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Abstract

Background Cancer cachexia is prevalent in digestive tract cancer patients and has significant impacts on prognosis; it
is vital to identify individuals who are at risk of cancer cachexia to allow for appropriate evaluation and treatment. This
study evaluated whether digestive tract cancer patients with a risk of cancer cachexia and who had a risk of adverse
survival could be identified before abdominal surgery.

Methods This large-scale cohort study involved patients who underwent abdominal surgery between January 2015
and December 2020 to treat digestive tract cancer. Participants were allocated to the development cohort, the valida-
tion cohort, or the application cohort. Univariate and multivariate analyses of the development cohort were performed
to detect distinct risk variables for cancer cachexia to create a cancer cachexia risk score. The performance of the risk
score across all the three cohorts was assessed through calculating the area under the receiver operating characteristic
curve (AUC), as well as calibration and decision curves. We tested how well the score predicted survival outcomes in
the application cohort.

Results A total of 16 264 patients (median 64 years of age; 65.9% male) were included, with 8743 in the development
cohort, 5828 in the validation cohort, and 1693 in the application cohort. Seven variables were identified as indepen-
dent predictive factors and were included in the cancer cachexia risk score: cancer site, cancer stage, time from symp-
tom onset to hospitalization, appetite loss, body mass index, skeletal muscle index, and neutrophil-lymphocyte ratio.
The risk score predicting cancer cachexia owns a good discrimination, with the mean AUC of 0.760 (P < 0.001) in
the development cohort, 0.743 (P < 0.001) in the validation cohort, and 0.751 (P < 0.001) in the application cohort,
respectively, and had an excellent calibration (all P > 0.05). The decision curve analysis revealed net benefits of the risk
score across a range of risk thresholds in the three cohorts. In the application cohort, compared with the high-risk
group, the low-risk group experienced significantly longer overall survival [hazard ratio (HR) 2.887, P < 0.001] as well
as relapse-free survival (HR 1.482, P = 0.01).

Conclusions The cancer cachexia risk score constructed and validated demonstrated good performance in identifying
those digestive tract cancer patients before abdominal surgery at a higher risk of cancer cachexia and unfavourable
survival. This risk score can help clinicians to enhance their capabilities to screen for cancer cachexia, assess patient
prognosis, and strengthen early decision-making on targeted approaches to attune cancer cachexia for digestive tract
cancer patients before abdominal surgery.
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Introduction

Cachexia is a recognized multifactorial iliness in which there
is a continuing loss of skeletal muscle mass with or without
fat wasting.! Conventional nutritional support cannot fully re-
verse the condition.? Cachexia frequently occurs in patients
with cancer, with approximately half of advanced cancer pa-
tients, particularly digestive tract cancer, experiencing cancer
cachexia.>™ Cancer cachexia is related to fatigue, functional
impairment, an increase in toxicity related to treatment, poor
life quality, and reduced survival, all of which greatly impact
patients’ lives and place a heavy burden on the health care
system.®™® Cancer cachexia is a direct cause of death for more
than 20% of cancer patients but is often not recognized in
clinical practice, and therapies to stop or even reverse cancer
cachexia are lacking.® Thus, cancer cachexia is an important
unmet medical need and of great research interest.°

Since cancer cachexia is potentially a determinant of the
cancer patient’s prognosis and there are no effective thera-
pies, identifying high-risk patients is crucial for the treatment
and assessment of cancer cachexia.'® Nevertheless, there are
major barriers to identifying patients who are at risk of
cancer cachexia. First, cancer cachexia is a form of
malnutrition,*® and there are many tools that identify the nu-
tritional risk, but few are developed especially to assess the
risk of cancer cachexia. The Cachexia score (CASCO) is the
only validated cachexia screening tool for cancer patients,*®
but it is imperfect. It includes numerous questions and met-
rics but no disease-state questions;** therefore, its potential
to predict patient prognosis is unknown. Second, many stud-
ies, including the international consensus on definition and
classification of cancer cachexia, recommend that patients
can be screened for cancer cachexia using body mass index
(BMI), weight loss, or direct measure of muscularity,® but
these commonly used measures also have limitations. For ex-
ample, weight loss is a diagnostic and risk factor for cancer
cachexia, but in general, many patients cannot accurately
provide information regarding when their weight loss began
and how much it is, which limits the possibility of using
weight loss to early identify patients at risk of cancer ca-
chexia. In addition, these commonly used measures are often
used alone in clinical practice, showing relatively low
accuracy. In fact, cancer cachexia is characterized by a wide
spectrum, ranging from non-symptomatic inflammatory alter-
ations with minimal muscle and weight loss in an early stage
to severe muscle wasting and low-performance status in
more advanced stages;** therefore, a screening tool based
on as many clinical, nutritional, and oncological variables as
possible would provide better screening results. Neverthe-
less, to our knowledge, there is no such screening tool
available.*?***> Finally, when some nutritional screening
tools are used to identify cancer cachexia, they are applied
to only a subset of patients with most digestive tract cancer

