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Associations of intermuscular
adipose tissue and total muscle
wasting score in PG-SGA with
low muscle radiodensity and
mass in nonmetastatic
colorectal cancer: A two-center
cohort study

Yang Wang!, Yuliuming Wang', Guodong Li?, Hao Zhang?,
Hang Yu!, Jun Xiang!, Zitong Wang?, Xia Jiang?,

Guoging Yan!, Yunxiao Liu!, Chunlin Wang?!, Huan Xiong?,
Guiyu Wang!, Hanping Shi®* and Ming Liu'*

!Cancer Center, The Second Affiliated Hospital of Harbin Medical University, Harbin, China,
2Department of General Surgery, The Fourth Affiliated Hospital of Harbin Medical University, Harbin,

China, *Departments of Gastrointestinal Surgery and Department of Clinical Nutrition, Beijing
Shijitan Hospital, Capital Medical University, Beijing, China

Backgrounds: The patient-generated subjective global assessment (PG-SGA)
is one of the screening criteria for malnutrition, the skeletal muscle radiodensity
(SMD) and skeletal muscle mass index (SMI) are associated with survival
in colorectal cancer patients. Body composition parameters can be easily
assessed; however, few studies have examined the association between total
muscle wasting scores in PG-SGA and body composition parameters and two
muscle abnormalities.

Methods: This cohort study included 1,637 stage I-1ll CRC patients from 2
clinical centers in China, who were enrolled in the training cohort (n = 1,005)
and validation cohort (n = 632). Baseline data were collected prospectively
from patients including age, BMI, staging, gait speed, hand grip strength (HGS),
peak expiratory flow (PEF), neutrophil-lymphocyte ratio (NLR), intermuscular
adipose tissue (IMAT), visceral fat area (VFA) and total muscle wasting score
in PG-SGA. Relevant risk factors were subjected to logistic regression analysis
and Cox regression analysis to identify characteristics associated with muscle
abnormalities and survival. Based on the logistic model results, normograms
were established to predict muscle abnormalities, and its discrimination and
calibration were assessed using the receiver operating characteristic (ROC)
curve and calibration curve. The Kaplan-Meier curves were used to assess the
survival of colorectal cancer patients with malnutrition or sarcopenia in an
inflammatory state (assessed by NLR).

Results: The mean age of all participants was 57.7 + 10.6 years (56.9% males)
and the prevalence of low SMD and low SMI was 32.2 and 39.5%, respectively.
Low SMD rate was significantly associated with age, TNM stage, BMI, IMAT,
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walking speed, total muscle wasting score and NRS2002 score by logistic
regression analysis (p < 0.05). Low SMI rate was significantly correlated with
age, NLR, BMI, PEF, handgrip strength, calf circumference, walking speed,
total muscle wasting score and NRS2002 score (p < 0.05). The AUCs of the
diagnostic nomograms were 0.859 (95% CI, 0.831-0.886) for low SMD and
0.843 (95% Cl, 0.813-0.871) for low SMI in the validation cohort. We also
found that patients with colorectal cancer with malnutrition or sarcopenia had
a worse prognosis when NLR >3.5.

Conclusion: Muscle abnormalities and malnutrition are strongly associated
with mortality in patients with non-metastatic colorectal cancer. Early
identification and intervention of the associated risk factors may offer new
ways to improve patient prognosis.

KEYWORDS

low muscle radiodensity, low muscle mass, total muscle wasting score, PG-SGA,
intermuscular adipose tissue, nonmetastatic colorectal cancer

Introduction

Skeletal muscle is the organism’s effector organ for various
simple and complex movements, accounting for about 40%
of body weight, and it also plays an important role in the
metabolism of carbohydrate, fat and protein (1, 2). Studies
have shown that most tumor patients can experience varying
degrees of muscle hypofunction and muscle atrophy at different
stages of disease development (3), resulting in tumor-associated
sarcopenia, which affects the normal metabolism of body
components, resulting in higher rates of clinical complications,
longer hospital stays, and lower prognosis for survival (4-6).

Globally, colorectal cancer (CRC) accounts for
approximately one tenth of diagnosed and fatal cases of
malignancy (7). In China, the National Cancer Center has
recently reported that colorectal cancer is the second most

Abbreviations: PG-SGA, patient-generated subjective global assessment;
CRC, colorectal cancer; CT, computed tomography; ESPEN, European
Society of Parenteral and Enteral Nutrition; GLIM, Global Leadership
Initiative on Malnutrition; EWGSOP-2, European Working Group on
Sarcopenia in Older People 2; NCCN, National Comprehensive Cancer
Network; NLR, neutrophil-lymphocyte ratio; CRP, C-reactive Protein;
BMI, body mass index; TNM, tumor-node-metastasis; MUAC, mid-upper
arm circumference; TSF, triceps skinfold thickness; MAMC, mid-arm
muscle circumference; CC, Calf circumference; PEF, Peak expiratory
flow; FEV1, Forced Expiratory Volume In 1s; VC, Vital Capacity;
IMAT, intermuscular adipose tissue; VAT, visceral adipose tissue; SAT,
subcutaneous adipose tissue; L3, third lumbar vertebra; DCA, decision
curve analysis; AUC, area under the curve; ROC, receiver-operating
characteristic; HU, Hounsfield unit; SMD, skeletal muscle radiodensity;
SM, skeletal muscle index; LSMI, low skeletal muscle mass index; LSMD,
low skeletal muscle radiodensity; NRS, nutritional risk screening; QLQ-

C30, Quality of Life Questionnare-Core 30.
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common malignancy and the fourth most common mortality,
and has shown an increasing trend in incidence and mortality
since 2000-2016 (8). Cohort studies have shown that the
prevalence of sarcopenia in colorectal cancer ranges from ~12-
71% (9, 10). The two key components of skeletal muscle loss are
quality and quantity, expressed by skeletal muscle radiodensity
(SMD) and skeletal muscle mass index (SMI), respectively (11).
Computed tomography (CT), long used in cancer diagnosis, is
emerging as a cutting-edge strategy for quantifying low SMD
and low SMI, while extracting highly accurate body composition
data. For example, intermuscular adipose tissue (IMAT) can be
obtained by CT (12), but to our knowledge, few studies have
explored the association between intermuscular infiltration of
excess fat and low SMD and low SMI.

According to the expert consensus of the 2018 Annual
Meeting, European Society of Parenteral and Enteral
Nutrition (ESPEN) released the Global Leadership Initiative on
Malnutrition (GLIM), guidelines stating that reduced muscle
mass and low BMI are indicative of malnutrition (13). The
PG-SGA also acts as a diagnostic tool for malnutrition and
cancer cachexia (14), was developed according to ISPOR
principles and is available for download (www.pt-global.org). In
this work, we use the term total muscle wasting score to refer
to the scored subjective rating of muscle mass in worksheet 4
of the PG-SGA (proposed by FD Ottery et al.), and the study
demonstrated that it allows clinicians to make a more visual,
graded and dynamic determination of patients’ muscle status
(15, 16). However, the PG-SGA total muscle wasting score is
often overlooked in clinical practice and may be one of the most
valid ways to determine low SMD and SMIL.

Secondary prevention (i.e., prevention of complications after
diagnosis) is one of the key strategies to reduce the heavy burden
of colorectal cancer. Low SMD and low SMI are an emerging
prognostic factor in colorectal and other cancers (9, 17, 18).
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Little is known about the risk factors for low SMD and low
SMI in CRC. Recognizing and modifying these risk factors may
help predict and improve the overall prognosis of colorectal
cancer patients. The aim of this study was to investigate the
associations of IMAT and total muscle wasting scores in PG-
SGA with low SMD and low SMI, and we also comprehensively
collected patients’ demographic characteristics, hematological
parameters, anthropometric measurements, lung function,
body composition parameters and nutritional status scores to
explore other risk factors associated with low SMD, low SMI,
and survival.

Subsequently, we constructed corresponding nomograms
and assessed the survival of patients with non-metastatic
colorectal cancer under different risk factors.

Materials and methods

Study population and setting

For our training dataset, we selected patients aged 18-
85 years with stage I-III colorectal cancer who underwent
radical surgery at the Fourth Hospital of Harbin Medical
University from January 2014 to March 2017 for the prospective
study. All pre-op patients undergone a standard nutritional
status assessment (anthropometric measurements, hematology
and nutritional status score, etc.), pulmonary function and
abdominal CT scan. Inclusion criteria also included (1) patients
with a histological diagnosis of colorectal adenocarcinoma; (2)
patients who were conscious, without communication problems,
and who agreed to participate in the study. Exclusion criteria
include (1) local recurrence or >2 primary tumors; (2) no
eligible preoperative CT scan available; (3) patients with acute
medical conditions or a history of other tumors. For our
validation dataset, we selected patients aged 18-85 years with
stage I-IIT colorectal cancer undergoing radical surgery at the
Second Hospital of Harbin Medical University from March 2020
to March 2022 with the same admission and exclusion criteria.
The primary study outcome was the presence of low SMD and
low SMI The flowchart representing nonmetastatic colorectal
cancer patient selection is shown in Figure 1. This study was
approved by the ethics committee of the Second Hospital of
Harbin Medical University and the Fourth Hospital of Harbin
Medical University.

Data collection

Prospectively collect the following data from patients
with non-metastatic colorectal cancer: (1) Demographic
characteristics and tumor characteristics: sex, age, diabetes,
smoking history (patient who had smoked more than 100
cigarette cumulatively in his or her lifetime) (19), alcohol
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consumption (patients who have previously drunk alcohol
more than once per week), herbal teas with a putative biological
effect consumption (patients who have previously drunk
tea more than once per week), and weight loss (involuntary
weight loss within 1 month), cancer stage; (2) Hematological
Biomarkers: creatinine, hemoglobin, prealbumin, serum
albumin, neutrophil to lymphocyte ratio (NLR), CRP: C-
reactive Protein; (3) Anthropometric measures: body mass
index (BMI), handgrip strength (HGS), mid-upper arm
circumference (MUAC), triceps skinfold thickness (TSF),
mid-arm muscle circumference (MAMC), calf circumference
(CC), walking speed; (4) Pulmonary Function: peak expiratory
flow (PEF), forced expiratory volume in 1s (FEV1) and vital
capacity (VC); (5) Body composition: Intermuscular adipose
tissue (IMAT), visceral adipose tissue (VAT) and subcutaneous
adipose tissue (SAT); (6) Nutritional status scores: total muscle
wasting score in PG-SGA (20), NRS-2002 score (21) and
QLQ-C30 score (22). All of these variables (anthropometry and
pulmonary function, etc.) were measured by clinicians who
were uniformly trained to ensure reproducibility. Relevant data
is recorded and stored in an electronic database within 1 week
of admission.

Special parameters are measured as follows: (1) Handgrip
strength (kg): the patient stands upright with the feet naturally
apart and the non-dominant hand grip strength is measured
using an electronic grip strength device (EH101; CAMRY). A
total of 3 sets are tested, with a 1 min rest after each set, and
values are taken to an accuracy of 0.1kg; (2) MUAC (cm):
the physician measures the distance between the surface of the
scapula on the dorsal side of the non-dominant arm and the
eminence of the elbow, marks the midpoint, asks the patient to
drape the upper limb relaxed to the side of the body, wraps the
tape measure around the midpoint of the upper arm and ties it
tightly, and takes the value to 0.1 cm; (3) TSF (mm): the skin and
subcutaneous tissue are pinched up with the thumb and index
finger of the left hand at a point 1 cm above the midpoint of the
dorsal aspect of the upper arm (from the crest of the shoulder to
the midpoint of the ulnar eminence), with the skin fold parallel
to the longitudinal axis of the upper arm; the thickness of the
skin fold at the midpoint is determined within 3 seconds by
the measuring physician with a skin-fold thickness gauge in the
right hand, to an accuracy of 0.1 mm; (4) MAMC (cm) = MUAC
(cm) —0.314 * TSF (mm); (5) CC (cm): the patient is seated
with the calf at a 90 degree angle to the seat and the left leg is
selected for measurement. After exposing the calf, the physician
places a tape measure around the thickest part of the calf to
measure the circumference and takes the value to 0.1 cm; (6)
Walking speed (m/s): the patient walks at the start line at normal
speed and the time recorded is from the first foot moving to
the first foot over the 6 m finish line. All the above parameters
are measured three times, the maximum value is recorded for
the step speed and the average value for the other parameters.
At the same time, Supplementary Table 1 shows how the total
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n=1077
Number of colorectal
cancer patients from the
4th Clinical Hospital

n=672
Number of colorectal
cancer patients from the
2th Clinical Hospital

Y

Exclusion criteria (n=72):
I. Tumors with distant metastases or

local recurrence (n=30)
II. >2 primary tumors (n=13)
II1. No eligible preoperative CT scan available (n=7)
IV. Patients with acute medical conditions or a
history of other tumor (n=22)

Exclusion criteria (n=40):
I. Tumors with distant metastases or

local recurrence (n=15)
II. >2 primary tumors (n=10)
II1. No eligible preoperative CT scan available (n=7)
IV. Patients with acute medical conditions or a
history of other tumor (n=8)

Y

n=1005
Training cohort
from the 4th Clinical

Y

n=632
External validation cohort
from the 2th Clinical

and pelvic CT, etc.

Hospital Hospital
Y Y 4 Y
n=332 n=416 n=195 n=231
LSMD LSMI LSMD LSMI
Follow up:

L.Follow-up is every 3 months for 2 years after surgery and every 6 months for 3-5 years after
surgery. Follow up for at least five years, unless the patient dies.
II. Follow-up included:physical examination, biochemistry, CA19-9. CEA, thoracoabdominal

FIGURE 1
Flowchart of selection of patients.

muscle wasting score in PG-SGA is assessed: the score with the
highest number of occurrences of the “Muscle Loss Assessment”
is counted as the total score for this item. For example, four of
the seven muscle scores are 2 and three are 3, giving an overall
score of “2.” In our study, the total muscle wasting score in PG-
SGA included an assessment of muscle consumption in seven
areas: temporalis in the temporal region, deltoid in the clavicular
region, deltoid in the shoulder region, interosseous in the hand
region, latissimus dorsi, rhomboid and deltoid in the scapular
region, quadriceps in the thigh region and gastrocnemius in the
calf region.
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SMD, SMI and other body composition
parameters

Body composition was measured by diagnostic non-
enhanced CT scanning (Somtom Definition Flash, Siemens AG,
Erlangen, Germany) prior to radical surgery. Body composition
was measured by clinicians who were uniformly trained. Cross-
sectional CT images of the third lumbar vertebra (L3) are
closely correlated with whole-body adipose and muscle tissue
in both cancer patients and healthy populations (23), and it
is the de facto gold standard for measuring body composition
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TABLE 1 Baseline characteristics of colorectal patients in the two centers?.

Training cohort, n = 1,005

10.3389/fnut.2022.967902

External validation cohort, n = 632

Characteristics Overall Female Male P value Overall Female Male P value
(n=435) (n=570) (n=270) (n=362)
Demographics
Age 59.7£10.3 57.7 £10.2 61.3 £10.1 <0.001 544 £10.1 53.9 £10.2 54.8 £10.1 0.226
Diabetes, 1 (%) 177(17.6) 80(18.3) 97(17.0) 0.571 78(12.3) 35(12.9) 43(11.8) 0.682
Alcohol, n (%) 165(16.4) 52(11.9) 113(19.8) 0.001 86(13.6) 8(2.9) 78(21.5) <0.001
Smoking history, 1 (%) 222(22.0) 46(10.5) 176(30.8) <0.001 121(19.1) 18(6.6) 103(28.4) <0.001
Tea drinking, (%) 98(9.7) 41(9.4) 57(10.0) 0.761 72(11.3) 30(11.1) 42(11.6) 0.848
Weight loss, 1 (%) 0.106 0.192
Stable 530(52.7) 240(55.2) 290(50.9) 492(77.8) 204(32.3) 288(79.6)
0-4.9% 354(35.2) 153(35.2) 201(35.3) 124(19.6) 61(9.7) 63(17.4)
>5% 121(12.1) 42(9.6) 79(13.9) 16(2.6) 5(0.8) 11(3.0)
Cancer stage, n (%) <0.001 0.965
I 154(15.3) 68(15.6) 86(15.1) 248(39.2) 106(16.8) 142(39.2)
11 292(29.1) 158(36.3) 134(23.5) 188(29.7) 79(12.5) 109(17.2)
111 559(55.6) 209(48.1) 350(61.4) 196(31.1) 85(13.4) 111(30.6)
Hematological biomarkers
Creatinine, mg/dl 65.1+17.7 61.1 £15.8 68.1 £ 18.5 <0.001 76.2£37.8 71.1£494 799 £254 0.004
Hemoglobin, g/L 130.3 £19.2 128.9 +£18.7 131.4 +£19.5 0.041 130.7 234 124.9 £ 20.6 135.1 =244 <0.001
Prealbumin, mg/L 258.2 £ 552 260.2 £ 54.8 256.7 £ 55.4 0.318 264.9 £51.5 263.4 +£48.3 266.0 £ 53.7 0.536
Albumin, g/L 446+6.3 450+6.2 443 +6.3 0.157 433+52 435+53 431+5.1 0.330
NLR 31+21 30+19 32422 0.234 25+ 1.6 23+1.2 26+1.8 0.031
CRP 0.885 0.492
<10 836(83.2) 475(83.3) 361(83.0) 519(82.1) 294(81.2) 225(83.3)
>10 169(16.8) 95(16.7) 74(17.0) 113(17.9) 68(18.8) 45(16.7)
Human body measurement
BMI, kg/m? 21.8 £4.0 21.2+4.0 21.9+4.1 0.708 23.7£3.6 235+34 23.7£3.7 0.959
Handgrip strength, kg 222+7.1 20.5£5.9 244+78 <0.001 222+£9.0 20.4£9.0 23.5+8.8 <0.001
MUAC, cm 232+3.6 23.0+3.4 234 +3.8 0.097 254+3.6 245+35 26.1£3.5 <0.001
TSE mm 20.6 £ 6.9 21.1£6.8 189+ 6.8 0.042 209+£7.6 222+74 199476 <0.001
MAMC, cm 16.7+3.9 18.7+ 3.6 17.0 £ 4.1 0.007 18.8 4.2 1754+ 4.0 19.8 +4.11 <0.001
CC, cm 309 £4.7 30.2+44 32.0+4.8 <0.001 325+44 31.9+44 329+43 0.013
Walking speed m/s 1.0+ 0.6 12406 1.1+0.6 0.137 1.14+0.7 1.0 £0.6 1.1£0.7 0.570
Pulmonary function
PEE L/s 45+13 42+14 47+12 <0.001 43+13 42+13 44+13 0.044
FEVI, L 2.0£05 1.84+04 22405 <0.001 19404 1.84+04 2.0+04 <0.001
VC,L 2.7+0.7 2.6 £0.7 28+0.6 0.232 2.6 £0.6 24+0.6 2.7+05 <0.001
Body composition
IMAT, cm? 159+ 6.8 16.1 £6.8 15.7 £ 6.7 0.671 147 £ 6.4 152+6.2 142+ 6.5 0.077
VAT, cm? 131.9 +54.4 108.5 £ 50.2 149.8 £ 50.5 <0.001 135.3 +£50.9 115.4 £ 46.1 150.0 4 49.3 <0.001
SAT, cm? 148.7 £48.3 171.0 £43.5 131.7 £ 44.9 <0.001 147.3 £ 46.2 165.2 £42.9 133.8 £43.9 <0.001
SMD, HU 36.0 £ 6.1 351+538 36.6 £6.2 <0.001 36.0£6.3 356 £ 6.4 36.3+£6.3 0.137
SMI, cm?/m? 444+ 118 41.8 £12.2 46.5 £ 11.1 <0.001 443+ 114 40.5 £+ 109 472 £ 11.0 <0.001
LSMD, 1 (%) 332(33.0) 136(31.2) 196(34.3) 0.297 195(30.8) 81(30.0) 114(31.5) 0.688
LSMLI, n (%) 416(41.3) 175(40.2) 241(42.2) 0.513 231(36.5) 99(36.6) 132(36.4) 0.958
(Continued)
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TABLE 1 (Continued)

Training cohort, n = 1,005

Characteristics Overall Female Male
(n = 435) (n=570)

Scores

Total muscle wasting score, n (%)

0 337(33.5) 133(30.6) 204(35.8)

1 207(20.6) 100(23.0) 107(18.8)

2 251(25.0) 102(23.4) 149(26.1)

3 210(20.9) 100(23.0) 110(19.3)

NRS-2002 score, 1 (%)

<3 613(61.0) 264(60.7) 349(61.2)

>3 392(39.0) 171(39.3) 221(38.8)

QLQ-C30 score 49.1 £ 14.1 50.4 £ 152 48.0 £ 13.1

10.3389/fnut.2022.967902

External validation cohort, n = 632

P-value Overall Female Male P-value
(n=270) (n=362)

0.091 0.824
345(54.6) 150(55.6) 195(53.8)
98(15.5) 38(14.1) 60(16.5)
100(15.8) 42(15.5) 58(16.0)
89(14.1) 40(14.8) 49(7.7)

0.892 0.475
538(85.1) 233(86.3) 305(84.3)
94(14.9) 37(13.7) 57(15.7)

0.192 50.6+11.3 50.7 £ 11.0 505+ 11.5 0.779

#Values are n (%) or means & SDs. NLR, neutrophil to lymphocyte ratio; CRP, C-reactive Protein; BMI, body mass index; MUAC, mid-upper arm circumference; TSE, triceps skin fold;

MAMC, mid-arm muscle circumference; CC, Calf circumference; PEF, Peak expiratory flow; FEV1, Forced Expiratory Volume In 1s; VC, Vital Capacity; IMAT, Intramuscular adipose
tissue; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; HU, Hounsfield unit; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index; LSMI, low skeletal muscle mass
index; LSMD, low skeletal muscle radiodensity; NRS, nutritional risk screening; QLQ-C30, Quality of Life Questionnare-Core 30. A chi-square test was used for categorical variables to

assess differences between groups and Student’s t-test or Mann-Whitney U-test was used for continuous variables.

(muscle and adipose compartments) in oncology (24). The
muscles at the L3 level, including the rectus abdominis, internal
oblique, external oblique, transverse abdominis, psoas major,
psoas square and erector spinae muscles. We selected a single
image of the third lumbar vertebra (L3) for body composition
quantification, including all skeletal muscle mass, visceral
adipose tissue (VAT), intermuscular adipose tissue (IMAT) and
subcutaneous adipose tissue (SAT). For adipose tissue, standard
CT values range from —190 to —30 Hounsfield Units for IMAT
and SAT, and from —150 to —50 Hounsfield Units for VAT;
for muscle tissue, the standard CT values range from —29
to 150 Hounsfield Units (HU) (23, 25). We used SliceOmatic
Software version 5.0 (TomoVision) to measure tissue area, total
abdominal muscle area (TAMA) measured at L3 divided by
the square of height as SMI (cm?/m?), and the mean radiation
attenuation value of the muscle group measured at L3 as
SMD (HU).

Definitions of malnutrition and
sarcopenia

Malnutrition is defined according to the GLIM criteria,
which consists of two modules: phenotypic criteria and
etiological criteria. There are 2 possible etiological criteria: (1)
reduced food intake or digestive and absorptive function; (2)
inflammation or disease burden; And 3 possible phenotypic
criteria: (1) weight loss; (2) low BMI; and (3) reduced muscle
mass. The NRS2002 was used as the initial screening step as part
of GLIM and included into the all patients’ routine preoperative
assessment. Patients at risk of malnutrition (NRS2002 > 3) were
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diagnosed as malnourished if they met at least one etiological
criterion and one phenotypic criterion at the same time. With
regard to the etiological criteria of inflammation, recruitment
and activation of inflammatory cells can promote tumor
progression, and tumor cells in turn can secrete chemokines,
pro-inflammatory cytokines and inflammatory enzymes (26).
Therefore, all colorectal cancer patients were considered to have
met the etiological criteria by virtue of their diagnosis In our
study, we defined low BMI (kg/m?) using Asian criteria, with
BMI <20 for patients aged over 70 years and <18.5 for those
aged <70 years (13). Also, we used the validated value of LSMI
to define muscle mass loss.

The diagnosis of sarcopenia is made up of two components:
low muscle mass or low muscle quality and low grip strength
according to the EWGSOP-2 Asian consensus (11). A diagnosis
of sarcopenia is made when 2 criterias are met simultaneously.
The cutpoints for low SMD is 32.5 HU in women and 35.5
HU in men (27). Low SMI cutpoints were <36.2 and <29.6
cm?/m? for men and women, respectively (28, 29). In addition,
low grip strength is defined as <18 kg for women and <26 kg for
men (30).

Follow-up assessments

We followed up patients at the Fourth Hospital of Harbin
Medical University by telephone or in hospital according to
National Comprehensive Cancer Network (NCCN) follow-
up principles (31). The follow-up visits included physical
examination, biochemistry, CA19-9, CEA, abdominal and pelvic
ultrasound, thoracoabdominal and pelvic CT or MRI and
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colonoscopy. Follow-up is every 3 months for 2 years after
surgery and every 6 months for 3-5 years after surgery. The last
follow-up was in March 2022. Overall survival is calculated from
the first day after surgery to the time of death due to any cause.

Statistical analysis

Statistical analyses of all data were performed using SPSS
statistics version 25.0 (IBM, Armonk, NY), R version 4.1.2 (R
Project for Statistical Computing, Vienna, Austria), X-tile plots
(Yale University School of Medicine, New Haven, Connecticut,
USA) and MedCalc software version 20.106 (MedCalc,
Mariakerke, Belgium). Continuous data were expressed as
means £ SDs and compared using Student’s t-test. Categorical
variables were expressed as frequencies (%) and compared using
Pearson’s chi-square test or Fisher’s exact test. In the training
cohort, logistic regression analysis was used to predict low
SMD and low SMI, respectively. Significant preoperative factors
from the univariate logistic regression analysis (p < 0.05) were
included in the multivariate logistic regression analysis. Risk
factors that proved to be significant in the training cohort were
used to create nomograms and the validity of the associated
predictive factors was evaluated in the validation cohort. The
utility of the developed model was also assessed by calibration
curves, decision curve analysis (DCA) and area under the curve
(AUC). The calibration and discrimination of the nomogram
were assessed using AUC and calibration curves. Also, the
net clinical benefit of the nomogram at different threshold
probabilities was quantified using DCA (32). In survival
analysis, overall survival (OS) was analyzed using standard Cox
regression analysis based on the proportional risk assumption.
Univariate and multivariate Cox proportional regression was
used to analyze preoperative continuous and categorical data,
and Kaplan-Meier curves were used to represent survival in
patients with low SMD, low SMI, malnutrition, or sarcopenia.

Results

Patient characteristics

A total of 1,637 patients were enrolled in the two centers,
with 1,005 patients included in the training cohort (the
4th Clinical Hospital) and 632 patients in the validation
cohort (the 2nd Clinical Hospital). The baseline characteristics
of the patients in terms of demographic, hematological
indicators, anthropometric measurements, lung function, body
composition parameters and nutritional status scores are shown
in Table 1. Males had higher Grip strength, calf circumference,
SMD and SMI than females. In the training cohort, the
prevalence of low SMD and low SMI was 31.2 and 40.2%
in females and 34.3 and 42.2% in males, respectively. In
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the validation cohort, the prevalence of low SMD and low
SMI was 30.0 and 36.6% in females and 31.5 and 36.4% in
males, respectively.

Predictors associated with low SMD and
low SMI

A total of 31 hypothesized risk factors were included in this
study. In the training cohort, multivariable logistic regression
analysis showed that age, tumor-node-metastasis (TNM) stage,
BMI, IMAT, walking speed, total muscle wasting score in PG-
SGA and NRS2002 score were significantly associated with low
SMD (P < 0.05; Table 2); age, NLR, BMI, PEFE, handgrip strength,
Calf circumference, walking speed, total muscle wasting score in
PG-SGA and NRS2002 score were significantly correlated with
low SMI (P < 0.05; Table 3). We further found that patients
with lower age, TNM stage, IMAT, total muscle wasting score
in PG-SGA and NRS2002 score had a lower risk of LSMD, while
patients with low BMI and low walking speed had a higher risk
of LSMD. In addition, patients with lower BMI, PEE handgrip
strength, calf circumference, walking speed had a higher risk of
LSMI. Notably, BMI was a strong predictor of low SMD and low
SMI, with AUC values of 0.793 and 0.766 in the training cohort,
respectively. The best cutpoint for BMI in stratifying LSMI was
18.5 kg/m?, similar to the phenotypic criteria for low BMI in
the GLIM criteria. As the total muscle wasting score in PG-SGA
progressively increases from 0 to 3, the risk of low SMD and low
SMI also progressively increases. In terms of body composition
parameters, patients with an IMAT >18.6 cm? have a higher risk
of low SMD.

Nomograms construction, validation and
clinical performance

Based on the low SMD rate in the training cohort, we
constructed a nomogram using seven independent predictors
including age, TNM stage, BMI, IMAT, walking speed, total
muscle wasting score in PG-SGA and NRS2002 score (Figure 2)
after multivariate logistic regression analysis. Similarly, the
predictive nomogram containing all the independent risk factors
for low SMI in the training cohort is shown in Figure 3. In the
validation cohort, we included the above risk factors associated
with low SMD and low SMI to demonstrate the validity of the
identified risk factors and nomogram. The calibration curve was
close to 45 degrees, which indicated that the low SMD and
low SMI probabilities predicted by the nomogram in both the
training and validation cohorts were in good agreement with the
actual probabilities (Figure 4). The DCA curves showed good
clinical performance of the two models in diagnosing low SMD
and low SMI in both clinical centers (Supplementary Figure 1).
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TABLE 2 Univariate and multivariate logistic regression analyses of
the risk factors associated with low SMD in the training cohort?®.

Univariate Multivariate
analysis analysis
Characteristics OR Pvalue OR Pvalue
(95% CI) (95% CI)
Demographics
Sex 0.87(0.67,1.13)  0.297
Age 1.06(1.04,1.07) <0.001 1.03(1.02,1.05) <0.001
Diabetes, n (%) 0.87(0.61,1.23)  0.431
Alcohol, n (%) 1.05(0.74,1.49)  0.787
Smoking history, n (%) 1.04(0.76,1.43)  0.788
Tea drinking, n (%) 1.52(1.00,2.33)  0.052
Weight loss, 1 (%) <0.001 0.363
Stable Reference Reference
0-4.9% 1.36(1.01,1.82) 1.31(0.87,1.97)
>5% 3.29(2.20,4.95) 0.94(0.53,1.69)
Cancer stage, n (%) <0.001 <0.001
I Reference Reference
1I 2.68(1.56,4.62) 2.84(1.41,5.72)
III 5.08(3.05,8.45) 4.36(2.28,8.33)
Hematological biomarkers
Creatinine, mg/dl 1.01(1.00,1.01)  0.099
Hemoglobin, g/L 1.01(1.00,1.01)  0.082
Prealbumin, mg/L 1.00(0.99,1.00)  0.541
Albumin, g/L 0.99(0.97,1.01)  0.516
NLR 1.27(1.17,1.37) <0.001 1.07(0.97,1.18)  0.176
CRP 1.05(0.90,1.22)  0.080
Anthropometric measurements
BMI, kg/m2 0.74(0.71,0.78)  <0.001 0.92(0.87,0.97)  0.002
Handgrip strength, kg 0.99(0.97,1.01)  0.223
MUAC, cm 1.00(0.96,1.04)  0.994
TSE mm 1.00(0.98,1.02)  0.800
MAMC, cm 1.00(0.96,1.03)  0.893
CC, cm 1.01(0.98,1.04) 0.428
Walking speed, m/s 0.30(0.24,0.39) <0.001 0.40(0.29,0.54) <0.001
Pulmonary function
PEE L/s 1.04(0.94,1.15)  0.459
FEV1, L 0.89(0.67,1.18)  0.432
VC,L 0.83(0.68,1.02)  0.071
Body composition
IMAT, cm? 1.06(1.04,1.09) <0.001 1.10(1.07,1.14) <0.001
VAT, cm? 1.00(0.99,1.01)  0.676
SAT, cm? 0.99(0.99,1.00)  0.268
VAT/SAT 1.11(0.91,1.35)  0.299
Scores
Total muscle wasting score, n (%) <0.001 <0.001
0 Reference Reference
1 4.50(2.76,7.35) 3.77(2.10,6.76)
(Continued)
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TABLE 2 (Continued)

Univariate Multivariate
analysis analysis

Characteristics OR P-value OR P-value

(95% CI) (95% CI)
2 10.76(6.81,17.06) 4.37(2.52,7.58)
3 14.71(9.16,23.63) 7.18(4.03,12.81)
NRS-2002 score, 1 (%) <0.001 <0.001
<3 Reference Reference
>3 10.85(7.97,14.77) 5.43(3.43,8.60)
QLQ-C30 score 1.02(1.01,1.03)  0.002 1.01(0.99,1.02) 0.313

?Data are analyzed by univariate and multivariate logistic regression analysis. Risk factors
with significance in univariate analysis were included in the multivariate analysis (p <
0.05). NLR, neutrophil-lymphocyte ratio; CRP, C-reactive Protein; BMI, body mass index;
MUAC, mid-upper arm circumference; TSE, triceps skinfold thickness; MAMC, mid-
arm muscle circumference; CC, Calf circumference; PEF, Peak expiratory flow; FEV1,
Forced Expiratory Volume In 1s; VC, Vital Capacity; IMAT, intermuscular adipose tissue;
VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; HU, Hounsfield unit;
SMD, skeletal muscle radiodensity; SMI, skeletal muscle index; LSMI, low skeletal muscle
mass index; LSMD, low skeletal muscle radiodensity; NRS, nutritional risk screening;
QLQ-C30, Quality of Life Questionnare-Core 30.

To compare the predictive performance of the nomogram with
other risk factors, we calculated area under the curve (AUC)
(Supplementary Table 2) and plotted the ROC curves for the
associated risk factors and nomograms (Figure 5). The AUC
values for low SMD and low SMI were 0.890 (95% CI, 0.875 to
0.908) and 0.916 (95% CI, 0.897 to 0.933) in the training cohort
and 0.859 (95% CI, 0.831 to 0.886) and 0.843 (95% CI, 0.813 to
0.871) in the validation cohort, respectively.

Survival analyses

The Kaplan-Meier analysis showed that the 3- and 5-year
overall survival rates were 83.2 and 62.8% in the training cohort.
A total of 31 preoperative factors were included in the univariate
and the multivariate Cox regression analyses. Multivariate Cox
proportional risk analysis showed that TNM stage, low SMD
and low SMI were significantly associated with OS (P < 0.05;
Supplementary Table 3). Low SMD [hazard ratio (HR) 2.11,
p < 0.0001] indicates that patients with LSMD have a 1.11-fold
increased risk of death compared to those without LSMD. Low
SMI [hazard ratio (HR) 2.31, p < 0.0001] indicates that patients
with LSMI have a 1.31-fold increased risk of death compared to
those without LSMI. Relevant patients were screened according
to the criteria of malnutrition and sarcopenia. We found that the
prevalence of malnutrition was 33.8% (n = 340) and sarcopenia
was 34.0% (n = 342).

As observed in the Kaplan-Meier curve, patients with
low SMD (Figure 6A), low SMI (Figure 6B), malnutrition
(Figure 6C), or sarcopenia (Figure 6D) had worse survival rates
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TABLE 3 Univariate and multivariate logistic regression analyses of
the risk factors associated with low SMI in the training cohort?.

