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Abstract

Background The fat mass and nutritional status play important roles in the onset and progression of cancer cachexia.
The present study evaluated the joint prognostic value of the fat mass, as indicated by the triceps skinfold thickness
(TSF), and the serum albumin level, for mortality in patients with cancer cachexia.

Methods We performed a multicentre cohort study including 5134 patients with cancer cachexia from January 2013
to April 2019. The sum of the TSF (mm) and serum albumin (g/L) was defined as the triceps skinfold—albumin index
(TA). Harrell’s C index, a time-dependent receiver operating characteristic (ROC) curve analysis and the area under the
curve (AUC) were used to evaluate the prognostic performance of the TA and other indices. Optimal stratification was
used to identify the thresholds to define a low TA, and the association of the TA with all-cause mortality was evaluated
using Kaplan—Meier analysis and Cox proportional hazard regression models.

Results The study enrolled 2408 women and 2726 men with a median age of 58.6 years and a median follow-up of
44 months. A total of 607 women (TA < 49.9) and 817 men (TA < 45.6) were classified as having a low TA. The TA
showed better discrimination performance (C index = 0.621, 95% confidence interval [CI] = 0.607-0.636) to predict
mortality in patients with cancer cachexia than the handgrip strength, the nutritional risk index, the prognostic nutri-
tional index, the controlling nutritional status index, the systemic immune-inflammation index, the modified Glasgow
prognostic score, and the TSF or albumin alone in the study population (all P < 0.05). The 1-, 3- and 5-year time-
dependent ROC analyses (AUC = 0.647, 0.625 and 0.630, respectively) showed that the TA had the highest
prognostic value among all indices investigated (all P < 0.05). Univariate analysis showed that a lower TA was
associated with an increased death hazard (hazard ratio [HR] = 1.859, 95% CI = 1.677-2.062), regardless of the
sex and cancer type. Multivariable survival analysis showed that a lower TA was independently associated with an
increased death hazard (HR = 1.381, 95% CI = 1.223-1.560). This association was significantly strengthened in
patients who did not receive curative chemotherapy (HR = 1.491, 95% CI = 1.298-1.713), those who had higher
serum total protein levels (HR = 1.469, 95% CI = 1.284-1.681) and those with better physical performance
(HR = 1.453, 95% CI = 1.271-1.662).
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Conclusions

This study defined and evaluated a new prognostic index, the TA, which may improve the selection of

intervention strategies to optimize the survival of patients with cancer cachexia.
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Introduction

Cancer cachexia is a multifactorial syndrome characterized by
involuntary and ongoing skeletal muscle mass depletion with
or without loss of fat mass.> The prevalence of cachexia is
~35% in cancer patients® and can reach 80-90% in patients
with some cancer types, such as pancreatic and gastric
cancers.> Conventional nutritional intervention is generally
unable to reverse cancer cachexia and its associated progres-
sive functional impairment.! Although multimodal ap-
proaches, including those aiming to improve the systemic in-
flammation, hypercatabolic status, appetite and physical
activity of patients, have been introduced in recent years,*
there is currently no treatment that has achieved a significant
effect to tackle this refractory syndrome.” It was estimated
that 20-25% of all cancer deaths can be ascribed to
cachexia.® Therefore, elucidation of the prognostic indicators
is essential to guide the development of novel management
strategies for patients with cancer cachexia.

Malnutrition is a related pathological state that frequently
develops in oncology populations and shares many core char-
acteristics with cancer cachexia.” Thus, cancer malnutrition
and cachexia have sometimes been used synonymously in
the literature.® In the recently proposed Global Leadership
Initiative on Malnutrition (GLIM) framework for diagnosing
malnutrition, the European Society for Clinical Nutrition and
Metabolism (ESPEN) recommends the use of weight loss, a
low body mass index (BMI) and sarcopenia to define the
phenotypic dimension of malnutrition,® similar to the 2011
international consensus for diagnosing cancer cachexia.® In
addition, serum biomarkers such as albumin have been in-
cluded in other tools such as the nutritional risk index
(NRI1),*° the prognostic nutritional index (PNI)** and the con-
trolling nutritional status index (CONUT)? that are used to
assess the nutritional status of patients and to indicate the
onset and prognosis of cancer cachexia.*®

Fat mass depletion is also a major feature of both cachexia
and malnutrition in oncology populations.® A recent study
found that cachexic gastric cancer patients with low subcuta-
neous adipose tissue (SAT) showed poorer survival than
those with a high SAT,** suggesting that fat mass assessment
may provide additional prognostic value in patients with

cancer cachexia. In our previous work, we found that fat mass
assessment using the triceps skinfold thickness (TSF) has bet-
ter prognostic value than the BMI, mid-arm muscle circumfer-
ence (MAMC), mid-arm circumference (MAC) and handgrip
strength (HGS) to predict cancer survival.™ In addition, we re-
vealed that the TSF enhances the prognostic value of the
GLIM criteria-defined malnutrition in patients with lung
cancer.'® Furthermore, by using the bioelectrical impedance
analysis-derived fat mass index, we demonstrated that fat
mass assessment outperforms HGS and GLIM-defined
malnutrition in predicting cancer mortality.?” These findings
highlight the importance of including the fat mass as a
component (in addition to the conventional assessments)
for prognostic purposes in the context of both cachexia and
malnutrition for oncology populations.

However, the potential joint prognostic value of the fat
mass and a serum biomarker of cachexia/malnutrition in
Asian populations with cancer cachexia remains largely un-
known. In the present study conducted in a large, multicentre
oncology cohort, we hypothesized that integrating the TSF as
a reflection of the fat mass with the serum albumin level
would provide significant prognostic information for patients
with cancer cachexia. This information is useful to help de-
velop novel intervention strategies to optimize the survival
outcomes of cancer cachexia populations.

Methods
Study design and population

This was a hospital-based, multicentre cohort study. Patients
were enrolled from a nationwide programme, the Investiga-
tion on Nutrition Status and its Clinical Outcome of Common
Cancers (INSCOC) project, which was registered online at
https://www.chictr.org.cn (identifier: ChiCTR1800020329).
The detailed inclusion and exclusion criteria of the INSCOC
project are shown in Table SI. In accordance with these
criteria, we included 13 493 patients aged over 18 years
who were diagnosed with cancer and/or were hospitalized
for anticancer treatment from January 2013 to April 2019 at
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multiple centres in four geographical regions (east, south,
west and north) of China. We excluded 502 patients with
non-solid malignancies and 217 patients with an unclear
pathological diagnosis. This left 12 774 patients with 17 types
of cancer for analysis. A flow chart of the patient inclusion is
shown in Figure S1. The study was approved by the ethics
committees of all participating institutions, and written con-
sent forms were provided by all patients. All data were
analysed anonymously, and the principles of the Declaration
of Helsinki were followed.

