with worse
RFS
in total
(p=0.523),
male

low BMD
associated with
worse cancer-specific
survival in male
patients (p=0.015)

(Continued)
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12
year) (>3 seg-
ments), n

(%)

specific
morbidity,

n (%)

(ISG
(%

DPMI 6 M:
24/51)

Kobayashi
(2017)

Japan 2005-
2015

Retrospective Sarcopenia,
obesity,
sarcopenic
obesity

SMI, BMI Cirrhosis:
239 (51.4).
NN/NO/
SN/SO: 99
(53.8)/115
(52.5)/15
(48.4)/10
(32.3)

465. NN/
NO/SN/SO:
184 (39.5)/
219 (47.1)/
31 (6.7)/31
(6.7)

175 (37.6).
NN/NO/
SN/SO: 69
(37.5)/78
(35.6)/12
(38.7)/16
(51.6);
(p=0.395)

163 (35.1).
NN/NO/
SN/SO: 57
(31)/78
(35.6)/15
(48.4)/13
(41.9);
(p=0.218)

NA NA

Kroh
(2018)

German/
Netherlands

2010-
2014

Retrospective Sarcopenia,
obesity,
sarcopenic
obesity

L3 MI,
BFA

Cirrhosis:
43 (61). S/
NS: 18
(55)/25
(68);
(p=0.3282).
O/NO: 15
(54)/28
(67);
(p=0.3211).
SO/NSO:
10 (48)/33
(67);
(p=0.1800)

70. S/NS: 33/
37. O/NO:
28/42. SO/
NSO: 21/49

NA 18 (26). S/
NS: 8 (24)/
10 (27);
(p=1.0). O/
NO: 7 (25)/
11 (26);
(p=1.0).
SO/NSO: 6
(29)/12
(25);
(p=0.7693)

21 (30). S/
NS: 7 (21)/
14 (38);
(p=0.1916).
O/NO: 7
(25)/14
(33);
(p=0.5961);
SO/NSO: 5
(24)/16
(33);
(p=0.5745)

4 (6).
3 (9)/
(p=0.
O/NO
(7)/2
(p=1.
SO/N
(10)/2
SO;
(p=0.

Miyachi
(2019)

Japan 2005-
2015

Retrospective Bone
Mineral
Density

BMD at
Th11

Low/
normal
BMD: 145
(70)/127
(79);
(p=0.072)

465. Low/
normal
BMD: 206/
161

NA NA NA NA
L

1
3

(
0
S

5
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TABLE 3 Continued

Reference
(author,

Country Study
period

Type of
study

Comparator Parameter Liver status N° patients Major
resections
(>3 seg-
ments), n

(%)

Morbidity,
n (%)

Liver
surgery
specific

morbidity,
n (%)

Liver
Failure

(ISGLS), n
(%)

Major
morbidity,

n (%)

Mortality,
n (%)

DFS/RFS
(months),
median

(range) or
(%)

OS (months),
median (range) or

(%)

(p=0.809)
and female
patients
(p=0.402).

181. High/
low VSR: 60/
121

11 (6) 34 (19):
High/Low
VSR: 16
(27)/18(15);
(p=0.046)

NA NA 8 (4).
High/Low
VSR: 5(7)/
3(2);
(p=0.071)

NA NA NA

160. S/NS:
28 (17.5)/
132 (82.5)

NA NA NA NA NA 72 (45) 3.2 (0.1-15.2).
S/NS: ns;
(p=0.103).
Recurrence S/
NS: 16 (57.1)/
73 (55.3);
(p=0.217)

7.9 (0.1-15.2). S/NS:
(p=0.001). Death S/
NS: 20 (71.4)/52
(39.4); (p=0.003)

100. MYS/
NMYS: 60/
40; S/NS: 54/
46

25 (25) NA NA NA 17 (17). S/
NS: 8(15)/9
(20). MYS/
NMYS: 15
(25)/2(5)

6 (6) DFS S/NS:
35/40; 1-y:
71/89. 3-y:
47/63. 5-y:
27/49;
(p=0.118)

MYS/NMYS: 41/60.
1-y: 87/100. 3-y: 57/
66. 5-y: 39/48;
(p=0.223)

I, skeletal muscle index; PMI, psoas muscle index; MA, muscle attenuation; VSR, visceral to subcutaneous adipose tissue area ratio; SR-MA, muscle
esectable; SR, sarcopenic resectable; NA, not assessed.
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13
year)

Okubo
(2021)

Japan 2011-
2017

Retrospective Visceral
adiposity

VSR Fibrosis(F3)
or cirrhosis
(F4): 100%

Yang
(2021)

South
Korea

2002-
2011

Retrospective Sarcopenia,
myosteatosis
(IMF),
visceral
adiposity

PMI,
PMA,
VATI

Cirrhosis:
86 (53.8). S/
NS: 16
(57.1)/70
(53.0);
(p=0.692)

Meister
(2022)

Germany 2008-
2019

Retrospective Sarcopenia,
Myosteatosis

SMI, SM-
RA

Cirrhosis:
42 (42)

HCC, hepatocellular carcinoma; S, sarcopenia; NS, non-sarcopenia; SMM, skeletal muscle mass; SM
attenuation; IMAC, intramuscular adipose content; BTC, biliary tract cancers; NSR, non-sarcopenic
 r
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Bernardi et al. 10.3389/fonc.2022.1007771
Liver surgery specific morbidity

In two studies neither sarcopenia, sarcopenic obesity nor

high visceral adiposity were correlated with liver specific

morbidity (20, 31). Interestingly Kroh, et al., determined liver

surgery specific morbidity by using a composite endpoint

consisting of ascites, post-resection liver failure, bile leakage,

intra-abdominal hemorrhage, intra-abdominal abscess (all CD

≥3), operative mortality (36).