Univariate Multivariate
analysis analysis
Characteristics OR P value OR P value
(95% CT) (95% CT)
Demographics
Sex 0.92(0.71,1.18)  0.513
Age 1.09(1.08,1.11)  <0.001 1.07(1.05,1.10) <0.001
Diabetes, n (%) 0.82(0.58,1.14)  0.222
Alcohol, n (%) 0.93(0.66,1.31)  0.691
Smoking history, n (%) 1.05(0.78,1.42)  0.745
Tea drinking, n (%) 1.23(0.81,1.87)  0.339
Weight loss, 1 (%) <0.001 0.369
Stable Reference Reference
0-4.9% 1.35(1.03,1.78) 1.12(0.79,1.82)
>5% 2.61(1.74,3.91) 0.76(0.39,1.45)
Cancer stage, n (%) <0.001 0.125
I Reference Reference
il 0.94(0.62,1.41) 0.66(0.35,1.22)
11 1.83(1.26,2.66) 1.06(0.60,1.85)
Hematological biomarkers
Creatinine, mg/dl 1.00(0.99,1.01)  0.998
Hemoglobin, g/L 1.00(1.00,1.01)  0.400
Prealbumin, mg/L 0.99(0.99,1.01)  0.679
Albumin, g/L 1.02(1.00,1.04)  0.071
NLR 1.55(1.41,1.70) <0.001 1.24(1.12,1.37) <0.001
CRP 0.99(0.99,1.00)  0.550
Anthropometric
measurements
BMI, kg/m? 0.78(0.75,0.82) <0.001 0.92(0.87,0.97)  0.003
Handgrip strength, kg 0.91(0.89,0.93) <0.001 0.93(0.90,0.96) <0.001
MUAC, cm 0.99(0.95,1.02)  0.473
TSE mm 0.99(0.98,1.01)  0.461
MAMC, cm 1.00(0.96,1.03)  0.797
CC, cm 0.89(0.87,0.92) <0.001 0.91(0.87,0.95) <0.001
Walking speed m/s 0.34(0.27,0.42) <0.001 0.43(0.32,0.58) <0.001
Pulmonary function
PEE L/s 0.64(0.57,0.71)  <0.001 0.61(0.53,0.71) <0.001
FEV1,L 1.15(0.87,1.50)  0.327
VC,L 0.96(0.79,1.16)  0.679
Body composition
IMAT, cm? 0.99(0.97,1.01)  0.297
VAT, cm? 1.00(1.00,1.01)  0.099
SAT, cm? 0.99(0.99,1.00)  0.596
VAT/SAT 1.04(0.86,1.26)  0.707
Scores
Total muscle wasting <0.001 <0.001
score, 1 (%)
0 Reference Reference
(Continued)
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TABLE 3 (Continued)

Univariate Multivariate
analysis analysis

Characteristics OR P value OR P value

(95% CI) (95% CI)
1 3.3(2.17,5.15) 2.38(1.37,4.13)
2 11.23(7.46,16.91) 4.91(2.88,8.36)
3 16.70(10.79,25.86) 8.47(4.81,14.91)
NRS-2002 score, n (%) <0.001 <0.001
<3 Reference Reference
>3 6.38(4.82,8.45) 2.56(1.56,4.22)
QLQ-C30 score 1.01(1.00,1.02)  0.003  1.01(0.99,1.02)  0.336

?Data are analyzed by univariate and multivariate logistic regression analysis. Risk factors
with significance in univariate analysis were included in the multivariate analysis (p <
0.05). NLR, neutrophil-lymphocyte ratio; CRP, C-reactive Protein; BMI, body mass index;
MUAC, mid-upper arm circumference; TSE, triceps skinfold thickness; MAMC, mid-
arm muscle circumference; CC, Calf circumference; PEF, Peak expiratory flow; FEV1,
Forced Expiratory Volume In 1s; VC, Vital Capacity; IMAT, intermuscular adipose tissue;
VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; HU, Hounsfield unit;
SMD, skeletal muscle radiodensity; SMI, skeletal muscle index; LSMI, low skeletal muscle
mass index; LSMD, low skeletal muscle radiodensity; NRS, nutritional risk screening;
QLQ-C30, Quality of Life Questionnare-Core 30.

compared to normal patients. We used X-tile to determine
that the cut-off value of NLR is 3.5. When only NLR was
considered, the KM curve and log-rank test results indicated
a significant difference in the distribution of overall survival
(OS) between nonmetastatic CRC patients with high NLR (>3.5)
and low NLR (<3.5). Neutrophil-lymphocyte ratio (NLR) is a
measure of systemic inflammation, and NLR > 3.5 meets the
criteria of moderate to high inflammation. Our study found that
patients with NLR > 3.5 and malnutrition had a nearly 1-fold
increased risk of death compared to patients with NLR < 3.5
and malnutrition (log-rank P < 0.001) (Figure 6E). In addition,
a similar presentation was found in patients with sarcopenia
(log-rank P < 0.001) (Figure 6F). The study suggests that
moderate-to-severe inflammatory status may influence survival
in nonmetastatic CRC patients with malnutrition or sarcopenia.

Discussion

To our knowledge, this is the first study to assess the
predictive ability of total muscle wasting score in PG-SGA and
intermuscular adipose tissue (IMAT) for CT-derived muscle
radiodensity and muscle mass, and the largest study to explore
demographic and medical characteristics associated with low
SMD and low SMI in colorectal cancer patients based on a
Chinese population. We found that as the total muscle wasting
risk score in PG-SGA increased from 0 to 3, the risk of low
SMD and low SMI also increased, which may be the most
direct indicator for clinical assessment of muscle abnormalities.
Intermuscular adipose tissue (IMAT), a body composition
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parameter, better predicted low SMD, but did not correlate
clearly with low SMI. When IMAT >18.6 cm?, the patient’s low
SMD rate increased considerably.

To ensure a more comprehensive determination of risk
factors for low SMD and low SMI, we collected a total of 31
preoperative risk factors based on six aspects: demographic
characteristics, hematological parameters, anthropometry, lung
function, body composition parameters and nutritional status
score. Our study showed that age, TNM stage, BMI, IMAT,
walking speed, total muscle wasting score in PG-SGA and
NRS 2002 score were independent factors for low SMD; age,
NLR, BMI, PEE handgrip strength, calf circumference, walking
speed, total muscle wasting score in PG-SGA and NRS 2002
score were independent factors for low SMI. The diagnostic
nomogram consisting of these preoperative factors successfully
predicted low SMD and low SMI in the training cohort and
validation cohort with good discrimination and accuracy. It
has the potential to help us to identify patients with muscle
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abnormalities early and to intervene in the early treatment of
these patients.

In survival analyses, we found that patients with low
SMD, low SMI, malnutrition or sarcopenia had a poorer
prognosis. Furthermore, the co-occurrence of malnutrition or
sarcopenia and inflammation were associated with a high risk
of death, which is consistent with previous results on exploring
the coexistence of NLR and sarcopenia in small cell lung
cancer (33). One possible explanation is that high NLR is
due to a relatively increased neutrophil count, suggesting that
the inflammatory state alters the tumor micro-environment,
impairing the patient’s immune response to malignancy and
thereby promoting tumor progression and metastasis (34); it
could also be due to a relatively depleted lymphocyte count,
which can act as tumor-promoting leucocytes by producing IL-
10 and TGF-B, thereby inducing matrix metalloproteinases and
regulatory T-cell pathways in the tumor micro-environment
(35). NLR, as a marker of systemic inflammation, is not only
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associated with elevated concentrations of various cytokines
in the colorectal cancer circulation (36), but also an enhancer
of muscle destruction. For example, a state of systemic
inflammation can increase tumor necrosis factor production by
tumor or surrounding cells, thereby inhibiting skeletal muscle
cell differentiation and promoting muscle atrophy (37, 38).
IMAT is one of the reported measures of myosteatosis (39).
Myosteatosis can be understood as a pathological accumulation
of fat in muscle, associated with reduced mitochondrial lipid
oxidation, insulin resistance and reduced muscle activity (23).
Our study showed a direct correlation between IMAT and low
SMD, which can be interpreted as an indication that excessive
intermuscular infiltration of fat leads to reduced skeletal muscle
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function as well as reduced CT values of skeletal muscle over
a cross-sectional area. We hypothesize that SMD is more
influenced by metabolic factors and that high circulating free
fatty acid concentrations are thought to impair intermuscular
fat metabolism and mitochondrial oxidation, thus leading to fat
accumulation into muscle (40). Future studies will be necessary
to investigate the exact association between decreased SMD and
metabolic disturbances in patients with colorectal cancer.
Muscle atrophy and senescence are important signs of
body aging. Increasing age is often accompanied by accelerated
muscle loss (41) and redistribution of adipose tissue between
or within skeletal muscles (42). The association between old
age and muscle abnormalities has also been observed in
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nonmalignant diseases (43) and other cancers (44). In our
training cohort of patients aged >60, 62.6% had low SMI and
44.1% had low SMD. Studies have shown that decreases in
age-related hormones (e.g., insulin, growth hormone, insulin-
like growth factor, testosterone) are strongly associated with
the development of sarcopenia (45). As the rapid increase in
the world’s aging population and elderly cancer patients, the
mechanisms of interaction between aging and intramuscular
(distributed within muscle tissue) and intermuscular (localized
between muscle groups) fat penetration must be explored,
and the prevention and treatment of muscle abnormalities has
profound implications for improving the quality of life of older
people and reducing the burden of diseases such as sarcopenia
on society.

Anthropometric (AM) measures such as BMI, walking
speed, grip strength (HGS) and calf circumference (CC),
MUAC, mid-upper arm circumference (MUAC), triceps fold
thickness (TSF), mid-arm muscle circumference (MAMC) may
be inexpensive, non-invasive, reproducible, extensive, rapid and
simple alternatives to assess sarcopenia, malnutrition, low SMD
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or low SMI in cancer patients (46). Our findings regarding the
association of grip strength (47), calf circumference (48), BMI
(49), and walking speed (50) with low muscle mass are consistent
with previous studies. After middle age, HGS declines with age
at a rate of approximately 1% per year (51). The European
guidelines for sarcopenia (11) suggest that grip strength, a
supportive measure of sarcopenia, has a significant impact on
clinical prognosis in cancer patients. Interestingly, we found that
HGS was associated with low SMI but not low SMD, and it
is possible that there is no linear association between muscle
radiodensity and muscle strength. TSE, one of the components
of malnutrition screening, is often used to assess free fat mass.
However, we did not find a direct association between TSF and
low SMD or low SMI. The study highlights the importance
of considering anthropometric parameters simultaneously to
provide additional information when assessing risk or planning
intervention strategies for these patients.

Sarcopenia not only affects the extremities, but also causes a
loss of strength and mass in a wider range of skeletal muscles,
including respiratory muscles (e.g., the diaphragm) (52). The
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decline in respiratory strength associated with aging can also be
termed “respiratory sarcopenia” (53). In clinical work, patients
often routinely undergo preoperative pulmonary function tests
as an important tool to determine the risk of anesthesia.
However, few have explored the correlation between pulmonary
function indicators and muscle radiodensity and muscle mass.
Our study included pulmonary function parameters such as PEF
and FEV1, and the results showed a clear association between
PEF and low SMI in patients with non-metastatic colorectal
cancer compared to FEVI. The reason for this may be that
FEV1 is largely confounded by airway obstruction. In contrast,
PEF, determined by the strength of the respiratory muscles, is
obtained during early expiration prior to airway obstruction
(54). Thus, PEF is unaffected by airway obstruction.

Opverall, the nomogram allows us to assess the probability of
patients developing LSMI and LSMD based on the scores of each
relevant factor, so that we can carry out nutritional interventions
for such risk groups, which is of great importance for clinical
work. However, the current study has some limitations worth
noting. First, the mean BMI in our study was low and
may be more representative of the Chinese population than
other populations. Further studies are needed to validate our
findings in overweight or class I-III obese populations. Secondly,
selection bias may affect the generalisability of the results as
this study only included patients with curable colorectal cancer.
Therefore, the lack of data on patients with metastatic colorectal
cancer may limit the scope of its application. Third, even with
relatively large cohorts, more data is needed to determine cut-
off values for these predictors so that clinicians could be given
definitive guidance in determining low SMD and low SMI.
Finally, because it is a cross-sectional study and it could not
determine the causality between low SMI/SMD and enrolled
factors, which should be deemed as one of the limitations in the
present research.

Conclusion

In conclusion, our study is the first to demonstrate the
predictive value of total muscle wasting score in PG-SGA and
intermuscular adipose tissue (IMAT) for muscle abnormalities.
The study also shows that demographic characteristics
combined with nutrition-related medical parameters can
provide a more comprehensive risk assessment of low SMD
and low SMI in patients with non-metastatic colorectal cancer.
These two distinct muscle abnormalities suggest different
biological mechanisms of fat penetration and muscle failure,
which may explain why low SMD and low SMI uniquely
affect patient prognosis. Furthermore, we found that patients
with malnutrition or sarcopenia in a systemic inflammatory
state were at higher risk of death. Future exploration of the
mechanisms of muscle abnormalities and inflammatory states
may provide new directions for clinical intervention.
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Background: Anastomotic leakage (AL) is one of the most serious
postoperative complications. This study aimed to investigate the predictive
value of preoperative body composition for AL in patients with colorectal
cancer (CRC).

Methods: We first reviewed data from 3,681 patients who underwent radical
CRC resection 2013-2021 in our hospital, and 60 patients were diagnosed with
AL after surgery. We designed a nested case-control study and two controls
were randomly selected for each case according to the time and position
of surgery. Body composition was measured at the level of the third lumbar
vertebra based on computed tomography (CT) images. The risk factors of AL
were analyzed by univariate and multivariate analysis. Nomogram was built
using binary regression analysis and assessed for clinical usefulness, calibration,
and discrimination.

Results: In the multivariate analysis, gender, blood glucose, nutrition risk
screening (NRS), skeletal muscle area (SMA) and visceral fat area (VFA) were
independent risk factors for developing anastomotic leakage after surgery.
The prognostic model had an area under the receiver operating characteristic
curve of 0.848 (95% ClI, 0.781-0.914). The calibration curve showed good
consistency between the predicted and observed outcomes. Decision curve
analysis indicated that patients with colorectal cancer can benefit from the
prediction model.

Conclusions: The nomogram that combined with gender, blood glucose,
NRS, SMA, and VFA had good predictive accuracy and reliability to AL. It may
be conveniently for clinicians to predict AL preoperatively and be useful for
guiding treatment decisions.

body composition, anastomotic leakage, colorectal cancer, prediction, nomogram
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Introduction

Colorectal cancer (CRC) is one of the most common
cancers of the digestive system. According to statistics, CRC
is the third most commonly diagnosed malignancy and the
fourth leading cause of cancer-related deaths in the world (1).
Currently, there are different types of treatment for patients
with CRC, such as chemoradiotherapy, targeted therapy and
surgery. However, according to SEER estimates for 2019, the
5-year survival rate for CRC in the United States was only
64.6% (2). High quality surgery is still the mainstay of CRC
curative treatment.

Although the CRC have
improved significantly during the past decades, postoperative

surgical techniques for
complications still plague surgeons. Among these complications,
anastomotic leakage (AL) remains one of the most potentially
life-threatening sequelae in CRC surgery due to its devastating
impact on patients’ mortality, short- and long-term morbidity,
quality of life and survival, with the incidence ranging from
1% to 30% (3-6). Moreover, AL leads to the growth of
health care costs and an extended hospital stay. It is well
known that the etiology of AL is multifactorial. Previous
studies have indicated that male sex, preoperative usage
of steroids and elevated blood glucose were risk factors
of AL (7, 8); however, all these factors lack specificity.
Therefore, it is of great scientific and clinical significance
to find and study more specific biomolecular markers
for AL.

Computed tomography (CT) is a radiographic method
of
usefulness in body composition measurement, it produces

commonly used in medical imaging. In terms its
thin cross-sectional high-resolution images that can be
processed to differentiate and measure volumes of fat
and lean tissue. CT-based multiple body composition
parameters have been used in various groups of patients
to predict prognosis (9-12). Previous studies have showed
that single-slice measurements at L2/L3 were strongly

associated with total compartment volumes. Compared
with body mass index (BMI), these parameters can fully
reflect the detailed information of body composition and
quantitatively reflect the density of skeletal muscle and
adipose tissue.

Although almost all patients with CRC underwent
abdominal CT examination prior to surgery, assessment of
CT examination was limited to assessing tumor stage and
the presence of distant metastases. The value of CT images
reflecting body composition and patient fitness has not
been used in clinical practice. Therefore, our purpose was
to develop a helpful nomogram calculating each patients
individual probability based on predictive parameters of
epidemiological, surgery-related data and laboratory parameters
on the development of AL and examined the predictive value of

body composition parameters.
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Materials and methods

Study participants

A total of 3,681 patients received radical resection of
CRC at our center between September 2013 and September
2021. There were 60 patients who were diagnosed with AL.
We firstly performed a nested case-control study to identify
the risk factors for AL, and two controls were randomly
selected for each case according to the time (£1 month) and
position (rectum or colon) of surgery. Patients who met the
following criteria were included: (1) age >18 years; (2) primary
colorectal adenocarcinoma confirmed by histopathology; (3)
available abdominal CT examination within 2 wk before surgery;
(4) no neoadjuvant chemoradiotherapy was performed before
surgery. The exclusion criteria were as follows: (1) patients who
had definite metastasis before surgery; (2) insufficient clinical
information; (3) palliative resections. Finally, 180 patients
with pathologically confirmed colorectal adenocarcinoma were
included. All surgeries were performed with experienced
gastrointestinal surgeons as the principal operator and in strict
accordance with the standard surgical procedures. Smoking
status was defined as smoking more than 1 cigarette a day for
more than a year, regardless of their age at quitting and length
of time since they quit. Alcohol status was defined as drinking
more than twice a week for more than half of the year.

This retrospective non-intervention study was approved by
the Ethics Committee of our hospital, and the requirement for
informed consent was waived.

Diagnosis of AL

AL was diagnosed based on clinical and radiologic
manifestations: (1) suppurative or intestinal secretions through
the drainage tube; or (2) the presence of air or abscess near the
anastomotic site detected on CT; or (3) leakage found by X-ray
contrast examination.

Imaging analysis

Preoperative CT images of all enrolled patients at the middle
level of L3 were extracted from the institutional PACS (Picture
Archiving and Communication System). All relevant images
were anonymized, transferred to a personal computer, and
analyzed using Tomovision’s SliceOmatic (v5.0, Magog, Quebec,
Canada). The CT HU thresholds were —29 to 4150 for skeletal
muscle area (13), —150 to —50 for visceral adipose and —190 to
—30 for subcutaneous adipose tissue and intermuscular adipose
(14, 15). Two experienced radiologists (T.Y.W and Z.T.Y)
identified skeletal muscle and adipose tissue area independently.
During the identification process, the radiologists were not
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FIGURE 1
Example segmentations of subcutaneous fat area (SFA,
turquoise), visceral fat area (VFA, yellow), intermuscular fat area
(IMFA, green) and skeletal muscle area (SMA, red) at the third
lumbar vertebra.

aware of the occurrence of AL, which minimizes the bias.
Intraclass correlation coefficient (ICC) was used to evaluate the
interobserver measurement consistency for these parameters.
These different body compositions are shown in Figure 1.

Handling of missing data

Some data were missing for variables, including white blood
cell (WBC), platelet, albumin (Alb), alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). We filled in
missing data using the technique of multiple imputation by
chained equations, which samples imputed values from the
posterior predictive distributions of missing data. We assumed
data were missing at random. The imputation model was
specified on all predictors, outcomes, and dummy variables for
study. Five imputations were carried out as this has a relatively
high efficiency (16). We generated 5 datasets for analysis that
were identical with respect to non-missing data but could
vary on imputed values. In all, we imputed 38 of the 4,860
values (0.78%). All analyses were performed with the R software
(version 4.1.2) using the rms and MICE packages.

Statistical analysis

All statistical analyses were done by SPSS 25.0 software and
R-software version 4.1.2. Pearson’s chi-square test was used to
analyze categorical variables. Student f-test or Mann-Whitney
U test was used to analyze continuous variables according
to normal distribution. Shapiro-Wilk test was used to check
the normality. Univariate and multivariate analyses logistic
regression analysis were used to determine independent risk
factors. We carried out an internal verification process with
1,000 bootstrap resamples. The discrimination of the model
was calculated using the area under the receiver operating
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characteristic curve (AUC), and the calibration power was
analyzed using the calibration curve. Decision curve analysis
(DCA) and clinical impact curves were used to calculate the net
benefit. All tests were two-sided, and a value of p < 0.05 was
considered to have statistical significance.

Results

Characteristics of included patients

A total of 180 patients [109 men and 71 women; age range,
31-89y; mean 62.80+11.419y (SD)] were included in the present
study. All patients underwent radical resection of CRC through
laparotomy or laparoscopy and 60 patients were diagnosed with
AL among them. There were statistically significant differences
in gender, WBC, Alb, blood glucose and NRS. The detailed
characteristics of these patients are presented in Table 1.

Median and Q1~Q3 of SMA, VFA, SFA, IMFA at the
L3 spinal level, resulting from area-based quantification, were
provided in Table 2. Among them, SMA and VFA showed
statistical difference between AL and non-AL.

Tests of the application presuppositions
of the logistic model

According to the results of the univariate analysis in Tables 1,
2, seven factors with p < 0.05 were significantly related to
AL, namely gender, WBC, Alb, blood glucose, NRS, SMA and
VFA. Before incorporating multivariate regression analysis, we
examined these factors for linearity test, multi-collinearity and
influential point.

Linearity test

Box-Tidwell transformation was used for this test. A total of
12 factors were included in the analysis in this study, including 5
continuous variables and their respective natural logarithm (In),
and 2 categorical variables. Therefore, p = 0.0042 was used as the
significance level. Our results showed that all the transformed
continuous independent variables in the model (In_WBC,
In_Alb, In_Blood glucose, In_SMA and In_VFA) have a p-value
> 0.0042, indicating that each of them had a linear relationship
with the outcome variable (Supplementary Table S1).

Multi-collinearity test

The Variance Inflation Indicator (VIF) and tolerance factor
are used to show whether a predictor has a strong linear
relationship with the other predictor(s). If the tolerance is <0.1
or the VIF is >10, then there is multi-collinearity. In this
case, the variance inflation factor (VIF) for all the independent
variables was between 1.024 and 1.109, while tolerance was
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TABLE 1 Clinical and histopathologic features of the patients.
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TABLE 1 (Continued)

Patient characteristics Non-AL AL V4 P Patient characteristics Non-AL AL VA P
Surgical approach, 1 (%) 0.268 Blood glucose, M (Q1~Q3), 4.9 6.71 —2.067  0.000*
Laparotomy 63 (52.5) 37(61.7) mmol/L (4.58~5.23)  (5.17~7.73)
Laparoscopy 57 (47.5) 23 (38.3) Hypertension, n (%) 0.910
Surgical site, (%) 1.000 Yes 21(17.5) 11(18.3)
Rectum 86 (71.7) 43 (71.7) No 99 (82.5) 49 (81.7)
Colon 34 (28.3) 17 (28.3) CHD, 1 (%) 0.837
Age, mean (SD), y 62.94 (11.498) 62.17 (11.560) 0.671 Yes 7(58) 4(6.7)
Gender, n (%) 0.000* No 113 (94.2) 56 (93.3)
i 0,
Male 61 (50.8) 48 (80) Smoking, n (%) 0320
Y 1. 24 (4
Female 59 (49.2) 12 (20) e 38(31.9) (40)
N 82 (68.1 36 (60
BMI, M (Q1~Q3), kg/m2 24 25.1 —1.789  0.074 © (68.1) (60)
Drinki % 0.381
(21.58~26.17) (22.45~27.73) rinking, n (%)
Yes 31(25.8) 20 (33.3)
T stage, n (%) 0.398
No 89 (74.2) 40 (66.7)
Tl 4(3.3) 1(1.7)
NRS, 7 (%) 0.027*
T2 23(19.2) 9(15)
<3 35(29.2) 13 (21.7)
T3 83 (69.2) 40 (66.7)
>3and <5 78 (65.0) 36 (60.0)
T4 10 (8.3) 10 (16.7)
>5 7(5.8) 11 (18.3)
N stage, n (%) 0.496
NO 74 (61.7) 32(53.3) AL, anastomotic leak; M (Q1~Q3), median (Q1~Q3); BMI, body mass index; NLR,
neutrophil-lymphocyte ratio; WBC, white blood cell; PT, prothrombin time; APTT,
N1 31(25.8) 17 (28.3) activeated partial thromboplasting time; Alb, albumin; ALT, alanine aminotransferase;
N2 15 (12.5) 11 (18.3) AST, aspartate aminotransferase; FIB, fibrinogen; AT-III, antithrombin III; CHD,
coronary heart disease; NRS, nutrition risk screening.
Differentiation degree, n (%) 0.248 *p < 0.05.
Well 2(1.7) 3(5.0)
Moderately 107 (89.1) 47(78.3) TABLE 2 Preoperative CT body composition of the patients.
Poor 11(9.2) 10 (16.7)
Non-AL AL zZ p
Laboratory indicators 3.33 3.92 —1.788  0.074
Neutrophil, M (Q1~Q3), ~ (2.68~444)  (2.91~5.07) SMA, M (Q1~Q3), cm?® 128 (111.6~153.7) 115.5 (99.04~129.42) —3.230 0.001*
9
10°/L VFA, M (Q1~Q3), cm? 128.5 (84.28~174.8) 156.15 (117~202.77) —2.845 0.004*
Lymphocyte, mean (SD), 1.68 (0.662)  1.65(0.684) 0.794 SFA, M (Q1~Q3), cm®  123.9 (83.83~175.5) 109.7 (87.41~139.15) —1.014 0.310
9
10°/L IMFA, M (Q1~Q3), cm?  2.65 (1.49~4.37)  2.07 (1.07~3.63) —1.630 0.103
NLR, M (Q1~Q3) 1.94 2.36 —1.849  0.065
(142~3.13)  (1.64~3.49) SMA, skeletal muscle area; VFA, visceral fat area; SFA, subcutaneous fat area; IMFA,
intermuscle fat area.
WBC, M (Q1~Q3), 10°/L  5.87 (4.7~7.0) 6.61 —2.053  0.040* ‘p <005,
(5.13~7.73)
Platelet, M (Q1~Q3), 10°/L 231 (203~281)  227.5 —0.005  0.996
(194~293.75) between 0.902 and 0.977, so there is no multi-collinearity
APTT, M (Q1~Q3), sec 31 (28.2~34) 315 —0.857  0.391 (Supplementary Table S2).
(28.95~34.47)
Alb, M (Q1~Q3), g/L 40.6 38.49 —228  0.023*
(36.7~433)  (35.8~41.44)
ALT, M (Q1~Q3), U/L 12,5 (9.1~17) 14 —1589  0.112 Influential data points test
(10.52~18.75) Cook’s distance is used in regression analysis to identify
AST, M (Q1~Q3), U/L 141 15.65 1403 0161 influential data points that may negatively affect your regression
(11.8~183) (12.07~18.75) model. Any point with a CooK’s distance over 4/n (where n is the
AT-IIL M (Q1~Q3), % 95 (85~107) 9% _1776  0.076 total number of data points) is considered to be an outlier. Our
(81.25~101.75) results showed that the Cook’s distance for each observation is
less than the threshold, indicating that there are no influential
(Continued) data points in the dataset (Supplementary Figure S1).
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Variables with p < 0.05 were further included in the
multivariable model. The results showed that gender, blood
glucose, NRS, SMA and VFA were independent risk factors for
the occurrence of AL (Table 3). Regarding gender, men had a
higher risk of developing AL than women (OR 3.746, 95% CI,
1.503-9.335, p = 0.005). Further, blood glucose proved to be a
significant independent predictor, AL was more likely to occur
in patients with higher blood glucose (OR 2.011, 95% CI, 1.444-
2.802, p =0.000). Additionally, lower SMA and higher VFA were
more likely to develop AL (OR 0.974, 95% CI, 0.958-0.990, p =
0.001; OR 1.006, 95% CI, 1.001-1.012, p = 0.027). Concerning
NRS, the risk of AL was the highest in NRS >5 (OR 4.735,
95% CI, 1.068-20.988, p = 0.041). On this basis, we established
a nomogram (Figure 2). In the AL nomogram, blood glucose
accounted for the largest proportion, followed by SMA, VFA,
NRS and gender.

TABLE 3 Multivariate analysis of prognostic factors for AL.

Std. Err  Exp (B) 95% CI, p

Gender 0.466 3.746 (1.503~9.335)  0.005*
WBC, 10°/L 0.086 1.140 (0.963~1.350)  0.128
Alb, g/L 0.038 0.963 (0.894~1.036) 0311
Blood glucose, mmol/L 0.169 2.011 (1.444~2.802)  0.000*
NRS

<3 / / / 0.117
>3and <5 0.481 1378 (0.537~3.534)  0.505
>5 0.760 4.735 (1.068~20.988)  0.041*
SMA, cm? 0.008 0.974 (0.958~0.990)  0.001*
VFA, cm? 0.003 1.006 (1.001~1.012)  0.027*

WBC, white blood cell; Alb, albumin; NRS, nutrition risk screening; SMA, skeletal muscle
area; VFA, visceral fat area.

10.3389/fnut.2022.974903

Predictive model performance

The bootstrap procedure was employed for internal
validation and tested the performance of predictive model with
1,000 repetitions. Based on the receiver operating characteristic
(ROC) analysis, the area under the curve (AUC) of the
nomogram was 0.848 (95% CI, 0.781-0.914), indicating that the
nomogram can predict AL effectively (Figure 3A). Furthermore,
the calibration plot of the nomogram demonstrated that the
observed and predicted probabilities of AL correlated well in
our model (Figure 3B). The Hosmer-Lemeshow goodness-of-fit
test of the nomogram harvested a non-significant statistic in
the cohort with P-values as 0.343. Then we performed decision
curve analysis (DCA) to evaluate the net benefit for patients in
clinical practice. The results suggested that the nomogram has
good clinical application value (Figure 3C). The clinical impact
curve showed good consistency between the prediction of the
nomogram and the actual observed outcomes (Figure 3D).

Correlation analysis of BMI to CT body
composition

The results of the correlation analysis of the BMI with CT
body composition were shown in Supplementary Figures S2-55.
BMI was significantly positively correlated with VFA (R = 0.57,
P < 0.001), SMA (R = 0.29, P < 0.001), SAT (R = 0.54, P <
0.001), but not with IMF (R = 0.13, P = 0.082).

Discussion

AL is one of the most serious complications after CRC
surgery, resulting in severe morbidity, prolonged hospital stays,

"p < 0.05. intensive use of medical resources, and increased risk of death.
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POIntS L 1 1 1 1 1 1 1 1 1 ]
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FIGURE 2
Nomogram for predicting postoperative anastomotic leakage in patients with colorectal cancer.
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Previous studies have shown that obesity, gender, history
of diabetes, etc. are risk factors for the occurrence of AL
(17). However, there are few studies on the clinical value of
body composition determined by preoperative CT images in
predicting postoperative AL.

In our study, gender, blood glucose, NRS, SMA and VFA
were independent factors for AL occurrence in CRC. Blood
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glucose is the most significant influencing factor, and the
risk of AL was significantly higher in patients with higher
preoperative blood glucose levels. Similar to our findings,
the study by Kotagal et al. showed that diabetic (DM)
patients had significantly higher rates of postoperative adverse
events than non-diabetic (NDM) patients. Even among NDM
patients, hyperglycemic patients had an increased risk of
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adverse events compared with normoglycemic patients. A
dose-response relationship exists between blood glucose levels
and composite adverse events in NDM patients (18). The
underlying mechanism may be related to the inflammatory
response. Hyperglycemia exacerbates inflammatory, oxidative
stress responses and cytokine, potentially creating a vicious
circle (19-21). Resolution of hyperglycemia was associated
with normalization of the inflammatory response (20). Our
study revealed that SMA and VFA are two other important
risk factors. Patients with lower SMA or higher VFA are
more likely to develop AL. A retrospective study of 2011
patients showed that VFA was an independent risk factor
for AL in the elective colon resection group. A study by
Wang et al. including 859 patients also reported similar results
that preoperative high VFA was an independent risk factor
for postoperative complications. Nowadays, adipose tissue is
considered an endocrine and paracrine organ whose function
affects many physiological processes, including inflammation,
fat and glucose metabolism, energy balance. The levels of VEGF
and IL-6, along with the proportion of CD8+ T cells and
NKT cells, were significantly increased in visceral adipose tissue
(22). Inflammatory cells, including macrophages and T cells,
are abundant in visceral adipose tissue, and excess visceral
adipose tissue induces a chronic systemic inflammatory state
with associated insulin resistance and metabolic dysfunction
(23). These may be potential causes of postoperative AL. Due to
the influence of gastrointestinal tumors, patients may experience
gastrointestinal symptoms such as loss of appetite and reduced
dietary intake before surgery. In addition, general malaise and
mental anxiety also reduce nutritional intake and physical
activity, resulting in reduced skeletal muscle mass. Some studies
show that nutritional support can increase calorie and protein
intake in patients (24, 25). Decreased skeletal muscle wasting
favors maintenance of the amount of myokines secreted by
skeletal muscle and is expected to improve tolerance to surgery.
A study by Shiro Fujihata et al. showed that lower skeletal
muscle mass index, especially in the erector spinae muscle,
was significantly associated with higher AL (26). Therefore,
adequate nutritional support before surgery is necessary to
prevent the occurrence of AL. In addition, male is also an
independent risk factor for postoperative AL, which is similar to
previous studies (27-29). The content of androgens in intestinal
microcirculation may be related to anastomotic healing (30).
An animal experiment found that in the early stage of wound
healing, the collagen metabolism in the colonic anastomosis of
male rats was worse than that of female rats (31). The NRS is a
nutritional risk screening tool that reflects the patient’s current
nutritional status. Several studies have reported that NRS
nutritional assessment results are associated with outcomes of
in-hospital patients (32-34). Patients with nutritional risks who
require colorectal cancer surgery should be carefully managed.
The results of correlation analysis between BMI and body
composition showed that BMI was significantly positively
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correlated with VFA, SMA and SAT, but not with IMF. In
multivariate analysis, VFA and SMA were independent risk
factors for postoperative AL, suggesting that VFA and SMA may
be more sensitive predictors of AL than BMI (35, 36).

Nomogram is a graphical representation of a complex
mathematical formula (37), and one of its main advantages
is the ability to estimate individualized risk based on patient
and disease characteristics. The nomogram can incorporate
disease-related continuous and categorical variables into
the model, with a friendly interface, which is helpful for
clinical decision-making and promotes the development of
personalized medicine.

Commonly used nutritional status assessment tools, such
as BMI and NRS scores, can only observe the overall status,
but cannot obtain individual components of the body, such
as regional fat distribution and muscle composition. More
and more studies have confirmed that nutritional assessment
based on body composition can better reflect the patient’s
metabolic status and physiological reserve, and may be a
decisive factor affecting postoperative outcomes (38). Almost
all patients with CRC underwent whole abdominal CT before
surgery, so CT images of L3 level are very easy to obtain.
At the same time, with the help of nomogram, clinicians can
predict the occurrence of AL in patients with more basis before
surgery. For those patients with high predicted probability
and preoperative nutritional risk, active nutritional support
should be provided, which will help maintain proper nutritional
status and reduce the number and severity of postoperative
complications (39). In addition, the predicted probability can
also provide a certain reference when clinicians are hesitant to
perform preventive ostomy.

There are some limitations to our study. First, this
is a single-center retrospective study with a small sample
size, the established nomogram lacks external validation,
and its performance in an external cohort remains to be
studied. Second, although we selected controls as representative
as possible, selection bias may still exist. Third, we only
assessed preoperative body composition and lacked information
on postoperative body composition changes and prognostic
data. Further, some indicators were meaningful in univariate
analysis but not in multivariate analysis, which may be
due to the small sample size. Therefore, larger prospective
multicenter studies are necessary in order to approve these
preliminary results.

Conclusion

In conclusion, based on the clinical data and imaging
information we collected, we developed a nomogram that
can predict AL in patients with CRC. The performance
of nomogram was verified by various methods, and the
results showed that the nomogram had high accuracy and
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reliability in predicting AL. Preoperative prediction of AL
can help surgeons make appropriate therapeutic decisions in
clinical practice.
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Moniz (CiiEM), Egas Moniz, Cooperativa de Ensino Superior, CRL, Almada, Portugal

Background: Nutritional status in patients with cancer has a determining
role in the evolution of the disease and tolerance to treatments. Severity of
undernutrition impacts morbidity and mortality in cancer patients and can
limit patient response to the optimal therapies if nutritional issues are not
appropriately addressed and managed. Despite the importance of malnutrition
for the clinical evolution of oncology patients, there is not yet a universally
accepted standard method for evaluating malnutrition in such patients. The
aim of this study was to stratify the nutritional status of inpatients at an
Oncology Department.

Methods: This is an observational study with 561 cancer patients, assessed
at admission to a Medical Oncology Department from November 2016 to
February 2020. All patients were considered eligible. Non-compliant and/or
comatose patients were excluded. Nutritional status was assessed using
the PG-SGA, BMI classified with the WHO criteria, and calculation of the
percentage of weight loss in the previous 3—6 months.

Results: A total of 561 patients (303 F: 258 M; mean age 65 =+ 13 years) were
included. One-third of the patients, n=191/561 (34%), lost 6% of their weight in
the month prior to admission and 297/561 (53%) patients lost 10.2% of weight
in the previous 6 months. Mean BMI was 24.1 + 5.8 kg/m?; N = 280/561 (50%)
patients had regular BMI according to the WHO criteria. N = 331/561 (59%)
patients reported eating less in the month prior to admission. N = 303/561
(54%) had moderate/severe deficits of muscle and adipose compartments.
The PG-SGA identified 499/561 (89%) patients as moderately/severely
malnourished, of which 466/561 (83%) patients scored >9 points, meeting
criteria for a critical need for nutritional support. Fifteen percent of patients
scored >4 points, indicating a need for directed therapy for symptom
control and only 1% scored <2 points (maintenance nutritional counseling).
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10.3389/fnut.2022.972525

In this oncological setting, a higher proportion of patients

were nutritionally-at-risk or with moderate/severe malnutrition. The large
majority of patients in this study presented with a critical need for nutritional
intervention. These findings highlight the need for an integrated assessment
of nutritional status at patient referral. This will allow early and timely nutrition
care, which is recommended to prevent or reverse further deterioration of the
condition and to optimize treatment administration.

scored patient-generated subjective global assessment, nutritional assessment,
malnutrition, oncology, subjective global assessment (SGA), cancer, patient admission

Introduction

The incidence of malnutrition amongst patients with cancer
ranges between 40 and 80% (1). These patients are particularly
susceptible to nutritional depletion due to the physical and
metabolic effects of cancer, as well as anticancer therapies.
Severity of undernutrition is a major source of morbidity and
mortality in cancer patients and its presence can limit patient
response to even the best therapies if nutritional issues are not
appropriately addressed and managed (1-3).

Unintentional weight loss is experienced in the majority
of patients with gastroesophageal, pancreatic, head and neck
and lung cancer. There is also a high prevalence of weight loss
in patients with advanced disease such as advanced colorectal
cancer (4-6).

Compromised nutritional status can adversely impact both
the quantity and quality of survival and survivorship. Reports
have shown that weight loss is an important predictor of
decreased survival (7, 8). Chemotherapy patients have a
reduced quality of life (9, 10), a higher frequency of hospital
readmission, and a longer hospital stay if they are malnourished
at baseline or during oncological therapy (11). It is estimated
that 4-23% of cancer patients with incurable disease may
eventually die because of progressive malnutrition (12). This
knowledge highlights the association of malnutrition and body
compositional deficit with dose-limiting toxicity (DLT), which
prevents the ability to achieve optimal treatment on time and at
a full dose.

Malnutrition among patients with cancer is driven by
inadequate food intake, decreased physical activity and catabolic
derangement in metabolism (13). Nutritional treatment of
undernourished patients has been linked with better outcomes
(13, 14). Evidence shows that it is paramount to have early and
proactive identification of cancer patients at high nutritional
risk, to allow for comprehensive nutritional assessment,
establish the level of deficit and implement a clinically
appropriate intervention (15). This comprehensive approach to
nutrition care may lead to improvements in nutritional status,
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quantity and quality of life, patient satisfaction and treatment
outcomes (16).

