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Abstract

Background Sarcopenia is an important prognostic factor of lung cancer. The serum creatinine/cystatin C ratio (CCR)
and the sarcopenia index (SI, serum creatinine × cystatin C-based glomerular filtration rate) are novel screening tools
for sarcopenia; however, the diagnostic accuracy of the CCR and SI for detecting sarcopenia remains unknown. We
aimed to explore and validate the diagnostic values of the CCR and SI for determining sarcopenia in non-small cell lung
cancer (NSCLC) and to explore their prognostic values for overall survival.
Methods We conducted a prospective cohort study of adult patients with stage IIIB or IV NSCLC. Levels of serum
creatinine and cystatin C were measured to calculate the CCR and SI. Sarcopenia was defined separately using CCR,
SI, and the Asian Working Group for Sarcopenia (AWGS) 2019 criteria. Participants were randomly sampled into
derivation and validation sets (6:4 ratio). The cutoff values for diagnosing sarcopenia were determined based on the
derivation set. Diagnostic accuracy was analysed in the validation set through receiver operating characteristic
(ROC) curves. Cox regression models and survival curves were applied to evaluate the impact of different sarcopenia
definitions on survival.
Results We included 579 participants (women, 35.4%; mean age, 58.4 ± 8.9 years); AWGS-defined sarcopenia was
found in 19.5% of men and 10.7% of women. Both CCR and SI positively correlated with computed
tomography-derived and bioimpedance-derived muscle mass and handgrip strength. The optimal cutoff values for
CCR and SI were 0.623 and 54.335 in men and 0.600 and 51.742 in women, with areas under the ROC curves of
0.837 [95% confidence interval (CI): 0.770–0.904] and 0.833 (95% CI: 0.765–0.901) in men (P = 0.25), and 0.808
(95% CI: 0.682–0.935) and 0.796 (95% CI: 0.668–0.924) in women (P = 0.11), respectively. The CCR achieved
sensitivities and specificities of 73.0% and 93.7% in men and 85.7% and 65.7% in women, respectively; the SI achieved
sensitivities and specificities of 75.7% and 86.5% in men and 92.9% and 62.9% in women, respectively. CCR-defined,
SI-defined, and AWGS-defined sarcopenia were independently associated with a high mortality risk [hazard ratio
(HR) = 1.75, 95% CI: 1.25–2.44; HR = 1.55, 95% CI: 1.11–2.17; and HR = 1.76, 95% CI: 1.22–2.53, respectively].
Conclusions CCR and SI have satisfactory and comparable diagnostic accuracy and prognostic values for sarcopenia in
patients with advanced NSCLC. Both may serve as surrogate biomarkers for evaluating sarcopenia in these patients.
However, further external validations are required.
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Introduction

Lung cancer is the most commonly occurring cancer and the
leading cause of cancer-related mortality worldwide.1

Approximately 80% of lung cancer patients have non-small
cell lung cancer (NSCLC),2 and the majority of NSCLC patients
present at advanced stages. Despite advances in antineoplas-
tic treatments, the overall prognosis of patients with ad-
vanced NSCLC has improved only slightly.3 The determinants
of lung cancer prognosis include tumour-specific factors such
as tumour stage, as well as patient factors, including nutri-
tional status, physical performance, and skeletal muscle mass
(SMM).4,5

Sarcopenia, characterized by low muscle mass, decreased
muscle strength, and/or low physical performance, is an im-
portant prognostic factor across stages of lung cancer.6,7

The prevalence of sarcopenia reaches 43% in NSCLC6; thus,
detection and management of sarcopenia are important
components for the management of patients with NSCLC.
The current international consensus suggests that diagnosing
sarcopenia requires device-dependent muscle mass measure-
ments [e.g. computed tomography (CT), dual-energy X-ray
absorptiometry, and bioelectrical impedance analysis (BIA)]
and measurement of muscle function (which is generally sim-
ple but time-consuming, e.g. analysing gait speed).8–12 There-
fore, a simple, cheap, yet reliable method for the diagnosis of
sarcopenia is needed.

