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Background & aims: Sarcopenia has been associated with poor prognosis in a number of malignancies.
However, whether sarcopenia is associated with colorectal cancer (CRC) prognosis in a metastatic setting
remains unclear. The aim of the study presented was to evaluate the impact of sarcopenia on
progression-free survival (PFS) and overall survival (OS) in patients with metastatic CRC.
Methods: We retrospectively studied 72 patients with stage IV CRC treated at the University of Campinas
between 2009 and 2015. Computed tomography images were analyzed to assess body composition. The
KaplaneMeier and multivariate Cox proportional hazards regression were used for survival analysis and
to evaluate the influence of sarcopenia on PFS and OS.
Results: Median PFS for sarcopenic patients (n ¼ 32) was 7.2 months, which was significantly different
from non-sarcopenic patients (n ¼ 40), which was 15.2 months (hazard ratio [HR]: 1.78; 95% confidence
interval [CI], 1.00e3.14; P ¼ 0.048). Sarcopenia was also a significant predictor of OS. Median OS for
sarcopenic patients was 12.5 months versus 36.7 months for non-sarcopenic patients (HR: 1.86; 95% CI,
1.02e3.38; P ¼ 0.043), after adjustment for number of metastatic lesions, metastasectomy, and perfor-
mance status.
Conclusions: Sarcopenia was associated with worse CRC PFS and OS. These findings require prospective
trials to validate this association.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The establishment of more effective chemotherapy regimens for
the treatment of metastatic colorectal cancer (mCRC) has launched
an intensive search for predictive and prognostic factors [1].
Although colorectal cancer (CRC) patients should be tested for the
oncogenes RAS and BRAF mutational analysis and mismatch repair
status [1], stratifying patients based on overall clinical character-
istics remains unclear. Thus, identifying clinical aspects that are
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associated with a high risk of progression and mortality are of ut-
termost importance.

Sarcopenia, a syndrome defined by loss of muscle mass, and
reduction of strength and physical performance [2], is a key crite-
rion for the diagnosis of cancer cachexia [3]. Sarcopenia prevalence
is highly variable according to the underlying neoplasm; for
instance, 46% of non-mCRC patients present with sarcopenia [4],
while sarcopenia is observed in only 27% of patients with advanced
hepatocellular carcinoma [5]. Interestingly, the incidence of sarco-
penia in CRC is observed in 11% of patients with non-advanced
adenomas [6] and in 46.8% of patients with mCRC [7], suggesting
that both risk factors involved in CRC carcinogenesis, as well as
tumor-secreting factors, are involved in the genesis of muscle
wasting. Importantly, sarcopenia has recently emerged as a pre-
dictor of poorer overall survival in non-mCRC [4], increased toxicity
to chemotherapy [8], and increased cancer recurrence after meta-
stasectomy in patients with stage IV CRC [9]. Interestingly, not only
y Elsevier Ltd. All rights reserved.
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Abbreviations

ARCAD Aide et Recherche en Cancerologie Digestive
AJCC American Joint Committee on Cancer
BMI body mass index
BRAF v-raf murine sarcoma viral oncogene homolog B1
CAIRO Capecitabine, Irinotecan, and Oxaliplatin in advanced

colorectal cancer
CEA carcinoembryonic antigen
CRC colorectal cancer
CTCAE Common Terminology Criteria for Adverse Events
CI confidence interval
CT computed tomography
ECOG Eastern Cooperative Oncology Group
EWGSOP European Working Group on Sarcopenia in Older

People
HR hazard ratio

HU Hounsfield units
IMAT intramuscular adipose tissue
IQR interquartile ranges
L3 third lumbar vertebra
MA mean muscle attenuation
mCRC metastatic colorectal cancer
OS overall survival
PACS Picture Archiving and Communication System
PFS progression-free survival
RAS retrovirus-associated DNA sequences
SM skeletal muscle
SMI skeletal muscle index
SFI subcutaneous fat index
SAT subcutaneous adipose tissue
VAT visceral adipose tissue
VFI visceral fat index
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the amount of muscle mass loss have been associated with the
prognosis of oncologic patients, but also a condition known as
myosteatosis [10], that represents muscle fat infiltration, and is
inversely related to muscle radiodensity, strength and performance
[11]. However, studies assessing the effects of body composition as
a prognostic factor of survival in mCRC are still scarce.

