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Objectives: The aim of this study was to evaluate the combined prognostic value of calf circumference (CC)
and serum albumin on mortality in patients with cancer cachexia aged �65 years.
Methods: This multicenter cohort study involved 5322 older patients in hospital with cancer cachexia. The
combined indicator of CC and albumin was defined as the calf circumference-albumin (CCA) index. Harrell’s
C index, a time-dependent receiver operating characteristic curve analysis, was used to assess the prognostic
performance of the CCA index and other indices. The optimal thresholds method was used to determine the
cutoff values of CC and albumin, and the association between the CCA index and all-cause mortality was
assessed using Kaplan-Meier analysis and Cox proportional hazard regression models.
Results: A total of 3875 men and 1447 women with a mean age of 72.0 years (range: 68.0�78.0 years) and a
mean follow-up time of 55.0 months (range: 25.0�85.0 months) were included in the study. A total of 1269
patients were classified into the low CCA index group (0 score) by the optimal thresholds method. In the overall
population, the CCA index showed better differentiating power at predicting mortality in older patients with can-
cer cachexia compared with CC or albumin alone (C index = 0.639; 95% CI: 0.612�0.666; P < 0.05). The time-
dependent receiver operating characteristic curve showed that the CCA index had the highest prognostic value of
all the measures studied (P < 0.05). In the overall population, male and female patients with a high CCA index (2
score) showed better performance than those with a low CCA index (0 or 1 score).
Conclusions: The CCA index could significantly predict the mortality of older patients with cancer cachexia,
which might provide renewed assistance for future clinical management.
© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar

technologies.
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Introduction

Cachexia is a multifactorial syndrome characterized by persis-
tent loss of skeletal muscle mass (with or without loss of fat mass)
that cannot be fully reversed with conventional nutritional sup-
port, leading to poor outcomes [1]. According to the World Health
Organization, in 2020, there were approximately 10 million deaths
as a result of different types of cancers—nearly one in six all-cause
deaths. Cachexia has a high incidence and is associated with more
than 50% of patients with cancer [2]. In China, approximately 37%
of patients with cancer suffer from cachexia, and the top three can-
cers with a high prevalence rate include pancreatic cancer (62.8%),
gastric cancer (56.4%), and esophageal cancer (51.8%). Prevalence
in men is higher than in women (40.5% versus 32.7%), and the
prevalence of cachexia is highest overall in northwest China
(50.4%) [3].

Throughout the world, aging is an inevitable problem. Cancer
and cancer cachexia are more likely to co-occur in individuals over
65 years of age, leading to increased morbidity and mortality.
Thus, in this population mortality is higher than in patients with
cancer in general [4], and cancer cachexia has been found in
approximately 65% of older patients in studies [5]. The association
between cachexia and cancers may be due to the fact that cachexia
is always diagnosed at an advanced stage of cancer. It is related to
the decline of food and nutrient intake, digestion and absorption
ability, and is difficult to cure. Relevant studies have shown that
cancer cachexia has a relatively high incidence at the end of any
type of cancer [6]. If a new method could be developed to detect
patients with cancer cachexia earlier, before the cancer progresses,
it may be possible to improve the prognosis of patients with cancer
and improve survival rates. Therefore, there is an urgent need to
determine new indicators for predicting the prognosis of patients
with cancer cachexia.

Malnutrition is very common in older patients with cancer [7],
and all patients with cancer cachexia suffer from malnutrition
[8,9]. The Asian Working Group for Sarcopenia added calf circum-
ference (CC) to the diagnostic criteria for sarcopenia in 2019 [10]
as the high success of CC in detecting lean body mass and sarcope-
nia of the extremities was confirmed. In Asian populations CC is
positively associated with skeletal muscle mass and skeletal mus-
cle index in the extremities, and could be used as a proxy for mus-
cle mass in the diagnosis of sarcopenia [11�13].

Increased systemic inflammation is associated with frailty in
the elderly, which in turn leads to increased mortality [14]. In
patients with cancer cachexia, albumin levels are inversely associ-
ated with 1-year mortality, which could be an independent protec-
tive factor [15]. Albumin is an important marker of inflammation
among many serum markers in aged populations [16]. Albumin is
also included in many inflammatory indicators, such as the prog-
nostic nutritional index (PNI) [17], nutritional risk index (NRI) [18],
albumin-globulin ratio (AGR) [19], controlling nutritional status
(CONUT) [20], and the C-reactive protein�albumin�lymphocyte
(CALLY) index [21]. Inflammation and nutrition status affect the
incidence and prognosis of cancer [22]; therefore, it is important to
screen out appropriate prognostic indicators in patients with can-
cer, such as the combination of handgrip strength (HGS) and the
cachexia index (CXI) [23], as well as the combination of triceps
skinfold (TSF) and albumin measurements to form a new indicator,
the triceps skinfold-albumin index [24]. From these studies, these
combined indices may have better prognostic value.

