ORIGINAL ARTICLE
Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 382—-390
Published online 29 November 2022 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.13139

Hand grip strength-based cachexia index as a predictor
of cancer cachexia and prognosis in patients with cancer

Hailun Xie'*3, Guotian Ruan™??3, Lishuang Wei*, Heyang Zhang™??3, Yizhong Ge>*?3, Qi Zhang™?*?3, Shiqi Lin>*3,
Mengmeng Song™%3, Xi Zhang™?*3, Xiaoyue Liu>*3, Xiangrui Li**3, Kangping Zhang™ >3, Ming Yang“ >3, Meng Tang"*3,
Chun-Hua Song®, Jialiang Gan® & Han-Ping Shi**3*

*Department of Gastrointestinal Surgery/Department of Clinical Nutrition, Beijing Shijitan Hospital, Capital Medical University, Beijing, China; *Beijing International Science
and Technology Cooperation Base for Cancer Metabolism and Nutrition, Beijing, China; *Key Laboratory of Cancer FSMP for State Market Regulation, Beijing, China;
“Department of Geriatric Respiratory Disease Ward, The First Affiliated Hospital, Guangxi Medical University, Nanning, Guangxi, China; “Department of Epidemiology,
College of Public Health, Zhengzhou University, Zhenzhou, China; ®Department of Colorectal and Anal Surgery, The First Affiliated Hospital, Guangxi Medical University,
Nanning, Guangxi, China

Abstract

Background The cachexia index is a useful predictor for cancer cachexia and prognostic assessment. However, its use
is limited because of high testing costs and complicated testing procedures. Thus, in this study, we aimed to develop a
hand grip strength (HGS)-based cancer cachexia index (H-CXI) as a potential predictor of cancer cachexia and progno-
sis in patients with cancer.

Methods Here, 14 682 patients with cancer were studied, including the discovery (6592), internal validation (2820)
and external validation (5270) cohorts. The H-CXI was calculated as [HGS (kg)/height (m)? x serum albumin (g/L1/
neutrophil-to-lymphocyte ratio. The Kaplan—-Meier method was used to create survival curves, and the log-rank test
was used to compare time—event relationships between groups. A Cox proportional hazard regression model was used
to determine independent risk factors for overall survival (OS). Logistic regression analysis was used to assess the
association of the H-CXI with short-term outcomes and cancer cachexia.

Results There was a significant non-linear relationship between the H-CXI and OS in all cohorts. Patients with a low
H-CXI had significantly lower OS than those with a high H-CXI in the discovery cohort (6-year survival percentage:
55.72% vs. 76.70%, log-rank P < 0.001), internal validation cohort (6-year survival percentage: 55.81% vs. 76.70%,
log-rank P < 0.001), external validation cohort (6-year survival percentage: 56.05% vs. 75.48%, log-rank P < 0.001)
and total cohort (6-year survival percentage: 55.86% vs. 76.27%, log-rank P < 0.001). Notably, the prognostic stratifi-
cation effect of the H-CXI in patients with advanced-stage disease was more significant than that in patients with
early-stage disease. The multivariate Cox proportional risk regression model confirmed that a low H-CXI negatively af-
fected the prognosis of patients with cancer in the discovery cohort [hazard ratio (HR) 0.75, 95% confidence interval
(CI) 0.71-0.80, P < 0.001], internal validation cohort (HR 0.79, 95 %CI 0.72-0.86, P < 0.001), external validation co-
hort (HR 0.84, 95% CI 0.79-0.89, P < 0.001) and total cohort (HR 0.80, 95% CI 0.77-0.83, P < 0.001). Multivariate
logistic regression models showed that a low H-CXI was an independent risk factor predicting adverse short-term out-
comes and cancer cachexia in patients with cancer.