When treating mCRC, the ability of clinicians to prognosticate
response based upon the characteristics of patients is of great in-
terest to customize the treatment of patients and anthropometric
parameters might be decisive. Interestingly, analysis of the Aide et
Recherche en Cancerologie Digestive (ARCAD) database demon-
strated a strong association between low body mass index (BMI)
and worse prognosis for mCRC patients [12]. On the other hand,
analysis of Capecitabine, Irinotecan, and Oxaliplatin in advanced
colorectal cancer (CAIRO) and CAIRO 2 studies showed that being
overweight and obese was associated with increased overall sur-
vival [13]. Thus, there is a great interest in evaluating parameters
that refine body composition prediction ability such as sarcopenia,
which better defines metastatic patient functionality and quality of
life in the palliative care setting. Although not routinely analyzed in
clinical practice, the measurement of fat and muscle mass by a
cross-sectional computed tomography (CT) image at the level of the
third lumbar vertebra (L3) is easily assessed and strongly correlates
with total body composition [14]. In the present analysis, we
investigated whether CT-defined sarcopenia at the L3 level could
predict efficacy outcomes in stage IV CRC.

2. Material and methods

2.1. Patients and procedures

In this retrospective study, the database from Fundaç~ao Onco-
centro de S~ao Paulo (an authoritative organ of S~ao Paulo State that
registers data from Hospitals, which treat cancer) was used to
identify patients with stage IV CRC treated at Campinas State Uni-
versity Hospital between December 2009 and December 2015
(n¼ 110).We analyzed 72 patients whomet the following inclusion
criteria: 1. Histologically confirmed colon or rectum adenocarci-
noma; 2. Stage IV CRC according to 7th edition of the American Joint
Committee on Cancer (AJCC) cancer staging manual [15]]; 3. Had
abdominal CT scans stored electronically in the Picture Archiving
and Communication System (PACS) that were performed within 6
months of diagnosis; and 4. Availability of clinical, anthropometric,
and demographic data of interest. Patients with primary cancer
elsewhere and the ones who died in 30 days or had follow-up less
than 12 months were excluded.

Follow-up for progression-free survival (PFS) was performed
routinely and consisted of clinical evaluation, measurement of
carcinoembryonic antigen (CEA), and evaluation of abdominal and
thoracic CTs. Functional status, height, and weight were measured
by hospital staff and used to determine Eastern Cooperative
Oncology Group (ECOG) performance status and body mass index
(BMI), respectively. Medical records were reviewed for data
collection from the diagnosis date until the last date of follow-up or
death.

The Campinas State University Institutional Review board
approved the study with a waiver of informed consent (2577599).

2.2. Body composition

CT scans, routinely obtained for diagnostic and staging purposes,
were evaluated using Slice-OMatic Software, version 5.0 (Tomovi-
sion™, Canada) [16,17] by a single trained observer who was blin-
ded to outcome assessment. On average, scans were performed 1.6
months after diagnosis (range, �2.6e5.8 months).

Total skeletal muscle (SM), visceral (VAT), subcutaneous (SAT)
and intramuscular adipose tissue (IMAT) cross-sectional areas, and
mean muscle attenuation (MA) were averaged from two consecu-
tive axial images at the level of L3. The different tissues were
identified by their anatomic features and quantified using pre-
established tissue-specific Hounsfield units (HU) ranges: �29 to
150 HU for SM; �190 to �30 HU for subcutaneous and IMAT;
and �150 to �50 HU for VAT [18] (Supplementary Fig. 1).