Data acquisition

Within the first 48 h after admission, the following baseline
information was collected by a project-trained researcher
via a comprehensive interview and physical examination:
age, sex, smoking (active tobacco smoker), alcohol drinking
(once a week or more frequent alcohol consumption in
the past 1 year, regardless of amount), height, weight,
BMI, MAC (non-dominant arm), TSF (non-dominant arm),
HGS (non-dominant hand), calf circumference (CC, left calf),
unintentional weight loss within and beyond 6 months, the
Nutritional Risk Screening 2002 (NRS2002) score (>3 indicat-
ing nutritional risk),’® the Patient-Generated Subjective
Global Assessment (PG-SGA) score,*® the Karnofsky Perfor-
mance Status (KPS) score®® and the European Organization
for Research and Treatment of Cancer QLQ-C30 (QLQ-C30)
score.*

In the present study, the BMI was further categorized as
underweight (<18.5 kg/m?), normal (18.5 to <24 kg/m?),
overweight (24 to <28 kg/m?) or obese (>28 kg/m?) based
on the Chinese recommendations.?? The detailed procedures
and devices used to obtain the anthropometric information
(height, weight, BMI, MAC, TSF, HGS, CC and weight loss)
are shown in Table S2. The gastrointestinal symptoms of pa-
tients were extracted from the PG-SGA scale and analysed in-
dependently. For the QLQ-C30 score, the global quality of life
(QOL) scale was used, with a higher score indicating a better
overall QOL.%*

The clinical information collected during hospitalization,
including the cancer site, clinical stage, anticancer treat-
ments used, serum indices, 30-day death, length of hospital
stay, intensive care unit stay and cost were retrospectively
retrieved from electronic medical records. All serum indices
were measured at the clinical laboratories of the participat-
ing institutions using fasting blood samples drawn upon
admission.

Follow-up and main outcome

Annual follow-up was performed by a project-trained techni-
cian to obtain the survival information of each patient after

enrolment via face-to-face or telephone interviews. The all-
cause mortality was the main outcome of the present study,
and the overall survival time was calculated as the time inter-
val (months) between the first admission and the patient’s
date of death, the date of the last valid follow-up or April
2020.

Definition of cancer cachexia

Based on the 2011 international consensus described by
Fearon et al.,* cancer cachexia was retrospectively diagnosed
if the patient met one or more of the following criteria:
involuntary weight loss >5% over the past 6 months;
BMI < 18.5 kg/m? (based on the Asian standards) and any
degree of weight loss >2%; or muscle mass depletion (sarco-
penia) and any degree of weight loss >2%. Sarcopenia was
defined using the CC, based on a set of validated Asian
thresholds (male <30 cm or female <29 cm).?®

Definition and grouping of the triceps skinfold—
albumin index

The triceps skinfold—albumin index (TA) was defined as fol-
lows: TA = triceps skinfold thickness (mm) + albumin (g/L).
We stratified the TA-related analyses by sex because the
TSF differs by sex in terms of both the data distribution and
prognostic value in patients with cancer.® We also catego-
rized the continuous TA as a dichotomous variable to define
the low (< cutoff) and normal (> cutoff) groups using the op-
timal stratification (OS)-defined thresholds for each gender.
The OS method selects the threshold for a continuous factor
by maximizing the between-group log-rank statistic for the
overall survival and has been widely used in prognosis
studies.*®

Statistical analysis

Continuous data are shown as the medians [25th percentile,
75th percentile] and were compared using a nonparametric
Wilcoxon’s rank-sum test. Categorical data were expressed
as numbers (percentages) and compared using a )(2 test.
Overall and group-specific distributions of the TA were visual-
ized using a box plot. The two-variable correlation was
assessed using Spearman’s rank correlation analysis. Because
prognostic indices, such as the geriatric nutrition risk index,
can predict the prognosis of cancer cachexia,'® we also
calculated the baseline NRI, PNI, CONUT, systemic
immune-inflammation index (SIl) and modified Glasgow
prognostic score (MGPS) to compare their prognostic value
with the TA according to the following approaches:
NRI = (1.519 x serum albumin, g/L) + (41.7 x present
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weight/usual weight); PNl = 10 x serum albumin (g/
dL) + 0.005 x total lymphocyte count (mm?3); SIl = peripheral
platelet x neutrophil/lymphocyte counts**; and CONUT in-
cludes the serum albumin level, total lymphocyte counts
and serum total cholesterol level. The detailed scoring
method used by the CONUT has been described previously®*;
mMGPS includes the serum C-reactive protein level and albu-
min level. The detailed scoring method used by the mGPS
has been described previously.?* Harrell's C index,?® inte-
grated discrimination improvement (IDI),?® continuous net
reclassification improvement (cNRI)?” and time-dependent
receiver operating characteristic (ROC) curve estimation were
calculated to evaluate and compare the discrimination per-
formance of the prognostic indices. The calculation of C index
implemented 1000 iterations of bootstrap resampling (R
package ‘boot’), and the IDI and cNRI were adjusted with
1000 iterations of perturbation resampling (R package
‘survIDINRI’) to obtain unbiased estimates. The time-
dependent C index was calculated and visualized every
month within a 5-year interval, following a 1000-sample
bootstrap cross-validation and 10 iterations of 10-fold cross-
validation to improve robustness, respectively.

A restricted cubic spline (RCS) was used to flexibly analyse
the potential nonlinear associations of the continuous TA
with sex-specific survival. The associations between the TA
categories and survival were evaluated using Kaplan—Meier
curves and log-rank tests. The univariate Kaplan—Meier anal-
ysis was also stratified in different sex and cancer-type sub-
groups. Multivariable-adjusted Cox proportional hazards
models were used, and hazard ratios (HRs) with 95% confi-
dence intervals (Cls) were calculated to estimate the associa-
tion between the TA and mortality. Kaplan—Meier curves and
the Schoenfeld individual test were used to visually and sta-
tistically estimate the proportional hazards assumption for
each covariate adjusted.

Incremental models with increasing numbers of covariates
were created. A dual-direction stepwise method based on
the Bayesian information criterion (BIC) was used to help
select the significant covariates. Model 0 was an unadjusted
crude model. Model 1 was adjusted for the age at baseline
and sex. Model 2 was adjusted for age, sex and the BIC-
screened independent predictors, including the tumour
stage, radical surgery, curative chemotherapy, HGS, total
protein level, the PG-SGA score and cancer type. Model 3
was adjusted for all variables in Model 2, plus the
prealbumin level, CC, NRS2002 score, KPS score and the
global QOL score.

