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ABSTRACT

Background: The existing diagnostic criteria for cancer cachexia do not meet clinical needs. We aimed to establish novel com-
prehensive evaluation scales for cachexia specific to patients with solid tumours.

Methods: This study included 12651 patients (males: 6793 [53.7%]; females: 5858 [46.3%]; medium age: 58 [interquartile range:50/66]
years; medium follow-up duration: 24.16 [13.32/44.84] months; 4271 [33.8%] patients died; mean survival: 55.53 [95% confidence inter-
val, 54.87/56.10] months; 3344 [26.4%], 4184 [33.1%| and 5123 [40.5%] patients with Stage I-1I, III and IV tumour, respectively; deriva-
tion set: 10022, validation set: 2629 patients) with 14 types of solid tumours, including lung, gastric, liver, breast, oesophageal, cervical,
bladder, pancreatic, prostate, ovarian, colorectal cancer, nasopharyngeal and endometrial carcinoma and cholangiocarcinoma, from
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an open and ongoing multicentre cohort study in China. Risk factors for cachexia, including tumour characteristics and nutritional
parameters, were examined to develop diagnostic scales using Cox proportional hazards models and Kaplan-Meier analysis.
Results: Ten nutrition items (body mass index, weight loss, intake reduction, physical activity function, fatigue, handgrip strength,
anorexia, albumin level, albumin/globulin ratio and neutrophil/lymphocyte ratio) with different weighted scores were identified
to construct a nutrition-weighted scoring scale (NWSS) for nutrition risk. Tumour type and tumour burden status (tumour-node-
metastasis stage and radical or non-radical tumour) were determined to construct a disease-weighted scoring scale (DWSS) for
disease risk. A lumped scale (5x 5 matrix) established using a five-grade classification of nutrition and disease risk was used to deter-
mine a five-grade classification of comprehensive cachexia risk: A, no cachexia risk (reference; lowest disease and nutrition risks); B,
cachexia risk (hazard ratio [HR]=4.517 [4.033/5.058]); C, pre-cachexia (HR =9.755 [8.73/10.901], medium survival =21.21 months);
D, cachexia (HR=16.901 [14.995/19.049], medium survival =11.61 months); and E, refractory cachexia (HR =31.879 [28.244/35.981],
medium survival =4.83 months, highest disease and nutrition risks) (p <0.001). Patients in Categories A-D benefited from nutrition
therapy and anti-tumour treatments to varying degrees. Patients in Category E were clinically refractory to nutrition therapy with-
out prolonged survival compared with patients without nutrition therapy (medium survival, pre-hospitalization nutrition therapy
vs. hospitalization nutrition therapy vs. without nutrition therapy, 2.89 [1.91/3.88] vs. 4.04 [3.21/4.88] vs. 5.89 [4.73/7.04] months,
p=0.015) and anti-tumour treatments without prolonged survival compared with patients receiving palliative care (medium survival,
radical anti-tumour treatments vs. adjuvant anti-tumour treatments vs. palliative anti-tumour treatments vs. and palliative care, 6.48
[4.42/8.53] vs. 6.48 [3.23/9.73] vs. 4.83 [4.22/5.44] vs. 2.70 [1.09/4.30] months, p=0.263).

Conclusion: We systematically developed a novel definition and grading diagnostic criteria for tumour-type-specific compre-

hensive cancer cachexia risk.

1 | Introduction

Cachexia derives from the Greek word kachexia, meaning ‘bad
condition’. It has multiple overlapping dimensional features
including, but not limited to, loss of skeletal muscle and body
weight, anorexia, physical activity function (PAF) impairment,
fatigue and hyperinflammatory/catabolism and metabolic dis-
orders, leading to increased treatment-related toxicity, refractory
to nutrition therapy and anti-tumour treatments and reduced
survival [1-3]. Cachexia may affect approximately 50%-80% pa-
tients with advanced cancer [4-7]; of these, 20%-40% die due
to cachexia [8]. However, the medical needs of cancer cachexia
patients are far from being met [9-11]. Cachexia has been de-
fined as disease-related malnutrition (DRM) with an inflamma-
tory component [12], which cannot be fully reversed by nutrition
therapy due to anabolic resistance owing to hyperinflamma-
tory/catabolism and metabolic disorders [12-15]. Malnutrition
without hyperinflammatory/catabolism and metabolic disor-
ders such as malnutrition primarily related to low nutrient in-
take can be fully reversed by appropriate nutrition therapy [12].

A widely recognized 2011 expert consensus (termed Consensus
2011 hereafter) proposed that cancer cachexia is a multifactorial
syndrome characterized by an ongoing skeletal muscle mass loss
(with or without loss of fat mass) that cannot be fully reversed by
conventional nutritional support and leads to progressive func-
tional impairment [2]. Consensus 2011 further proposed the con-
cept of grading cachexia (pre-cachexia, cachexia and refractory
cachexia). Pre-cachexia may further develop to cachexia; these
patients need nutritional status monitoring and preventive inter-
vention. Patients with cachexia need multimodal management
according to phenotype and clinical characteristics, with prior-
itization of reversible contributory factors, to improve responses
to nutrition therapy and prevent or delay cachexia progression.
Patients with refractory cachexia are clinically unresponsive to
nutrition therapy and anti-tumour treatments; potential risks of
medical nutritional therapy are likely to outweigh the benefit,

and symptom palliation and psychosocial support are primarily
recommended. Consensus 2011 further noted that the risk of ca-
chexia progression varies and depends on disease progression, nu-
tritional deterioration and responsiveness to nutrition therapy and
anti-tumour treatments; and a refined grading of cachexia should
be also based on clinical outcomes, including death risk and re-
sponses to nutrition therapy and anti-tumour treatments [1, 3, 16].

The concept of grading cachexia greatly helps clinicians in clinical
practice; however, defects remain. First, because robust indicators
of hyperinflammatory/catabolism and metabolic disorders are in-
completely defined in clinical screening approaches, Consensus
2011 only developed basic screening and diagnostic criteria for ca-
chexia diagnosis based on weight loss, low body mass index (BMI)
and skeletal muscle depletion [2]. It did not further define operable
cachexia grading. However, several studies found that criteria for
cachexia, based on sarcopenia and BMI-adjusted-weight loss only
[2, 15-17], could not distinguish pre-cachexia from non-cachexia
[18, 19]. Second, Consensus 2011 states that the risk of cachexia
is determined by both nutritional status and disease characteris-
tics. However, to our knowledge, no study has effectively quanti-
fied the impact of disease characteristics on cachexia and cachexia
progression risk. Third, Consensus 2011 suggests that cachexia
classification should be based on clinical outcomes including the
survival time and the responses to nutrition therapy and anti-
tumour treatments. However, no study has verified the predictive
value of their classification of cachexia on responses to nutrition
therapy and anti-tumour treatments. Overall, the existing diag-
nostic criteria for cancer cachexia do not fully meet clinical needs,
and the development of more refined diagnostic tools for cachexia
with comprehensive consideration of disease characteristics, nu-
tritional parameters and clinical outcomes is imperative.

Therefore, we aimed to establish novel comprehensive evalua-
tion scales for cachexia specific to patients with solid tumours
based on a large multidimensional database from an ongo-
ing multicentre cohort study in China, the Investigation on
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Study population |

15,919 Patients with 18 types of neoplasms were recruited from January 2013 to January 2020 I

2,964 Patients with 4 types of hematological or nervous system neoplasms, e.g.,
leukemia, lymphoma, and brain cancer, were excluded

12,955Patients with 14 types of solid tumors were included

304 Patients were excluded

24h)

64 Patients with pathological types derived from mesenchymal cells, such as
sarcoma, mesenchymoma, and teratoma

46 Patients admitted for treatments of complications

36 Patents with non-radical Stage Il tumour to avoid statistical bias

ol 62 Patients admitted for An-titumour treatments with an expected hospital

stay shorter than 48 hours (e.g., radiotherapy and chemotherapy within

33 Patients with comorbidities occurring rarely (<20 cases) to avoid statistical
bias, such as acquired immune deficiency syndrome, and severe organ
dysfunction (e.g., heart, kidney, and liver failure)

63 An-titumour treatment plan was unclear or had not been determined

12,651 Patients were included

10,022 Patients in the derivation set

FIGURE1 | The flow chart of study population.

Nutrition Status and its Clinical Outcome of Common Cancers
(INSCOC) [20].