Adipose tissue areas and the sum of SM areas were normalized
for stature (cm2/m2) to calculate the subcutaneous fat index (SFI),
visceral fat index (VFI), and skeletal muscle index (SMI). The MA in
HU was also reported for the whole muscle area at L3. Predefined
cutoffs previously reported by Martin and colleagues were used to
define sarcopenia (SMI< 41 cm2/m2 for women; SMI< 43 cm2/m2 if
BMI < 25 kg/m2 and SMI < 53 cm2/m2 if BMI � 25 kg/m2 for men)
andmyosteatosis (MA < 41 HU if BMI < 25 kg/m2 andMA < 33HU if
BMI � 25 kg/m2) [16]. Visceral obesity was defined as
VAT > 163.8 cm2 in males and VAT > 80.1 cm2 for females [19].

2.3. Treatment toxicity

Data on treatment toxicity was collected from medical records
for every patient. The severity of each adverse event reported (e.g.,
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nausea, vomit, diarrhea, mucositis, hematologic disorders, etc) was
classified based on a scale that uses standardized definitions for
chemotherapy related adverse events - Common Terminology
Criteria for Adverse Events [CTCAE v4.03]) [20]. Treatment toxicity
was considered present if any type of grade III or IV toxicity on first-
line chemotherapy was reported. Treatment toxicity was dichoto-
mized into present or absent. Doublets of 5-fluorouracil associated
with oxaliplatin or irinotecan were selected at the discretion of the
attendant physician as the first-line chemotherapy regimen.

2.4. Endpoints

The primary endpoint was overall survival (OS) (time between
CRC diagnosis and death from any cause). The secondary outcome
was PFS (time between the date of disease progression or death).
Patients who were still alive were censored on the date of the last
follow-up registered in the medical record.

2.5. Statistical analysis

Baseline characteristics are presented as mean and standard
deviation (SD) or median and interquartile ranges (IQR) for
continuous variables and proportions for categorical variables.
These characteristics were analyzed using Student's t-test or
ManneWhitney and c2 or Fisher's exact tests when appropriate,
respectively. The impact of sarcopenia on survival was analyzed
using KaplaneMeier curves, log-rank tests, and univariate Cox
proportional hazards. A model of Cox multivariate regression was
constructed using the variables that interfere with the outcomes in
univariate analysis (P < 0.10). The non-parametric KaplaneMeier
method was applied to evaluate OS and PFS. Analyses were per-
formed using Stata software, version 12.0 (StataCorp LP®), and a P
value < 0.05 was considered significant.
Table 1
Selected characteristics according to sarcopenia of colorectal cancer patients.

Characteristic All-patients (n ¼ 72) N

Age, mean (SD), y 59.4 (13.2) 5
Sex, N� (%)
Male 40 (55.6) 2
Female 32 (44.4) 1
Body mass index (kg/m2), N� (%)
<18.5 5 (6.9) 1
18.5e24.9 43 (59.7) 2
25e30 22 (30.6) 1
>30 2 (2.8) 2
Metastasis, N� (%)
Peritoneum 16 (22.2) 8
Other organs 56 (77.8) 3
Metastasis, N� (%)
One organ 52 (72.2) 3
Two or more organs 20 (27.8) 9
Metastasectomy, N� (%)
Yes 21 (29.2) 1
No 51 (70.8) 2
Chemotherapy, N� (%)
Yes 55 (76.4) 3
No 17 (23.6) 7
Toxicity grade III-IV, N� (%)
Yes 38 (69.1) 2
No 17 (30.9) 7
Cancer site, N� (%)
Colon 42 (58.3) 2
Rectum 30 (41.7) 1
ECOG, N� (%)
0e1 54 (75.0) 3
2e3 18 (25.0) 5

Abbreviations: ECOG: Eastern Cooperative Oncology Group Performance; SD: Standard d
3. Results

3.1. Patient and body composition characteristics

From December 2009 to December 2015, 110 patients received
treatment for mCRC, among them, 72 patients met the inclusion
criteria. The median follow-up at the time of evaluation was 23.6
months (interquartile range [IQR]: 3.1e39.6 months).