Major morbidity

Nine studies investigated the relation between body

composition profile and major morbidity after hepatectomy

for HCC.

Levolger, et al., included 90 patients of which 71 (67.8)

underwent surgical resection of HCC. The authors reported

increased major morbidity in sarcopenic patients of 32.7% vs.

13.2% in non-sarcopenic patients (p=0.033) (21). Similarly,

Hamaguchi, et al. reported increased major morbidity in

sarcopenic patients but only when measuring sarcopenia by

IMAC (high IMAC) (p=0.009) but not by PMI (low PMI)

(p=0.229), suggesting that quality (i.e., muscle steatosis) more

than quantity of skeletal muscle impacts the outcomes of liver

resection in HCC patients (27).

In the remainders (7 studies), patients with unfavorable

body composition profile (sarcopenia, sarcopenic obesity, low

bone mineral density, high VSR, myosteatosis) did not show

increased major morbidity (22, 26, 29, 31–33, 35). The

considerations abovementioned about the inconsistent results

on overa l l morbidi ty s t i l l apply for the outcome

major morbidity.
Post-operative liver failure

Harimoto, et al. reported an association between sarcopenia

and liver dysfunction measured by low albumin and ICG

retention rate (19). Specifically concerning post-operative liver

failure, in the paper by Kroh, et al., neither sarcopenia nor

sarcopenic obesity increased the risk of liver failure in patients

underwent hepatectomy for HCC (31).
Post-operative mortality

Five studies compared post-operative mortality rates

according to the presence or absence of sarcopenia (21, 22, 26,

28, 31). Only Levolger and colleagues showed increased post-

operative mortality in sarcopenic vs. non-sarcopenic patients

(17.3% vs. 2.6%; p=0.029) (21).

In the context of body composition profiling, sarcopenia is

indeed the subject of major interest in the available literature.

The presence of pre-operative sarcopenia seems to impair short-

term results of hepatectomy for HCC, increasing major

morbidity and possibly post-operative mortality but not

overall or liver surgery specific morbidity, nor post-

hepatectomy liver failure. Some authors also suggested that
Frontiers in Oncology 14
post-operative outcomes might be influenced by visceral

adiposity but data on this subject are still scarce.

Cholangiocarcinoma (intra-hepatic, iCCA or
peri-hilar, pCCA)

Three studies (two from Japan and one from the

Netherlands) specifically analyzed the impact of body

composition on the short-term outcomes after liver surgery for

iCCA/pCCA (37–39). Two of them focused on the relation

between low skeletal muscle mass or sarcopenia and the

outcome of major hepatectomy; the authors found a

significantly increased risk of liver failure and major morbidity

in sarcopenic patients, however in only one study low skeletal

muscle mass was associated with increased post-operative

mortality. Both these studies did not provide data about

overall morbidity nor liver specific morbidity (37, 38). One

other study investigated the impact of skeletal muscle mass/

quality and visceral adiposity on the outcome of hepatectomy for

iCCA without showing significant differences in overall

morbidity and mortality for iCCA patients underwent

hepatectomy (major hepatectomy 83%). Rates of liver failure,

liver specific morbidity and major morbidity were not

reported (39).

In this study by Okumura, et al., from Japan, muscle mass

quantity and quality were measured respectively by skeletal

muscle index (SMI) and muscle attenuation (MA). Subgroup

examined consisted in low-vs. high-SMI and low- vs. high-MA

patients (low-MA meaning low muscle quality); the four groups

showed similar baseline features apart from body composition

profile. Of importance, the different cutoff values were

established for using receiver operating characteristic (ROC)

curves and selected based on the best accuracy in relation to the

specific outcome of survival. Failure to show the impact of body

composition on post-operative outcomes was not further

discussed by the authors (39).

One last study from USA investigated the impact of

sarcopenia on 117 patients underwent explorative surgery for

biliary tract cancers of which 47 (40.2%) were iCCA or pCCA.

With a rate of curative intent hepatic resections of 67% (33% of

patients not resected due to metastatic disease at explorative

surgery). The authors did not find significant differences in

overall morbidity and major morbidity nor in post-operative

(30-day) mortality between sarcopenic and non-sarcopenic

resectable patients. Despite similar baseline features in the

two groups, indications to surgery were heterogeneous (pCCA,

iCCA but also gallbladder cancer and distal CCA).

Consequently, the surgical procedures performed were also

different (ranging from simple cholecystectomy to liver

resections, to pancreaticoduodenectomy). These reasons,

together with the small size of the population examined, could

explain the failure in demonstrating a relation between

sarcopenia and post-operative outcome (40). The results are

summarized in Table 4.
frontiersin.org
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TABLE 4 Liver resection for cholangiocarcinoma (iCCA/pCCA).