The aged are one of the most vulnerable groups, and there are
many problems related to nutrition and sarcopenia, which in turn
aggravate diseases associated with cancer cachexia in the elderly,
leading to complications in this population [25]. CC is associated
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with survival rates of older patients, and albumin is an inflamma-
tory marker in patients with cancer. However, the prognostic value
of the combination of the two in older patients with cancer
cachexia remains to be explored. The aim of this study was to eval-
uate the combined prognostic value of CC and serum albumin on
mortality in patients aged �65 years with cancer cachexia.

Methods

Study design and population

The Investigation on Nutrition Status and its Clinical
Outcome of Common Cancers (INSCOC) project was a hospital-
based, multicenter, observational cohort study (chictr.org.cn,
ChiCTR1800020329). Complete information on this project has
been described in detail in previous articles. INSCOC enrolled more
than 50 000 patients with cancer from more than 100 hospitals in
more than 100 districts from 2013 to 2020. Once the patients were
enrolled, they would be followed up. Informed consent was signed
prior to inclusion and the study was approved by institutional
review boards at all study sites. This study conformed to the Decla-
ration of Helsinki and all data were analyzed anonymously. In our
study we included patients older than 65 years of age who were
followed up at least once and excluded others without critical data
such as CC, albumin, and so on. Finally, 5322 patients were enrolled
in the study, as shown in Figure S1.

Data acquisition

The researchers collected the following information by inter-
view and physical examination within the first 48 hours of admis-
sion: gender, age, smoking status, alcohol status, family history,
diabetes status, hypertension status, tumor, node, metastasis
(TNM) stage, Karnofsky performance status (KPS) score, scored
patient-generated subjective global assessment (PG-SGA) [26],
Nutritional Risk Screening 2002 (NRS2002) [27], CC (left), albumin,
mid-arm circumference (MAC), TSF, body mass index (BMI), HGS,
mid-arm muscle circumference (MAMC), weight loss in 6 months,
and other significant information.

Based on Chinese standards, BMI was divided into four catego-
ries: underweight (<18.5 kg/m2), normal (18.5 to <24 kg/m2),
overweight (24 to <28 kg/m2), or obese (�28 kg/m2) [28]. The PG-
SGA score was also divided into four categories: 1 (0�1), 2 (2�3), 3
(4�8), and 4 (�9). For the NRS2002 score, the higher the score, the
worse the survival status.

Some information was collected by browsing the electronic
medical record system. Biochemical test indices were measured
within 48 h after admission using serum to measure albumin,
prealbumin, total protein, creatinine, urea nitrogen, total bilirubin,
C-reactive protein, total cholesterol, blood sugar, high- and low-
density lipoprotein cholesterol, hemoglobin, leukocytes, neutro-
phils, platelets, etc. During CC measurement, the person being
examined was placed in a sitting position with their knees and
hips bent 90 degrees and feet naturally on the ground. Trained
investigators placed a tape around the calf to obtain the maximum
circumference twice and this was averaged. Patients with calf
edema were excluded to ensure accuracy [29].

Follow-up and main outcome

The researchers followed up annually by telephone interviews
or face-to-face communication to collect the survival status of
patients with cancer cachexia. For this study, the main outcome
was all-cause mortality at any time after enrollment. The overall
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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survival (OS) time was calculated as the time from first admission
to the date of death or the last valid follow-up, or April 2020.

Definition of cancer cachexia

Three diagnostic criteria exist for cancer cachexia [1]: weight
loss >5% over the past 6 months (in the absence of simple starva-
tion); or BMI <20 kg/m2 and any degree of weight loss >2%; or
mid-upper�arm muscle area by anthropometry (<5th percentile;
men <23.25 cm2, women <18.75 cm2); and any degree of weight
loss >2%. Mid-upper�arm muscle area was used as a simple
screening tool to diagnose skeletal muscle mass index, especially
in men with sarcopenia, and was calculated by the following
method: mid-upper�arm muscle area (cm2) = (MAC (cm) -
(3.14 £ TSF (cm))2/(4 £ 3.14) [30].

Definition and grouping of the CCA index

First, using the optimal thresholds methods, CC and albumin
were divided into two categories by gender, respectively. In this
study focusing on the calf circumference-albumin (CCA) index,
we combined the left CC level and albumin level, as the difference
between the left CC and right CC was statistically significant. The
optimal thresholds method was widely used for the continuous
factor for OS.

