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Background: To explore the relationship between L3 skeletal muscle index (SMI) and the prognosis of
patients with stage IV gastric cancer (GC).

Methods: A total of 27 patients with stage IV GC requiring chemotherapy admitted to our hospital from
1 April 2015 to 20 May 2019 were selected as participants. The Kaplan-Meier method was used to describe
the survival time of all participants. By evaluating the L3 plane CT images, the mass index (cm’/m’) of L3
skeletal muscle (including psoas major, erector spinae, quadratus psoas, transversus abdominis, external
oblique abdominis, and internal oblique abdominis) was calculated to study the changes of L.3 SMI during
treatment and the correlation between L3 SMI and clinical features. The log-rank method was used to
analyze the correlativity between the survival time of patients and their general data, 1.3 SMI, or other
indicators.

Results: The survival time of 27 patients with stage IV GC was 7.4-49.9 months, with a mean survival
time of 19.72 months and a median survival time of 16.17 months. The 1-year survival rate was 77.78%,
and the 3-year survival rate was 7.41%. During treatment, L3 SMI continued to decline in 20 of the
27 participants (74.07%). After the first chemotherapy, 17 participants (62.96%) met the criteria of
sarcopenia syndrome, and after the fourth chemotherapy, 19 participants (70.37%) met the criteria of
sarcopenia syndrome. The L3 SMI was shown to be significantly correlated with body mass index (BMI) and
Onodera’s prognostic nutritional index (OPNI) (both P<0.05), but not with age, gender, dietary intake, and
primary site (all P>0.05). Log-rank test showed that there was a correlation between L3 SMI and survival
time of patients (P<0.05). The average survival time of participants with sarcopenia syndrome (16.78 months)
was significantly lower than that of those without sarcopenia syndrome (25.58 months) (P<0.05).
Conclusions: There is a significant correlation between L3 SMI and survival time, and L3 SMI can be used

as a potential index to evaluate the prognosis of patients with stage IV GC.
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Introduction

Gastric cancer (GC) is one of the most common digestive
tract malignant tumors in the world. There are about
1 million new GC patients worldwide every year (1).
According to tumor, node, metastasis (TINM) staging, the
tumor cells of stage IV GC have invaded serosa (visceral
peritoneum) or adjacent structures, with high heterogeneity,
and a variety of biological behaviors. Metastasis can occur
in the peritoneum, liver, and lymphatic system, and the
prognosis is very poor. With the development of new
chemotherapeutic drugs, the median survival time of
patients with stage IV GC has increased to 5-14 months.
The prognosis of GC is the result of the interaction
between tumor and body, and the biological behavior
of tumor is the most important factor to determine the
prognosis. Currently, TNM stage is the most commonly
used index to evaluate the prognosis. However, it is difficult
to accurately evaluate the prognosis with one or several
quantitative indicators, and other potential prognostic
indicators still need to be explored.

Cachexia is an internationally recognized cancer risk
factor. In recent years, some researchers have proposed a
new definition of cachexia, that is, malignant tumor patients
with sarcopenia accompanied by weight loss of more than 2%
can be classified as cancer cachexia (2). Other studies have
shown that more than 50% of patients with advanced cancer
suffer from varying degrees of sarcopenia (3). Although
sarcopenia syndrome is not the same as cachexia, it is closely
related to cancer patients, so the awareness of sarcopenia in
increasing among researchers. Sarcopenia encompasses a
group of complex syndromes characterized by progressive
decline of whole-body skeletal muscle mass and strength,
which leads to limb dysfunction, decline of quality of life,

Table 1 Baseline data of patients with stage IV GC

Item Number of cases
Age (years) 60.47+10.44
Gender (male/female) 22/5
Intake (moderate/severe decline) 19/8

BMI (low/normal/overweight) 5/15/7
OPNI 41.26+6.85
Primary site 3/23/1

(cardia/stomach/esophagogastric junction)

GC, gastric cancer; BMI, body mass index; OPNI, Onodera’s
prognostic nutritional index.

© Journal of Gastrointestinal Oncology. All rights reserved.