Several serum biomarkers have been proposed as poten-
tial diagnostic indicators for sarcopenia. Serum creatinine
and cystatin C (CysC) are commonly used to estimate glomer-
ular filtration rates (GFRs) and renal function in clinical
practice. Serum creatinine is an endogenous product derived
from creatine phosphate and its production is affected by
skeletal muscle. Serum creatinine levels have been used as
a surrogate for SMM, with a low serum creatinine level
associated with high mortality in critically ill patients13,14;
however, serum creatinine levels are also affected by renal
function, thus limiting the reliability of this biomarker in
assessing muscle mass.

Cystatin C is a small protein originating from nucleated cells
and is reabsorbed and completely catabolized by the proximal
tubular cells. Its production is less affected by muscle mass.
Recently, two new diagnostic indices—based on serum creati-
nine and CysC—have been developed for sarcopenia. Kashani
et al.15 reported that the serum creatinine/CysC ratio (CCR)
could be used to estimate SMM. Additionally, Lien et al.16 de-
veloped a sarcopenia index (SI), defined as serum
creatinine × CysC-based GFR (eGFRCysC), which appears to have
a good correlation with sarcopenia based on prior research.

The CCR has been recommended as a biomarker for low
SMM and sarcopenia and is reported to be associated with
adverse outcomes in various populations, including critically
ill patients,17 hospitalized older adults,18 and patients with

chronic obstructive pulmonary disease19 or diabetes.20 The
SI is also associated with SMM and sarcopenia in cancer
patients21,22; however, the overall diagnostic accuracy of
the CCR and SI for detecting sarcopenia remains unknown.
No published studies have compared the diagnostic accu-
racy of the CCR and SI in determining sarcopenia. This study
was therefore conducted to evaluate and validate the utility
of the CCR and SI for detecting sarcopenia as defined by
the Asian Working Group for Sarcopenia (AWGS) 201923

criteria, as well as to compare the prognostic values of
the CCR and SI for overall survival in patients with advanced
NSCLC.

Materials and methods

Study design and participants

This prospective cohort study was conducted at the Depart-
ment of Oncology at ShangJin NanFu Hospital (Sichuan Uni-
versity, Chengdu, China). The conduct and reporting of the
current study conform to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement.24 This investigation received ethical review board
approval and was conducted in accordance with the princi-
ples of the Declaration of Helsinki and its later amendments,
and all participants provided their written informed consent
prior to participation.

Consecutive patients with advanced NSCLC were recruited
between August 2017 and May 2019 at the Department of
Oncology. The inclusion criteria were as follows: age
≥20 years, having provided informed consent for participat-
ing in the study, a diagnosis of stage IIIB or IV NSCLC, and un-
dergoing treatment with first-line chemotherapy for the first
time. The exclusion criteria were as follows: receiving immu-
nosuppressive therapy, molecular targeted therapy, radio-
therapy, or single-agent chemotherapy; the presence of pace-
maker implantation; a history of any other type of tumour;
poor quality CT images [with lesions affecting skeletal muscle
segmentation (such as chest wall oedema) or partial loss of
skeletal muscle on the CT images]; clinically visible oedema;
and an eGFR <60 mL/min/1.73 m2. Included participants
were randomly assigned to a derivation set and a validation
set with a 6:4 ratio.

Data collection

Trained nurses obtained baseline data from all participants
within 48 h of the first admission and performed standard
anthropometric measurements.
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Laboratory measurements and assessments of
the creatinine/cystatin C ratio and sarcopenia
index

Blood was drawn by experienced nurses in the morning
after a fast of more than 8 h; levels of serum creatinine,
CysC, haemoglobin, and albumin were measured using stan-
dard methods. The eGFRCysC was calculated based on CysC

using the following equation25: eGFRCysC ¼ 86� CysC�1:132.

The CCR was calculated as serum creatinine ÷ CysC , and
the SI was calculated as serum creatinine � eGFRCysC .