patients who had a high risk of developing cancer cachexia
did not have their cancer cachexia assessed at all.

In the present study, due to the high volume of abdominal
surgery for digestive tract cancer in China, we conducted a
large-scale cohort study of digestive tract cancer patients be-
fore abdominal surgery to develop and validate a cancer ca-
chexia risk score to identify patients at risk of cancer cachexia
and adverse survival.

Methods
Study design and participants

This study was performed in the Department of General
Surgery/Shanghai  Clinical Nutrition Research Center,
Zhongshan Hospital, Fudan University, China, was approved
by our institutional review board (B2020-296R), and was con-
ducted in compliance with the Declaration of Helsinki and its
later amendments on ethical standards. Individuals aged
>18 years in our clinical database who underwent abdominal
surgery for digestive tract cancer (liver, gallbladder, pancre-
atic, gastric, or colorectal cancer) in our institution were ret-
rospectively recruited from 1 January 2015 to 31 December
2020. Patients were excluded if they had no complete clinical
data for the diagnosis of cachexia, underwent emergency, or
had a previous cancer history. Participants who were eligible
for the study from 1 January 2015 to 31 December 2019,
were allocated randomly into development and validation co-
horts in a ratio of 6:4. Participants who were eligible for the
study between 1 January 2020 and 31 December 2020
formed the application cohort. Based on the international
consensus,1 the diagnostic criterion for cancer cachexia was
weight loss greater than 5% over past 6 months, or any de-
gree of weight loss greater than 2% in individuals who had
a BMI lower than 20 kg/m? or skeletal muscle depletion con-
sistent with sarcopenia. Skeletal muscle depletion was de-
fined as skeletal muscle index (SMI) based on the diagnostic
cut-off values (37.81 cm?/m? for women and 43.13 cm?/m?
for men) according to our recent research.'**°

Data collection

In development and validation cohorts, data about the
candidate predictor variables, including demographic, clinical,
nutritional, and oncologic variables, were collected before
surgery from medical records and patient interviews.
Candidate predictors for cancer cachexia were selected based
on knowledge of the subject and a literature review.>*%2°
The demographic data included age, gender, height, smoking
and drinking status. The clinical data included time from
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symptom onset to hospitalization, co-morbidity, especially re-
spiratory co-morbidity, cardiovascular co-morbidity and dia-
betes, lymphocyte count, leukocyte count, and platelet
count. Nutritional data included weight, weight loss, appetite
loss, BMI measured as weight (kg)/height (m?), albumin,
haemoglobin, and SMI calculated by dividing the skeletal
muscle area (SMA) by the height [SMA (cm?)/height (m?)].
SMA was determined by calculating the average area on
two contiguous computed tomography images at the third
lumbar vertebra between the range of —29 to +150 Houns-
field units.>! Oncologic data included cancer site, histologic
type including differentiated and undifferentiated status, ab-
normal tumour biomarker, and the cancer stage grouped |, Il,
Ill, or IV based on the 8th edition of the American Joint
Committee on Cancer staging system.

In the application cohort, in addition to the collected data
in development and validation cohorts, long-term postopera-
tive outcomes, including overall survival and relapse-free
survival, were collected. The follow-up data on survival status
were updated in January 2022.