Kang et al. Correlation between L3 SMI and prognosis

and even death. The main causes of sarcopenia are aging,
chronic consumptive disease, inflammatory reaction,
nutritional deficiency, malignant tumor, and so on (4).
It is closely related to poor clinical outcome and short
survival time. Recent studies have shown that in patients
with a variety of gastrointestinal malignancies (including
liver cancer, colorectal cancer, and so on), the prognosis of
patients with sarcopenia is significantly worse than that of
those without sarcopenia (5-7). At present, there are few
studies on the relationship between sarcopenia and GC in
China and internationally, and L3 skeletal muscle index
(SMI) is a widely used skeletal muscle mass assessment
index. Therefore, in this study, we enrolled 27 patients with
stage IV GC. First, the Kaplan-Meier method was used
to describe the survival time of all participants. Then, L3
SMI was calculated by evaluating the L3 plane CT images
to explore the changes of L3 SMI during treatment and its
correlation with clinical features. The L3 SMI levels of males
and females in an epidemiological survey of gastrointestinal
cancer patients conducted by Prado et 4/. (8) in Canada were
used as the diagnostic criteria for sarcopenia syndrome. Log-
rank analysis was used to explore the correlation between
L3 SMI or indicators and survival time, and to describe the
progression-free survival (PFS). We present the following
article in accordance with the REMARK reporting checklist
(available at https://dx.doi.org/10.21037/jgo-21-556).

Methods
General data

Patients (27 cases) with stage IV GC who need chemotherapy
admitted in our hospital from 1 April 2015 to 20 May 2019
were included as participants. Among them, there were
5 females and 22 males, aged 39-81 (60.47+10.44) years. The
remaining general data are shown in 7able 1. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by Jiangsu Cancer Hospital
(No. 20150218) and informed consent was taken from all the
patients.

Inclusion and exclusion criteria

The inclusion criteria were as follows: patients (I) with GC,
esophagogastric junction cancer, or epithelial cell origin
cancer (adenocarcinoma, signet ring cell carcinoma, and so

on) confirmed by cytology or histopathology; (II) who were
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Figure 1 L3 plane capture of human body.

initially diagnosed as TINM stage IV without operation;
(III) who were in good condition before treatment, with
Karnofsky Performance Status (KPS) score >60; (IV) with
survival time greater than 3 months; and (V) with basically
complete clinical data. The exclusion criteria were as
follows: patients (I) with non-epithelial cell tumors or with
other malignant tumors; (II) whose clinical stage did not
conform to stage IV; (III) with severe underlying diseases of
important organs; (IV) who did not agree to participate in
this study.

Determination of L3 SMI

The abdominal CT images were taken with a 64-slice spiral
CT machine of LightSpeed VCT series (GE Healthcare,
Chicago, IL, USA). The third lumbar disc plane was selected
for imaging, and two consecutive images were captured in
the L3 plane. The sum of the cross-sectional areas of the
skeletal muscles (including psoas major, erector spinae,
quadratus psoas, transversus abdominis, external oblique
abdominis, and internal oblique abdominis) was calculated.
The average value of the cross-sectional area was taken,
divided by the square of height to get 1.3 SMI (cm’/m?).
Male L3 SMI <52.4 cm’/m’ and female 1.3 SMI <38.5 cm®/m’
were used as diagnostic criteria for sarcopenia. The
radiologists of our hospital worked together on a LightSpeed
VCT AW4.3 workstation (Advantage Workstation, GE
Healthcare) for drawing measurement, and the workstation
automatically calculated the cross-sectional area of skeletal
muscle (Figure 1). The L3 SMI was calculated by the

© Journal of Gastrointestinal Oncology. All rights reserved.

following formula: .3 SMI = total skeletal muscle area of L3
cross section/height’ (cm’/m?).

Other indicators

Onodera’s prognostic nutritional index (OPNI): the OPNI
of all participants were calculated according to the results
of blood routine and biochemical examination before
treatment, and the calculation formula was OPNI = serum
albumin level (g/L) + 5 x total number of lymphocytes in
peripheral blood (x10°/L).