Assessment of sarcopenia

Chest CT scans for each participant were completed within
48 h after admission using a 16-slice spiral CT scanner
(Brilliance; Philips Healthcare, Cleveland, OH, USA) with a
5 mm slice thickness. Acquisition parameters were as fol-
lows: 100–140 kV, variable mAs based on the patient’s body
size, and a detector collimation of 0.75–1.5 mm. The skeletal
muscle cross-sectional area (SMA) at the 12th thoracic
vertebra (T12) was measured using dedicated segmentation
software (Mimics version 21.0; Materialize NV, Leuven,
Belgium) with a threshold of �29 to +150 Hounsfield units;
the SMM index (SMI) was then calculated based on the

following equation: SMI cm2=m2
� � ¼ SMA=height2 . A

trained observer (L. T.) blinded to patient outcomes
segmented all CT images.

On the day of the CT scan, trained nurses used a
segmented multifrequency BIA device (Inbody 770;
Seoul, South Korea) to estimate the total SMM, trunk SMM,
and appendicular SMM (ASM). The appendicular SMM
index (ASMI) was then calculated using the equation:

ASMI kg=m2
� � ¼ ASM=height2. Handgrip strength was mea-

sured to the nearest 0.1 kg by trained nurses using a strain
gauge sensor-based handheld dynamometer (EH101;
Xiangshan Inc., Guangdong, China). The strength of both
hands was measured three times, and the highest value of
either hand was recorded.10 The Eastern Cooperative
Oncology Group Performance status (ECOG PSs) was assessed
by trained nurses.

According to the AWGS 2019 guidelines, low muscle
mass is defined as an ASMI <7.0 kg/m2 for men and
<5.7 kg/m2 for women; low muscle strength is defined as
a handgrip strength <28 kg for men and <18 kg for
women.23 In this study, low physical performance was de-
fined as an ECOG PS ≥ 2; sarcopenia was defined as the loss
of muscle mass plus low muscle strength (or low physical
performance).23 Furthermore, CCR-defined and SI-defined
sarcopenia were defined by the sex-specific cutoff values
for the CCR and SI, respectively, as derived from the deriva-
tion set.

Assessment of potential covariates

The following covariates were collected from the hospital in-
formation systems and face-to-face interviews: age, sex,
smoking status (non-smoker or ever-smoker), histological
NSCLC type (adenocarcinoma or squamous carcinoma),
cancer stage (IIIB or IV), ECOG PS, chemotherapy regimens,
and courses of chemotherapy.

The Charlson co-morbidity index (CCI) was used to assess
the number and severity of important complications, such
as chronic obstructive pulmonary disease, kidney disease,
malignant tumours, and cerebrovascular disease.26 The
maximum possible total CCI score was 24, with ‘malignant
tumours’ receiving a score of 2; a CCI score ≥3 indicated that
the patient had at least one other co-morbidity besides
NSCLC. Body height and weight were measured using
standard methods and body mass index (BMI) was calculated
as kg/m2.

Follow-up

Overall survival was defined as the time in months from the
date of initial recruitment to the date of death or last
follow-up. Each patient was followed up until they died
(as confirmed by telephonic follow-up) or until the last week
of August 2020.

Statistical analysis

Histograms and the Shapiro–Wilk test were used to assess
the distribution of continuous variables. The data are pre-
sented as means and standard deviations (SDs) for continu-
ous variables and as numbers and percentages for categorical
variables. Group differences were analysed using one-way
ANOVA or χ2 tests, as appropriate.

The participants were randomly sampled into a derivation
set and a validation set (with a 6:4 ratio). Based on the deri-
vation set, the diagnostic values of the CCR and SI for sarco-
penia were assessed via receiver operating characteristic
(ROC) curves for men and women. The optimal CCR and SI
cutoff values for men and women were calculated by deter-
mining the shortest distance between the ROC curve and up-
per left corner of the graph that maximized the sum of the
sensitivity and specificity.27 The areas under the ROC curve
(AUCs), sensitivity, specificity, accuracy, positive predictive
values, negative predictive values, and corresponding 95%
confidence intervals (CIs) were calculated; the larger the
AUC, the better the overall diagnostic accuracy.28 Compari-
sons between two correlated ROC curves were performed
using the DeLong method.29 Using these cutoff values, the
diagnostic accuracy of the CCR and SI was validated within
the validation set by calculating sensitivities, specificities,
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accuracy, positive predictive values, and negative predictive
values for these factors.