Statistical analysis

The data are presented as median [interquartile range (IQR)]
for continuous variables and frequencies and proportions for
categorical variables. Comparisons between continuous and
categorical  variables were conducted using the
Mann—-Whitney U test and Xz test, respectively. Cancer ca-
chexia risk variables were evaluated in the development co-
hort by multivariate analysis on variables with P < 0.05 in
the univariate analysis using a binary logistic backward step-
wise regression. The univariate risk variables with P < 0.05
were incorporated as independent factors in a binary logistic
backward stepwise regression analysis to assess cancer ca-
chexia. Using predictive parameters, a nomogram for cancer
cachexia risk was created and each patient’s cancer cachexia
prediction was used in a receiver-operating characteristic
(ROC) study to determine the best cutoff value. If a patient’s
probability was over the cutoff, the risk of cancer cachexia
was identified. Using the area under the receiver operating
characteristic curve (AUC), calibration curve, and decision
curve analysis,?* the performance of the risk score was eval-
uated in the three cohorts. Kaplan—Meier curves were con-
structed to examine the risk score’s capacity to stratify the
overall and relapse-free survival among the two risk groups
in the application cohort. Multivariate analysis on variables
with P < 0.05 in the univariate analysis was performed using
Cox proportional backward stepwise procedure to test the
prognostic value of the risk score for overall survival and
relapse-free survival. If P < 0.05, differences were statistically
significant. All statistical analyses used software SPSS (26.0),
R (4.1.2), and Stata (15.0) for Windows.

Results

In total, 16 264 participants were included in this study
(Figure 1). The development cohort included 8743 patients
with a median (IQR) age of 64 (15) years, and 5731
(65.5%) were men, and the validation cohort included
5828 patients with a median (IQR) age of 64 (16) years,
and 3903 (67.0%) were men, while the application cohort in-
cluded 1693 patients with a median (IQR) age of 64 (14)
years, and 1081 (63.9%) were men. In the three cohorts,
gastric, colorectal and liver cancers accounted for most can-
cer types, and more than half of patients were in cancer
stage | and Il. Cancer cachexia was observed in 2699 individ-
uals (1377, 911, and 411 from development, validation, and
application cohorts, respectively). Descriptive patient charac-
teristics of study populations in the three cohorts are shown
in Table 1.

Univariate analysis identified 12 factors linked to cancer
cachexia (P < 0.05) in the development cohort, and they
were subsequently subjected to multivariate analysis.
Cachexia risk was independently and significantly (all
P < 0.05) linked to cancer site, cancer stage, time from symp-
tom onset to hospitalization, appetite loss, BMI, SMI, and
neutrophil-lymphocyte ratio (NLR) (Table 2). Figure 2 shows
the nomogram for the cancer cachexia risk score. ROC analy-
sis was used to determine the appropriate cutoff value of
0.18 based on the predictive probability of cancer cachexia
for each patient.

ROC curves were drawn, and AUC was generated to
analyse the risk score’s capacity to discriminate (Figure 3),
demonstrating that the risk score had an AUC value of
0.760 (95% ClI 0.747-0.774, P < 0.001), 0.743 (95% Cl
0.726-0.761, P < 0.001), and 0.751 (95% Cl 0.725-0.777,
P < 0.001) in development, validation, and application co-
horts, respectively. This indicates that the risk score can dis-
tinguish between individuals at risk of cancer cachexia and
those who are not.

The calibration of the risk score was assessed through the
calibration curve using Hosmer—Lemeshow test. The calibra-
tion curve demonstrated agreement between the prediction
and the observation (Figure 4), and Hosmer—-Lemeshow test
indicated insignificant statistics (all P > 0.05) in the three co-
horts, showing that there was no deviation from the perfect
fit and the risk score had an excellent calibration. The deci-
sion curve analysis reported the net benefits of the risk score
across a range of risk thresholds in the three cohorts
(Figure 5).

Low- and high-risk groups were defined in the applica-
tion cohort according to the cutoff value of predictive
probability (0.18), and the observed prevalence rates of
cancer cachexia for these two groups were 12.5% and
42.3%, respectively (P < 0.001). The low-risk group, com-
pared to the high-risk group, had significantly longer overall
survival [hazard ratio (HR) 2.887, 95% Cl 1.513-5.508,
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Figure 1 Study profile.

P < 0.001], as well as relapse-free survival (HR 1.482, 95% Discussion

Cl 1.087-2.020, P = 0.01) (Figure 6). In multivariate Cox re-

gression analyses (Table 3), the risk score was found to be In the present study with 16 264 patients, a cancer cachexia
an independent prognostic factor for overall survival (HR risk score, comprising the variables cancer site, cancer stage,
7.797, 95% Cl 1.431-42.477, P = 0.018) and relapse-free time from symptom onset to hospitalization, appetite loss,

survival (HR 4.793, 95% ClI 1.798-12.779, P = 0.002).