The body mass index (BMI) was calculated as: weight (kg)/
height’ (cm”).

Statistical analysis

The software SPSS 17.0 (IBM Corp., Armonk, NY, USA)
was used for statistical analysis. The Kaplan-Meier method
was used to describe the survival time of patients with
advanced GC. The log-rank method was used for univariate
analysis to explore the correlativity between general data,
L3 SMI, and survival time. Statistical significance was
considered when P<0.05.

Results
Effect of treatment on L3 SMI

During the treatment, 20 (74.07%) of the 27 participants had
a sustained decrease in L3 SMI. After the first chemotherapy,
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Figure 2 Changes of L3 SMI. SMI, skeletal muscle index.

17 participants (62.96%) met the criteria of sarcopenia, and
after the fourth chemotherapy, 19 participants (70.37%) met
the criteria of sarcopenia (Figure 2).

Correlation between L3 SMI and clinical features

The L3 SMI was significantly correlated with BMI and
OPNI (both P<0.05), but not with age, gender, dietary
intake, and primary site (all P>0.05) (7able 2).

Overall survival (OS) of patients with stage IV GC

In this study, the survival time of 27 participants with stage
IV GC ranged from 7.4 to 49.9 months, the average survival
time was 19.72 months [95% confidence interval (CI):
15.80 to 23.64 months], and the median survival time was
16.17 months (95% CI: 12.61 to 19.73 months). The 1-year
survival rate was 77.78%, the 3-year survival rate was 7.41%,
and the 5-year survival rate was 0.00% (Figure 3).

Analysis of the influencing factors of survival in stage IV
GC patients

It was revealed that L3 SMI was correlated with the survival
time of patients (P<0.05), while age, gender, intake, BMI,
OPNI, and primary tumor site of participants were not
correlated with the survival time (all P>0.05) (Table 3).
After treatment, L3 SMI of participants were divided into
sarcopenia group and non-sarcopenia group. The PFS
of patients with sarcopenia was significantly shorter than
that of patients without sarcopenia. The average survival

© Journal of Gastrointestinal Oncology. All rights reserved.

time of participants with sarcopenia (16.78 months) was
significantly lower than that of patients without sarcopenia
(25.58 months) (Figure 4).

Discussion

As we all know, the OS of patients with stage IV GC is
short, especially for patients with distant metastasis (such
as brain metastasis, liver metastasis, lung metastasis, and so
on). Due to the lack of obvious specific clinical symptoms
of early GC, many have progressed to advanced stage by
the time of diagnosis, and lost the opportunity of radical
surgery. In recent years, comprehensive treatment for
patients with stage IV GC has become a hot topic in the
medical field. In this context, accurate prediction of the
prognosis of such patients is very important for the selection
of treatment options. At present, TNM stage, pathological
type, degree of differentiation, presence of distant
metastasis, metastasis site, and other prognostic factors of
GC are recognized by most clinical workers, among which
TMN stage plays an important role. Although these factors
are very scientific and convenient prognostic indicators,
the differences among individuals are huge. Even in the
same stage, the clinical features, disease progression, and
response to treatment are not the same. Therefore, we need
to find some other reliable, economic, effective, and easily
detectable prognostic indicators.

In Blauwhoft-Buskermolen’s paired comparative study (9),
there were significant differences between the survival
curve of the high muscle loss group (9% muscle loss), the
mild muscle loss group (1.5% to 9% muscle loss), and the
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Table 2 Correlation between SMI and clinical features
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SMI (cm?/m?)