Pearson’s correlation analysis was used to determine the re-
lationship of serum biomarkers (SI and CCR) with body compo-
sition (BMI, T12 SMA, T12 SMI, total SMM, trunk SMM, ASM,
and ASMI) and handgrip strength. Univariate and multivariate
Cox regression models were applied to calculate the unad-
justed and adjusted hazard ratio (HR) and 95% CIs of CCR-de-
fined, SI-defined, and AWGS-defined sarcopenia for overall
survival in the derivation and validation sets. We adjusted for
age, sex, histological type, cancer stage, CCI, chemotherapy
regimens, and completion of at least four courses of chemother-
apy in the multivariate Cox regression models. Survival curves
were estimated using the Kaplan–Meier method to determine
the impact of CCR-defined, SI-defined, and AWGS-defined
sarcopenia on overall survival. The differences between the
survival curves were compared using log-rank tests. Decision

curve analysis was used to depict the clinical efficiency of
the CCR and SI in the derivation and validation sets.

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 26.0 (IBM Corp., Armonk,
ΝΥ, USA) and R software version 3.5.3 (R Foundation for
Statistical Computing, Vienna, Austria). Two-sided P-values
<0.05 were considered statistically significant.

Results

Characteristics of the study population

A total of 660 patients with NSCLC agreed to participate in
this study; 81 of these patients were excluded because of
chest wall oedema (15 individuals), low-quality CT images

Table 1 Baseline characteristics of the study population according to sex

Characteristic Men (n = 374) Women (n = 205) P-valuea

Age, years 59.0 (8.3) 57.3 (9.8) 0.025
Ever smoker, n (%) 289 (77.3) 10 (4.9) <0.001
Histologic type, n (%)
Adenocarcinoma 205 (54.8) 177 (86.3) <0.001
Squamous carcinoma 169 (45.2) 28 (13.7)

Cancer stage, n (%)
Stage IIIB 182 (48.7) 86 (42.0) 0.121
Stage IV 192 (51.3) 119 (58.0)

ECOG PS, n (%)
0–1 304 (81.3) 156 (76.1) 0.140
≥2 70 (18.7) 49 (23.9)

BMI, kg/m2 23.1 (3.1) 23.3 (3.2) 0.494
Charlson co-morbidity index ≥3, n (%) 112 (29.9) 59 (28.8) 0.769
Chemotherapy regimens, n (%)
Pemetrexed + carboplatin/cisplatin 130 (34.8) 91 (44.4) 0.004
Docetaxel + carboplatin/cisplatin 130 (34.8) 78 (38.0)
Gemcitabine + carboplatin/cisplatin 18 (4.8) 9 (4.4)
Paclitaxel + carboplatin/cisplatin 96 (25.7) 27 (13.2)

Patients who completed at least four courses
of chemotherapy, n (%)

301 (80.5) 154 (75.1) 0.133

Serum creatinine, mg/L 0.87 (0.27) 0.71 (0.16) <0.001
Serum cystatin C, mg/L 1.18 (0.25) 1.09 (0.25) <0.001
Serum albumin, g/L 42.35 (2.48) 41.30 (2.52) <0.001
CCR 0.76 (0.21) 0.68 (0.20) <0.001
SI 64.85 (18.90) 58.76 (18.56) <0.001
eGFRCysC 74.81 (17.61) 84.34 (26.74) <0.001
Haemoglobin, g/L 128.28 (23.53) 120.03 (21.78) <0.001
Body composition variables
T12 SMA, cm2 96.28 (14.34) 69.50 (9.99) <0.001
T12 SMI, cm2/m2 35.08 (5.37) 28.60 (4.28) <0.001
Total SMM, kg 28.48 (4.67) 22.93 (4.13) <0.001
Trunk SMM, kg 8.14 (1.99) 6.10 (0.95) <0.001
ASM, kg 20.35 (3.88) 16.84 (3.90) <0.001
ASMI, kg/m2 7.43 (1.52) 6.96 (1.76) 0.001