As shown in Table 1, we detected sarcopenia in 32 patients
(44.4%). Sarcopenic patients tended to be older, female, and ECOG
2e3 compared to non-sarcopenic individuals. We observed that
myosteatosis wasmore frequent in sarcopenic individuals (Table 2).
Interestingly, there was a trend toward sarcopenic individuals
presenting with more visceral obesity.
3.2. Survival analysis

In the sarcopenia group, there were 30 events (94%) compared
with 32 (80%) for the non-sarcopenic group. KaplaneMeier curves
showed that sarcopenic patients presented with reduced PFS
compared to those without sarcopenia (log-rank P < 0.001)
(Fig. 1A). Adjusted Cox regression analysis demonstrated that the
hazard ratio (HR) for PFS was 1.78 (95% confidence interval [CI]:
1.00e3.14, P ¼ 0.048), showing a significantly worse PFS related to
sarcopenia. Median PFS was 7.2 months in the sarcopenia group
and 15.9 months for non-sarcopenic individuals (Table 3). Six-
month PFS rates were 37.5% and 20% in the sarcopenia and non-
sarcopenia groups, respectively. Similar results were obtained
calculating PFS using as reference the date of performed CT instead
of diagnosis date (Supplementary Table 1).

Analysis of OS also showed statistically significant differences
between the sarcopenia and non-sarcopenia groups. KaplaneMeier
curves showed that sarcopenic individuals presented with reduced
on-sarcopenic (n ¼ 40) Sarcopenic (n ¼ 32) P value

6.7 (12.0) 62.7 (14.1) 0.05
0.02

7 (67.5) 13 (40.6)
3 (33.5) 19 (59.4)

0.18
(2.5) 4 (12.5)
6 (65.0) 17 (53.1)
1 (27.5) 11 (34.4)
(5.0) 0 (0.0)

0.61
(20.0) 8 (25.0)
2 (80.0) 24 (75.0)

0.26
1 (77.5) 21 (65.6)
(22.5) 11 (34.4)

0.22
4 (35.0) 7 (21.9)
6 (65.0) 25 (78.1)

0.17
3 (82.5) 22 (68.8)
(17.5) 10 (31.2)

0.06
6 (78.8) 12 (54.6)
(21.2) 10 (45.4)

0.75
4 (60.0) 18 (56.2)
6 (40.0) 14 (43.8)

<0.01
5 (87.5) 19 (59.4)
(12.5) 13 (40.6)

eviation.



Table 2
Body composition according to sarcopenia of colorectal cancer patients.

Parameter All-patients (n ¼ 72) Non-sarcopenic (n ¼ 40) Sarcopenic (n ¼ 32) P value

Skeletal Muscle, median (IQR)
Area (cm2) 118.8 (94.6e143.2) 136.4 (118.8e159.0) 95.5 (87.4e109.3) <0.01
Mean MA (HU) 33.0 (22.9e39.2) 37.8 (32.7e41.5) 27.3 (23.2e31.1) <0.01
SMI (cm2/m2) 45.3 (39.6e51.6) 50.2 (45.8e57.8) 38.7 (34.8e40.6) <0.01
Adipose Tissue, median (IQR)
Visceral, area (cm2) 76.4 (40.5e132.2) 66.4 (40.9e132.6) 82.4 (39.3e123.2) 0.79
VFI (cm2/m2) 30.9 (16.1e51.3) 26.8 (17.7e50.7) 34.5 (14.6e51.7) 0.89
Subcutaneous, area (cm2) 100.6 (66.2e158.7) 97.2 (68.0e137.5) 107.8 (61.1e211.6) 0.50
SFI (cm2/m2) 40.0 (24.1e63.2) 38.3 (24.9e52.5) 40.9 (21.9e75.5) 0.55
Intramuscular, area (cm2) 7.9 (5.2e12.2) 6.9 (4.1e9.3) 10.7 (5.3e15.3) 0.02
Myoesteatosis, N� (%) <0.01
Yes 51 (70.8) 17 (42.5) 28 (87.5)
No 21 (29.2) 23 (57.5) 4 (12.5)
Visceral obesity, N� (%) 0.06
Sim 19 (26.4) 7 (17.5) 20 (62.5)
No 53 (73.6) 33 (82.5) 12 (37.5)

