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Abstract
OBJECTIVES: To assess the predictability value of Sarcopenia index( 
(SI, serum creatinine value/cystatin C value×100) in determining 
potential chemotherapy-induced undesirable reactions and eventual 
death of older patients diagnosed with stage III or IV of non-small cell 
lung cancer (NSCLC).
METHODS: General information was retrieved from health records 
and mortality data was obtained by phone interview. Serum Cr and 
CysC levels were measured before chemotherapy. The endpoints 
recorded were chemotherapy-induced undesirable reactions and 
mortality from any causes. Logit regression analysis was employed 
for the analysis of correlation between the SI and short-term adverse 
reactions to chemotherapy. Cox regression analysis was employed to 
analyze correlation between the SI and mortality.
RESULTS: In this study, 664 NSCLC patients were enrolled. 
Among them, 83.13% were diagnosed with adenocarcinoma lung 
cancer and 16.87% with squamous cell carcinoma lung cancer. As 
of March 1, 2019, 486 patients died, including 361(74.28%) males 
and 125 (25.72%) females. After the first course of chemotherapy, 
the proportion of short-term adverse reactions, including bone 
marrow suppression, digestive reactions, all infection, liver function 
impairment, and other adverse reactions (non-infectious fever or 
rashes) was 16%, 4.7%, 7.4, %, 6.6%, and 2.11%, respectively. 
After adjusting for confounding factors, there was no association 
between the SI and adverse reactions. We found that high SI was 
independently associated with a lower risk of mortality after adjusting 
for confounding factors in females (HR=0.593,95% CI: 0.382-0.92; 
p=0.02). There was no marked association existed between the SI and 
mortality in males.
CONCLUSION: Among patients with stage III or IV non-small cell 
lung cancer, the SI is associated with mortality in females, but not in 
males.

Key words: Sarcopenia index, mortality, non-small cell lung cancer, 
chemotherapy.

Introduction

A majority (57%) of the lung cancer (LC) diagnosis 
occurs at an advanced stage of disease (1), making 
surgical intervention impossible. With the progress 

of medical technology and the continuous optimization of 
chemotherapy, most patients choose chemotherapy (2). Non-
small cells lung cancer( NSCLC ) account for 83% of LC (1), 

with 53% of stage III and IV NSCLC sufferers with treated by 
this modality (2). Although chemotherapy shows promise in 
improving the prognosis of NSCLC stage III and IV sufferers, 
LC remains the primary factor affecting cancer-related 
mortality, carrying a 5-year survival rate of only 18% (3).  

Several studies documented that sarcopenia correlates with 
worse prognosis in NSCLC patients (4-6). Sarcopenia was 
considered a geriatric syndrome characterized by low muscle 
mass and inadequate mass strength and/or physical performance 
(7). Low muscle mass is usually measured with dual-energy 
X-ray absorptiometry (DXA), bioelectrical impedance analysis 
(BIA), magnetic resonance imaging (MRI), and computed 
tomography (CT), but these techniques require specialized 
instruments and are expensive. Therefore, it is necessary to dig 
a simpler method to identify low muscle mass.

Body mass index (BMI) , serum levels of albumin and 
prealbumin are considered indicators of nutrition and muscle 
mass[8], but NSCLC sufferers, having standard to increased 
BMI, do not necessarily have better nutrition. Verily, some 
morbidly overweight people have been reported to have 
remarkably low muscle mass, while people with small 
constitution were reported with muscle mass proportional 
to their body size (9). Alterations in serum albumin and 
prealbumin become evident during critical stages of illness, 
due to the massive inflammatory spikes in the body. Therefore, 
changes in serum albumin and prealbumin cannot be attributed 
to nutritional status alone (10). These factors may not be 
suitable for evaluating muscle mass among patients with 
NSCLC.