ltem Number of cases
Before chemotherapy After chemotherapy

Age

<60 years 14 47.65+6.97 44.88+8.29

>60 years 13 45.93+5.28 42.67+6.04

P value 0.4792 0.4391
Gender 1,264 1,181

Male 22 47.90+5.74 44.84+6.91

Female 5 42.23+5.17 39.29+6.34

P value 0.0731 0.1131
Dietary intake

Moderate decline 8 47.34+6.28 44.27+5.98

Severe decline 19 46.59+5.73 43.52+5.37

P value 0.7650 0.7510
BMI

Low weight 5 41.83+4.11 35.55+5.35

Normal weight 15 46.31+£5.09 43.37+4.80

Overweight 7 51.58+5.40 50.66+5.26

P value 0.0095¢ 0.0001*
OPNI

<41.26 18 48.76+5.71 45.68+6.82

>41.26 9 42.82+5.34 39.78+6.14

P value 0.0154* 0.0384~
Primary site

Cardia 2 41.27+1.38 37.06+6.19

Stomach 25 47.30+6.06 44.35+6.94

P value 0.1867 0.1636

*, P<0.05. SMI, skeletal muscle index; BMI, body mass index; OPNI, Onodera’s prognostic nutritional index.

stable or increased muscle mass group (<1.5% muscle loss to
maximum muscle growth). These results suggest that muscle
mass is correlated with the prognosis of digestive system
tumors. The L3 SMI is an index used to evaluate muscle
mass. It refers to the value obtained though dividing the
total area of all skeletal muscles on the cross-section of L3
vertebral body obtained (by CT and MRI) by the square of
height. It is highly correlated with the whole-body skeletal
muscle content, and the correlation is not affected by age,

gender, height, body weight, ethnicity, and so on (10,11). At

© Journal of Gastrointestinal Oncology. All rights reserved.

the same time, because it has a correlation with the prognosis
of a variety of diseases, its detection is simple and easy, so
it has recently become a research hotspot, especially as a
prognostic factor of digestive system tumors. Low L3 SMI
is an independent risk factor for poor prognosis of patients
receiving chemotherapy, and has nothing to do with drug
withdrawal or reduction caused by adverse drug reactions
(12-14). In colorectal cancer, Miyamoto ez 4/. (15) believe
that L3 SMI is an independent risk factor for poor prognosis
in patients with stage I-III colorectal cancer after radical
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Figure 3 OS of patients with stage IV GC. OS, overall survival; GC, gastric cancer.

Table 3 Analysis of the influencing factors of survival in IV stage GC patients

ltems N Mean survival time (months) Median survival time (months) P value

Age 0.6531
<60 years 14 18.88 (13.36-24.26) 16.13 (12.60-19.67)
>60 years 13 20.77 (15.02-25.18) 16.17 (11.13-21.20)

Gender 0.0763
Male 22 18.63 (14.72-25.86) 18.60 (13.45-19.83)
Female 5 21.94 (13.17-24.39) 20.90 (14.57-21.28)

Intake 0.0892
Moderate decline 8 23.69 (14.92-32.48) 18.82 (15.57-22.01)
Severe decline 19 17.23 (14.01-20.46) 15.61 (13.04-18.16)

BMI 0.8331
Low weight 5 21.36 (9.38-33.35) 14.73 (10.81-18.66)
Normal weight 15 18.03 (14.38-22.62) 16.13 (10.08-22.18)
Overweight 7 20.19 (13.012-27.37) 16.17 (12.35-19.99)

OPNI 0.0542
<41.26 18 16.73 (16.66-32.76) 14.90 (15.59-22.01)
>41.26 9 24.71 (13.32-20.14) 18.80 (12.48-17.33)

Primary site 0.9164
Cardia 2 27.4 (9.22-37.58) 16.167 (-)
Stomach 25 19.11 (15.16-22.97) 16.13 (12.71-19.56)

L3 SMI 0.0443*
Sarcopenia 19 16.78 (13.56-20.01) 15.62 (13.14-18.07)
No-sarcopenia 8 25.58 (16.67-34.50) 18.80 (4.76-34.95)

*, P<0.05. GC, gastric cancer; BMI, body mass index; OPNI, Onodera’s prognostic nutritional index; SMI, skeletal muscle index.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Figure 4 PFS analysis of patients with stage IV GC. PFS, progression-free survival; GC, gastric cancer; SMI, skeletal muscle index.

surgery, and its correlation with prognosis is more significant
in young people. In their study, they also pointed out that the
S-year relapse-free survival rate and OS rate of patients with
low L3 SMI were 56% and 68%, respectively, which were
significantly lower than those with high L3 SMI. Although
L3 SMI is currently frequently evaluated, in the studies by
Prado et al. (8) and Go et al. (16), the proportion of patients
with Eastern Cooperative Oncology Group (ECOG) score
(an indicator of treatment tolerance) of 2—4 in low 1.3 SMI
patients with sarcopenia was higher. Although Nakamura
et al. (17) did not find the same statistical difference, the
average value of L3 SMI of patients with an ECOG score of
2-4 was lower. The relationship between muscle mass and
prognosis needs to be further verified.