Abbreviations: HU: Hounsfield Units; IQR: Interquartile range; MA: Muscle attenuation; SFI: Subcutaneous Fat Index; SMI: Skeletal Muscle Index; VFI: Visceral Fat Index.

A.

B.

Fig. 1. KaplaneMeier estimates of progression-free survival (A) and overall survival (B)
according to sarcopenia status.

Table 3
Sarcopenia and survival from date of diagnosis.

Parameter Non-sarcopenic (n ¼ 40) Sarcopenic (n ¼ 32) P value

Progression free survival
# Events/at risk 32/40 30/32
Median (months) 15.9 7.2
Unadjusted Referent 2.34 (1.40e3.93) 0.001
Adjusteda Referent 1.78 (1.00e3.14) 0.048
Overall survival
# Events/at risk 24/40 27/32
Median (months) 36.7 12.5
Unadjusted Referent 2.57 (1.46e2.53) 0.001
Adjustedb Referent 1.86 (1.02e3.38) 0.043

a Cox model adjusted for sex (male versus female), metastasectomy (yes or no)
and ECOG (0e1 versus 2e3).

b Cox model adjusted for metastasis number (one versus two or more organs),
metastasectomy (yes or no) and ECOG (0e1 versus 2e3).
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OS compared to those without sarcopenia (log-rank P < 0.001)
(Fig.1B). As shown in Table 3, adjusted Cox regression analysis of OS
revealed a HR of 1.86 (95% CI, 1.02e3.38; P¼ 0.043). Median OS was
12.5 months in the sarcopenia group and 36.7 months for non-
sarcopenic individuals (Table 3). Similar results were obtained
calculating OS using as reference the date of performed CT
(Supplementary Table 1).

KaplaneMeier curves also revealed that although individuals
with myosteatosis had similar PFS (Fig. 2A), they presented
significantly worse OS than the non-myosteatosis group (log-rank
P < 0.001) (Fig. 2B). After adjusting for metastasis number, meta-
stasectomy, and ECOG, Cox regression analysis of OS demonstrated
an HR of 2.77 (95% CI: 1.30e5.87, P ¼ 0.008). Median OS was 18.3
months in the myosteatosis group and 46.8 months for non-
myosteatosis patients.

4. Discussion

A number of studies suggest an association between sarcopenia
and reduced OS in different treatment settings of certain cancers
[21,22]. Our study extends these series demonstrating that sarco-
penia is associated with decreased PFS and OS in patients with
mCRC.

Few studies have examined the effects of sarcopenia on survival
outcomes in mCRC patients. For instance, the effects of sarcopenia
on CRC patients with liver metastasis submitted to metastasectomy
is controversial. One study observed that sarcopenia was associated
with increased disease recurrence and mortality [9]. In contrast,
other studies did not detect an impact of sarcopenia on prognosis,
but observed that sarcopenia was associated with reduced func-
tional liver volume [23], higher rates of liver surgery complications
[24], and with readmission rates when associated with obesity [7].