The of and validated
recommended globally (17-19) for all patients admitted to

use standardized tools, is
hospital, and often times required for hospital accredidatation
(20). However, in many countries, this practice is not
routinely performed (19). Low awareness of malnutrition
and its importance for outcomes and quality of care is
a current area of concern in the oncology and nutrition
communities (21-23).

An early and integrated nutritional assessment of all
patients is mandatory. This may be achieved using the Patient-
Generated Subjective Global Assessment (PG-SGA), which is
identified in clinical practice and academic research as a
reference method for the nutritional assessment of patients with
chronic diseases, including cancer (24). It is recognized by the
Academy of Nutrition and Dietetics as the reference method
in cancer patients, allowing the identification of malnourished
patients and the indication of the most appropriate type of
nutritional intervention in hospital or outpatient settings. PG-
SGA adequately addresses all dimensions of malnutrition as
defined by the European Society for Clinical Nutrition and
Metabolism (ESPEN) and the American Society for Parenteral
and Enteral Nutrition (ASPEN), e.g., weight loss, food intake,
symptoms, and physical function (25-28).

Our primary aim was therefore to characterize the
nutritional status of patients admitted as in patients at an
Oncology Department.

Materials and methods

Study design and setting

A prospective observational cohort study of 561 cancer
patients admitted at the Medical Oncology Department
of the Centro Hospitalar Barreiro-Montijo (Portugal)
between November 2016 and February 2020. All patients

frontiersin.org


https://doi.org/10.3389/fnut.2022.972525
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Trabulo et al.

underwent nutritional assessment by an experienced registered
nutritionist in the first 48h of admission, using the PG-
SGA assessment tool. Data were obtained after informed
medical consent.

The Study design and procedures were conducted in
accordance with good clinical practices and were approved
by the Institution Ethics, which is abided by Portuguese
legislation and the Declaration of Helsinki from the World
Medical Association.

Patients

This study includes patients admitted as inpatients at
the Medical Oncology department that undergo nutritional
assessment by an experienced registered nutritionist, using
PG-SGA assessment tool. Patients under 18 years of age,
non-compliant and/or comatose, pregnant, and receiving
medication that could alter basal metabolic rate were excluded.
Forty patients were excluded due to significant missing data.
The present study included a total sample size of 561 patients
with cancer.

Nutritional assessment

Nutritional status was assessed using the PG-SGA. The
PG-SGA® is a subjective nutritional assessment tool validated
for use in cancer patients and hospital environments. This
tool includes patient-reported information on clinical history,
food intake and physical examination incorporating involuntary
weight loss, changes in food intake, symptoms that could
affect nutritional status and functional capacity changes. A
health professional completes the questionnaire regarding the
diagnosis and the relationship with nutritional needs, as well
as the physical examination. For each component of the scored
PG-SGA, points (0-4) are awarded depending on the impact
of the symptom on nutritional status. Each item is given a
score and the sum results in a nutritional status score are
classified as: A—well-nourished, B—moderate malnutrition and
C—severe malnutrition.

After this assessment, patients with special nutritional
needs are identified and classified according to the attention
needed: from 0 to 1 point, there is no need for nutritional
intervention; from 2 to 3 points, the patient and his/her
family require nutritional education; between 4 and 8 points,
the patient requires nutritional intervention; and >9 points,
the patient requires critical intervention and symptom
control (9). The higher the score the greater the risk is
for malnutrition.

Nutrition triage recommendations include patient and

family education, symptom management and nutrition
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intervention such as additional food, oral nutrition supplements,
enteral or parenteral nutrition.

This study used the translated and validated Portuguese
version of the PG-SGA and its use was allowed by the PG-
SGA/Pt-Global Platform (www.pt-global.org). All boxes were
filled by the researchers, due to the characteristics of the
study population.

Body mass index (BMI) was also calculated through the
quotient between weight and height squared. Based on criteria
outlined by the World Health Organization (WHO), BMI was
classified into the following groups: underweight (<18.5 kg m?),
normal (18.5-24.9 kg m?), overweight (25.0-29.9 kg m?) and
obese (130.0 kg m?).

Statistical analysis

Continuous variables were described using measures of
central tendency and dispersion such as mean, and standard
deviation. Categorical variables were reported as frequencies.
Missing data was addressed using listwise deletion method. All
data were analyzed using the IBM Statistical Package for the
Social Sciences (SPSS) version 25.

Results

A total of 561 patients (303 women; 258 men) with a mean
age of 65 *+ 13 years (range, 26-91) were admitted during
the four consecutive years and underwent nutritional status
evaluation. Diagnosis in this study are depicted in Figure 1. The
predominant diagnoses were: colorectal cancer (n = 147/561,
26%), breast cancer (n = 116/561, 18%), and gastroesophageal
(n=72/561, 10%) (Figure 1).

One-third of the patients (191/561, 34%), had lost weight
during the month prior to the assessment, with an average
weight variation of 6% (range, 0-85). We also found that 297/561
(53%) of the patients had lost weight during the previous 6
months, with an average weight loss of 10.2% (range, 0-40). In
a subgroup analysis, analyzing the three most frequent types
of cancers, the mean weight change over the last 6 months
was more prevalent in gastrointestinal tract tumors (gastro-
esophageal with a weight loss observed on average of 4% and
colorectal 2%) and, on the other hand, breast cancer kept a
constant weight, with a mean weight change over the last 6
months of +0.12%.

Mean BMI was 24.1 + 5.8 kg/m2 and 280/561 (50%) of the
patients had a normal weight according to the WHO criteria
(Figure 2).

Regarding the physical examination of body components,
we found that 54% of the patients presented moderate to severe
deficits (grades 2 and 3) at their physical examination. More
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Distribution of cancer diagnoses of the series of 561 patients.
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Distribution of Body Mass Index categories.

precisely, 9% presented with no deficit; 34% slight deficit; 39%
moderate, and 15% presented a severe deficit.

Considering food intake during the last month, 331/561
(59%) of the patients reported eating less food as compared to
their usual intake. The classification ranges from 0 to 5 where:
“I would classify my food as, 0—normal 1—normal food but less
quantity 2—few solid foods 3—only solid foods or just nutritional
supplements 4—very little amount of any food and 5—only tube
or vein feeding”. The frequency of each category of food Intake
in the previous month vs. usual intake was 0—5%, 1-2%, 2-59%,
3-25%, 4-6%, and 5-3%.
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The reported alterations in food intake were associated
with various patient-reported symptoms during the past two
weeks: 98% of patients reported having had at least 1 symptom
that prevented them from eating adequately and thus having a
nutritional impact.

Thirty seven percent (208/561) of the patients classified their
functional activity as impaired (“I don’t feel able to perform most
of my activities and stay in bed or sitting less than half the day”).

At hospital admission, 499/561 (89%) of the patients were
classified as moderately or severely malnourished, and the
remaining were classified as well nourished.
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Eighty three percent (466/561) of the patients scored >9
points revealing a critical need for nutritional support. We
found that 15% of the patients scored >4 points, indicating
the need for directed therapy for symptom control, while only
1% had <2 points (nutritional counseling with pharmacological
intervention) (Figure 3).

When focusing only on the three most frequent types of
cancers, according to the PG-SGA Global Assessment categories
(A, B or C), the prevalence of higher stages (B and C) was
observed in patients with colorectal cancer—21% of patients had
moderate malnutrition and 2% had severe. Breast cancer had the
second highest rate—16% with moderate malnutrition and 2%
with severe malnutrition; 8% of gastroesophageal cancer patients
had moderate malnutrition and 5% had severe.

Among the patients with a score >9, which addresses
the patients in terms of the necessity of urgent nutritional
intervention, in these three groups was in concordance
with the malnutrition prevalence as previously described:
17%

23% had colorectal cancer, breast cancer and 11%

gastroesophageal cancer.

Only 10% of the patients in this cohort had signs of
metabolic stress and 7% of them had a high-level of metabolic
stress. This corresponds to the metabolic demand described
in PG-SGA Worksheet 3. The score for metabolic stress is
determined by multiple variables known to increase protein and
caloric needs. Note: Score fever intensity or duration, whichever
is greater. The score is additive so that a patient who has a fever
of 38.8°C
prednisone chronically (2 points) would have an additive score

(3 points) for <72h (1 point) and who is on 10 mg of

for this section of 5 points.
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Almost 54% of the patients had a clinical condition score >2,
such as oncologic disease, cardiac or pulmonary cachexia, renal
insufficiency, age >65 years and Acquired Immune Deficiency
Syndrome (AIDS).

Discussion

The aim of this study was to characterize the nutritional
status of inpatients with cancer at hospital admission, using the
scored PG-SGA, in a large series of oncology patients. Typically,
patients requiring hospitalization are those with more advanced
stages (III/IV), most of them in need of symptomatic control
or management of worsening performance status due to greater
dependence (29-32).

The scored PG-SGA has shown to be accurate
distinguishing well-nourished patients from malnourished ones.

in

The prevalence of malnutrition in this study was high, with 89%
of patients being moderately or severely malnourished. These
findings are expected, as patients with cancer have the highest
incidence of malnutrition amongst admitted patients (1, 16).

However, at a national level, most centers do not apply
nutritional assessment as a routine practice, and the question of
malnutrition is oftentimes neglected.

We speculate that there could be barriers to the
implementation of the scale, but some data suggest that the
patients consider the PG-SGA to be an easy tool to comprehend
and the professional component of the PG-SGA received
adequate ratings for its content validity, comprehensibility
and difficulty (33). Still, the physical exam of the professional
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component of the PG-SGA usually is the most difficult to
understand and use by professionals (33). Studies have shown
that significant improvement in PG-SGA-naive dietitians’
perception of comprehensibility and difficulty of the PG-SGA
can be achieved quickly by providing 1 day of training in the use
of the PG-SGA (34).

This study’s results are consistent with findings from
similar translations and cultural adaptations of the PG-SGA for
Norwegian, Dutch, German and Japanese languages (33-38).

Based on this study’s results, and given the large sample
size, the patient component of the PG-SGA is ready to be
implemented in clinical practice and results confirm that no
additional training is needed for patients and professionals to
complete their component.

One of the benefits of the PG-SGA is having a part that scores
symptoms which may adversely affect nutritional status. In this
study, 98% of the patients reported at least one nutrition impact
symptom (NIS) that prevented them from eating adequately.
Indeed, the prevalence of NIS in this study, was consistent
with other studies in patients with cancer (1, 39, 40): the large
majority (83%) presented with a score >9, indicating the need
for urgent nutritional intervention and symptom control. On the
other hand, the recommendations for scores <9 include patient
and family education, symptom management, and provision of
additional food and/or oral nutrition supplements. By offering
early nutritional care, we speculate it may be possible to
prevent or delay deterioration in the patients nutritional status.
Thus, timely identification of NIS, e.g., decreased appetite,
pain, nausea, vomiting, constipation or diarrhea is essential
for early symptom management, contributing to improved
diet intake.

Of critical importance is the fact that PG-SGA score
correlated with percentage weight loss in the previous six
months. This result goes in line with other studies where weight
loss has been demonstrated to be a major prognostic indicator of
poor survival in cancer patients (11). This fact is not unexpected,
since weight loss in the last 1 or 6 months is a part of the
PG-SGA. Although, exporting this concept to current practice,
until 10% of patients with a recent diagnosis of the oncological
disease can present this symptom as first sight and up to 30%
to 80% during treatment and disease progression, depending on
location and etiology (41). This translates to the evident need for
an appropriate assessment, even at an early stage.

Contrasting with these results, using WHO criteria (42),
only 13% of patients were classified as being underweight,
reflecting the limitations of using only BMI to establish the cut-
off points for the risk of undernutrition. This further stresses
that normal and overweight cancer patients can be at risk
for nutritition.

One of the other findings of this study was that the highest
prevalence of nutritional risk in our inpatient population was
identified in patients with colorectal cancer (25%), followed by
breast cancer (21%) and other gastro-intestinal cancers (14%).
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However, analyzing the percentage variation over the last six
months we can conclude that from these three groups the
gastrointestinal followed the colorectal cancer are the ones with
more prevalence of malnutrition vs. breast cancer.

The high prevalence of malnutrition in breast cancer
patients could be a consequence of a bias in this study
population. One of the limitations is the statute of a regional
hospital and its limited variability of tumor types treated at
the Medical Oncology Department. Furthermore, patients with
head and neck and lung cancer are managed by a center of
reference at another hospital in Lisbon and the Department of
Pneumology, respectively, so our numbers do not correspond to
the correct prevalence of the disease in our population.

Also, it is noteworthy that patients admitted to the hospital,
as previously mentioned, may have more advanced diseases,
and thus may not fully represent the spectrum of oncology
patients and their nutritional problems. Because the prevalence
of undernutrition in cancer patients is associated with the
tumor type, location, stage, and treatment, patient differences in
these parameters could have affected the proportion of patients
at nutritional risk. Although the time elapsed since cancer
diagnosis was not considered in the present analysis it could thus
bias the ascertained nutritional risk.

These results agree with previous studies that identified these
patient groups as of higher risk for nutritional impairment.
Evidence shows that patients with upper gastrointestinal, head
and neck cancer and advanced colorectal cancer have a worse
prognosis when undernourished (4-6).

In future studies, it will be interesting to evaluate the
prevalence of nutritional risk in a larger number of oncology
inpatients and outpatients, stratified according to the type
of tumor, stage, performance status and other comorbidities
to determine the incidence of complications, mortality and
response to treatments, and to characterize the costs associated
with hospital malnutrition in detail.

Notwithstanding its limitations, this study provides
valuable information regarding the prevalence and burden of
malnutrition in a set of oncology patients representative of
routine clinical practice in Portugal.

The notable strength of the present study is that nutritional
assessment was performed within 48h of hospital admission,
which allows for early interventions. In this perspective, early
screening and referral at hospital admission have the important
purpose of reversing/improving clinical nutritional prognosis
through individualized intervention (7, 8), with the possibility
of reducing the length of hospital stay, the risk for readmission,
morbidity, and mortality (11), as well as improving tolerance to
treatment and quality of life (9, 10).

In terms of implication to the current practice, services
should be designed to guarantee malnutrition risk screening
ensues at the first point of contact and at systematic
recesses throughout treatment and care to ensure early
intervention is provided to those at risk of malnutrition. Health
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services should recognize opportunities to insert malnutrition
identification and prevention strategies into models of care
and support key enablers including the education of all health
care professionals.

Conclusion

Malnutrition incidence in cancer inpatients is high. Early
screening is of paramount importance to rapidly identify
patients in need of critical intervention, in an attempt to provide
the best care to cancer patients and delay clinical deterioration.
Understanding the magnitude of the problem and in which
groups the greatest need exists is a vital step toward the
recognition and management of cancer malnutrition.
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Background: High serum triglyceride (STG) level is a well-established
pathogenic factor for cardiovascular diseases and is associated with the risk
of various malignancies. Nevertheless, the role of STG level in intrahepatic
cholangiocarcinoma (ICC) remains uncertain.

Methods: A total of 631 ICC patients treated with curative hepatectomy
in two centers (517 in the discovery set and 114 in the validation set)
were retrospectively analyzed. Kaplan—Meier survival analysis was used
to assess the outcomes of the patients with different STG levels. Time-
dependent receiver operating characteristic (ROC) analysis was conducted
to compare the prognostic value of STG with other established indexes.
The Triglyceride-Albumin-Globulin (TAG) grade was introduced and evaluated
using the time-dependent area under curves (AUC) analysis and decision
curve analysis (DCA).

Results: Patients with increased STG levels and decreased albumin-globulin
score (AGS) were correlated with improved overall survival (OS) and
recurrence-free survival (RFS). STG level > 1 mmol/L was an independent
protective factor for surgically treated ICC patients. The predictive value of
the TAG grade was superior to the STG or the AGS alone. In decision curve
analysis, the net benefits of the TAG grade in the discovery and validation set
were higher than STG and AGS.
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Conclusion: The current study presented strong evidence that ICC patients
with higher preoperative STG levels had preferred long-term surgical
outcomes. The novel nutritional score based on serum triglyceride, albumin

and globulin levels was inextricably linked to the prognosis of the surgically
treated ICC patients. Evaluation of the TAG grade before curative hepatectomy
may be beneficial for risk stratification and clinical decision support.

serum triglyceride, intrahepatic cholangiocarcinoma, albumin, globulin, nutritional

score

Introduction

Liver cancer remains the fifth leading cause of all-cause
mortality and the second most common cause of cancer-
related death in China (I, 2), which leads to 37 per 10000
people of newly diagnosed cases annually (2). ICC represents
a major subtype of biliary tract cancer located within the liver
parenchyma (3), accounting for nearly 20% of primary liver
cancers (4), of which the incidence and mortality are increasing
rapidly in recent years (5). ICC is often diagnosed at an advanced
stage with limited treatment options available; surgical resection
remains one of the major treatment modalities (6). Recurrence is
frequent after liver resection, resulting in a poor prognosis with
less than 40% of surgically treated ICC patients on survive more
than 5 years (7). Therefore, prognostic indicators are required to
evaluate the outcomes of the surgical candidates and carry out
early interventions, thus improving postoperative survival.

The population with ALD and NAFLD in China increased
sharply (8, 9), as a result, the incidence and mortality of
liver cancer started to soar since 2015 after a short duration
of decline in the first decade of the 21st century (10).
Previous studies had demonstrated that the metabolic syndrome

Abbreviations: ACC, acetyl CoA carboxylase; AFP, alpha-fetoprotein;
AGS, albumin-globulin score; AJCC, American Joint Committee on
Cancer; ALB, albumin; ALBI, albumin-bilirubin index; ALD, alcoholic liver
disease; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMPK,
AMP-activated protein kinase; AST, aspartate aminotransferase; AUC,
area under curve; BMI, body mass index; CAS, combination of albumin-
globulin score and skeletal muscle index; CA19-9, cancer antigen 19-9;
CEA, carcinoembryonic antigen; CHD, coronary heart disease; CHOL,
cholesterol; CT, computed tomography; DCA, decision curve analysis;
DNA, deoxyribonucleic acid; ECC, extrahepatic cholangiocarcinoma;
FA, fatty acid; FASN, fatty acid synthase; FIB-4, fibrosis-4 index;
GLB, globulin; GPS, glasgow prognostic score; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ICC,
intrahepatic cholangiocarcinoma; IL-6, interleukin-6; INR, international
normalized ratio; LCR, lymphocyte-C-reactive protein ratio; LDL-C,
low-density lipoprotein; MVI, microvascular invasion; NAFLD, non-
alcoholic fatty liver disease; NLR, neutrophil-to-lymphocyte ratio; OS,
overall survival; PIVKA-II, prothrombin induced by vitamin K absence-
II; PNI, prognostic nutritional index; RFA, radiofrequency ablation;
RFS, recurrence-free survival; ROC, receiver operating characteristic;
SCD-1, stearoyl-CoA desaturase-1; SMI, skeletal muscle index; STG,
serum triglyceride; TACE, transarterial chemoembolization; TAG grade,
triglyceride-albumin-globulin grade; TNF-a, tumor necrosis factor-o;
TNM, tumor-node-metastasis.
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(obesity, dyslipidemia, hypertension, and impaired fasting
glucose/diabetes mellitus) was associated with increased risk of
ICC (odds ratio = 1.56, P < 0.0001), whereas treatment with
metformin was significantly related to a reduction of ICC risk
(11, 12). High STG level, as an essential component of metabolic
syndrome, was positively associated with the risk of multiple
malignancies (lung, rectal, thyroid, renal, and gynecological
cancers) and was inversely associated with the risk of non-
Hodgkin’s lymphoma and prostate cancer (13); however, the
correlation between STG concentration and the prognosis of
ICC patients have been inconclusive (14, 15).

As crucial components of human serum proteins, albumin
(ALB) and globulin (GLB) levels were widely used in nutritional
assessment. Previous studies have presented that elevated levels
of serum ALB increased the risks of esophageal and cervical
cancers (16, 17). GLBs, a group of proteins that binds estrogen,
dihydrotestosterone and testosterone, play an essential role in
the inflammatory immune response (18). Moreover, the high
pretreatment ALB/GLB ratio has been proved to be associated
with increased 5-year mortality and recurrence in different
human cancers, including breast and gastric cancers (19).
Similarly, another model based on serum ALB and GLB level,
the AGS, has been applied in predicting the prognosis of non-
small-cell lung cancer (20). As well, our recent study showed
a positive correlation between the AGS and the long-term
outcomes of ICC patients (21).

In the current study, we aimed to determine the correlation
between STG and the long-term survival of surgically treated
ICC patients. In addition, a novel nutritional score based on
the STG concentration and the AGS (Triglyceride-Albumin-
Globulin, TAG) was generated; we hoped to evaluate the clinical
efficacy of the TAG grade in the prognosis of ICC patients after
curative surgery.

Materials and methods

Study population

A total of 631 patients ICC patients received curative
resection at two medical centers, West China Hospital
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https://doi.org/10.3389/fnut.2022.964591
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Cai et al.

of Sichuan University and the First Affiliated Hospital of
Chongqing Medical University, were sequentially enrolled.
517 patients underwent surgery at the West China Hospital
during December 2008 and December 2017 were included
as discovery set, 114 patients underwent surgery at the
First Affiliated Hospital of Chongqging Medical University
between May 2010 and December 2015 were included

TABLE 1 Baseline characteristics of patients.

Variables Discovery Validation  P-value
set set

(n=517) (n=114)
Age, year, mean £ SD 57.24£10.7 583+ 112 0.327
Gender, n (%) 0.281
Male 251 (48.5%) 49 (43.0%)
Female 266 (51.5%) 65 (57.0%)
BMI kg/mz, mean £ SD 248+6.2 253 +5.8 0.436
Fasting glucose (mmol/L), 59+£21 56+£23 0.249
mean £ SD
Cirrhosis, 1 (%) 145 (28.0%) 16 (14.0%) 0.007
Ascites, 11 (%) 48 (9.3%) 55 (48.2%) <0.0001
Child score, n (%) 0.014
5 439 (84.9%) 86 (75.4%)
6 78 (15.1%) 28 (24.6%)
Multiple tumors, # (%) 156 (30.2%) 32 (28.1%) 0.709
Tumor size, n (%) 0.64
>5cm 225 (43.5%) 46 (40.4%)
<5cm 292 (56.5%) 68 (59.6%)
Tumor differentiation, 325 (66.7%) 84 (73.7%) 0.194
poor, 1 (%)
Hepatolithiasis, n (%) 87 (16.8%) 21 (18.4%) 0.709
Microvascular invasion, n 52 (10.1%) 70 (61.4%) <0.0001
(%)
Vascular invasion, 7 (%) 120 (23.2%) 71 (62.3%) <0.0001
Node positivity, n (%) 127 (24.6%) 31 (27.2%) 0.611
Biliary invasion, # (%) 52 (10.1%) 58 (50.9%) <0.0001
Perineural invasion, n (%) 75 (14.5%) 25 (21.9%) 0.071
Liver capsule invasion, n 319 (61.7%) 62 (54.4%) 0.363
(%)
CA19-9, >22 U/mL, n (%) 113 (21.9%) 85 (74.6%) <0.0001
HBsAg (positive), n (%) 150 (29.1%) 21 (18.4%) 0.049
HCV, n (%) 4(0.8%) 1(0.9%) 0.91
TNM stage, III, (%) 361 (69.8%) 71 (62.3%) 0.378
TG, mmol/L, mean + SD 1.3+0.6 1.3+0.8 0.426
ALB, g/L, mean & SD 425+47 38.6 6.9 <0.0001
GLB, g/L, mean &+ SD 29.1+£54 269+£52 0.005
SMI, male, mean 4+ SD 414+6.8 426+74 0.356
SMI, female, mean 4+ SD 36.5+7.1 35.74+7.8 0.562
Overall survival, month, 17.8 (9.8-33.6)  25.1 (9.6-58.8) 0.006

median (interquartile

range)

CA19-9, cancer antigen 19-9; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus;
TG, triglyceride; ALB, albumin; GLB, globulin; SMI, skeletal muscle index.
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as the validation set to verify the efficiency of the novel
scoring system. The inclusion criteria were as follow: (1)
histologically diagnosed ICC; (2) underwent liver resection
with curative intent initially; (3) no lipid-lowering treatment
within 2 weeks prior to the operation; (4) serum TG measured
in fasting status; exclusion criteria: (1) patients underwent
preoperative RFA, TACE, radiation treatment, targeted
therapy, or other anti-cancer treatment; (2) extrahepatic
metastasis before the operation; (3) positive resection
margin; (4) ruptured tumor; (5) patients with incomplete
clinical and histological data or lost to follow-up. Written
informed consents were obtained from all participants
or their entrusted agents. This study was approved by
the ethics committee of West China Hospital of Sichuan
University (Approval number: 20211506) and the First
Affiliated Hospital of Chongqing Medical University (Approval
number: 2021-288), following the guidelines of the 1975
Declaration of Helsinki.

Data collection and follow-up

All the clinical and histopathological data were accessed
from the electronic medical record system. Preoperative
information was collected as follows: platelet counts; bilirubin,
albumin (ALB), and globulin (GLB) levels; triglyceride (TG),
cholesterol (CHOL), and low-density lipoprotein (LDL-C),
ALT, and AST levels; HBV and HCV viral loads; carbohydrate
antigen 19-9 (CA19-9) level; furthermore, the height and
weight of the patients were obtained to calculate the body mass
index (BMI) as weight divided by height squared (kg/m?).
The normal range of the TG was 0.29-1.83 mmol/L according
to the determination kits instruction. The optimal cut-off
values of the TG, CHOL and LDL-C were determined as 1,
3.8, and 2.6 mmol/L, respectively (Supplementary Figure 1).
As we previously reported, the cut-off values of the ALB
and GLB were 41.7 and 28.6 g/L, respectively (21); the AGS
was characterized as following criteria: patients with both
normal values of the ALB (>41.7 g/L) and GLB (<28.6 g/L)
were defined as AGS 0, patients with both decreased ALB
level (<41.7 g/L) and increased GLB level (>28.6 g/L) were
defined as AGS 2, those with single abnormal value were
defined as AGS 1. Fibrosis-4 index (FIB-4) was calculated by
(ALT(U/L) x age(year)) / (platelet(10° /L) x /AST(U/L))
(22); albumin-bilirubin index (ALBI) was calculated from
the following formula: (log,,bilirubin(mol/L) x 0.66) —
(albumin(g/L) X 0.085) (23). SMI was calculated as described
in our previous study (21). The cut-off values were identified
by using the X-tile software (24). Clinical and histological
characteristics, including the presence of liver cirrhosis, ascites
and hepatolithiasis, numbers and diameters of the tumor
nodules, differentiation, lymph node positivity, microvascular
invasion (MVI), vascular and perineural invasion, were also
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attained. MVI was defined as the presence of tumor cells
in vessels or in vascular space lined by the epithelial cells
under the microscope. Vascular invasion was defined as
large vessels invasion identified by imaging modalities or
gross examinations. Positivity of No. 16 lymph node was
regarded as extrahepatic metastasis and radical resection
was not considered. The tumor-node-metastasis (TNM)
stages were classified conforming to the 8th American Joint
Committee on Cancer (AJCC) Staging Manual (25). Patients
who received curative resections were followed-up every month
within 1 year, then every 3 months within the first 2 years,
and then every half year thenceforth, serum tumor markers
and imaging methods (contrast-enhanced ultrasound or CT
scan) were used in the surveillance of tumor recurrence. The

10.3389/fnut.2022.964591

hepatectomy to the date of death or the last follow-up (for
those alive). The recurrence-free survival (RFS) was calculated
from the date of curative hepatectomy to the detection
of recurrence or the date of the last follow-up (for those
without tumor relapse).

Statistical analysis

The software of EmpowerStats' and R? (v4.0.5) was used
for statistical analysis; data were presented as mean =+ standard

1 http://www.empowerstats.com

overall survival (OS) was calculated from the date of curative

2 https://www.r-project.org

TABLE 2 Comparison of characteristics with the different serum triglyceride levels and AGS grades of 517 ICC patients treated with surgical
resection in the discovery set.

Characteristics STG (mmol/L)

<1 (n=205) >1(n=312) P-value Low (0) (n=174) High (1, 2) (n = 343) P-value
Age, mean & SD 55.6 £10.9 58.3+10.3 0.09 56.5 £+ 11.0 57.6 £10.5 0.339
Gender, male, n (%) 103 (50.2%) 148 (47.4%) 0.532 88 (50.6%) 163 (47.5%) 0.512
BMI kg/mz, mean £ SD 246+34 264 +49 0.663 26.53 £4.2 2574 £5.6 0.781
Cirrhosis, n (%) 65 (31.7%) 80 (25.6%) 0.133 50 (28.7%) 95 (27.7%) 0.804
Ascites, 11 (%) 21 (10.2%) 27 (8.7%) 0.542 12 (6.9%) 36 (10.5%) 0.183
Multiple tumors, 1 (%) 60 (29.3%) 96 (30.8%) 0.716 47 (27.0%) 109 (31.8%) 0.265
Tumor size (<5 cm), n 115 (56.1%) 177 (56.7%) 0.887 77 (44.3%) 148 (43.1%) 0.811
(%)
Hepatolithiasis, n (%) 38 (18.5%) 49 (15.7%) 0.4 27 (15.5%) 60 (17.5%) 0.57
Microvascular invasion, 26 (12.7%) 26 (8.3%) 0.108 17 (9.8%) 35(10.2%) 0.877
n (%)
Vascular invasion, 1 (%) 49 (23.9%) 71 (22.8%) 0.763 37 (21.3%) 83 (24.2%) 0.455
Node positivity, n (%) 61 (29.8%) 66 (21.2%) 0.046 34 (19.5%) 93 (27.1%) 0.059
Biliary invasion, # (%) 18 (8.8%) 34 (10.9% 0.434 9 (5.2%) 43 (12.5%) 0.009
Perineural invasion, n 31(15.1%) 44 (14.1%) 0.747 20 (11.5%) 55 (16.0%) 0.166
(%)
Liver capsule invasion, n 134 (65.4%) 185 (59.3%) 0.165 123 (70.7%) 196 (57.1%) 0.003
(%)
Tumor differentiation, 38 (19.5%) 42 (14.4%) 0.325 20 (11.8%) 60 (18.9%) 0.098
poor, 1 (%)
CA19-9,>22 U/mL, n 50 (25.0%) 63 (20.6%) 0.244 142 (83.5%) 251 (74.7%) 0.054
(%)
HBsAg (positive), n (%) 77 (37.7%) 73 (23.5%) <0.001 48(27.6%) 102 (29.9%) 0.583
HCV, n (%) 2 (1.0%) 2 (0.6%) 0.738 1 (0.6%) 2 (0.6%) 0.774
Child score, n (%) 0.306 0.001
5 170 (82.9%) 269 (86.2%) 160 (92.0%) 279 (81.3%)
6 35 (17.1%) 43 (13.8%) 14 (8.0%) 64 (18.7%)
TNM stage, I11, 1 (%) 149 (72.6%) 212 (78%) 0.103 131 (75.3%) 230 (67.1%) <0.001
Overall survival, month, 15.7 (7.9-26.7) 18.8 (11.9-37.7) <0.001 19.2 (12.8-35.3) 16.7 (9.1-32.8) 0.046

median (interquartile
range)

STG, serum triglyceride; AGS, albumin-globulin score; CA19-9, cancer antigen 19-9; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus.
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deviation (SD), median (interquartile range) or proportion.
Comparison of categorical and continuous variables between
groups was performed with Student’s ¢-test, Pearsons x> test
and Analysis of variance (ANOVA). Non-parametric Mann-
Whitney U test and Kruskal-Wallis test were used to analyze
the data with the abnormal distribution. The ideal cut-
off values of TG, CHOL, LDL-C, ALB, GLB, FIB-4, and
ALBI were identified by using the software of X-tile3. The

3 http://medicine.yale.edu/lab/rimm/research/software

10.3389/fnut.2022.964591

discriminatory ability of the indexes was assessed by the
time-dependent area under receiver operating characteristic
(AUROC) analysis via the “survivalROC” package in R.
Comparison between ROC curves were performed by using
DeLong’s test via the “pROC” package in R. Kaplan-Meier
curves were depicted according to the optimal cut-off values,
and their differences between groups were determined by
comparing the cumulative survival of the included ICC patients
using the log-rank test. Cox proportional hazards regression
model was used to identify potential prognostic factors for OS
and RFS; clinical and histological parameters with P < 0.2
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in the univariate model were integrated into the multivariate
model. Comparisons between the complex and straightforward
models were conducted through decision curve analysis (DCA)
via the “rmda” package in R. P < 0.05 was considered
statistically significant.

Results

Baseline characteristics of the patients

Five hundred seventeen patients [251 (48.5%) male, mean
(SD) age, 57.2 (10.7) years] in West China Hospital and 114
patients [49 (43.0%) male, mean (SD) age, 58.3 (11.2) years] in

10.3389/fnut.2022.964591

the First Affiliated Hospital of Chongqing Medical University
were finally included into the discovery set and validation
set, respectively. The BMI of the patients was lower in the
discovery set (24.8 £ 6.2 kg/m?) than those in the validation
set (25.3 &+ 5.8 kg/m?). Liver cirrhosis was observed in 145
(28.0%) patients in the discovery set and 16 (14.0%) patients in
the validation set. All patients were classified into Child-Pugh
grade A, among which 439 (84.9%) patients in the discovery
set and 86 (75.4%) patients in the validation set were Child-
Pugh score 5. Multiple tumor nodules were detected in nearly
30% of the patients in both sets (156 (30.2%) in the discovery
set and 32 (28.1%) in the validation set). Less than half of the
patients in both sets were with tumor nodules greater than
5 cm (225 (43.5%) in the discovery set and 46 (40.4%) in the
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Kaplan—Meier curves for overall survival stratified by triglyceride (A), AGS (B), and TAG grade (C) in the validation set; decision curve analyses for
overall survival of triglyceride, AGS and TAG grade in the discovery set (D) and validation set (E); comparison of area under receiver operator
characteristic curves for TAG and CAS grade in predicting 3-year (F) and 5-year (G) overall survival in the validation set using DeLong's test; AGS,
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muscle index.
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validation set). 87 (16.8%) of the patients in the discovery set
and 21 (18.4%) of the patients in the validation set were with
intrahepatic calculus. Positive lymph nodes were revealed in 127
(24.6%) patients in the discovery set and 31 (27.2%) patients
in the validation set, respectively. The average TG levels were
1.3 + 0.6 mmol/L in the discovery set and 1.3 & 0.8 mmol/L
in the validation set. The average ALB and GLB levels were
slightly higher in the discovery set (ALB: 42.5 £ 4.7 g/L,
GLB: 29.1 £ 5.4 g/L) than those in the validation set (ALB:
38.6 & 6.9 g/L, GLB: 26.9 £ 5.2 g/L). Additionally, more than
half of the patients [361 (69.8%) in the discovery set and 71
(62.3%) in the validation set] were stratified into TNM stage
III. Patients’ characteristics at baseline were summarized in
Table 1.

Serum triglyceride level was an
independent protective factor for
intrahepatic cholangiocarcinoma

Several preoperative indexes related to serum lipid levels
(TG, CHOL, and LDL-C) were compared, among the three
indexes, only the serum TG level presented the discriminative
ability for surgically treated ICC patients (Supplementary
Figure 1); likewise, the upper limit of normal (ULN,

10.3389/fnut.2022.964591

1.83 mmol/L) of TG was evaluated, no significant difference
in the OS and RFS between the patients with and without
hyperlipidemia (Supplementary Figure 2).

Therefore, 1 mmol/L was determined as the optimal
cut-off value for serum TG level; 312 patients were with
higher TG levels (=1 mmol/L) and 205 patients were
with lower levels (<1 mmol/L) in the discovery set, the
correlations of characteristics with the serum triglyceride levels
in the discovery and validation sets were demonstrated in
Table 2 and Supplementary Table 1, respectively. Kaplan-
Meier analysis suggested that the patients with higher TG
levels had better OS and RFS than those with lower TG levels
(median OS: 27.1 months vs. 21.5 months) (Figures 1A,B),
a similar difference was further found in the validation set
(Figure 2A). Models represented the preoperative hepatic
function including the FIB-4 and ALBI score were also
calculated; the discriminative capability of these two models
and TG level to 1-, 3-, and 5-year OS and RFS were
compared by using ROC; the AUC of TG were superior
to that of FIB-4 and ALBI (Supplementary Figure 3).
Consistently, multivariate analyses using the Cox proportional
hazard model revealed that increased serum TG level was
an independent protective factor for both the OS and RFS
(OS: Hazard ratio, 0.66, P = 0.0014; RFS: Hazard ratio, 0.69,
P =0.0012) (Table 3).

TABLE 3 Multivariate analyses to determine independent predictors of overall survival and recurrence-free survival in the discovery set.