Conclusions The simple and practical H-CXI is a promising predictor for cancer cachexia and prognosis in patients with cancer.
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Introduction

A recent cancer epidemiology survey reported that between
2010 and 2019, the number of new cancer cases increased
from 18.7 to 23.6 million (a 26.3% increase), and that of can-
cer deaths increased from 8.29 million to 10 million (a 20.9%
increase). The proportion of cancer-related deaths among all
deaths also increased from 15.7% in 2010 to 17.7% in 2019."
In 2020, 19.29 million new cancer cases were reported world-
wide; of these, 4.57 million were in China, accounting for
23.7% of the global total. Meanwhile, of the 9.96 million can-
cer deaths worldwide, 3 million were in China, accounting for
30% of the global total.? Cancer is a major contributor to the
global burden of disease, and its incidence is expected to
increase over the next 20 years.>* Cachexia is a serious com-
plication of cancer, which exacerbates the toxicity and side
effects of treatment, impairs responsiveness to chemoradio-
therapy, reduces quality of life and increases mortality. It is re-
ported to be the direct cause of 22-44% of cancer-related
deaths.>™ Therefore, it is necessary to identify effective pre-
dictors to help predict cancer cachexia and adverse outcomes.

Although cachexia has a complex pathophysiology, the key
clinical features of cancer cachexia are malnutrition, systemic
inflammation and muscle loss.2 Recently, Jafri et al. developed
the cachexia index (CXI) using the clinical features of cachexia
to evaluate the prognosis of patients with non-small cell lung
cancer.’ The CXI is a useful predictor to assess the risk of
cachexia in patients with malignancies such as small cell lung
cancer and diffuse large B-cell lymphoma, and it can be used
to predict survival and treatment response.'®*? The CXI is
composed of serum albumin, the neutrophil-to-lymphocyte
ratio (NLR) and the skeletal muscle index (SMI). Serum albu-
min is an indicator of the disease seriousness and progression.
Hypoalbuminaemia is associated with increased disease se-
verity, a high risk of progression and low survival rates.****
The NLR is a simple and effective systemic inflammatory
marker to evaluate the prognosis of malignancies. Sarcopenia
is an important factor affecting the prognosis of patients with
cancer.***® Radiographic SMI is also considered an important
criterion for sarcopenia assessment.>”*® Consequently, as it
combines multiple assessments of nutrition, inflammation
and the muscle, the CXI is considered to be a promising
predictor for cancer cachexia and prognostic assessment.

However, owing to the complexity and cost of additional
radiographic examination to assess the SMI, the applications
of the CXI are somewhat limited. Hand grip strength (HGS) is
a simple and effective method for measuring muscle
strength, which is easy to perform and has low associated
costs. Reportedly, HGS can provide important additional
prognostic information for malignancies.*>?° Therefore, this
study aimed to develop a simple and practical HGS-based
CXI (H-CXI) to predict the risk of cancer cachexia and to eval-
uate its short-term and long-term potential prognostic utility
in patients with cancer.

Materials and methods
Population and study design

In this study, patients with cancer who were hospitalized at
41 Chinese medical institutions between 2012 and 2019 were
prospectively assigned to the primary cohort. We randomly
divided the primary cohort into the discovery and internal
validation cohort at a ratio of 7:3 using computer-generated
random numbers. We also prospectively included inpatients
with cancer from the Bethune First Hospital of Jilin University
as the external validation cohort. The inclusion criteria of all
cohorts were as follows: (a) patients with histopathologically
confirmed malignancy, (b) patients with complete serological
and anthropometric data and (c) patients over 18 years of
age who voluntarily agreed to participate in this study. The
exclusion criteria for all cohorts were as follows: (a) patients
with clinical evidence of active infection or severe systemic
immunodeficiency disease; (b) patients admitted to the
intensive care unit at the beginning of recruitment; and (c)
patients with a hospital stay of <48 h. If patients were hospi-
talized more than two times during the investigation, only
data from the first survey were included. Patients were
followed up annually through face-to-face or phone inter-
views until their death, last contact or last follow-up. The final
follow-up was conducted on 30 October 2020. This study was
carried out in accordance with the principles outlined in the
Declaration of Helsinki and was approved by the ethics com-
mittees of all participating institutions. Written informed con-
sent was obtained from all participants. All data in this study
were analysed without disclosure of personal information.

