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Abstract
Purpose: To investigate the frailty status in Chinese cancer patients through estab-
lishing a novel prediction algorithm.
Methods: The percentage of frailty in various age groups, locations, and tumor types 
in Chinese cancer patients was investigated. The prediction capacity of frailty on 
mortality of Chinese cancer patients was analysed by the frailty index composing of 
routine laboratory data (FI-LAB) accessible from a blood test and calculated as the 
ratio of abnormal factors to 22 total variables. The establishment of a novel algorithm, 
MCP (mortality of cancer patients), to predict the 5-year mortality in Chinese cancer 
patients was accomplished and the algorithm's prediction capacity was tested in the 
training and validation sets using receiver operating characteristic (ROC) analysis.
Results: We found that the risk of death in cancer patients can be successfully identi-
fied through FI-LAB. The univariable and multivariable Cox regression were used to 
evaluate the effect of frailty on death. In the 5-year follow-up, 20.6% of the 2959 par-
ticipants (age = 55.8 ± 11.7 years; 43.5% female) died, while the mean FI-LAB score 
in baseline was 0.23 (standard deviation = 0.13; range = 0–0.73). Frailty (after ad-
justing for gender, age, and other confounders) directly correlated with an increased 
risk of death, hazard ratio of 12.67 (95% confidence interval [CI]: 7.19, 22.31), com-
pared to those without frailty. In addition, the MCP algorithm (MCP) = 3.678 × FI-
LAB + 1.575 × sex + 1.779 × first tumor node metastasis staging, presented an area 
under the ROC (AUC) of 0.691 (95% CI: 0.656–0.726) and 0.648 (95% CI: 0.613–
0.684) in the training and validation sets, respectively.
Conclusion: Frailty as defined by FI-LAB was common and indicated a significant 
death risk in cancer patients. Our novel developed algorithm MCP had a passable 
prediction capacity on 5-year MCP.
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1  |   BACKGROUND

Frailty, an emerging global health burden, carries major im-
plications in clinical practice and public health. Considering 
the exponential growth of the ageing population, prevalence 
of frailty will also undoubtedly rise.1 Frailty is characterised 
by a decline in function across multiple physiological sys-
tems, with an increased vulnerability to stressors, especially 
in those with cancer.2 The concept of frailty is progressively 
being used in primary, acute, and specialist care, but in the 

last three decades, efforts establish a standard procedure to 
identify frailty have been futile, however, three significant 
factors have remained consistent.3 First, frailty is multidimen-
sional, with both physical and psychosocial factors involved 
in its development. Second, although its prevalence increases 
with age, frailty is an extreme consequence of the normal 
ageing process. Third, frailty is a dynamic and fluctuating 
status.3 Subjects with frailty are not only at an increased risk 
of adverse outcomes, including accidents like falling, hospi-
talisation, and mortality,4 but also carry individual burdens 
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such as an impaired quality of life and loneliness.5 Prevalence 
of cancer and resultant mortality has been steadily increas-
ing over many decades, subsequently becoming the leading 
cause of death in China since 2010.6–8 Because signs such as 
malnutrition and cachexia are often observed during the end 
stages of cancer, it is plausible to assume possible involve-
ment of frailty. Although the association between cancer 
and frailty has previously been summarised,2,9 these studies 
mainly focus on the elderly, whereas frailty status in Chinese 
cancer patients and its prediction capacity in cancer mortality 
have seldom been reported and, therefore, warrants further 
investigation.

Currently, a major obstacle in the study of frailty is the 
lack of global standardised assessment.10 The most widely 
used methods are based on frailty physical phenotype and 
frailty index, with various modifications described in different 
studies.11 The physical phenotype, being more subjective, is 
usually applied in cohort studies,12 whereas the frailty index 
is a more objective score based on cumulative health-related 
variables.13 The frailty index is defined as the number of vari-
ables (out of the normal range of investigated parameters) 
observed in a patient divided by the sum of all investigated 
parameters. For example, if 20 deficits are reviewed out of 
which only 2 deficits are found, the frailty index would be 
0.01 (2/20). Therefore, range of the frailty index lies between 
0 and 1, with a score approaching 1 suggesting a greater de-
gree of frailty. In hospitalised cancer patients, the frailty index 
appears to be a strong predictor of adverse clinical outcomes.14 
However, creation of a frailty index in a busy clinical setting 
is time-consuming. This can be circumvented by generating a 
frailty index that depends on routinely collected clinical data. 
FI-LAB (frailty index composing of routine laboratory data) 
was developed from the Canadian Study of Health and Aging 
(CSHA) cohort based on 21 laboratory variables in older pat-
ents for death risk prediction.15 Several other studies have con-
firmed that FI-LAB is feasible, valid, and closely associated 
with frailty indices based on complex, self-reported data for 
the prediction of mortality.16,17 However, these studies only in-
clude Caucasian individuals aged from 35 to 89 years old and 
its association in other stages of life and in cancer patients have 
yet to be elucidated.