Because the majority of patients in the study population
had advanced or metastatic cancer (n = 3450, 67.2%), sensi-
tivity analyses were performed to test the robustness of the
multivariate Cox regression models by excluding the patients
who died within the first 3 months (n of deaths = 275, 18%)
after enrolment to maximize statistical power (Model 4).
Subgroup analyses were performed in different strata of

the adjusting variables to evaluate whether there was mod-
ification of the associations observed in the overall popula-
tion and to determine whether the TA was applicable across
different subgroups. We carried out subgroup analyses
based on the patient age (<60 vs. >60 years), sex (female
vs. male), clinical stage (I to Il vs. Il to IV), radical surgery
(yes vs. no), curative chemotherapy (yes vs. no), HGS (nor-
mal vs. low, low HGS was defined as <18 kg for women or
<28 kg for men), CC (normal vs. low), total protein (<60
vs. >60 g/L), prealbumin (<200 vs. >200 mg/L), NRS2002
score (<3 vs. >3), PG-SGA score (<4 vs. >4), KPS score
(<80 vs. >80), global QOL score (<80 vs. >80) and cancer
type (lung cancer, colorectal cancer, gastric cancer, other
gastrointestinal cancers [including biliary, oesophageal, gas-
tric stromal, liver and pancreatic cancers], breast cancer
and other cancers [including lymphoma and bladder, brain,
cervical, endometrial, nasopharyngeal and ovarian cancers]).
Multiplicative interactions were tested by adjusting the
cross-product terms of the TA and other covariates. Those
covariates showing a statistically significant multiplicative in-
teraction (P < 0.05) were defined as potential effect modi-
fiers. All tests were two-sided, and P < 0.05 was regarded
as statistically significant unless otherwise specified. All anal-
yses were performed using R (Version 3.6.3, http://www.
rproject.org).

Results
Cohort overview

Among the 12 774 patients investigated, cancer cachexia was
diagnosed in 5134 (40%) patients, 2408 of whom were
women and 2726 were men. The patients had a median
age of 58.6 years. The detailed baseline characteristics of
the cachexia cohort are shown in the overall column of
Table 1. The tumours were most frequently located in the
lung (21.1%), colorectum (21.0%), stomach (16.0%), breast
(10.7%), oesophagus (8.8%) and nasopharynx (5.1%). The
predominant clinical stages were Ill (38.5%) and IV (28.7%).
There were 1909 (37.2%) underweight patients, 2535
(49.4%) patients with a normal weight, 565 (11.0%) over-
weight patients and 125 (2.4%) obese patients. There were
1514 deaths among 5134 patients during a median
follow-up of 44 months.

Distribution of triceps skinfold—albumin index

The distribution of the TA, as stratified by different clinical
characteristics, is shown in Figure 1. In general, women had
higher TA values than men. A cancer-specific analysis showed
that patients with breast, cervical and ovarian cancers had
relatively higher TA values, whereas lower TA values were
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Table 1 Baseline characteristics of the study population
Overall (n = 5134), Triceps skinfold-albumin index
range Normal (n = 3710){3 range Low (n = 1424), range
Characteristics [11.2-422.0]° [45.6-422.0] [11.2-49.8]° P
Age (years) 58.6 [49.8, 65.4]° 57.3 [48.7, 64.5] 61.3 [53.6, 67.9] <0.001
Sex (male) 2726 (53.1)¢ 1909 (51.5) 817 (57.4) <0.001
Body mass index (kg/mz) 21.3[18.8, 24.0] 22.3[20.2, 24.8] 19.5[17.7, 22.3] <0.001
Body mass index category <0.001
Underweight (<18.5) 1909 (37.2) 1095 (29.5) 814 (57.2)
Normal (18.5 to <24) 2535 (49.4) 2006 (54.1) 529 (37.1)
Overweight (24 to <28) 565 (11.0) 493 (13.3) 2 (5.1)
Obese (>28) 125 (2.4) 116 (3.1) 9 (0.6)
Smoking (yes) 2224 (43.3) 1533 (41.3) 691 (48.5) <0.001
Alcohol drinking (yes) 1044 (20.3) 739 (19.9) 305 (21.4) 0.248
Cancer site <0.001
Lung 1083 (21.1) 774 (20.9) 309 (21.7)
Colorectum 1078 (21.0) 803 (21.6) 275 (19.3)
Stomach 821 (16.0) 497 (13.4) 324 (22.8)
Breast 550 (10.7) 496 (13.4) 54 (3.8)
Oesophagus 450 (8.8) 279 (7.5) 171 (12.0)
Nasopharynx 261 (5.1) 229 (6.2) 32 (2.2)
Liver 177 (3.4) 111 (3.0) 66 (4.6)
Cervix 177 (3.4) 146 (3.9) 31(2.2)
Lymphoma 126 (2.5) 87 (2.3) 39 (2.7)
Ovary 144 (2.8) 113 (3.0) 31(2.2)
Pancreas 115 (2.2) 71 (1.9) 44 (3.1)
Biliary 48 (0.9) 21 (0.6) 27 (1.9)
Endometrium 40 (0.8) 31 (0.8) 9 (0.6)
Bladder 30 (0.6) 23 (0.6) 7 (0.5)
Prostate 17 (0.3) 14 (0.4) 3(0.2)
Brain 8(0.2) 8(0.2) 0(0.0)
Gastric stroma 9(0.2) 7 (0.2) 2(0.1)
Clinical stage <0.001
| 575(11.2) 456 (12.3) 119 (8.4)
Il 1109 (21.6) 851 (22.9) 258 (18.1)
1] 1979 (38.5) 1455 (39.2) 524 (36.8)
[\ 1471 (28.7) 948 (25.6) 523 (36.7)
Anticancer therapies
Radical surgery 2132 (41.5) 1551 (41.8) 581 (40.8) 0.533
Curative chemotherapy 823 (16.0) 573 (15.4) 250 (17.6) 0.071
Adjuvant chemotherapy 965 (18.8) 753 (20.3) 212 (14.9) <0.001
Chemotherapy for metastasis 471 (9.2) 341 (9.2) 130 (9.1) 0.988
Curative radiotherapy 255 (5.0) 160 (4.3) 95 (6.7) 0.001
Total protein (g/L) 66.8 [61.5, 71.4] 68.5 [64.0, 72.6] 61.5 [56.7, 66.5] <0.001
Prealbumin (mg/L) 200.0 [149.5, 210.0 [170.0, 255.0] 150.0 [105.0, 204.1] <0.001
240.0]
Albumin (g/L) 38.0 [34.1, 41.6] 39.8 [36.7, 42.7] 32.9[29.6, 35.6] <0.001
Transferrin (g/L) 2.2 [1.9, 2.6] 2.3[1.9,2.7] 2.11[1.7, 2.5] <0.001
Haemoglobin (g/L) 121.0 [106.0, 125.0 [112.0, 137.0] 109.5 [95.0, 123.0] <0.001
134.0]
White blood cells (x 10%/L) 6.3 [4.8, 8.4] 6.1[4.8, 8.0] 6.9 [5.1, 9.6] <0.001
Platelets (x 109/L) 230.0[178.0, 228.0[180.0, 288.0] 238.0[174.8, 317.0] 0.003
293.0]
Neutrophils (x 10 /L) 4.0[2.8, 5.9] 3.8[2.7,5.4] 4.8 [3.1, 7.3] <0.001
Lymphocytes (x 10 °/L) 1.41[1.0,1.9] 1.5[1.1, 2.0] 1.2 0.9, 1.7] <0.001
Neutrophil-to-lymphocyte ratio 2.8[1.8,4.8] 2.5[1.7,4.0] 3.9[2.2,7.2] <0.001
C-reactive protein (mg/L) 4.5[2.6, 24.0] 3.3[1.8, 14.4] 15.4 [3.4, 53.0] <0.001
Mid-arm circumference (cm) 25.0 [23.0, 27.5] 26.0 [24.0, 28.0] 23.5[21.5, 25.2] <0.001
Triceps skinfold thickness (mm) 15.0 [10.0, 20.0] 18.0[13.0, 22.0] 9.0 [6.0, 12.0] <0.001
Handgrip strength (kg) 22.3[16.1, 29.7] 23.2[17.2, 30.5] 19.8 [13.8, 26.7] <0.001
Calf circumference (cm) 32.0[30.0, 34.0] 32.5[30.5, 35.0] 30.0[28.0, 32.0] <0.001
Weight loss within 6 months (%) 0.0 [0.0, 3.5] 0.0 [0.0, 0.0] 4.2 [0.0, 7.5] <0.001
NRS2002 score (continuous) 4.0 [2.0, 4.0] 4.0 [2.0, 4.0] 4.0 [4.0, 4.0] <0.001
NRS2002 score (>3) 3805 (74.1) 2520 (67.9) 1285 (90.2) <0.001
PG-SGA score (continuous) 7.0[4.0, 11.0] 6.0 [3.0, 10.0] 10.0 [6.0, 13.0] <0.001
PG-SGA category <0.001
0 1 516 (10.1) 470 (12.7) 46 (3.2)
2-3 674 (13.1) 571 (15.4) 103 (7.2)
4-8 1884 (36.7) 1440 (38.8) 444 (31.2)
(Continues)
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Table 1 (continued)
Overall (n = 5134), Triceps skinfold-albumin index
range Normal (n = 3710){3 range Low (n = 1424), range