BMI, SMI, and NLR, was developed and validated to identify
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Table 1 Participant characteristics of three cohorts.

Development cohort

Validation cohort

Application cohort

(n = 8743) (n = 5828) (n = 1693)

Age, years 64 (15) 64 (16) 64 (14)
Sex

Male 5731 (65.5%) 3903 (67.0%) 1081 (63.9%)

Female 3012 (34.5%) 1925 (33.0%) 612 (36.1%)
Smoking status

Never 7310 (83.6%) 4926 (84.5%) 1401 (82.8%)

Former/current 1433 (16.4%) 902 (15.5%) 292 (17.2%)
Drinking status

Never 7589 (86.8%) 5066 (86.9%) 1470 (86.8%)

Former/current 1154 (13.2%) 762 (13.1%) 223 (13.2%)
Co-morbidity 2563 29.3%) 1735 (29.8%) 513 (30.3%)

Respiratory co-morbidity
Cardiovascular co-morbidity
Diabetes

Time from symptom onset to hospitalization, month

Neutrophil-lymphocyte ratio

Platelet-lymphocyte ratio

Albumin, g/L

Haemoglobin, g/L

Weight, k%

BMI, kg/m

SMI, cm?/m?

Appetite loss

Cancer site
Liver
Gallbladder
Pancreas
Stomach
Colorectum

Cancer stage
|
I
1
\%

Histologic type
Differentiated
Undifferentiated

Abnormal tumour biomarker

Cachexia

.9%)
2207 25.2%)
763 8.7%)

134.17 (79.31)

(

(

(

2(0

(

(

1.
2.02 (1.3)

(

(5.

(

4 (15)
23. 24 (4.26)
46.07 (11.22)
1828 (20.9%)
1385 (15.8%)
532 (6.1%)
361 (4.1%)
3043 (34.8%)
3422 (39.1%)

2551 (29.2%)

3056 (35.0%)

2659 (30.4%)
477 (5.5%)

4346 (49.7%)
4397 (50.3%)
7912 (90.5%)
1377 (15.7%)

0 (0.9%)
1484 (25.5%)
538 (9.2%)
1(2.5)
.03 (1.31)
134 05 (81.07)

1.2 (5.5)

28 (28)

63 (19)
23.01 (4.99)
45.93 (11.04)
1250 (21.4%)

989 (17.0%)

1690 (29.0%)

2068 (35.5%)

1750 (30.0%)
320 (5.5%)

2880 (49.4%)
2948 (50.6%)
5276 (90.5%)

911 (15.6%)

23 (1.4%)
446 (26.3%)
156 (9.2%)

1(3.5)

2.2 (1.46)

136.81 (85.15)
41.0 (5.8)
126 (26)

64 (15)
23.18 (4.09)
45.78 (12.57)

366 (21.6%)

216 (12.8%)
74 (4.4%)
78 (4.6%)

566 (33.4%)

759 (44.8%)

494 (29.2%)
551 (32.5%)
464 (27.4%)
184 (10.9%)

836 (49.4%)
857 (50.6%)
1541 (91.0%)
411 (24.3%)

Note: Data are median (IQR) or n (%).

Abbreviations: BMI, body mass index; SMI, skeletal muscle index.

patients with cancer cachexia risk and who are at risk of ad-
verse survival in digestive tract cancer patients before ab-
dominal surgery. The cancer cachexia risk score demon-
strated reasonably good discrimination and calibration, had
net benefits across a range of risk thresholds, and predicted
adverse postoperative overall survival and relapse-free sur-
vival. To our knowledge, this is the largest study of cancer ca-
chexia involving most types of digestive tract cancer before
abdominal surgery, and the first risk score for identifying pa-
tients with risk of cancer cachexia and who are at risk of ad-
verse survival using readily available clinical data in digestive
tract cancer patients before surgery.

Malnutrition is a global public health concern due to its ad-
verse impact on patients’ treatment and clinical outcomes,
and a variety of methods such as Malnutrition Screening
Tool, Malnutrition Universal Screening Tool, and Nutritional
Risk Screening-2002 have been established to screen and as-
sess the risk of malnutrition to guide treatment.*® Nutritional

alterations are common in patients with cancer, especially
those with digestive system cancer.