Clinical and laboratory evaluation

All baseline patient information was collected by a
project-trained researcher during the patient’s hospital stay.
Demographic data included sex, age, co-morbidities (hyper-
tension and diabetes), lifestyle (smoking and drinking) and
family history. Disease data included tumour type and patho-
logical stage. Anti-tumour therapy data included surgery,
chemotherapy and radiotherapy. Hospitalization data in-
cluded the length of hospitalization and total hospitalization
expenses. Anthropometric data included height, weight, body
mass index and HGS. An electronic hand grip dynamometer
(Model EH101, Guangdong, China) was used to measure
HGS. The protocol for measuring HGS was as follows: The pa-
tients held the dynamometer with maximum strength in their
dominant hand; the test was repeated three times, and the
maximum HGS was recorded.?’ Laboratory evaluation was
performed at the clinical laboratories of the participating in-
stitutions using fasting blood samples drawn on admission,
including evaluation of white blood cells, neutrophils, lym-
phocytes, platelets, red blood cells, haemoglobin and albu-
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min. Rating scale data, which were assessed and recorded at
baseline by trained staff, included the Karnofsky Performance
Status questionnaire (KPS), Patient-Generated Subjective
Global Assessment (PG-SGA), Nutrition Risk Screening 2002
(NRS2002) and European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire version
3.0 (EORTC QLQ-C30).

Calculation of the H-CXI and outcomes

The H-CXI was calculated using the following formula: [HGS
(kg)/height (m)? x serum albumin (g/L)]/NLR. The NLR was
defined as the ratio of neutrophils to lymphocytes. The main
outcomes of this study included overall survival (OS),
short-term outcomes and cancer cachexia. OS was calculated
as the time interval from the date of cancer diagnosis until
the patient’s death from any cause or until the last follow-
up. Short-term outcomes were defined as all-cause death
within the period of 90 days after the patients received
anti-cancer therapy. Cancer cachexia was diagnosed accord-
ing to the diagnostic criteria published by Fearon et al. in
the 2011 International Expert Consensus on Cancer
Cachexia®: (a) weight loss of >5% over the past 6 months
(in the absence of simple starvation); or (b) BMI < 20 and
any degree of weight loss >2%,; or (c) skeletal muscle deple-
tion (sarcopenia) and any degree of weight loss >2%. Skeletal
muscle depletion was assessed by measuring the mid-upper-
arm muscle area using anthropometry (men <32 cm?
women <18 cm?).

Statistical analysis

Continuous data with a normal distribution are expressed as
means and standard deviations (SD). Continuous data with a
non-normal distribution are expressed as medians and inter-
quartile range (IQR). Categorical data are expressed as num-
bers and percentages. Independent Student’s t-tests were
used to compare two groups of normally distributed continu-
ous variables, whereas non-parametric tests were used to
compare two groups of non-normally distributed continuous
variables. One-way analysis of variance with post hoc test
was employed to compare between-group differences among
multiple groups. Chi-square or Fisher’s exact tests were used
for inter-group comparisons of categorical variables. The
standardized log-rank statistic was employed to determine
the optimal sex-specific cutoff value of the H-CXI based on
survival status. The dose—response relationship between the
H-CXI and survival was evaluated using restricted cubic spline
regression with three knots. The Kaplan—-Meier method was
used to draw survival curves, and the log-rank test was used
to compare the time—event relationships between groups.
We determined the independent risk factors for the OS of pa-

tients using a Cox proportional hazard regression model. The
risks were expressed as hazard ratios (HRs) and 95% confi-
dence intervals (Cls). Sensitivity analysis was conducted using
repeated survival analyses, excluding patients who died after
30 and 90 days. Logistic regression analysis was used to as-
sess the association of the H-CXI with short-term outcomes
and cancer cachexia. The risks were expressed as odds ratios
(ORs) and 95% Cls. Statistical analyses were performed using
R software (version 3.5.3; http://www.r-Project.org). All sta-
tistical tests were two-sided. Statistical significance was set
at P < 0.05.