Hence, in this study, we carried out a multicentre, pro-
spective, observational study based on the largest, Chinese, 
prospective oncology and nutrition study (Investigation 
on Nutrition Status and its Clinical Outcome of Common 
Cancers [INSCOC] study) to investigate the frailty status of 
Chinese patients with varying cancer types residing in dif-
ferent provinces using the FI-LAB, established only on rou-
tine laboratory data. The FI-LAB was also used to predict 
patient mortality. In addition, we successfully devised a risk 
assessment algorithm, MCP (mortality of cancer patients) 
comprising of FI-LAB and other additional factors to predict 
mortality in Chinese cancer patients.

2  |   METHODS

2.1  |  Participants and ethics

In 2020, we collected data from the Chinese Society of 
Nutritional Oncology initiated clinical research project 
known as the INSCOC starting from 2013. This observa-
tional, multi-centre, and hospital-based prospective cohort 
study was registered with the Chinese Clinical Trial Registry 
and approved by the local ethical committees of all the par-
ticipant's respected hospitals, with a formal written consent 
taken from every patient. This study was carried out in ac-
cordance with the declaration of Helsinki. The primary out-
come was the prevalence of frailty in Chinese patients with 
local regional, recurrent, or metastatic cancer of all ages. The 
secondary outcome included prediction capacity of nutrition 
status, physical performance, and quality of life at admission 
on overall survival. Moreover, we studied the association be-
tween frailty and various demographic characteristics, and 
subsequently established a mortality prediction model based 
on FI-LAB.

All patients were recruited by clinical investigators in 
various departments of participating hospitals. The patient 
diagnosis at time of recruitment included 1 of the following 
18 malignancies: lung cancer, gastric cancer, liver cancer, 
colorectal cancer, breast cancer, esophageal cancer, cervical 
cancer, endometrial cancer, nasopharyngeal carcinoma, ma-
lignant lymphoma, leukemia, pancreatic cancer, ovarian can-
cer, prostate cancer, bladder cancer, brain tumor, biliary tract 
malignant tumor, and gastric stromal tumor. Anatomical site 
description in the medical records was in accordance with 
the 10th edition of the International Classification of Disease 
(ICD-10). The inclusion criteria are as follows: >13 years of 
age, tumor diagnosed by pathology and staged as local, met-
astatic, and/or loco-regional relapse, with the patient having 
a clear understanding of their disease. The exclusion crite-
ria are as follows: organ transplantation, pregnant women, 
concurrent diagnosis of human immuno-deficiency virus 
infection, intensive care unit admission at the beginning of 
recruitment, and hospitalisation more than two times during 
the investigation.

Several co-existing diseases possibly affecting the frailty 
status were investigated at time of admission and included he-
patic cirrhosis, chronic hepatitis, chronic pancreatitis, stroke, 
chronic obstructive pulmonary disease, myocardial infarc-
tion, diabetes, hypertension, coronary heart disease, anemia, 
hyperthyroidism, hypothyroidism, chronic nephrosis, dialysis 
treatment, osteoporosis, ulcerative colitis, Crohn's disease, 
chronic diseases of the biliary system, systemic lupus ery-
thematosus, and tuberculosis. For this analysis, participants 
lacking follow-up data (22 cases) and lacking age data (4 
cases) were excluded, bringing the final sample size to be 
2959 (male 1673; female 1286).
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2.2  |  Frailty index FI-LAB establishment 
based on lab variables

In this study, frailty was defined by FI-LAB. We constructed 
FI-LAB based on 22 lab variables measured from a fasting 
blood sample. Variables were selected according to previous 
studies,15,18 including white blood cell count, neutrophils, 
platelets (PLT), hematocrit, red blood cells, hemoglobin, mean 
corpuscular volume, mean corpuscular hemoglobin, mean 
corpuscular hemoglobin concentrations (MCV, MCH, and 
MCHC, respectively), blood glucose, total and direct bilirubin 
(TBil and DBil, respectively), alanine transaminase (ALT), 
albumin (Alb), globulin (Glob), urea, creatinine (CREA), 
uric acid (URIC), cholesterol (CHOL), high-density and low-
density lipoprotein cholesterol (HDL-C and LDL-C, respec-
tively), and triglycerides (TG). Each variable was labeled as 
either 1 or 0, with 1 indicating that the values exceeded the 
normal range or cutoff, and 0 indicating that the values were 
within the normal range.19 FI-LAB is defined as the sum of 
all existing variables from parameter divided by the sum of 
all considered parameters (here, 22). Theoretically, FI-LAB 
is a continuous variable between 0 and 1 for each given indi-
vidual. In this study, established FI-LAB cutoff points (0.21) 
were employed according to previous studies.18,19

2.3  |  Data for mortality and other co-
variables

Mortality data were collected till 2020 for all patients. Patient 
status was defined as survival or death, and loss of follow-
up was defined as censored data. The time of death and co-
variables were recorded, including the individual's age, gender, 
and chronic disease using a general questionnaire through di-
rect interview by well trained volunteers. All reported chronic 
illnesses were diagnosed by certified local physicians.