Due to the complexities of the catabolic pathway activa-
tion and the predominance of muscle loss in the pathophys-
iology of cancer-related nutritional abnormalities, the term
‘cachexia’ is currently preferred to the previous term ‘malnu-
trition’ for patients with cancer.**?*72® patients with digestive
tract cancer are more likely to develop cancer cachexia,
which is associated with poor outcomes, although little
research has specifically addressed cancer cachexia. Few
methods have been constructed specifically to determine
the risk of cancer cachexia, despite cancer cachexia being a
form of malnutrition. Therefore, identifying individuals at
high risk of cancer cachexia and poor survival is critical for
treatment planning and improving the prognosis of those
with digestive tract cancer.

There is a wide spectrum of symptoms associated with
cancer cachexia, ranging from non-symptomatic inflammatory
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Table 2 Univariate and multivariate analyses for cancer cachexia in the development cohort.

Univariate analysis Multivariate analysis

OR (95% Cl) P value OR (95% Cl) P value
Age, years 1.014 (1.009-1.020) 0.000
Sex, male 1.103 (0.976-1.247) 0.117
Smoke, former/current 1.119 (0.961-1.302) 0.147
Drink, former/current 1.017 (0.859-1.205) 0.845
Co-morbidity, yes 0.964 (0.849-1.095) 0.576
Respiratory co-morbidity, yes 1.511 (0.893-2.557) 0.124
Cardiovascular co-morbidity, yes 0.997 (0.873-1.139) 0.968
Diabetes, yes 0.903 (0.732-1.114) 0.340
Time from symptom onset to hospitalization, month 1.220 (1.188-1.254) 0.000 1.143 (1.109-1.178) 0.000
Neutrophil-lymphocyte ratio 1.105 (1.081-1.128) 0.000 1.094 (1.069-1.119) 0.000
Platelet-lymphocyte ratio 1.003 (1.002-1.003) 0.000
Albumin, g/L 0.956 (0.942-0.969) 0.000
Haemoglobin, g/L 0.987 (0.985-0.989) 0.000
Weight, k% 0.953 (0.948-0.959) 0.000
BMI, kg/m 0.831 (0.815-0.848) 0.000 0.874 (0.854-0.895) 0.000
SMI, cm%/m? 0.941 (0.934-0.948) 0.000 0.977 (0.968-0.986) 0.000
Appetite loss, yes 1.988 (1.750-2.259) 0.000 1.589 (1.384-1.825) 0.000
Cancer site Reference Reference
Liver 4.739 (3.369-6.668) 0.000 3.925 (2.755-5.592) 0.000
Gallbladder 8.229 (5.813-11.648) 0.000 7.788(5.418-11.193) 0.000
Pancreas 6.176 (4.702-8.111) 0.000 4.984 (3.756-6.615) 0.000
Stomach 3.430 (2.601-4.523) 0.000 2.679 (2.012-3.568) 0.000
Colorectum
Cancer stage, n (%)
| Reference Reference
Il 1.342 (1.138-1.583) 0.000 1.311 (1.100-1.563) 0.002
1]l 2.448 (2.091-2.866) 0.000 1.959 (1.654-2.320) 0.000
v 3.136 (2.466-3.988) 0.000 2.496 (1.915-3.253) 0.000
Histologic type, differentiated 1.084 (0.966-1.217) 0.168
Abnormal tumour biomarker, yes 1.182 (0.962-1.452) 0.112

Abbreviations: BMI, body mass index; SMI, skeletal muscle index; OR, odds ratio; Cl, confidence interval.
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Figure 2 The risk score to identify cancer cachexia in digestive tract cancer before abdominal surgery.
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Figure 3 Receiver-operating characteristic (ROC) curves of the risk score
to identify cancer cachexia in the development cohort (A), validation co-
hort (B), and application cohort (C).

alterations with minimal weight and muscle loss in the early
stages to severe muscle wasting and low-performance status
in the later stages; Consequently, a screening tool for cancer
cachexia based on the maximum number of factors is required
rather than one subset of these factors for better screening
results. This large-scale cohort study involving 16 264 patients
in a high-volume surgery centre for digestive tract cancer in
China was conducted to uncover independent characteristics
that are strongly linked with cancer cachexia.
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Figure 4 Calibration plots for the risk score to identify cancer cachexia in
the development cohort (A), validation cohort (B), and application cohort

Q).