Statistical analysis

First, univariate Cox regression analysis was used to analyze all
variables and corresponding P values were obtained. Variables
with P < 0.05 were included from multivariate Cox regression
analysis to obtain meaningful variables. Because of the large num-
ber of variables and severe collinearity among variables, least abso-
lute shrinkage and selection operator (LASSO) processing was
performed to eliminate variables with severe collinearity and
incorporate qualified variables into the model for subsequent anal-
ysis (Fig. S2A, B). The optimal thresholds method was used to
determine the cutoff values of CC and albumin in males and
females, respectively. After this, the population was divided into
four groups: CC low, CC high, albumin low, and albumin high. Each
group was assigned a low level of 0 and a high level of 1, combining
the CC and albumin to form a combined indicator, the CCA index.
Based on the CCA index, the population was divided into three
groups: 0 (low CC and low albumin), 1 (low CC and high albumin,
or high CC and low albumin), and 2 score (high CC and high albu-
min). The baseline characteristics of the population were analyzed
according to the groups. Harrell’s C index was used to predict
the predictive ability and prognosis value of the CCA index in the
population and this was compared with other prognostic indices
such as PNI, NRI, and SII. Note that NRI = (1.519 £ serum albumin,
g/L) + (41.7 £ present); PNI = 10 £ serum albumin (g/dL) + 0.005 £
total lymphocyte count (mm3); and SII = peripheral
platelet £ neutrophil/lymphocyte counts [31]. The ability of the
CCA index to determine prognosis was compared and evaluated by
calculating the C index (calculated using R software, version 4.3.1)
and the receiver operating characteristic (ROC) curve. The time-
dependent C index improves its robustness through self-service
cross-validation of 1000 samples and 10 iterations of 10-fold
cross-validation. Kaplan-Meier curve analysis was used to analyze
population, total population, male, female, patients with colorectal
cancer, lung cancer, gastric cancer, and esophageal cancer groups.

All of the above analyses were performed using R software,
version 4.3.1.
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Results

Cohort overview

Among the 33 614 patients investigated, 5322 elderly patients
with cancer cachexia were enrolled in this study (Fig. S1), of whom
1447 were female and 3875 were male. The median age of the
older patients was 72.0 years (range: 68.0�78.0 years). A total of
1903 deaths were observed during a median survival time of 55.0
months (range: 25.0�85.0 months). Cancer types with the highest
incidence included colorectal (21.0%), lung (21.0%), and gastric
(21.0%). There were 1371 (26.0%) underweight patients, 3230
(61.0%) normal-weight patients, 671 (13.0%) overweight patients,
and 50 (0.9%) obese patients. Additionally, 1338 (25.0%) patients
were at clinical stage Ⅲ and 1380 (26.0%) patients at stage Ⅳ
(Table 1).

Association of CC or albumin with OS

The results of univariate and multivariate analysis showed that
most baseline characteristics were associated with an increased
risk of death, and that CC and albumin were independent prognos-
tic factors in older patients with cancer cachexia (Table S1).

Based on the optimal thresholds method, optimal thresholds
for the CC index were determined to be 28.8 cm for females and
30.6 cm for males (Fig. 1A, C), with optimal thresholds for albu-
min determined to be 44.1 g/L for females and 36.4 g/L for males
(Fig. 1B, D). Based on these thresholds, females and males were
classified into low CC index, high CC index, low albumin, and
high albumin groups. Kaplan-Meier curves showed that the
low CC index and low albumin groups were associated with
increased mortality across both gender strata (both P < 0.001,
Fig. 2E�H).

Figure 1 shows that both low CC and low albumin were also risk
factors for the OS of older patients with cancer cachexia. Therefore,
it was possible for us to establish a joint indicator to predict the
prognostic value.

Relationship between CCA index and clinical characteristics

To determine whether the combination of CC and albumin
could potentially provide better stratification of the prognosis of
older patients with cancer cachexia, we constructed a new score
system: the CCA score. This study assigned low CC a value of 0, low
albumin a value of 0, high CC a value of 1, and high albumin a value
of 1. The CC and albumin values were then added together. Ulti-
mately, three groups emerged: a 0 score group (low CC + low albu-
min), a 1 score group (low CC + high albumin or high CC + low
albumin), and a 2 score group (high CC + high albumin).

Most characteristics were shown to be statistically significant
via the comparison of group characteristics, such as gender, age,
smoking, alcohol, TNM stages, therapy methods, KPS, total protein,
albumin, prealbumin, total bilirubin, hemoglobin, leukocytes, neu-
trophils, lymphocytes, erythrocytes, BMI, MAC, TSF, HGS, MAMC,
CC, weight loss in 6 months, cancer site, PG-SGA stage, NRS2002,
prognostic scores, and so on (all P < 0.05) (Table 1).