2.4  |  Statistical analysis

Descriptive statistics were used for baseline characteristics. 
Continuous or categorical variables were described using 
mean values, standard deviation (SD), numbers, or percent-
ages and the differences between survival and frailty status 
(determined by FI-LAB) were evaluated by applying the un-
paired Student's t-test for continuous variables, and chi-square 
test for categorical variables. We applied Cox proportional 
hazard regression models to determine the hazard ration (HR) 
and its 95% confidence intervals (CIs) of frailty, with the func-
tion of increased mortality represented by each parameter in 
FI-LAB and overall frailty status. Univariate and multivariate 
cox regression analyses were used to identify the predictors 
of mortality. Factors significantly associated with mortality 

in the univariate analysis (p  <  0.05) were tested for multi-
collinearity using linear regression. Factors were included in 
the algorithm if they remained significant in the multivariate 
analysis. Using these variables, a Cox regression-based nomo-
gram was developed to predict mortality in cancer patients. 
The discriminative power of the model was then evaluated 
based on discrimination and calibration. The predictive accu-
racy of the nomogram was validated using receiver operat-
ing characteristic (ROC) and quantified by the area under the 
curve (AUC) and 95% CIs. An AUC of 0.5 and 1.0 indicate 
no relationship and perfect concordance while an AUC >0.75 
is considered to have a relatively good discrimination. The 
SPSS version 22 (SPSS Inc.) and Prism 8 were applied for all 
statistical analyses and plots. The statistical significance was 
set as two-tailed with p at <0.05.

3  |   RESULTS

3.1  |  Baseline characteristics of patients with 
various cancers and frailty

A total of 2959 patients (ranging from 13 to 94  years) 
with various cancers were included in this study, with a 
mean age of 55.8  ±  11.7  years and female percentage of 
43.5%. The participant's median, mean, and maximum 
scores of FI-LAB were 0.227, 0.233, and 0.730, respec-
tively, with 99th percentile score being 0.591. The overall 
prevalence of frailty was 55.2% (FI-LAB ≧ 0.21; 95% CI 
53.4–57.0). With regards to gender distribution, men had 
higher FI-LAB score compared to women (0.24 ± 0.13 vs. 
0.23 ± 0.13; p = 0.007). As shown in Table 1, cancer pa-
tients with frailty had a significantly older age, were male, 
and had increased levels of total cholesterol (TC), TG, 
and LDL-C, as well as lower levels of HDL-C, serum uric 
acid (SUA), and body mass index (BMI). Regarding co-
existing diseases, cancer patients with frailty had signifi-
cantly higher rates of hypertension, diabetes, anemia, and 
chronic hepatitis. More importantly, the death rate is nearly 
doubled in cancer patients with frailty than those without 
frailty (26.0% vs. 14.3%, p < 0.001).

3.2  |  Frailty investigation in cancer patients 
categorized by location, age, and tumor type

We investigated the incidence rate of frailty in cancer pa-
tients categorized by location, age, and tumor type. The 
patients were mainly from Fujian province (total 1499, 
frailty incidence rate of 52.4%), Jilin province (total 1249, 
frailty incidence rate of 56.0%), and Chongqing city (total 
105, frailty incidence rate of 48.6%), with no significant 
difference in frailty among them (χ2  =  4.8, p  =  0.09, 
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Figure  1A). Frailty incidence among different cancers 
varied (Figure  1B), with participants with lung cancer 
at 55.9%, gastric cancer at 64.7%, liver cancer at 45.6%, 
breast cancer at 45.6%, esophageal cancer at 47.2%, cer-
vical cancer at 64.4%, nasopharyngeal cancer of 37.3%, 
and colonic cancer at 57.6% (χ2 = 86.3, p < 0.001 among 
these groups). Frailty incidence also differed by age of 
the participants (Figure 1C), with teenagers (13–17 year) 
at 57.1%, the youth (18–45  year) at 45.4%, the middle-
age (46–69 year) at 55.8%, and the elderly (>69 year) at 
59.0%. Chi-square test revealed a statistically significant 
difference in frailty incidence between youth and middle-
age groups (χ2 = 18.4, p < 0.001) and between youth and 
elderly groups (χ2 = 15.6, p < 0.001).

3.3  |  Comparison between patients in 
death and survival groups

The all-cause mortality of patients in this study was 20.6%. 
Subjects in the death group were significantly older and frailer 
than those in survival group (58.3 ± 11.5 vs. 55.0 ± 11.7, 
p  <  0.001; 0.28  ±  0.14 vs. 0.21  ±  0.12, p  <  0.001). The 
death group had a higher proportion of participants with 
frailty compared to the survival group (68.4% vs. 49.7%, 
p  <  0.001). Those in the survival group had significantly 

higher TG, SUA, BMI, and HDL-C levels than those in the 
death group (23.3 ± 4.9 vs. 22.4 ± 3.57, p < 0.001; 1.3 ± 0.5 
vs. 1.2 ± 0.6, p < 0.001). Table 2 shows the attributes of sub-
jects according to the status of survival.