2 | Methods
2.1 | Study Population and Design

The INSCOC is an open and ongoing cohort study aimed to
evaluate associations among multidimensional disease and nu-
tritional parameters and outcomes in patients with cancer. In
March 2020, we began designing novel comprehensive diagnos-
tic scales for cachexia with approval from INSCOC's workshop
and the human research ethics committees of all participating
hospitals. In INSCOC, only the data reviewed by a third team
can be released and used for statistical analysis, and the fol-
low-up survival data have been annually updated and released
for analysis since 2019. The study retrospectively included 12651
patients enrolled between January 2013 and January 2020. To
reduce potential bias of homogenized data using internal valida-
tion, we intentionally selected a subset (10022 patients) released
in 2019 as the derivation set and a subset (2629 patients) released
in 2020 as the validation set, rather than randomly paired pa-
tients from the overall samples (released in 2019 and 2020).

Inclusion criteria were (1) patients aged > 18 years; (2) patients with
one or more of 14 types of solid tumours (with pathological types

2,629 Patients in the validation set

derived from mucosal, acinar and ductal epithelial cells), includ-
ing lung, gastric, liver, breast, oesophageal, cervical, bladder, pan-
creatic, prostate, ovarian, colorectal cancer, nasopharyngeal and
endometrial carcinoma and cholangiocarcinoma; and (3) patients
admitted for scheduled anti-tumour treatments or palliative care.
Exclusion criteria were (1) patients with pathological types derived
from mesenchymal cells, including sarcoma, mesenchymoma
and teratoma, and (2) patients with undetermined treatment plan.
Figure 1 depicts the study population.

2.2 | Data Characteristics

The available cachexia-related disease and nutrition indicators
in the INSCOC database were selected based on a thorough re-
view of previous studies [1, 3, 8, 9, 21].

Nutritional/functional indicators included weight loss [22], food
intake reduction, anorexia, BMI, skeletal muscle mass, handgrip
strength (HGS), laboratory indicators (albumin/globulin ratio
[AGR], neutrophil/lymphocyte ratio [NLR] and albumin and
haemoglobin levels), functional effects (PAF and fatigue) [23],
sarcopenia [24] and cachexia as per Consensus 2011 [2]. Disease
indicators included tumour characteristics (tumour type, tu-
mour node metastasis [TNM], tumour recurrence and metas-
tasis, tumour-bearing status [resected or unresected tumours])
and cachexia-associated comorbidities [25]. All variables were
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fixed during the first baseline survey and are briefly listed in
Table 1 and explicated in detail in Supporting Information S1.

2.3 | Anti-tumour Treatment and Nutrition
Therapy Subgroups

Patients were divided into four groups according to goals of anti-
tumour treatments, determined by patients' medical histories and
schedules: radical anti-tumour treatments (radical surgery and
radiotherapy), adjuvant anti-tumour treatments (adjuvant che-
motherapy, radiotherapy, molecular targeted therapy, immuno-
therapy and endocrine therapy after radical surgery), palliative
anti-tumour treatments (palliative surgery, chemotherapy, radio-
therapy, molecular targeted therapy and immunotherapy in pa-
tients with non-radical tumours) and palliative care (symptomatic
care only for relieving pain and improving quality of life).

Patients were divided into three groups according to nutri-
tion therapy status: pre-hospitalization nutrition therapy (pre-
emptive nutritional pre-habilitation; received nutrition therapy
>1week before hospitalization, including enteral nutrition
[EN], total parenteral nutrition [TPN] and parenteral + enteral
nutrition [PN + EN]), hospitalization nutrition therapy (received
nutrition therapy > 1week after hospitalization) and not receiv-
ing nutrition therapy.

2.4 | Outcomes

Survival data, including time and cause of death, were acquired
biannually via inpatient medical visit records and telephone in-
terviews. Overall survival was defined as the interval between
the date of the first survey and death.

2.5 | Statistical Analyses

Statistical analyses were performed using SPSS (v.22.0) and R
(v.2.15.2) statistical software. Descriptive statistics were analysed
using chi-square tests and Kruskal-Wallis tests, as appropriate.
Univariate and multivariate Cox proportional hazards models
were used to generate hazard ratios (HRs) and associated 95% con-
fidence intervals (CIs). The receiver operating characteristic (ROC)
curves and areas under the curves (AUCs) were used to evaluate
the diagnostic value of the indicators and scales. The survival time
was evaluated by the Kaplan-Meier method and compared with
log-rank tests. If median survival was not available, mean survival
is presented instead. Statistical significance was established at
p<0.05 (two-sided) for analyses, except for multivariate Cox pro-
portional hazards models, for which it was established at p <0.10.

2.6 | Establishment of Scales

2.6.1 | Step 1:Screening Optimum Indicators
for Cachexia Risk

We used the overall death risks (HRs) to screen optimal nutri-
tion and disease indicators for cachexia followed by previous
studies [17].

Many studies include sarcopenia as an important component for
diagnosis of cachexia [2, 11, 17]. Sarcopenia is defined as loss of
skeletal muscle mass and function. However, our data demon-
strated that skeletal muscle mass [2, 26], and HGS and PAF
decline independently impact death risk. Hence, we intend to
include them independently in further analyses. Because accu-
rate body composition analysis is expensive and inconvenient in
nutrition screening jobs, we included easily available BMI as a
surrogate marker for skeletal muscle mass, as previously recom-
mended for diagnosis of cachexia [2, 17].

2.6.2 | Step 2: Establishment of a Nutrition-Weighted
Scoring Scale (NWSS)

2.6.2.1 | Optimal indicators and Their Weighted
Scores. Ten optimal nutrition items were selected by the uni-
variate and multivariate Cox proportional hazards analyses.
For effectiveness and simplicity, nutrition indicators were clas-
sified into three hierarchical categories to evaluate the sever-
ity of cachexia: normal, moderate and severe. Raw grades
of the hierarchical variables with similar HRs and no significant
differences were combined together into three new joint classi-
fications. Albumin and AGR were characterized using clinical
routine cut-off values. NLR and HGS have no clinical routine
cut-off values and were therefore stratified using Youden indi-
ces calculated from the ROC curves (NLR) or quartiles by sex
and age groups (HGS) for adult males (aged 18-64years), adult
females, elderly males (> 65years) and elderly females.

The weighted scores (with approximate rounding) of the opti-
mal indicators were determined by their HRs (the greater the
HR, the higher the score assigned) using Cox proportional haz-
ards models. These items included low albumin and AGR (with
the highest weighted scores: 0, 2, 4); followed by anorexia, in-
creased NLR and intake loss (0, 2, 3), low BMI and PAF (0, 1, 3);
and weight loss, fatigue and low HGS (with the lowest weighted
scores; 0, 1, 2). Then, the nutrition-weighted scoring scale
(N'WSS) was established using a summation method.

2.6.2.2 | NWSS Classification (Nutrition Risk). The
scores with similar HRs and survivals (without significant dif-
ference) (0-29 points) were combined into a five-grade classifi-
cation of nutrition risk (Figure 2) [17]. Table 2 presents the final
NWSS. Supporting Information S2 depicts the process of estab-
lishing the NWSS.

2.6.3 | Step 3: Establishment of the Disease-Weighted
Scoring Scale (DWSS)

We established a simplified disease-weighted scoring scale
(DWSS) based on categories of tumour types and tumour bur-
den statuses for overall patients.

2.6.3.1 | Tumour Types. Overall, 14 tumour types were
classified into sequence variables, and Cox proportional
hazards analysis was conducted using breast cancer (with
the lowest death risk) as the reference. Tumour types with
similar HRs and survivals were merged into four categories
(weighted score): tumour type Category A (0; with the lowest