Reference Country Study Indication Comparator Parameter N° Adjuvant treat- Major resec-
s, n (%)

Morbidity, n (%) Liver spe-
cific mor-
bidity, n

(%)

Liver
Failure
(ISGLS),
n (%)

Major
morbidity,

n (%)

Mortality, n (%) DFS/RFS
(months),
median

(range) or
(%)

OS
(months),
median

(range) or
(%)

(100) NA NA S/NS:
(33)/(16);
(p=0.003)

S/NS: 46
(54)/64
(37);

(p=0.011)

S/NS: 3 (4)/5 (3);
(p=0.793)

NA NA

(100) NA NA Normal/
low

SMM: 9
(15.5)/15
(35.7);

(p=0.020)

Normal/
low SMM:
28 (48.3)/
28 (66.7);
(p=0.067)

Normal/low
SMM: 5 (8.6)/12
(28.6); (p=0.009)

Normal/
low SMM:
39.8/43.3;
(p=0.748)

Normal/
low SMM:
47.5/22.8
(p=0.014).
5-y: 36.2/
20.3 (ns)

3). Low/
SMI: 56/
=0.611);
w/high
: 43/47
0.701);
w/high
: 21/69;
0.214)

17 (15.6). Low/
high SMI: 12
(17.4)/5 (12.5)
(p=0.498). Low/
high MA: 10
(18.9)/7 (12.5)
(p=0.360). Low/
high VSR: 1 (4.4)/

16 (18.6);
(p=0.094)

NA NA NA 2 (1.8). Low/high
SMI: 2 (2.9)/0
(0.0) (p=0.277).
Low/high MA: 1
(1.9)/1 (1.8)

(p=0.969). Low/
high VSR: 0
(0.0)/2 (2.3);
(p=0.460)

↓RFS in
low SMI
(p=0.015).
Low vs.
high MA
(p=0.233).
↓RFS in
high VSR
(p=0.049)

↓OS in low
SMI

(p=0.002).
↓OS in low

MA
(p=0.032).
↓OS in

high VSR
(p=0.026)

NA NSR/RS: 22 (47)/
16 (53); (p=0.164)

NA NSR/RS:
1 (2)/2
(8);

(p=0.251)

NSR/RS: 11
(23)/4 (16);
(p=0.50)

NSR/RS: 2 (4)/4
(13); (p=0.139)

NSR/RS
time to

recurrence:
12.6/7.7
(p=0.504)

NSR/RS:
38.7/12.6;
(p=0.006).

After
recurrence:
55.0/13.5
(p=0.005)

eral to subcutaneous adipose tissue area ratio; OS, overall survival; RFS, recurrence free survival; DFS, disease free survival; PMI,
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15
(author,
year)

period to surgery patients ment, n (%) tion

Otsuji
(2015)

Japan 2008-
2014

pCCA Sarcopenia TPA 256. S/
NS: 85/
171

NA 25

Coelen
(2015)

Netherlands 1998-
2013

pCCA low skeletal
muscle mass

SMM at
L3

100.
Normal/

low
SMM:
58/42)

0 (institution
policy)

10

Okumura
(2017)

Japan 2004-
2015

iCCA Skeletal
muscle
mass,
skeletal
muscle
quality,
visceral
adiposity

SMI, MA,
VSR

109.
Low/
high

SMI: 69/
40; Low/
high

MA: 53/
56; Low/
high

VSR: 23/
86

47 (43.1). Low/high
SMI: 26 (37.7)/21
(52.5); (p=0.132).
Low/high MA: 19
(35.9)/28 (50.0);
(p=0.136). Low/
high VSR: 15

(65.2)/32 (37.2);
(p=0.016)

90 (8
high
34 (p
Lo
MA
(p=
Lo
VSR
(p=

Chakedis
(2018)

USA 2007-
2016

BTC Sarcopenia PMI 117.
NSR/RS:
48/30

NSR/RS: 13 (28)/6
(21); (p=0.792)

S, sarcopenia; NS, non-sarcopenia; SMM, skeletal muscle mass; SMI, skeletal muscle index; MA, muscle attenuation; VSR, visc
psoas muscle index; BTC, biliary tract cancers; NSR, non-sarcopenic resectable; SR, sarcopenic resectable; NA, not assessed.
6

0
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TABLE 5 Liver resection for colorectal liver metastases (CRLM).

Reference Country Study Comparator Parameter N° Neoadjuvant Adjuvant Major Morbidity, Liver Liver Major
morbidity,

n (%)

Mortality,
n (%)

DFS/RFS
(months),

median (range)
or (%)

OS (months), median
(range) or (%)

26 (10). S/
NS: (22)/
(8);
(p=0.008).
SO/NS:
(40)/(8);
(p=0.02)

2 (0.8). S:
1 (0.4)

5-y RFS S/NS:
23/27 (p=0.78)

S/NS: (p=0.80). SO/
others: 30/46 (p=0.05)

NA NA ↓RFS S/NS: 8.7/
15.1 (p=0.002).
1-/3-/5-y ↓RFS
S vs. NS: 31/20/
15 vs. 54.0/36.3/
28.5 (p=0.002)

↓OS in S/NS: 23.8/59.8
(p=0.001). 1-/3-/5-y ↓OS
in S vs. NS: 84/34/20 vs.
96.2/64.6/49.9 (p< 0.001)

S/NS: 21
(26.3)/17
(18.7); (ns).
O/NO: 18
(26.1)/20
(19.6); (ns).
SO/NSO:
14 (28.6)/
24 (19.7);
(ns)

1 (0.6) S/NS: 20 (6–
34)/14 (9–18);
(ns). O/NO: 22
(2–42)/13 (9–
17); (ns). 1-/3-y
DFS S vs. NS:
62.7/40.9 vs.
52.3/31.7 (ns).
O vs. NO: 65.1/
45.5 vs. 51.5/
29.5 (ns).

S/NS: 54 (36–71)/49 (34–
64); (ns). O/NO: 79 (45–
113)/46 (37–57);
(p<0.05). 1-/3-/5-y S vs.
NS: 92.5/69.0/45.8 vs.
91.2/62.6/40.8 (ns). O vs.
NO: 92.8/75.7/60.9 vs.
91.1/59.5/32.4; (p<0.05).

S/NS: 18
(12.2)/8
(10.2);
(p=0.657).
NAC no
loss/muscle
loss: 8/4
(ns)

3
(excluded
from
survival
analysis)

S/NS (ns). A
>5% muscle
loss during
NAC did not
result in worse
RFS (p=0.105).