3.4  |  Prediction capacity of FI-LAB on a 5-
year mortality of cancer patients

Outcomes from the adjusted and unadjusted Cox regres-
sion models of frailty and mortality are presented in Table 3. 
Subjects with frailty had a significant higher increased risk 
of mortality compared with those without frailty (HR: 13.62, 
95% CI: 7.77–23.87, p < 0.001). The Cox proportional hazard 
regression model was quite stable (HR: 12.67, 95% CI: 7.19–
22.31) after compensating for age, gender, BMI, hypertension, 
cardiovascular disease, anemia, diabetes, and chronic hepatitis. 
The cumulative death hazard and survival of the study popula-
tion based on FI-LAB at baseline are presented in Figure 2A, 
where the median survival time of patients with frailty was 
significantly shorter than patients without frailty (1010  days 
vs. 1138 days, χ2 of Log-rank test = 33.2, p < 0.001; χ2 of 
Breslow test = 32.9, p < 0.001 and χ2 of Tarone-Ware = 36.4, 
p  <  0.001). Although statistical analysis showed that most 
variables (neutrophils, platelets, red blood cells, MCV, MCH, 
MCHC, blood glucose, TBil, DBil, Glob, URIC, and CHOL) 

Frailty

p valueNo (n = 1352) Yes (n = 1607)

Age (years) 55.0 ± 11.9 56.5 ± 11.6 <0.001**

Male (%) 54.1 58.6 0.016*

BMI (kg/m2) 23.2 ± 3.3 22.8 ± 5.2 0.042*

Weight (kg) 62.0 ± 10.4 61.6 ± 15.4 0.319

Height (cm) 163.5 ± 7.8 164.0 ± 7.7 0.095

TG (mmol/L) 1.4 ± 1.0 1.6 ± 1.1 <0.001**

TC (mmol/L) 4.7±1.2 4.8 ± 1.6 0.012*

HDL-C(mmol/L) 1.3±0.5 1.2 ± 0.5 <0.001**

LDL-C (mmol/L) 2.9±0.8 3.1 ± 1.0 <0.001**

SUA (μmol/L) 314.6±73.0 306.3 ± 95.8 0.008*

Hypertension (%) 5.8 10.4 0.002*

Diabetes (%) 14.9 19.3 <0.001**

Cardiovascular disease 2.8 3.7 0.19

Anemia 0.5 2.2 <0.001**

Chronic hepatitis 4.5 6.2 0.048*

Death (%) 14.3 26.0 <0.001**

Note: Data represents the mean ± SD unless otherwise indicated.
Abbreviations: BMI, body mass index; FI-LAB, frailty index composing of routine laboratory data; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation; 
SUA, serum uric acid; TC, total cholesterol; TG, triglycerides.
*p < 0.05; **p < 0.01.

T A B L E  1   Characteristics of the study 
population according to frailty assessed by 
FI-LAB
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comprising FI-LAB did not affect the 5-year mortality risk, the 
levels of PLT, CREA, ALT, and LDL-C increased the 5-year 
mortality risk, while hematocrit, hemoglobin, TG, HDL-C, and 
Alb decreased the 5-year mortality risk (Table S1).

3.5  |  Development of a novel mortality 
prediction algorithm based on FI-LAB

Based on FI-LAB and other independent factors associated 
with mortality, we developed an algorithm to predict mortal-
ity in cancer patients (shown in Table 4), MCP = 3.678 × FI-
LAB + 1.575 × sex + 1.779 × first TNM Staging (Tumor 
Node Metastasis). In this algorithm, FI-LAB ranged from 0 
to 1, sex was labeled as either 1 or 2, with 1 indicating man, 
and 2 indicating woman, first TNM staging is 0 or 1, with 0 

indicating that there was no lymph node metastasis or distant 
organ metastasis, while 1 indicates at least one lymph node 
metastasis or distant organ metastasis. The higher the MCP 
value, the higher the mortality rate. Patients were randomly 
divided into either a training set (n  =  966) or a validation 
set (n = 1963). A ROC curve and a calibration plot were ap-
plied to assess the predictive value of MCP. The training set 
had significantly less men, but more cardiovascular disease, 
anemia, and chronic hepatitis as well as higher BMI, weight, 
TG, and lower LDL-C and SUA (Table S2). The MCP al-
gorithm presented mortality prediction with acceptable ac-
curacy, with an AUC of 0.691 (95% CI: 0.656–0.726) and 
0.648 (95% CI: 0.613–0.684) in the training and validation 
sets, respectively (Figure 2B). In this algorithm, frailty index 
played the most important role in accordance with the hazard 
ratio of frailty (HR: 13.62, 95% CI: 7.77–23.87, p < 0.001).

F I G U R E  1   The number of cancer patients with/without frailty in different provinces (A), cancers (B), and ages (C)
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4  |   DISCUSSION

In this study, we first investigated the frailty status of 2959 
Chinese cancer patients and performed a subgroup analysis 
based on tumor type, age, and location, which is, to the best 
of our knowledge, the largest sample size in this specific 
population. A previous meta-analysis on prevalence and out-
comes of frailty in older cancer patients from 20 studies only 

included 2916 participants.9 Moreover, our study is the first 
to evaluate the prediction capacity of frailty index (FI-LAB) 
on mortality in cancer patients. Finally, based on FI-LAB 
and other independent laboratory parameters, we developed 
a novel algorithm, MCP, to predict the 5-year MCP, and 
achieved an near passable ROC score of 0.691 and 0.648 in 
the training and validation sets, respectively. To summarize, 
we demonstrated frailty assessed by FI-LAB was linked to an 
increased mortality risk, and our novel developed algorithm 
MCP had a passable prediction capacity on the 5-year MCP, 
calling for more attention on the diagnosis and treatment of 
frailty in cancer patients.