Prognostic value of the CCA index

Harrell’s C index of the CCA index was statistically compared
with those calculated for albumin, CC, NRS2002, PG-SGA, TSF,
BMI, NRI, PNI, SII in the overall population, sex, and patient
score of 0, 1, or 2. The results showed that the CCA index had
the highest prognostic value in the overall population, with a C
 Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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Table 1
Baseline characteristics of the study population

Characteristic Overall (n = 5322) Calf circumference-albumin index P value

0 score (n = 1269) 1 score (n = 2395) 2 score (n = 1658)

Gender, n (%) <0.001
Male 3875 (72.8) 853 (67.2) 1520 (63.5) 1502 (90.6)
Female 1447 (27.2) 416 (32.8) 875 (36.5) 156 (9.4)
Age (years) 72.0 (68.0�78.0) 74.0 (69.0�79.0) 72.0 (68.0�78.0) 71.0 (68.0,76.0) <0.001
Family history, yes, n (%) 620 (12.0) 131 (10.0) 257 (11.0) 232 (14.0) 0.002
Smoking, yes, n (%) 2894 (54.0) 661 (52.0) 1148 (48.0) 1085 (65.0) <0.001
Alcohol, yes, n (%) 1422 (27.0) 311 (25.0) 564 (24.0) 547 (33.0) <0.001
TNM stage, n (%) <0.001
Ⅰ 382 (7.2) 60 (4.7) 168 (7.0) 154 (9.3)
Ⅱ 884 (17.0) 158 (12) 387 (16) 339 (20)
Ⅲ 1338 (25.0) 308 (24) 618 (26) 412 (25)
Ⅳ 1380 (26.0) 390 (31) 608 (25) 382 (23)
Operation, yes, n (%) 1974 (37.0) 384 (30.0) 916 (38.0) 674 (41.0) <0.001
Radiation or chemotherapy, yes, n (%) 2256 (42.0) 537 (42.0) 1013 (42.0) 706 (43.0) 0.982
KPS 90.0 (80.0�90.0) 80.0 (70.0�90.0) 90.0 (80.0�90.0) 90.0 (80.0�90.0) <0.001
Total protein (g/L) 66.9 (61.7�72.0) 62.7 (57.7�67.9) 66.3 (61.1�71.4) 70.1 (66.1�74.6) <0.001
Albumin (g/L) 37.5 (33.8�41.1) 33.3 (30.2�35.6) 36.7 (33.4�40.0) 41.1 (38.8�44.0) <0.001
Prealbumin (mg/L) 61.0 (0.0�188.9) 29.0 (0.0�141.1) 68.0 (0.0�185.0) 100.0 (0.0�224.0) <0.001
Hemoglobin (g/L) 118.0 (103.3�132.0) 106.0 (92.0�120.0) 116.0 (103.6�128.0) 129.0 (116.0�141.0) <0.001
Leukocyte (*109/L) 5.9 (4.6�7.8) 6.2 (4.6�8.7) 5.8 (4.5�7.6) 5.9 (4.7�7.4) <0.001
Neutrophil (*109/L) 3.9 (2.7�5.7) 4.4 (2.8�6.9) 3.8 (2.6�5.7) 3.6 (2.7�5.1) <0.001
Lymphocyte (*109/L) 1.3 (1.0�1.8) 1.2 (0.8�1.7) 1.3 (1.0�1.8) 1.4 (1.1�1.9) <0.001
Erythrocyte (*1012/L) 4.0 (3.5�4.4) 3.7 (3.2�4.1) 3.9 (3.5�4.3) 4.3 (3.9�4.7) <0.001
Platelet (*109/L) 211.0 (156.0�273.3) 223.0 (158.0�295.0) 211.0 (155.0�277.0) 204.0 (156.0�255.0) <0.001
BMI category, n (%) <0.001
Underweight (<18.5 kg/m2) 1371 (26.0) 700 (55) 535 (22) 136 (8.2)
Normal (18.5�23.9 kg/m2) 3230 (61.0) 534 (42) 1559 (65) 1137 (69)
Overweight (24�27.9 kg/m2) 671 (13.0) 33 (2.6) 284 (12) 354 (21)
Obesity (�28 kg/m2) 50 (0.9) 2 (0.2) 17 (0.7) 31 (1.9)
MAC (cm) 24.5 (3.3) 22.1 (3.2) 24.9 (3.3) 26.3 (3.5) <0.001
TSF (cm) 10.0 (6.1) 8.9 (5.5) 11.2 (6.6) 11.6 (6.3) <0.001
HGS (kg) 23.0 (9.7) 19.0 (8.0) 23.0 (10.0) 28.0 (11.0) <0.001
MAMC (cm) 21.4 (2.7) 27.5 (2.4) 31.4 (3.3) 33.7 (2.5) <0.001
CC (cm) 31.0 (3.2) 19.3 (3.1) 21.3 (3.2) 22.6 (3.4) <0.001
Cancer site, n (%) <0.001
Nasopharynx 164 (3.1) 47 (3.7) 58 (2.4) 59 (3.6)
Esophagus 944 (18.0) 212 (17) 391 (16) 341 (21)
Stomach 1107 (21.0) 283 (22) 467 (19) 357 (22)
Colorectum 1133 (21.0) 205 (16) 534 (22) 394 (24)
Liver 225 (4.2) 72 (5.7) 110 (4.6) 43 (2.6)
Pancreas 130 (2.4) 38 (3.0) 61 (2.5) 31 (1.9)
Lung 1094 (21.0) 283 (22) 472 (20) 339 (20)
Breast 101 (1.9) 16 (1.3) 67 (2.8) 18 (1.1)
Gynecological cancer 135 (2.5) 22 (1.7) 97 (4.0) 16 (0.9)
Other cancer 206 (3.9) 53 (4.2) 94 (3.9) 59 (3.6)
PG-SGA, n (%) <0.001
0�1 108 (2.0) 14 (1.1) 52 (2.2) 42 (2.5)
2�3 491 (9.2) 37 (2.9) 225 (9.4) 229 (14)
4�8 1829 (34.0) 299 (24) 814 (34) 716 (43)
�9 2894 (54.0) 919 (72) 1304 (54) 671 (40)
NRS2002, n (%) <0.001
1 751 (14.0) 81 (6.4) 344 (14.0) 326 (20)
2 908 (17.0) 121 (9.5) 445 (19) 342 (21)
3 775 (15.0) 136 (11) 365 (15) 274 (17)
4 1737 (33.0) 549 (43) 758 (32) 430 (26)
5 758 (14.0) 306 (24) 310 (13) 142 (8.6)
6 55 (1.0) 24 (1.9) 26 (1.1) 5 (0.3)
Prognostic indices
PNI 3757.6 (3391.0�4121.5) 3339.3 (3029.4�3573.8) 3673.5 (3353.4�4007.4) 4122.9 (3892.2�4405.6) <0.001
NRI 98.7 (93.0�104.1) 92.1 (87.4�95.8) 97.4 (92.4�102.5) 104.1 (100.6�108.5) <0.001
SII 588.0 (317.0�1129.9) 804.9 (375.6�1639.7) 580.0 (306.4�1120.1) 509.4 (284.9�863.1) <0.001
Cost (10000CNY) 1.9 (1.0�4.9) 1.9 (1.0�4.8) 1.9 (1.0�4.7) 1.8 (0.9�5.4) 0.401