↓OS in S (p =0.024). A
>5% muscle loss during
NAC did not worse OS
(p=0.131)

18 (10.6).
Minor/
major
muscle
loss: 18
(12.2)/0

NA RFS Low/High
SMI before
NAC: 10.9/15.3
(p=0.26). RFS
Low/High SMI
after NAC:

OS Low/High SMI before
chemotherapy: 68.4/71.5
(p=0.69). OS Low/High
SMI after chemotherapy:
76.6/68.4 (p=0.82). OS

(Continued)
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(author,
year)

period patients treatment, n
(%)

treatment,
n (%)

resections
(>3 seg-
ments), n

(%)

n (%) surgery
specific

morbidity,
n (%)

Failure
(ISGLS),
n (%)

Peng
(2011)

USA 2000-
2009

Sarcopenia,
Sarcopenic
obesity

TPA 259. S/
NS: 41/
218

NA NA 121 (47). S:
19 (46.3);
NS: 102
(46.8);
(p=0.99)

60 (23) 16 (6) 4 (1.5)

Van
Vledder
(2012)

Netherlands 2001-
2009

Sarcopenia,
central
obesity

SMM,
intra-

abdominal
fat

196. S/
NS: 38/
158

91 (86); S: 18
(47); NS: 73
(46.2); (p=
1.000)

0
(institution
policy)

63 (32.1) NA NA NA

Lodewick
(2014)

Netherlands/
Germany/

UK

2005-
2012

Sarcopenia,
obesity,

sarcopenic
obesity

L3 MI,
BMI

171. S/
NS: 80/
91. O/
NO: 69/
102.
SO/
NSO:
49/102

NA NA S/NS: 33
(41.3)/28
(30.8);
(p=0.153).
O/NO: 27
(39.1)/34
(33.3); (ns).
SO/NSO:
16 (32.7)/
45 (36.9);
(ns)

S/NS: 33
(41.3)/45
(49.5); (ns).
O/NO: 32
(46.4)/46
(45.1); (ns).
SO/NSO:
23 (46.9)/
55 (45.1);
(ns)

S/NS: 16
(20.0)/12
(13.2);
(p=0.230);
O/NO: 12
(17.4)/16
(15.7); (ns).
SO/NSO:
10 (20.4)/
18 (14.8);
(ns)

NA

Eriksson
(2017)

Sweden 2010-
2014

Muscle mass SMI. If
NAC:
muscle

mass loss/
no loss:

225.
NAC:
97 (43).
S/NS:
147/78.
NAC no
loss/
muscle
loss: 50
(51.2)/
47
(48.8)

97 (43.1). S/
NS: 76
(51.7)/31
(40);
(p=0.103)

NAC no
loss/muscle
loss: 40
(85)/34
(68);
(p=0.048)

NA NA NA NA

Okuno
(2018)

USA 2009-
2013

muscle mass
and body
weight before/
after NAC

SMI, body
weight

169.
Low/
High
SMI
before
NAC:

169 (100) 125. minor/
major
muscle loss:
110 (75.9)/
15 (68.2);
(p=0.44)

NA 58 (34.3).
Minor/
major
muscle loss:
53 (36.1)/5

NA NA
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TABLE 5 Continued

Reference
(author,

Country Study
period

Comparator Parameter N°
patients

Neoadjuvant
treatment, n

Adjuvant
treatment,

Major
resections

Morbidity,
n (%)

Liver
surgery

cific
idity,
%)

Liver
Failure
(ISGLS),
n (%)

Major
morbidity,

n (%)

Mortality,
n (%)

DFS/RFS
(months),

median (range)
or (%)

OS (months), median
(range) or (%)

(0);
(p=0.13)

12.5/14.0
(p=0.44). ↓RFS
major/minor
muscle loss: 9.6/
15.9 (p=0.02).

major/minor muscle loss:
71.5/68.4 (p=0.42)

NA 16 (13.
Normal/L-
SMI: 13
(13)/3 (12);
normal/H-
IMAC: 4
(8)/12 (16);
normal/H-
VSR: 10
(13)/6 (13)

NA 1-/3-/5-y
RFS: normal
SMI 57.4/29.9/
27.6 vs. low
SMI 50.0/33.3/
25.0 (ns).
Normal IMAC
66.0/31.5/28.0
vs. H-IMAC
50.2/30.0/26.3
(ns). Normal
VSR 61.1/30.8/
28.0 vs. H-VSR
48.4/29.6/24.7
(ns)

1-, 3-, 5-year:
Normal SMI 94.7/81.0/
64.9 vs. low SMI 95.8/
71.2/56.6 (ns). Normal
IMAC 91.1/88.5/78.6 vs.
H-IMAC 97.3/74.2/50.1
(p=0.054). Normal VSR
96.1/85.2/66.4 vs. and H-
VSR
92.7/70.9/54.0 (ns)

NA NA NA NA systemic inflammation +
one adverse body
composition features 43.4
(28.9-57.9) vs.
inflammation or one
adverse body
composition features 79.0
(48.8-109.2) vs. neither
inflammation nor one
adverse body
composition features
109.5 (p=0.010)

NA NA NA NA NA

nt; VSR, visceral to subcutaneous adipose tissue area ratio; OS, overall survival; RFS, recurrence free
r disease, NA, not assessed.