We also found men were more susceptible to frailty than 
women, according to both FI-LAB score and frailty inci-
dence, differing from most previous studies showing higher 
frailty rate in women than in men using self-reported frailty 
physical phenotype data.20–22 This phenomenon may be at-
tributed to our enrollment of patients of all ages, whereas 
previous studies mainly focused on the elderly. However, 
one study employing laboratory parameters to constitute the 
frailty index also found a higher FI-LAB score in men than 
women among older patients.23 Therefore, the methods used 
for assessing frailty may also contribute to this difference. 
In addition, it is well acknowledged that laboratory variables 
are more objective than health-related deficits from self-
reported data,24 which include biologically interconnected 
symptoms and signs (unintentional weight loss, low handgrip 
strength, slow working speed, low physical activity level, and 

Status of survival

p valueSurvival (n = 1918) Death (n = 611)

Age (years) 55.0 ± 11.7 58.3 ± 11.5 <0.001**

Male (%) 53.0 64.6 <0.001**

BMI (kg/m2) 23.3 ± 4.9 22.4 ± 3.5 <0.001**

Weight (kg) 62.1 ± 14.6 61.2 ± 11.2 0.147

Height (cm) 163.2 ± 7.8 165.2 ± 7.8 <0.001**

TG (mmol/L) 1.6 ± 1.1 1.4 ± 0.9 0.007*

TC (mmol/L) 4.8 ± 1.4 4.7 ± 1.6 0.095

HDL-C (mmol/L) 1.3 ± 0.5 1.2 ± 0.6 <0.001**

LDL-C (mmol/L) 3.0 ± 0.9 2.9 ± 0.9 0.123

SUA (μmol/L) 311.5 ± 81.7 301.3 ± 91.9 0.014*

Hypertension (%) 17.4 18.7 0.483

Diabetes (%) 8.0 9.3 0.312

Cardiovascular disease (%) 3.2 4.4 0.416

Anemia (%) 1.3 2.1 0.145

Chronic hepatitis (%) 5.5 5.7 0.85

Frailty (%) 49.7 68.4 <0.001**

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; SD, standard deviation; SUA, serum uric acid; TC, total cholesterol; TG, triglycerides.
*p < 0.05.; **p < 0.01.

T A B L E  2   Characteristics of cancer 
patients in the survival and death groups

T A B L E  3   Estimation of the accuracy of FI-LAB on mortality, 
modeled with Cox regression

No frailty
Frailty HR 
(95% CI)

Unadjusted model 1 (Reference) 13.62 (7.77, 
23.87)

Adjusted model 1a  1 (Reference) 12.20 (6.95, 
21.45)

Adjusted model 2b  1 (Reference) 12.27 (6.97, 
21.55)

Adjusted model 3c  1 (Reference) 12.67 (7.19, 
22.31)

Abbreviations: BMI, body mass index; CI, confidence interval; FI-LAB, frailty 
index composing of routine laboratory data; HR, hazard risk.
aAdjusted for age, gender.
bAdjusted for age, gender, BMI.
cAdjusted for age, gender, BMI, hypertension, cardiovascular disease, anemia, 
diabetes, and chronic hepatitis.
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self-reported exhaustion).25 It is implied that FI-LAB showed 
a greater advantage in evaluating the effect of frailty on can-
cer mortality than other frailty assessment methods.

The prediction capacity of FI-LAB on mortality was 
similar between our study and other studies that included 
participants aged from 35 to 89 years.15,16 One study found 
that the association between FI-LAB and mortality was 
not statistically significant among the 20–39  years age 
group,16 conflicting with our finding of a statistically sig-
nificant association between youth and middle-age groups 
as well as youth and elderly groups. Several studies report 
a direct relationship between age and risk of frailty,26–28 

and incidence of frailty with old age is associated with 
increasing physiological dysregulation with ageing in a 
nonlinear manner. When frailty is present, response to a 
stressor becomes highly dysregulated with a higher like-
lihood of adverse outcomes.25,29,30 Weight loss has been 
incorporated in many frailty measures, and is postulated 
to be a modifiable factor in frailty.31–33 In our study, the 
frailty cohort (22.8  ±  5.2 vs. 23.2  ±  3.3, p  =  0.042) as 
well as the death cohort, had a smaller BMI (22.4 ± 3.5 
vs. 23.3 ± 4.9, p < 0.001). This result was in accordance 
with the fact that frailty is a gradual, progressive process 
of deterioration which includes weight loss.2