Abbreviations: BMI, body mass index; CC, calf circumference; CNY, Chinese Yuan; HGS, hand grip strength; KPS, Karnofsky Performance Status; MAC, mid-arm circumference;
MAMC, mid-arm muscle circumference; NRI, the nutritional risk index; NRS 2002, Nutritional Risk Screening 2002 score; PG-SGA, Patient-Generated Subjective Global
Assessment score; PNI, prognostic nutritional index; SII, systemic immune-inflammation index; TNM, tumor, node, metastasis; TSF, triceps skinfold thickness.
Data are represented as median (25th percentile, 75th percentile) or number (percentage).
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index of 0.639 (95% CI: 0.612�0.666) compared with albumin
(0.567; 95% CI: 0.553�0.581), CC (0.519; 95% CI: 0.505�0.533),
NRS2002 (0.551; 95% CI: 0.537�0.565), PG-SGA (0.569; 95% CI:
0.555�0.583), TSF (0.527; 95% CI: 0.513�0.541), BMI (0.521;
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library
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95% CI: 0.507�0.535), NRI (0.567; 95% CI: 0.553�0.581), PNI
(0.567; 95% CI: 0.553�0.581), and SII (0.536; 95% CI:
0.522�0.550) (all P < 0.001) (Table 2). In the sex-specific analy-
sis, the CCA index showed a higher prognostic value than
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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Figure 1. (A) Cutoff value of CC in females. (B) Kaplan-Meier curves of CC in females. (C) Cutoff value of albumin in females. (D) Kaplan-Meier curves of albumin in
females. (E) Cutoff value of CC in males. (F) Kaplan-Meier curves of CC in males. (G) Cutoff value of albumin in males. (H) Kaplan-Meier curves of albumin in males.
CC, calf circumference.
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albumin, CC, NRS2002, PG-SGA, TSF, BMI, NRI, PNI, and SII
(Fig. 2). Additionally, the CCA index had the best prognostic
value in the patients with a score of 0 (0.597; 95% CI:
0.572�0.622), 1 (0.611; 95% CI: 0.591�0.631), and 2 (0.608; 95%
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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CI: 0.581�0.635). Other evaluated parameters had lower C index
values than the CCA index. This was repeated in males and
females, respectively, and consistent results were obtained in
the other three groups.
 Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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Figure 2. Time-dependent C index. (A) Time-dependent C index curves in the overall population. (B) Time-dependent C index in men. (C) Time-dependent C index curves in
women. (D) Time-dependent C index at 0 score. (E) Time-dependent C index curves at 1 score. (F) Time-dependent C index curves at 2 score. BMI, body mass index; CC, calf
circumference; CCA, calf circumference-albumin index; NRI, nutritional risk index; NRS 2002, Nutritional Risk Screening 2002 score; PG-SGA, Patient-Generated Subjective
Global Assessment score; PNI, prognostic nutritional index; SII, systemic immune-inflammation index; TSF, triceps skinfold thickness
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Kaplan-Meier and ROC curve analysis