In this study, most of the results were similar to the
above studies. The survival curve showed that the OS time
of stage IV GC patients was short. The survival time of
27 participants with stage IV GC was 7.4-49.9 months,
the mean survival time was 19.72 (95% CI: 15.80 to
23.64) months, and the median survival time was 16.17
(95% CI: 12.61 to 19.73) months. The 1-year survival rate
was 77.78%, the 3-year survival rate was 7.41%, and the
S-year survival rate was 0.00%. By analyzing the changes
of L3 SMI during the course of treatment, we found that
20 participants (74.07%) had a continuous decrease in
L3 SMI, and after the first chemotherapy, the number of
participants with sarcopenia increased (from 17 to 19 cases).
Further analysis of the correlation between L3 SMI and
clinical features showed that L3 SMI was significantly

© Journal of Gastrointestinal Oncology. All rights reserved.

correlated with BMI and OPNI (both P<0.05), but not
with age, gender, caloric intake, and primary site (all
P>0.05). It is suggested that chemotherapy may reduce
muscle mass, and the mass reduction is related to BMI
and OPNI. Log-rank analysis showed that L3 SMI was
correlated with survival time (P<0.05). After treatment,
the L3 SMI of participants with stage IV GC were divided
into a sarcopenia group and no-sarcopenia group. The PFS
of participants with sarcopenia was significantly shorter
than that of those without sarcopenia. The average survival
time of participants with sarcopenia (16.78 months) was
significantly lower than that of those without sarcopenia
(25.58 months), suggesting that L3 SMI is an independent
risk factor for survival.

In the clinic, due to the busy pace of daily work
and the cumbersome nature of the nutrition screening
procedure, most doctors will use BMI to simply assess
the nutritional status of patients. However, BMI is not
sufficient to evaluate the nutritional status of patients, and
skeletal muscle quantification, as a new nutritional status
index, can better understand the nutritional integrity of
patients than the standard BMI. All patients with GC
will receive abdominal CT examination, and calculating
L3 SMI with CT images will not increase the economic
burden of patients. Due to the different density values of
each component in CT images (skeletal muscle density
is usually between -29 and +150 HUj the density values
of subcutaneous tissue and visceral tissue are -190 to -30
and -150 to -50 HU respectively, which can perform good
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anatomical and imaging recognition of body components.
Body lean body mass was assessed by calculating the skeletal
muscle area in the selected layers. L3 SMI = cross-sectional
area of muscle tissue at L3 level (cm’)/height’ (m’), and L3
SMI can effectively evaluate nutritional status of patients.
Another means of assessment, the ECOG score is widely
used to evaluate the physical status of patients with GC.
The ECOG is known to divide the physical status of
patients into 0-5 points, with a total of six levels. Its score is
quantified by doctors according to patients’ health function.
The results are related to the doctor’s experience, their
understanding of patients, and other factors, which can lead
to subjective results. Different from the ECOG, L3 SMI
value is calculated according to the actual data of patients,
and the results are not affected by subjective factors, making
it more objective and powerful than the ECOG alone. We
believe that the calculation of L3 SMI value after ECOG
scoring in patients with GC can be icing on the cake in the
evaluation of the clinical condition of patients.

In conclusion, L3 SMI can objectively evaluate the
nutritional status of patients with GC, and there is a
significant correlation between L3 SMI and the survival of
patients. The L3 SMI is an independent risk factor affecting
the survival of patients with stage IV GC, and can be used
as a potential indicator for evaluating the prognosis of

patients with stage IV GC.
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