F I G U R E  2   Effect of FI-LAB and MCP in mortality prediction of patients with various cancers. (A), Cumulative hazard of death (left panel) 
and survival (right panel) in the study population, according to frailty at baseline. (B), The ROC curve of training (left panel) and validation (right 
panel) sets indicated passable predictive accuracy of MCP on mortality of patients with various cancers. 0 indicated no frailty; 1 indicated frailty. 
FI-LAB, frailty index composing of routine laboratory data; MCP, mortality of cancer patients
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Intriguingly, we found that majority of the variables that com-
posed FI-LAB did not increase the 5-year mortality risk, except 
for PLT, CREA, ALT, and LDL-C. Surprisingly, some variables 
even decreased the 5-year mortality risk, including hematocrit, 
hemoglobin, TG, HDL-C, and Alb. Nevertheless, patients with 
frailty had a significant higher increased risk of mortality com-
pared to subjects without frailty. The Cox proportional hazard 
regression model was quite stable after compensating for age, 
gender, BMI, and other confounders. These results are in accor-
dance with the theory of health-related deficits as reflected by 
FI-LAB.16,34 In clinical practice, we should raise awareness re-
garding abnormal values of these laboratory variables.

Our study has several limitations. First, although we had the 
largest number of 2959 subjects, the distribution was quite irreg-
ular regarding location and tumor types, making generalisation 
of our findings difficult. Second, because enrolled individuals 
were only hospitalised cancer patients, there may be a survival 
bias. Third, other potential confounders, including income, ed-
ucation, exercise, and other chronic diseases were not adjusted 
for analysis. Fourth, this study did not provide data involving 
grip strength, speed of walking, and other variables part of the 
frailty phenotype, however, the frailty phenotype and frailty 
index are comparable, specifically when the cutoff point of the 
frailty index is set at 0.20–0.25.19,35 Moreover, recent studies 
revealed that both frailty index and frailty phenotype can pre-
dict a 3-year mortality risk.36 Finally, the predictive accuracy of 
the novel MCP algorithm was not satisfactorily high, due to the 
AUC being 0.691 (95% CI: 0.656–0.726) and 0.648 (95% CI: 
0.613–0.684) in the training and validation sets.

Despite the limitations mentioned above, the novel MCP 
algorithm still encompasses a unique and practical function. 
By predicting the 5-year MCP, it raised the patients’ aware-
ness of frailty. In addition, gaining insight into risk factors 
could guide preventive strategies, particularly for potentially 
modifiable risk factors. For example, physical inactivity is 
recognized as one of the major contributing factors of frailty 
onset and progression, while physical exercise is known to 
preserve or improve frailty.37 Furthermore, several interven-
tions in the clinical management of frailty are already well-
known such as lifestyle change, increasing physical activity, 
addition of nutritional foods and supplements, and cessation 
of any unnecessary medications.4,37 However, more evidence-
based knowledge regarding effective intervention strategies, 
feasibility, and cost-effectiveness of frailty are still needed. 
Besides, since individuals with frailty are able to dynamically 
transform, it is important to develop strategies for the delivery 
of care ranging across the continuum of frailty. Clinical care of 
cancer patients with frailty should also focus on maintaining 
functional independence and also other personal, individual-
centred, outcomes. The opportunities, challenges, and future 
directions we discussed give hope that the next generation of 
frailty management will improve the health outcomes of can-
cer patients and promote the quality of care.

T A B L E  4   Univariate analysis of factors predicting mortality in 
cancer patients

Variables

Cox univariate analysis

B p

Sex −0.536 <0.001**

Age 0.020 <0.001**

Liver cirrhosis −0.427 0.115

Chronic hepatitis −0.257 0.141

Shock −3.002 0.797

COPD −0.370 0.603

Myocardial infarction 0.179 0.758

Diabetes 0.025 0.857

Hypertension 0.064 0.539

Cardiovascular disease 0.165 0.401

Anemia 0.159 0.572

Hyperthyroidism −1.682 0.093

Hypothyroidism −0.976 0.330

Chronic pancreatitis 0.910 0.199

Osteoporosis −0.395 0.495

Ulcerative colitis −1.212 0.087

Crohn disease −3.002 0.771

Biliary disease 0.031 0.857

Chronic kidney disease 1.227 0.084

Tuberculosis −3.001 0.832

Tumor family history −0.415 0.002*

Surgery −0.311 0.022

Chemotherapy 0.346 <0.001**

Radiotherapy −0.598 <0.001**

Heat therapy 0.292 0.477

Targeted therapy 0.254 0.197

Immunotherapy −0.330 0.078

Endocrine therapy −1.195 0.017

Complication therapy 0.645 0.001*

Frailty index 2.622 <0.001**

Height 0.016 0.002*

Weight −0.014 <0.001**

BMI 1.000 0.035*

Trauma −1.294 0.010*

Gt 65 years 0.308 0.001*

Disease score 0.250 0.003*

Disease staging 0.323 <0.001**

Life quality score 0.028 <0.001**

Outcome after 30 days 1.372 <0.001**

Total hospital stay −0.003 0.462

ICU stay −0.398 0.011*

First TNM staging 0.558 <0.001**

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary 
disease; ICU, intensive care unit.
*p < 0.05; **p < 0.01.
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5  |   CONCLUSION

In conclusion, we have successfully developed a novel MCP 
algorithm based on simple routine examinations with the 
ability to predict the 5-year MCP. We also demonstrated 
that frailty is linked to an increased risk of mortality com-
pared to those without frailty. Further studies using external 
multi-institutional data sets are needed to confirm the current 
model and prospective cohort studies are needed to confirm 
the association between frailty and mortality.