Variables Overall survival Recurrence-free survival

HR 95% CI P-value HR 95% CI P-value
Gender, female/male 0.89 0.70-1.15 0.4026 1.01 0.81-1.26 0.9562
Age, >60/ <60 (years) 1.10 0.86-1.4 0.4402 1.03 0.84-1.29 0.7327
Impaired fasting glucose, >7/<7 (mmol/L) 1.42 0.89-1.97 0.0452 1.23 0.97-1.61 0.0997
Hepatolithiasis 1.11 0.82-1.53 0.4890 0.87 0.64-1.17 0.3567
Tumor number, Multiple/single 1.61 1.24-2.09 0.0003 1.62 1.28-2.05 <0.0001
Tumor size, >5/<5 (cm) 1.11 0.84-1.44 0.4652 1.22 0.96-1.56 0.1063
Tumor differentiation
Well Reference Reference
Moderate 1.30 0.73-2.34 0.3733 1.74 1.01-2.98 0.0463
Poor 2.26 1.21-4.26 0.0110 2.15 1.19-3.87 0.0110
Microvascular invasion 1.18 0.82-1.70 0.3746 1.42 1.02-1.99 0.0389
Node positivity 1.70 1.28-2.25 0.0002 1.38 1.06-1.79 0.0151
Liver capsule invasion 0.93 0.71-1.21 0.5752 0.96 0.76-1.23 0.7842
Perineural invasion 1.42 0.99-2.02 0.0501 1.24 0.89-1.72 0.1981
STG, >1/<1 (mmol/L) 0.66 0.52-0.85 0.0014 0.69 0.55-0.87 0.0014
CAS
Grade 1 Reference Reference
Grade 2 1.54 1.14-2.06 0.0044 1.40 1.08-1.81 0.0100
Grade 3 2.84 1.90-4.24 <0.0001 2.29 1.58-3.33 <0.0001
CA199 grade, >22/<22 (U/ml) 1.92 1.44-2.57 <0.0001 1.49 1.14-1.95 0.0035

STG, serum triglyceride; CA19-9, cancer antigen 19-9; CAS, combination of albumin-globulin score and skeletal muscle index.
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Albumin-globulin score was associated
with prognosis of intrahepatic
cholangiocarcinoma patients after
curative resection

Intrahepatic cholangiocarcinoma Patients were stratified
into two groups according to the AGS; higher AGS stratification
(1, 2) was associated with poor OS and RFS than the lower
AGS stratification (0) in the discovery set (Figures 1C,D). In the
validation set, marginal significance was likewise obtained on
the difference between the two groups (P = 0.132) (Figure 2B).
The correlations of clinicopathological characteristics with the
AGS in the discovery and validation sets were exhibited in
Table 2 and Supplementary Table 1.

The proposal and validation of
triglyceride-albumin-globulin grade

The (TAG) grade
proposed as follows: patients with high TG level (>1 mmol/L)
and low AGS (0) were classified into TAG grade 1, those
with low TG level (<1 mmol/L) and high AGS (1, 2) were
classified into TAG grade 3, the rest of the patients were

triglyceride-albumin-globulin was
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classified into TAG grade 2. In the discovery set, the patients
in TAG grade 2 had superior 1-, 3-, and 5-year cumulative
OS and RFS than those in TAG grade 3 (OS: 69.4, 24.1, and
8.6% vs. 57, 17.7, and 3.7%; RFS: 48.9, 16.2, and 6.8% vs. 34.1,
10.4, and 2.2%), but worse than those in TAG grade 1 (OS:
69.4, 24.1, and 8.6% vs. 83.7, 28.8, and 11.5%; RFS: 48.9, 16.2,
and 6.8% vs. 60.6, 24, and 9.6%) (Figures 3A,B). A similar
result was also generated in the patients of the validation set
(Figure 2C). Moreover, the TAG grade possessed stronger
predictive ability than the single use of TG or AGS through
the result of time-dependent AUC analysis (Figures 3C,D).
Subgroup analyses were conducted to further validate the
efficacy of TAG grade in multiple clinical conditions, including
different gender, age, number and diameter of tumor nodules,
tumor differentiation, CA19-9 level and Child score; with or
without liver cirrhosis, vascular invasion, positive lymph node,
perineural and liver capsule invasion. The results of subgroup
analyses shown in Figures 4A,B suggested that the ICC patients
in higher TAG grades were related to decreased OS and RFS
in various clinical conditions. Survival analyses based on Cox
proportional hazard models in the discovery and validation
sets presented that the TAG grade remained the independent
risk factor for postoperative outcomes of surgically treated
ICC patients (Table 4 and Supplementary Table 3). As shown
in Figures 2D,E, the TAG grade demonstrated preferable net
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receiver operating characteristic; AGS, albumin-globulin score; TAG grade, triglyceride-albumin-globulin grade.
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benefits within a wider range of threshold probability than
the single use of either TG or AGS in predicting OS for the
patients in both the discovery and validation sets. Moreover,
in the validation set, the predicting abilities of the TAG grade
were superior to the CAS grade in our previous study (21)
(Figures 2F,G). The correlations between clinical characteristics
and the TAG grade in the discovery and validation set were
presented in Table 5 and Supplementary Table 2.

A Overall survival

Discussion

10.3389/fnut.2022.964591

The present study revealed that elevated preoperative serum

TG was an independent protective factor for ICC patients

after curative liver resection. TG showed the greatest predictive

effectiveness among several parameters related to hepatic

function and serum lipid level. Likewise. AGS demonstrated

discriminative capability in predicting long-term surgical

Subgroup HR (95%Cl) P value Subgroup HR (95%Cl) P value
Overall —— 2.03(1.41-2.91) 0.0001 Overall — 1.47(1.15-1.88) 0.0021
Gender Gender
Male —— 1.93(1.18-3.16) 0.0083 Male —— 1.7(1.21-2.4) 0.0021
Female —— 2.16(1.27-3.69) 0.0044 Female Toe— 1.23(0.85-1.76)  0.2596
Age Age
<60 yr —— 2.28(1.4-3.71) 0.0008 <60 yr ro— 1.17(0.83-1.63) 0.3513
260 yr ——— 1.73(1.01-2.96)  0.0455 260 yr ——e—— 2.08(1.43-3.01) 0.0001
Cirrhosis Cirrhosis
No —— 2.16(1.39-3.35) 0.0005 No = 1.32(0.98-1.79) 0.0657
Yes e 1.74(0.91-3.32) 0.0885 Yes —e——  1.76(1.13-2.75) 0.0118
Tumor numbers Tumor numbers
Solitary ——t 1.95(1.24-3.07) 0.0034 Solitary —— 1.56(1.14-2.13)  0.0044
Multiple —— 2.14(1.18-3.9) 0.0123 Multiple —— 1.25(0.82-1.89)  0.284
Tumor diameters Tumor diameters
<5cm ——— 1.75(1.01-3.02)  0.0444 <5cm —— 1.64(1.12-2.4)  0.0109
25cm —— 2.26(1.41-3.66) 0.0008 25cm —— 1.33(0.96-1.84) 0.08
Vascular invasion Vascular invasion
No —— 2.32(1.51-3.56)  0.0001 No —— 1.52(1.14-2.03) 0.0037
Yes o 1.36(0.69-2.69) 0.3637 Yes T 1.33(0.81-2.18) 0.2564
Lymph node metastasis Lymph node metastasis
No —— 2.04(1.34-3.10)  0.0008 No —o— 1.32(0.97-1.81) 0.0714
Yes - 1.47(0.72-3.01) 0.2838 Yes —— 1.67(1.1-2.53) 0.0155
Perineural invasion Perineural invasion
No —— 2.07(1.4-3.05) 0.0002 No —— 1.47(1.12-1.93) 0.0051
Yes —t—e—— 1.6(0.61-4.18) 0.3367 Yes - 1.42(0.79-2.57) 0.2388
Liver capsule invasion Liver capsule invasion
No —————— 2.19(1.09-4.38) 0.0267 No —— 1.43(0.96-2.14) 0.0763
Yes —— 2(1.31-3.07) 0.0013 Yes j——r 1.47(1.07-2.02) 0.0148
Tumor differentiation Tumor differentiation
Well —_—— 2.67(1.71-4) 0.1005 Well ——— 0.5(0.13-1.91) 0.3125
Moderate —— 1.82(1.22-2.73)  0.0032 Moderate —— 1.53(1.14-2.07) 0.0047
Poor —— 2.93(1.88-3.72) 0.0782 Poor +—e—— 1.59(0.91-2.77) 0.1022
CA19-9 CA19-9
<22U/ml — 2.3(1.46-3.63) 0.0003 <22U/ml —— 1.49(1.1-2.02)  0.0091
222U/ml o 1.36(0.74-2.49) 0.3141 222U/ml —o— 1.18(0.75-1.86) 0.4533
Child score Child score
5 —— 2.21(1.48-3.3) <0.0001 5 —— 1.5(1.13-1.98) 0.004
6 —_—— 1.04(0.45-2.42) 0.9151 6 —te— 1.2(0.69-2.09)  0.507

—————r—r—r— ——

05 1 15 2 25 3 35 4 a5 o os 1 15 2 25 3

TAG grade() TAG grade(2) TAG grade() TAG grade()
B Recurrence-free survival
Subgroup HR (95%CIl) P value Subgroup HR (95%Cl) P value
Overall [— 1.36(1.02-1.82) 0.0323 Overall e 1.54(1.22-1.94) 0.0002
Gender Gender
Male —— 1.46(0.97-2.19) 0.0651 Male —— 1.84(1.33-2.55) 0.0002
Female - 1.27(0.85-1.92) 0.2357 Female - 1.28(0.92-1.78) 0.1363
Age Age
<60 yr —— 1.4(0.95-2.05) 0.0807 <60 yr - 1.35(0.99-1.84) 0.0555
260 yr T 1.32(0.85-2.04) 0.2115 260 yr — 1.95(1.37-2.77)  0.0002
Cirrhosis Cirrhosis
No —— 1.38(0.99-1.94) 0.0571 No - 1.36(1.03-1.8)  0.0282
Yes - 1.25(0.72-2.17)  0.4227 Yes —a—— 201(1.31-3.09) 0.0013
Tumor numbers Tumor numbers
Solitary - 1.33(0.92-1.91) 0.1198 Solitary —— 1.84(1.38-2.46) <0.0001
Multiple . 1.46(0.91-2.34) 0.1115 Multiple —_— 0.98(0.67-1.45) 0.9582
Tumor diameters Tumor diameters
<5cm —— 1.14(0.73-1.79)  0.5442 <5cm —— 1.62(1.13-2.34)  0.0089
25cm —— 1.55(1.07-2.26)  0.0201 25cm —— 1.49(1.1-2) 0.0088
Vascular invasion Vascular invasion
No —— 1.42(1.02-1.98) 0.0362 No —— 1.64(1.26-2.14) 0.0002
Yes - 1.21(0.68-2.16) 0.5119 Yes T 1.26(0.78-2.03) 0.3256
Lymph node metastasis Lymph node metastasis
No - 1.31(0.94-1.81)  0.0999 No —— 1.5(1.13-1.99)  0.0043
Yes —— 1.17(0.62-2.2) 0.6135 Yes - 1.52(1.01-2.29) 0.0404
Perineural invasion Perineural invasion
No —-— 1.4(1.03-1.91)  0.0303 No —_— 1.54(1.19-1.98) 0.0008
S —— 0.96(0.43-2.15) 0.9356 S —— 1.56(0.88-2.76) 0.124
Liver capsule invasion Liver capsule invasion
No —t— 1.26(0.74-2.17) 0.3853 No —— 1.62(1.1-2.39) 0.0141
Yes —— 1.49(1.06-2.1)  0.0208 Yes —— 1.44(1.08-1.92) 0.013
Tumor differentiation Tumor differentiation
Well ——®— 1.85(0.49-3.45) 0.3568 Well —— 0.49(0.12-1.92)  0.3133
Moderate - 1.31(0.95-1.8)  0.0935 Moderate —— 1.56(1.18-2.05) 0.0014
Poor — 1.68(0.64-2.36) 0.2863 Poor —a— 1.91(1.12-3.25) 0.0168
CA19-9 CA19-9
<22U/ml —-— 1.41(1-1.98) 0.044 <22U/ml —— 1.56(1.18-2.06) 0.0015
222U/ml —— 1.24(0.7-2.21)  0.4539 222U/ml — 1.38(0.89-2.15) 0.1485
Child score Child score
5 —— 1.44(1.05-1.97) 0.0201 5 —_— 1.61(1.25-2.09) 0.0003
6 ——— 0.73(0.34-1.57) 0.4313 6 —— 1.16(0.68-1.98) 0.5749
———r—r—r— ——
0s 1 15 2 25 3 3s 0 0s 1 15 2 25 3 3s
TAG grade(1) TAG grade(2) TAG grade(2) TAG grade(3)

FIGURE 4

Subgroup analyses to assess the discrimination ability of the TAG grade for overall survival (A) and recurrence-free survival (B) in patients with
different clinical characteristics; HR, hazard ratio; Cl, confidence interval; TAG grade, triglyceride-albumin-globulin grade.
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outcomes of the ICC patients. The serum TG level and AGS
were further combined into a novel nutrition grade called
TAG grade, the ICC patients in different TAG grades displayed
markedly different postoperative survival rates; these differences
were maintained in various subgroups as well. Additionally,
with superior predictive ability than the TG and AGS, the TAG
grade was a desirable model in the prognosis prediction of ICC
patients who underwent curative hepatectomy.

There is evolving evidence that preoperative serum markers
play essential roles in the prognosis prediction of patients with
primary liver cancers. Conventional markers including AFP,
PIVKA-II, and carbohydrate antigen 19-9 (CA19-9) have been
extensively studied and applied in HCC and ICC patients (26,
27). By combining inflammation-related indexes (counts of
lymphocyte, monocyte, neutrophil and platelet; concentration
of C-reactive protein) and liver function parameters [levels of
bilirubin, albumin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and
gamma-glutamyl transpeptidase (GGT)], several prognostic
scores including the Glasgow Prognostic Score (GPS),
Prognostic Nutritional Index (PNI), and lymphocyte-C-reactive
protein ratio (LCR) were introduced and validated in predicting
outcomes of ICC patients following surgical treatments (28, 29).
Nutritional status has been broadly reported to be implicated in

10.3389/fnut.2022.964591

cancer progression and prognosis (30); an effective nutritional
assessment before surgery is crucial for achieving optimal short-
and long-term survival of ICC patients. In our previous study
(21), the SMI generated from the CT was used to evaluate the
nutritional status of ICC patients prior to the operation, which
exhibited a good clinical efficacy. However, interpretation
of the radiographic based SMI required the assistances of
the experienced radiologists, which limited its application,
especially in primary health-care facilities. therefore, an
easy-to-use serological index was needed. Notwithstanding,
serological indicators for preoperative evaluation of nutritional
status are limited.

TG is the most common type of fat derived from dietary
intake or extra calories. The correlation between circulating
TG concentration and a range of metabolic diseases including
diabetes and CHD has been extensively studied recently (31, 32).
In 1991, elevated serum TG level was reported to be associated
with a higher incidence of developing breast cancer (33). In the
male population, fasting TG and glucose levels were significantly
correlated with the risk of non-small-cell lung cancer (34). In
a large cohort study involving 1,56,153 participants in Austria,
serum TG concentration was found to be positively or reversely
associated with multiple malignancies (13). Liu et al. (14)
demonstrated that the serum TG level less than 0.81 mmol/L

TABLE 4 Univariate and multivariate analyses to determine independent predictors of overall survival in the discovery set.

Variables Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Gender, female/male 0.8073 0.64-1 0.0606 0.828 0.64-1.06 0.1348
Age, >60/ <60 (years) 0.9603 0.76-1.2 0.7239
Cirrhosis 1.2573 0.98-1.6 0.066 1.6133 1.23-2.12 0.0006
Hepatolithiasis 1.3263 1.1-1.75 0.0484 1.1299 0.83-1.55 0.4465
Tumor number, multiple/single 1.6661 1.32-2.1 <0.0001 1.6544 1.27-2.15 0.0002
Tumor size, >5/ <5 (cm) 1.2161 0.96-1.52 0.0916 1.1344 0.87-1.48 0.3523
Tumor differentiation
Well Reference Reference
Moderate 1.79 1.02-3.13 0.0415 1.188 0.67-2.12 0.5602
Poor 2.6893 1.46-4.92 0.0014 1.8792 1-3.53 0.0497
Microvascular invasion 1.7008 1.22-2.37 0.0018 1.1927 0.83-1.71 0.3411
Vascular invasion 1.1532 0.89-1.49 0.2816 0.9944 0.74-1.33 0.9699
Node positivity 2.3488 1.85-2.98 <0.0001 1.8416 1.39-2.43 <0.0001
Liver capsule invasion 1.0749 0.85-1.35 0.5392
Perineural invasion 1.5583 1.15-2.11 0.004 1.3597 0.95-1.94 0.0892
TAG grade
1 Reference Reference
2 2.0244 1.41-2.9 0.0001 1.9632 1.35-2.86 0.0004
3 2.9832 2.04-4.37 <0.0001 2.443 1.64-3.65 <0.0001
CA199 grade >22/<22 (U/ml) 2.5093 1.96-3.21 <0.0001 2.0296 1.52-2.72 <0.0001
HBV 1.1162 0.87-1.43 0.3783

TAG grade, triglyceride-albumin-globulin grade; CA19-9, cancer antigen 19-9; HBV, hepatitis B virus.
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was a predictor for a worse prognosis of HCC patients in
the absence of liver cirrhosis. Andreotti et al. (15) reported
a positive correlation between STG and biliary malignancies
(gall bladder, extrahepatic bile duct and the ampulla of Vater).
Interestingly, a robust negative correlation between TG level and
poor prognosis of ICC patients following liver resection was
discovered in the present study. Apart from conventional risk
factors such as primary sclerosing cholangitis, biliary tract cysts
and hepatolithiasis for both ECC and ICC; chronic hepatitis,
obesity, alcoholic, and non-alcoholic liver diseases are emerging
as major concerns in the etiology of ICC (35). These diversities
may explain why the increased STG levels were associated with
higher prevalence of ECC but better prognosis of ICC.

The mechanism underlying the relationship between TG
and liver cancer has not been fully elucidated. Lipid metabolism
is emerging as an essential factor in tumor initiation and
progression; several targets evolved in lipid metabolism
have been reported as potential therapeutic targets in the
treatment of primary liver cancer. During the De- novo
FA synthesis of liver cancer, glucose is taken up in the
HCC cell and converted into FA for storage in the form
of TG, which plays crucial roles in cancer cell survival by
inducing autophagy, influencing intracellular signaling and

10.3389/fnut.2022.964591

gene expression, meanwhile increasing energy production (36).
Related targets include SCD1 (37), FASN (38) and ACC (39)
and their inhibitors have been intensely investigated in the
proliferation and metastasis of liver cancer. Moreover, some of
the canonical cancer signal transduction pathways such as AMP-
activated protein kinase (AMPK) (40), Wnt and Ras pathways
were considered to have an impact on TG composition, thus
affecting hepatic tumorigenesis (41).

The ALB is one of the most frequently used markers for
evaluating the nutritional statuses of cancer patients (42). Serum
ALB may act as a tumor suppressor through the following
mechanisms: on the one hand, the activated pro-inflammatory
cytokines including IL-6 and TNF-a inhibit the secretion of ALB
by hepatic cells, these cytokines are critical molecules driving
liver cancer progression (43); on the other hand, ALB serves as a
stabilizer of cell growth and DNA replication by scavenging the
free radicals, thereby maintains the endocrine homeostasis (44).

Given the prognostic values of TG and AGS in
surgically treated ICC patients, a novel nutritional model
(TAG grade) was proposed by combining these two
markers. The TAG grade exhibited optimal discriminatory
clinical

capability and reliable efficacy, superior to

the CT-based CMI grade in our previous study (21).

TABLE 5 Comparison of characteristics with the different TAG grades of 517 ICC patients treated with surgical resection in the discovery set.

Characteristics TAG grade

1(n=104) 2 (n=278) 3 (n=135) P-value
Age, mean & SD 57.7 £10.3 57.6 £ 10.9 56.1 £10.4 0.332
Gender, male, n (%) 54 (51.9%) 128 (46.0%) 69 (51.1%) 0.466
BMI kg/mz, mean + SD 249+48 26.1£43 28.6 £5.9 0.635
Cirrhosis, n (%) 31 (29.8%) 68 (24.5%) 46 (34.1%) 0.113
Ascites, 11 (%) 10 (9.6%) 19 (6.8%) 19 (14.1%) 0.059
Multiple tumors, 1 (%) 30 (28.8%) 83 (29.9%) 43 (31.9%) 0.869
Tumor size (<5 cm), n (%) 45 (43.3%) 122 (43.9%) 58 (43.0%) 0.983
Hepatolithiasis, 7 (%) 16 (15.4%) 44 (15.8%) 27 (20.0%) 0.516
Microvascular invasion, n (%) 10 (9.6%) 23 (8.3%) 19 (14.1%) 0.182
Vascular invasion, n (%) 24 (23.1%) 60 (21.6%) 36 (26.7%) 0.517
Node positivity, n (%) 15 (14.4%) 70 (25.2%) 42 (31.1%) 0.011
Biliary invasion, 7 (%) 6 (5.8%) 31 (11.2%) 15 (11.1%) 0.266
Perineural invasion, n (%) 12 (11.5%) 40 (14.4%) 23 (17.0%) 0.487
Liver capsule invasion, 7 (%) 74 (71.2%) 160 (57.6%) 85 (63.0%) 0.049
Tumor differentiation, poor, n (%) 10 (9.9%) 42 (16.2%) 28 (22.0%) 0.176
CA19-9, >22 U/mL, n (%) 83 (81.4%) 219 (80.5%) 91 (68.9%) 0.019
HBsAg (positive), n (%) 22 (21.2%) 77 (27.8%) 51 (38.1%) 0.013
HCV, n (%) 0 (0.0%) 2 (0.7%) 1(0.7%) 0.803
Child score, n (%) 0.008
5 94 (90.4%) 241 (86.7%) 104 (77.0%)
6 10 (9.6%) 37 (13.3%) 31 (23.0%)
TNM stage, III, 1 (%) 79 (76.0%) 185 (66.5%) 97 (71.8%) 0.056
Overall survival, month, median (interquartile range) 20.1 (14.0-38.1) 17.9 (10.7-33.5) 14.0 (7.2-27.4) <0.001

TAG grade, triglyceride-albumin-globulin grade; CA19-9, cancer antigen 19-9; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus.
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This study is noticeable in the following aspects. Firstly, this
was the first study to elucidate the correlation between serum TG
and prognosis of ICC in a large cohort of 631 patients including
multiple medical centers. Secondly, as far as we are aware, this
was the first study that combined serum TG, ALB, and GLB
levels to assess the long-term survival of ICC patients after
curative resection. The results may be profitable for nutritional
assessment and patient selection prior to surgical treatment.

Despite the positive outcomes, there were significant
restrictions: (1) the two involved centers were situated in
the southwest part of mainland China, because of the high
frequency of hepatolithiasis in this area, the accuracy of the
TAG grade may be restricted by the etiological agents and
retrospective design, further prospective worldwide studies were
required to confirm our initial findings. (2) A small part of
patients underwent retreatment at different medical facilities
following tumor recurrence; as a result, this study was unable
to examine the impact of postoperative treatment for recurrent
ICC, which may affect the outcomes of this part of patients.
(3) The glucose level was not assessed as a covariate; given the
potential impact that the hyperglycemia had on the TG level, the
results might be confounded.

Conclusion

Elevated serum TG concentration was independently
associated with better long-term outcomes of ICC patients
following curative hepatectomies. It is beneficial to consider the
proposed TAG grade as a surrogate nutritional score in risk
classification for surgically treated ICC patients.
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Hospital, Sichuan University, Chengdu, China

Objective: This meta-analysis aims to assess whether the prognostic
nutritional index (PNI) score before treatment can be an independent
biomarker of the prognosis of patients with upper tract urothelial carcinoma
(UTUQ).

Materials and methods: We systematically search PubMed, Embase, Scopus
database, and Cochrane Library,and the search time is up to April 2021. Use
STATA 16.0 software for data processing and statistical analysis.

Results: Six studies, including seven cohorts, were eventually included in
our meta-analysis. The meta-analysis results showed that low PNI scores
are associated with worse OS (HR: 1.92; 95% Cl 1.60 to 2.30; P < 0.01),
DFS/RFS/PFS (HR: 1.57; 95% CI 1.33 to 1.85; P < 0.01), and CSS/DSS (HR:
1.79; 95% Cl 149 to 2.16; P < 0.01), which supported the PNI score as
an independent prognostic biomarker for survival outcomes. The subgroup
analysis and Begg's test showed that the results were stable.

Conclusion: Based on current evidence, this meta-analysis proves that
the PNI score of UTUC patients before treatment is an independent
prognostic biomarker. It performs well on OS, DFS/RFS/PFS, and CSS/DSS.
This conclusion needs to be verified by a prospective cohort study with larger
sample size and a more rigorous design.

Systematic review registration: [https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42022338503], identifier [CRD42022338503].

prognostic nutritional index, upper tract urothelial carcinoma, prognostic biomarker,
meta-analysis, PNI
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Introduction

Upper tract urothelial carcinoma (UTUC) is a malignant
tumor, that locates from the calyx system to the distal ureter.
UTUC is relatively rare, accounting for only 5-10% of urothelial
carcinoma (1, 2). Currently, the standard treatment of non-
metastatic UTUC remains radical nephroureterectomy (RNU)
with bladder cuft excision. However, approximately 60% of
patients with UTUC are invasive at diagnosis, and the prognosis
is poor (3). Previous studies show that the 5-year specific
survival is < 50% for UTUC patients with pT2 or pT3
and < 10% for pT4 (2). Some preoperative and postoperative
factors, such as tumor stage, tumor grade, tumor size, and
lymph node involvement, were suggested to predict prognosis
in UTUC (4). Nonetheless, not every UTUC patient can
receive surgical treatment or undergo radical surgery (5). Thus,
the potential pretreatment prognostic marker is particularly
important in UTUC.

The prognostic nutritional index (PNI) was originally
described by Onodera et al. (6), which were calculated by
serum albumin levels and peripheral lymphocyte count (7). PNI
is a simple and easily accessible index used to evaluate the
perioperative immune and nutritional status and risk of post-
operative complications (8). Research has shown that PNI has
been validated as an independent prognostic factor for various
types of cancer (8-10).

Although some studies have been published, the role of PNI
as a predictor of prognosis is still controversial in UTUC (7,
11). This study aims to evaluate whether the PNT may serve as
an independent prognostic biomarker for patients with upper
tract urothelial carcinoma, to assist clinicians in improving the
prognosis of UTUC patients.

Materials and methods

Literature search and eligibility criteria

Based on the guidelines of Preferred Reporting Items for
Systematic Reviews (12), we performed a systematic search
to identify studies in PubMed, Embase, Scopus database,
and Cochrane Library. The latest search time was April
2022. Search terms included: “upper tract urothelial cancer,
“UTUC “malignant tumor” “radical nephroureterectomy,

» «

“treatment, I*) «

surgica prognostic nutritional index,” “PNI;
“predict®,” “prognostic*;” “factor] “indicators.” Combine the
above search fields with logical operators to get as many search
results as possible. Besides, some research references were
searched manually.

The inclusion and exclusion of the study were as follows:
(1) Upper tract urothelial cancer was pathologically diagnosed,
and there were no other types of malignant or metastatic cancer.

(2) Before treatment, the prognostic nutritional index was
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calculated. (3) All the patients received surgical intervention:
NU or RNU and did not receive other surgical treatment during
the same period. (4) The researchers followed up with the
patients for a certain period and were able to obtain at least
one of the over survival (OS), cancer-specific survival (CSS),
disease-specific survival (DSS), recurrence-free survival (RFS),
progression-free survival (PES), or disease-free survival (DFS).
(5) The effects between the low PNI group and the high PNI
group on the prognosis of surgical patients were evaluated,
and the hazard ratio (HR) was presented in the study. (6) The
design type of included study was retrospective or prospective.
Letters, case reports, reviews, repeated studies, studies unrelated
to the topic, animal experiments, and research without available
data were excluded.

The process of identifying studies completed
independently by two authors (CM and LG). At the same
time, data extraction and quality assessment were performed

was

for the included studies. Negotiating between the two authors
resolved the differences, and a consensus result was reached.

Quality evaluation

Based on the results of the identifying process, we used the
NOS scale to assess the quality of included studies (13). The scale
includes three question areas for selection, comparability, and
exposure. The scale ranged from zero to nine stars, and studies
with a score of six stars or more were considered high quality.

Data extraction

The researchers used the standard table to extract the
following information from included studies: first author’s
name, publication year, region, study design, sample size,
intervention, mean age, cutoff value, follow-up time,
survival statistics, hazard ratio (HR) and 95% confidence

intervals (95% CI).

Data analysis

Data analysis was done by using Stata version 16.0
(StataCorp LP, University City, Texas, United States). Using the
HR and its 95% CI of the multivariate analysis in each study
to assess the importance of the PNI score for the prognosis
of UTUC patients. In the meta-analysis, when the effect index
is HR, the risk ratio is usually taken as the logarithm as the
effect value (14). Therefore, we enter commands in the Stata 16
software to find the logarithmic values of HR, the upper limit
of HR’s 95% CI, and the lower limit of HR’s 95% CI, and then
perform the meta-analysis. The others can be extracted directly
from the original study without conversion. We performed
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the Q test and %2 test to value the heterogeneity between the
included literatures. If I? > 50%, the differences between the
studies are considered significant, and random effect models are
used (15). In addition, a sensitivity analysis is also carried out
on this basis (16). We did subgroup analyses for each survival
statistic based on the cutoft value. Begg’s test was used to test for
publication bias between studies, and P < 0.05 was considered
biased (17).

Results

Description of studies

By the search process, 214 studies were screened from the
established database, and two studies were searched manually.
Six studies, including seven cohorts, were eventually included in
our meta-analysis (7, 11, 18-21). The detailed systematic search
process is shown in Figure 1. The baseline data of the included
studies are given in Table 1, including age, region, type of study

10.3389/fnut.2022.972034

design, sample size, surgical type, cutoff value, follow-up time,
grouping, and survival outcomes. Six studies, including 2,324
patients, were published between 2015 and 2022. The included
studies were all retrospective studies.

Quality assessment

According to the scoring rules of the NOS scale, we assessed
the quality of the studies. The quality scores of the included
studies are recorded in Table 2. The quality scores of all included
studies are > 6 stars and are considered high quality.

Survival outcomes

The relationship between over survival and
prognostic nutritional index score

Five studies, including six cohorts, revealed the correlation
between preoperative PNI score and OS (7, 11, 18, 20, 21).
According to the results of the heterogeneity test, there was

[ Identification of studies via databases and registers ]
S
Records removed before
c . . screening:
S Records identified from: Duplicate records removed
§ PubMed, Embase, Scopus, (n=0)
= Cochrane Library Databases > Records marked as
E (n=126) ineligible by automation
° tools (n =0)
Records removed for other
reasons (n =0)
—J
) 4
Records screened Records excluded
—>
(n =42) (n=84)
\4
Reports sought for retrieval Reports not retrieved
—
= (n=42) (n=0)
=
o
g
& A4
Reports assessed for eligibility _
(n=11) »| Reports excluded:
Review article (n = 2)
Did not met criteria (n = 2)
Incomplete data (n=1)
e
\ 4
H
e Studies included in review
S (n=6)
=
e

FIGURE 1
Flow diagram of the studies selection process.
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no heterogeneity among the studies (I> = 0%), and a fixed
effects model was used to combine the effect size of each study.
The outcomes of the meta-analysis demonstrated that lower
preoperative PNI scores were associated with poorer OS (HR:
1.92; 95% CI 1.60 to 2.30; P < 0.01 Figure 2A).

The relationship between disease-free
survival/recurrence-free
survival/progression-free survival, and
prognostic nutritional index score

A total of five eligible studies revealed the prognostic role
of pre-treatment PNI score on DFS/RFS/PFS in patients with
UTUC (7, 11, 19, 21). Since there was no heterogeneity among
studies (I> = 0%), we used a fixed effects model to perform
the meta-analysis. The ultimate result showed that the lower
the preoperative PNI score of UTUC patients, the decreased
their DFS/RFS/PFS (HR: 1.57; 95% CI 1.33 to 1.85; P < 0.01
Figure 2B).

The relationship between cancer-specific
survival/disease-specific survival, and
prognostic nutritional index score

Six studies, including seven cohorts, showed the correlation
between preoperative PNI score and CSS/DSS (7, 11, 18-21).
Given the heterogeneity test outcome (I = 0%), we used the
fixed effects model. Our results suggested that a lower level of
preoperative PNI was associated with decreased CSS/DSS (HR:
1.79; 95% CI 1.49 to 2.16; P < 0.01 Figure 2C).

Subgroup analysis

Owing to the lack of sufficient data, subgroup analysis was
only performed in terms of cutoff value. Stratified analysis by
the size of cutoff value also showed that a low pre-treatment
PNI score was associated with the worse OS, DFS/RES/PES, and
CSS/DSS (Table 3).

Sensitivity analysis

Sensitivity analysis was performed by excluding one single
study once a time and recalculating the effect size of the
remaining part. It reflected the impact of the individual on the
whole. The result of our sensitivity analysis showed that no
single study significantly influenced the pooled HR and 95% CI.
This meant that our results were stable (Figure 3).

Publication bias

In terms of OS or DFS/RFS/PES or CSS/DSS, Publication
bias was evaluated by Begg’s test. The P values of them were all
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TABLE 2 Quality evaluation of the eligible studies with Newcastle—Ottawa scale.

Study Selection Comparability Exposure Total points
REC SNEC AE DO SC AF AO FU AFU
Kim et al. (19) - * * - * * * * * 7
Huang et al. (20) * * * * * " ) . p
Xueetal. (21) * * * * * * _ * 7
Ttami et al. (18) * * * * * . . ) p
Zheng etal. (11) * * * * * * _ * 7
Zheng etal. (11) * * * * * - * _ * 7
Liuetal. (7) * * * * * _ * _ * 7

REC representativeness of the cohort, SNEC selection of the none posed cohort, AE ascertainment of exposure, DO demonstration that outcome of interest was not present at start

of study, SC study controls most important factors, AF study controls for other important factors, AO assessment of outcome, FU follow-up long enough for outcomes to occur, AFU
adequacy of follow-up of cohort (> 80%). *Indicates criterion met, -indicates significant of criterion not met.

above 0.05, showing no significant publication bias was found
(Figure 4). That is to say, the results of our meta-analysis were
reliable based on the available articles.

Discussion

Although RNU was the standard treatment for UTUC,
approximately one-third of UTUC patients who undergo
surgery will experience early recurrence, and 80% of them will
eventually die from UTUC (22). The current pre-operative
prognostic indicters, such as c-reactive protein (23), fibrinogen
(24), pre-treatment lymphocyte-monocyte ratio (25), and pre-
treatment neutrophil-to-lymphocyte ratio (26), are helpful to
the prediction of survival outcomes of UTUC patients, but it
only focuses on inflammatory conditions. As is well-known, the
nutritional status of tumor patients is closely related to their
prognosis (27). Based on body mass index, serum albumin,
and preoperative weight loss, Gregg et al. developed a simple
model to predict 90-day mortality and 3-year OS in patients with
bladder cancer (28). Moreover, a study conducted by Huang
et al. (29) showed that decreased preoperative pre-albumin
levels as an independent prognostic factor for CSS and OS in
patients with UTUC.

Prognostic nutritional index (PNI) was a simple and
accessible preoperative indicator
comprehensive and objective assessment of the inpatient’s

that could provide a

condition. Due to the particularity of the PNI score
composition, it could reflect the body’s protein metabolism and
immune function, which were usually associated with the body’s
nutritional status and immune response. Several retrospective
studies have reported that PNI may be one of the potential
predictors of postoperative survival outcomes in UTUC patients
(7, 18). Consequently, we performed a meta-analysis to evaluate
the impact of PNI on the prognosis outcomes in UTUC patients
after surgical treatment.
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This meta-analysis provided an evidence-based medicine
analysis of six published studies exploring the prognostic
and survival indicators of PNI in patients with UTUC.
Our results showed that low PNI scores are associated with
worse OS, DFS/RFS/PES, and CSS/DSS, which supported
the PNI score as an independent prognostic biomarker for
survival outcomes.

Increasing evidence shows that the presence of nutritional
deficiencies and systematic inflammatory response might play
an important position in the development and progress of
human cancers (30). Albumin is the main component of
serum proteins, reflecting the nutritional status of the human
body to a certain extent. It could regulate inflammatory
reaction and exert antioxidant effects against carcinogens
(31). In addition, low albumin levels reflect nutritional
deficiencies, which could lead to reduced immune function
and poor anticancer response (32). Recently, studies have
shown that preoperative low albumin is an independent
predictor of poor prognosis in patients with malignant
tumors (33, 34). A study involving 214 glioblastoma patients
have shown that serum albumin levels correlated with OS
(HR = 0.966; 95% CI 0.938 to 0.995, P = 0.023) (35).
Another study indicated that compared with those with
hypoalbuminemia, vulvar cancer patients with normal albumin
levels had a longer 5-year OS (58.6 vs. 17.1%, P = 0.004)
(36). Furthermore, albumin levels are related to the systemic
inflammatory response (37). Previous studies have found
that albumin synthesis was reduced with the release of
tumor necrosis factor. Under inflammatory conditions, the
increased permeability of the vascular endothelium leads to
albumin escape (38). Ishizuka et al. found that the relationship
between hypoalbuminemia and poor postoperative outcome in
patients with colorectal cancer was associated with increased
inflammation (39). These studies proved the vital role of
serum albumin as a nutritional indicator in cancer and
inflammation, which supported the conclusions of this meta-
analysis.

frontiersin.org


https://doi.org/10.3389/fnut.2022.972034
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Meng et al. 10.3389/fnut.2022.972034
%
HR (95% CI) Weight
Huang2017 ————  221(130,378)
Itami2019 e 221(1.08,453)
Xue2019 — 1.78(1.38,2.28)
Zheng(1)2020 — 1.86 (1.15,2.90)
Zheng(2)2020 —————  223(1.23,407)
Liu2022 211(1.00,4.44)
Overall (I-squared = 0.0%, p = 0.953) 1.92 (1,60, 2.30)
%
HR (95% Cl) Weight
Kim2015 1.18(066,2.13)
Xue2019 155(1.30,1.96)
Zheng(1)2020 180(1.14,2.84)
Zheng(2)2020 140(083,2.35)
Liu2022 e 208(116,372)
Overall (I-squared =0.0%, p = 0.677) 157(1.33,1.85)
%
HR (95% CI) Weight
Kim2015 0.95(0.49, 1.83)
Huang2017 — 1.80(1.18,2.75)
Xue2019 — 1.85 (140, 2.44)
1tami2019 e 2585(1.16,7.03)
Zheng(1)2020 — 1.94(1.12,336)
Zheng(2)2020 1.98(1.00,3.91)
Liu2022 1.86(0.77,4.47)
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FIGURE 2

Forest plot and meta-analysis. (A) Forest plot and meta-analysis of the relationship between over survival (OS) and prognostic nutritional index
(PNI) score. (B) Forest plot and meta-analysis of the relationship between disease-free survival/recurrence-free survival/progression-free
survival, and prognostic nutritional index score. (C) Forest plot and meta-analysis of the relationship between cancer-specific
survival/disease-specific survival, and prognostic nutritional index score.