40f 18

Journal of Cachexia, Sarcopenia and Muscle, 2025



(senunuo))
¢100°0> %8'6/8ST %9°9/659 SO 120ued TeageydosaO
¢100°0> %E6/YPT %S TT/LSTT S9X Ia0ued JLnsedH
©6LS°0 %L 8T/SLY %S"8T/8S8T EEIN I20Ue? 1810210100
v6'0 BT1/TE %TT/611 Sax I20U®D I9ppe[g
eL€6°0 %Y T/T9 %Y T/6€T SO I90URD UBLIBAQ
2100°0> %6°T/1S %0°T/101 SO I90UBD J11RIS0Ig
eS1E°0 %Y"€/68 %8°¢/18¢€ SIA I90UED) [BIIAIRD
e611°0 WY 1/LE %0°T/SOT SOX BWOUIDIED [BLIJdWOPUH
«100°0> %ELICOT %€ 0T/2€0T SO rUIOUTOIR) [BaZUAIRydOSEN
e¥V10°0 %8 ET/¥9¢ %8°ST/08ST S9A Iadued jsealdq
SONISLI9NORIRYD INOWN,J,
%Y 1E/STS %6°€E/V6EE SO
2910°0 %9°89/1081 %1°99/8799 ON Sjusunjea) Inownj-nue [edrpey
%8 T/LY %8 T/LLT dIed dANRI[[Bd
%S 8€/TL6 %6'8¢/L68E SLNYV 2Aleled
%6'6C/S8L %S'ST/¥SST SLNV juean(py
2100°0> %Y 1E/STS %6"€E/Y6EE SLNV [edIpey (SLNV) syustyeas; mowny-juy
%8°01/T8¢ %S CT/0€TT LN uonezijendsoyq
%6'ST/ETY %9 ET/VEET LN uonezifejidsoy-aig
2000 %EEL/06T %6°€L/LITL LN MO (LN) £deioys uoninnN
2¥C0°0 61°9S €T'GS (syjuour) [BAIAINS UBIAL
q100°0> (SLee/LLTT) Tree (9%'9%/19°€T) 68°+C (sypuowr) swipy dn-mofog
a€F°0 (99/05) 65 (99/05) 85 (sreak) o3y
BLYY/YLIT BLIY/Y89Y USWIOM
eLS0°0 %E"SS/SSPT %E"ES/8EES USIN TepuaH
SONISLI9NORIBYD [BOTUI]O [BISUID)
d ([401] wntpaw) 10 (%/u) 39s uonyepiieA  ([JOI] wnipaw) 10 (%/u) 39S UOHRALIdJ Sa[qerIep

'so1s1I9)oRIRyDd dryderSowap pue [edrpaw [e1ouad sjuaned | T HTAV.L

50f 18



(senunuo))
©959°0 %E0/L %C0/TC SOX 9SBasIp Adupry doruoIy)
©685°0 %¥/S0T BT Y/VTY SO 9SBASIp 1189y AIBU0I0)D)
€00°0 %0T/LTS %S LI/9SLT S°A uorsualtedAHq
eVIV°0 %9°8/LTT %1°8/918 S9A sajaqeId
TLT'0 %T0/¥ %€0/T€ SOA UONOTBJUL [RIPIBOOAI
¢€0°0 %8°0/0C %€ 0/¥€ SO sIso[noIaqny,
e8EC0 WY T/LE BUT/ETT SO adoo
ePEL0 %9°0/L1 %L O/1L SOk 93018 [BIQAI)
eCEL0 %Y ¥/STT %S ¥/vSY SO snneday oruoIy)
eVEY0 %6°0/¥C %T'1/601 SOX SISOULITD
Ayrprqrowo)

%1 0L/v18T %S vL/89VL SO
<100°0> %6'6T/SSL %S'ST/PSST oN snooj Sunsixg

%9°01/6LT WBLET/TLET S9K
21000 > %1°68/0S€T %E 9L/TSOL ON QJUQIINJAI INOWN J,

%0°01/29¢ %0°€1/86C1 <

%Y CL/STE %E91/9€91 T

2100°0> %9°LL/THOT %L 0L/880L 0 (u ‘sToquInU) sISe)seloW UL3I0 JURISI

%9°LE/686 BT TY/VETY Al

%L SY/10TT %8°6C/£86C 111

%9°11/¥0€ %8°LT/T8LT 11
¢100°0> %LS/SET %TIT/ECTT I 93e)s SISB}ISBIW-9pOU-INOWN,
©989°0 %9°0/LT %9°0/8S Sox SBUWIOUIDIBI0ISURIOYD
©6SL°0 %Y 1/8¢ %Y 1/LET SOxX I90URD J1jBaIOUR]
21[00°0> %€ 9C/169 %9°CT/89TC S9A I90ued ung
wLLO0 %E€/88 BLTITLT SO I90URD ISAIT
d ([401] wntpaw) 10 (%/u) 39s uonyepiieA  ([JOI] wnipaw) 10 (%/u) 39S UOHRALIdJ Sa[qerIep

(ponunuo)) | TATAVL

Journal of Cachexia, Sarcopenia and Muscle, 2025

6 0of 18



'$189) juel-307,
1593 ST[eM-Te3SNIq
*)$9) 21BNDbS-1YD,

'$SOT JySrom T ‘P1oF urys sdoorn} IS {(VOS-Dd) JUSWSSISSY [8qO[D dA1I3[qNS pajerausn -juaned ay3 jo jusuoduwiod uonouny £31ande eaisAyd ‘I vd-d ‘ones aKooydwA]/[1qdorinau TN ‘90UaIsjundI S[snu
ULIB-PIW ‘DA VAL $99USIJWINII ULIR-PIW QYA ‘yiSusns duSpuey ‘SOH Xopul SSew 931 3B ‘TALAA {(0£D-OTO DLYOH) 199UL)) JO JUSUBIL], PUB (2IBasdY J0§ uorjeziuediQ ueadoing ay) Aq pausisap juswinasur If Jo Lyfenb
9} Ul SUTBWOP BIX2I0UE pue ‘@ndnej ‘uonouny AJ1anoe [earsAyd ay) Jo 9100S MBI oY) ‘BIXdI0UR PuE andie] ‘I vd-H dseasip Lreuownd 9A1ONIISO JIUOIYD ‘qJOD XOPUl SSeW Apoq ‘TN ‘O1BI UINGO[3/UuIunge OV :SUOHBIAIQQY

*1S uoneurioju unroddns ul [1e1op Ul PAJRIISO{[I A1 BIBP POPN[OUL Y], :2JON

%L'9T/€0L %9°02/090T 2
9%S"TE/ES8 %0 TE/TTIE d
2100°0> %8°'0%/€LOT %V’ S¥/1S8Y v £1030380 VOS-Dd
vEL0 %6°€1/79¢ %9 E€T/T9€T S9x eruadoores
q100°0> (1/0) 0 (1/0) 0 (91028) ‘AVd-d
q100°0> (001/08) 06 (06/08) 06 (9109S) 91008 Aysjourey
q100°0> (1/0) 0 (0/0) 0 (21095) BIX2I0UY
qaT98°0 9/9) ¥ 9/9) ¥ (21008) andnyed
q100°0> (L/9)s (8/9)9 (91098) AVd-H
aSEY0 (T/0)0 (T/0)0 (2108) uonONpaI AYRIUT
€110 (0T°T€/0T°LT) 00°ST (08°0€/0L°LT) 08°€T (8) soH
q100°0> (0/ST9-) 0 (0/69'L—) 19’1~ qJuow 9 urgum TM%
4989°0 (0/sT€)0 (0/s£€-) 0 qjuow T urgnm TmM%
q10°0 (£5°86/5€°S8) 01°C6 (FT°001/¥8°L8) 18°¢6 (%) INJA
qLS0°0 (80°L6/L¥°08) 8¢°88 (9°56/+0°08) TL'L8 (%) DNVIN
q100°0> (r¥1/9¢€2L) €0°€0T (T0°€81/6£°96) €S CET (%) ASL
qT8¥°0 (T8'101/55°98) T¥'¥6 (T8'10T/LTLY) TH'+6 (%) OVIN
q100°0> (S9¥T/€T°07) 6€°CC (L6'¥T/0%°0T) 99°CC (;w/3%) ING
q100°0 (LSYI/1TT) OF'E (s891/¥00) 0L°€ (1/8w) urloid 2ATIORII-D
a62T°0 (IT¥/69'1) 85T (66°€/L9°T) 8¥'C (onen ¥IN
qIL6°0 (0'SET/0'TTIT) 0°9CT (0'8€T/0°CIT) 0°9CT (1/8) urqo[sowaey
q100°0> F9T/PTD v T (LS 1/6T D) 8E'T (onen YOV
q100°0> (09°€t/S€79€) 00°01 (09°7#/06°S€E) 01°6€ (1/8) urunqry
SOI)S1I9)oRIeD _NQOSUGSM\_NQOSEHSZ
d ([401] wnrpaw) 10 (%/u) 13s UOHIEPI[EA ([401] wintpaw) 10 (%/u) 13s UOTIRALIDQ sa[qerrep

(ponunuo)) | TATIVL

7 of 18



a Nutrition weighted score scale (NWSS)

Mean survival (months)

012345678 91011121314151617181920212223242526272829

Scores

b Disease weighted score scale (DWSS)

S

w B U o
B & B

S

“=®-— Survival ==@== HRs

Mean survival (months)
Hazard ratios (HRs)

1)
S

Scores

Mean survival Median survival

(month) (month)

[Nutrition risk 95% Cls 95% Cls #P value HRs 95% Cls “P value iscase risk Hean v 95% Cls. 95% Cls #P value HRs 95% Cls *P value