Seven risk factors associated with cancer cachexia were
identified, including cancer site, cancer stage, time from symp-
tom onset to hospitalization, appetite loss, BMI, SMI, and NLR.
Notably, these variables data can be collected from the medi-
cal records of patients with digestive tract cancer before ab-
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Figure 5 Decision curve analysis plots for the risk score to identify cancer
cachexia in the development cohort (A), validation cohort (B), and appli-
cation cohort (C).

dominal surgery in the hospital. It is of particular significance
because clinicians can use such routine data to assess these
risk factors to identify patients at risk of cancer cachexia.
Nutritional variables such as weight, BMI, and serum
albumin are commonly used to assess nutritional status and
identify cancer cachexia risk in clinical practice, but each

parameter has different merits. Some reports have demon-
strated that some variables such as low BMI and low serum
albumin were risk factors for cancer cachexia and were
associated with more complications and poor survival after
surgery.”*%?” Ppatients with cancer who have a low
haemoglobin level are more likely to die from their disease.
In patients with cancer cachexia, low haemoglobin levels
have been linked to death,?® and haemoglobin can be used
as a predictive indicator for prognosis. However, some
reports stated negative results regarding the assessment of
nutritional status, including cancer cachexia using these
nutritional variables.?2° In this study, we found that
variables of weight, serum albumin, and haemoglobin were
unrelated to cancer cachexia, while a low BMI was an
independent risk factor for cancer cachexia, similar to earlier
research.! Patients with cancer cachexia often have a loss of
appetite and reduced food intake, which affects their
nutritional status and quality of life.3*7% In this study, we
found that appetite loss was another independent risk factor
for cancer cachexia. Notably, in clinical practice, most
patients could inaccurately describe the range of appetite
changes; therefore, in this study, we used the loss of appetite
or not as an assessment indicator, confirming that this
indicator can be used as a cancer cachexia risk predictor,
which greatly improves the practicability of the clinical
application. Cancer cachexia is also characterized by the
decrease of skeletal muscle mass, which can be used to
identify cancer cachexia risk. In this study, we also found that
low skeletal muscle mass is an independent risk factor for
cancer cachexia; consequently, in clinical practice, if low
skeletal muscle mass is observed, clinicians should be alerted
to cancer cachexia.

Cancer is the major cause of cachexia; accordingly, it is im-
portant to investigate cancer-related factors to evaluate the
risk of cachexia in cancer patients.>?®?° For example, many
studies have revealed that the incidence of cancer cachexia
varies in different cancer sites and stages, and cachexia was
associated with clinical outcomes independently of these
factors.>**?% In this study, we found that cancer stage and
site are significantly correlated with cancer cachexia, in line
with other studies.>***° Cancer patients often present with
abnormal tumour biomarkers, especially those with advanced
cancer; therefore, detecting tumour biomarkers is routine in
cancer management. During the study design, we raised the
question of whether abnormal tumour biomarkers can be
used as a predictor of cachexia, but there was no correlation
between abnormal tumour biomarkers and cachexia. In addi-
tion, the results demonstrated that tumour histologic type,
differentiated or not, has no significant impact on cancer
cachexia. It is hypothesized that this may be because the
histologic type is not independently associated with the
patient’s metabolism status, thus having no significant impact
on weight loss and cachexia. Considering these factors, these
cancer-related indicators such as cancer stage and site can be
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Figure 6 Kaplan—Meier curves for overall survival (A) and relapse-free survival (B), stratified by risk of cancer cachexia in the application cohort.

used to assess the cancer cachexia risk in patients with diges-
tive tract cancer before abdominal surgery.

Systemic inflammation is another important feature of
cancer, which can promote catabolism and is one of the
causes of body consumption.>>3>3¢ Previous studies also
assessed inflammation when assessing the cachexia stage in

cancer patients.?”*® The commonly used inflammation indi-
cators are C-reactive protein, interleukin, and so on, but
these indicators are uncommonly used in the clinic, which
will limit their clinical use. NLR has recently been considered
a new indicator for inflammation assessment and can be
obtained simply from a blood routine test. A previous study
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Table 3A Univariate and multivariate analyses for overall survival in the application cohort.