B
e
rn
ard

ie
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
2
.10

0
7771

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

17
year) (%) n (%) (>3 seg-
ments), n

(%)

spe
mor

n

58/111.
Low/
High
SMI
after
NAC:
61/108

(22.7);
(p=0.34)

Kobayashi
(2018)

Japan 2005-
2014

Visceral
adiposity and
muscularity

SMI,
IMAC,
VSR

124.
Normal/
L-SMI:
100/24;
normal/
H-
IMAC:
50/74;
normal/
H-VSR:
78/46.

65 (52).
Normal/L-
SMI: 54 (54)/
11 (46);
normal/H-
IMAC: 31
(62)/34 (46);
normal/H-
VSR: 42 (54)/
23 (50)

NA 49 (40).
normal/L-
SMI: 41
(41)/8 (33);
normal/H-
IMAC: 18
(36)/31
(42);
normal/H-
VSR: 35
(45)/14
(30)

NA NA

Van Dijk
(2020)

Canada NA sarcopenia,
myosteatosis,
(systemic
inflammation)

SMI, SM-
RA; VAT;
SAT;
(CRP>5mg/
dl)

97 46 (47). Low/
high SM: 27
(45)/19 (51);
(p=0.54)

68 (70).
Low/high
SM: 45
(75)/23
(62);
(p=0.18)

NA NA NA

Van Dijk
(2021)

Netherlands 2008-
2013

Myosteatosis VAT, SAT,
TAT.

218 150 (69).
NAFLD: 92
(68)

NA NA NA NA

S, sarcopenia; NS, non-sarcopenia; SM, skeletal muscle mass; SMI, skeletal muscle index; SR-MA, muscle attenuation; IMAC, intramuscular adipose conte
survival; DFS, disease free survival; PMI, psoas muscle index; NSR, non-sarcopenic resectable; SR, sarcopenic resectable, NAFLD, non-alcoholic fatty liv
b
(

e
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Surgical treatment of CCAmostly rely in major hepatectomy

followed by adjuvant chemotherapy (AC) especially in case of

pCCA. Available literature suggests increased major morbidity

for sarcopenic patients undergoing major hepatectomy for

pCCA, however, this seems not to reflect in increased post-

operative mortality. On the other side, in case of liver resection

for iCCA no clear impact of body composition on short term

post-operative outcomes has been showed.
Colorectal liver metastases
Five studies investigated the relation of body composition

and short term results of hepatectomy in patients with CRLM

(41–45). Their findings are summarized in Table 5.

Overall morbidity

Three out of these 5 studies reported data on overall

morbidity (41, 42, 44).

In the study by Peng, et al. (259 patients, rate of sarcopenia

17%), sarcopenia was associated with overall morbidity at

multivariate analysis [odds ratio (OR) 2.22; p=0.02] (41). By

contrast, Lodewick et al. in a european population of 171

patients (47% sarcopenic) did not find any significant

difference in morbidity for sarcopenic vs. non-sarcopenic

patients and sarcopenic obese vs. non-sarcopenic obese

patients respectively. The baseline characteristics of these

subgroups were similar except for the body composition

profile of interest, and the authors underline how different

measures and cut-off values for sarcopenia could explain the

difference in outcomes within their study and others previously

published (42). Okuno, et al. reported similar post-operative

complications in a cohort of 169 patients underwent liver

resection after NAC, stratified according to the muscle loss

during NAC (minor vs. major muscle mass loss). The number

of patients able to receive adjuvant chemotherapy were similar in

the two groups (110 (75.9) and 15 (68.2); p=0.44). In this study,

sarcopenic patients did not have significant muscle loss during

NAC (44).
Major morbidity

All the 5 studies reported major morbidity rates after LR,

with controverse results.

Peng, et al. showed increased major morbidity in sarcopenic

and sarcopenic-obese patients vs. non-sarcopenic (22% and 40%

vs. 8%; p=0.008 and p=0.02 respectively) (41). On the contrary,

Lodewick, et al. found similar incidence of major complications

in sarcopenic and sarcopenic-obese patients after LR (42).

Similarly, in two other studies involving 225 and 124 patients

respectively, major morbidity was similar between sarcopenic

and non-sarcopenic patients (43, 45). In the study by Okuno and

colleagues muscle mass loss during NAC was not associated with

an increase in major complications (p=0.13) (44). Kobayashi and
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colleagues, apart from sarcopenia measured by SMI, also

addressed whether muscle quality, surrogated by intramuscular

adipose content (IMAC) and visceral adiposity (visceral-to-

subcutaneous adipose tissue ratio (VSR) were associated with

major complications with inconsistent results. Of note, high-

IMAC (low muscle quality) was significantly associated with

older age, higher CA 19-9 blood levels, number of CRLMs>3 and

higher BMI; high-VSR (high visceral adiposity) was associated

only with number of CRLMs (>3), Conversely, low-SMI was

associated only with low BMI but not with CRLM-related factors

(size, number) or surgical factors (type of resection, operative

time and blood loss), preoperative chemotherapy. Indeed, this

study had survival as primary endpoint which also was not

impacted neither by low-SMI, nor high-IMAC nor high-VSR.

The authors attributed these results to the efficacy of pre-

operative chemotherapy (administered to >50% of the

population without significant differences according to the cut-

off of SMI, IMAC and VSR) and to surgical technique, but they

did not further discussed their results on short-term

outcomes (45).

Liver surgery-specific morbidity

Liver-specific morbidity was not significantly different

between sarcopenic vs. non-sarcopenic patients and sarcopenic

obese vs. non-sarcopenic obese patients respectively in the study

by Lodewick, et al., whose limitations were abovementioned (42).

Liver failure and post-operative mortality

The rate of liver failure as well as post-operative mortality

after LR for CRLM were not reported in the papers included.

Overall, few studies, mainly focusing on sarcopenia,

investigated the impact of body composition on the short-term

outcomes of LR for CRLM with controversial results. Specific

data are lacking in liver surgery-specific morbidity, post-

operative liver failure, post-operative mortality.
Does body composition impact survival
after liver resection?