ACKNOWLEDGMENTS
The authors thank all the patients and healthy providers par-
ticipating in the largest prospective observational study on 
nutrition status and cancer outcomes initiated by Chinese 
Society of Nutritional Oncology (CSNO)-the Investigation 
on Nutrition Status and its Clinical Outcome of Common 
Cancers (INSCOC). Special thanks to Farhin Shaheed 
Kalyani for English language advice.

CONFLICT OF INTEREST
None of the authors have any competing interests.

ETHICS APPROVAL
This observational, multi-center, and hospital-based prospec-
tive cohort study was registered with the Chinese Clinical 
Trial Registry (ChiCTR1800020329) and approved by the 
local ethical committees of all the participant hospitals, with 
formal written consent from every patient. This study was 
carried out in accordance with the declaration of Helsinki.

CONSENT FOR PUBLICATION
All authors have given their consent for the publication of 
this article.

DATA AVAILABILITY STATEMENT
Tables  (S1 and S2) and associated figure legends are pro-
vided as Supporting Information and are available online 
with the paper.

ORCID
Xi Jin   https://orcid.org/0000-0002-2975-977X 
Chunhua Song   https://orcid.org/0000-0001-6028-5923 
Hongxia Xu   https://orcid.org/0000-0001-5215-734X 
Hanping Shi   https://orcid.org/0000-0003-4514-8693 

REFERENCES
	 1.	 Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried 

LP. Frailty: implications for clinical practice and public health. 
Lancet. 2019;394(10206):1365-1375.

	 2.	 Ethun CG, Bilen MA, Jani AB, Maithel SK, Ogan K, Master 
VA. Frailty and cancer: Implications for oncology surgery, 

medical oncology, and radiation oncology. CA Cancer J Clin. 
2017;67(5):362-377.

	 3.	 Markle-Reid M, Browne G. Conceptualizations of frailty in rela-
tion to older adults. J Adv Nurs. 2003;44(1):58-68.

	 4.	 Dent E, Martin FC, Bergman H, Woo J, Romero-Ortuno R, 
Walston JD. Management of frailty: opportunities, challenges, and 
future directions. Lancet. 2019;394(10206):1376-1386.

	 5.	 Kojima G, Iliffe S, Jivraj S, Walters K. Association between frailty 
and quality of life among community-dwelling older people: a sys-
tematic review and meta-analysis. J Epidemiol Community Health. 
2016;70(7):716-721.

	 6.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer 
J Clin. 2020;70(1):7-30

	 7.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer 
J Clin. 2016;66(1):7-30

	 8.	 Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 
2015. CA Cancer J Clin. 2016;66(2):115-132.

	 9.	 Handforth C, Clegg A, Young C, et al. The prevalence and out-
comes of frailty in older cancer patients: a systematic review. Ann 
Oncol. 2015;26(6):1091-1101.

	10.	 Dent E, Kowal P, Hoogendijk EO. Frailty measurement in research 
and clinical practice: a review. Eur J Intern Med. 2016;31:3-10.

	11.	 Ferrat E, Paillaud E, Caillet P, et al. Performance of four frailty 
classifications in older patients with cancer: prospective elderly 
cancer patients cohort study. J Clin Oncol. 2017;35(7):766-777.

	12.	 Hurria A, Dale W, Mooney M, et al. Designing therapeutic clinical 
trials for older and frail adults with cancer: U13 conference recom-
mendations. J Clin Oncol. 2014;32(24):2587-2594.

	13.	 Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. 
A standard procedure for creating a frailty index. BMC Geriatr. 
2008;8:24.

	14.	 Gilbert T, Neuburger J, Kraindler J, et al. Development and vali-
dation of a Hospital Frailty Risk Score focusing on older people in 
acute care settings using electronic hospital records: an observa-
tional study. Lancet. 2018;391(10132):1775-1782.

	15.	 Howlett SE, Rockwood MRH, Mitnitski A, Rockwood K. Standard 
laboratory tests to identify older adults at increased risk of death. 
BMC Med. 2014;12:171.

	16.	 Blodgett JM, Theou O, Howlett SE, Rockwood K. A frailty index 
from common clinical and laboratory tests predicts increased risk 
of death across the life course. GeroScience. 2017;39(4):447-455.

	17.	 Rockwood K, McMillan M, Mitnitski A, Howlett SE. A frailty 
index based on common laboratory tests in comparison with a 
clinical frailty index for older adults in long-term care facilities. J 
Am Med Dir Assoc. 2015;16(10):842-847.

	18.	 Hao Q, Sun X, Yang M, Dong B, Dong B, Wei Y. Prediction of 
mortality in Chinese very old people through the frailty index 
based on routine laboratory data. Sci Rep. 2019;9(1):221.

	19.	 Hoover M, Rotermann M, Sanmartin C, Bernier J. Validation of 
an index to estimate the prevalence of frailty among community-
dwelling seniors. Health Rep. 2013;24(9):10-17.