Handgrip strength, kg 29.17 (5.86) 21.53 (5.96) <0.001
Sarcopenia, n (%) 93 (24.9) 29 (14.1) 0.010

Data are presented as means (SD) if not otherwise specified.
ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; BMI, body mass index; CCR, creatinine/cystatin C
ratio; ECOG PS, Eastern Cooperative Oncology Group Performance Status; eGFRCysC, cystatin C-based glomerular filtration rate; SI, sarco-
penia index; SMA, skeletal muscle cross-sectional area; SMI, skeletal muscle index; SMM, skeletal muscle mass; T12, the 12th thoracic
vertebra,
aGroup differences were analysed using one-way ANOVA or the χ2 test as appropriate.
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(5 individuals), missing data on handgrip strength (16 individ-
uals), receiving molecular targeted therapy (30 individuals), or
an eGFR <60 mL/min/1.73 m2 (15 individuals). As a result,
579 participants (374 men and 205 women; mean age:
58.4 ± 8.9 years) underwent a baseline investigation; 347
participants were randomly assigned to a derivation set and
232 participants were assigned to a validation set. No partici-
pants were lost to follow-up. A participant flow diagram is
presented in the Supporting Information, Figure S1. The
baseline characteristics of the study population according to
sex are shown in Table 1. Ninety-three (24.9%) male and 29
(14.1%) female patients had sarcopenia, and the prevalence
was statistically significantly higher in men than in women
(P < 0.05). Men were older and more likely to have a
higher SMM (T12 SMA, T12 SMI, total SMM, trunk SMM,
ASM, and ASMI), as well as greater handgrip strength, CCR,
SI, and haemoglobin levels in comparison with women.
There were no statistically significant differences with regard
to cancer stage, ECOG PS, BMI, CCI, and the completion of
chemotherapy courses between men and women. Derivation
and validation set characteristics are presented in Table S1.

Distribution of the creatinine/cystatin C ratio and
sarcopenia index in the sarcopenia and
non-sarcopenia groups

In both men and women, the CCR and SI were lower in the sar-
copenia group than in the non-sarcopenia group (Figure 1).

Serum biomarkers, body composition, and
handgrip strength

As shown in Table 2, both the CCR and SI were positively cor-
related with BMI, T12 SMA, T12 SMI, total SMM, trunk SMM,
ASM, ASMI, and handgrip strength in both men and women.

Figure 1 Violin plot and box-plot analysis comparing the distribution of the CCR and SI in the sarcopenia and non-sarcopenia groups. In both men and
women, the (A) CCR and (B) SI were lower in the sarcopenia group than in the non-sarcopenia group. CCR, serum creatinine/serum cystatin C ratio; SI,
sarcopenia index.

Table 2 Correlation coefficients of serum biomarkers with body
composition and handgrip strength

Characteristic

CCR SI

r P-value r P-value

Men
BMI, kg/m2 0.385 <0.001 0.367 <0.001
T12 SMA, cm2 0.240 <0.001 0.231 <0.001
T12 SMI, cm2/m2 0.226 <0.001 0.214 <0.001
Total SMM, kg 0.582 <0.001 0.560 <0.001
Trunk SMM, kg 0.208 <0.001 0.201 <0.001
ASM, kg 0.594 <0.001 0.571 <0.001
ASMI, kg/m2 0.549 <0.001 0.525 <0.001
Handgrip strength 0.329 <0.001 0.313 <0.001

Women
BMI, kg/m2 0.171 0.014 0.143 0.041
T12 SMA, cm2 0.260 <0.001 0.250 <0.001
T12 SMI, cm2/m2 0.224 <0.001 0.211 0.002
Total SMM, kg 0.432 <0.001 0.390 <0.001
Trunk SMM, kg 0.150 <0.001 0.140 0.045
ASM, kg 0.421 <0.001 0.378 <0.001
ASMI, kg/m2 0.373 <0.001 0.332 <0.001
Handgrip strength 0.198 0.004 0.191 0.006