As shown in Figure S3, in the overall population (Fig. S3A) and
among males (Fig. S3B), females (Fig. S3C), and patients with scores
of 0 (Fig. S3D), 1 (Fig. S3E), and 2 (Fig. S3F), the CCA index showed
the highest values, revealing that the CCA index was a better pre-
dictor of older patients with cancer cachexia, respectively. The ROC
values of the CCA index were higher than albumin, CC, NRS2002,
PG-SGA, NRI, PNI, and SII values across the various subgroups.

Kaplan-Meier curves demonstrated that patients with a lower
CCA index had a poorer OS than those in the higher CCA index
group in the overall population (P < 0.001). Additionally, we repli-
cated this analysis in different groups. The results show that the
Table 2
Discrimination performance of the CCA index compared with albumin, CC, NRS2002, PG-S

Index Harrell’s C ind

Overall (n = 5322) Female (n = 1447) Male (n = 3875)

CCA 0.639 (0.612�0.666) 0.590 (0.563�0.617) 0.620 (0.604-0.636)
Albumin 0.567 (0.553�0.581) 0.572 (0.545�0.599) 0.563 (0.547�0.579)
CC 0.519 (0.505�0.533) 0.538 (0.511�0.565) 0.518 (0.502�0.534)
NRS2002 0.551 (0.537�0.565) 0.541 (0.512�0.570) 0.554 (0.538�0.570)
PG-SGA 0.569 (0.555�0.583) 0.553 (0.524�0.582) 0.574 (0.558�0.590)
TSF 0.527 (0.513�0.541) 0.521 (0.492�0.550) 0.524 (0.508�0.540)
BMI 0.521 (0.507�0.535) 0.533 (0.504�0.562) 0.517 (0.501�0.533)
NRI 0.567 (0.553�0.581) 0.572 (0.545�0.599) 0.563 (0.547�0.578)
PNI 0.567 (0.553�0.581) 0.571 (0.544�0.598) 0.564 (0.548�0.580)
SII 0.536 (0.522�0.550) 0.456 (0.427�0.485) 0.532 (0.516�0.548)

BMI, body mass index; CC, calf circumference; CCA, calf circumference-albumin index; N
Patient-Generated Subjective Global Assessment score; PNI, prognostic nutritional index;
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association observed in the overall population was similar between
males and females, as well as those with lung cancer, colorectal
cancer, gastric cancer, and other cancers (Figs. 3 and S4; all
P < 0.05).

Association between CCA index and hazard ratio for mortality of
patients with cancer cachexia and sensitivity analysis

The results of the Cox proportional risk model analysis are
shown in Table 3. In this study, the CCA index was an indepen-
dently protective factor. Thus, we used the group with the highest
score as the reference to explore the risk of mortality in the lower
score group, which is clearer and easier to understand. After
GA, TSF, BMI, NRI, PNI, and SII

ex (95% CI) P value

0 score (n = 1269) 1 score (n = 2395) 2 score (n = 1658)

0.597 (0.572�0.622) 0.611 (0.591�0.631) 0.608 (0.581�0.635) <0.001
0.546 (0.519�0.573) 0.552 (0.530�0.574) 0.541 (0.514�0.568) <0.001
0.487 (0.460�0.514) 0.520 (0.498�0.542) 0.525 (0.498�0.552) <0.001
0.536 (0.511�0.561) 0.537 (0.515�0.559) 0.544 (0.517�0.571) <0.001
0.571 (0.546�0.596) 0.554 (0.532�0.576) 0.551 (0.524�0.578) <0.001
0.530 (0.505�0.555) 0.518 (0.496�0.540) 0.507 (0.480�0.534) <0.001
0.503 (0.478�0.528) 0.501 (0.479�0.523) 0.494 (0.467�0.521) <0.001
0.544 (0.517�0.571) 0.552 (0.530�0.574) 0.541 (0.514�0.568) <0.001
0.545 (0.518�0.572) 0.553 (0.533�0.573) 0.543 (0.516�0.570) <0.001
0.524 (0.497�0.551) 0.464 (0.444�0.484) 0.472 (0.447�0.497) <0.001