Results
Clinicopathologic characteristics of patients

Initially, this research surveyed 22 783 patients. After exclud-
ing 8101 patients with lack of clinicopathological information,
a total of 14 682 patients were included in this study. In the
primary cohort, 9412 patients with cancer met the inclusion
criteria and were subsequently randomized into the discov-
ery (6592) and internal validation (2820) cohorts. In the
external validation cohort, 5270 patients with cancer were
enrolled (Figure 1). The clinicopathological characteristics of
the discovery, internal validation and external validation co-
horts are shown in Table S1. Among all cohorts, 7962
(54.2%) of the patients were men, and 6720 (46.8%) were
women. The mean age was 57.54 (+11.67) years. There were
1781 (12.1%) patients with stage | cancer, 3302 (22.5%) with
stage Il, 4039 (27.5%) with stage Ill and 5560 (37.9%) with
stage IV. The tumours were most frequently located in the
lung [3364 (22.9%)], colorectum [2764 (18.8%)], breast
[2067 (14.1%)] and stomach [1664 (11.3%)]. The median
follow-up time was 20.07 (range IQR: 12.17-44.67) months.

Relationship between clinicopathological
characteristics and the H-CXI

In the discovery cohort, the median H-CXI for male was
158.61 (85.26—252.53), and the median H-CXI of female was
137.93 (73.76-226.08). Standardized log-rank statistics deter-
mined the optimal cut-off values for the H-CXI for male and
female to be 175 and 113, respectively, in the discovery co-
hort (Figure S1). Therefore, 3245 patients were classified into
the low H-CXI group, and 3347 patients were classified into
the high H-CXI group. In the internal validation cohort, the
low and high H-CXI groups consisted of 1412 and 1408 pa-
tients, respectively. In the external validation cohort, 2635
and 2635 patients were in the low and high H-CXI groups, re-
spectively. We compared the differences in clinicopathologi-
cal characteristics between the low and high H-CXI groups;
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[ Discovery cohort and internal validation cohort J

[ External validation cohort }

Patients diagnosed with cancer between June 2012
and December 2019 from 40 clinical centers in china

Patients diagnosed with cancer from Bethune First
Hospital of Jilin University in china

16,218 cancer patients were included

6,565 cancer patients were included

6,806 patients were excluded :
Patients with missing HGS data (n = 2,080 )
Patients with missing serum data (n = 782)
Patients with severe infection, acute
inflammation and extreme values (n = 428)

1,295 patients were excluded :
Patients with missing HGS data (n=31)
Patients with missing serum data (n = 33)
Patients with severe infection, acute
inflammation and extreme values (n = 226)

A total of 9,412 patients were recruited, and the
cohort was subsequently randomized in a 7:3 ratio

Finally, a total of 5,270 patients were enrolled

Discovery cohort (n= 6,592 ) Internal validation cohort (n = 2,820 )

External validation cohort (n =5,270)

Figure 1 Study design and flow chart.
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a low H-CXI was significantly associated with the male sex,
advanced age, co-morbidities, drinking, smoking, advanced
tumour-node-metastasis (TNM) stage, high systemic inflam-
mation, malnutrition, adverse short-term outcomes and all-
cause mortality (Table S2).

Comparison of the survival of low and high H-CXI
groups

During the follow-up period from 2013 to 2020, 4973 (33.9%)
patients died, including 2217 (33.6%) in the discovery cohort,
952 (33.8%) in the internal validation cohort and 1804 (34.2%)
in the external validation cohort. We performed a time-to-
event analysis to assess the potential of the H-CXI as a predic-
tor for assessing the prognosis of patients with cancer. Pa-
tients with a low H-CXI had significantly lower OS than those
with a high H-CXI in the discovery cohort (6-year survival per-
centage: 55.72% vs. 76.70%, log-rank P < 0.001) (Figure 2A),
internal validation cohort (6-year survival percentage:
55.81% vs. 76.70%, log-rank P < 0.001) (Figure 2B), external

( A) Discovery cohort
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validation cohort (6-year survival percentage: 56.05% vs.
75.48%, P < 0.001) (Figure 2C) and total cohort (6-year sur-
vival percentage: 55.86% vs. 76.27%, log-rank P < 0.001)
(Figure 2D). We also constructed a sex-specific Kaplan—Meier
curve of the H-CXI in patients with cancer and found that
the H-CXI could effectively stratify the prognosis of both male
(Figure S2A) and female (Figure S2B). Moreover, the H-CXI
could further differentiate patients with adverse outcomes
at the same pathological stage. Notably, the prognostic strati-
fication effect of H-CXI in patients with advanced stage dis-
ease was more significant than that in patients with
early-stage disease (Figure S3A-D). The H-CXI also had good
prognostic discriminatory performance in the prognostic as-
sessment of all tumours (all log-rank P < 0.05; Figure S4).