Univariate analysis

Multivariate analysis

HR (95% ClI) P value HR (95% Cl) P value
Age, years 1.034 (1.005-1.063) 0.022 1.031 (1.003-1.060) 0.027
Sex, male 1.283 (0.590-2.786) 0.529
Smoke, former/current 1.087 (0.485-2.439) 0.839
Drink, former/current 2.093 (0.648-6.760) 0.217
Co-morbidity, yes 0.685 (0.338-1.386) 0.293
Respiratory co-morbidity, yes 1.104 (0.955-1.278) 0.182
Cardiovascular co-morbidity, yes 0.721 (0.346-1.500) 0.381
Diabetes, yes 0.730 (0.226-2.358) 0.599
Time from symptom onset to hospitalization, month 1.116 (0.986-1.263) 0.083
Neutrophil-lymphocyte ratio 1.099 (1.007-1.201) 0.035
Platelet-lymphocyte ratio 1.001 (0.999-1.003) 0.459
Albumin, g/L 0.919 (0.860-0.981) 0.012 0.931 (0.872-0.994) 0.032
Haemoglobin, g/L 0.985 (0.972-0.998) 0.026
Weight, k% 0.973 (0.945-1.002) 0.064
BMI, kg/m 0.921 (0.856-0.992) 0.030
SMI, cm%/m? 0.957 (0.923-0.992) 0.017 0.962 (0.927-0.997) 0.034
Appetite loss, yes 1.142 (0.289-4.512) 0.850
Cancer site
Liver Reference Reference
Gallbladder 6.910 (2.128-22.438) 0.001 5.202 (1.560-17.351) 0.007
Pancreas 4.544 (1.280-16.131) 0.019 5.250(1.460-18.876) 0.011
Stomach 1.147 (0.370-3.556) 0.812 0.882 (0.268-2.907) 0.836
Colorectum 0.910 (0.297-2.791) 0.869 0.585 (0.185-1.851) 0.362
Cancer stage, n (%)
| Reference Reference
Il 2.365 (0.627-8.915) 0.204 3.348 (0.878-12.763) 0.077
1] 6.041 (1.770-20.613) 0.004 9.093 (2.551-32.406) 0.001
\Y 14.828 (4.320-50.889) 0.000 18.670 (5.397-64.580) 0.000
Histologic type, differentiated 0.621 (0.338-1.139) 0.124
Abnormal tumour biomarker, yes 1.989 (0.481-8.219) 0.342
Cancer cachexia risk score 22.533 (4.886-103.930) 0.000 7.797 (1.431-42.477) 0.018

Abbreviations: BMI, body mass index; SMI, skeletal muscle index; HR, hazard ratio; Cl, confidence interval.

reported that NLR was a significant negative prognostic
biomarker for patients with cachexia.® In this study, NLR
was an independent risk factor for cancer cachexia; there-
fore, it is convenient to assess inflammation in clinical prac-
tice, especially for cachexia risk assessment.

Notably, the variable time from symptom onset to hospi-
talization for cancer was an important factor in the cancer
cachexia risk. Due to economic, cultural, and social factors,
when patients suffer from cancer, the time from symptom
onset to hospitalization varies between patients, which
may lead to varying degrees of cancer progression, different
nutritional status at hospital admission, as well as mood and
other factors, which will significantly affect cachexia. Thus,
assessing the time from symptom onset to hospitalization
is an important factor in identifying cancer cachexia in
the present study, although it has not been investigated
previously. As expected, the time from symptom onset to
hospitalization is a risk factor for cancer cachexia, suggesting
that patients should visit their doctors as soon as possible if
they are unwell, and clinicians should be highly vigilant for
cachexia in those patients with advanced cancer.

The seven risk factors were then used to construct a
nomogram of the cancer cachexia risk score, which was
validated in the three cohorts displaying good discrimination

and excellent calibration. The decision curve analysis also
reported the net benefits of the risk score across a range
of risk thresholds in the three cohorts. To further assess
its application value, low- and high-risk groups were defined
in the application cohort according to the cutoff value of
predictive probability to test the ability of the score to strat-
ify overall survival and relapse-free survival in these two risk
groups. The results demonstrated that the observed preva-
lence rates of cancer cachexia were significantly different
between the two groups (high- and low-risk). In addition,
the low-risk group’s overall survival and relapse-free survival
were much longer than those of the high-risk group. In
multivariate Cox regression analyses, the risk score
itself provided independent prognostic value. Therefore,
the established and validated score may be used in the clinic
to identify patients with cancer cachexia who are at risk
of death.