RI, nutritional risk index; NRS 2002, Nutritional Risk Screening 2002 score; PG-SGA,
SII, systemic immune-inflammation index; TSF, triceps skinfold thickness.
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Figure 3. Analysis of the association of the calf circumference-albumin index with survival. (A) Kaplan-Meier curves in the overall population. (B) Kaplan-Meier curves in
men. (C) Kaplan-Meier curves in women.
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adjusting for sex, age, smoking, and other factors in Model 2, the
lowest CCA score in the overall population was independently
associated with an increased risk of death (hazard ratio
[HR] = 1.553; 95% CI: 1.364�1.770). Consistent results were
observed in males (HR = 1.478; 95% CI: 1.278�1.708) and females
(HR = 2.233; 95% CI: 1.520�3.283), respectively. The sensitivity
analysis, which excluded OS of less than 3 months, showed a con-
sistent outcome.

Discussion

With a sample size of 5322 individuals (Fig. S1), this study was a
multicenter, large-scale, multi-hospital study of patients over
65 years of age. Based on evidence from previous studies and this
study, a joint indicator of the CCA index was proposed and its
important prognostic value was confirmed in older patients with
cancer cachexia. This study is the first to combine CC and albumin
to evaluate the prognosis of older patients with cancer cachexia.
Regarding this combined indicator, CC represents the muscle mass
of older patients with cancer cachexia, and albumin partly provides
information on inflammation and nutrition. Compared with a
higher CCA index, a lower CCA index was associated with advanced
TNM stage, long hospital stays, and shorter survival time. Com-
pared with CC, albumin, PG-SGA, NRS2002, PNI, NRI, and SII, the
Table 3
Association between CCA and HR for mortality of patients with cancer cachexia and sensi

CCA Overall population (n = 5322),
HR (95% CI)

Model 0* HR (95% CI) P value Model 1y HR (95% CI)

Overall 2 Score Ref. Ref.
1 Score 1.243 (1.112�1.389) <0.001 1.302 (1.162�1.460)
0 Score 1.584 (1.403�1.788) <0.001 1.616 (1.427�1.830)

Male 2 Score Ref. Ref.
1 Score 1.331 (1.179�1.503) <0.001 1.312 (1.161�1.483)
0 Score 1.542 (1.346�1.767) <0.001 1.508 (1.315�1.730)

Female 2 Score Ref. Ref.
1 Score 1.647 (1.147�2.395) <0.001 1.605 (1.110�2.321)
0 Score 2.558 (1.756�2.727) <0.001 2.346 (1.604�3.430)

CCA, calf circumference-albumin index; CI, confidence interval; PNI, prognostic nutritiona
*Model 0 is the unadjusted crude model.
yModel 1 is adjusted by gender and age.
zModel 2 is adjusted by gender, age, smoking, prealbumin, C-reactive protein, weight loss
xModel 3 is adjusted for all covariates in Model 3, but excludes patients that died within t
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CCA index had the best prognostic value and was able to predict
patient outcomes in both the population as a whole and in male
and female, and 0, 1, and 2 score groups. The lowest CCA score in
the overall population was independently associated with an
increased risk of death (Table 3).

This study used the method of optimal thresholds to obtain CC
and albumin cutoff values in males and females, respectively,
which can have certain implications for subsequent research. A
previous study showed that higher CC predicted better survival
outcomes for older patients with cancer cachexia [32]. Some stud-
ies also showed that CC played an important role in patients with
cancer cachexia, which can reduce mortality [33,34]. However, the
standard method of measuring human muscle mass was too com-
plex. Under limited clinical conditions, more and more studies are
using CC as a measure of human skeletal muscle and cancer
cachexia [35]. Some studies have also demonstrated that albumin
could predict the mortality of older patients with cancer cachexia
[36,37]. Systemic inflammation affects the metabolic process of
proteins in the liver, stimulates the production of inflammatory
substances, increases protein content in the acute phase, reduces
the synthesis of albumin, and increases the degradation of albu-
min, ultimately leading to a decline in albumin content [38]. In an
inflammatory state protein synthesis is inhibited, which activates
proteolysis and sarcopenia [39]. Albumin can reflect the immune
tivity analysis

Sensitivity analysis
(n = 5156), HR (95% CI)

P value Model 2z HR (95% CI) P value Model 3x HR (95% CI) P value

Ref. Ref.
<0.001 1.252 (1.115�1.406) <0.001 1.199 (1.063�1.352) 0.003
<0.001 1.553 (1.364-1.770) <0.001 1.483 (1.296�1.698) <0.001