Serum Cr and CysC are normally employed for the 
measurement of the glomerular filtration rate (GFR) (11, 12), 
but have different characteristics. Serum Cr concentration 
is an endogenous GFR marker reflecting end-stage muscle 
degeneration. Under normal circumstances, Cr is removed from 
the body by the kidneys, and sometimes, by tubular secretion. 
In contrast, CysC is an endogenous low molecular weight 
protein that is secreted from all cells with nycleus. It can also be 
removed by the kidneys, but it is not reabsorbed into the blood 
or actively secreted (13). In NSCLC sufferers with normal 
kidney function, the Cr/CysC ratio does not depend on potential 
differences in renal function (10), which is a chief indicator 
of the variations between these two markers assessing patient 
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Table 1. Relationship between NSCLC sufferer data and mortality
Characteristics All patients n=664 Non-death n=178 Death n=486 χ2/T/Z P
Age (years),m(iqr) 65 64 65 -2.277 0.023
  60-69, n(%) 515 (77.56) 141 (27.38) 374 (72.62)
  70-79, n(%) 141 (21.23) 34 (24.11) 107 (75.89)
  ≥80,n(%) 8 (1.21) 3 (37.50) 5 (62.50)
ALB level (g/l), n(%) -2.030 <0.001
  ≥40 606 (91.27) 169 (27.89) 437 (72.11)
  <40 58 (8.73) 9 (15.52) 49 (84.48)
SI,m(iqr) 0.76 0.75 0.76 -1.177 0.239
Sex,n(%) -3.812 <0.001
  male 466 (70.18) 105 (22.53) 361 (77.47)
  female 198 (29.82) 73 (36.87) 125 (63.13)
Smoking history,n(%) -3.150 0.002
  no 277 (41.72) 92 (33.21) 185 (66.79)
  yes 387 (58.28) 86 (22.22) 301 (77.78)
Number of chronic diseases,mean±SD 1.64±1.52 1.78±1.56 1.59±1.50 -1.384 0.166
Tissue type,n(%) -1.642 0.101
  adenocarcinoma 552 (83.13) 155 (28.08) 397 (71.92)
  squamous cell carcinoma 112 (16.87) 23 (20.54) 89 (79.46)
Clinical stage,n(%) -6.559 <0.001
  III 229 (34.49) 97 (42.36) 132 (57.64)
  IV 435 (65.51) 81 (18.62) 354 (81.38)
Regimen of chemotherapy,n(%) -1.666 0.096
  single 66 (9.94) 12 (18.18) 54 (81.82)
  combination 598 (90.06) 166 (27.76) 432 (72.24)
Radiation therapy -1.401 0.161
  no 528 (79.52%) 148 (28.03) 380 (71.97)
  yes 136 (20.48) 30 (71.97) 106 (28.03)
Metastasis,n(%) -3.192 0.001
  no 649 (97.74) 169 (26.04) 480 (73.96)
  yes 14 (2.26) 9 (64.29) 5 (35.71)
Patients with lung cancer surgery -7.354 <0.001
  no 529 (79.67) 108 (20.42) 421 (79.58)
  yes 135 (20.33) 70 (51.85) 65 (48.15)
Bone marrow suppression ,n(%) -1.055 0.291
  no 558 (84.04) 154 (27.60) 404 (72.40)
  yes 106 (15.96) 24 (22.64) 82 (77.36)
Digestive reactions,n(%) -1.531 0.126
  no 633 (95.33) 166 (26.22) 467 (73.78)
  yes 31 (4.67) 12 (38.71) 19 (61.29)
Liver function impairment,n(%) -0.072 0.943
no 620 (93.37) 166 (26.77) 454 (73.23)
yes 44 (6.63) 12 (27.27) 32 (72.73)
All infection -2.055 0.040
no 615 (92.62) 171 (27.80) 444 (72.20)
  yes 49 (7.38) 7 (14.29) 42 (85.71)
Other adverse reactions -2.287 0.022
  no 650 (97.89) 178 (27.38) 472 (72.62)
  yes 14 (2.11) 0 (0) 14 (100)
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muscle mass (14). 
Previous studies showed that the Sarcopenia index (SI, 

serum creatinine value/cystatin C value × 100) may be a 
bio-marker for muscle mass assessment in ICU patients or 
patients with amyotrophic lateral sclerosis or liver cirrhosis (8, 
14-16), but the role of SI in predicting chemotherapy adverse 
reactions and mortality in patients with lung cancer is not well 
understood. Based on these findings, this study assessed the 
prognostic values of SI in assessing the risk of chemotherapy 
adverse reactions and mortality in older adults with stage III 
and IV NSCLC.