There are several limitations to this study. First, because
this research was retrospective, it is prone to bias. For
example, functional measures such as grip strength is associ-
ated with prognosis in cancer patients, and it may be a poten-
tial factor to identify patients with risk of cancer cachexia and
who are at risk of adverse survival. However, functional mea-
sures such as grip strength is not a routine test in the clinical
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Table 3B Univariate and multivariate analyses for relapse-free survival in the application cohort.
Univariate analysis Multivariate analysis
HR (95% Cl) P value HR (95% Cl) P value
Age, years 1.032 (0.983-1.084) 0.204
Sex, male 1.025 (0.976-1.076) 0.327
Smoke, former/current 1.183 (0.827-1.693) 0.358
Drink, former/current 1.048 (0.663-1.655) 0.841
Co-morbidity, yes 0.818 (0.580-1.153) 0.251
Respiratory co-morbidity, yes 1.379 (0.440-4.320) 0.581
Cardiovascular co-morbidity, yes 0.814 (0.567-1.168) 0.264
Diabetes, yes 0.820 (0.465-1.443) 0.490
Time from symptom onset to hospitalization, month 1.001 (0.954-1.050) 0.975
Neutrophil-lymphocyte ratio 1.478 (1.061-2.060) 0.021
Platelet-lymphocyte ratio 1.000 (0.999-1.002) 0.656
Albumin, g/L 0.989 (0.981-0.998) 0.021
Haemoglobin, g/L 0.996 (0.989-1.002) 0.193
Weight, k% 0.990 (0.976-1.004) 0.154
BMI, kg/m 0.809 (0.596-1.098) 0.173
SMI, cm%/m? 0.977 (0.959-0.995) 0.011 0.978 (0.960-0.997) 0.025
Appetite loss, yes 1.564 (1.097-2.230) 0.013
Cancer site
Liver Reference Reference
Gallbladder 2.025 (1.326-3.094) 0.001 2.927 (1.870-4.584) 0.000
Pancreas 2.406 (1.322-4.380) 0.004 2.372(1.296-4.341) 0.005
Stomach 1.756 (0.899-3.429) 0.099 2.128 (1.077-4.203) 0.030
Colorectum 1.220 (0.844-1.763) 0.290 1.324 (0.911-1.925) 0.142
Cancer stage, n (%)
| Reference Reference
] 1.262 (0.741-2.149) 0.392 1.386 (0.811-2.370) 0.233
11} 3.113 (1.937-5.004) 0.000 4.155 (2.528-6.829) 0.000
\Y 6.297 (3.830-10.352) 0.000 6.659 (4.035-10.989) 0.000
Histologic type, differentiated 0.984 (0.970-0.999) 0.037
Abnormal tumour biomarker, yes 1.237 (0.915-1.674) 0.167
Cancer cachexia risk score 4.576 (1.843-11.360) 0.001 4.793 (1.798-12.779) 0.002

Abbreviations: BMI, body mass index; SMI, skeletal muscle index; HR, hazard ratio; Cl, confidence interval.

practice, and this study was retrospective and the number of
patients having data on functional measures such as grip
strength was small. Therefore, it is regretted that functional
measures such as grip strength was not included in the candi-
date predictor selection. Prospective studies are required to
optimize the risk score. Second, this was a single-centre
study, and although the performance of the risk score has
been assessed by three different independent cohorts, addi-
tional validation at other centers is required to confirm the
reliability of this score. Third, this study included a large num-
ber of Chinese patients, and further studies on other Asian
and non-Asian populations should be conducted. Conse-
quently, in future studies, this risk score will need to be
tested in different clinical settings and countries to confirm
whether cancer cachexia can be predicted in digestive tract
cancer patients before abdominal surgery.

In conclusion, a cancer cachexia risk score was constructed
and validated to identify digestive tract cancer patients who
have a risk of cancer cachexia and adverse postoperative
survival. Accordingly, this risk score could help clinicians bet-
ter screen for cancer cachexia, take targeted approaches to
better understand the prognosis of cancer cachexia patients,
and strengthen early decisions for digestive tract cancer pa-
tients before undergoing abdominal surgery.
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