Characteristics [11.2-422.0]° [45.6-422.0] [11.2-49.8]° P
>9 2060 (40.1) 1229 (33.1) 831 (58.4)

Gastrointestinal symptoms (overall) 2731 (53.2) 1798 (48.5) 933 (65.5) <0.001
Anorexia 1009 (19.7) 615 (16.6) 394 (27.7) <0.001
Nausea 469 (9.1) 300 (8.1) 169 (11.9) <0.001
Vomiting 337 (6.6) 195 (5.3) 142 (10.0) <0.001
Mouth sores 56 (1.1) 44 (1.2) 12 (0.8) 0.363
Constipation 403 (7.8) 258 (7.0) 145 (10.2) <0.001
Diarrhoea 233 (4.5) 163 (4.4) 70 (4.9) 0.465
Dry mouth 375 (7.3) 245 (6.6) 130 (9.1) 0.002
Things taste funny or have no 293 (5.7) 192 (5.2) 101 (7.1) 0.010

taste
Smells bother me 138 (2.7) 90 (2.4) 48 (3.4) 0.075
Dysphagia 353 (6.9) 209 (5.6) 144 (10.1) <0.001
Feel full quickly 462 (9.0) 291 (7.8) 171 (12.0) <0.001
Abdominal pain 519 (10.1) 351 (9.5) 168 (11.8) 0.015
Other 122 (2.4) 82 (2.2) 40 (2.8) 0.247

KPS score 90.0 [80.0, 90.0] 90.0 [80.0, 90.0] 80.0 [70.0, 90.0] <0.001

Global QOL score 66.7 [50.0, 75.0] 66.7 [50.0, 83.3] 50.0 [41.7, 66.7] <0.001

Prognostic scores
NRI 94.9 [88.5, 100.9] 97.9 [93.0, 102.7] 86.2 [81.1, 91.1] <0.001
PNI 45.4 [40.5, 50.0] 47.5[43.6, 51.4] 39.2 [35.0, 43.0] <0.001
CONUT 2.0 [1.0, 4.0] 2.0 [1.0, 3.0] 4.0 [3.0, 6.0] <0.001
Sli 645.8 [365.9, 587.8 [340.3, 89.9] 929.7 [482.3, 818.4] <0.001

195.2]
mGPS 0.0[0.0, 1.0] 0.0 [0.0, 1.0] 1.0 [0.0, 2.0] <0.001

Short-term outcomes
30-day mortality 98 (1.9) 47 (1.3) 51 (3.6) <0.001
Length of hospital stay (days) 13.0 [8.0, 19.0] 12.0 [7.0, 19.0] 13.0 [8.0, 20.0] <0.001
Intensive care unit stay (yes) 1008 (19.6) 703 (18.9) 305 (21.4) 0.051
Cost (10 000 CNY) 2.3[1.2,5.3] 2.1[1.1, 5.0] 2.9[1.4,5.8] <0.001

Abbreviations: CNY, Chinese Yuan; CONUT, controlling nutritional status index; KPS, Karnofsky Performance Status; mGPS, modified Glas-
gow prognostic score; NRI, nutritional risk index; NRS2002, Nutritional Risk Screening 2002; PG-SGA, Patient-Generated Subjective Global
Assessment; PNI, prognostic nutritional index; QOL, quality of life; SlI, systemic immune-inflammation index; TA, triceps skinfold-albumin

index.

°‘Range of TA, female [11.2-360.0] and male [13.4-422.0].
"Range of TA, female [49.9-360.0] and male [45.6-422.0].
‘Range of TA, female [11.2-49.8] and male [13.4-45.5].
‘Median [25th percentile, 75th percentile], all such values.
‘Number (percentage), all such values.

predominantly observed in individuals with gastrointestinal
cancer types, such as oesophageal, gastric, liver and pancre-
atic cancers. In addition, the TA value was relatively lower
in patients with an older age, lower BMI, advanced tumour,
nutritional risk, malnutrition and systemic inflammation (as
indicated by the neutrophil-to-lymphocyte ratio).