TABLE 3 Subgroup analysis of survival outcomes.

Subgroup Cutoff value Included cohort Effect model HR (95%CI) P Heterogeneity
2 (%) P

os

Cut-off value <47 2 fixed 1.85(1.47,2.32) <0.01 0 0.464
>47 4 fixed 2,05 (152, 2.76) <0.01 0 0.960

CSS/DSS

Cut-off value <47 fixed 1.70 (1.37,2.12) <0.01 0 0.176
=47 4 fixed 2.05 (1.4, 2.93) <0.01 0 0.893

RES/DFS/PFS

Cut-off value <47 2 fixed 151 (124, 1.83) <0.01 0 0.392
>47 3 fixed 172 (1.28,2.31) <0.01 0 0.589
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FIGURE 3

Forest plot and sensitivity analysis. (A) Forest plot and sensitivity
analysis of the relationship between over survival (OS) and
prognostic nutritional index (PNI) score. (B) Forest plot and
sensitivity analysis of the relationship between disease-free
survival/recurrence-free survival/progression-free survival, and
prognostic nutritional index score. (C) Forest plot and sensitivity
analysis of the relationship between cancer-specific
survival/disease-specific survival, and prognostic nutritional
index score.

The relationship between inflammation and cancer was
first described in the mid-19th century (40). In recent years,
there has been increasing evidence of an association between
inflammation, which is thought to be a pivotal event in the
early development of cancer, and poor oncological prognosis
(41, 42). Lymphocytes are common inflammatory cells in the
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tumor microenvironment and play an important anti-tumor
effect in the immune system (42). In the advanced stage,
tumor cells could destroy lymphocytes by editing proapoptotic
ligands, and eventually achieve immune escape. In addition,
the anti-tumor immune response mediated by CD8" T
lymphocytes also has an important role in the treatment of
tumors. However, it doesn’t work endlessly. Some cancer-
associated cells, such as fibroblasts, macrophages, and regulatory
T cells, might produce an immune barrier to counteract
the immune function of T cells, leading to a decrease in
the number of T lymphocytes, tumor cell proliferation, and
metastasis (43).
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To our knowledge, this is the first meta-analysis to focus
on the prognostic value of PNI in UTUC patients, and we
followed PRISM guidelines strictly to perform this meta-
analysis. However, some limitations cannot be avoided. First,
the included studies are all retrospective studies, and the level
of evidence is low. Second, the included studies are limited
to East Asia, making the research results less universal. Third,
due to the small number of studies available, not enough
information is available to perform subgroup analysis to identify
high-risk populations.

Conclusion

In conclusion, this meta-analysis revealed that the
preoperative PNI is a potential independent biomarker of the
postoperative prognosis of UTUC patients. A low PNI score
predicts worse OS, DFS/RFS/PES, and CSS/DSS in patients.
Therefore, the clinician can individualize disease management
for patients based on the PNI score for better treatment
outcomes. This conclusion requires a larger sample size and
a more rigorously designed prospective study to prove it.
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As defined by the Global Leaders Malnutrition Initiative (GLIM), malnutrition is
strongly associated with a lower quality of life and poor prognosis in gastric
cancer patients. However, few studies have precisely explored the predictors
of malnutrition, as defined by the GLIM, for overall survival (OS) after gastric
cancer surgery in subgroups of patients stratified according to population
characteristics. Our research aimed to analyze whether the predictors of
malnutrition defined by the GLIM for postoperative OS in gastric cancer
patients differ across subgroups. Patients who underwent radical gastric
cancer surgery at our center between July 2014 and February 2019 were
included in the study. Propensity score matching (PSM) was used to minimize
bias. The study population was divided into malnourished and normal groups
based on whether they were malnourished as defined by the GLIM. Univariate
and multivariate analyses were performed to identify the risk factors affecting
OS. The Kaplan—Meier curve and log-rank test were performed to determine
the survival rate difference between subgroups. Overall, 1,007 patients were
enrolled in the research. Multivariate analysis showed that malnutrition among
the patients was 33.47%. Additionally, GLIM-defined malnutrition was an
independent risk factor [hazard ratio (HR): 1.429, P = 0.001] for a shorter OS in
gastric cancer patients. Furthermore, subgroup analysis showed that the GLIM
was more appropriate for predicting OS in older aged patients (>65 years),
females, those with comorbidities (Charlson comorbidity index > 2), and those
with advanced gastric cancer (TNM stage = 3). GLIM-defined malnutrition
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affects the long-term survival of gastric cancer patients, especially older
patients, females, patients with comorbidities, and patients with advanced

gastric cancer.

GLIM, gastric cancer, overall survival, subgroups, malnutrition

Introduction

Gastric cancer has the fifth highest incidence among
cancers and is the third most common cause of cancer-related
death. Every year, at least 1 million new cases are diagnosed
worldwide, most of which are in Asia, Eastern Europe, and
South America (1). Currently, surgical resection remains the
most effective treatment (2). Although gastric cancer incidence
and mortality rates have decreased, the mortality rate still
reaches 75% (3), which places a significant burden on the
economy, society, and the patient’s family. Hence, it is critical
to anticipate and improve factors that reduce the survival rates
of gastric cancer patients after surgery to improve outcomes.
Malnutrition has been a major issue in international health
care and is not only associated with a poor prognosis but
also results in higher rates of infection and complications
(4), prolonged hospital stays, and increased mortality (5, 6).
Malnutrition is more prevalent in cancer patients, especially
older age in some community hospitals (7); hence, its adverse
effects result in more severe outcomes. Therefore, it is
necessary to focus on the nutritional status of cancer patients
(8). Previously, malnutrition awareness was low, resulting in
improper management of malnutrition. Additionally, there
was no general understanding of malnutrition’s definition,
prevalence, and identification (9). The Global Leadership
Initiative in Malnutrition (GLIM) was successfully held in
2016 to define a consensus on malnutrition. It proposes a
diagnostic criterion for malnutrition that can be adapted to
different clinical settings, is simple to implement and has global
expert consensus. The result of the meeting is a two-step
model for screening and assessment of malnutrition. Using
these criteria, patients with malnutrition, especially the older
aged, were found to have an increased risk of death during
the community follow-up (10), affecting both the postoperative
overall and disease-free survival in gastric cancer patients
(11). However, no other research has reported GLIM-defined
malnutrition’s predictive capability in subgroups of populations
with different characteristics. Hence, we aimed to investigate
whether the predictive value of GLIM-defined malnutrition

Abbreviations: BMI, body mass index; CCl, Charlson comorbidity index;
GLIM, Global Leaders Malnutrition Initiative; OS, overall survival; PSM,
Propensity score matching; SMI, skeletal muscle index.
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differs in subgroups of populations and whether this definition
may more accurately predict the individual overall survival (OS)
of gastric cancer patients.

Materials and methods

Patients

The basic information of all patients who underwent
radical gastrectomy in the First Affiliated Hospital of
Wenzhou Medical University from July 2014 to February
2019 was collected retrospectively. The inclusion criteria
were: (1) diagnosis of gastric adenocarcinoma confirmed
by preoperative or postoperative pathology; (2) American
Association of Anesthesiologists grade < III; and (3) no
distant metastasis. The exclusion criteria were: (1) patients
who underwent palliative resection or emergency surgery;
(2) patients who received chemotherapy before surgery;
and (3) patients without basic clinical information or
computed tomography (CT) data 1 month before surgery.
All surgeries were performed by a single surgical team,
thus avoiding possible bias caused by the effectiveness
of surgical treatment. The research was performed in
the Declaration of Helsinki. Ethical
approval was obtained from the First Affiliated Hospital,

compliance with

Wenzhou Medical University. All participants provided written
informed consent.

Skeletal muscle index assessment

We used the image processing system (GE ADW 4.5) to
process the patient’s CT images within the first month before
surgery. We adjusted the Hounsfield unit threshold to -29 to
+150 to differentiate skeletal muscle from other tissues. Then
a trained investigator manually outlined the area of skeletal
muscle at the third lumbar spine (L3) level, which includes
the psoas major, erector spinae, quadratus lumborum, oblique
abdominis, external and internal oblique muscles, and rectus
abdominis. The outlined area of skeletal muscle at the L3 level
normalized by height (m?) was used to obtain the skeletal
muscle mass index (SMI).
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Global leaders malnutrition initiative
assessment

As a two-step model for screening and diagnosing
malnutrition, the first step of GLIM is to identify individuals
who may be at potential risk of malnutrition through some
internationally recognized malnutrition risk screening scales;
here, we chose the Nutrition Risk Screening 2002 (12). The
second step is to evaluate identified individuals and classify
them according to their diagnosis and severity of malnutrition.
The GLIM comprises phenotypic and etiological criteria.
Malnutrition based on the GLIM must meet at least one
phenotype combined with one etiological criterion. Phenotypic
criteria include muscle mass loss, low BMI, and non-volitional
weight loss. Etiological criteria include the reduction of food
intake or assimilation, disease burden, or inflammation. Our

TABLE 1 Patient baseline characteristics.

Factors Malnutrition Normal P
(n=337) (n=670)
Sex 0.008*
Female 107 (31.80%) 160 (23.90%)
Male 230 (68.20%) 510 (76.10%)
Age, years 0.001*
<65 131 (38.90%) 332 (49.60%)
>65 206 (61.10%) 338 (50.40%)
Hypoalbuminemia <0.001*
No 221 (65.60%) 537 (80.10%)
Yes 116 (34.40%) 133 (19.90%)
Charlson 0.447
comorbidity index
<1 286 (84.90%) 556 (83.00%)
>2 51 (15.10%) 114 (17.00%)
Operation method <0.001*
Open 243 (72.10%) 408 (60.90%)
Laparoscopy 94 (27.90%) 262 (39.10%)
Type of resection 0.102
Subtotal 199 (59.10%) 431 (64.30%)
gastrectomy
Total gastrectomy 138 (40.90%) 239 (35.70%)
Differentiation <0.001*
High/Middle 79 (23.40%) 236 (35.20%)
Low 258 (76.60%) 434 (64.80%)
TNM stage <0.001*
62 (18.40%) 286 (42.70%)
82 (24.30%) 135 (20.10%)
193 (57.30%) 249 (37.20%)
Length of 14.00 (8) 13.00 (6) 0.004*
hospitalization
Hospitalization 63166.13 57010.58 <0.001*
costs (23444.79) (20629.87)

*Statistically significant (P < 0.05, two-tailed).
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target population comprised patients with gastric cancer. As
cancer already meets the etiological standard of disease burden,
malnutrition can be diagnosed as long as they meet a phenotypic
criterion. Non-volitional weight loss is weight loss >5% within
half a year or >10% beyond half a year. Low BMI is a BMI
<20 and <18.5 kg/m? for patients >70 and <70 years old,
respectively (12). We chose the SMI of the L3 level as an index
to assess muscle mass. According to our previous research, the
critical value of SMI is 34.9 cm?/m?; for males, the value is
40.8 cm?/m? (13). Therefore, a diagnosis of malnutrition can be
made if our patients meet any of the above phenotypic criteria.

Data collection

We retrospectively collected the clinical information of all
patients who met the inclusion criteria in this study. The
clinical data were divided into three categories: (1) basic clinical
information before the operation, including age, sex, BMI,
recent weight loss, preoperative CT images, serum albumin
concentration (<35 g/L is considered hypoalbuminemia),
American Society of Anesthesiologists grade, and Charlson
comorbidity index (CCI); (2) surgery and tumor-related
data, including operation method, type of resection, tumor
differentiation, and TNM stage; and (3) postoperative clinical
outcomes, including length of hospitalization, hospitalization
costs, postoperative survival condition, and postoperative
survival time. Experienced physicians obtained postoperative
survival outcomes over the phone or on an outpatient basis.
Telephone follow-ups were conducted every 3 months. Five
years of follow-up or the patients death were considered the
end of follow-up.

Statistical analysis

Propensity score matching (PSM) was performed to reduce
differences in clinical information between the GLIM-defined
malnutrition group and the normal group. The matched factors
differed between the two groups and affected the OS of
patients (statistically significant factors in univariate regression
analysis). We selected age, sex, hypoalbuminemia, operation
method, differentiation, and TNM stage as matching factors to
construct the PSM model based on the preliminary statistical
results. We used a 1:2 ratio for matching with a matching
precision of 0.05. All normally distributed continuous variables
are expressed as a mean and standard deviation. Otherwise,
they are expressed as median and interquartile ranges. The
independent sample t-test and chi-square test (or Fisher’s exact
test) were used to analyze the differences between continuous
variables and classify variables between the two groups. The
Kaplan-Meier curve and log-rank test were used to determine
the survival difference between the groups. The proportional
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hazards model was used to determine the risk factors affecting
survival. Factors that were statistically significant in the
univariate analysis were included in the multivariate analysis
to identify independent risk factors affecting the OS of
patients. A double-tailed P < 0.05 was considered statistically
significant. All statistical analyses were performed using IBM
SPSS Statistics software (version 25.0; IBM Corp., Armonk, NY,

USA).

10.3389/fnut.2022.995295

Results

Patients

From July 2014 to February 2019, 1,007 eligible patients
were enrolled. As shown in Table 1, there were 337 patients
in the GLIM-defined malnutrition group and 670 patients in
the normal group, with a malnutrition rate of 33.5%. For the

TABLE 2 Univariate and multivariate Cox regression analysis of factors associated with overall.

Univariate analysis

Multivariate analysis

Factors HR (95% CI) p HR (95% CI) P
Age, years

<65 Ref Ref

>65 1.831 (1478-2.268) <0.001* 1.726 (1.385-2.151) <0.001*
SEX

Female Ref

Male 1.274 (0.999-1.625) 0.051

BMI

Normal Ref

Low 1.859 (1.475-2.342) <0.001*

Weight loss

No Ref

yes 2.064 (1.657-2.572) <0.001*

SMI

Normal Ref

Low 1.718 (1.352-2.184) <0.001*

Malnutrition

Normal Ref Ref

Defined by GLIM 2.085 (1.699-2.559) <0.001* 1.429 (1.159-1.762) 0.001*
Charlson comordity index

<1 Ref

>2 1.090 (0.831-1.429) 0.534

Hypoalbuminemia

No Ref Ref

Yes 1.868(1.508-2.314) <0.001* 1.148 (0.920-1.433) 0.222
Operation method

Open Ref Ref

Laparoscopy 0.552 (0.435-0.700) <0.001* 0.846 (0.664-1.079) 0.178
Type of resection

Subtotal gastrectomy Ref Ref

Total gastrectomy 2.034 (1.658-2.495) <0.001* 1.450 (1.178-1.784) < 0.001*
Differentiation

High/middle Ref Ref

Low 2.165 (1.678-2.794) <0.001* 1.504 (1.160-1.951) 0.002*
TNM stage

I Ref Ref

11 2.934 (1.962-4.389) <0.001* 2.162 (1.432-3.263) <0.001*
I 8.071 (5.742-11.344) <0.001* 5.738 (4.009-8.215) <0.001*

*Statistically significant (P < 0.05, two-tailed).
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TABLE 3 Patient baseline characteristics after PSM.

Factors Malnutrition Normal p
(n=301) (n=463)

Gender 0.065

Female 100 (33.20%) 125 (27.00%)

Male 201 (66.80%) 338 (73.00%)

Age, years 0.297

<65 125 (41.50%) 210 (45.40%)

>65 176 (58.50%) 253 (54.60%)

Hypoalbuminemia 0.418

No 219 (72.80%) 349 (75.40%)

Yes 82 (27.20%) 114 (24.60%)

Charlson 0.505

comorbidity index

<1 257 (85.40%) 387 (83.60%)

>2 44 (14.60%) 76 (16.40%)

Operation method 0.308

Open 214 (71.10%) 313 (67.60%)

Laparoscopy 87 (28.90%) 150 (32.40%)

Type of resection 0.763

Subtotal 182 (60.50%) 285 (61.60%)

gastrectomy

Total gastrectomy 119 (39.50%) 178 (38.40%)

Differentiation 0.605

High/Middle 73 (24.30%) 120 (25.90%)

Low 228 (75.70%) 343 (74.10%)

TNM stage 0.294

I 62 (20.60%) 117 (25.30%)

1 77 (25.60%) 118 (25.50%)

I 162 (53.80%) 228 (49.20%)

Length of 14.00 (8) 13.00 (7) 0.178

hospitalization

Hospitalization 62890.34 57249.26 0.004*

costs (23048.06) (21104.70)

*Statistically significant (P < 0.05, two sides).

population characteristics, the malnourished group had a higher
proportion of women (P = 0.008), were older (P < 0.001), and
had lower albumin levels (P < 0.001). For surgical selection
and tumor information, the malnourished group preferred open
surgery (P < 0.001), had less tumor differentiation (P < 0.001)
and had a higher TNM stage (P < 0.001).

Univariate and multivariate analyses
related to survival outcomes

Table 2 shows that in the univariate analysis, age, GLIM-
defined malnutrition, hypoalbuminemia, laparoscopic surgery,
total gastrectomy, tumor differentiation, and TNM stage all
affected OS after surgery. As the three phenotypic criteria
of GLIM, low BMI, weight loss and low SMI were also
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TABLE 4 Univariate analysis of GLIM-defined malnutrition on overall
survival in subgroups.

Sub-group Univariate analysis
HR (95% CI) P
Age, years
<65 1.359 (0.944-1.957) 0.098
>65 1.406 (1.071-1.845) 0.014*
Sex
Female 3.055(1.914-4.874) <0.001*
Male 1.112 (0.861-1.435) 0.417
Charlson comorbidity index
<1 1.266 (0.996-1.610) 0.054
>2 2.427 (1.436-4.105) 0.001*
TNM stage
1.410 (0.678-2.935) 0.358
1.427 (0.862-2.361) 0.167
1.336 (1.034-1.726) 0.026*

*Statistically significant (P < 0.05, two sides).

significantly associated with the survival of gastric patients.
In the multivariate analysis, considering the large correlation
between these three phenotypic criteria and GLIM, if they
and GLIM were included in the multivariate analysis at the
same time, it would cause unavoidable bias to the results, so
we did not include them in the multivariate analysis, after
adjusting for TNM stage, age, hypoalbuminemia, laparoscopic
surgery, total gastrectomy, and tumor differentiation, GLIM-
defined malnutrition was revealed to be an independent risk
factor for postoperative OS [hazard ratio (HR): 1.429, P = 0.001].
Similarly, age (HR: 1.726, P < 0.001), total gastrectomy (HR:
1.450, P < 0.001), tumor differentiation (HR: 1.504, P = 0.002),
and TNM stage (II/I HR: 2.162, P < 0.001; III/T HR: 5.738, P
< 0.001) were independent risk factors for postoperative OS in
gastric cancer patients.

Propensity score matching and
subgroup analysis based on population
characteristics

Matching factors were included as described previously.
We selected age, sex, hypoalbuminemia, lumpectomy, tumor
differentiation, and TNM stage as matching conditions, after
matching, the total number of patients was reduced from 1007
to 764, including 301 in the malnutrition group and 463 in
the normal group. There was no statistical discrepancy in the
basic clinical information between the two groups, as shown in
Table 3. After PSM, subgroup analyses showed that malnutrition
defined by the GLIM had a better predictive capability for
OS in gastric cancer patients in the following subgroups:
aged > 65 years (HR: 1.406, P = 0.014); females (HR: 3.055,
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FIGURE 1

Hazrad ratio plot of subgroups analysis.

P < 0.001); CCI > 2 (HR: 2.427, P = 0.001); and TNM stage
3 (HR: 1.336, P = 0.026) (Table 4). We have created Figure 1
to represent the subgroup analysis results clearly. Figure 2 show
the differences in survival curves between the malnourished and
normal groups in the different subgroups. Survival was lower in
the malnourished group among those aged >65 years, whereas
in those aged <65 years, there was no statistical discrepancy in
survival between the two groups. Correspondingly, in females
and those with a CCI > 2 and TNM stage 3, survival was lower
in the malnourished group than in the normal group, as shown
in Table 4.

Discussion

Depending on the diagnostic criteria, the prevalence of
GLIM-defined malnutrition ranged from 19 to 48.4% in
different populations (14-16). In our study, 1,007 patients
were enrolled, of which 337 (33.47%) were malnourished,
as defined by the GLIM. Multivariate analysis in this study
showed that malnutrition, defined by the GLIM, was an
independent risk factor for OS in gastric cancer patients who
underwent surgical treatment. Several studies have pointed out
that malnutrition has a considerable negative effect on the
OS of cancer patients. Zhang et al. showed that malnutrition,
identified by comprehensive geriatric assessment, increased all-
cause mortality in older patients diagnosed with solid tumors
(6). Li et al. showed that, based on the midarm circumference
or hand grip strength, severe malnutrition defined by the GLIM
increases the risk of death in gastric cancer patients (17). Huang
et al. pointed out that malnutrition, defined by GLIM based
on the SMI obtained from abdominal CT images, affects the
survival time of gastric cancer patients (18). All these results
are consistent with ours. Therefore, identifying malnutrition
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and early nutritional intervention is critical to prolonging the
survival of gastric cancer patients.

This study mainly aimed to explore the characteristics of
populations suitable for GLIM assessment of malnutrition to
predict OS more accurately. The differences in characteristics
between the malnourished and normal groups converged after
PSM, leading to more robust results after univariate analysis. In
the subgroup analysis, malnutrition defined by the GLIM had
a better predictive capability for OS in patients aged >65 years,
females, patients with CCI > 2, and patients with progressive
gastric cancer (TNM stage = 3).

Age is an independent risk factor for the prognosis of
patients with cancer, and this has been confirmed in many
studies, a study by Xu et al. (19) found that age >70 years
was an independent risk factor in postoperative gastric cancer
patients. Of the patients included in this study, 61.10 and 50.40%
of patients in the malnourished and normal groups were older
(aged >65 years), indicating that this subgroup may be at
greater risk for malnutrition. Rodriguez-Manas et al. (20) also
showed that malnourished people are often older and in worse
physical condition. Therefore, older patients are at greater risk
of malnutrition and have a poorer physiological profile. Hence,
malnourishment before surgery is less likely to be corrected
after surgery, resulting in shorter survival. In contrast, younger
patients’ overall nutritional and physiological status is better.
Thus, even if malnutrition is diagnosed preoperatively, it can
be corrected postoperatively with appropriate interventions.
Therefore, preoperative malnutrition may not accurately predict
postoperative OS in the younger population.

Keaver et al. noted that women with cancer are at a higher
risk of malnutrition and are more likely to reach the clinical
significance thresholds for quality-of-life subscales, such as
physical functioning, fatigue, and pain, compared to men (21).
Park et al. showed that female is an independent risk factor for
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The Kaplan—Meier curve of subgroups.

malnutrition within 6 months after gastrectomy (22). Therefore,
the susceptibility to malnutrition among female patients may
make it difficult for clinicians to correct malnutrition after
gastric cancer surgery, leading to the shorter survival of
malnourished female patients.

The CCI is an objective quantification of comorbidity, and
it has been shown that a CCI > 2 shortened OS by 3 years in
patients with esophageal cancer (23). In our research, we used
an age-adjusted CCI, where patients with a CCI > 2 and a higher
risk of malnutrition (as defined by GLIM) exhibited low OS.
However, the difference in survival between the malnourished
and normal groups having a CCI < 1 was not observed. The CCI
consists of scores for circulatory disorders, digestive disorders,
and other malignancies. We hypothesize that when malnutrition
is combined with these disorders, it can cause severe damage
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to the patient’s physiological metabolism and body functions,
leading to an increased risk of death.

It is well known that the TNM stage significantly impacts
the prognosis of patients; the higher the stage, the worse
the survival (24). Our results showed that GLIM-defined
malnutrition shortened the postoperative OS of gastric cancer
patients beginning at TNM stage 3. Therefore, we hypothesize
that the physical status, mental health, and overall quality
of life of patients with advanced gastric cancer are reduced.
Furthermore, the interaction between malnutrition and disease
may lead to more pronounced physiological decline and
accelerate tumor progression, further contributing to shorter OS
in malnourished patients.

For the present, this study is the first to assess the difference
in predictive value of malnutrition defined by GLIM for patient
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OS across different subgroups of the population. However, the
study has some limitations. Firstly, this is a retrospective study,
and further prospective trials are needed to validate it in the
future further. Secondly, all patients in this study were from
the same center, which may result in selection bias. Finally, the
cut-off values for muscle mass reduction defined in this study
were derived from our previous large sample study. Whether
this applies to other regional populations needs to be validated
in further studies.

This study summarizes the differences in the effects of
GLIM-defined malnutrition in different subgroups of the
population. This can guide clinicians in treating gastric cancer
patients, especially older women and those with comorbidities
and advanced tumors. These patients may need to focus on
preoperative and postoperative nutritional interventions to
improve their malnutrition status as much as possible, thus
effectively improving their long-term survival rate.
GLIM-defined malnutrition is
independent risk factor for OS in patients with gastric cancer.

In conclusion, an
However, its predictive value is more advantageous in older
patients, females, patients with comorbidities, and patients with

advanced tumor stage.
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Background: The Geriatric Nutritional Index (GNRI) has been indicated as a
nutritional index which is highly associated with complications and mortality
in older hospitalized patients. Moreover, early studies had suggested that
GNRI is a potential prognostic indicator for some malignances. However, the
prognostic value of GNRI in esophageal squamous cell carcinoma (ESCC)
patients underwent neoadjuvant therapy followed by esophagectomy remains
elusive.

Materials and methods: This retrospective study incorporated 373 patients
with ESCC who had underwent neoadjuvant therapy followed by radical
esophagectomy at West China Hospital of Sichuan University between
April 2011 and September 2021. The GNRI formula was: 1489 x albumin
(g/dl) + 41.7 x current weight/ideal weight. Patients were classified as GNRI-
low (GNRI < 98.7) or GNRI high (GNRI > 98.7). The association between GNRI
and clinical survival status were assessed utilizing Kaplan-Meier methods and
Cox regression analysis.

Results: Three hundred and seventy three patients were retrospectively
included in this study. 80 (21.5%) and 293 (78.5%) patients had been divided
into the GNRI-low and GNRI-high groups respectively. Pathological T stage
and the rate of nodal metastasis were significantly higher in the GNRI
low group than in the GNRI high group (P = 0.003 and P = 0.001,
respectively) among the examined demographic parameters. Furthermore,
GNRI was significantly correlated with postoperative complications, patients
with lower GNRI had a higher postoperative complication rate as compared
with GNRI high group [Odds ratio: 2.023; 95% confidence interval (CI):
1.208-3.389; P = 0.007]. Univariate analysis of 5-year overall survival
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(OS) and disease-free survival (DFS) found that the rate of survival was
considerably lower in the GNRI-low group than in the GNRI-high group
(P < 0.001). However, multivariate analysis demonstrated that GNRI was not
an independent risk factor.

Conclusion: In patients with ESCC, low GNRI exhibited a poor nutritional
indicator and related to postoperative complications after neoadjuvant
therapy. Intensive follow-up after surgery should be performed for ESCC

patients with low GNRI.

esophageal cancer,
postoperative complications, prognosis

Introduction

Esophageal carcinoma (EC) is one of the most aggressive
malignant tumors and is also the world’s sixth-leading cause
of cancer-related death (1). Squamous cell carcinoma (ESCC)
and adenocarcinoma (EAC) are two main pathological types of
EC, and ESCC is the most common pathological type. Surgical
therapy plays a predominate role in EC treatment and the
surgery types are mainly represented by the following: Ivor-
Lewis, Mckeown, Sweet and transhiatal esophagectomy (2-4).
Though the therapy of EC had advanced rapidly in recent
decades (5), the overall 5-year survival rate of EC patients
remained unsatisfactory. In patients with advanced localized
EC, neoadjuvant therapies such as chemoradiotherapy could
downstage the primary tumor and prolong the prognosis
of EC patients after surgery (6). Nutritional evaluation and
support are important parts during the whole management
of cancer. Malnutrition is typically manifested as a low BMI
which has been reported to associate with higher postoperative
complications rate and a poor prognosis in individuals with
benign or malignant diseases (7). Due to the invasive, malignant
characteristics and of malignant digestive strictures of EC,
patients with EC may experience dysphagia and progress into
malnutrition (8).

As a novel nutritional evaluating index, geriatric nutritional
index (GNRI) was first reported by Bouillanne et al. (9) in
2005. The exact value of GNRI could be easily calculated
from serum albumin level and the ratio of normal body
weight to ideal body weight, and GNRI was more closely
connected with nutrition-related complications and deaths
in older hospitalized patients than BMI and serum albumin
level alone (8). Early studies had indicated that GNRI was
a potential prognosis indicator in EC patients, and low
GNRI could usually lead to reduce the quality of life (10).
However, the effect of GNRI on postoperative outcomes in
ESCC patients treated with neoadjuvant therapy followed by
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esophagectomy has not been well-studied. We hypothesized that
GNRI was a better predictor of postoperative complications and
a more independent prognostic factor in individuals receiving
esophagectomy than a low BMI alone. As a result, this study was
to investigate the impact of GNRI status on the prognosis for
patients with ESCC.

Materials and methods
Study patients

All the ESCC patients included in had been treated
with neoadjuvant therapy and followed by esophagectomy.
The criteria for inclusion and exclusion were as follows: (1)
patients were pathological diagnosed as ESCC; (2) patients
had underwent esophagectomy resection; (3) patients had
been treated with neoadjuvant therapy before esophagectomy;
(4) patients had been followed-up enough time. Exclusion
criteria were: (1) patients with distant tumor metastases;
(2) patients treated with chemoradiotherapy after surgery;
(3) patients underwent immunotherapy. Overall survival
(OS) and disease-free survival (DFS) was selected as the
duration from primary operation to death or tumor recurrence.
Three hundred and seventy three patients pathologically
diagnosed as ESCC underwent esophagectomy were included
in this retrospective analysis at West China Hospital,
Sichuan University.

Patient’s therapy

Patients with locally advanced ESCC (T2-T4 or N1-3 M0)
had received the neoadjuvant therapy before surgery according
to the guideline (11). Neoadjuvant therapy was administered
to patients in accordance with national recommendations.
In general, the neoadjuvant chemotherapy regimen involved
two cycles, with a 3 week break between each cycle. All
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patients received paclitaxel (175 mg/m? body-surface area, D1)
and cisplatin (75 mg/m? body-surface area, D1) intravenously
over through the period of two cycles. As the aspect of
neoadjuvant chemoradiotherapy regimen, all patients received
a total radiation dosage of 40-50.4 Gy in 23-28 fractions (1.8-
2.0 Gy/fraction), two cycles of the simultaneous chemotherapy
drugs paclitaxel (175 mg/m? body-surface area, D1, q3w) and
cisplatin (75 mg/m? body-surface area, D1, q3w). Intensity-
modulated radiotherapy was used to provide radiation to all
the patients. Surgery for surgical resection was carried out
using the typical McKeown, Ivor-Lewis and Sweet methods
6-8 weeks following the end of neoadjuvant treatment. All
patients had standard two-field (abdominal and thoracic) lymph
node excision. Three-field lymph node dissection was not
commonly used in the research, and cervical lymph node
dissection was selected for patients with suspicious cervical
lymph node metastases as determined by preoperative CT
and ultrasound. Detailed surgical techniques have already been
documented (9, 12). All patients in the research cohort were
followed until death or September 2021, whichever occurred
first. For the first 5 years after surgery, all patients had
neck, abdomen, and thoracic computed tomography scans
and biochemical blood tests every 4 months, as well as an
endoscopy every year. Overall survival (OS) was calculated
from the day of operation to September 2021 or until death
was confirmed. Disease-free survival (DFS) was assessed from
the day of surgery to the day of cancer recurrence, death,
or September 2021.

Index calculation

The assessment of GNRI in all patients was performed
during the period after neoadjuvant therapy and before
esophagectomy. Based on the results from the X-tile program,
the optimal cutoff points for overall survival were determined
to be 98.7 (Supplementary Figure 1). The GNRI was calculated
as follows: GNRI = 1.489 x albumin (g/dl) + 41.7 x usual
weight/ideal weight. The Lorentz formula calculated ideal
weight: ideal weight = 22 x height (m) x height (m). The total
GNRI score was classified as no risk (GNRI > 98.7) or risk
(GNRI < 98.7) of malnutrition.

The Union for International Cancer Control TNM
(8th
used for pathological diagnosis and disease classification
(13). The Clavien Dindo classification was used to assess
the (14). The
postoperative complication was defined in this study as

Classification of Malignant Tumors edition) was

severity of postoperative complications

the presence of grade II complications according to the Clavien
Dindo grading system (14). All the patient characteristics
were collected from their medical and nursing records.
The ethics committee of West China Hospital, Sichuan
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University, authorized this study. All patients gave their
informed permission.

Statistics analysis

The Mann-Whitneys U test was used to compare
continuous variables, whereas, the Fisher’s exact test was
used to compare categorical variables. The risk variables
for postoperative
logistic multivariate analysis. The Kaplan-Meier method

complications were evaluated using
was used to calculate OS and DFS within subgroups,
and the log-rank test was applied to compare prognoses
between groups. For univariate and multivariate analysis,

the
identify independent prognostic indicators for OS and

Cox proportional hazards model was utilized to
DFS. P < 0.05 represented statistical significance. For all
statistical analyses, the SPSS software (version 26.0; SPSS)

was utilized.

Results

Clinicopathological characteristics
according to geriatric nutritional index

Three hundred and five males and 68 females met the
inclusion criteria and were finally incorporated into analysis.
The tumor was found in the middle thoracic esophagus in
61.7% (230/373) of the cases, while nodal metastasis was found
in 35.4% (132/373) of the patients. Overall, all patients had
neoadjuvant chemotherapy or chemoradiotherapy. The 5-year
OS and DFS rates for the entire cohort were 66.6% and
58.5%, respectively.

The characteristics of patients stratified by GNRI risk
are shown in Table 1. In summary, 80 (21.5%) and 293
(78.5%) patients were in the GNRI-low and GNRI-high group
respectively. No statistically significant differences were found
in age or gender between the two groups. BMI was significantly
lower in the GNRI-low group than in the GNRI-high group
(P < 0.001). The pathological T stage and rate of nodal
metastasis in the GNRI-low group were markedly higher
than in the GNRI-high group (P = 0.003 and P = 0.001,
respectively).

Geriatric nutritional index and short-
and long-term outcomes of curative
surgery following neoadjuvant therapy

Figure 1 demonstrated both groups’ Kaplan Meier curves

for OS and DFS based on GNRI group. In summary,
the 5-year OS and DFS rates in the GNRI-low group
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TABLE 1 Patient characteristics and geriatric nutritional index (GNRI).

10.3389/fnut.2022.983038

Cases GNRI P-value
(n=373) Low [N = 80] (21.5%) High [N = 293] (78.5%)
Sex
Male 305 67 (83.3%) 238 (81.2%) 0.605
Female 68 13 (16.3%) 55 (18.8%)
Age
<60 149 25 (31.3%) 124 (42.3%) 0.073
>60 224 55 (68.8%) 169 (57.7%)
BMI
<18.5 42 37 (46.3%) 5(1.7%) <0.001
>18.5 331 43 (53.8%) 288 (98.3%)
Localization
Upper 45 11 (13.8%) 34 (11.6%) 0.313
Middle 230 44 (55.0%) 186 (63.5%)
Lower 96 24 (30.0%) 72 (24.6%)
Gastroesophageal junction 2 1(1.3%) 1(0.3%)
Pathological T stage
pT0,1,2 248 42 (52.5%) 206 (70.3%) 0.003
pT3,4 125 38 (47.5%) 87 (29.7%)
Pathological N stage
N negative 241 39 (48.8%) 202 (68.9%) 0.001
N positive 132 41 (51.2%) 91 (31.1%)
Differentiation grade
Well 170 27 (33.8%) 143 (48.8%) 0.056
Moderated 94 24 (30.0%) 70 (23.9%)
Poor 109 29 (36.2%) 80 (27.3%)
Tumor length, cm
<3 238 38 (47.5%) 200 (68.3%) 0.001
>3 135 42 (52.5%) 93 (31.7%)
Surgery type
Sweet 16 5 (6.3%) 11 (3.8%) 0.527
Ivor-Lewis 228 49 (61.3%) 179 (61.1%)
Mckeown 129 26 (32.5%) 103 (35.2%)
Preoperative treatment
Neoadjuvant chemoradiotherapy 296 62 (77.5%) 234 (79.9%) 0.643
Neoadjuvant chemotherapy 77 18 (22.5%) 59 (20.1%)
TRS
TRS=0,1 197 33 (41.3%) 164 (56.0%) 0.019
TRS=2,3 176 47 (58.8%) 129 (44.0%)

BMI, body mass index; GNRI, geriatric nutritional index; TRS, tumor regression scoring. The bold values indicated the P-value lower than 0.05 with statistical differences.

were 52.3% and 46.7%, respectively, substantially lower
than the GNRI-high group (70.5% and 61.7%, P < 0.001
and P < 0.001, respectively). Patients in the GNRI-low
group had a higher 90-day mortality rate (8.8%) after
surgery compared with those in GNRI-high group (2.0%,
P = 0.009). Table 2 demonstrated the association between
GNRI, another conventional nutritional index BMI and the

correlated postoperative complication rate. The postoperative
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complications rate was significantly higher in the GNRI-low
group than in the GNRI-high group. Except anastomotic leakage
[14.3% (6/42) vs. 5.1% (17/331), P = 0.020], no significant
differences were found in BMI between the two groups.
Table 3 showed the results of logistic regression analysis used
to investigate risk variables for postoperative complications.
The univariate analyses results showed that GNRI was a
risk factor of postoperative complications [Odds ratio (OR),
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FIGURE 1

Overall survival and disease-free survival curves stratified by geriatric nutritional index (GNRI) status: (A) overall survival and (B) disease-free

survival of all study patients (n = 373).