	20.	 Struijk EA, Hagan KA, Fung TT, Hu FB, Rodríguez-Artalejo F, 
Lopez-Garcia E. Diet quality and risk of frailty among older women 
in the Nurses’ Health Study. Am J Clin Nutr. 2020;111(4):877-883.

	21.	 Bandeen-Roche K, Seplaki CL, Huang J, et al. Frailty in older 
adults: a nationally representative profile in the United States. J 
Gerontol A Biol Sci Med Sci. 2015;70(11):1427-1434.

	22.	 Santos-Eggimann B, Cuenoud P, Spagnoli J, Junod J. Prevalence 
of frailty in middle-aged and older community-dwelling europeans 

https://orcid.org/0000-0002-2975-977X
https://orcid.org/0000-0002-2975-977X
https://orcid.org/0000-0001-6028-5923
https://orcid.org/0000-0001-6028-5923
https://orcid.org/0000-0001-5215-734X
https://orcid.org/0000-0001-5215-734X
https://orcid.org/0000-0003-4514-8693
https://orcid.org/0000-0003-4514-8693


      |  6217JIN et al.

living in 10 countries. J Gerontol A Biol Sci Med Sci. 2009;64A(
6):675-681.

	23.	 Ritt M, Jäger J, Ritt JI, Sieber CC, Gaßmann KG. Operationalizing 
a frailty index using routine blood and urine tests. Clin Interv 
Aging. 2017;12:1029-1040.

	24.	 Theou O, O‘Connell ML, King-Kallimanis BL, O'Halloran AM, 
Rockwood K, Kenny RA. Measuring frailty using self-report and 
test-based health measures. Age Ageing. 2015;44(3):471-477.

	25.	 Varadhan R, Seplaki CL, Xue QL, Bandeen-Roche K, Fried LP. 
Stimulus-response paradigm for characterizing the loss of re-
silience in homeostatic regulation associated with frailty. Mech 
Ageing Dev. 2008;129(11):666-670.

	26.	 Williams GR, Deal AM, Sanoff HK, et al. Frailty and health-
related quality of life in older women with breast cancer. Support 
Care Cancer. 2019;27(7):2693-2698.

	27.	 Wang Y, Zhang R, Shen Y, Su L, Dong B, Hao Q. Prediction of 
chemotherapy adverse reactions and mortality in older patients 
with primary lung cancer through frailty index based on routine 
laboratory data. Clin Interv Aging. 2019;14:1187-1197.

	28.	 Overcash J, Cope DG, Van Cleave JH. Frailty in older adults: as-
sessment, support, and treatment implications in patients with can-
cer. Clin J Oncol Nurs. 2018;22(6):8-18.

	29.	 Fried LP, Xue Q-L, Cappola AR, et al. Nonlinear multisys-
tem physiological dysregulation associated with frailty in older 
women: implications for etiology and treatment. J Gerontol A Biol 
Sci Med Sci. 2009;64A(10):1049-1057.

	30.	 Cappola AR, Xue Q-L, Fried LP. Multiple hormonal deficien-
cies in anabolic hormones are found in frail older women: the 
Women's Health and Aging studies. J Gerontol A Biol Sci Med Sci. 
2009;64(2):243-248.

	31.	 Liuu E, Saulnier PJ, Gand E, et al. Frailty and diabetes status in 
older patients with cancer: impact on mortality in the ANCRAGE 
cohort. Aging Clin Exp Res. 2020;32(9):1809-1819.

	32.	 Crow RS, Lohman MC, Titus AJ, et al. Mortality risk along 
the frailty spectrum: data from the National Health and 
Nutrition Examination Survey 1999 to 2004. J Am Geriatr Soc. 
2018;66(3):496-502.

	33.	 Anderson JE, Seib CD, Campbell MJ. Association of patient frailty 
with increased risk of complications after adrenalectomy. JAMA 
Surg. 2018;153(10):966-967.

	34.	 Rockwood K. Conceptual models of frailty: accumulation of defi-
cits. Can J Cardiol. 2016;32(9):1046-1050.

	35.	 Malmstrom TK, Miller DK, Morley JE. A comparison of four 
frailty models. J Am Geriatr Soc. 2014;62(4):721-726.

	36.	 Kusumastuti S, Gerds TA, Lund R, Mortensen EL, Westendorp 
RGJ. Discrimination ability of comorbidity, frailty, and subjective 
health to predict mortality in community-dwelling older people: 
Population based prospective cohort study. Eur J Intern Med. 
2017;42:29-38.

	37.	 McPhee JS, French DP, Jackson D, Nazroo J, Pendleton N, Degens 
H. Physical activity in older age: perspectives for healthy ageing 
and frailty. Biogerontology. 2016;17(3):567-580.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Jin X, Ren Y, Shao L, et al. 
Prevalence of frailty and prediction of mortality in 
Chinese cancer patients using a frailty index-based 
clinical algorithm—A multicentre study. Cancer Med. 
2021;10:6207–6217. https://doi.org/10.1002/cam4.4155

https://doi.org/10.1002/cam4.4155