Correlation of the triceps skinfold—albumin index
with clinical findings

Sex-specific Spearman’s rank correlation tests were per-
formed to assess the degree of relevance for the associations
of the continuous TA with various clinical features (Figure S2).
Similar results were observed for both genders, showing a
positive correlation between the TA and BMI, CC, HGS, total
protein, prealbumin, haemoglobin, KPS score, global QOL
score, NRI and PNI, and a negative correlation between the

TA and the neutrophil-to-lymphocyte ratio, C-reactive protein
level, NRS2002 score, PG-SGA score, CONUT, SIl and mGPS
(all P < 0.05).

Prognostic value of the triceps skinfold—albumin
index

Harrell’s C index of the TA was statistically compared to those
calculated for the TSF, albumin, HGS, NRI, PNI, CONUT, Sl
and mGPS in the overall population and in each sex. The re-
sults showed that the TA had the highest prognostic value
in the overall population, with a C index = 0.621 (95%
Cl = 0.607-0.636) compared to the TSF (0.607, 95%
Cl = 0.591-0.622), albumin (0.590, 95% ClI = 0.574-0.605),
HGS (0.514, 95% Cl = 0.499-0.530), NRI (0.588, 95%
Cl = 0.573-0.603), PNI (0.589, 95% Cl = 0.574-0.604), CONUT
(0.582, 95% Cl = 0.574-0.604), Sl (0.560, 95% Cl| = 0.544—
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0.575) and mGPS (0.596, 95% Cl = 0.573-0.619) (all
P < 0.001). In the sex-specific analysis, the TA showed higher
prognostic value than the TSF, HGS, CONUT, SII and mGPS,
while being comparable to the albumin level, NRI and PNI
in women. In contrast, the TA showed higher prognostic
value than the albumin level, HGS, NRI, PNI, CONUT, Sll and
mGPS, whereas it was comparable to the TSF in men.
Harrell’s C index of the TA was further compared to those cal-
culated for other indices in different age (<60 vs. >60) and
tumour stage (I-Il, Il and 1V) subgroups (Table S3). The TA
showed higher prognostic value than other indices in both
younger and older patients (all P < 0.05) and was compara-
ble to the TSF in older patients (P = 0.778). In the tumour
stage-specific analysis, the TA was comparable to the TSF in
patients with Stage |-l disease (P = 0.070) and to the PNI
(P = 0.068) in patients with Stage Ill disease. It was also com-
parable to the TSF (P = 0.586) and SlI (P = 0.061) in patients
with Stage IV disease. In contrast, the TA showed higher prog-
nostic value than other indices in the tumour stage-specific
analysis (all P < 0.05).

The IDI results showed that the TA had significant discrim-
ination improvement compared to the other indices in the
overall population. In the sex-specific analysis, the TA showed
higher discrimination performance than the TSF, albumin,
HGS, NRI, SIl and mGPS, while being comparable to the PNI
and CONUT in women. In contrast, the TA showed higher dis-
crimination performance than all other indices except being
comparable to the TSF in men. Additionally, the cNRI results
showed that the TA had significant discrimination improve-
ment than all other indices except being comparable to the
TSF in the overall population and in men (Table 2).

The 1-, 3- and 5-year time-dependent ROC curves and the
corresponding area under the curve (AUC) of the TA were vi-
sually and statistically compared to those calculated for the
TSF, albumin, HGS, NRI, PNI, CONUT, Sll and mGPS in the
overall population and in each sex (Figure S3). The TA had
the highest time-dependent AUC compared to all other indi-
ces in the overall population at all three time points. In
women, the TA had higher time-dependent AUC than
the TSF, HGS, SIl and mGPS, while being comparable to
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Figure 2 Time-dependent C index. (A) Bootstrap cross-validated time-dependent C index in the overall population. (B) Ten-fold cross-validated time-
dependent C index in the overall population. (C) Bootstrap cross-validated time-dependent C index in women. (D) Ten-fold cross-validated time-
dependent C index in women. (E) Bootstrap cross-validated time-dependent C index in men. (F) Ten-fold cross-validated time-dependent C index
in men. CONUT, controlling nutritional status index; HGS, handgrip strength; mGPS, modified Glasgow prognostic score; NRI, nutritional risk index;
PNI, prognostic nutritional index; Sll, systemic immune-inflammation index; TA, triceps skinfold—albumin index; TSF, triceps skinfold thickness
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Kaplan—Meier analysis

Kaplan—Meier curves demonstrated that patients with a
lower TA had a poorer overall survival than those in the nor-
mal group in the overall population (P < 0.001). We also rep-
licated this analysis in different patient subgroups. The re-
sults showed that the association observed in the overall
population was sustained in all strata investigated, including
women, men and those with lung cancer, colorectal cancer,
gastric cancer, other gastrointestinal cancers, breast cancer
and other cancers (Figures 4 and $4, all P < 0.05).

Multivariable survival analysis

The results of the multivariable Cox proportional hazards
model analyses of the associations between the TA and mor-
tality are shown in Table 3. The TA was analysed as a contin-
uous variable, per each standard deviation and as a categor-
ical variable. In the fully adjusted model (Model 3), the
decreasing TA was independently associated with an in-
creased death hazard in the overall population (HR = 1.017,
95% Cl = 1.011-1.025), in women (HR = 1.019, 95%
Cl = 1.008-1.030) and in men (HR = 1.016, 95% Cl = 1.007-

1.025). Similarly, when the TA was analysed following separa-
tion by one standard deviation, consistent results were ob-
served in the overall population (HR = 1.292, 95%
Cl = 1.171-1.427), women (HR = 1.259, 95% Cl = 1.105-
1.435) and men (HR = 1.292, 95% Cl = 1.125-1.486). In addi-
tion, after dichotomizing the TA based on the sex-specific OS
thresholds, patients in the low TA group had an increased
death hazard compared those in the normal TA group
(HR = 1.381, 95% Cl = 1.223-1.560). A sensitivity analysis
showed that these associations were all sustained after ex-
cluding those patients died within the first 3 months after en-
rolment (Model 4).