ASM, appendicular skeletal muscle mass; ASMI, appendicular skel-
etal muscle mass index; BMI, body mass index; CCR, creatinine/
cystatin C ratio; SI, sarcopenia index; SMA, skeletal muscle
cross-sectional area; SMI, skeletal muscle index (skeletal muscle
area/height2); SMM, skeletal muscle mass; T12, the 12th thoracic
vertebra.
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Diagnostic accuracy of the creatinine/cystatin C
ratio and sarcopenia index for sarcopenia

Figure 2 shows the results of the ROC analyses for the CCR and
SI in the derivation set using AWGS 2019-defined sarcopenia
as the reference standard. The optimal CCR cutoff values gen-
erated from the derivation set were 0.623 for men (sensitivity:
69.6%, specificity: 88.8%) and 0.600 for women (sensitivity:
86.7%, specificity: 71.7%); the optimal SI cutoff values were
54.335 for men (sensitivity: 73.2%, specificity: 84.1%) and
51.742 for women (sensitivity: 86.7%, specificity: 67.9%)
(Table 3). The AUCs of the CCR and SI were 0.837 [95% confi-
dence interval (CI): 0.770–0.904] and 0.833 (95% CI:
0.765–0.901) for men and 0.808 (95% CI: 0.682–0.935) and
0.796 (95% CI: 0.668–0.924) for women, respectively. The dif-
ferences between the CCR and SI AUCs were not statistically
significant for men (P = 0.25) or women (P = 0.11).

The prevalence of sarcopenia was 22.0% in the validation
set. Using cutoff points generated from the derivation set,
the diagnostic accuracy of the CCR and SI was evaluated in

the validation set. The CCR achieved a sensitivity, specificity,
accuracy, and positive and negative predictive values of
73.0%, 93.7%, 88.5%, 79.4% and 91.2% in men and corre-
sponding values of 85.7%, 65.7%, 69.0%, 33.3% and 95.8%
in women, respectively, when validated within the validation
set. Similar results were found for the SI.

Furthermore, the decision curve analysis showed no
statistically significant differences between the CCR and SI
for identifying sarcopenia in the derivation and validation
sets (Figure 3).

Associations between sarcopenia and overall
survival

In the derivation set, CCR-defined and AWGS-defined sarco-
penia were independently associated with a higher risk of
mortality (HR = 1.42, 95% CI: 1.09–1.86; and HR = 1.41, 95%
CI: 1.04–1.89, respectively) after adjusting for potential
confounders. However, SI-defined sarcopenia was not

Figure 2 ROC curves of the CCR and SI for diagnosing sarcopenia in the derivation set. AUC, area under the ROC curve; CCR, serum creatinine/serum
cystatin C ratio; ROC, receiver operating characteristic; SI, sarcopenia index.
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independently associated with a higher risk of mortality
(HR = 1.26, 95% CI: 0.97–1.66). In the validation set,
CCR-defined, SI-defined, and AWGS-defined sarcopenia
were independently associated with a higher risk of
mortality (HR = 1.75, 95% CI: 1.25–2.44; HR = 1.55, 95% CI:
1.11–2.17; and HR = 1.76, 95% CI: 1.22–2.53, respectively)
(Table 4).

Figure 4 shows the survival curves of the participants in
the sarcopenia and non-sarcopenia groups in the derivation
set (Figure 4A–C) and the validation set (Figure 4D–F). The
log-rank test indicated that, in both the derivation and valida-
tion set, the survival curve of the participants in the
CCR-defined sarcopenia group was statistically significantly
different from that of the non-sarcopenia group (Figure 4A,
P < 0.001, and Figure 4D, P = 0.004); similar results were
found for AWGS-defined sarcopenia (Figure 4C, P < 0.001,
and Figure 4F, P = 0.004). However, the survival curve of
the participants in the SI-defined sarcopenia group was not
statistically significantly different from that of the
non-sarcopenia group in both the derivation set (Figure 4B,
P = 0.100) and the validation set (Figure 4E, P = 0.090).