Method

Study design and population

A single-institution retrospective observational study was 
executed at the West China Hospital, Sichuan University in 
Chengdu, Sichuan Province, China, between January 2010 and 
December 2017. The median follow-up for this sample is 28 
months. For the study, we recruited stage III or IV LC sufferers, 
aged >60 years, who received their first course of chemotherapy 
for LC. The selected individuals had either adenocarcinoma or 
squamous carcinoma, as evidenced by histopathology. Patients 
with obvious renal dysfunction or with regular use of systemic 
corticosteroids or cyclosporin were excluded. The study was 
approved by the Research Ethics Committee of the West China 
Hospital, Sichuan University (No.2018-94).

Data collection

General characteristics (age, sex, smoking history, and 
number of chronic diseases), data associated with tumor 
(histopathology, clinical stage, metastasis,chemotherapy 
regimen, radiation therapy and LC surgery), blood test 
results before and after chemotherapy. The short-term 
chemotherapy-induced undesirable effects (bone marrow 
suppression, digestive system reactions, infection, liver function 
impairment), along with other undesirable effects (fever or 
rashes without infection) were retrieved from the anonymized 
electronic medical record system. Information about survival or 
death (all-cause mortality) as of March 1, 2019, was obtained 
by local government and telephone interviews. Overall survival 
(OS) was described as the time range between the beginning 
of therapy till the day of death or the last day the patient was 
recorded as alive. 

Sarcopenia index

Experienced nurses in the geriatric ward drawn fasting 
(more than eight hours) vein blood in the morning before 
chemotherapy. Serum cystatin C concentration (mg/l) and 
cystatin C were measured in West china hospital lab using 
standard methods. We calculated the sarcopenia index using 
the following formula: serum creatinine value/cystatin C  
value × 100. According to the values of SI, all participants were 
separated into two groups (low or high muscle mass) according 
to Q3 as the cut-off value: low muscle mass from lowest to Q3 
or higher muscle mass: Q3 or over (highest quantile). 

Covariates

The baseline data prior to chemotherapy including age, 
sex, ALB level, smoking history, number of chronic diseases, 
data associated with tumor (histopathology, clinical stage, 
metastasis, chemotherapy regimen, radiation therapy and LC 
surgery were collected. 

Statistical analysis

SPSS 26.0 (IBM Corp. Somers, NY, USA) was employed 
for data analysis. All information, in this paper, are presented 
as the mean± standard deviation (SD) or median and the 
interquartile range (IQR), based on distribution. For categorical 
variables, data were reported as numbers (percentage)for 
statistical description. The Rank-sum test,Student’s t test and 
Pearson’s chi-square test were employed for comparison of 
baseline features. The Logit regression analysis was employed 
to determine the association between the SI and short-term 
adverse reactions to chemotherapy. The Cox regression was 
employed to establish the correlation between SI and mortality 
.P <0. 05 was considered to indicate statistical significance.

Results

In this study, we enrolled 664 NSCLC sufferers, including 
466 men and 198 women. Of them, 83.13% were diagnosed 
with adenocarcinoma lung cancer and 16.87% with squamous 
cell carcinoma lung cancer. Additionally, 229 (34.49%) were 
diagnosed as stage III, whereas 435 (65.51%) were stage IV. As 
of March 1, 2019, 468(70.48%) patients died (361 males and 
125 females). Furthermore, we demonstrated differences in age, 
serum albumin, sex, smoking history, clinical stage, metastasis, 

Table 2. Comparing short-term chemotherapy-induced undesirable effects, according to the SI
Short-term chemotherapy-related adverse reactions Total Male Female