Interaction and subgroup analysis

The fully adjusted models were repeated in different covari-
ate subgroups to study the effect modifications, and all covar-
iates were statistically screened for potential interactive ef-
fects (Figure 5). The use of curative chemotherapy, total
protein and KPS score were identified as potential effect
modifiers (all P < 0.05). The positive association between
the low TA and mortality observed in the overall population
(HR = 1.381, 95% Cl = 1.223-1.560) was strengthened in pa-
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Figure 4 Analysis of the associations of the triceps skinfold—albumin index (TA) with survival. (A) Kaplan—Meier curves in the overall population. (B)
Kaplan—Meier curves in women. (C) Kaplan—Meier curves in men. (D) Kaplan—Meier curves in lung cancer. (E) Kaplan—Meier curves in colorectal cancer.
(F) Kaplan—Meier curves in gastric cancer. Cl, confidence interval; HR, hazard ratio

tients who did not receive curative chemotherapy
(HR = 1.491, 95% Cl = 1.298-1.713), those with a higher se-
rum total protein level (HR = 1.469, 95% Cl = 1.284-1.681)
and those with a higher KPS score (HR = 1.453, 95%
Cl = 1.271-1.662). In contrast, this relationship was attenu-
ated in patients who received curative chemotherapy
(HR = 1.041, 95% CI = 0.801-1.353), those with a low serum
total protein level (HR = 1.018, 95% ClI = 0.797-1.300) and
those with a lower KPS score (HR = 1.176, 95% Cl = 0.894—
1.546) (all P < 0.05). Although some effect modifications
were observed for other covariates investigated after the
stratification analyses, none of them were statistically signifi-
cant (all P > 0.05).

Discussion

This was a large-scale cohort study that included 5134
patients with cancer cachexia at multiple centres in China.
Based on previous evidence from other institutions and our
own studies, we hypothesized and subsequently confirmed
that the TA provides significant prognostic information about
patients with cancer cachexia. To our knowledge, this is the
first study that evaluated using such a simple, two-parameter
index that integrates information on the fat mass and nutri-
tion for prognostic purposes in Asian populations with cancer

cachexia. We demonstrated that the TA effectively reflects
the nutritional status, inflammation status, anthropometric
status, physical performance and QOL and is significantly
associated with multiple short-term clinical outcomes of
patients. We also performed parallel comparisons showing
that the TA has better discrimination performance to predict
all-cause mortality than the TSF or albumin alone, or the HGS,
NRI, PNI, CONUT, SIl or mGPS in the overall study population.
We also derived sex-specific, outcome-oriented TA cutoffs to
facilitate its implementation in clinical or primary healthcare
settings. We revealed that the TA is independently and ro-
bustly associated with the mortality of patients with cancer
cachexia. These findings suggest that the TA might be a prom-
ising, cost-effective option to help develop better manage-
ment strategies to optimize the survival outcomes of patients
with cancer cachexia. Importantly, this study was conducted
in a geographically representative, multicentre cohort, in-
creasing the generalizability of our findings.

The adipose tissue (AT) in the human body is broadly
classified as white AT (WAT), which stores triglycerides in
the form of lipid droplets, or brown AT (BAT), the main func-
tion of which is thermogenesis.?® The ‘browning’ of AT (trans-
formation of WAT to BAT) is an important phenotype associ-
ated with weight loss and cancer cachexia.?® Tumours can
directly activate thermogenesis®° through inflammatory me-
diators such as IL-6, leading to increased lipid mobilization, li-
polysis and WAT browning.®* Because the skin is one of the

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 517-533
DOI: 10.1002/jcsm.13156



Triceps skinfold—albumin index in cancer cachexia 529

N~~~ A~~~ > O [J]
aONON< O
s Sasanes @% = largest organs that store WAT,*? TSF-reflected subcutaneous
LIS TTTTTTT <5 w WAT loss may be an effective indicator for the onset and se-
Nn|i_|[nmeneS N o2 . . . . . .
218|388 é 5 é so £S5 verity of both inflammation and cachexia, which impact the
L ee= v v . . . . .
= § oo oco<o £5 8 prognosis of patients. In accordance with these lines of evi-
o j= C . . . . .
2 NICO8IX3 gs g dence, a lower TA was associated with indicators of systemic
O OO~ —— N - [ . . . . . .
= R T % inflammation including the C-reactive protein level and neu-
S > O - . . .
o il-to- io i udy. However,
° u; trophil-to-lymphocyte ratio in the present study. However,
. g
S 2 T moTmeoT "8‘ I § similar patterns of associations between the TSF and bio-
— +
G|3|SSRSSRC g N markers of systemic inflammation were not observed in the
D oFOTITOS . . . .
A 3l8sESnSs g @ 8 general oncology populations, as described in our previous
[ . . . . .
2NN NNT g5 2 studies.*®*® These findings may imply that the TSF is a better
o= F . . . . . .
5 o § prognostic factor in patients with cancer cachexia than in the
P Lo
§§ 55 gé § E~§ S general oncology population, possibly because it is more re-
s [TTTTTTT Se ¥ lated to inflammation, which is a critical factor involved in
m A ~ . . .
= 35~839 2 g &« the development and progression of cancer cachexia. This
T | OO0OO~v——N — © . . .
§ . g 2 S = may also partially explain the comparable prognostic value
CCococococo Sy o £ )
~rovd oo o g § g of the TA and TSF in men (Table 2). Because male cancer pa-
e
eeeNNNm =8 2 ° tients generally have lower TSF values than female cancer
- c . ey
I 8 2 o patients,® they may be more sensitive to the outcome-related
s
SRS Sa e e = £ fat mass depletion. This assumption is also partially supported
NN ANMNSNANNSNAN () cC .= © . . .
ceeYYne|g e 3 2 by our previous study, which found that men have higher
—— - |.E g9 > R R
~ daddbdddle ko) g £ *g' survival-related fat mass index thresholds than women,*’ de-
K] =] oo |E - . .
_ -§ S83A-RX|E o2 § E spite the fact that women generally have higher fat mass stor-
o — == | O (o)) - m . . . .
2| |2 v tutvdl - ke % o o age than men. Interestingly, these findings imply that the prog-
= O poy | wn v . .
a2 |Y PSP S-Sy 2 =3 5 = nostic value of the TA may extend beyond the cancer cachexia
= | PO SR S 3 5 9 L
g gq A = 88 % s spectrum. However, due to the limited scope of the present
= =~ L %) . . .
3 | A 2 § 33 £ study, future studies will be needed to explore the underlying
RS -2 P " @ £ ) . . . :
sz § g 5 :'m; 3o g g 35 S2% mechanisms regarding this topic and address the potential ap-
2QQUOUNMNOLE 2w — B . . .
E S |a SRR 2 o T 5 2 plications of the TA in other patient groups.
o= 4 - o< S35 L . .
E 3| LR35 0n|E £ 559 Albumin is a widely used marker of protein-energy
El2|€|c=c=c=<|§ g3 3§ 9T © wasting, and its clinical usefulness for indicating the inflam-
Ele cTocooofs g . N )
2 1% oSz lI(E 8 e 2 R 42 5, matory process, nutritional status and prognosis of cancer pa-
| ] coonunin~N|® $25 ©=g . . . 15,17 P
213 ceeee-<|8 §85 gyE 2 tients has been widely described.™ " Albumin is also recom-
o @ - © . . . .
€ T &l "> 3 1S mended as a feasible measure of inflammation in the GLIM
< © ~ ‘= = . . ege
o socooer|E 53 £ ES = S framework for diagnosing malnutrition® and the 2008 frame-
Q SLNMNANNO | © “ = TO o9 . . . s
3 COQXONO R o g_ % =2 8 o) work by Evans et al. for diagnosing cachexia.>® In addition, al-
= —— ==~ . c o] — L. .
s O lldhddbdblld & §7§ 5030 o bumin is the only component that has been included by the
< T|lmmaN—d—~N]|]. @3x X = . .
e g|ecceste|s 3 £8 3 _g’g o g NRI, PNI and CONUT systems for assessing the nutritional sta-
-— -— — c . e =} . . iy . .
g = ;‘:";":’:Eg’ s 2 S 252 EL tus. A recent study showed that the geriatric nutrition risk in-
58S N o= ipe .
g S3SRIRLB[E 5.3 5 305 E dex (a modified version of the NRI, calculated based on the
ce e« |N Uc¢ - . : .
2 g Js % EE 3N é serum albumin level, and current and historic body weight)
- N . . . . . .
g "< < < %‘_. % é S E ‘g % s is related to inflammation and predicts the prognosis in
2 [0] ~ .=8£Il . . . L
& el I g el I B R =B ) elderly patients with cancer cachexia."® We observed similar
) S| lenacnmace |82y Qodgyg . . ) .
° J|Tvoroog|sEged 25529 results in the present study, indicating that the TA is associ-
= LaoPDg ©0oC
< OMONMONME-cq,ms_ -:V,m&v d with k £ icinfl . d sienif
= N AN AN K=l Sy% Suito ated with serum markers of systemic inflammation and signif-
; gg 2 = g = % L ﬁ g icantly predicts the mortality in patients with cancer ca-
[3] — i . .
3 > SELS838500 6 chexia. More importantly, we observed that the TA has
£ £ ESL_Sce¥ vl _o L . .
° a S5 3LET 55T better discrimination performance in the overall population
= 2 [0 5 . . o
= g gls = g I 3 gwg ES %?/ and in men compared with the NRI (Table 2). A multivariable
= (] >S5 =0 > . P
g = i 5|u250 :‘l_E BETg 2 survival analysis in age subgroups also showed that the TA
E= £ T clc+ ®© Il © . . . . .
E a a B B A ':,E__. was independently associated with survival in both younger
QU <~ > NUOUOUmXg < .
- e EE 95 Be3 '%%%a 5532 %;g % patients (HR = 1.426, 95% Cl = 1.186-1.715) and older pa-
2 283293 |c888e£8E3 2% tients (HR = 1.330, 95% CI = 1.129-1.566), which implies a
e}
B s|E < 222222220 wider range for applications. Additionally, the NRI includes