Relationship between H-CXI and survival

There was evidence of a significant non-linear relationship
between the H-CXI and patient survival in all cohorts
(Figure 3A-D). The multivariate Cox proportional risk regres-
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Figure 3 The association between HGS-based cachexia index and survival in patients with cancer. (A) Discovery cohort. (B) Internal validation cohort.

(C) External validation cohort. (D) Total cohort.
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sion model confirmed that a low H-CXI was an independent
risk factor for the prognosis of patients with cancer under
the different adjustment models. For each SD change in the
H-CXI, the HR of prognosis in patients with cancer changed
by 25% (HR 0.75, 95% Cl 0.71-0.80, P < 0.001) in the discov-
ery cohort, 21% (HR 0.79, 95% Cl 0.72—-0.86, P < 0.001) in the
internal validation cohort, 16% (HR 0.84, 95% Cl 0.79-0.89,
P < 0.001) in the external validation cohort and 20% (HR
0.80, 95% Cl 0.77-0.83, P < 0.001) in the total cohort
(Table 1). Notably, we found that the significant positive asso-
ciation between the H-CXI and survival was persistent in the
multivariate survival analysis based on sex (Figure S5 and Ta-
ble S3). In addition, we performed subgroup analyses based
on various clinicopathological characteristics, including age,
sex, BMI, hypertension, diabetes, smoking, drinking, family
history, pathological stage, surgery, chemotherapy and radio-
therapy. The results indicated that the H-CXI was an indepen-
dent prognostic factor in most subgroups (Figure S6A-D). Fi-
nally, we excluded patients with deaths after 30 and 90 days
as a sensitivity analysis and found that short-term death did
not affect the association between the H-CXI and patient
prognosis (Table S4).

Relationship between H-CXI and short-term
outcomes

In total, 673 (4.6%) patients experienced short-term out-
comes, including 339 (5.1%) in the discovery cohort, 153
(5.4%) in the internal validation cohort and 181 (3.4%) in the
external validation cohort. We found that a low H-CXI was sig-
nificantly associated with short-term outcomes (discovery co-
hort: 8.7% vs. 1.7%; internal validation cohort: 8.6% vs. 2.2%;
external validation cohort: 5.8% vs. 1.1%, all P < 0.001). Mul-
tivariate logistic regression models showed that a low H-CXI
was an independent predictor for adverse short-term out-
comes in patients with cancer (Table S5). We subsequently
performed a sex-based subgroup multivariate analysis, which
still showed that, compared with those of patients with a high
H-CXI, the short-term outcomes of patients with a low H-CXI
were significantly worse (Table S6).

Relationship between H-CXI and cancer cachexia

We explored the distribution of the H-CXI levels in
non-cachexia and cachexia populations with different tumour
types. We found that the H-CXI levels in patients with ca-
chexia were generally lower than those with non-cachexia re-
gardless of patient subgroup. In addition, the level of H-CXI
was significantly low in patients with hepatobiliary, pancreatic
and lung cancers and high in those with breast, urinary and
nasopharyngeal cancers (Figure S7). According to the diag-
nostic criteria for cancer cachexia, 4262 (29.0%) patients ex-
perienced cancer cachexia, including 2065 (31.3%) in the dis-
covery cohort, 916 (32.5%) in the internal validation cohort
and 1281 (24.3%) in the external validation cohort. Notably,
the low H-CXI group had a higher risk of developing cancer ca-
chexia than the high H-CXI group (discovery cohort: 39.3% vs.
23.6%; internal validation cohort: 40.2% vs. 24.8; external val-
idation cohort: 31.0% vs. 17.6%). In the multivariate logistic
regression models, a low H-CXI was independently associated
with a high risk of cancer cachexia. For every SD increase in H-
CXI, the risk of cancer cachexia in patients with cancer was re-
duced by more than 10% in all cohorts. In addition, the risk of
cachexia was over 40% higher in patients with a low H-CXI
than in those with a high H-CXI (Table 2). When stratified by
sex subgroup, the H-CXI was observed to be an independent
factor affecting cancer cachexia (Table S7).