Median survival

(month) (month)

0. (0-Spoints) 68.06 67.11/69.00

NA

NA

<0001

reference

1, (0-2 points)

75

76767823

NA

<0001

reference

1, (6-2 points) 5271 51.52/53.89

79.69

NA

<0001

2434

22312.654

<0.001

11, (3-4 points)

67.78

66.57/68.99

NA

<0001

3214

2.696/3.832

<0.001

2. (13-16 points) 384 36.2/40.59

21.96

18.2625.67

<0001

4379

3.934/4.874

<0.001

111, 5 point)

5107

49.14/52.99

NA

<0001

8.004

6.7409.505

<0.001

3. (17-21 points) 25.00 22592758

108

9.05/12.55

<0001

7.603

67808.527

<0.001

1V, (6-8 points)

3019

2898314

18.122055

<0001

17617

15.020120.662

<0.001

l4, (22-29 points) 884 7.08/106

299

1.95/4.03

<0001

17.864

15.249/20.927

<0.001

[V, (9-11 points)

1596

14581735

82111033

<0.001

34568

29.152140.991

<0.001

FIGURE2 | Hazard ratios (HRs) and mean survivals using different scores and classifications. Notes: Line graphs representing the relationships
between scores derived from the (a) nutrition-weighted scoring scale (NWSS) and (b) disease-weighted scoring scale (DWSS) in regard to overall sur-
vival. Red lines represent increased estimated hazard ratios (HRs), and brown lines represent decreased survival (months) associated with increased
scores. Different background colours represent NWSS (nutrition risk) and DWSS (disease risk) classifications. 95% CIs, 95% confidence intervals. #p
value for survival (log-rank tests), *p values for the HRs (Cox proportional hazards model [sample method]).

death risk), including breast and cervical cancer and nasopha-
ryngeal and endometrial carcinoma; tumour type Category B
(2), including prostate, ovarian, bladder and colorectal can-
cer; tumour type Category C (4), including gastric, oesoph-
ageal, liver and lung cancer; and tumour type Category D
(6; with the highest death risk), including pancreatic cancer
and cholangiocarcinoma.

2.6.3.2 | Tumour Burden Status. Chronic hyperinflam-
matory/catabolism and metabolic disorders induced by an exist-
ing tumour is a key pathogenetic factor of DRM and cachexia
[2, 4, 12]. Thus, we further established a tumour burden status
system based on TNM stage and radical (existing tumours receiv-
ingscheduled radical anti-tumour treatments or resected tumours
receiving adjunct anti-tumour treatments, without long-term
tumour burden) or non-radical tumours (tumours receiving pal-
liative anti-tumour treatments or care, with long-term tumour
burden) to evaluate patients’ long-term tumour burden status.

Cachexia is mostly found in patients with advanced stage dis-
ease. Nevertheless, we found that many preoperative patients
with early-stage tumours also had low BMI, weight loss, sarco-
penia and hyperinflammatory/catabolism and metabolic disor-
ders induced by the unresected tumours but survived well and
benefited from nutritional therapy, suggesting that clinical risk
stratification including early-stage tumours is needed for opti-
mal classification and treatment. Thus, in this study, we included
patients with radical Stage I-1I tumours. Further, we found that
in patients with stage IV tumours, patients with vital organ (i.e.,
lung, live and brain) metastasis or >2 distal organ metastases
had significantly higher death risk than patients with <1 dis-
tal organ metastasis and without vital organ metastasis. Hence,
we created eight groups according to TNM stage and radical or
non-radical tumour combinations and performed Cox propor-
tional hazards analysis using patients with Stage I cancer (all

radical tumours) as reference. The groups with similar HRs and
survivals were combined together into five categories (weighted
score): tumour burden A (0), radical Stage I-II tumours (36 pa-
tients with non-radical Stage IT tumours were excluded to avoid
statistical bias); tumour burden B (1), radical Stage III tumours;
tumour burden C (3), including non-radical Stage III tumours
and radical Stage IV tumours with <1 distal metastasis; tumour
burden D (4), including non-radical Stage IV tumours with <1
distal metastasis and radical Stage IV tumours with vital organ
metastasis or >2 organ metastases; and tumour burden E (5),
non-radical Stage IV tumours with vital organ metastasis or >2
organ metastases.

Finally, the DWSS was established using a simple summation
method (Table 3), which can serve as a complete alternative to
complicated matrix methodology (Figure S2.3). The effects of
specific disease characteristics on cachexia risk are illustrated
in footnotes of Table 3.

2.6.3.3 | DWSS Classification (Disease Risk). We deter-
mined a five-grade classification of the DWSS (0-11 points)
using the same method as described for the NWSS (Figure 2).
Supporting Information S2 explains the process of establishing
the DWSS.

2.6.4 | Step 4: Establishment of the Lumped Scale
and Categories of Comprehensive Cachexia Risk

We further established a lumped scale (5 X 5 matrix) using clas-
sifications of both nutrition and disease risks (Figure 3) [17] and
determined a five-grade comprehensive cachexia risk category
based on a combined evaluation of nutrition and disease risks,
death risks and response to nutrition therapy and anti-tumour
treatments.
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TABLE 2 | The nutrition-weighted scoring scale (NWSS).

Items?

Cut-off values and weighted scores in the classifications

Albumin® (g/L)

Albumin/globulin ratio® (ratio)

Body mass index? (kg/m?)
Neutrophils® /lymphocytes ratio (ratio)

Hand grip strengthf (kg)

Weight loss8

Intake reduction®

Physical active function!

Fatiguel

Anorexia¥

>35=0 point; 28-34.9 =2 points; <28 =4 points
>1.3=0 point; 1-1.29 =2 points; 0-0.99 =4 points
>24=0 point; 18.5-23.9=1 point; < 18.5=3 points
0-3.49=0 point; 3.50-6.80 =2 points; > 6.80=3 points

< 65y: male >31=0 points; 25-30.9=1 point; <24.9 =2 points;
female >20=0 points; 15-19.9 =1 point; <14.9 =2 points
>65y: male >26=0 points; 20-25.9=1 point; <19.9=2
points; female >18 =0 points; 12-17.9=1; <11.9 =2 points

Within 1 month: no weight loss or weight loss <2% =0
point; 2%-4.9% =1 point; > 5% =2 points
Within 6 months: no weight loss or weight loss <2% =0
point; 2%-9.9% =1 point; > 10% =2 points

Within 1 month: no reduced intake =0 point; reduced
intake <25% =2 points; reduced intake >25% =3 points

No difficulty carrying heavy objects (approximately 20kg)
or walking long distances (approximately 2km)=0 point
Difficulty carrying heavy objects (approximately 20kg) or
walking long distances (approximately 2km)=1 point
Difficulty walking short distances (within 1km); or needing
to stay in bed or a chair during the day =3 points

Do not feel weak and tired; or need a rest =0 point
Have two of the following lesions: weak,
tired, frequently need a rest=1 point
Have three of the following lesions: weak,
tired, frequently need a rest =2 points

No anorexia =0 point; a bite anorexia =2 points;
quiet and very anorexia =3 points

Note: The classification of the NWSS (0-29 points): 0-5 points, nutrition risk 0; 6-12 points, nutrition risk 1; 13-16 points, nutrition risk 2; 17-21 points, nutrition risk 3;

22-29 points, nutrition risk 4.

2Sex and age differences lead to significant tumour-type heterogeneity. Disease characteristics are the decisive factor for death risk in cancer patients. Moreover, there
were no significant differences in most nutritional risk groups between adults (ages 18-64years) and older patients (ages > 65years) and between males and females
adjusting for specific tumour types (e.g., in patients with gastric cancer; Figure S2.2). To avoid a significant bias regarding cancer-type heterogeneity, we did not
include sex and age in the NWSS. This might be the reason why previous studies likewise did not include age and sex in their diagnostic tools for cancer cachexia.
bAlbumin levels were classified according to conventional clinical classifications and cut-off values.

¢Albumin/globulin ratio (AGR) levels were classified according to conventional clinical classifications and cut-off values.

dMuscle loss is a key problem in cachexia. However, accurate body composition analysis is expensive and inconvenient in nutrition screening jobs. Therefore, many
researchers recommend easily available body mass index (BMI) as an alternative indicator for diagnosis of cachexia. For easy clinical use, we chose the Chinese

routine cut-off values for BMI classification in our study.