Hepatocellular carcinoma
Fourteen of the articles included analyzed the impact of body

composition on survival after liver resection for HCC (Table 3).

Ten out of 14 used sarcopenia (defined as low quantity or quality

of skeletal muscle) as the body composition parameter of

reference. Sarcopenia impaired survival in 8 of 10 articles

(both OS and RFS/DFS: 5, OS only: 3) (19, 21–26, 34). In 9

studies (OS: 7; RFS/DFS: 5) multivariate analysis confirmed

these findings (19, 21, 22, 24–26, 34).

Apart from sarcopenia, multivariate analyses confirmed the

predictors of poor survival being those described in existing

literature for surgical resection of HCC. Among cancer-related
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factors: poor differentiation, microvascular invasion, advanced

TNM or BCLC stage and multiple HCCs, tumor size and

increased alpha-fetoprotein blood levels. Patient-specific

factors like sex, age, or ASA score, were less likely related to

poor outcome in the studies examined as well as surgery-related

factors like intra-operative transfusions or post-operative

morbidity. Interestingly, in the populations where pre-

operative sarcopenia was associated with poor OS or RFS, the

presence of cirrhosis, the extent of surgery (minor vs. major

resections) and overall post-operative morbidity were similar

between sarcopenic and non-sarcopenic patients.

Assuming that sarcopenia was an independent risk factor for

poor survival after hepatectomy for HCC, Kobayashi, et al.

further investigated the impact of postoperative changes of

quality (IMAC) and quantity of skeletal muscle (PMI) on

HCC recurrence. The authors found that in 112 non-

sarcopenic patients (preoperative normal IMAC) those with

high postoperative impairment of muscle quality had poor

RFS (High vs Low DIMAC 6 months after hepatectomy:

median of 19.5 vs. 30.3 months; p=0.021. High/Low DPMI 6

months after hepatectomy: median of 17.9 vs. 32.6 months;

p=0.088). In multivariate analysis High DIMAC (but not High

DPMI) 6 months after hepatectomy was a risk factor for HCC

recurrence (p=0.024) in non-sarcopenic patients (normal

preoperative IMAC) (29). Interestingly, all these studies but

two were from eastern countries (Japan or South Korea).

Alongside sarcopenia, the impact of sarcopenic obesity on

survival has been investigated in 2 studies with opposite findings.

Kobayashi, et al. (465 patients from Japan of whom 31 (6.7%)

were sarcopenic obese) found that sarcopenic obese had worse

survival compared to non-sarcopenic non-obese patients

(median of 39.1 vs. 84.7 months; p=0.002) and worse RFS

(median of 8.4 vs. 21.4 months; p=0.003). Multivariate analysis

confirmed sarcopenic obesity as a risk factor for both death and

HCC recurrence (HR=2.504, p=0.005 and HR=2.031, p=0.006

respectively) (30). In the study by Kroh, et al. (70 patients from

Europe of whom 21 (30%) were sarcopenic obese), multivariate

analysis could not identify significant difference in postoperative

survival regarding sarcopenia or sarcopenic obesity (31).

Visceral adiposity is another parameter of body composition

which may impact survival after hepatectomy for HCC. Two

studies analyzed the influence of visceral adiposity on survival

after hepatectomy for HCC (20, 34). Itoh and colleagues

reported worse OS (p=0.001) and DFS (p=0.043) in 84

patients (out of 190) with low visceral adipose content.

However, L-VFA was associated with lower BMI, sarcopenia,

lower serum albumin, cirrhosis and was not an independent risk

factor for survival al multivariate analysis (20). Jang, et al., also

reported high visceral adiposity predicting poor OS (HR=1.770;

p=0.037) but not RFS (34).

Furthermore, Miyachi and colleagues found low bone mass

density (BMD) associated with worse cancer-specific survival
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only in male patients (p=0.015) underwent hepatectomy for

HCC. In males, low BMD was associated with a 1.7-fold higher

hazard of mortality (32).

Two studies measured the effect of myosteatosis on survival

after liver resection for HCC and both did not find significant

correlation (34, 35).

In summary, preoperative sarcopenia impairs survival after

hepatectomy for HCC. Other phenotypes such as sarcopenic

obesity, high visceral adiposity, low BMD and myosteatosis may

impair survival after liver resection of HCC, but few studies are

available with controversial results.

Cholangiocarcinoma (intra-hepatic or peri-
hilar)

Only one study (from the Netherlands) evaluated the

impact of low skeletal muscle mass on long-term survival for

patients operated of pCCA. With a median follow-up of 28

months (range: 2–122 months) and a median OS of the total

cohort (100 patients) of 36.7 months, the authors found that

low skeletal muscle mass had a negative impact on OS

(p=0.014) but not on DFS (p=0.748) following resection of

pCCA. These results were confirmed in the multivariate

analysis (38). Okumura, et al. investigated the impact of

skeletal muscle mass (SMI) and quality (muscle, attenuation,

MA), and visceral adiposity (visceral to subcutaneous adipose

tissue area ratio (VSR)) on survival following resection of

iCCA. OS was lower in patients with low muscle mass/

quality and increased visceral adiposity (low SMI (p=0.002),

low MA (p=0.032), high VSR (p=0.026)). Interestingly, a

decrease in RFS was observed only low SMI (p=0.015) and in

high VSR (p=0.049) patients but not in case of low muscle

quality (p=0.233). Multivariate analyses confirmed low SMI

(HR: 3.29, p=0.003) and low MA (HR: 2.86, p=0.010)