TABLE 2 Postoperative complications stratified by geriatric nutritional index (GNRI), the level of serum albumin, and body mass index (BMI) value.

Cases GNRI-low GNRI-high P-value
(n=373) (N =80) (N =293)
Lung complication 111 34 (42.5%) 77 (26.3%) 0.005
Anastomotic leakage 23 10 (12.5%) 13 (4.4%) 0.008
Pleural effusion 56 21 (26.3%) 35 (11.9%) 0.002
Cases BMI-low BMI-high P-value
(n=1373) (N =42) (N =331)
Lung complication 111 17 (40.5%) 94 (28.4%) 0.107
Anastomotic leakage 23 6 (14.3%) 17 (5.1%) 0.020
Pleural effusion 56 9 (21.4%) 47 (14.2%) 0.217
BMI, body mass index; GNRI, geriatric nutritional index.
TABLE 3 Logistic regression analysis for clinical factors associated with complications after surgery.
Factors Univariate analysis Multivariate analysis
OR (95% CI) P-value OR (95% CI) P-value
Sex (male/female) 1.826 (0.968-3.446) 0.063 1.806 (0.952-3.426) 0.070
Age (>60/<60) 1.441 (0.908-2.287) 0.121
Smoke (yes/no) 0.901 (0.578-1.403) 0.643
Coronary artery disease (present/absent) 1.076 (0.330-3.505) 0.904
Hypertension (present/absent) 1.217 (0.654-2.263) 0.536
Preoperative treatment (nCRT/nCT) 0.973 (0.573-1.713) 0.973
BMI (low/high) 1.689 (0.873-3.270) 0.120
GNRI (low/high) 2.037 (1.219-3.404) 0.007 2.023 (1.208-3.389) 0.007

BMI, body mass index; GNRI, geriatric nutritional index; nCRT, neoadjuvant chemoradiotherapy; nCT, neoadjuvant chemotherapy. The bold values indicated the P-value lower than 0.05

with statistical differences.

Frontiers in Nutrition

76

frontiersin.org


https://doi.org/10.3389/fnut.2022.983038
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Fang et al.

2.037; 95% confidence interval (CI), 1.219-3.404; P = 0.007].
Additionally, the results of multivariate analysis demonstrated
that GNRI was an independent predictor of postoperative
complications (OR, 2.023; 95% confidence interval CI, 1.208-
3.389; P = 0.007). However, BMI was proved not associated
with the postoperative complications (OR, 1.689; 95% CI, 0.873-
3.270; P = 0.120).

According to the univariate analysis, sex [Hazard ratio (HR),
2.686; 95% CI, 1.235-5.841; P = 0.013], tumor length (HR,
1.906; 95% CI, 1.219-2.981; P = 0.005), pT (HR, 2.830; 95%
CI, 1.809-4.429; P < 0.001), pN (HR, 4.056; 95% CI, 2.549-
6.455; P < 0.001), tumor differentiation grade (HR, 1.616;
95% CI, 1.243-2.100; P < 0.001), tumor regression scoring
(TRS) (HR, 2.576; 95% CI, 1.601-4.147; P < 0.001), BMI
(HR, 2.650; 95% CI, 1.547-4.540; P < 0.001) and GNRI (HR,
2.601; 95% CI, 1.635-4.137; P < 0.001) significantly affected
the OS of ESCC patients (Table 4A). However, the multivariate
analysis results showed that GNRI (HR, 1.678; 95% CI, 0.916-
3.075; P = 0.094) or BMI (HR, 1.193; 95% CI, 0.575-2.474;
P = 0.636) were not independent prognostic factor of OS
(Table 4B).

Additionally, the univariate analysis also demonstrated that
sex (HR, 2.025; 95% CI, 1.109-3.695; P = 0.020), tumor
length (HR, 1.702; 95% CI, 1.160-2.497; P = 0.007), pT
(HR, 2.737; 95% CI, 1.864-4.019; P < 0.001), pN (HR, 3.175;
95% CI, 2.151-4.687; P < 0.001), tumor differentiation grade
(HR, 1.565; 95% CI, 1.250-1.961; P < 0.001), TRS (HR,
2.303; 95% CI, 1.543-3.438; P < 0.001), BMI (HR, 2.292;
95% CI, 1.407-3.733; P = 0.001) and GNRI (HR, 2.101;
95% CI, 1.390-3.175; P < 0.001) were significantly correlated
with DFS of ESCC patients (Table 5A). Nevertheless, GNRI
was indicated not to be an independent prognostic factor

TABLE 4A Univariate analysis of prognostic factors associated with
overall survival.

Factors Univariate analysis
HR (95% CI) P-value

Sex (male/female) 2.686 (1.235-5.841) 0.013
Age (>60/<60) 0.989 (0.630-1.554) 0.963
Tumor length (>3/<3 cm) 1.906 (1.219-2.981) 0.005
Localization 0.849 (0.588-1.227) 0.384
pT stage 2.830 (1.809-4.429) <0.001
pNstage 4.056 (2.549-6.455) <0.001
Differentiation grade 1.616 (1.243-2.100) <0.001
Preoperative treatment (nCRT/nCT) 1.184 (0.691-2.029) 0.539
TRS (2, 3/0, 1) 2.576 (1.601-4.147) <0.001
BMI (<18.5/>18.5) 2.650 (1.547-4.540) <0.001
GNRI (low/high) 2.601 (1.635-4.137) <0.001

TRS, tumor regression scoring; BMI, body mass index; GNRI, geriatric nutritional index;
nCRT, neoadjuvant chemoradiotherapy; nCT, neoadjuvant chemotherapy. The bold
values indicated the P-value lower than 0.05 with statistical differences.
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TABLE 4B Multivariate analysis of prognostic factors associated with
overall survival.

Factors Multivariate analysis
HR (95% CI) P-value

Sex (male/female) 1.887 (0.854-4.167) 0.116
Tumor length (>3/<3 cm) 1.384 (0.863-2.220) 0.177
pT stage 1.549 (0.784-3.057) 0.208
PN stage 2.791 (1.679-4.639) <0.001
Differentiation grade 1.088 (0.745-1.589) 0.663
TRS (2,3/0,1) 0.973 (0.443-2.136) 0.945
BMI (<18.5/>18.5) 1.193 (0.575-2.474) 0.636
GNRI (low/high) 1.678 (0.916-3.075) 0.094

TRS, tumor regression scoring; BMI, body mass index; GNRI, geriatric nutritional index.
The bold values indicated the P-value lower than 0.05 with statistical differences.

through multivariate analysis (HR, 1.438; 95% CI, 0.848-
2.440; P = 0.178), and the results of multivariate analysis
also demonstrated that lower BMI was not associated with
poorer DES (HR, 1.290; 95% CI, 0.681-2.446; P = 0.435),
whereas pT (HR, 1.810; 95% CI, 1.008-3.252; P = 0.047)
and pN (HR, 2.322; 95% CI, 1.524-3.538; P < 0.001)
stage were proved to be independent prognosis factors
(Table 5B).

Geriatric nutritional index is a
prognostic indicator for esophageal
squamous cell carcinoma patients with
normal body mass index

A comparison of 5-year OS and DFS rates between the
GNRI-high and GNRI-low groups that were stratified according
to BMI revealed that only among patients with BMI > 18.5, 5-
year OS was significantly worse in the GNRI-low group than
in the GNRI-high group (61.1% vs. 70.6%, P = 0.027). In
contrast, no significant differences were noted between the two
groups among patients with BMI < 18.5 (42.0% vs. 66.7%,
P = 0.207) and no significant differences were found in DFS
(Figure 2).

Geriatric nutritional index is a
prognostic indicator for patients
underwent various types of
esophagectomy

In the group of different esophagectomy types, low-
GNRI was proven to be a worse predictor for the OS
(P < 0.001) and DFS (P = 0.001) in patients underwent
Ivor-Lewis esophagectomy. In ESCC patients underwent
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Mckeown esophagectomy, low-GNRI was demonstrated not
associated with poorer OS (P = 0.248) nor DFS (P = 0.387)
(Figure 3).

Geriatric nutritional index is a
prognostic indicator of overall survival
for patients underwent different
preoperative treatments

In the subgroup of preoperative treatments, low-GNRI was
proven to be a poorer predictor for the OS (P < 0.001) and
DES (P = 0.001) in ESCC patients underwent neoadjuvant
chemoradiotherapy before esophagectomy. But in patients
with neoadjuvant chemotherapy preoperatively, low-GNRI was
proved not associated with worse OS (P = 0.201) nor DFS
(P =0.238) (Figure 4).

Discussion

Bouillanne et al. had first proposed using GNRI as a
risk index to evaluate nutritional status in elderly patients.
They had shown that GNRI is an objective and simple
parameter which could be calculated through routine clinical
measurement (9). In our study, we discovered that GNRI was
an independent predictor of the postoperative complications in
patients with ESCC treated with neoadjuvant therapy followed
by esophagectomy. In EC patients, convention nutritional index
such as BMI had been evaluated and was proved to associated
with EC prognosis before. As a novel index to measure
the nutritional level, GNRI is a simple objective nutritional

TABLE 5A Univariate analysis of prognostic factors associated with
disease-free survival.

Factors Univariate analysis
HR (95% CI) P-value

Sex (male/female) 2.025 (1.109-3.695) 0.020
Age (>60/<60) 0.992 (0.672-1.464) 0.969
Tumor length (>3/<3 cm) 1.702 (1.160-2.497) 0.007
Localization 0.867 (0.634-1.187) 0.374
pT stage 2.737 (1.864-4.019) <0.001
pNstage 3.175 (2.151-4.687) <0.001
Differentiation grade 1.565 (1.250-1.961) <0.001
Preoperative treatment (nCRT/nCT) 1.067 (0.667-1.708) 0.786
TRS (2,3/0,1) 2.303 (1.543-3.438) <0.001
BMI (<18.5/>18.5) 2.292 (1.407-3.733) 0.001
GNRI (low/high) 2.101 (1.390-3.175) <0.001

TRS, tumor regression scoring; BMI, body mass index; GNRI, geriatric nutritional index;
nCRT, neoadjuvant chemoradiotherapy; nCT, neoadjuvant chemotherapy. The bold
values indicated the P-value lower than 0.05 with statistical differences.
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TABLE 5B Multivariate analysis of prognostic factors associated with
disease-free survival.

Factors Multivariate analysis
HR (95% CI) P-value

Sex (male/female) 1.500 (0.812-2.771) 0.195
Tumor length (>3/<3 cm) 1.310 (0.875-1.960) 0.189
pT stage 1.810 (1.008-3.252) 0.047
pN stage 2.322(1.524-3.538) <0.001
Differentiation grade 1.109 (0.807-1.524) 0.525
TRS (2,3/0,1) 0.888 (0.457-1.724) 0.725
BMI (<18.5/>18.5) 1.290 (0.681-2.446) 0.435
GNRI (low/high) 1.438 (0.848-2.440) 0.178

TRS, tumor regression scoring; BMI, body mass index; GNRI, geriatric nutritional index.
The bold values indicated the P-value lower than 0.05 with statistical differences.

evaluation score calculated through serum albumin levels and
body weight. GNRI has been proven to have clinical relevance
as a nutritional morbidity and mortality evaluation tool for
older hospitalized patients, as well as those with cardiovascular
disease (15), hemodialysis (16), and chronic renal failure (17).
However, few investigations have explored the use of GNRI in
cancer patients. According to Shoji et al. preoperative GNRI
was a predictive factor in older patients with non-small cell
lung cancer (18). Some studies have explored the correlation
between GNRI and surgical outcomes in EC: Bo et al. found that
GNRI was an independent predictive factor for OS in elderly EC
patients who underwent radiotherapy (19). Furthermore, Kubo
et al. proposed that GNRI was not an independent risk factor
for developing pulmonary complications in patients with stage
III ESCC but was strongly connected with long-term survival
following curative surgery (20). These studies illustrated that
preoperative nutritional level associated with the prognosis of
patients after surgery and indicated that intervention might
ameliorate malnutrition to improve the surgical outcomes of
individuals with low GNRI. Few studies had been conducted to
determine whether GNRI impacts complications and long-term
prognosis in ESCC patients after neoadjuvant treatment. To
our knowledge, among all studies investigating the prognostic
value of GNRI in ESCC, the sample size in our study is the
largest and we had also detected the impact of GNRI on the
DFS to gain a more comprehensive understanding of GNRI
on survival outcomes of ESCC patients. In addition, all the
ESCC patients incorporated into analysis of our study had
underwent neoadjuvant therapy and followed by surgery, which
made the research patients in our study more specific and more
targeted. Furthermore, we had also conducted subgroup analysis
to investigate the prognostic value of GNRI in depth basing on
the conventional nutritional index BMI, different surgery types
and preoperative therapies.

By univariate analysis, there was a significant connection
between low GNRI and poor survival in the current research.
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FIGURE 2
Postoperative outcomes of patients with high or low geriatric nutritional index (GNRI) according to BMI: (A) overall survival, (B) disease-free
survival of BMI > 18.5 patients (n = 331), (C) overall survival, and (D) disease-free survival of BMI < 18.5 patients (n = 42).

Especially in group of BMI higher than 18.5, patients with GNRI
below 98.7 were related to a considerably higher likelihood
of poorer OS than those patients with higher GNRI, which
indicated that in EC patients with normal BMI, GNRI is a
sensitive parameter to predict EC patients with or without better
prognosis when treated with neoadjuvant therapy followed
by esophagectomy. In multivariate analysis, however, GNRI
was not an independent prognostic factor. Furthermore, the
subgroup analysis basing on the surgery types showed that
in patients underwent Ivor-Lewis esophagectomy, low-GNRI
was a poor indicator for both OS and DFS. However, in the
group of Mckeown esophagectomy, such significances were
not detected. Jezerskyte et al. (21) had conducted a clinical
research, the study results showed that EC patients underwent

McKeown esophagectomy were more likely to have eating
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problems such as: vomit, appetite loss and dysphagia compared
with those underwent Ivor-Lewis esophagectomy, which might
partly account for such discrepancy among survival outcomes.
For the 16 patients treated with Sweet esophagectomy, the
sample size was too small to get a convincing conclusion, thus
the subgroup analysis results need to be further verified by
expanding the sample size, and more large-cohort and multi-
center studies are needed better to assess the correlation between
GNRI and postoperative survival. On the other hand, low-GNRI
was shown to be a robust predictor of survival outcomes in
patients treated by neoadjuvant chemoradiotherapy.

We evaluated the reliabilities of GNRI as a risk factor
for postoperative complications compared with conventional
nutritional index BMI. In short term, GNRI was an independent
predictor of postoperative complication rate after neoadjuvant
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FIGURE 3

Postoperative outcomes of patients with high or low geriatric nutritional index (GNRI) basing on different surgery types: (A) overall survival, (B)
disease-free survival of esophageal squamous cell carcinoma (ESCC) patients underwent Ivor-Lewis esophagectomy (n = 228), (C) overall
survival, and (D) disease-free survival of ESCC patients underwent Mckeown esophagectomy (n = 129).

treatment, whereas BMI was proved had no significant
association on complications rates after surgery according to
the results of multivariate analysis. Since the GNRI was based
on the serum level of albumin, and GNRI was considered
as a marker which can reflect nutritional status. The level
of serum albumin was a sensitive and valuable indicator
which can indicate malnutrition in EC patients. Low albumin
level had been proved to associated with worse survival in
patients with various cancer (22). GNRI, that consisted by
combination of both serum albumin and body weight might
be one valuable nutritional parameter. An effective nutritional
assessment tool should be low-cost, simple, calculated through
available data and convenient to use. GNRI can be easily
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calculated by routine clinical test, and the prognostic prediction
value of GNRI had been proved by previous studies which
was superior to serum albumin and BMI alone (23). According
to the results of our study, GNRI might be a superior index
compared with BMI which was similar to findings in early
studies, and the univariate analysis indicated that low-GNRI
was associated with poorer survival outcomes of ESCC patients.
However, either low-BMI or low-GNRI was shown to have no
significant association with OS or DFS according to the results
of multivariate analysis, which suggested that other nutritional
status evaluating indexes are in need to predict long-time

survival outcomes.
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FIGURE 4

Postoperative outcomes of patients with high or low geriatric nutritional index (GNRI) basing on different preoperative treatment: (A) overall
survival, (B) disease-free survival of ESCC patients underwent neoadjuvant chemoradiotherapy (n = 296), (C) overall survival, and (D)
disease-free survival of ESCC patients underwent neoadjuvant chemotherapy (n = 77).

The results of our study suggested that GNRI could be
utilized in clinical setting in the future for confirming ESCC
patients with decreasing nutrition level and for patients who
requiring nutritional support before esophagectomy. Przekop
etal. (24) had proved that GNRI could provide useful prognostic
information in patients with head and neck cancer patients
qualified for home enteral nutrition (HEN), and they had
also suggested nutritional management should be also initiated
earlier during the management of cancer patients. Liu et al. (25)
demonstrated that HEN and preoperative nutritional support
was safe, and beneficial to the recovery of EC patients who had
underwent esophagectomy. Therefore, combining the results of
GNRI and nutritional support in EC patients during the whole
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treatment progression seems feasible. It was suggested that in
EC patients with low GNRI, providing them with required
energy and protein through oral or jejunostomy feeding
preoperatively might reduce the postoperative complications
rates. Additionally, nutritional support after esophagectomy
such as HEN for EC patients may also ameliorate their
survival outcomes.

In our study, ESCC patients with lower GNRI were
proved to associated subsequent complications, some potential
reasons could partly explain the reason. The wound healing
after esophagectomy needed adequate energy and nutritional
support during the progression of proliferation. Sufficient
nutrition supply is of great necessity during the whole
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progression of EC patients management. After neoadjuvant
therapy, the swallowing and oral feeding function of EC
patients were decreased to some degree because of the side-
effects of chemoradiation. Thus, some EC patients were
likely to get insufficient nutritional support and progressed
into malnutrition. However, malnutrition was a chronic state
involving various physiological activities and was difficult to
be capture reliably (26). Unlike traditional nutrition evaluating
index, the GNRI considered not only the weight of patients,
but also the ideal weight and albumin level in peripheral blood
and it made GNRI become a screening tool for evaluating
nutritional status (27). Previous studies had also found a
correlation between malnutrition and immune suppression
in cancer patients, leading to postoperative complications
and cancer recurrence after surgery (28). Up to now,
the main mechanism involving in the relationship between
low GNRI and postoperative complications in EC patients
following neoadjuvant treatment remains unknown. More
molecular biology studies are needed to determine the specific
molecular mechanism between malnutrition and postoperative
complications in EC patients.

This is a retrospective study assessing the ability of GNRI
to predict surgical outcomes in a single, high-volume institute.
Notwithstanding, the current study was retrospective in design
with all the inherent limitations of such studies. Patients were
treated with different dose of radiation or chemotherapy before
esophagectomy. Such discrepancy might lead the results of our
study deviate from the truth to some extent. Finally, the exact
GNRI cutoff value had not reached on consensus which might
make it hard to determine the optimal GNRI value in evaluating
clinical nutritional status of EC patients. Therefore, more
extensive prospective studies involving multiple institutions are
warranted in the future.

In conclusion, GNRI was found to be an independent
predictive factor of postoperative complications for ESCC
patients underwent neoadjuvant therapy followed by surgery.
Intensive follow-up nutritional support before surgery should be
performed for ESCC patients with low GNRI.

Data availability statement
The original contributions presented in this study are

included in the article/Supplementary material, further
inquiries can be directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent for

Frontiers in Nutrition

82

10.3389/fnut.2022.983038

participation was not required for this study in accordance with
the national legislation and the institutional requirements.

Author contributions

YYu conceptualized the study and revised and proofed
the manuscript. PE QY, and JZ conceptualized the study
drafted and proofed the manuscript. YYa, SL, XX, XL, YG,
QS, HZ, LC, and XZ collected the literature. All authors
contributed to the manuscript revision and revised it critically
for intellectual content.

Funding

This work was supported by the National Nature Science
Foundation of China (81970481 and 82000514), Sichuan
Science and Technology Program (2022YFS0048 and
2021YFS0222), 1.3.5 project for disciplines of excellence,
West China Hospital, Sichuan University (2020HXFH047,
ZYJC18010, 20HXJS005, and 2018HXFH020), and China
Postdoctoral Science Foundation (2020M673241).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnut.2022.983038/full#supplementary- material

SUPPLEMENTARY FIGURE 1

Kaplan—Meier survival curve stratified by optimal cutoff points in
patients with decreased geriatric nutritional index (GNRI) by X-tile
software.

frontiersin.org


https://doi.org/10.3389/fnut.2022.983038
https://www.frontiersin.org/articles/10.3389/fnut.2022.983038/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.983038/full#supplementary-material
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Fang et al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: Globocan estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49.
doi: 10.3322/caac.21660

2. Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal carcinoma.
Lancet. (2013) 381:400-12. doi: 10.1016/s0140-6736(12)60643-6

3. Orringer MB. Transhiatal esophagectomy: How I Teach It. Ann Thorac Surg.
(2016) 102:1432-7. doi: 10.1016/j.athoracsur.2016.09.044

4. Vieira FM, Chedid MF, Gurski RR, Schirmer CC, Cavazzola LT, Schramm RV,
et al. Transhiatal esophagectomy in squamous cell carcinoma of the esophagus:
What are the best indications? Arq Bras Cir Dig. (2021) 33:e1567. doi: 10.1590/
0102-672020200004e1567

5. Li, X, Chen L, Luan S, Zhou J, Xiao X, Yang Y, et al. The development and
progress of nanomedicine for esophageal cancer diagnosis and treatment. Semin
Cancer Biol. (2022):doi: 10.1016/j.semcancer.2022.01.007 [Epub ahead of print].

6. Ando N, Kato H, Igaki H, Shinoda M, Ozawa S, Shimizu H, et al. A
Randomized trial comparing postoperative adjuvant chemotherapy with cisplatin
and 5-fluorouracil versus preoperative chemotherapy for localized advanced
squamous cell carcinoma of the thoracic esophagus (Jcog9907). Ann Surg Oncol.
(2012) 19:68-74. doi: 10.1245/s10434-011-2049-9

7. Schwegler I, von Holzen A, Gutzwiller JP, Schlumpf R, Miihlebach S, Stanga
Z. Nutritional risk is a clinical predictor of postoperative mortality and morbidity
in surgery for colorectal cancer. Br J Surg. (2010) 97:92-7. doi: 10.1002/bjs.
6805

8. Mullen JT, Davenport DL, Hutter MM, Hosokawa PW, Henderson WG,
Khuri SE et al. Impact of body mass index on perioperative outcomes in
patients undergoing major intra-abdominal cancer surgery. Ann Surg Oncol. (2008)
15:2164-72. doi: 10.1245/510434-008-9990-2

9. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I, et al.
Geriatric nutritional risk index: A new index for evaluating at-risk elderly medical
patients. Am J Clin Nutr. (2005) 82:777-83. doi: 10.1093/ajcn/82.4.777

10. Zhou J, Fang P, Li X, Luan S, Xiao X, Gu Y, et al. Prognostic value of
geriatric nutritional risk index in esophageal carcinoma: A systematic review and
meta-analysis. Front Nutr. (2022) 9:831283. doi: 10.3389/fnut.2022.831283

11. Obermannovd, R, Alsina M, Cervantes A, Leong T, Lordick F, Nilsson M,
et al. Oesophageal cancer: Esmo clinical practice guideline for diagnosis, treatment
and follow-up. Ann Oncol. (2022):doi: 10.1016/j.annonc.2022.07.003 [Epub ahead
of print].

12. Kubo N, Ohira M, Yamashita Y, Sakurai K, Lee T, Toyokawa T, et al.
Thoracoscopic esophagectomy in the prone position versus in the lateral position
for patients with esophageal cancer: A comparison of short-term surgical results.
Surg Laparosc Endosc Percutan Techn. (2014) 24:158-63. doi: 10.1097/SLE.
0b013e31828fa6d7

13. Chang X, Deng W, Ni W, Li C, Han W, Gao LR, et al. Comparison of two
major staging systems in predicting survival and recommendation of postoperative
radiotherapy based on the 11th japanese classification for esophageal carcinoma
after curative resection: A propensity score-matched analysis. Ann Surg Oncol.
(2021) 28:7076-86. doi: 10.1245/s10434-021-10046-6

14. Dindo D, Demartines N, Clavien PA. Classification of surgical complications:
A new proposal with evaluation in a cohort of 6336 patients and results of a survey.
Ann Surg. (2004) 240:205-13. doi: 10.1097/01.51a.0000133083.54934.ae

Frontiers in Nutrition

83

10.3389/fnut.2022.983038

15. Narumi T, Arimoto T, Funayama A, Kadowaki S, Otaki Y, Nishiyama S, et al.
Prognostic importance of objective nutritional indexes in patients with chronic
heart failure. J Cardiol. (2013) 62:307-13. doi: 10.1016/j.jjcc.2013.05.007

16. Panichi V, Cupisti A, Rosati A, Di Giorgio A, Scatena A, Menconi O, et al.
Geriatric nutritional risk index is a strong predictor of mortality in hemodialysis
patients: data from the riscavid cohort. J Nephrol. (2014) 27:193-201. doi: 10.1007/
540620-013-0033-0

17. Beberashvili I, Azar A, Sinuani I, Shapiro G, Feldman L, Sandbank J, et al.
Geriatric nutritional risk index, muscle function, quality of life and clinical outcome
in hemodialysis patients. Clin Nutr (Edinburgh, Scotland). (2016) 35:1522-9. doi:
10.1016/j.cInu.2016.04.010

18. Shoji E, Matsubara T, Kozuma Y, Haratake N, Akamine T, Takamori S, et al.
Preoperative geriatric nutritional risk index: A predictive and prognostic factor in
patients with pathological stage i non-small cell lung cancer. Surg Oncol. (2017)
26:483-8. doi: 10.1016/j.suronc.2017.09.006

19. Bo Y, Wang K, Liu Y, You J, Cui H, Zhu Y, et al. The geriatric nutritional risk
index predicts survival in elderly esophageal squamous cell carcinoma patients with
radiotherapy. PLoS One. (2016) 11:e0155903. doi: 10.1371/journal.pone.0155903

20. Kubo N, Sakurai K, Tamura T, Toyokawa T, Tanaka H, Muguruma K,
et al. The impact of geriatric nutritional risk index on surgical outcomes after
esophagectomy in patients with esophageal cancer. Esophagus. (2019) 16:147-54.
doi: 10.1007/s10388-018-0644-6

21. Jezerskyte E, Saadeh LM, Hagens ERC, Sprangers MAG, Noteboom L, van
Laarhoven HWM, et al. Long-Term health-related quality of life after mckeown
and ivor lewis esophagectomy for esophageal carcinoma. Dis Esophagus. (2020)
33:doaa022. doi: 10.1093/dote/doaa022

22. Prado CM, Lieffers JR, McCargar L], Reiman T, Sawyer MB, Martin L, et al.
Prevalence and clinical implications of sarcopenic obesity in patients with solid
tumours of the respiratory and gastrointestinal tracts: A population-based study.
Lancet Oncol. (2008) 9:629-35. doi: 10.1016/s1470-2045(08)70153-0

23. Fuggle N, Shaw S, Dennison E, Cooper C. Sarcopenia. Best Pract Res Clin
Rheumatol. (2017) 31:218-42. doi: 10.1016/j.berh.2017.11.007

24. Przekop Z, Szostak-Weégierek D, Milewska M, Panczyk M, Zaczek Z, Sobocki
J. Efficacy of the nutritional risk index, geriatric nutritional risk index, bmi, and
glim-defined malnutrition in predicting survival of patients with head and neck
cancer patients qualified for home enteral nutrition. Nutrients. (2022) 14:1268.
doi: 10.3390/nu14061268

25. LiuK, Ji S, Xu Y, Diao Q, Shao C, Luo J, et al. Safety, feasibility, and effect of an
enhanced nutritional support pathway including extended preoperative and home
enteral nutrition in patients undergoing enhanced recovery after esophagectomy: A
pilot randomized clinical trial. Dis Esophagus. (2020) 33:d0z030. doi: 10.1093/dote/
doz030

26. Saroul N, Pastourel R, Mulliez A, Farigon N, Dupuch V, Mom T,
et al. Which assessment method of malnutrition in head and neck cancer?
Otolaryngol Head Neck Surg. (2018) 158:1065-71. doi: 10.1177/01945998187
55995

27. Cereda E, Pedrolli C. The geriatric nutritional risk index. Curr Opin Clin Nutr
Metab Care. (2009) 12:1-7. doi: 10.1097/MCO.0b013¢3283186f59

28. Alwarawrah Y, Kiernan K, Maclver NJ. Changes in Nutritional Status Impact
Immune Cell Metabolism and Function. Front Immunol. (2018) 9:1055. doi: 10.
3389/fimmu.2018.01055

frontiersin.org


https://doi.org/10.3389/fnut.2022.983038
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/s0140-6736(12)60643-6
https://doi.org/10.1016/j.athoracsur.2016.09.044
https://doi.org/10.1590/0102-672020200004e1567
https://doi.org/10.1590/0102-672020200004e1567
https://doi.org/10.1016/j.semcancer.2022.01.007
https://doi.org/10.1245/s10434-011-2049-9
https://doi.org/10.1002/bjs.6805
https://doi.org/10.1002/bjs.6805
https://doi.org/10.1245/s10434-008-9990-2
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.3389/fnut.2022.831283
https://doi.org/10.1016/j.annonc.2022.07.003
https://doi.org/10.1097/SLE.0b013e31828fa6d7
https://doi.org/10.1097/SLE.0b013e31828fa6d7
https://doi.org/10.1245/s10434-021-10046-6
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.jjcc.2013.05.007
https://doi.org/10.1007/s40620-013-0033-0
https://doi.org/10.1007/s40620-013-0033-0
https://doi.org/10.1016/j.clnu.2016.04.010
https://doi.org/10.1016/j.clnu.2016.04.010
https://doi.org/10.1016/j.suronc.2017.09.006
https://doi.org/10.1371/journal.pone.0155903
https://doi.org/10.1007/s10388-018-0644-6
https://doi.org/10.1093/dote/doaa022
https://doi.org/10.1016/s1470-2045(08)70153-0
https://doi.org/10.1016/j.berh.2017.11.007
https://doi.org/10.3390/nu14061268
https://doi.org/10.1093/dote/doz030
https://doi.org/10.1093/dote/doz030
https://doi.org/10.1177/0194599818755995
https://doi.org/10.1177/0194599818755995
https://doi.org/10.1097/MCO.0b013e3283186f59
https://doi.org/10.3389/fimmu.2018.01055
https://doi.org/10.3389/fimmu.2018.01055
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

& frontiers | Frontiers in

‘ @ Check for updates

OPEN ACCESS

Clelia Madeddu,
University of Cagliari, Italy

Dong Wu,

Third Affiliated Hospital of Second
Military Medical University, China
Yang Deng,

Shandong First Medical University,
China

Shuangyi Tang
tshy369@sina.com
Jialiang Gan
gjl5172@163.com

TThese authors have contributed
equally to this work

This article was submitted to
Clinical Nutrition,

a section of the journal
Frontiers in Nutrition

23 June 2022
31 October 2022
15 November 2022

Xie H, Wei L, Liu M, Liang Y, Yuan G,
Gao S, Wang Q, Lin X, Tang S and
Gan J (2022) Neutrophil-albumin
ratio as a biomarker for postoperative
complications and long-term
prognosis in patients with colorectal
cancer undergoing surgical
treatment.

Front. Nutr. 9:976216.

doi: 10.3389/fnut.2022.976216

© 2022 Xie, Wei, Liu, Liang, Yuan, Gao,
Wang, Lin, Tang and Gan. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiers in Nutrition

Original Research
15 November 2022
10.3389/fnut.2022.976216

Neutrophil-albumin ratio as a
biomarker for postoperative
complications and long-term
prognosis in patients with
colorectal cancer undergoing
surgical treatment

Hailun Xiet2t, Lishuang Wei3t, Mingxiang Liut2,

Yanren Liang!?, Guanghui Yuan®2, Shunhui Gao'?,

Qiwen Wang'?, Xin Lin2#, Shuangyi Tang>* and

Jialiang Gan?*

*Department of Colorectal and Anal Surgery, The First Affiliated Hospital, Guangxi Medical
University, Nanning, China, 2Guangxi Key Laboratory of Enhanced Recovery After Surgery for
Gastrointestinal Cancer, Nanning, China, *Department of Geriatric Respiratory Disease Ward, The
First Affiliated Hospital, Guangxi Medical University, Nanning, China, *Grade 2018, Department of

Clinical Medicine, Guangxi Medical University, Nanning, China, °Department of Pharmacy, The First
Affiliated Hospital, Guangxi Medical University, Nanning, China

Background: To explore the prognostic value of the preoperative neutrophil-
albumin ratio (NAR) in patients with colorectal cancer (CRC) undergoing
surgical treatment.

Materials and methods: The standardized log-rank statistic was used to
determine the optimal cut-off value for NAR. A logistic regression model was
used to evaluate the value of NAR in predicting postoperative complications.
Cox proportional hazards models were used to assess the independent
association of NAR with progression-free survival (PFS) and overall survival
(OS) in CRC patients. Restricted cubic splines were used to assess the
relationship between continuous NAR and survival in CRC patients. The
Kaplan—Meier method and log-rank test were used to compare survival
differences between low and high NAR groups. NAR-based prognostic
nomograms were constructed to predict the 1-5-year PFS and OS of CRC
patients. The concordance index (C-index) and calibration curve were used to
evaluate the prognostic accuracy of the nomograms.

Results: A total of 1,441 CRC patients were enrolled from January 2012 to
December 2016. There were 904 men (62.7%) and 537 women (37.3%), with
an average age of 5812 + 13.15 years. High NAR was closely associated
with low BMI, advanced pathological stage, colon cancer, large tumors,
vascular invasion, poor differentiation, high CEA levels, long hospital stay, and
recurrence and metastasis. A high NAR was an independent risk factor for
postoperative complications in CRC patients (OR: 2.298, 95% Cl: 1.642-3.216,
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p < 0.001). Patients with a high NAR had worse PFS (40.7 vs. 59.5%, p < 0.001)
and OS (42.6 vs. 624%, p < 0.001). After adjusting for confounders, high
NAR was independently associated with PFS (HR: 1.280, 95% CI: 1.031-1.589,
p =0.025) and OS (HR: 1.280; 95% CI: 1.026-1.596, p = 0.029) in CRC patients.
The C-index and calibration curves showed that the NAR-based prognostic
nomograms had good predictive accuracy.

Conclusion: High NAR was an independent risk factor for postoperative
complications and long-term prognosis of CRC patients. NAR-based research
could provide references for prognostic judgment and clinical decision-

making of CRC patients.

neutrophil-albumin ratio, systemic inflammation, nutrition, colorectal cancer,
complication, prognosis

Introduction

Colorectal cancer (CRC) is a common malignancy of the
gastrointestinal tract. CRC had the third highest incidence
and second highest mortality among all cancers worldwide,
according to the latest data (1). In China, the incidence
of CRC ranks fourth and mortality ranks fifth among all
malignancies (2). CRC causes a serious social burden, and the
prevention and treatment of CRC has become an important
public health problem. Therefore, there is an urgent need to
identify effective prognostic biomarkers to improve the survival
of patients with CRC.

Serological biomarkers have attracted increasing attention
because of their simplicity and ease of availability. Serum
markers can be used to predict patient prognosis and treatment
effects and to formulate individualized treatment interventions
that play an important role in the treatment and prognosis
evaluation of CRC (3-6). As is known to all, systemic
inflammation, as a leading factor in the tumorigenesis process,
plays a crucial role and actively participates in the occurrence
and development of malignancies (7, 8). In clinical practice,
peripheral blood parameters are used as direct indicators of the
host environment. Systemic inflammation can be reflected by
peripheral blood parameters such as neutrophils, lymphocytes,
monocytes, and albumin.

Recently, the newly developed neutrophil-albumin ratio
(NAR) has been used to assess prognosis in a variety of diseases,
including cerebrovascular disease, pancreatic cancer, and non-
small cell lung cancer (9-11). NAR is a novel marker of systemic
inflammation and disease severity, which can be calculated using
peripheral serum markers (neutrophils and albumin) and has
the advantages of being simple, inexpensive, and non-invasive.
Neutrophils play an important role in tumorigenesis and
tumor progression. A high neutrophil count is thought to
be closely associated with poor prognosis of malignancy.

Frontiers in Nutrition

85

Neutrophils can secrete cytokines and chemokines to create a
tumor microenvironment suitable for tumor cell proliferation,
invasion, and microvascular formation, thereby promoting
tumor development and progression (12, 13). Albumin is the
most abundant protein in the extracellular matrix synthesized
in liver tissue. Decreased albumin level is associated with
malnutrition and cancer progression (14-16). Recently, serum
albumin was reported to play an important role in systemic
inflammation. The decrease in serum albumin may be the
result of a combination of protein synthesis recombination in
the liver and albumin redistribution in and out of the blood
vessels under high systemic inflammation conditions (17). NAR,
which combines the advantages of neutrophils and albumin, is a
promising biomarker for predicting cancer prognosis.

Currently, there are few studies on the relationship between
preoperative NAR and prognosis of patients with CRC. NAR
is an emerging indicator of CRC. Therefore, this single-
center retrospective study aimed to explore the prognostic
value of preoperative NAR in patients with CRC undergoing
surgical treatment.