Discussion

Our study demonstrated that the CCR and SI were positively
correlated with muscle mass and handgrip strength in
patients with advanced NSCLC; both had a satisfactory and
comparable performance for detecting sarcopenia. More-
over, after adjusting for potential confounders, CCR-defined,
SI-defined, and AWGS-defined sarcopenia were all indepen-
dent predictors for overall survival in the validation set.
These findings indicated that both the CCR and SI could be
used as surrogate biomarkers for evaluating sarcopenia in
patients with NSCLC. However, according to the results of
the survival curves, we found that the CCR may outperform
SI in terms of predicting overall survival in patients with
NSCLC.

As a highly accessible and repeatable biomarker, the CCR
has been validated in different populations since 2015.15

Several previous studies have confirmed that the CCR is
correlated with CT-derived or dual-energy X-ray absorptiom-
etry-derived SMM30,31 and can predict sarcopenia in patients
with type 2 diabetes.32 The CCR may serve as a potentially
valuable biomarker for predicting various adverse outcomes,
such as treatment-related adverse effects,33 fractures,20

hospitalizations,19 and mortality among patients in the inten-
sive care unit.15,17 Our study findings, namely, that the CCR
was positively correlated with SMM and independently asso-
ciated with overall survival in advanced NSCLC patients, are
thus in line with previous reports.

Because being proposed as a reliable biomarker of muscle
mass in 2017 by Lien et al.,16 several studies have reportedTa
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on the association between SI and low SMM or sarcopenia. In
a retrospective study including 417 patients undergoing sur-
gery for colorectal cancer, the SI was associated with SMM
and a low SI was an independent risk factor for postoperative
complications.21 Additionally, this study showed that the cor-
relation between the SI and SMA at the level of the third lum-
bar vertebra (r = 0.537, P < 0.001) was stronger than the cor-
relation between the CCR and SMA at the third lumbar
vertebra (r = 0.469, P < 0.001).21 Recently, another
cross-sectional study recruited 182 patients with different
types of solid tumours and found a positive correlation be-
tween the SI and sarcopenia (defined as low SMI plus low
handgrip strength).22 It also showed that, in comparison with
the CCR, the SI had a stronger association with the SMA and
SMI at the third lumbar vertebra as well as with handgrip
strength.22

Our finding that the SI was positively correlated with SMM
and handgrip strength is in line with these previous findings;
however, the SI did not show a stronger association with
SMM and handgrip strength in comparison with the CCR in
our cohort. Furthermore, our study revealed that the SI was
independently associated with overall survival in advanced

NSCLC patients in the validation set; no previous studies have
addressed the potential association between the SI and sur-
vival in cancer patients. The survival curve of the participants
in the SI-defined sarcopenia group was not statistically signif-
icantly different from that of the non-sarcopenia group in our
study. Further studies are needed before a conclusion can be
drawn.

Some studies have assessed the diagnostic values of the SI
and CCR as well as proposed optimal cutoff values for
sarcopenia.21,22,34 In a previous study regarding the relation-
ship between the CCR and annual chronic obstructive pulmo-
nary disease exacerbation rates, the suggested CCR cutoff
value for predicting AWGS-defined sarcopenia was found to
be 0.71 (sensitivity: 0.85, specificity: 0.81).34 In another study
conducted among Chinese patients with colorectal cancer,
the sex-specific SI cutoff values for predicting sarcopenia
were 56.1 in men (sensitivity: 78.3%, specificity: 61.9%) and
43.7 in women (sensitivity: 76.1%, specificity: 68.4%).21 How-
ever, in this study, sarcopenia was defined by sex-specific SMI
cutoff values based on Caucasian populations; this may have
led to overestimating the prevalence of sarcopenia, hence
leading to biased results. In another study among patients

Figure 3 Decision curve analysis comparing the CCR and SI in the derivation (A) and validation (B) sets. No statistically significant difference was found
between the CCR and SI for identifying sarcopenia. CCR, serum creatinine/serum cystatin C ratio; SI, sarcopenia index.