independent risk factors for mortality in patients with stage

I–III iCCA, while for stage IV patients only the absence of

adjuvant chemotherapy was a risk factor for mortality (39). In

the study by Chakedis, et al. (biliary tract cancers of which

40.2% pCCA or iCCA), the authors found sarcopenia being

associated with poor OS after resection particularly in patients

having disease recurrence. Sarcopenic resectable (SR) patients

had shorter survival vs. non-sarcopenic resectable (NSR)

patients (12.6 months vs. 38.7 months; p=0.006); moreover,

survival in SR patients was comparable to unresectable patients

(metastatic disease). The incidence of recurrence (44% in NSR

and 53% in SR; p= 0.642) and time-to-recurrence (12.6 in NSR

vs. 7.7 months in SR; p =0.504) were not associated with

sarcopenia. However, among patients who experienced

recurrence, sarcopenic had shorter survival after recurrence

(NSR 55.0 months vs. SR 13.5 months; p=0.005) (40).

According to the studies included, an unfavorable body

composition profile (i.e., low muscle quality and quantity) may

impair the administration of adjuvant chemotherapy or systemic
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treatment at disease recurrence in these patients, potentially

reducing OS. (Table 4)
Colorectal liver metastases
Six studies specifically addressed whether body composition

has an impact on OS and DFS or RFS using the presence of

preoperative sarcopenia as comparator (Table 5).

Four of these trials found that preoperative sarcopenia had

no impact on survival (neither OS nor DFS or RFS) in patients

underwent liver resection of CRLM (41, 42, 44, 45).

Of note, in the study by Lodewick the presence of obesity

based on body fat percentage seemed to prolong OS (p=0.021)

and was identified as an independent predictor (p=0.046) for

better OS (the so-called “obesity paradox”) (42).

Poor RFS, but not OS, was observed in patients having major

muscle mass loss (≥7%) during NAC versus those having minor

muscle mass loss (<7%) in a study from Japan (p=0.002 and

p=0.42 respectively) (44).

In addition, Kobayashi and colleagues showed that visceral

adiposity and muscle quality had no effect on survival. However,

OS but not RFS tended to be lower in patients with high IMAC

than in patients with normal IMAC (p=0.054 and p=0.721

respectively) (45).

By contrary, survival was linked to body composition in 3

studies (43, 46, 47). In a retrospective Dutch trial including 196

patients (roughly 20% having sarcopenia), the authors found

both reduced RFS and OS of 8.7 vs. 15.1 months (p=0.002) and

23.8 vs. 59.8 months (p=0.001) respectively in sarcopenic vs.

non-sarcopenic patients. Preoperative sarcopenia was confirmed

an independent predictor of both worse RFS (p=0.002) and OS

(p<0.001) (46).

In a study from Sweden, in 147 of 225 patients (65%)

preoperative sarcopenia was linked to shorter OS (p =0.024)

but not DFS. In the same study, patients with muscle loss >5%

during NAC were less likely to undergo adjuvant chemotherapy

than others (68% vs 85%, p = 0.048) but a >5% muscle loss

during NAC did not worse OS (p=0.131) nor RFS

(p=0.105) (43).

Van Dijk et al., showed from a prospective cohort of 289

CRLM patients that NAFLD (p=0.037), myosteatosis (p=0.018),

and sarcopenia (p=0.035) were independently associated with

shorter OS while high visceral adipose tissue fat content was

associated with longer OS (p=0.014). The authors concluded

that ectopic fat content in liver as well as skeletal muscle is

independently associated with shorter OS in patients undergoing

liver resection for CRLM (47). In a previous study including 99

CRLM patients, the same authors advocated a correlation between

host-phenotype of adverse body composition features (sarcopenia,

low visceral adipose tissue) and systemic inflammation (C-reactive

protein >5 mg/mL). This study showed that elevated CRP was

more common in patients with sarcopenia (73.8% vs. 51.1%,
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p=0.029) and the coincidence of elevated CRP and adverse body

composition features resulted in worse OS (p=0.008) (48).

The impact of body composition on survival after liver

resection of CRLM remains unclear. Few studies are available,

and their results are controversial, however interest is growing

upon body composition comparators other than skeletal muscle

content and sarcopenia.
Does body composition influence the
administration of neoadjuvant or
adjuvant treatment in CRLM patients?

Four of the studies included reported the rates of patients

receiving NAC. These studies reported similar rates of

administration of NAC between sarcopenic and non-

sarcopenic patients (43, 45, 46, 48). Also, administration of

NAC was similar according to visceral adiposity and muscle

quality in the study by Kobayashi, et al. (45) Of importance,

none of the studies reported data on the tolerance or completion

of NAC according to different body composition profiles.

Two studies specifically have focused on effect of body

composition changing during systemic treatment in CRLM

patients (43, 44). In the study by Okuno and colleagues

muscle mass loss during NAC was not associated with an

increase in major complications (p=0.13). However, patients

with major muscle mass loss (≥7%) had significantly shorter

median RFS than others (9.6 vs. 15.9 months; p=0.02) and on

multivariate analysis, major muscle mass loss during NAC was

an independent predictor of poor RFS (p=0.045) (44).

In contrast, Erikson et al. reported that major muscle mass

loss (>5% compared to the starting value) did not worsened OS

(p=0.131) or RFS (p=0.105), although patients with muscle loss

>5% during NAC were less likely to undergo adjuvant

chemotherapy (AC) than others (68% vs. 85%, p=0.048)

impairing the conditions for a complete therapeutic process (43).