Ref. Ref.
<0.001 1.264 (1.115�1.432) <0.001 1.206 (1.059�1.374) 0.005
<0.001 1.478 (1.278�1.708) <0.001 1.397 (1.202�1.6 24) <0.001

Ref. Ref.
0.012 1.558 (1.077�2.256) 0.019 1.521 (1.044�2.217) 0.029

<0.001 2.233 (1.520�3.283) <0.001 2.198 (1.485�3.256) <0.001

l index; TSF, triceps skinfold thickness.

in 6 months, age over 70 years.
he first 3 months after enrollment.
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status of the body through CD8+ cells. Studies have shown that,
compared with a low level of albumin, a high level of albumin can
inhibit distant metastasis of non-small-cell lung cancer and pro-
mote improvements in prognosis [40].

The combined index may have a better prognostic value. In this
study on older patients with cancer cachexia, CCA had the highest
C index (0.639; 95% CI: 0.612�0.666) compared with CC, albumin,
PNI, NRI, and SII. Similar conclusions were reached in other studies
on patients with cancer cachexia; for example, the triceps skin-
fold-albumin index showed a better discriminative performance to
predict all-cause mortality than TSF or albumin alone [24]. Addi-
tionally, AGR, compared with other malnutrition evaluation tools,
was able to effectively stratify the prognosis of patients with can-
cer cachexia [41]. In older patients, such as the combination of CC
and albumin [42], the combination of Framingham Risk Score and
CC, both combined indicators could better predict the all-cause
mortality [29]. In patients with lung cancer, the prognostic indica-
tor advanced lung cancer inflammation index was superior to
other inflammation/nutrition-based indicators [31]. The CALLY
index was independently associated with OS in patients with colo-
rectal cancer and showed higher prognostic than classical factors
[21]. The combination of CC and SII was also able to predict better
prognostic value [43]. SII is an independent prognostic factor for
patients with cancer and cardiovascular disease, and is signifi-
cantly associated with the risk of death [17]. All of these studies
showed that combined indices had better prognostic values than a
single index. In this study, we found that a lower CCA index was
associated with worse clinical outcomes, which may also suggest
that CCA is a better prognostic factor in older patients with cancer
cachexia.

Our study still has some limitations. First, the study selected
older patients with cancer cachexia, so the results may vary among
all patients with cancer and may not be applicable to all popula-
tions. Second, other clinical indicators related to inflammation
were not measured, which may be confounding factors in this
study. The study only included Asian populations, and the impact
of the CCA index on prognosis needs to be reassessed while trialing
this method in other ethnic groups, such as American or African
individuals, due to differences in body composition between Asian
and Western populations [10]. The C index showed that the high-
est CCA index value was 0.639, and other evaluated parameters
also had lowers Harrel’s C index values, which could be related to
an insufficient sample size. Another explanation may be that the C
index in this study analyzed a single indicator without considering
other factors. Additionally, CC and albumin were measured only at
admission, and more frequent assessment could more accurately
predict prognosis in older patients with cancer cachexia. However,
measurement of CC is more convenient, simple, non-invasive, and
easy to accept, and cannot be replaced by machine inspection. It
has a wide range of applications and is very easy to achieve in gen-
eral hospitals and medical institutions. The value of CC may change
in the course of disease progression in older patients with cancer
cachexia, and timely monitoring is needed to evaluate prognostic
benefits and outcomes accordingly. In future, it would be necessary
to develop more convenient, faster, and accurate indicators that
can reflect signs of obesity and muscle mass in patients to evaluate
their cancer prognosis. In this study, due to the large number of
research factors the model was adjusted during LASSO analysis
and the variables with serious collinearity removed to make the
results more accurate. INSCOC covered a multicenter, wide-rang-
ing, and geographically representative cohort in China, which
includes more than 100 territories across the country, and had a
degree of generality; this study suggested that the CCA index as a
combined indicator is of practical significance.
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In summary, this study defines a new joint indicator, the CCA
index, which combines information from two indicators, namely
CC and albumin. This index can effectively reflect the nutritional,
anthropometric, and inflammatory status of older patients with
cancer cachexia, and it is also related to the subsequent survival
status of patients. The CCA index is better than CC, albumin, PG-
SGA, NRS2002, NRI, PNI, and SII alone at predicting mortality in
older patients with cancer cachexia, both in the general population
and in males and females. These results suggest that the CCA index
may be a novel indicator that can provide effective prognostic
information in older patients with malignant fluid and may pro-
vide a better approach for patient management.

Conclusion

The CCA index could significantly predict the mortality of older
patients with cancer cachexia, which may provide new assistance
for future clinical management.
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