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 517-533
DOI: 10.1002/jcsm.13156



530 L. Yin et al.

Models Cases/events HR (95%CI) adiusted PAdlasted Plister=ction
Overall 5134/1514 1.381 (1.223-1.560) <0.001 0o
Age, years 0.357
<60 2841717 1.426 (1.186-1.715) <0.001 ——
=60 2293/797 1.330 (1.129-1.566) 0.001 —o—
Sex 0.437
Female 2408/557 1.407 (1.142-1.734) 0.001 —e—
Male 2726/957 1.358 (1.167-1.579) 0.001 —o—
Clinical stage 0.055
Itoll 1684/323 1.225 (0.932-1.611) 0.145 10—
Illto IV 3450/1191 1.457 (1.271-1.670) <0.001 —o—
Radical surgery 0.923
Yes 2132/466 1.364 (1.094-1.700) 0.006 —o—
No 3002/1048 1.386 (1.197-1.605) <0.001 —0—
Curative chemotherapy 0.033
Yes 823/374 1.041 (0.801-1.353) 0.766 —0—
No 4311/1140 1.491 (1.298-1.713) <0.001 —o—
Handgrip strength 0.200
Normal 2606/649 1.476 (1.217-1.789) <0.001 ——
Low 2528/865 1.335 (1.139-1.564) <0.001 —0—
Calf circumference 0.918
Normal 1825/440 1.282 (0.993-1.656) 0.056 —o—
Low 3309/1074 1.451 (1.264-1.666) <0.001 —o—
Total protein, g/L 0.019
<60 1018/337 1.018 (0.797-1.300) 0.889 —0—
=60 4116/1177 1.469 (1.284-1.681) <0.001 ——
Prealbumin, mg/L 0.452
<200 2495/898 1.448 (1.247-1.682) <0.001 —0—
=200 2639/616 1.188 (0.955-1.479) 0.122 +—0—
NRS2002 0.907
<3 1329/301 1.321 (0.951-1.836) 0.097 +—o——
>3 3805/1213 1.388 (1.215-1.585) <0.001 —o—
PG-SGA 0.852
<4 1190/215 1.169 (0.788-1.733) 0.438 ———
>4 3944/1299 1.404 (1.234-1.597) <0.001 —0o—
KPS <0.001
<80 774/289 1.176 (0.894-1.546) 0.248 00—
>80 4360/1225 1.453 (1.271-1.662) <0.001 —o—
Global QOL 0.883
<80 3967/1266 1.358 (1.190-1.550) <0.001 —o—
>80 1167/248 1.478 (1.066-2.050) 0.019 —
Cancer site 0.967
Lung 1083/489 1.280 (1.031-1.590) 0.025 ——
Colorectum 1078/225 1.488 (1.074-2.062) 0.017 ———
Stomach 821/296 1.423 (1.085-1.866) 0.011 ———
Other Gl sites 799/306 1.258 (0.966-1.637) 0.089 —0—
Breast 550/42 1.236 (0.474-3.223) 0.665
Other 803/156 1.295 (0.851-1.970) 0.228 | ——olil | |
0.5 1 15 2 25 3

Figure 5 Subgroup and interaction analysis of the associations of the triceps skinfold—albumin index (TA) with survival. Other gastrointestinal (Gl) can-
cers, including biliary, oesophageal, gastric stromal, liver and pancreatic cancers; other cancers, including lymphoma and bladder, brain, cervical, en-
dometrial, nasopharyngeal and ovarian cancers. Cl, confidence interval; HR, hazard ratio; KPS, Karnofsky Performance Status score; NRS2002,
Nutritional Risk Screening 2002 score; PG-SGA, Patient-Generated Subjective Global Assessment score; QOL, quality of life score
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information on the changes in body weight and data that
are often obtained based on patient-reported usual/historic
data. These data can be subject to recall bias that can cause
instability when calculating the NRI. In contrast, the TSF is a
relatively objective parameter that affords greater certainty
for the TA during clinical use.