°The neutrophil/lymphocyte ratio (NLR) can easily be obtained using routine blood tests and is a widely recommended indicator for systemic inflammation and
cachexia. However, the NLR has no clinical routine cut-off value and was determined according to Youden index values calculated using the receiver operating

characteristic (ROC) curves.

fThere is no standard HGS range for cancer patients. Thus, HGS was summarized using simple quartiles by sex and age groups (adult males [aged 18-64years], adult
females, elderly males [ages > 65years] and elderly females). Patients with an HGS value greater than the median for their group scored 0 point (normal), those with an
HGS value greater than the lower quartile and less than the median for their group scored 1 point (moderate lesion) and those with an HGS value less than the lower

quartile scored 2 points (severe lesion).

&The weight loss sub-scale of the Patient-Generated Subjective Global Assessment (PG-SGA) has a good grading classification for weight loss according two
dimensions, including absolute value and rate of weight loss, and is used, as shown in Table S1.1.

hIntake reduction was assessed by patient's self-evaluation report, as shown in Table S1.2.

IThe physical activity function (PAF), anorexia and fatigue domain in a quality-of-life instrument designed by the European Organization for Research and Treatment
of Cancer (EORTC QLQ-C30) was included. The calculation of the raw score of the PAF and fatigue domain is complex. Therefore, we devised a simplified PAF and
fatigue scale according to the hazard ratios (HRs) of the raw scores for these questions using Cox proportional hazards models, as listed in Tables S1.3, S1.4 and S1.5.
The simplified scales yielded consistent diagnostic value as compared with raw scores (Figure S2.1).

IThe physical activity function (PAF), anorexia and fatigue domain in a quality-of-life instrument designed by the European Organization for Research and Treatment
of Cancer (EORTC QLQ-C30) was included. The calculation of the raw score of the PAF and fatigue domain is complex. Therefore, we devised a simplified PAF and
fatigue scale according to the hazard ratios (HRs) of the raw scores for these questions using Cox proportional hazards models, as listed in Tables S1.3, S1.4 and S1.5.
The simplified scales yielded consistent diagnostic value as compared with raw scores (Figure S2.1).

kThe physical activity function (PAF), anorexia and fatigue domain in a quality-of-life instrument designed by the European Organization for Research and Treatment
of Cancer (EORTC QLQ-C30) was included. The calculation of the raw score of the PAF and fatigue domain is complex. Therefore, we devised a simplified PAF and
fatigue scale according to the hazard ratios (HRs) of the raw scores for these questions using Cox proportional hazards models, as listed in Tables S1.3, S1.4 and S1.5.
The simplified scales yielded consistent diagnostic value as compared with raw scores (Figure S2.1).
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TABLE 3 | The disease-weighted scoring scale (DWSS).

Tumour type®P< Breast and cervical cancer and nasopharyngeal and endometrial carcinoma 0 point
Bladder, ovarian, colorectal and prostate cancers 2 points

Oesophageal, gastric liver and lung cancers 4 points

Pancreatic cancer and cholangiocarcinoma 6 points

Tumour burden status®¢ Radical Stage I-II tumour (patients with unresected but resectable 0 point

tumour receiving scheduled radical surgery or radiotherapy, or
resected tumour receiving adjuvant anti-tumour treatments)

Radical Stage III tumour 1 point

Non-radical Stage III tumour (patients with non-radical tumour receiving palliative anti- 3 points
tumour treatments or palliative care); radical Stage IV tumour with <1 distal metastasis

Non-radical Stage IV tumour with <1 distal metastasis; radical Stage 4 points
IV tumour with vital organ metastases or > 2 organ metastasis

Non-radical Stage IV tumour with vital organ metastases or > 2 organ metastasis 5 points

Note: The classification of the DWSS (0-11 points): disease risk I, 0-2 points; disease risk IT, 3-4 points; disease risk III, 5 points; disease risk IV, 6-8 points; disease
risk V, 9-11 points.

aThere were significant differences in death risk associated with different tumour types and tumour burden statuses. These differences may be related to differences in
disease characteristics. Most tumour types of tumour type A and B categories are non-vital-organ and non-gastrointestinal tumours (breast, cervical, bladder, prostate,
ovarian cancer and endometrial carcinoma) and showed lower inflammatory burden/catabolism and metabolic disorders, less negative effects on digestive function,
higher basic body mass index (BMI) levels and lower risk of death. These cancers have very low risk of severe malnutrition and death before occurrence of vital organ
metastases. For example, a bone metastasis or pelvic adjacent organ metastasis may significantly reduce the quality of life due to related complications but would

not be life threatening. However, once metastasis to a vital organ occurs, the risk of nutritional deterioration and death increases dramatically. Hence, patients with
non-radical vital organ metastases might have high risk of cachexia, despite a low overall risk in patients with these tumour types. Nasopharyngeal carcinoma and its
associated anti-tumour treatments (e.g., surgery and radical radiotherapy) significantly affect patients’ oral feeding. However, patients with nasopharyngeal carcinoma
maintain complete gastrointestinal digestion and absorption function by replacing oral feeding by infusion of a homogenate meal through a gastrostomy tube at

home. Thus, patients with nasopharyngeal carcinoma showed a very low risk of malnutrition and death, as did patients with breast cancer. Food is almost completely
digested and absorbed before it enters the colon; hence, digestive tract reconstruction in colorectal cancer after surgical resection has less effect on digestive function.
Even in patients with non-radical tumours, a simple fistulation can solve the problem of defecation while sparing eating and digestive function. Thus, patients with
colorectal cancer also showed a low risk of malnutrition and death. Type C and D tumours are vital organ (lung and live cancer) or upper gastrointestinal tumours
(gastric, oesophageal, liver and pancreatic cancers, and cholangiocarcinoma). Patients with these tumours had a high risk of death and nutritional deterioration,
including higher inflammatory burden/catabolism and metabolic disorders, greater negative effects on digestive function, and lower basic BMI levels. Patients with
radical Stage IIT upper gastrointestinal tumours also revealed risk of nutritional deterioration due to substantial negative effects on feeding and digestive function
caused by the complicated post-operative gastrointestinal reconstruction, which comprises removal of most or all of the stomach. After reconstruction, the function of
cardia and/or pylorus is lost, and the food directly enters the jejunum. However, the tolerance of the jejunum to food volume, food category and density of energy and
protein are significantly inferior to that of the stomach. In addition, the digestive enzyme secretion function is damaged, especially in patients with pancreatic cancer
and cholangiocarcinoma. These negative effects lead to significant intake reduction, digestive and absorptive dysfunction and inevitable weight loss and nutritional
deterioration. Pancreatic cancer and cholangiocarcinoma are rarely detected in the early stages (Stages I-II). In addition, patients with advanced pancreatic cancer and
cholangiocarcinoma have very low chance of surgical resection and great negative effect on digestive function due to both preoperative gastrointestinal occupancy and
complicated post-operative gastrointestinal reconstruction. Hence, these patients have very high risk of death and nutritional deterioration. Notably, patients with non-
radical lung cancer may reveal dramatically increased energy wasting and nutritional reserve loss beyond what is expected based on food intake reduction, due to their
high levels of hyperinflammation/catabolism and metabolic disorders and special complications (e.g., respiratory tract obstruction and pleural effusion), which further
lead to increased breathing burden and energy wasting.

bFew patients (n =42, 0.04%) had multiple primary tumour types, and their death risk was mainly determined by the tumour types with the higher death risk.
Therefore, the final score in patients with multiple primary tumour types should be determined by the highest total DWSS scores, and the extra scores of the coexisting
tumour types need not be added.

°All comorbidities, including chronic obstructive pulmonary disease (COPD), stroke, active tuberculosis, hypertension and diabetes, were excluded by multivariate Cox
proportional hazards model. Hypertension and diabetes may be excluded because of their lower effect on death risk compared with that of tumours. However, COPD,
stroke and active tuberculosis had great effects on death risk, especially patients with abortive tuberculosis, who all died within 25 months. They should be excluded
because of the following reasons. Tuberculosis and COPD could cause extreme cachexia phenotype. However, in patients with cancer and with these comorbidities,
the high risk of death may be attributed to the limitation to anti-tumour treatments implementation, rather than to an independent cachexia phenotype unrelated to
cancer cachexia. Vast evidence confirms that the potential risks of anti-tumour treatments are likely to outweigh benefits in patients with these comorbidities. Our
data showed that most of the patients with these comorbidities lost opportunities of radical anti-tumour treatments and received palliative anti-tumour treatments

and care. This might be the reason why these high-risk comorbidities were excluded by the multivariate model, adjusting for strategies of scheduled anti-tumour
treatments, because the decisive aetiological factors determining the risk of cachexia and death were radical and non-radical tumours, and the clinicians had taken
these factors into consideration when choosing a comprehensive strategy of anti-tumour treatments.

dPatients with non-radical vital organ metastasis (liver, lung and brain) had higher death risk than patients with two or more non-radical non-vital-organ metastases.
Therefore, non-radical vital organ metastasis should be assigned the highest tumour burden status score, regardless of the numbers of metastases.