Patients and methods

Study population

This cross-sectional retrospective study recruited patients
with CRC who underwent surgical treatment at the Colorectal
and Anal Surgery Department of The First Affiliated Hospital
of Guangxi Medical University from January 2012 to December
2016. Patient information was anonymized during the study
period. All enrolled patients met the following inclusion
criteria: diagnosis of CRC based on histological or cytological
evidence, curative surgery for treatment purposes, and complete
preoperative serological data. Patients with multiple primary
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malignancies, preoperative neoadjuvant chemoradiotherapy, or
clinical evidence of infection or other inflammatory diseases
were excluded. This study was approved by the ethics review
committee of the center. Written informed consent was
obtained from all the patients or their close relatives. This study
was conducted in strict accordance with the principles of the

Declaration of Helsinki.

Data collection

The following clinicopathological data were collected:
sex, age, height, weight, hypertension, diabetes, neutrophil
count, albumin level, serum CEA level, T stage, N stage,
metastasis, tumor-node-metastasis (TNM) stage, perineural
invasion, vascular invasion, pathological type, differentiation,
tumor location, tumor size, and surgical approach (laparoscopic
or open). Blood characteristics were collected from blood
tests performed within 1 week before surgery. All pathological
characteristics were obtained from the evaluation of the excised
tissue samples by professional pathologists. TNM stage was
classified according to the eighth edition of the Union for
International Cancer Control (UICC) Pathology classification.
The NAR was defined as neutrophil (10°)/albumin (g/dL). Body
mass index (BMI) was defined as weight (kg)/square height (m?)
(low, <18.5; normal, 18.5-24; high, >24).

Follow-up and outcomes

In this study, the survival status of all the patients was
determined through an outpatient clinic visit or telephone call.
Follow-up was performed every 3-6 months in the first year
after surgery and every 6-12 months in the second year, until
the patient died. The main contents of the follow-up were basic
living conditions, serological tests, tumor marker tests, imaging
tests, and colonoscopy after surgery. The last follow-up was on
July 31, 2021. In this study, the primary outcome was overall
survival (OS), and secondary outcomes were progression-free
survival (PFS) and postoperative complications. OS was defined
as the time interval from the date of diagnosis to death from any
cause or the date of the last follow-up. PFS was defined as the
time interval from tumor resection to the first recurrence, death,
or last follow-up.

Statistical analysis

Categorical variables were expressed as counts (percentages)
and analyzed using Pearson’s chi-squared test or Fisher’s exact
test. Continuous variables are expressed as mean (standard
deviation) or median (interquartile range) and were analyzed
using a t-test or non-parametric test. The standardized log-
rank statistic was used to determine the optimal cut-off value
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for NAR by “survminer” R package. Restricted cubic splines
(RCS) were used to assess the relationship between NAR and
survival of patients with CRC. The Kaplan-Meier method was
used to describe survival curves, and the log-rank test was used
to compare differences in survival. Univariate and multivariate
analyses were performed using the Cox proportional hazards
model to evaluate the important factors affecting patient
prognosis. Survival risks are expressed as hazard ratios (HRs)
and 95% confidence intervals (CIs). The R package “survival”
was used to construct prognostic nomograms to predict 1-
5-year PFS and OS in patients with CRC. The concordance
index (C-index) and calibration curve were used to evaluate
the prognostic accuracy of the nomograms. Time-dependent
receiver operating characteristic (ROC) curves were used to
compare the ability to predict prognosis. A logistic regression
model was used to identify the risk factors for complications.
Predicted risks are expressed as odds ratios (ORs) and 95%
CL Finally, we randomly divided the total population into
two internal validation datasets at a 7:3 ratio to evaluate the
generalizability of the results. All p-values were two-sided, and
p-values below 0.05 were considered statistically significant. R
(version 4.0.2) was used for all analyses.

Results

Clinicopathologic characteristics

In total, 1,441 patients with CRC were included in this study.
There were 904 men (62.7%) and 537 women (37.3%), with
an average age of 58.12 & 13.15 years. A total of 284 patients
(19.7%) had stage I, 480 (33.3%) had stage II, 540 (37.5%) had
stage III, and 137 (9.5%) had stage IV disease. At the last follow-
up, 400 (27.8%) patients had recurrence and metastasis and
582 (40.4%) patients had died. The median follow-up time was
65.23 months (1-106 months). The optimal cut-off value for
NAR in patients with CRC was 1.65 (Supplementary Figure 1).
Based on this cut-off value, 1,237 patients were identified as
having low NAR and 204 patients as having high NAR. We
found that high NAR was closely associated with low BMI,
metastasis, advanced pathological stage, colon cancer, large
tumors, vascular invasion, poor differentiation, and high CEA
levels. In addition, patients with CRC with high NAR had a
hospital stay that was nearly 3 days longer, a higher risk of
recurrence and metastasis, and a higher risk of death (Table 1).

The relationship between
neutrophil-albumin ratio and
complications

A total of 299 patients (26.2%) developed varying degrees of
postoperative complications. According to the modified Clavien
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TABLE 1 The relationships between the neutrophil-albumin ratio (NAR) and clinicopathological factors of colorectal cancer (CRC) patients.

Features Overall (n = 1,441) NAR P-value
Low (n=1,237) High (n =204)

Gender (male) 904 (62.7) 767 (62.0) 137 (67.2) 0.183
Age (>60) 724 (50.2) 616 (49.8) 108 (52.9) 0.449
Age [mean (SD)] 58.12 (13.15) 58.15 (13.07) 57.93 (13.67) 0.819
BMI (median [IQR]) 22.04 (19.95, 24.31) 22.14 (20.00, 24.46) 21.5(19.32, 23.74) 0.005
BMI 0.003

182 (12.6) 142 (11.5) 40 (19.6)

854 (59.3) 736 (59.5) 118 (57.8)

405 (28.1) 359 (29.0) 46 (22.5)
Hypertension (Yes) 241 (16.7) 202 (16.3) 39 (19.1) 0.375
Diabetes (Yes) 90 (6.2) 72 (5.8) 18 (8.8) 0.137
Liver disease (Yes) 56 (3.9) 49 (4.0) 7 (3.4) 0.717
T stage 0.232

50 (3.5) 46 (3.7) 4(2.0)

318 (22.1) 279 (22.6) 39 (19.1)

770 (53.4) 660 (53.4) 110 (53.9)

303 (21.0) 252 (20.4) 51 (25.0)
N stage 0.158

808 (56.1) 705 (57.0) 103 (50.5)

398 (27.6) 338 (27.3) 60 (29.4)

235 (16.3) 194 (15.7) 41 (20.1)
Clinical distant metastasis (Yes) 137 (9.5) 97 (7.8) 40 (19.6) <0.001
TNM stage <0.001

284 (19.7) 254 (20.5) 30 (14.7)

480 (33.3) 420 (34.0) 60 (29.4)

540 (37.5) 466 (37.7) 74 (36.3)

137 (9.5) 97 (7.8) 40 (19.6)
Perineural invasion (Yes) 149 (10.3) 128 (10.3) 21(10.3) 0.999
Vascular invasion (Yes) 247 (17.1) 201 (16.2) 46 (22.5) 0.035
Macroscopic type 0.001
Protrude type 406 (28.2) 335(27.1) 71 (34.8)
Infiltrating type 113 (7.8) 88 (7.1) 25(12.3)
Ulcerative type 922 (64.0) 814 (65.8) 108 (52.9)
Differentiation (Poor) 190 (13.2) 147 (11.9) 43 (21.1) <0.001
Tumor location (Rectal) 736 (51.1) 670 (54.2) 66 (32.4) <0.001
Tumor size (median [IQR]) 4.50 (3.50, 6.00) 4.20 (3.50, 5.50) 6.00 (4.00, 8.00) <0.001
CEA (High) 594 (41.2) 483 (39.0) 111 (54.4) <0.001
Surgical method (Endoscopic) 837 (58.1) 774 (62.6) 63 (30.9) <0.001
Operation time (median [IQR]) 188.00 (150.00, 245.00) 183.00 (146.00, 240.00) 216.50(172.75, 278.25) <0.001
Intraoperatve blood loss (median [IQR]) 100.00 (50.00, 200.00) 100.00 (50.00, 200.00) 200.00 (100.00, 300.00) <0.001
Length of stay (median [IQR]) 17.00 (11.00, 21.00) 16.00 (11.00, 20.00) 19.00 (14.00, 24.00) <0.001
Radiotherapy (Yes) 134 (9.3) 125 (10.1) 9 (4.4) 0.014
Chemotherapy (Yes) 657 (45.6) 571 (46.2) 86 (42.2) 0.323
Recurrence and metastasis (Yes) 400 (27.8) 330 (26.7) 70 (34.3) 0.024
Death (Yes) 582 (40.4) 465 (37.6) 117 (57.4) <0.001

CRC, colorectal cancer; BMI, body mass index; NAR, neutrophil-albumin ratio.

complication classification system, there were 147 (10.2%)
grade I complications, 108 (7.5%) grade II complications,
17 (1.2%) grade Illa complications, 13 (0.9%) grade IIIb
complications, seven (0.5%) grade IVa complications, six
(0.4%) grade IVb complications, and one (0.1%) grade V
complication. Compared with the low-NAR group, CRC
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patients in the high-NAR group had a significantly higher
incidence of total postoperative complications, especially
grade I-III complications (Supplementary Table 1). Logistic
regression analysis showed that high NAR was an independent
risk factor for postoperative complications in patients with
CRC. Compared with patients with low NAR, patients with
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high NAR had a 1.298-fold higher risk of postoperative
complications (OR: 2.298, 95% CI: 1.642-3.216, p < 0.001)
(Supplementary Table 2).

Comparison of the survival differences
between the low and high
neutrophil-albumin ratio groups

Compared with patients with low NAR, those with high
NAR had worse PFS (40.7 vs. 59.5%, p < 0.001) (Figure 1A).
Patients with a high NAR had significantly worse OS than those
with a low NAR (42.6 vs. 62.4%, p < 0.001) (Figure 1B). In
addition, we also performed subgroup analysis of different CEA
levels, and found that regardless of whether CEA levels were
normal or high, the PFS and OS of patients in the high NAR
group were significantly lower than those of patients in the
low NAR group (Supplementary Figure 2). Notably, NAR can
effectively stratify the prognosis of patients with CRC at different
pathological stages. For early stages (TNM stage I-II), the PFS
and OS of the high NAR group were significantly poorer than
those of the low NAR group (Figures 2A,B). For advanced stages
(TNM stage III-IV), NAR still provides effective prognostic
differentiation and has stronger discriminative power in patients
with CRC (Figures 2C,D).

Relationship between
neutrophil-albumin ratio and survival

There was a clear dose-response relationship between NAR
and survival in patients with CRC under different adjustment
models, and NAR was inversely associated with prognosis
(Figures 3A,B). After adjusting for confounders, high NAR was
independently associated with PFS (HR: 1.280, 95% CI: 1.031-
1.589, p = 0.025) and OS (HR: 1.280, 95% CI: 1.026-1.596,
p =0.029) in patients with CRC (Tables 2, 3). We also conducted
a trend test for the relationship between NAR and PFS/OS. The
results showed that NAR was independently associated with
PFS/OS and OS in patients with CRC, either as a continuous
variable or as a categorical variable (Supplementary Table 3). In
addition, high NAR was a risk factor affecting the vast majority
of patient subgroups (Supplementary Figure 3).

Construction of prognostic
nomograms

Based on the results of the Cox proportional hazards model
of PFS, we developed a PFS nomogram to predict postoperative
1-5-year PFS in patients with CRC (Figure 4A), which included
age, NAR, T stage, N stage, metastasis, and CEA. Age and NAR
were used as continuous variables to improve the predictive
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accuracy of the nomograms. The nomogram showed that with
increasing age/NAR, progression of T stage/N stage, metastasis,
and increasing CEA levels, the predicted score increased,
indicating that the risk of poor prognosis also increased. In
the survival analysis of OS, six factors including age, NAR,
T stage, N stage, metastasis, vascular invasion, differentiation,
and CEA were confirmed to be independently associated with
the prognosis of CRC patients. Therefore, we included these
prognostic factors to construct an OS nomogram for predicting
postoperative 1-5-year OS in CRC patients (Figure 4B). The
nomogram showed that with increasing age/NAR, progression
of T stage/N stage, metastasis, poor differentiation, emergence
of vascular invasion, and increased CEA, the predicted score
increased, indicating that the risk of poor prognosis also
increased.

Utility evaluation of survival
nomograms

The C-indices of the PFS and OS nomograms were 0.720
(95% CIL 0.699-0.741) and 0.728 (95% CI: 0.706-0.750),
respectively. The calibration curves for both the 3- and 5-year
PES (Supplementary Figures 4A,B) and OS (Supplementary
Figures 4C,D) demonstrated the best agreement between
the predicted survival probabilities and actual observations.
These results demonstrated that the nomograms had good
predictive accuracy in predicting the prognosis of patients
with CRC. Furthermore, we compared these nomograms with
the traditional TNM staging system by using time-dependent
ROC curves. The results showed that our nomograms had
better resolution and accuracy in predicting 3- and 5-year
PFS (Supplementary Figures 5A,B) and OS (Supplementary
Figures 5C,D) than TNM stage did.

Internal validation

We performed randomized internal validation by dividing
the total population into validation a (1,009) and validation b
(432) cohorts at a 7:3 ratio. Supplementary Table 4 compares
the clinicopathological factors of the two cohorts, and the
results show that the two internal cohorts were independent.
NAR still provided a valid prognostic assessment in patients
in the validation a (Figures 5A,B) and validation b cohorts
(Figures 5C,D). Compared with patients with low NAR, those
with high NAR have a higher risk of poor prognosis. Next, we
internally validated the PFS and OS nomograms. In validation a,
the C-indices of the PFS and OS nomograms were 0.712 (0.688,
0.737) and 0.726 (0.701, 0.751), respectively. In validation b, the
C-indices of the PFS and OS nomograms were 0.742 (0.706,
0.778) and 0.738 (0.701, 0.775), respectively. The calibration
curves for 3- and 5-year PFS and OS both demonstrated the best
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The association between neutrophil-albumin ratio (NAR) and survival in patients with colorectal cancer (CRC). (A) Progression-free survival; (B)
overall survival. Model a: no adjusted. Model b: adjusted for gender, age, and BMI. Model c: adjusted for gender, age, BMI, hypertension,
diabetes, T stage, N stage, metastasis, tumor location, tumor size, perineural invasion, vascular invasion, macroscopic type, differentiation,

surgical approach, operating time, blood loss.

agreement between predicted survival probabilities and actual
observation in validation a (Supplementary Figure 6A) and
validation b (Supplementary Figure 6B).

Discussion

Systemic inflammation is considered to be the seventh
hallmark of cancer and is involved in tumor development,
proliferation, metastasis, aging, and apoptosis. Ostan et al.
suggested that inflammation triggers genetic mutations or
changes in epigenetic mechanisms that promote cancer
initiation, metastasis, and progression (18, 19). Changes in
inflammatory cells and inflammatory proteins in the peripheral
venous blood can reflect tumor progression. Therefore, as
markers of systemic inflammation, peripheral venous blood
counts and albumin levels may provide additional information
about the outcomes of patients with malignancies.

In this study, we found that an elevated preoperative NAR
may reflect more aggressive tumor features. Patients with a high
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preoperative NAR had longer hospital stays and a higher risk
of poor prognosis, suggesting that NAR can be used to assess
disease burden. In addition, high preoperative NAR was closely
associated with postoperative complications, especially grade I-
III complications. In our study, approximately 20.7% of patients
with CRC had varying degrees of postoperative complications,
and the proportion of patients with postoperative complications
in the high NAR group was 37.7%, while it was only 17.9% in the
low NAR group. Multivariate logistic regression analysis showed
that a high preoperative NAR was an independent risk factor for
postoperative complications in patients with CRC.

Multivariate RCS showed that with increasing NAR, the
prognosis of patients became progressively worse. We found
that patients with high NAR had a significantly worse prognosis
than those with low NAR. Multivariate survival analysis showed
that a high NAR was an independent risk factor for shorter
PES and OS in patients with CRC. The TNM staging system
is currently recognized as the most reliable tool for evaluating
the prognosis of CRC patients. However, it has been reported
that patients with the same TNM stage may still have different
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TABLE 2 Univariate and multivariate Cox regression analysis of clinicopathological characteristics associated with progression-free survival (PFS)

in colorectal cancer (CRC) patients.

Characteristic Progression-free survival
Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value

Gender (Female) 1.014 (0.862-1.193) 0.866
Age (>60 years) 1.28 (1.093-1.499) 0.002 1.32 (1.122-1.554) 0.001
BMI 0.108 0.783

Low Ref. Ref.

Normal 0.871 (0.694-1.095) 0.237 0.938 (0.741-1.187) 0.595

High 0.762 (0.589-0.986) 0.038 0.91 (0.697-1.188) 0.486
Hypertension (Yes) 1.198 (0.979-1.466) 0.079
Diabetes (Yes) 1.152 (0.845-1.57) 0.371
NAR (High) 1.703 (1.396-2.077) <0.001 1.280 (1.031-1.589) 0.025
T stage (T3-4) 2.364 (1.896-2.947) <0.001 1.426 (1.123-1.811) 0.004
N stage <0.001 <0.001
NO Ref. Ref.
N1 1.872 (1.553-2.257) <0.001 1.531 (1.261-1.859) <0.001
N2 4.055 (3.338-4.927) <0.001 2.798 (2.254-3.472) <0.001
Distant metastasis (Yes) 5.384 (4.411-6.572) <0.001 3.048 (2.442-3.805) <0.001
Tumor location (Colon) 0.918 (0.784-1.075) 0.287
Tumor size (>5 cm) 1.192 (1.019-1.395) 0.028 0.96 (0.814-1.132) 0.627
Perineural invasion (Positive) 1.755 (1.403-2.195) <0.001 1.127 (0.877-1.447) 0.352
Vascular invasion (Positive) 1.997 (1.663-2.397) <0.001 1.21 (0.978-1.496) 0.080
Macroscopic type 0.003 0.313
Protrude type Ref.
Infiltrating type 1.466 (1.075-1.998) 0.016 1.214 (0.887-1.662) 0.225
Ulcerative type 1.366 (1.129-1.653) 0.001 1.151 (0.944-1.403) 0.165
Differentiation (High/Medium) 0.7 (0.563-0.869) 0.001 0.869 (0.693-1.091) 0.228
Surgical approach (Laparoscope) 0.673 (0.575-0.788) <0.001 0.882 (0.741-1.051) 0.161
Operating time (median) (>192 min) 1.205 (1.029-1.412) 0.021 1.048 (0.887-1.239) 0.581
Blood loss (median) (>100 ml) 1.246 (1.052-1.477) 0.011 1.078 (0.901-1.291) 0.412
CEA (>5 ng/ml) 1.988 (1.698-2.328) <0.001 1.474 (1.245-1.746) <0.001
Radiotherapy (Yes) 1.151 (0.885-1.496) 0.293
Chemotherapy (Yes) 1.141 (0.974-1.336) 0.101

CRC, colorectal cancer; BMI, body mass index; NAR, neutrophil-albumin ratio.

clinical outcomes, suggesting that other prognostic indices need
to be assessed to achieve a more accurate prognostic evaluation
in the setting of the same TNM stage (20). We found that NAR
was also effective in the prognostic stratification of different
pathological stages, suggesting that it could be an effective
complement for evaluating the prognosis of CRC patients with
the same pathological stage.

For convenience and intuitive use in clinical studies,
we constructed novel and effective prognostic nomograms.
These nomograms consist of specific clinical features, each
feature corresponding to a specific point, and a score
for that feature can be calculated by drawing a straight
line on the point axis, and then positioning the sum
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of these feature scores on the total point axis. The risk
probability can then be calculated by plotting down to
the prediction axis. These nomograms have the advantage
of integrating individual profiles, tumor characteristics,
serum tumor markers, and nutritional inflammation-related
markers and can be used for personalized assessment
of 1-5-year PFS and OS in patients with CRC. The
results of the C-index and calibration plots of the overall
cohort and internal validation cohorts confirmed the
good predictive accuracy of our constructed prognostic
nomogram. For patients with higher scores, indicating
greater tumor aggressiveness and higher tumor-associated
inflammation, closer follow-up monitoring and even

frontiersin.org


https://doi.org/10.3389/fnut.2022.976216
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Xie et al.

10.3389/fnut.2022.976216

TABLE 3 Univariate and multivariate Cox regression analysis of clinicopathological characteristics associated with overall survival (OS) in

colorectal cancer (CRC) patients.

Characteristic Overall survival
Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value

Gender (Female) 1.013 (0.857-1.198) 0.881
Age (>60 years) 1.344 (1.141-1.583) <0.001 1.356 (1.145-1.606) <0.001
BMI 0.060 0.579

Low Ref. Ref.

Normal 0.858 (0.678-1.085) 0.200 0.919 (0.721-1.171) 0.492

High 0.73 (0.56-0.952) 0.020 0.864 (0.656-1.138) 0.299
Hypertension (Yes) 1.202 (0.976-1.48) 0.084
Diabetes (Yes) 1.188 (0.865-1.632) 0.287
NAR (High) 1.769 (1.444-2.167) <0.001 1.280 (1.026-1.596) 0.029
pT stage (T3-4) 2.495 (1.975-3.151) <0.001 1.464 (1.138-1.885) 0.003
PN stage <0.001 <0.001
NoO Ref. Ref.
N1 1.875 (1.544-2.277) <0.001 1.519 (1.242-1.859) <0.001
N2 4.079 (3.339-4.983) <0.001 2.658 (2.127-3.32) <0.001
Distant metastasis (Yes) 5.609 (4.581-6.866) <0.001 3.186 (2.546-3.987) <0.001
Tumor location (Colon) 0.976 (0.83-1.149) 0.772
Tumor size (>5 cm) 1.308 (1.112-1.539) 0.001 1.069 (0.901-1.267) 0.444
Perineural invasion (Positive) 1.713 (1.359-2.159) <0.001 1.075 (0.829-1.393) 0.587
Vascular invasion (Positive) 2.039 (1.691-2.459) <0.001 1.256 (1.01-1.562) 0.041
Macroscopic type 0.006 0.399
Protrude type Ref.
Infiltrating type 1.448 (1.05-1.997) 0.024 1.175 (0.848-1.627) 0.333
Ulcerative type 1.366 (1.12-1.665) 0.002 1.147 (0.934-1.409) 0.192
Differentiation (High/Medium) 0.648 (0.521-0.807) 0.001 0.789 (0.627-0.993) 0.044
Surgical approach (Laparoscope) 0.648 (0.551-0.763) <0.001 0.89 (0.743-1.066) 0.207
Operating time (median) (>192 min) 1.21 (1.028-1.426) 0.022 1.075 (0.904-1.278) 0.413
Blood loss (median) (=100 ml) 1.263 (1.059-1.506) 0.009 1.104 (0.916-1.331) 0.298
CEA (>5 ng/ml) 2.036 (1.73-2.397) <0.001 1.472 (1.236-1.754) <0.001
Radiotherapy (Yes) 0.939 (0.705-1.252) 0.67
Chemotherapy (Yes) 1.047 (0.889-1.233) 0.581

CRC, colorectal cancer; BMI, body mass index; NAR, neutrophil-albumin ratio.

more aggressive anticancer therapy could be considered to
improve prognosis.

It is well-known that neutrophils are an important defense
line of the body’s immunity, and albumin is a commonly used
indicator to reflect the nutritional status of patients in clinical
practice (21, 22). NAR, combined the parameters of immune
and nutrition, comprehensively reflects the perioperative
nutritional reserve and anti-attack ability of CRC patients,
which may be the reason why low NAR is closely related
to postoperative complications of CRC patients. Neutrophils
release chemokines and cytokines that play important roles
in stimulating angiogenesis, cytogenesis, antiviral defense,
and modulating immune responses (12). Serum albumin is
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associated with activated systemic inflammation during tumor
proliferation and invasion (17). Therefore, NAR is not only
an index reflecting the nutritional status, but also a novel
marker indicating systemic inflammation and disease severity.
Systemic inflammation is the basis of cancer development
and progression, so NAR has a good predictive effect on the
prognosis of CRC patients.

Uludag et al. found that NAR may be a useful predictive
marker for advanced colon cancer, providing more detailed
prognostic information for patients with colon cancer and
physicians (23). Tawfik et al. found that NAR can be a
predictor of pathological complete response after neoadjuvant
chemoradiotherapy in patients with rectal cancer (24). However,
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their small sample size and short follow-up period led to
certain limitations. In addition, no studies have reported
the relationship between preoperative NAR, postoperative
complications, and long-term outcomes in patients with
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CRC. Therefore, this study is the first to report that a
high preoperative NAR is an independent risk factor for
postoperative complications and prognosis in patients with
CRC. Furthermore, we constructed the NAR-based prognostic
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nomograms that can directly help clinicians quantify the
prognostic risk of CRC patients, thereby making it more
convenient and personalized to formulate appropriate treatment
strategies for CRC patients. However, our study has some
limitations. As this was a single-center retrospective study, there
may be a potential selection bias, such as selection bias, follow-
up bias, etc. Although we performed an internal validation of the
nomograms, further validation in external cohorts is required
before the nomogram can be used clinically.

Conclusion

High NAR was an independent risk factor affecting
postoperative complications and long-term prognosis of
patients with CRC. NAR-based nomograms have good
predictive accuracy and can provide a personalized reference
for prognostic judgment and clinical decision-making of
patients with CRC.
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Objective: The effect of arginine on tumors appears to be bidirectional.
The association of serum arginine with the risk of incident cancer remains
uncovered at present. We aimed to investigate the prospective relationship
of baseline serum arginine concentrations with the risk of incident cancer in
hypertensive participants.

Materials and methods: A nested, case-control study with 1,389 incident
cancer cases and 1,389 matched controls was conducted using data from
the China H-Type Hypertension Registry Study (CHHRS). Conditional logistic
regression analyses were performed to evaluate the association between
serum arginine and the risk of the overall, digestive system, non-digestive
system, and site-specific cancer.

Results: Compared with matched controls, cancer patients had higher levels
of arginine (21.41 wg/mL vs. 20.88 ng/mL, p < 0.05). When serum arginine
concentrations were assessed as quartiles, compared with participants in the
lowest arginine quartile, participants in the highest arginine quartile had a
32% (OR = 1.32, 95% CI: 1.03 to 1.71), and 68% (OR = 1.68, 95% CI: 1.09
to 2.59) increased risk of overall and digestive system cancer, respectively,
in the adjusted models. In the site-specific analysis, each standard deviation
(SD) increment of serum arginine was independently and positively associated
with the risk of colorectal cancer (OR = 1.35, 95% CI: 1.01 to 1.82) in the
adjusted analysis.
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Conclusion: We found that hypertensive individuals with higher serum
arginine levels exhibited a higher risk of overall, digestive system, and
colorectal cancer.

arginine, cancer, serum, hypertension, Chinese

Introduction

As the worlds most populous country, China has made
significant progress in health promotion in recent decades.
However, due to increases in the severity of cancer risk
factors, especially an aging population, poor diet, and higher
rates of obesity, diabetes, and environmental pollution,
China continues to experience a growing cancer burden
with almost 22 and 27% of the global cancer cases and
deaths, respectively, occurring in China in 2015 (1). The
established risk factors for cancer include use of tobacco
products (2), infectious agents (3), alcohol consumption (4),
obesity (5), environmental pollution (6), and poor diet (7).
Researchers estimate that almost 60% of cancer could be
prevented by reducing these risk factors, many of which
are modifiable (8). It is important to investigate numerous
carcinogenic factors to determine potential screening and
prevention methods.

Arginine, a semi-essential amino acid, plays a crucial role
in the urea cycle and the synthesis of protein, polyamines,
creatine, and nitric oxide (NO) (9). L-arginine supplementation
has been demonstrated to be beneficial for endothelium-
derived NO production and endothelial function in numerous
studies, reducing systemic blood pressure in some forms of
experimental hypertension (10). Animal studies have shown
that arginine reduces white fat mass while increasing brown fat
and skeletal muscle mass, increases several lipolytic enzymes,
and reduces the levels of insulin resistance (IR) (11-14).
in the
environment have a direct impact on the metabolic fitness

Moreover, L-arginine concentrations intracellular
and survival capacities of T cells which are crucial for
anti-tumor immunity (15). Arginine may reduce the risk
of cancer due to its beneficial effect on the regulation of
nutrient metabolism and T cells. In recent years, however,
arginine’s role in carcinogenesis has received increasing
attention because it promotes cell growth in cancerous tissues
(16). Cancer microenvironments are profoundly affected by
arginine availability and the activation of arginine-related
pathways (16). Notably, polyamines and NO, synthesized solely
from arginine, may affect tumor initiation, progression,
adhesion, differentiation, and

tumor-cell angiogenesis,

immunosuppression (17-19). In addition, clinical trials
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have shown positive results with arginine deprivation in cancer
therapy (20).

In short, the effect of arginine on tumors appears to be
bidirectional. However, as an important amino acid, the precise
role of serum arginine concentrations on the occurrence of
cancer is poorly understood. This study aimed to explore the
association of serum arginine levels with incident cancer risk
by drawing data from a case-control study, nested within
a community-based, prospective cohort among hypertensive
participants, thereby providing possible implications for early
diagnosis and treatment of cancer.

Materials and methods

Study population

The population in the current study was obtained from the
China H-Type Hypertension Registry Study (CHHRS; URLY
unique identifier: ChiCTR1800017274), which is an ongoing,
community-based, observational, and real-world registry study.
The CHHRS aimed to establish a national registry of H-type
hypertensive patients, to assess the prevalence, treatment, and
prognosis of H-type hypertension in China. Individuals aged
18 years and over with essential hypertension, defined as seated,
systolic blood pressure (SBP) > 140 mmHg and/or seated,
diastolic blood pressure (DBP) > 90 mmHg at the screening
visit were eligible for participation. Participants were excluded
if they had a psychological or nervous system impairment that
prevented them from giving informed consent or from being
followed up according to the study protocol. There were two
stages in this study: (1) recruitment and (2) observation follow-
up which was scheduled every 3 months during the 3-year trial
period. At each visit, SBP, DBP, heart rate, medication usage,
adverse events, and study outcomes were recorded. The primary
outcome was the first composite of cardiovascular events and
consisted of non-fatal strokes, myocardial infarcts, and vascular
deaths. Other outcomes included cancer, kidney disease, and
all-cause mortality.

1 http://www.chictr.org.cn/showprojen.aspx?proj=28262
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Outcome assessment

Ascertainment of cancer was carried out by the Centers
for Disease Control and Prevention (CDC) of Rongcheng,
or through electronic linkage to hospitalizations where
patients had received treatment for malignant tumors,
or from active follow-up. In the absence of pathological
results, potential cancer cases were further evaluated by two
oncologists. Cancer cases could only be identified when the
diagnoses were confirmed by both oncologists and were
coded using the International Classification of Diseases, Tenth
Revision (ICD-10).

Nested case-control study

We conducted a case-control study nested within the
CHHRS. The controls were selected from the study population
who were cancer-free at the end of the follow-up period and
were matched with cases by age (£ 1 year), sex, and region in
a 1:1 ratio. The initial sample consisted of 1,419 incident cases
and 1,419 matched controls. After excluding 31 participants
with missing serum arginine measurements and 29 unpaired
individuals, a total of 2,778 participants (1,389 cancer cases
vs. 1,389 matched controls) were included in the final analysis
(Figure 1). Participants were further divided into four groups
based on arginine quartiles, with cut-off values of 17.62, 21.16,
and 25.64 pg/mL, respectively.

Exposure and covariates

A morning serum sample was collected from all participants
following an overnight fast at the baseline screening. Serum
arginine was measured using liquid chromatography with
tandem quadrupole mass spectrometry (LC-MS/MS) in
lab (Beijing DIAN Medical Laboratory,
China?). The descriptions of LC-MS/MS setting parameters,
the modes and type of the instrument are described in

a commercial

Supplementary material. Biochemical indexes including
alanine aminotransferase (ALT), albumin (ALB), triglycerides
(TG), total cholesterol (TC), uric acid (UA), high-density
lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG),
creatinine, homocysteine (HCY), and folate were analyzed using
automatic clinical analyzers (Beckman Coulter) at the central
laboratory of the National Clinical Research Center for Kidney
Disease, (Nanfang Hospital, Guangzhou, China). Information
on age, sex, marital status, education level, smoking status,
alcohol consumption, sleep quality, history of chronic disease,

antihypertensive drug usage, and family history of cancer was

2 http://www.dazd.cn
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collected using a standard questionnaire. Participant height and
weight were measured by trained medical staff, and body mass
index (BMI) was calculated as body weight (kg) divided by the
square of height (m?).

Statistical analysis

Participant baseline characteristics were presented as
means £ SDs, medians (IQR), and proportions for normally
distributed, skewed distributed, and categorical variables;
differences between the cases and controls were compared
using paired t-tests, non-parametric Kruskal-Wallis tests, and
chi-square tests (Fisher’s exact test), respectively. The dose-
response relationship between arginine (per SD) and cancer
risk was calculated by restricted cubic spline regression (RCS).
QOdds ratios (ORs) and 95% confidence intervals (CIs) for the
association of serum arginine levels (per SD, and quartiles)
with overall, digestive system, and non-digestive system cancer
risk were estimated using conditional logistic regression with
models unadjusted and adjusted for the variables including
BMI, smoking status, alcohol drinking status, SBP, TG, TC,
UA, glucose, HDL-C, creatinine, ALB, ALT, HCY, sleep quality,
anti-hypertensive drug usage, and family history of cancer. In
addition, we further explored the effect of serum arginine levels
on the occurrence of site-specific cancers. A subgroup analysis
on the association was also conducted on the variables age
(median, < 69 vs. > 69 years), sex, smoking status (never vs. past
or current), drinking status (never vs. past or current), folate
levels (median, < 6.13 vs. > 6.13 ng/mL), and BMI (< 24 vs.
24-27.9 vs. > 28 kg/m?). The association of serum arginine with
cancer risk was reanalyzed after further dividing participants
by their median follow-up interval according to the time of
cancer occurrence (< median vs. > median follow-up period) to
avoid any possible influence of preclinical disease on the results.
A two-tailed P < 0.05 was considered statistically significant in
all analyses. R software (version 3.4.1%) and SAS (version 9.4)
were used for all statistical analyses.

Results

Baseline characteristics of the
participants

The current study included 1,389 cancer cases, with 543
digestive system cancer cases and 846 non-digestive system
cancer cases. The most common cancer types were lung
(n = 361), followed by colorectal (n = 180), gastric (n = 160),
liver (n = 107), breast (n = 85), head and neck (n = 82), prostatic

3 http://www.R-project.org
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Rongcheng CHHRS (n=87492)

. '

1,419 cancer patients
from 2018-2021

1,419 matched controls by age,
seX, and residence from CHHRS

A 4

2,838 participants
(1,419 cases vs. 1,419 controls)

l————»

2,778 participants
(1,389 cases vs. 1,389 controls)

Without data of arginine (n=31)
Unpaired individuals (n=29)

FIGURE 1
Flow chart of study participants in the nested case-control study within the HHPCP.

TABLE 1 Baseline characteristics of the cancer cases and matched controls.

Variables Controls (n =1,389) Cases (n = 1,389) p-value
Age,y 69.32£7.76 69.32£7.76 0.999
Males, n (%) 779 (56.08) 779 (56.08) 1.000
BMI, kg/m2 25.73 £ 3.60 25.72£3.83 0.953
Baseline SBP, mmHg 148.48 £ 21.26 147.52 £ 21.30 0.237
Baseline DBP, mmHg 83.73 £11.33 83.07 £11.76 0.134
ALT, U/L 8.05 (7.0, 13.0) 10.0 (7.0, 14.0) 0.148
ALB, g/L 45.43 245 44754297 <0.001
TG, mmol/L 1.21 (0.86, 1.77) 1.19 (0.84, 1.80) 0.630
TC, mmol/L 6.51 £1.23 6.44 + 1.30 0.202
UA, wmol/L 320.0 (269.0, 371.0) 314.0 (264.0, 374.0) 0.393
HDL-C, mmol/L 1.234+0.24 1224027 0.795
FBG, mmol/L 6.25+1.71 6.29 £1.83 0.626
Creatinine, pmol/L 45.84 (27.03, 51.00) 52.0 (10.0, 64.0) 0.748
Folate, ng/mL 6.14 (4.03,9.66) 6.11 (4.22,10.12) 0.466
HCY, jtmol/L 12.01 (10.31, 14.66) 12.25 (10.06, 15.03) 0.886
Arginine, pg/mL 20.88 (17.34,25.11) 21.41 (17.94, 26.25) 0.001
Marital status, [married, n (%)] 1144 (82.36) 1178 (84.81) 0.354
High school education or above, n (%) 108 (7.78) 103 (7.42) 0.720
Current smoker, n (%) 334 (24.05) 401 (28.87) 0.011
Current drinker, n (%) 388 (27.93) 370 (26.64) 0.359
History of CKD, n (%) 14 (1.01) 25 (1.80) 0.076
History of CHD, n (%) 0(0) 165 (11.88) <0.001*
History of stroke, n (%) 0(0) 64 (4.61) <0.001*
Family history of cancer, n (%) 47 (3.38) 50 (3.60) 0.918
Poor sleep quality, n (%) 191 (13.75) 259 (18.65) 0.002
Antihypertensive drug usage, n (%) 494 (35.57) 557 (40.10) 0.014

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; ALB, albumin; TG, triglycerides; TC, total cholesterol; UA, uric acid;

HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; HCY, homocysteine; CKD, chronic kidney disease; CHD, coronary heart disease. *Compared by Fisher’s exact test.

(n = 58), lymphoma and leukemia (n = 57), pancreatic (n = 48),

uterine and cervical (n = 47), and bladder cancer (n = 41).