In summary, very few studies have evaluated the influence of

body composition over the administration of systemic treatment

for patients undergoing surgery for CRLM. Available literature

reports similar rate of NAC administration between sarcopenic

and non-sarcopenic patients, however, there is lack of data about

the tolerance and the completion of NAC. Moreover, muscle loss

during NAC may shrink the administration of AC but whether

this impairs survival or not it remains unclear.

Discussion

According to the existing evidence, sarcopenia is confirmed

to be a pre-operative prognostic factor at least for HCC patients

(both short- and long-term outcomes of hepatectomy). These

findings are in line with those of a recent meta-analysis on this

subject from China on 1420 patients of which 458 presented pre-
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operative sarcopenia (5). The role of low skeletal muscle mass

however remains less clear in the setting of iCCA, pCCA and

CRLM. Available data suggest again a potential impact on the

outcomes of liver surgery. On the contrary, very few studies

investigated the prognostic role of other type of body

composition profiles such as the low skeletal muscle quality,

sarcopenic obesity, central obesity, or high visceral fat amount,

myosteatosis, and low bone mineral density which may also

influence the outcomes of hepatectomy for cancers.

This review presents some limitations. First, the studies

included are almost only retrospective trials (all but one, a

prospective nonrandomized trial).

Second, there is a great heterogeneity of body composition

comparator and parameters used in the literature which make

difficult to draw conclusions. Sarcopenia indeed is the subject of

most of the references. The European Working Group on

Sarcopenia in Older People (EWGSOP) recommends using the

presence of both low muscle mass and low muscle function

(strength or performance) for the diagnosis of sarcopenia. This

definition has been recently updated to include physical

performance as an indicator of severity (1, 2). While the low

quality or quantity of skeletal muscle can be assessed on CT scan

imaging by several but similar methods, low muscle function is

much more difficult to be measured. It is important to note that

despite the recommendations, most of the authors simply refer

to CT scan imaging to identify sarcopenic patients, and the

measure of muscle function is rarely included in articles. Maybe

even more important, there is a heterogeneity in the

measurement and cut-off values used in defining the body

composition phenotypes which also reflects the heterogeneity

of the populations studied (i.e., different cut-off and

measurement for sarcopenia in Asian vs. Western populations

resulting in different rates of sarcopenia among the studies).

Third, specifically concerning the setting of HCC, most of

the studies did not stratify the populations included by the

etiology of the underlying liver disease leading to cirrhosis and

ultimately to HCC. More in detail, 8 studies provided partial

stratification, based on the presence of underlying viral (HBV or

HCV) versus others (non-specified) etiologies. Only two studies

provided in detail such stratification, reporting hepatitis (HBV

and HCV) as the most common etiology followed by metabolic

conditions like non-alcoholic fatty liver disease (NAFLD) and

non-alcoholic steato-hepatitis (NASH) (22, 35). Unfortunately,

none of them investigated any specific correlation between body

composition and the presence of NASH. Only Voron et. al,

reported NASH being more frequently observed in non-

sarcopenic (14%) vs. sarcopenic patients (7%) (22). Therefore,

it remains unclear whether the etiology of the underlying liver

disease could have an impact on the outcome of surgery in HCC

patients showing unfavorable body composition features.
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Finally, a limitation of the review process used is the absence

of any quantitative analysis, due to the large heterogeneity of

studies and which we did not performed to be inclusive and

comprehensive as much as possible.
Future research

Future studies should have a prospective design and focus on

other body composition profiles different than sarcopenia.

Given the changing epidemiology of primary liver cancer in

the last decades, with the rising of metabolic conditions leading

to liver disease and cirrhosis all over the world, future studies

should also provide stratification of the populations included

according to the etiology of the underlying liver disease and

investigate its potential relation with the outcomes of liver

resection (49–51).

In the specific setting of CRLM, most of the patients are

expected to receive neoadjuvant or conversion systemic

treatment and/or adjuvant systemic treatment, similarly most

of CCA patients are expected to receive adjuvant chemotherapy.

It is of mainstay importance to report not only about the rate but

also about the tolerance and the compliance to the

administration of the systemic treatments which may differ

according to different body compositions.

Once identified the patients at high risk of poor outcomes after

liver surgery due to their profile of body composition, the next step

forward should be to investigate the effectiveness of physical and

nutritional pre-habilitation administration to these patients. To our

knowledge, one single center randomized clinical trial is currently

recruiting patients to elucidate whether preoperative exercise and

nutrition improves outcomes of sarcopenic patients undergoing

major hepatic surgery for primary or secondary liver cancers.

According to the protocol, sarcopenia is diagnosed by both

qualitative and quantitative analysis, and patients are randomized

in two arms (preoperative nutrition and exercise pre-habilitation

followed by major liver resection vs. upfront major liver resection).

The primary endpoint is overall 90-morbidity, while survival

analysis will be included in the secondary endpoints. The results

of this trial are expected to be published in early 2024 (52).

Lastly, whether a minimally invasive approach (MILS) for

oncologic liver resection could reduce the impact of an

unfavorable body composition profile by reducing for example

abdominal wall trauma has not been specifically addressed. The

rate of MILS adoption in the studies included is scarcely reported

(seven out of 33 articles included) and subgroup outcomes have

been reported in only two studies without significant findings

(16, 17). This indeed would represent an interesting field

of research.
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Conclusions

Body composition profiling is gaining popularity as pre-

operative prognostic factor in patients undergoing hepatectomy

for cancer; its role has been established at least in the setting of

HCC. Sarcopenia is the most exploited body composition

parameter. Future research should focus on body phenotypes

other than sarcopenia, on the tolerance and compliance to the

administration of systemic treatment combined with surgical

resection. The potential mitigation of MILS and pre-habilitation

programs on the impact of unfavorable body composition,

should also be investigated.
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