°It is generally believed that patients with recurrent tumours have higher death risk than those with primary tumours. However, our data showed that patients’ death
risk was mainly dependent on the actual tumour burden status rather than on the tumour recurrence. Patients with recurrent tumours had slightly higher death risk
than those with primary tumours and the same tumour burden scores but demonstrated significantly better survival than patients with primary tumours and higher
tumour burden scores. Furthermore, the recurrence status was excluded from the multivariate Cox models after adjusting for tumour burden status. Therefore, tumour
recurrence was excluded.
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FIGURE 3 | The 5x5 matrix of the lumped scale. Notes: Panels a to f represent a 5x 5 matrix analysis of the five-grade classification of nutrition
and disease risk developed herein, for a total of 25 possible combinations. The (a) codes, (b) mean survivals (months), (c) median survivals (months),
(d) estimated hazard ratios (HRs), (e) categories of comprehensive cachexia risks for overall patients and (f) the adjusted tumour-type-specific di-
agnoses for patients with tumour type Category A cancers, including breast and cervical cancer and nasopharyngeal and endometrial carcinoma.
Reference categories represent the lowest nutrition and disease risks. NA, not applicable.

2.6.5 | Step 5: Validation

A validation set established the diagnostic scales and classifi-
cations according to the methods of the derivation set, and the
time-dependent ROC curves assessed the discrimination of the

scales in predicting survival.

3 | Results

3.1 | Patient Characteristics

There were 10022 and 2629 patients in the derivation set and valida-
tion set, respectively. Table 1 summarizes the patient characteristics.
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3.2 | The NWSS and Nutrition Risk

Table 2 presents the NWSS interpretation. Finer categorization
of malnutrition elements in the five-grade nutrition risk is as fol-
lows (Figure S2.1):

1. Malnutrition without hyperinflammatory/catabolism and
metabolic disorders

 Nutrition risk 0: No or mild malnutrition with no or low
nutritional/functional reserve impairment (e.g., low BMI,
fatigue and HGS and PAF decline) and/or indicators of on-
going nutritional deterioration (e.g., food intake reduction
and weight loss).

+ Nutrition risk 1: Moderate or severe malnutrition with in-
creased nutritional/functional reserve impairment and
ongoing nutritional deterioration, but with no or low-level
hyperinflammatory/catabolism and metabolic disorders,
including anorexia, increased NLR and low albumin and
AGR levels.

2. Malnutrition with hyperinflammatory/catabolism and
metabolic disorders

« Nutrition risk 2: Severe malnutrition with added transient
(in preoperative patients) or chronic (in patients with non-
radical tumours) hyperinflammatory/catabolism and meta-
bolic disorders.

+ Nutrition risk 3: Severe malnutrition with prevailing tran-
sient or chronic hyperinflammatory/catabolism and meta-
bolic disorders.

+ Nutrition risk 4: Severe-extreme derangement of global nu-
tritional status.

The HRs (95% CIs) for death and mean (median) months for sur-
vival for the nutrition risk of 0, 1, 2, 3 and 4 were reference, 2.434
(2.231/2.654), 4.379 (3.934/4.874), 7.603 (6.78/8.527) and 17.864
(15.249/20.927), respectively (p <0.001), and 68.06 (NA), 52.71
(79.69), 38.4 (21.96), 25.09 (10.8), and 8.84 (2.99) months, respec-
tively (p <0.001).

3.3 | The DWSS and Disease Risk

Table 3 presents DWSS interpretation. Using matrix methodol-
ogy, the characteristics of the five-grade disease risk are shown
in Figure S2.3 using a matrix methodology as follows:

+ Disease risk I: Patients with tumour type A and tumour
burden A-B or tumour type B and tumour burden A.

« Disease risk II: Patients with tumour type A and tumour
burden C-D, patients with tumour type B and tumour bur-
den B or patients with tumour type C and tumour burden A.

« Disease risk III: Patients with tumour type A and tumour
burden E, patients with tumour type B and tumour burden
C or patients with tumour type C and tumour burden B.

« Disease risk IV: Patients with tumour type B and tumour bur-
den D-E, patients with tumour type C and tumour burden
C-D or patients with tumour type D and tumour burden A-B.

« Disease risk V: Patients with tumour type C and tumour
burden E or patients with tumour type D and tumour bur-
denC,DorE.

The HRs for death and mean (median) months survival for
disease risk I, II, III, IV and V categories were reference, 3.214
(2.696/3.832), 8.004 (6.74/9.505), 17.617 (15.02/20.662), and
34.568 (29.152/40.991), respectively (p <0.001), and 77.5 (NA),
67.78 (NA), 51.07 (70.5), 30.19 (19.33) and 15.96 (9.27) months,
respectively (p <0.001).

3.4 | The Lumped Scale and Comprehensive
cachexia Risk

The lumped scale (5 5 matrix) determined a five-graded com-
prehensive cachexia risk (Figure 3) as follows:

« Comprehensive cachexia risk A: No cachexia risk, patients
with the lowest disease and nutrition risks have no cachexia
risk.

« Comprehensive cachexia risk B: comprehensive cachexia
risk, patients with a potential cachexia risk with hyper-
inflammatory/catabolism and metabolic disorders (nutri-
tion risk 2-3), which needs to be re-evaluated after radical
anti-tumour treatments (B1), or patients without hyper-
inflammatory/catabolism and metabolic disorders (nutri-
tion risk 0-1), but with high risk for cachexia due to high
disease risk (e.g., irreversible gastrointestinal dysfunction
caused by non-radical tumour occupy and/or complicated
post-operative digestive reconstruction in patients with
digestive tumours and/or vital organ dysfunction in pa-
tients with non-radical vital organ tumours and/or metas-
tases) (B2).

« Comprehensive cachexia risk C: Comprehensive pre-
cachexia, a stage before comprehensive cachexia with drasti-
cally increased death risk; progression of cachexia may vary,
depending on a high nutrition risk or high disease risk.

« Comprehensive cachexia risk D: Comprehensive cachexia,
patients with high death risk and fewer benefits from NT
due to both high disease and nutrition risks.

« Comprehensive cachexia risk E: Comprehensive refractory
cachexia, patients with very high death risk and clinically
refractory to nutrition therapy and anti-tumour treatments
due to extreme nutritional deterioration (E1) and/or the
highest disease risk (E2).

The HRs (95% CIs) for death and mean (median) months survival
for the comprehensive cachexia risk A, B, C, D and E were refer-
ence, 4.517 (4.033/5.058), identification of actual 9.755(8.73/10.901),
16.901 (14.995/19.049) and 31.879 (28.244/35.981), respectively
(p<0.001), and 74.58 (NA), 52.22 (70.5), 34.45 (21.21), 21.21 (11.61)
and 10.79 (4.83) months, respectively (p <0.001).
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3.5 | Responses to Nutrition Therapy
and Anti-tumour Treatments Differed by Nutrition
and Comprehensive cachexia Risks

Patients receiving nutrition therapy had significantly worse
nutrition status and survival than those without nutrition
therapy, due to clinical selection bias. In patients receiving
pre-hospitalization nutrition therapy, hospitalization nutrition
therapy and not receiving nutrition therapy, the median scores
(interquartile range) of the NWSS were 11 (7/16), 7 (3/12) and 6
(3/9) points, respectively (p <0.001); and the mean survival were
54.19, 44.40 and 56.57 months, respectively (p <0.001).

However, comprehensive analyses including nutrition risk
and comprehensive cachexia risk corrected these biases and
allowed the identification of actual beneficial effects of nutri-
tion therapy. In nutrition risk 0 and comprehensive cachexia
risk A groups, there were no significant differences in sur-
vival among nutrition therapy subgroups, suggesting that the
role of nutrition therapy is more related to the prevention of
initial nutritional deterioration without significant impact on
long-term survival in these groups. In nutrition risk 1-3 and
comprehensive cachexia risk B-D groups, patients signifi-
cantly benefited from pre-hospitalization nutrition therapy
with the best survivals among nutrition therapy subgroups.
Compared with patients without nutrition therapy, patients
receiving hospitalization nutrition therapy did not reveal
prolonged survivals in nutrition risk 1 and comprehensive
cachexia risk B-C groups but revealed significantly worse sur-
vivals in nutrition risk 2-3 and comprehensive cachexia risk D
groups. Patients with nutrition risk 4 did not benefit from pre-
hospitalization nutrition therapy but still benefited from radi-
cal anti-tumour treatments compared with patients receiving
palliative care (medium [medians] survival, 19.00 [13.25] vs.
7.39 [2.56] months [p=0.015]). Patients with comprehensive
cachexia risk E did not benefit from either pre-hospitalization
nutrition therapy or anti-tumour treatments in terms of sur-
vival (Figures 4 and 5).