Discussion

In this study, for the first time, we developed the H-CXI using
HGS and validated its reliability in assessing prognosis and
predicting cancer cachexia in multiple independent cohorts.
We found that a low H-CXI was associated with advanced
age, co-morbidities, advanced TNM stage, high systemic in-
flammation and malnutrition, suggesting that a decrease in
the H-CXI reflected disease progression. Our multivariate sur-
vival analyses showed that the H-CXI was independently asso-
ciated with the prognosis of patients with cancer, especially
lung cancer and gastrointestinal tumours. Moreover, the

Table 1 Association between HGS-based cachexia index and survival of patients with cancer at different cohorts

Discovery cohort Internal validation cohort External validation cohort All population

H-CXI HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
Continuous

Modela  0.63(0.59,0.67) <0.001 0.65(0.59,0.71) <0.001 0.77(0.73,0.82) <0.001 0.69(0.66,0.72) <0.001

Model b 0.73(0.69,0.77) <0.001 0.78(0.71,0.86) <0.001 0.85(0.81,0.90) <0.001 0.79(0.76,0.82) <0.001

Model ¢ 0.75(0.71,0.80) <0.001 0.79(0.72,0.86) <0.001 0.84(0.79,0.89) <0.001 0.80(0.77,0.83) <0.001
Categorical

Modela  0.42(0.39,0.46) <0.001 0.44(0.38,0.50) <0.001 0.48(0.44,0.53) <0.001 0.45(0.42,0.48) <0.001

Model b 0.56(0.51,0.61) <0.001 0.61(0.53,0.70) <0.001 0.60(0.54,0.66) <0.001 0.58(0.55,0.62) <0.001

Model ¢ 0.61(0.55,0.66) <0.001 0.64(0.56,0.74) <0.001 0.62(0.56,0.69) <0.001 0.62(0.58,0.66) <0.001

Model a: No adjusted. Model b: Adjusted for age, sex, BMI, TNM stage. Model c: Adjusted for age, sex, BMI, TNM stage, tumour type,
surgery, radiotherapy, chemotherapy, hypertension, diabetes, smoking, drinking, family history.
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Table 2 Logistic regression analysis of HGS-based cachexia index associated with cachexia
Discovery cohort Internal validation External validation All population
H-CXI OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value OR (95% ClI) P value
Continuous
Model a 0.74 (0.69,0.79) <0.001 0.70 (0.63,0.77) <0.001 0.80 (0.75,0.86) <0.001 0.75(0.72,0.79)  <0.001
Model b 0.85 (0.80,0.91) <0.001 0.81 (0.73,0.90) <0.001 0.90 (0.84,0.96) 0.003 0.86(0.83,0.90) <0.001
Model ¢ 0.85 (0.80,0.91) <0.001 0.82 (0.74,0.91) <0.001 0.90 (0.84,0.97) 0.004 0.86(0.83,0.90) <0.001
Categorical
Model a 0.48 (0.43,0.53) <0.001 0.49 (0.42,0.58) <0.001 0.48 (0.42,0.54) <0.001 0.48 (0.45,0.52)  <0.001
Model b 0.63 (0.56,0.71) <0.001 0.65 (0.54,0.78) <0.001 0.63 (0.55,0.73)  <0.001 0.64 (0.59,0.7) <0.001
Model ¢ 0.64 (0.57,0.72) <0.001 0.66 (0.55,0.79) <0.001 0.64 (0.56,0.74) <0.001 0.65 (0.6,0.71) <0.001

Model a: No adjusted. Model b: Adjusted for age, sex, BMI, TNM stage. Model c: Adjusted for age, sex, BMI, TNM stage, tumour type,
surgery, radiotherapy, chemotherapy, hypertension, diabetes, smoking, drinking, family history.