Table 4 Univariate and multivariate cox regression models for overall survival

Univariate Analysis Multivariate Analysis Model 1 Multivariate Analysis Model 2

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

Derivation set
CCR-defined sarcopenia 1.57 1.21–2.03 0.001 1.33 1.02–1.74 0.035 1.42 1.09–1.86 0.009
SI-defined sarcopenia 1.52 1.17–1.98 0.002 1.16 0.89–1.53 0.276 1.26 0.97–1.66 0.089
AWGS-defined sarcopenia 1.79 1.35–2.38 <0.001 1.48 1.11–1.98 0.007 1.41 1.04–1.89 0.025

Validation set
CCR-defined sarcopenia 1.57 1.14–2.17 0.005 1.59 1.14–2.20 0.006 1.75 1.25–2.44 0.001
SI-defined sarcopenia 1.31 0.95–1.82 0.098 1.40 1.01–1.96 0.045 1.55 1.11–2.17 0.010
AWGS-defined sarcopenia 1.63 1.15–2.30 0.006 1.68 1.19–2.38 0.003 1.76 1.22–2.53 0.002

Abbreviations: AWGS, Asian Working Group for Sarcopenia; CCR, creatinine/cystatin C ratio; CI, confidence interval; HR, hazard ratio; SI,
sarcopenia index.
Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, histologic type, cancer stage, Charlson co-morbidity index, chemotherapy regimens, and patients who
completed at least four courses of chemotherapy.
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with advanced cancer, the proposed SI cutoff points were
56.0 in men (sensitivity: 57.5%, specificity: 87.6%) and 61.2
in women (sensitivity: 88.2%, specificity: 33.3%).22 Not sur-
prisingly, these CCR and SI cutoff values varied across studies
due to differences in study populations and various sarcope-
nia definitions across studies.

To the best of our knowledge, no studies have been con-
ducted comparing the diagnostic accuracy of the SI and
CCR. Our study showed that both the CCR and SI had AUC
values higher than or very close to 0.8 in both men and
women, indicating that the CCR and SI had a moderate to
high accuracy for predicting sarcopenia; this may be due to
statistically significant correlations with both SMM and hand-
grip strength.

In our study, AWGS-defined sarcopenia, measured using
BIA, handgrip strength, and ECOG PS, was an independent
predictor of overall survival. This finding implies that an ECOG
PS ≥ 2 can also be used to define low physical performance
when studying sarcopenia in cancer patients. However,
further relevant studies are warranted to validate this
hypothesis.

Our study has some limitations. First, this was a
single-centre study conducted among Chinese patients with
advanced NSCLC; thus, the generalizability of our results
may be limited. Well-designed prospective studies are war-
ranted to validate our findings in different ethnic populations
at risk of sarcopenia, including cancer patients, patients with
chronic obstructive pulmonary disease, and frail older adults.
If further validated in other study populations, our findings
may support CCR or SI as a convenient screening tool for sar-
copenia in both large population studies and clinical settings
because the measurement of CysC and creatinine is inexpen-
sive and routinely performed in clinical practice. However,
our study did not support CCR or SI as an outcome indicator,
such as a surrogate to detect skeletal muscle mass change in
interventional trials. Second, we defined low physical perfor-
mance as an ECOG PS ≥ 2, which is not the usual method for
assessing physical performance (e.g. measuring gait speed,
administering the Short Physical Performance Battery, or con-
ducting five-time sit-to-stand tests).23 However, the ECOG PS

is a common tool for estimating physical performance within
clinical practice worldwide.

In conclusion, the CCR and SI based on serum CysC and
creatinine had considerable and remarkably similar overall
diagnostic accuracy for sarcopenia in advanced NSCLC;
however, we found that the CCR might outperform the SI
in predicting overall survival in our study population. These
findings imply that both the CCR and SI can serve as
surrogate biomarkers for evaluating sarcopenia in cancer
patients; however, the CCR or SI cutoff values for detecting
sarcopenia may vary in different populations. As levels of
creatinine and CysC are commonly assessed in clinical
practice, the application of these tools may facilitate the
early detection and targeted management of sarcopenia in
patients with lung cancer.
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