3.6 | Validation Set

In the time-dependent ROC curves, AUCs for the NWSS, DWSS
and lumped scale revealed that mortality risk in the validation
set reached >90% of that in the derivation set for the corre-
sponding scales at all time nodes (Figure S5.3).

4 | Discussion

In this study, we aimed to provide comprehensive evaluation
scales for cachexia in patients with solid tumours by combin-
ing multidimensional disease and nutritional parameters and
outcomes.

Several previous proposed diagnostic criteria for cachexia, based
on sarcopenia and BMI-adjusted-weight loss only [2, 15-17],
could not distinguish pre-cachexia from non-cachexia [18, 19].
Reportedly, this could be addressed by including indicators
of inflammatory burden/catabolism and metabolic disorders

[27, 28]. Hence, we first established an NWSS using multidi-
mensional nutritional parameters and determined a grading
classification of nutrition risk, as previously reported. Our re-
sults showed that a malnutrition without hyperinflammatory/
catabolism and metabolic disorders (nutrition risk 0-1), which
might pertain to non-cachexia, was the major nutritional prob-
lem in patients with cancers, including patients with advanced
tumours; but a malnutrition with hyperinflammatory/catabo-
lism and metabolic disorders (nutrition risk 2-3), which might
pertain to cachexia categories [12], occupied less proportion of
nutritional problem.

Notably, the association between nutrition risk and outcome
was also influenced by disease characteristics and disease-
associated risk. Moreover, whereas the grade of disease risk may
primarily reflect the clinical impact of disease burden per se,
disease burden is also a major driving factor for the deterioration
of nutritional status [26]. Patients with higher disease risk had
lower BMI, more pronounced food intake reduction and weight
loss and functional deterioration with fatigue and PAF and HGS
decline.

Association between disease characteristics and hyperinflam-
matory/catabolism and metabolic disorders markers was more
intriguing. Patients with resectable but unresected tumours re-
ceiving scheduled surgery or those with non-radical tumours
receiving palliative anti-tumour treatments or care had a higher
prevalence of increased NLR and low albumin compared with
those with resected tumours receiving adjunct anti-tumour treat-
ments. These observations suggest that the existing tumour plays
a major role in the onset of hyperinflammatory/catabolism and
metabolic disorders and might cause a high but transient nutri-
tion risk in preoperative patients, which may be reduced after tu-
mour resection (Figure S3.1) [29]. Patients with radical tumours
receiving radical or adjuvant anti-tumour treatments might have
no or low long-term tumour burden and associated chronic hy-
perinflammatory/catabolism and metabolic disorders, whereas
patients with non-radical tumours have a long-term tumour bur-
den and therefore high risk of hyperinflammatory/catabolism
and metabolic disorders. This significantly influenced the dis-
ease duration and burden and diagnosis of cachexia.

Therefore, we further established a lumped scale based on
both nutrition and disease risks, allowing for a comprehen-
sive assessment of cachexia risk. For instance, significant
tumour burden heterogeneity was observed in the disease
risk II-IV subgroups. Patients with higher-risk tumour types
and radical tumours and those with lower-risk tumour types
and non-radical tumours coexist in the same subgroup; this
may mainly reflect differences in death risk in different tu-
mour types. Furthermore, when considering nutrition risks,
tumour burden heterogeneity had a limited impact on death
risk and benefits from nutrition therapy in nutrition risk 0-1,
but it was associated with substantial differences in death risk
and benefits from nutrition therapy in the nutrition risk 2-4
groups. Patients with radical tumours showed a low increase
in death risk and benefited from pre-hospitalization nutrition
therapy, suggesting that a malnutrition with potentially tran-
sient hyperinflammatory/catabolism and metabolic disorders
in preoperative patients is a potential cachexia risk requiring
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re-evaluation after surgery. Conversely, patients with non- nutrition therapy, suggesting that a malnutrition with chronic
radical tumours had dramatically increased death risk with in- hyperinflammatory/catabolism and metabolic disorders in

creased nutrition risk, and those receiving pre-hospitalization patients with non-radical tumours establishes the presence of
nutrition therapy had worse survivals than patients without cachexia (Figure S4.1).
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FIGURE 4 | Survival in nutrition therapy (NT) and anti-tumour treatments (ANTs) subgroups in regard to nutrition risk. Notes: (a) There were
no differences in survival among NT subgroups given a nutrition risk 0 of the nutrition-weighted scoring scale (NWSS); in nutrition risk 1-3 classi-
fication, patients receiving pre-hospitalization NT had the best survivals, whereas hospitalization NT did not guarantee benefits; in nutrition risk 4

classification, patients did not benefit from NT. Pre-hospitalization NT (receiving NT before hospitalization); hospitalization NT (receiving NT after

hospitalization); and non NT (not receiving NT). P1, pre-hospitalization NT vs. non NT; P2, hospitalization NT vs. non NT; P3, pre-hospitalization

NT vs. hospitalization NT. (b) In nutrition risk 0-3 classifications, patients benefited from ANTSs, with prolonged survivals as compared with those

receiving palliative care; in nutrition risk 4 classification, patients benefited from radical ANTs. Radical ANTs (radical surgery and radiotherapy),

adjuvant ANTs (adjuvant chemotherapy, radiotherapy, molecular targeted therapy, endocrine therapy after radical surgery), palliative ANTs (pal-

liative surgery, chemotherapy, radiotherapy, molecular targeted therapy and immunotherapy in patients with non-radical tumours) and palliative

care (symptomatic support treatments administered only for relieving pain and improving quality of life). P1, radical ANTs vs. adjuvant ANTSs; P2
radical ANTs vs. palliative ANTs; P3, radical ANTs vs. palliative care; P4 adjuvant ANTs vs. palliative ANTSs; P5 adjuvant ANTs vs. palliative care;

P6 palliative ANTs vs. palliative care.

In the disease risk V subgroup, wherein all patients had non-
radical tumours, those receiving pre-hospitalization nutrition
therapy demonstrated worse survival, even in the presence of
low nutrition risk 0-1. In these patients, the highest disease risk
(e.g. irreversible gastrointestinal dysfunction caused by the non-
radical digestive tumour and/or vital organ dysfunction caused
by non-radical vital organ tumours and/or metastases) might
drive a strong nutritional deterioration risk, poor response to
nutrition therapy, and death, despite no hyperinflammatory/ca-
tabolism and metabolic disorders.

These results support the concept that the risk of cachexia pro-
gression depends on combined nutritional deterioration and
disease burden, and cachexia (‘bad condition’, e.g., very high
death risk and clinically refractory to nutrition therapy and
anti-tumour treatments) can be induced by a very advanced
cancer (pre-terminal) or rapidly progressive tumour [2]. Thus,
we suggest that definitions of cachexia focusing only on nu-
tritional parameters might prevent comprehensive stratifica-
tion and assessment of clinical risk. Therefore, we proposed a
novel definition and grading diagnosis of comprehensive ca-
chexia risk based on comprehensive consideration of disease
characteristics, nutrition risk and outcomes. The comprehen-
sive cachexia risk is defined as a potentially irreversible and
progressing multifactorial clinical syndrome driven by both
disease progression and multidimensional nutritional/func-
tional deterioration, which eventually becomes refractory
to nutrition therapy and anti-tumour treatments and causes
death. It may be difficult to determine the sequence of disease
progression and nutritional/functional deterioration in many
patients; however, cachexia, which is a continued wasting
syndrome until extreme emaciation and weakness, is inevi-
tably caused by chronic burdens driven by incurable diseases
[2, 4]. Thus, disease characteristics may be the basic aetiolog-
ical factors and basis of differential diagnosis for comprehen-
sive cachexia.