Outside of the livermetastasectomy setting, much less is known.
We found three previous studies that investigated this association.
Similar to our results, a Norwegian/Canadian study demonstrated a
trend (P ¼ 0.053) toward worse OS in sarcopenic patients [25]. On
the other hand, a cohort from Japan and another from the
Netherlands did not detect an effect of baseline sarcopenia on
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Fig. 2. KaplaneMeier estimates of progression-free survival (A) and overall survival (B)
according to myosteatosis status.
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prognosis, although there was a negative influence of SM wasting
on OS [26,27]. Discrepancies on prognosis between our and these
studies might be linked to the methods used to determine sarco-
penia and to the different patterns of body composition of the
studied populations. Consistent with a previous Brazilian report
[28], our results showed that 44% of the cohort was sarcopenic;
while Thoresen et al. [25] and Blauwhoff-Buskermolen et al. [27]
found that 39% and 57% of their mCRC population was sarcopenic,
respectively. Moreover, we identified that 33.6% of our population
was overweight or obese compared to 63% in the Netherlands and
53.2% in the Canadian/Norwegian population. In contrast, the Jap-
anese study did not use pre-established cutoff points to report their
data, instead it used quartiles distribution and the lower quartile
was defined as sarcopenia [26], making a direct comparison inap-
propriate. Moreover, the cutoffs to determine sarcopenia in Asiatic
populations was recently validated for gastric cancer [21], and it is
different than that established by Martin et al. [16]. Altogether,
these studies suggest that defining sarcopenia cutoffs criteria for
different populations is crucial to the development of the field.

The pathophysiological mechanisms that underpin the worst
prognosis in sarcopenia are not clear. Consistent with previous
reports [16,29], our data shows an increased content of fat in
muscle (P¼ 0.02) that was mirrored by a higher number of patients
with myosteatosis in the sarcopenic group (P < 0.01). Importantly,
intramyocellular fat deposits are commonly observed in different
insulin resistance states, and it is involved in the pathogenesis of
this condition [30]. Accordingly, we also detected a trend toward a
higher number of patients with visceral obesity in the sarcopenic
group (P ¼ 0.06). Although these insulin resistance-induced phe-
notypes may be epiphenomena of the chronic inflammation back-
ground involved in sarcopenia development, another possibility is
that these anomalous deposits of fat have a role in the amplification
of the inflammatory state and, thus, have contributed to the worse
prognosis observed in our study. Interestingly, in our cohort,
myosteatosis was independently associated with reduced OS. In
line with this hypothesis and similarly to insulin resistance states,
the adipose tissue of patients with cachexia present with infiltra-
tion of immune cells as crown-like structures [31]. These aspects
are crucial for the understanding of sarcopenia's influence on
prognosis and response to treatment and deserve further
investigation.

The present study demonstrated that conditions generally
neglected during the oncologic treatment, such as body composi-
tion, might contribute on stratifying prognosis. The use of CT as a
convenient method for evaluation of body composition is practical,
low cost and contributes for better understanding of the disease as
well as contributes to refine the clinical and nutritional perfor-
mance of the patient. Overall, identifying sarcopenic individuals
with the potential for increased mortality may be a useful tool to
guide clinical decision process. Of note, our study is the first to
evaluate the impact of sarcopenia on a Latin American population
with mCRC. In addition, the study was confined to a well-defined
tumor group (CRC stage IV).

On the other hand, this study has several limitations. First, we
defined sarcopeniawithout themeasurement of muscle function as
recommended by the European Working Group on Sarcopenia in
Older People (EWGSOP) [2]. Second, the low number of patients
included in our study did not allow for the performance of sensi-
tivity test to exclude patients with early death. Moreover, given that
the sarcopenic patients were generally elderly and ECOG 2e3 as
well presented a trend to have more adverse events, the possibility
of low treatment intensity in sarcopenic group and reverse cau-
sality should be considered. It is important to consider that changes
related to treatment over the period of this study also could have
impacted on our results. Finally, the study's retrospective and
single-centered nature as well as the large number of patients
excluded because they do not have a CT stored in our PACS within 6
months of the date of diagnosis may have introduced selection bias.

In conclusion, sarcopenia was associated with significantly
worse prognosis in patients with mCRC. Understanding the path-
ophysiological mechanisms that underpin this association is crucial
for improving CRC prognosis. Given how easily it is to evaluate
sarcopenia in routine CTs and its implementation in clinical prac-
tice, it is imperative that prospective trials be designed to further
explore this association.
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