SI<85.78 SI≥85.78 P SI<88.22 SI≥88.22 P SI<77.61 SI≥77.61 P

Bone marrow suppression 78 (15.66%) 28 (16.87%) 0.714 52 (14.86%) 16 (13.79) 0.778 30 (20.13%) 8 (16.33%) 0.557

Digestive reactions 24 (4.82%) 7 (4.22%) 0.750 14 (4.00%) 5 (4.31%) 0.884 9 (6.04%) 3(6.12%) 0.983

Liver function impairment 34 (6.83%) 10 (6.02%) 0.719 19 (5.43%) 9 (7.76%) 0.360 13 (8.72%) 3 (6.12%) 0.562

All infection 37 (7.43%) 12 (7.23%) 0.932 27 (7.71%) 7 (6.03%) 0.547 12(8.05%) 3 (6.12%) 0.658

Other adverse reactions 11 (2.21%) 3 (1.81%) 0.755 10 (2.86%) 1 (0.86%) 0.220 3 (2.01%) 0 (0%) 0.317
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LC surgery, infection, and other adverse reactions between the 
patients who died and patients who were surviving. There was 
no statistically significant difference in SI between the death 
group and the non-death group (Table 1).

After the first round of chemotherapy, the proportion of 
short-term adverse reactions, including bone marrow 
suppression, digestive reactions, all infection, liver function 
impairment, and other adverse reactions (non-infectious 
fever or rashes) were 16%, 4.7%, 7.4%, 6.6%, and 2.11%, 
respectively. One complication occurred in 21.99% of patients, 
two complications occurred in 5.27%, three complications 
occurred in 1.2%, and four complications occurred in 0.14% 
of patients. After grouping SI into two groups (as mentioned 
above), the incidence of short-term adverse reactions has not 
been statistically significant, regardless of whether it is in the 
total population, or among males or female, as shown in Table 
2. Model1 showed there was no association between the SI 
and short-term adverse reactions. Model 2 showed an absence 
of the correlation between SI and  adverse reactions (Table 
3).According to Model 1or Model2 in the Cox regression, we 
found that there is no marked association existed between the 
SI and mortality in total or males (Table 4). Model1 showed 
that high SI was associated with a lower risk of mortality in 
females (HR=0.624, 95% CI: 0.406-0.958; p=0.031). After 
adjusting for confounding factors (age, sex, ALB level, smoking 
history, number of chronic diseases, data associated with 
tumor (histopathology, clinical stage, metastasis,chemotherapy 
regimen, radiation therapy and LC surgery)), the result also 
showed high SI independently associated with a lower risk of 
mortality in females (HR=0.593,95% CI: 0.382-0.92; p=0.02).

Table 4. The association between SI and the risk of all-cause 
mortality
Variable Model 1 Model 2

P-value HR (95% CI) P-value HR (95% CI)

Total 0.078 1.2(0.980-1.469) 0.686 1.044(0.847-1.288)

Male 0.568 1.071(0.846-1.356) 0.924 1.012(0.793-1.292)

Female 0.031 0.624(0.406-0.958) 0.02 0.593(0.382-0.92)

Note:Model1:a non-adjusted model;Model 2:adjusting age, sex, ALB level, smoking 
history, number of chronic diseases, data associated with tumor (histopathology, clinical 
stage, metastasis,chemotherapy regimen, radiation therapy and LC surgery).

Discussion

The main finding of the present study is that the high SI 
independently associated with a lower risk of mortality in 
females. Therefore, the SI may provide a useful variable for 
predicting the risk of mortality in females with lung cancer 
undergoing first circle chemotherapy. In clinical practice, we 
can easily get the access to the SI value for inpatient admitted 
to hospital, which only requires a venous blood  sample, which 
is usually covered by routine blood work.  However, there 
was no association between the SI and the risk of short term 
chemotherapy adverse reactions and the predictive value of 
SI in predicting these outcome among the male population is 
unclear.