Although HGS was suggested to be an independent prog-
nostic factor in patients with cachexia,* its prognostic value
in the present study was lower than that of the TA. This find-
ing was similar to a previous study showing that a low fat
mass index outperforms handgrip weakness and malnutrition
in predicting cancer survival.'” For other comparators, the
PNI,Y St and mGPS®® have all been shown to be related
to overall survival of patients with cancer cachexia, and the
CONUT significantly predicts progression-free and overall
survival in patients with advanced malignancy.>® However,
all of these factors showed lower discrimination performance
than the TA in the present study. It has been reported that
SAT catabolism and the inflammation status are important in-
dicators of the onset and progression of cachexia.’®” The fact
that the TA integrates this information might explain why it
was superior to other indices that mainly consist of serum
parameters. A recent study also found that integration of
the BMI and albumin has greater performance in predicting
overall survival than 15 other nutrition- or systemic inflam-
mation-based indicators in patients with lung cancer.** This
supports our approach that integrated both an anthropomet-
ric measurement and a serum parameter to develop the TA.

In an exploratory analysis, we included all nine indices to
determine how many of them were independent predictors
of the OS in the study population. A BIC-based stepwise
variable selection showed that only the TA was an indepen-
dent predictor, and all other indices were excluded
(BIC = 24 329.01). Therefore, we did not adjust for other indi-
ces in the multivariate Cox regression analysis. Further justify-
ing the removal of these indices is the fact that they all reflect
the status of patients (nutritional status and inflammation),
and the TA has been suggested to be superior to other indi-
ces. It would thus be expected that the exclusion of the other
indices would minimize the potential collinearity of the
model. This approach was also supported by a recent study
that compared the prognostic value of 16 indicators in pa-
tients with lung cancer.*

The KPS score-associated effect modification in the multi-
variate Cox regression analysis (Figure 5) is noteworthy. In a
previous large cohort study that included 12 138 cancer
patients, we observed positive associations between a low
CC or a low TSF and cancer mortality.'® Interestingly, these
associations were also interacted with the KPS score, similar
to what was observed in the present study. However, the
mechanisms underlying this phenomenon remain largely
unknown. A possible explanation for this finding might be
the relatively small sample size of the low KPS score group
in the present study (n = 774, events = 289). Notably, the as-

sociation between a low TA and mortality was only
attenuated in the low KPS score group (with the lower limit
of the 95% Cl crossing the null line), without completely
changing direction (where a risk factor would become a
protective factor). To test whether the small patient number
was responsible for the present observations, we re-
dichotomized the KPS score as <80 versus >80 to allocate
more patients to the low KPS score group (n = 1856,
events = 718) and performed the subgroup Cox regression
analysis again. The results showed that the independent as-
sociations between the TA and mortality were sustained in
both the low KPS score group (HR = 1.358, 95% ClI = 1.144—
1.613, P < 0.001) and the high KPS score group
(HR = 1.335, 95% Cl = 1.122-1.588, P < 0.001). The
between-variable interaction also became insignificant in this
new analysis (P = 0.146). These findings at least
partly support our assumption. Nevertheless, due to the indi-
rectness of this exploratory analysis, future studies employing
the original KPS score cutoff with a larger sample size in the
low KPS score group are needed to confirm our findings.
This study still has some limitations that must be noted.
First, unmeasured confounding factors are possible in all ob-
servational studies. However, we comprehensively analysed
the baseline data of patients and adjusted the covariates
based on both statistical and scientific approaches to mini-
mize this possibility. Second, reverse causality may explain
some of the associations we observed in the multivariable
survival analysis. However, the results were robust after ex-
cluding those patients who died within the first 3 months,
which may not completely eliminate, but should partially re-
duce this probability. Third, the associations between the TA
and mortality need further replication in a wider variety of
geographical regions, countries and ethnic groups. However,
the study population was a large-scale, multicentre cohort
that included patients from diverse geographical regions of
China and was representative of the general Chinese cancer
patients. This strengthens the generalizability of the study re-
sults. Fourth, because Asians have anthropometric differ-
ences compared with Western populations,®® the prognostic
impact of the TA needs to be re-evaluated when applied in
non-Asian patients. Fifth, the TSF may be less accurate than
those adiposity parameters derived from more advanced
technologies such as dual-energy x-ray absorptiometry, com-
puted tomography and bioelectrical impedance analysis.
However, due to its noninvasive, inexpensive and simple na-
ture, the TSF can be used in wider settings, including the pri-
mary healthcare facilities and smaller institutions without
these advanced technologies. Additionally, its cost-effective
nature makes planned, repeated assessment possible,
allowing the dynamic changes in the adiposity status during
hospitalization to be monitored to enable the development
and use of operational surveillance algorithms. Nevertheless,
future studies using adiposity parameters derived from more
advanced technologies will be needed to replicate our find-
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ings. To maximize statistical power, we used bootstrap re-
sampling and cross-validation techniques to obtain unbiased
estimates in our study. Future studies with independent ex-
ternal data, especially non-Asian cohort data, are needed
to confirm the prognostic value of the TA. However, the
present study was conducted in a large, nationwide and geo-
graphically representative Chinese cohort. More importantly,
studies from another Chinese team,* as well as a non-Asian
international multicentre study,®® also confirmed the prog-
nostic value of adipose loss in cancer cachexia. These find-
ings support the proposed use of the index in real-world clin-
ical scenarios.

In conclusion, this study defined and evaluated the prog-
nostic value of a novel index, the TA, which integrates infor-
mation on the TSF and albumin level. This index effectively
reflects the nutritional status, inflammation status, anthro-
pometric status, physical performance and QOL of patients
and is significantly associated with multiple short-term clini-
cal outcomes of patients. It also has better discrimination
performance to predict the mortality of patients with cancer
cachexia than the TSF or albumin alone, the HGS, or the
existing NRI, PNI, CONUT, SIl and mGPS systems. In addition,
the TA is independently and robustly associated with the
mortality of patients with cancer cachexia. These findings
suggest that the TA might act as a promising, feasible option
to help develop better management strategies and provide
significant prognostic information for patients with cancer
cachexia.
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