As a high disease risk might become a major determinant of ca-
chexia, we classified many patients with high disease risks but
low nutrition risks as comprehensive cachexia risk B-D (compre-
hensive cachexia risk, pre-cachexia and cachexia); monitoring
and supplemental diagnosis for cachexia are needed to enhance
clinical awareness of the high risk of nutritional deterioration.
A refined qualitative diagnosis of comprehensive cachexia risk
B1 (a potential cachexia risk needs to be reevaluated after radi-
cal anti-tumour treatments) and B2 (patients with low nutrition

risk, but with high risk to develop cachexia due to high disease
risk) might be clinically useful to rank different pro-cachectic
mechanisms and clinical risks to guide early diagnosis and indi-
vidualized treatment [1]. Due to limited data availability, we did
not provide refined qualitative diagnosis within comprehensive
cachexia risk categories C and D.

Moreover, patients with low disease risks were more tolerant
to nutritional deterioration with less increased death risk along
with elevated nutritional risks, whereas patients with high dis-
ease risks were prone to nutritional deterioration with drasti-
cally increased death risk along with elevated nutritional risk,
suggesting that using a common single nutrition risk cut-off
value may not be appropriate for all patients with different dis-
ease risks. Our data showed that patients with disease risk I-II
had a very low death risk regardless of cachexia or not as per the
Consensus 2011 (Figure S4.2). Thus, we determined developed
anovel graded comprehensive cachexia risk classification model
based on multiple cut-off points of nutrition and disease risks,
exhibiting differences in risk and developing trajectory of ca-
chexia in patients with different tumour types and tumour bur-
dens and providing an operable tumour-type-specific diagnosis
of comprehensive cachexia risk (Figure S5.1).

Patients with tumour type A (breast and cervical cancer and
nasopharyngeal and endometrial carcinoma) and B cancers
(bladder, ovarian, colorectal and prostate cancers) had lower
hyperinflammatory/catabolism and metabolic disorders, less
negative effects on digestive function and lower nutrition risk;
they were also more tolerant to nutritional deterioration with
less increased death risk. Fewer of them were diagnosed as hav-
ing nutrition risk 2—-4 and comprehensive cachexia risks C-E.
However, all patients with non-radical vital organ metastases
might have a high risk of cachexia. A necessary correction di-
agnosis for patients with type A tumours should be noted, as
those in codes 12, 17 and 22 of the lumped scale should be di-
agnosed with comprehensive pre-cachexia, cachexia and refrac-
tory cachexia, respectively (Figure 3). Patients with tumour type
C (oesophageal, gastric liver and lung cancers) and D (pancre-
atic cancer and cholangiocarcinoma) had higher hyperinflam-
matory/catabolism and metabolic disorders, greater negative
effects on digestive function caused by preoperative tumour oc-
cupancy and complicated post-operative gastrointestinal recon-
struction and higher nutrition risks; they were also more prone
to nutritional deterioration with drastically increased death
risk. Therefore, more patients in these groups were diagnosed
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as having comprehensive cachexia risks C-E. Moreover, all pa- cachexia risk B2 (in code 4), as patients with pancreatic cancer

tients with pancreatic cancer and cholangiocarcinoma (tumour  and cholangiocarcinoma have dramatic digestive dysfunction,
type D) should be considered as having comprehensive cachexia low opportunity of radical resection and poor response to multi-
risk, with the lowest graded diagnosis being comprehensive  ple anti-tumour treatments [30].
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FIGURE 5 | Survival in nutrition therapy (NT) and anti-tumour treatments (ANTs) subgroups in regard to comprehensive cachexia risk. Notes:
(a) There were no differences in survival among NT subgroups in regard to comprehensive cachexia risk A of the lumped scale. In comprehensive

cachexia risk B-D category, patients receiving pre-hospitalization NT had the best survivals, whereas hospitalization NT did not guarantee benefits.

In comprehensive cachexia risk E category, patients did not benefit from NT. Pre-hospitalization NT (receiving NT before hospitalization); hospital-
ization NT (receiving NT after hospitalization); and non NT (not receiving NT). P1, pre-hospitalization NT vs. non NT; P2, hospitalization NT vs.
non NT; P3, pre-hospitalization NT vs. hospitalization NT. (b) In comprehensive cachexia risk A-D category, patients benefited from ANTSs, demon-

strating prolonged survivals compared with those receiving palliative care. In comprehensive cachexia risk E category, patients did not benefit from

ANTs. Radical ANTs (radical surgery and radiotherapy), adjuvant ANTs (adjuvant chemotherapy, radiotherapy, molecular targeted therapy and

endocrine therapy after radical surgery), palliative ANTSs (palliative surgery, chemotherapy, radiotherapy, molecular targeted therapy and immuno-

therapy in patients with non-radical tumours) and palliative care (Symptomatic support treatments only for relieving pain and improving quality of
life). P1, radical ANTs vs. adjuvant ANTSs; P2 radical ANTs vs. palliative ANTSs; P3, radical ANTSs vs. palliative care; P4 adjuvant ANTSs vs. palliative
ANTs; P5 adjuvant ANTS vs. palliative care; P6 palliative ANTSs vs. palliative care.

Last but not least, the novel graded comprehensive cachexia risk
model based on multiple cut-off points of nutrition risks in dif-
ferent disease risks more effectively evaluates patients’ responses
to nutrition therapy and anti-tumour treatments, compared with
the Consensus 2011 criteria (Figure S4.3). In the context of com-
prehensive cachexia risk B (cachexia risk) and C (pre-cachexia),
patients significantly benefited from pre-hospitalization nutri-
tion therapy (a pre-emptive nutritional pre-rehabilitation) with
prolonged survivals, whereas patients receiving hospitalization
nutrition therapy did not reveal prolonged survivals, compared
with those without nutrition therapy. In comprehensive cachexia
risk D (cachexia) category, patients still benefited from pre-
hospitalization nutrition therapy with less prolonged survival,
whereas patients receiving hospitalization nutrition therapy had
worse survivals, compared with those without nutrition therapy,
suggesting poor responses to nutrition therapy due to high disease
risk and/or nutrition risk and urgent needs of strengthened nutri-
tion therapy in this subgroup [20, 31]. Regarding comprehensive
cachexia risk E (refractory cachexia), patients were clinically re-
fractory to nutrition therapy and anti-tumour treatments and had
a median survival of 4.83months. The definition of refractory
cachexia is essentially clinical [2]; and the course of refractory
cachexia might be not limited in 3months when the unrespon-
siveness to anti-tumour treatments is considered [2]. The clini-
cally refractory to anti-tumour treatments are not always caused
by the nutritional/functional deterioration, but patients clinically
refractory to anti-tumour treatments and disease progression
would inevitably lead to nutritional deterioration. Therefore, pre-
emptive attention should be paid to the risk of cachexia when a
patient has non-radical diseases, rather than after the occurrence
of irreversible nutritional/functional deterioration.

4.1 | Strengths and Limitations

Our study has several strengths. First, the NWSS highlights the
underlying role of hyperinflammatory/catabolism and metabolic
disorders in suboptimal benefits from nutrition therapy and in-
creased death risk. Second, although a simplified scale with miss-
ing details, the DWSS allows evaluation of the impact of disease
characteristics on comprehensive cachexia risk. Third, the lumped
scale determines more sophisticated grading diagnoses of compre-
hensive cachexia risks based on multiple cut-off values of nutrition
risk factors associated with poor outcomes in different disease risk
subgroups, which provide a tumour-type-specific diagnosis of ca-
chexia. Fourth, our NWSS, DWSS and lumped scale yielded con-
sistently good prognostic values in patients with different tumour

types and tumour burden status (Figure S5.2) and in patients from
the validation set (Figure S5.3), suggesting that they have large ap-
plicability, reproducibility and reliability. Nevertheless, a more re-
fined tumour-type-specific scale for tumour-type-specific disease
risk and comprehensive cachexia risk for each tumour type based
on more detailed specific disease characteristics is warranted.

There are also some limitations. First, this was an observa-
tional study; thus, the results should be interpreted with cau-
tion. Second, there are significant differences in the prevalence
of specific cancer types and body composition between Chinese
and Western populations, which may prevent universal uti-
lization of the current scales. However, we found that disease
characteristics and multidimensional nutritional deterioration
with or without hyperinflammatory/catabolism and metabolic
disorders, rather than a low BMI or weight loss unrelated to dis-
ease factors, bear strongest clinical and prognostic value, and
the lumped scale provided an operable tumour-type-specific di-
agnosis of comprehensive cachexia risk. Thus, the lumped scale
may be potentially useful in Western populations; this needs to
be validated through further research.

5 | Conclusions

We systematically proposed a novel definition of comprehensive
cachexia risk and its grading diagnostic criterion for patients
with solid tumours based on disease characteristics, nutritional
parameters and clinical outcomes. Our novel scales may further
develop the current consensus towards a more specific and op-
erable graded diagnosis of cancer cachexia. Our findings need to
be validated through future studies.
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