H-CXI is valuable in the risk assessment of short-term out-
comes and cancer cachexia. A low H-CXI was found to be an
independent predictor for short-term outcomes and cancer
cachexia in patients with cancer. Overall, we demonstrated
that the H-CXI is a powerful predictor for assessing adverse
outcomes and cancer cachexia in patients with cancer. These
findings may be valuable in helping clinicians design effective
anti-tumour therapies and follow-up strategies. H-CXI can be
used to screen high-risk patients with cancer cachexia and
poor prognosis, such that nutritional intervention, exercise
intervention and anti-inflammatory treatment and intensity
of anti-cancer treatment can be purposefully strengthened
as appropriate for these patients. During treatment, monitor-
ing H-CXI trajectories can also help to understand the efficacy
of anti-cancer therapy in cancer patients.

TNM stage is the most widely used tool for assessing
disease progression and prognosis in cancer. However, its
predictive reliability and availability have been recently
questioned because it only evaluates tumour characteristics
and ignores host-related factors.?>?> We found that the
H-CXI could further differentiate poor prognosis in patients
with the same pathological stage, suggesting that the H-CXI
could serve as a useful prognostic stratification complement
to the TNM stage. Notably, we found that the H-CXI was bet-
ter at assessing prognosis in advanced-stage patients than in
early-stage patients. We hypothesized that this may be
because host-related factors are still in a correctable state
at the early stage of the disease, when host-related factors
have little impact on prognosis. As the disease progresses,
the host’s state of hyperinflammation, malnutrition and
sarcopenia reaches an irreversible state of cachexia; thus,
host-related factors gradually play a leading role in the prog-
nosis of patients with cancer.

It is difficult to assess the severity of cachexia because of
the lack of simple and robust biomarkers to identify at-risk
patients.?* To estimate the extent of cancer cachexia, our
study integrated the clinical characteristics of cancer cachexia
reflecting muscle strength, systemic inflammation and nutri-
tional status into a composite index, the H-CXI, and confirmed
that the H-CXI is an effective prognostic tool for cancer. The
use of the original CXI is limited because of high testing costs

and complicated testing procedures. In addition, radiographic
SMI is often measured by hand-painted measurement bor-
dered muscle mass, which inevitably has a certain amount
of subjectivity. To the best of our knowledge, research on this
index has been stalled since its development in 2015. Thus,
herein, we replaced the complex SMI with the more practical
HGS to assess muscle status. Compared with original CXI, the
newly currently developed H-CXI has the advantages of
simple operation, low costs and obvious prediction effects,
making it more suitable for clinical applications.

H-CXI integrates the advantages of HGS, serum albumin
and NLR and can more comprehensively reflect the muscle
and inflammatory pathological conditions of cachexia than a
single indicator. HGS is a simple and non-invasive anthropo-
metric measure measurement of muscle strength, and sev-
eral guidelines have recommended low HGS as an important
indicator for defining sarcopenia and cancer cachexia in clin-
ical practice.?>*® NLR is reported to be a simple and effective
indicator of systemic inflammation. The change in serum al-
bumin may be the result of the combined effect of the liver’s
reordering of protein synthesis in vivo and the redistribution
of albumin in and out of blood vessels under condition of
high inflammation.?” Therefore, NLR and serum albumin can
comprehensively reflect the inflammatory state of the host.

Our study also had several limitations. First, the patients
included in this study were limited to multicenter medical
institutions in China. It remains to be seen whether these
findings can be extended to patients outside the Chinese
population. Second, this was an observational study, and
there may be potential confounding factors. However, we
comprehensively collected baseline characteristics of patients
and adjusted for covariates based on statistical and scientific
methods to minimize this possibility. In addition, there were
differences in tumour types between the cohorts, which re-
sulted in incomplete uniformity of clinicopathological factors
between cohorts; thus, there was a certain selection bias. To
overcome these barriers, there is a need to conduct further
prospective trials with larger populations and stricter inclu-
sion criteria. Finally, although the usefulness of H-CXI has
been demonstrated in this study, there is currently no evi-
dence that it is superior to CXI due to the lack of SMI data.
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Conclusion

This study confirmed that the simple and practical H-CXl is a
promising predictor for cancer cachexia and prognosis of
patients with cancer. Additionally, it has wide clinical applica-
tions in prognosis and cancer cachexia research.
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