The major adverse reactions identified in the present 
study include bone marrow suppression, digestive reactions, 
all infection, liver function impairment, and other adverse 
reactions (non-infectious fever or rashes). However, there was 
no correlation between the SI and short-term adverse reactions 
related to chemotherapy. Suzuki and coworkers reported 
that a reduced proportion of Cr/CysC was related to a higher 
occurence of chemotherapy-induced hematotoxic undesirable 
reactions in NSCLC sufferers (17).The possible reason for 

Table 3. The associations between SI and risk of short-term chemotherapy adverse reations 
Short-term chemotherapy-related 
adverse reactions

Total Male Female

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Bone marrow suppression

  low muscle mass(ref) 1 1 1 1 1 1

  high muscle mass 1.093(0.681-1.753) 1.265(0.766-2.089) 0.917(0.501-1.678) 1.01(0.543-1.880) 0.774(0.329-1.823) 0.702(0.201-1.695)

Digestive reactions

  low muscle mass(ref) 1 1 1 1 1 1

  high muscle mass 0.869(0.368-2.057) 0.981(0.388-2.479) 1.081(0.381-3.069) 1.104(0.368-3.307) 1.014(0.263-3.907) 0.867(0.211-3.559)

Liver function impairment

  low muscle mass(ref) 1 1 1 1 1 1

  high muscle mass 0.875(0.422-1.812) 0.974(0.452-2.100) 1.465(0.644-3.335) 1.543(0.658-3.617) 0.682(0.186-2.501) 0.608(0.154-2.406)

All infections

  low muscle mass(ref) 1 1 1 1 1 1

  high muscle mass 0.971 (0.494-1.909) 1.005 (0.490-2.063) 0.768 (0.325-1.814) 0.764 (0.313-1.862) 0.745 (0.201-2.755) 0.715 (0.184-2.777)

Other adverse reactions

  low muscle mass(ref) 1 1 1 1 1 1

  high muscle mass 0.815 (0.225-2.957) 0.722 (0.189-2.754) 0.296 (0.037-2.335) 0.275 (0.034-2.219) NA NA

Note: Model1:a non-adjusted model; Model 2:adjusting age, sex, ALB level, smoking history, number of chronic diseases, data associated with tumor (histopathology, clinical stage, 
metastasis, chemotherapy regimen, radiation therapy and LC surgery).NA: There are few other adverse in females, so it cannot be analyzed.
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this difference is that the severity of adverse reactions was not 
graded in this study, but simply the presence or absence of 
adverse reactions was considered.

Kashani and colleagues (8) documented that a higher SI 
predicted a lower mortality in ICU patients with severe disease 
and no renal impairment (14). However, in the latter work, 
after adjusting for age, sex, and gravity of disease, only the 
relationship between the SI and a shorter hospital stay was 
found to be significant. Tang TJ et al.enrolled 248 patients 
aged 60 years and older to analysis the correlation between SI 
and 3-year all-cause mortality.They reported that a higher SI 
was independently associated with a lower risk of 3-year all-
cause mortality (18).In the present analysis, we also found that 
the SI is related to the mortality , with higher SI predicting a 
lower mortality. Although our study and that of Tang TJ and 
colleagues enrolled different populations, and the time during 
which mortality was observed was different, the results of these 
two investigations are similar. However, our research only 
found that SI is associated with all-cause mortality in females. 
This result needs further demonstration.

This is the first study to examine the relationship between 
SI and risk of chemotherapy adverse outcomes and all-cause 
mortality among inpatients with NSCLC population.In addition, 
we report sex-stratified results, Nevertheless, the present study 
had several limitations. First, we were unable to determine the 
true residual muscle mass, using the DXA or BIA procedures, 
owing to equipment unavailability. Therefore, the relationship 
between residual muscle mass and the SI in LC sufferers 
was not determined. Second, the baseline functional status of 
the included patients is also related to mortality and adverse 
reactions ,we do not have this data and cannot be corrected. 
Third, the design of the present study is retrospective cohort 
study, which related with uncontrolled selection bias and the 
sample size was relatively small (n=664). Our findings need to 
be further confirmed by large studies with a prospective design.   

Conclusion

The SI is associated with mortality of patients stage III or IV 
non-small cell lung cancer in females, but not in males. There 
was no association between the SI and adverse reactions of 
chemotherapy.
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