Table 1 shows the characteristics of cancer patients and matched
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controls. Compared with matched controls, cancer patients
had higher levels of arginine (21.41 pg/mL vs. 20.88 pug/mL,
p < 0.05). Significant differences were found in concentrations
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Association between serum arginine concentrations and cancer risk using restricted cubic spline (RCS). (A) Overall cancer. (B) Digestive system
cancer. (C) Non-digestive system cancer. Models were adjusted for BMI, smoking status, alcohol drinking, systolic blood pressure, triglycerides,
cholesterol, uric acid, glucose, HDL-C, creatinine, ALB, ALT, HCY, sleep quality, antihypertensive drug usage, and family history of cancer

of ALB, and percentage rates of the current smoker, history of
stroke, history of CHD, poor sleep quality, and antihypertensive
drug usage between cases and matched controls. In addition,
there were no differences between cancer patients and controls
in terms of age, sex, BMI, blood pressure, ALT, TG, TC, UA,
HDL-C, FBG, creatinine, folate, HCY, marital status, current
drinker, history of CKD, and family history of cancer (all
p-values for differences > 0.05).

Association of arginine with the risk of
cancer

Figure 2 shows the dose-response relationship between
arginine concentrations (per SD) and incident cancer risk.
Arginine was found to be positively, and non-linearly correlated
with the risk of overall and digestive system cancer, but not
with the risk of non-digestive system cancer. Tables 2, 3
show the ORs (95% CI) of arginine associated with the risk
of overall, digestive system cancer, and non-digestive system
cancer. Each standard deviation (SD) increment of serum
arginine concentration significantly elevated the risk of overall
cancer (OR = 1.13, 95% CI: 1.03 to 1.24) and digestive system
cancer (OR = 1.21, 95% CI: 1.04 to 1.42) in the multivariate
analysis. Compared with participants in the lowest arginine
quartile (Q1), patients in the highest arginine quartile (Q4) had a
32% (OR =1.32,95% CI: 1.03 to 1.71), and 68% (OR = 1.68, 95%
CI: 1.09 to 2.59) increased risk of overall and digestive system
cancer in the adjusted models, respectively. Table 4 shows the
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effect of arginine on the occurrence of site-specific cancers.
Each standard deviation (SD) increment of serum arginine
was independently and positively associated with the risk of
colorectal cancer in the adjusted analysis (OR = 1.35, 95% CI:
1.01 to 1.82).

Subgroup analyses

Figure 3 illustrates the results of the subgroup analysis
of the association between serum arginine concentrations
and overall cancer risk. None of the factors, including age,
sex, smoking status, drinking status, folate levels, body mass
index, and follow-up period, had an effect on the association
between arginine concentrations and overall cancer risk (all
p for interaction < 0.05). Significant, positive associations of
arginine levels with overall cancer risk were found among all age
subgroups, males, past/current smokers, and those with lower
folic acid levels, normal BMI and whose cancer occurred prior
to the median of the follow-up period.

Discussion

In this case-control study nested within a population-
based, prospective cohort study, we found that hypertensive
individuals with higher serum arginine levels exhibited a higher
risk of overall cancer. Significant associations were similarly
observed for digestive system cancer, especially colorectal
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TABLE 2 The association of serum arginine with overall cancer risk.

10.3389/fnut.2022.1069113

Arginine (ng/mL) Cases/Controls (Ratio 1:1) Crude model Adjusted model

OR (95% CI) p-value OR (95% CI) p-value
Per SD 1389/1389 1.16 (1.07, 1.26) <0.001 1.13 (1.03, 1.24) 0.007
Quartiles
Ql (< 17.62) 327/368 Ref. Ref.
Q2 (17.62- < 21.16) 343/352 1.12 (0.90, 1.38) 0.309 1.05 (0.83,1.32) 0.681
Q3 (21.16- < 25.64) 339/354 1.11 (0.89, 1.38) 0.348 1.13 (0.89, 1.45) 0.321
Q4 (> 25.64) 380/315 1.43 (1.14, 1.79) 0.002 1.32 (1.03, 1.71) 0.031

Models were adjusted for ALT, ALB, BMI, smoking status, alcohol drinking, SBP, TC, TG, UA, HDL-C, glucose, creatinine, folate, HCY, sleep quality, antihypertensive medication, and
family history of cancer. Statistically significant values are shown in bold with all p values < 0.05.

TABLE 3 The association of arginine with the digestive system and non-digestive system cancer risk.

Arginine (ng/mL) Digestive system Non-digestive system
Cases/Controls OR (95% CI) p-value Cases/Controls OR (95% CI) p-value

Per SD 543/543 1.21 (1.04, 1.42) 0.017 846/846 1.09 (0.97,1.22) 0.135

Quartiles

Ql (< 17.62) 133/153 Ref. 194/215 Ref.

Q2 (17.62- < 21.16) 129/134 1.08 (0.73, 1.59) 0.694 214/218 1.01 (075, 1.36) 0.953

Q3 (21.16- < 25.64) 139/139 1.30 (0.86, 1.96) 0.207 200/215 1.06 (0.78, 1.46) 0.704

Q4 (> 25.64) 142/117 1.68 (1.09, 2.59) 0.018 238/198 1.15 (0.83, 1.60) 0.397

Models were adjusted for ALT, ALB, BMI, smoking status, alcohol drinking, SBP, TC, TG, UA, HDL-C, glucose, creatinine, folate, HCY, sleep quality, antihypertensive medication usage,

and family history of cancer. Statistically significant values are shown in bold with all p values < 0.05.

TABLE 4 The association of serum arginine (per SD) with site-specific cancer risk.

Arginine (ng/mL) Cases/Control (Ratio 1:1) Crude model Adjusted model
OR (95% CI) p-value OR (95% CI) p-value

Lung cancer 361/361 1.22 (1.04, 1.43) 0.015 1.15 (0.96, 1.37) 0.131
Colorectal cancer 180/180 1.40 (1.10, 1.76) 0.006 1.35(1.01, 1.82) 0.048
Gastric cancer 160/160 1.23 (0.95, 1.59) 0.118 1.34 (0.97, 1.86) 0.077
Liver cancer 107/107 0.87 (0.63, 1.19) 0.379 0.89 (0.58, 1.36) 0.589
Breast cancer 85/85 1.13 (0.82, 1.51) 0.487 1.05 (0.70, 1.59) 0.813
Head and neck cancer 82/82 1.67 (1.14, 2.44) 0.008 1.48 (0.93, 2.35) 0.096
Lymphoma and leukemia 57/57 1.19 (0.80, 1.78) 0.167 2.23(0.72, 6.93) 0.167
Prostatic cancer 58/58 0.97 (0.68, 1.38) 0.878 0.90 (0.53, 1.53) 0.695
Pancreatic cancer 48/48 1.06 (0.68, 1.68) 0.788 0.57 (0.16.2.12) 0.405
Bladder cancer 41/41 1.07 (0.71, 1.59) 0.759 0.46 (0.14, 1.55) 0.210
Uterine and cervical cancer 47/47 0.90 (0.55, 1.47) 0.664 0.66 (0.31, 1.40) 0.282

Models were adjusted for ALT, ALB, BMI, smoking status, alcohol drinking, SBP, TC, TG, UA, HDL-C, glucose, creatinine, HCY, sleep quality, antihypertensive medication, and family

history of cancer. Statistically significant values are shown in bold with all p values < 0.05.

cancer. We also observed significant associations of arginine
levels with overall cancer risk among all age subgroups, males,
past/current smokers, and individuals with lower folic acid
levels, normal BMI and with cancer occurring before the median
follow-up period.

This study is the first to find that serum arginine levels

are positively associated with overall and colorectal cancer risk
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in hypertensive cancer-free participants. However, results from
several previous studies partly support our findings as follows: A
study including in vivo results in mice and epidemiologic results
in human cancer cases found that an arginine diet resulted in
higher tumor grades in mice, and meat consumption (a major
source of dietary arginine) resulted in adverse outcomes for
patients suffering from familial CRC (21); Yerushalmi HF et al.
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Subgroups Cases/control Adjusted OR (95%CI) P for interaction
Age,y 0.807
<69 694/694 1.15(1.02,1.31) —a—
=69 695/695 1.14(1.01, 1.28) —E—

Sex 0.767
Men 779/779 1.16(1.03,1.30) —E—
Women 610/610 1.13(0.99,1.28) —E—

Smoking status 0.716
Never 825/895 1.11(0.98,1.25) —E—
Past or current 564/494 1.19(1.01,1.40) —a—

Drinking status 0.272
Never 942/939 1.09(0.97,1.22) —E—
Past or current 447/450 1.16(0.96,1.41) ——

Folate, ug/mi 0.543
<6.13 695/691 1.19(1.02,1.40) —a—
26.13 694/698 1.18(0.99,1.41) —a—

BMI, Kg/m? 0.451
<24 476/444 1.40(1.10,1.79) —_—
24-27.9 552/593 1.01(0.81,1.25) ——
=28 361/352 1.05(0.79, 1.42) —

Follow-up period 0.122
< median 697/697 1.16(1.03,1.32) —a—
= median 692/692 1.08(0.96,1.22) ——

—
! hazar1d5 ratios
FIGURE 3

Stratified analyses of the association of serum arginine (per SD) with the risk of overall cancer. Models were adjusted for BMI, smoking status,
alcohol drinking, systolic blood pressure, triglycerides, cholesterol, uric acid, glucose, HDL-C, creatinine, ALB, ALT, HCY, sleep quality,
antihypertensive drug usage, and family history of cancer except for the stratified factors.

evaluated the roles of dietary arginine and inducible nitric oxide
synthase (NOS2) in Apc-dependent intestinal tumorigenesis
in Min mice with or without a functional NOS2 gene, and
found that dietary arginine increased colon tumorigenesis in
ApcMin/ + mice (22); Some tumors (auxotrophic tumors)
require arginine for growth, and disturbances in arginine
metabolism is a distinct feature of the presence of a malignant
tumor. Several previous studies also found a significant decrease
in arginine levels among cancer patients (23-25).

Nitric Oxide (NO) is a ubiquitous signal transduction
molecule generated by arginine metabolism, and NO has been
linked to a large number of cancer-related events (16). Despite
its simplistic biochemistry, NO plays an extremely complex
role in tumor biology. One study found that ulcerative colitis
patients might be more likely to develop cancer because
chronic colonic inflammation increases NO production (17).
Furthermore, NO has also been implicated in the development
of cholangiocarcinoma (18) and hepatocellular carcinoma (26)
in experimental studies. Moreover, several lines of investigation

have suggested that arginine-derived NO could influence the
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initiation, progression, apoptosis, angiogenesis, and metastasis
of numerous neoplasms (27-29).

Many cancer cells show deficiencies in arginine metabolic
pathways and thus rely on the uptake of arginine for rapid
metabolism and proliferation. The auxotrophy of cancer cells to
arginine renders these cancer cells vulnerable to the deprivation
of this specific amino acid. Thus, arginine deprivation has
become an accessible choice for cancer treatment. Arginine
deprivation drugs are necessary since dietary restriction only
reduces circulating arginine by 30% (30). Thus far, two types of
protein drugs, arginine deiminase (ADI) and human arginase
(hArg), have been developed to deplete arginine for cancer
treatment (31, 32).

It is evident that arginine, and its availability, affect
lymphocyte performance. Infiltrating macrophages (TIM)
possess high arginase levels, which may modulate arginine
availability in the tumor’s microenvironment. This inhibiting
effect of arginine supplementation on immunogenic tumors
may be due to its beneficial effects on the immune system,
particularly macrophages, natural killer cells, and T cell
cytotoxicity (33). Early studies have found that arginine

frontiersin.org


https://doi.org/10.3389/fnut.2022.1069113
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Liu et al.

supplementation increases T-cell proliferation and reverses
post-traumatic T-cell suppression (34, 35). Arginine is also
shown to enhance T-cell responses in nude mice (36), although
those effects have not been observed in other immune-activated
states (37). A nested, case-control study within the European
Prospective Investigation into Cancer cohort (EPIC) including
1,124 breast cancer cases and 1,124 matched controls, found that
concentrations of arginine were inversely associated with breast
cancer risk (OR [per SD] = 0.79, 95% CI = 0.70-0.90) (38).
Recently, other amino acids rather than arginine are
demonstrated to be closely associated with cancer development.
First, asparagine (Asn) suppresses apoptosis by negatively
modulating endoplasmic reticulum stress and translation-
dependent apoptosis (39). Cancer cells that express a low level
or are deficient in Asn synthetase (ASNS) may be induced
by Asn starvation (40). Second, a high level of glutamine
(Gln) is essential for maintaining TCA cycle anaplerosis
and supporting the survival of cancer cells (41). Third,
cancer cells exhibit elevated levels of ROS intracellularly
due to alterations in the microenvironment and metabolism
(42).
cells maintain reduced forms of glutathione (GSH) in part

As a counterbalance to excessive ROS levels, tumor

to produce more reducing equivalents (43). As cysteine
(Cys) is one of the building blocks of GSH, elevated
production of Cys may exhaust endogenous sources of the
substance (44).

The main strength of the current study is its novelty, for it
uncovers the association of serum arginine levels with the risk
of incident cancer among a hypertensive Chinese population.
Furthermore, it has the advantage of being a nested, case-
control study that was derived from a large, prospective cohort
study, thus avoiding recall bias. The serum arginine levels
of participants were determined before any cancer diagnosis,
eliminating the possibility of a causal association.

Several limitations should also be noted in the current
study. First, serum arginine levels were only measured at
baseline, regular measurements would have provided a better
understanding of the dynamic relationship between cancer
risk and changes in arginine levels. Second, the small number
of cancer cases and the short follow-up period prevented
further analysis on subtypes of cancer, a larger population
is needed to validate the findings. Third, this case-control
study was nested within CHHRS, which was designed to
assess the prevalence, treatment, and prognosis of H-type
hypertension in China. Therefore, the population in this
study was hypertensive adults. It is unclear if the findings
can be generalized to non-hypertensive populations. However,
blood pressure was also adjusted for in the multivariate
analysis, which minimized the impact of blood pressure in
the current study. Fourth, although we found a positive
association between arginine and cancer risk, whether the
higher levels of blood arginine are the possible cause or
as the major precursor for synthesis of cancer-associated
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compounds such as NO, and NO synthetase need to be
better elucidated in the future studies. Last, our results were
based on a nested, case-control study; further explorations of
this association in large-scale cohort studies and randomized
trials are needed.

Conclusion

In this nested, case-control study among a hypertensive
adult population, we found an independent effect of serum
arginine concentrations on the risk of incident cancer. In light
of the heavy burden and the fatality of cancer in China and
throughout the world, our study’s findings could provide a safe
and straightforward mechanism for cancer prevention.
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The study aimed to explore the impact of low skeletal muscle mass and
quality on survival outcomes and treatment tolerance in patients undergoing
radical chemo-radiation therapy for head and neck cancer (HNC). This is
significant given the growing interest in sarcopenia as a possible negative
predictive/prognostic factor of disease progression and survival. From 2010
to 2017, 225 patients were included in the study. Pre-treatment computed
tomography (CT) scans of HNC patients undergoing (chemo)radiation therapy
were retrospectively reviewed. The skeletal muscle area, normalized for height
to obtain the skeletal muscle index (SMI), the skeletal muscle density (SMD)
and the intramuscular adipose tissue area (IMAT) were measured at the level of
the L3 vertebra. Low SMD and low SMI were defined according to previously
reported thresholds, while high IMAT was defined using population-specific
cut-point analysis. SMI, SMD, and IMAT were also measured at the proximal
thigh (PT) level and tested as continuous variables. Clinical morpho-functional
parameters, baseline nutritional markers with a known or suspected impact
on HNC treatment, clinical outcomes and sarcopenia were also collected. In
multivariate analyses, adjusted by age, sex, stage, diabetes, body mass index
(BMI), and weight loss, L3-SMI was not significantly associated with survival,
while poor muscle quality was negatively associated with overall survival (OS)
(HR =1.88,95% Cl = 1.09-3.23, p = 0.022 and HR = 2.04, 95% Cl = 1.27-3.27,
p = 0.003, for low L3-SMD and high L3-IMAT, respectively), progression-free
survival (PFS) (HR = 2.26, 95% Cl = 1.39-3.66, p = 0.001 and HR = 1.97, 95%
Cl =1.30-2.97 p =0.001, for low L3-SMD and high L3-IMAT, respectively) and
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cancer-specific survival (CSS) (HR = 2.40, 95% Cl = 1.28-4.51, p = 0.006 and
HR = 1.81, 95% Cl = 1.04-3.13, p = 0.034, for low L3-SMD and high L3-IMAT,
respectively). Indices at the PT level, tested as continuous variables, showed
that increasing PT-SMI and PT-SMD were significant protective factors for all
survival outcomes (for OS: HR for one cm?/m? increase in PT-SMI 0.96; 95%
Cl = 0.94-098; p = 0.001 and HR for one HU increase in PT-SMD 0.90;
95% Cl = 0.85-0.94; p < 0.001, respectively). PT-IMAT was a significant risk
factor only in the case of CSS (HR for one cm? increase 1.02; 95% Cl = 1.00—
1.03; p = 0.046). In conclusion, pre-treatment low muscle quality is a strong
prognostic indicator of death risk in patients affected by HNC and undergoing
(chemo)radiotherapy with curative intent.

head and neck cancer, sarcopenia, myosteatosis, muscle quality, muscle quantity,

radiotherapy, clinical outcomes, overall survival

Introduction

Head and neck cancers (HNCs) include malignant tumors
of the lip, oral cavity, oropharynx, hypopharynx, larynx,
nasopharynx, and salivary glands and are responsible for more
than 450,000 deaths annually (1). Besides classical risk factors
like older age, tumor stage, dietary factors, alcohol and tobacco
consumption, as well as HPV status, the assessment of multiple
body composition parameters has been recently regarded as an
important predictor of clinical outcome (2, 3).

Sarcopenia has been defined as a generalized skeletal muscle
disorder associated with an increased likelihood of adverse
outcomes (4) and its importance for survival analysis and radio-
chemotherapy toxicity in cancer patients has been recognized
for different tumors including HNC (3, 5, 6). The diagnosis of
sarcopenia is confirmed by the occurrence of a low muscle mass
or a low muscle quality, associated with reduced muscle strength
and performance (4). The assessment of the CT cross-sectional
skeletal muscle area (SMA) or SMA normalized for height to
obtain the SMI, at the level of the third lumbar vertebra (L3),
is the current gold standard for inferring total skeletal muscle
mass (7, 8).

Following CT segmentation at L3, SMD and intermuscular
adipose tissue (IMAT) infiltration can be measured, giving an
indication of skeletal muscle mass quality. SMD is measured
in Hounsfleld units (HU), and a lower density highlights that
more intramuscular lipid infiltration or myosteatosis is present
(8). Increasing IMAT, instead, indicates a higher fat infiltration
within the muscle fibers and underneath the fascia, providing
another index of poor muscle quality (9).

Besides L3, CT muscle indices in different muscle groups
have been used in the assessment of sarcopenia (8, 10-12).
We have recently found a good correlation between muscle
indices at the PT with OS and PFS in patients with hematologic
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malignancies (13). Others have studied the predictive power
of CT-cross-sectional measurements at the level of the third
cervical vertebra in HNC patients (2, 14).

Radiotherapy (RT) plays a key role in the curative treatments
of HNC (15). Ganju et al. showed that low muscle mass reduces
chemo-radiation therapy (CRT) compliance and increases
chemotherapy (CHT) toxicity in patients with locally advanced
HNC (16). Grossberg et al. showed that pre- and post-treatment
low muscle mass is associated with poorer OS in a cohort of 190
HNC patients, treated with CRT (17): a significant reduction
in OS, from 75 to 62%, was observed in sarcopenic patients,
by comparison with non-sarcopenic patients. Post-treatment
reduction in muscle mass was also associated with a reduction
in OS, relative to non-sarcopenic patients (17, 18). Importantly,
generalized weight loss was not associated with any significant
changes in patient outcomes (6, 17, 18), thus emphasizing the
importance of measuring body composition, rather than simply
total body weight.

Head and neck cancer (HNC) patients undergo CT
evaluations at the baseline and at multiple timepoints during
their treatment, thus body composition data may represent
a powerful and easily available additional prognostic factor.
Should the prognostic value of CT parameters be confirmed,
they may also be used to guide interventions based on
nutritional support and exercise (19). However, the available
experiences of the impact of low muscle quality on cancer
patients, in particular HNC patients treated with RT, with
or without additional systemic treatment, are still deficient
in the literature.

In this retrospective study of the body composition of
HNC patients undergoing definitive CRT, we aimed to explore
the impact of pre-treatment low muscle mass and quality on
survival outcomes and treatment tolerance.
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TABLE 1 Study cohort description, including patients’ clinical
characteristics, main cancer features, radiation treatment type,

and main outcomes.

Patients
(n=225)
Sex Female, n (%) 55 (24.4)
Male, n (%) 170 (75.6)
Age (years) median (IQR) 64.5
(56.3-72.35)
> 60 years old, n (%) 146 (65)
< 60 years old, n (%) 79 (35)
BMI, median (IQR) 24.6
(22.15-27.4)
‘Weight loss in the previous 6 months (kg) median (IQR) 0(0-1)
Comorbidities, n (%) Hypertension 85 (37.8)
DM 28 (12.4)
COPD 18(8)
Alcohol abuse 14 (6.2)
PS ECOG, n (%) 0 98 (43.75)
1 97 (43.3)
2 26 (11.6)
3 3(1.34)
Smoke, n (%) 156 (69.3)
Tumor site, n (%) Oral cavity 12 (5.3)
Hypopharynx 35(15.6)
Larynx 38(16.9)
Oropharynx 101 (44.9)
Occult primary 10 (4.4)
Nasopharynx 28 (12.4)
Paranasal Sinuses 1(0.4)
TNM stage, n (%) 1 11 (4.9)
il 23(10.2)
I 52(23.2)
v 1(0.4)
IVa 127 (56.49)
Vb 11 (4.9)
HPYV status, n (%) Positive 49 (22.0)
Negative 48 (21.5)
Unknown 126 (56.5)
EBV status, n (%) Positive 8(3.6)
Negative 3(1.4)
Unknown 212 (95)
Chemoradiation (CRT) 124 (55.1)
Treatment type, n (%) CRT after induction CHT 42 (18.7)
Radiotherapy alone 57 (25.3)
Concomitant CHT regimen Platinum-based (CDDP) 136 (80.9)
Cetuximab 30(17.9)
1 19 (8.4)
Acute toxicity 2 151 (67.1)
CTCAE v4.0 grade, n (%) 3 54 (24)
4 1(0.4)
(Continued)
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TABLE1 (Continued)

Patients
(n=225)
RT suspension > 10 days, n (%) 134 (79.8)
Complete Response 176 (78.2)
Partial Response 10 (4.4)
Response to therapy, n (%) Stable Disease 23(10.2)
Progressive Disease 9(4)
Not evaluable 7(3.1)
Local recurrence, n (%) 62 (27.6)
Death, n (%) 96 (42.7)
HNC 71 (74)
Cause of death, n (% on Toxicity 2(2)
total deaths) Other 23(24)

Continuous variables are presented as median and interquartile range while categorical
data are reported as frequency and percentage. BMI, body mass index; DM, diabetes
mellitus; COPD, chronic obstructive pulmonary disease; CHT, chemotherapy; CTCAE,
Common Terminology Criteria for Adverse Events; RT, radiotherapy; HNC, head
and neck cancer.

Materials and methods

Study design

We conducted a monocentric retrospective study with the
primary aim of evaluating the association between baseline
skeletal muscle quality and quantity, and OS. Secondary
endpoints were: acute toxicity (within 6 months after the
end of the treatment) > G3 according to CT-CAE v4.0
Classification (20); treatment compliance with temporary or
definitive treatment suspension; local control of the disease,
defined as the absence of any clinical or radiological evidence of
local recurrence after complete response to primary treatment
until the last follow up visit; PFS and CSS.

The present study was given final approval by the Area Vasta
Emilia Nord Ethical Committee (AUSLRE protocol number
2019/0066663 on 05/06/2019 and AUSLRE protocol number
2021/0070072 on 28/05/2021) and was performed in accordance
with the principles of Good Clinical Practice (GCP) in respect
of the ICH GCP guidelines and the ethical principles contained
in the Helsinki Declaration and its subsequent updates (21).
Given the retrospective nature of the data collection, the Ethics
Committee authorized the use of a patient’s data without his/her
informed consent if all reasonable efforts have been made to
contact that patient to obtain it.

Patient selection and treatment
All consecutive patients with histologically confirmed HNC,

undergoing definitive RT with or without concurrent CHT or
induction CHT and subsequent chemo-radiation, who were
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225 patients with histologically confirmed HNC
treated with curative (chemo)radiotherapy
between January 2010 and December 2017

8 patients without
pretreatment PET-CT

217 patients with available
pretreatment PET-CT

12 PET-CT unsuitable
due to artifacts

B —

87 PET-CT without
proximal thigh coverage

—_—

205 patients
with available PET-CT suitable for
L3 skeletal muscle evaluation

130 patients
with available PET-CT with
proximal thigh coverage

FIGURE 1

Patient inclusion flow-chart. Flow-chart representing patient inclusion and subgroups of patients with available L3-and proximal thigh
(PT)-computed tomography (CT) parameters of muscle quantity and quality.

treated with curative intent at our institution between January
2010 and December 2017, were eligible. The diagnostic work up
for all the recruited patients included total body 20-deoxy-20-
[18F] fluoro-D-glucose (FDG) positron emission tomography,
in combination with a CT scan (PET-CT), a contrast-enhanced
CT (CE-CT) of the head, neck and chest, with or without
magnetic resonance (MRI).

Data regarding patient age, gender, cancer type, tumor
stage, tumor site, Eastern Cooperative Oncology Group
(ECOG) score, smoking status, alcohol use, total protein level,
albumin level, glycemia, lactate dehydrogenase (LDH), human
papillomavirus (HPV) pl6 status, tumour-node-metastasis
(TNM) stage (22), Charlson Comorbidity Index (CCI)
(23), therapeutic details and any complications experienced
during and after treatment were obtained from the patients’
medical records.

Following CRT, patients started a regular follow up (FU) at
our institution: every 2 months for the first year, then every 3 to
4 months during the second year; every 4 to 6 months 3 years
after the treatment and every 6 months to the 1-year FU (for
early-stage disease only) until the fifth year after the treatment.
Each FU visit included an interview for the assessment of
CTCAE v4.02 ear-nose-throat (ENT)-related symptoms (20),
ENT clinical examination and flexible endoscopy. A restaging of
the disease with 18F-FDG PET-CT was required 3 months after
the end of (chemo)radiation, then a neck and chest CT scan was
carried out annually and, in some cases, a head and neck MRI
was performed every four to 6 months until the end of the FU
period.

Computed tomography muscle
assessment

Skeletal muscle quality and quantity were evaluated on
staging, pre-treatment CT scan imaging, using images acquired
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without contrast media administration during the PET-CT scan.
Manual segmentation of the skeletal muscle at the level of
the L3 was performed by a single trained operator under the
supervision of a senior radiologist, using the commercially
available software package, Osirix, after having applied a
radiodensity range between -29 and +150 HUs, which is specific
for muscle tissue. The lean muscle cross-sectional area was
normalized for the squared height to obtain the SMI. SMD
was collected for the same region of interest selected for lean
muscle cross-sectional area measurement. The IMAT area (the
fat area between muscle fibers and within the fascia) was
measured by applying a density range between —180 and
—30 HU, thresholds specific for fat tissue. Low SMD and low
SMI were defined according to previously reported threshold
values (SMD < 41 HU for BMI < 25, < 33 HU for BMI > 25;

SMI < 41 cm?/m? in women and < 43 cm?/m? or < 53 cm?/m?

TABLE 2 Distribution of computed tomography (CT) parameters of
skeletal muscle quality and quantity, and prevalence of sarcopenia
according to different parameters and different cut-off values.

CT body composition parameters and prevalence of
sarcopenia

L3-SMD (HU), median (IQR) (1 = 203) 39.5 (34.0-44.0)

L3-SMI (cm?/m?), median (IQR) (1 = 205) 52.11 (46.0-59.1)
L3-IMAT (cm?), median (IQR) (1 = 203) 10.5 (7.0-17.8)
PT-SMD (HU), median (IQR) (n = 130) 50.0 (47.0-53.0)
PT-SMI (cm?/m?), median (IQR) (1 = 130) 83.8 (72.3-92.9)
PT-IMAT (cm?), median (IQR) (1 = 130) 18.0 (10.0-28.0)

Prevalence of sarcopenia, n L3-SMD Martin’s cut-offs*
(%), (95% CI)

84 (40.0%), (33.32-47.0%)

L3-SMI Martin’s cut-offs® 49 (23.3%), (17.8-29.7%)

L3-IMAT cut-point analysis cut-offs® 97 (47.1%), (40.1-54.2%)

L3, third lumbar vertebrae; SMD, skeletal muscle density; SMI, skeletal muscle index;
IMAT, intermuscular adipose tissue; PT, proximal thigh; IQR, interquartile range; CI,
confidence interval.

2Cut-offs according to Martin et al. (11).

bCut-offs according to cut-point analysis on our population.
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in men, with a BMI < 25 or > 25 respectively), while high
IMAT was defined using population-specific, cut-point analysis
(Supplementary Table 1) (11). SMIL, SMD and IMAT were also
measured at the PT level, as previously reported, when included
in the PET-CT scan (13).

Statistical analysis

In the absence of a priori hypothesis and given the
exploratory nature of the study, no formal sample size
calculation was performed. Clinical and demographic data were
expressed in terms of frequency and percentage for categorical
variables, median and interquartile range (IQR) for quantitative
variables. The project’s main aim was to test the prognostic
value of Martin et al.’s cut-offs for SMI and SMD on treatment
interruption/response and survival outcomes; furthermore, we
researched cut-offs for IMAT in an exploratory way in our
sample. OS time was measured from the time that RT ended
until death or the last FU. We also estimated cancer specific
survival (CSS), which differs from OS in terms of non-cancer-
death censoring. Finally, PFS was calculated from RT ending to
relapse or death, whichever came first, or to the last FU. Optimal
cut-point analysis for IMAT, targeted to OS and split by BMI and
age, followed the methodology by Contal and O’Quigley (24).
The association between markers and CHT/RT interruption,
severe AE (CTCAE > 3) and local control was estimated with
logistic regressions. Survival functions were estimated using
the Kaplan-Meier method. The association between markers
and survival outcome was estimated with univariate and
multivariate Cox regressions. Proportional hazard assumption
was assessed by testing scaled Schoenfeld residuals’ correlation
with time; no violation of the assumption was found. Unless
otherwise specified, confidence intervals (CIs) were two-tailed
and calculated considering a 0.95 confidence level. Performed
tests were considered statistically significant if the p-values
were < 0:05. Statistical analysis was performed using R 3.5.2 R
Core Team (2021).

Results

Clinical characteristics of the patients

A total of 225 consecutive patients diagnosed with
histologically confirmed HNC undergoing treatment between
January 2010 and December 2017 were included in the
present study. Patients, tumor and treatment characteristics are
summarized in Table 1. Among the 225 included patients, 170
(75.6%) were male; the median age was 64.5 years (IQR 56.3-
72.4 years); the median baseline BMI was 24.8, with substantial
weight stability in the 6 months before CRT (weight loss: median
0, third quartile 1 kg). According to some of the parameters that
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define malnutrition (25), we found that 42 (18.67%) patients
lost > 5% body weight in the 6 months before diagnosis and 31
(13.78%) patients had a low BMI in relation to age (BMI < 20 in
patients < 70 years old and BMI < 22 in patients > 70 years
old), for a total of 60 (26.7%) patients with at least one of
the two parameters. Nearly 70% of patients were smokers. Of
the 225 patients, 98 (43.8%) showed good performance status
with the ECOG 0 or 1, while 97 (43.3%) showed intermediate
performance status (ECOG > 1). Blood test results are reported
in Supplementary Table 2.

The tumor site was most frequently oropharynx (44.9%),
followed by larynx (16.9%), hypopharynx (15.5%), and
nasopharynx (12.4%), and the most represented stage was
III/IV (84.9% of cases) according to TNM. Histologically,
193 tumors (85.8%) were squamous cell carcinoma (SCC),
while five (2.2%) patients exhibited a histology other than SCC
(i.e., lymphoepithelioma-like carcinoma of the nasopharynx,
non-keratinizing carcinoma, adenocarcinoma). Positive HPV
staining was found in 49 (22%) of the patients.

Regarding treatment options, RT was mainly administered
using intensity-modulated techniques, such as volumetric
multiple arc therapy (VMAT) in 35 (15.5%) patients and
helical tomotherapy was used in 176 (78.2%) patients with
an average number of 31 sessions; of these 176 patients, 124
(55.1%) received this treatment concurrently with CHT. Altered
fractionation 2.12 Gy up to 2.35 Gy/fraction was preferred
(EQD2Gy 66 to 70 Gy). Platinum-based regimens were more
frequently used as concomitant CHT and the anti-EGFR drug,

TABLE 3 Univariate logistic regressions between low muscle quantity
and low muscle quality with short-term outcomes.

Short-term outcomes

OR 95%CI P-

value
RT suspension Low L3-SMD (Martin)?* 1.28  0.52-3.13  0.58
Low L3-SMI (Martin)? 096  0.30-2.59 0.94
High L3-IMAT (cut-point)® 178 0.70-4.74  0.23
CHT suspension Low L3-SMD (Martin)* 1.17  0.52-2.61  0.70
Low L3-SMI (Martin)* 0.83 0.29-2.10  0.70
High L3-IMAT (cut-point)b 196 0.87-449 0.11
CTCAE >3 Low L3-SMD (Martin)? 140 0.74-2.64 0.30
Low L3-SMI (Martin)® 098  0.45-2.02 0.96
High L3-IMAT (cut—point)b 130  0.69-2.47  0.42
Local disease control ~ Low L3-SMD (Martin)* 0.56  0.29-1.09 0.09
Low L3-SMI (Martin)? 1.28  0.59-3.03 0.55
High L3-IMAT (cut-point)® 0.81  0.42-158  0.54

Univariate logistic regressions between low muscle quantity (low L3-SMI) and low
muscle quantity (low L3-SMD or high L3-IMAT) and short-term outcomes including RT
and CHT suspension, toxicity (CTCAE > 3 events), and complete response to therapy.
OR, odds ratio; CI, confidence interval; L3, third lumbar vertebrae; SMD, skeletal muscle
density; SMI, skeletal muscle index; IMAT, intermuscular adipose tissue.

*Cut-offs according to Martin et al. (11).

bCut-offs according to cut-point analysis on our population.
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cetuximab, was offered as an alternative option in a minority
of patients (17.9%). Forty-four (19.6%) patients underwent
induction CHT and a combination of fluoropyrimidine and
cisplatin with and without taxanes was administered to six
(13.6%) and 38 (86.4%) patients, respectively. RT was suspended
for more than 10 days in 13 (5.8%) patients, due to the
worsening of their general health, while concurrent CHT was
suspended due to complications in 34 (20.2%) patients.

Grade 3 and 4 acute toxicity was reported in 55 (24.4%)
patients. After a median FU time of 5.6 years (95% CI 5.0-
6.4), 96 (42.7%) patients had died, 71 (74%) of them due to
HNC-related causes. After therapy, 176 (78.22%) patients were
in complete remission and 62 patients exhibited a recurrence of
the disease during their FU.

Association between muscle quality
and quantity and patient outcomes

Among the 225 patients included in the study, the baseline
PET-CT scan was not available in the case of eight patients and
was not suitable for muscle quality and quantity assessment at
the L3 level in 12 patients due to artifacts, while the CT images
at the PT level were only available for 130 patients (Figure 1).
The distribution of muscle quality and quantity parameters,
assessed by the CT scans, is reported in Table 2, as well as the
prevalence estimates of sarcopenia applying cutoffs provided by
Martin et al. (11) and by our cut-point analysis on IMAT (see
Supplementary Table 1).

Short-term outcomes

Univariate logistic models for short-term outcomes
including RT and CHT suspension, CTCAE > 3 events and local
control, showed no statistically significant association between
low muscle quality and quantity and outcomes (Table 3).
However, from a clinical standpoint, low muscle quality,
defined as lower-than-threshold SMD or higher-than-threshold
IMAT was positively associated with treatment suspension

10.3389/fnut.2022.994499

and CTCAE > 3 events. For example, the ORs of high IMAT
(compared to low IMAT) were 1.78 (95% CI = 0.7-4.7, p = 0.23)
for RT suspension, and 1.96 (95% CI 0.87-4.49, p = 0.11) for
CHT suspension, while the OR of low SMD (compared to high
SMD) for CTCAE > 3 events was 1.40 (95% CI = 0.74-2.64,
p = 0.30). Lower-than-threshold L3-SMD also showed a not
statistically significant association with diminished local disease
control (OR = 0.56; 95% CI = 0.29-1.09; p = 0.09).

Survival

During FU (median 5.6 years), 62 recurrences and 96 deaths
(71/96 caused by HNC) were recorded. The median OS was
7.6 years (95% CI 4.7-NA) while median PFS was 4.7 years (95%
CI 2.8-7.6). Five-year and 10-year OS were 55.9% (49.1-63.6%)
and 44.8% (36.7-54.7%), respectively; five-year and 10-year PFS
were 48.3% (41.8-55.9) and 37.3% (29.8-46.7%), respectively
and 5-year and 10-year CSS were 65.6% (58.9-73%) and 59.5%
(51.3-69%), respectively (Figure 2).

Univariate analyses showed a significant association of low
muscle quality (in terms of both lower-than-thresholds L3-SMD
and higher-than-thresholds L3-IMAT) with lower survival rates,
while lower-than-thresholds L3-SMI (low muscle quantity) was
not significantly associated with survival (Figure 3 and Table 4).
These results were confirmed in multivariate analyses adjusted
for other prognostic factors, including age, sex, stage, diabetes,
BMI, and weight loss in the previous 6 months. In particular, no
significant association was found for low muscle quantity, while
both low L3-SMD and high L3-IMAT were associated with OS
(HR =1.88, 95% CI = 1.09-3.23, p = 0.022 and HR = 2.04, 95%
CI = 1.27-3.27, p = 0.003, for low L3-SMD and high L3-IMAT,
respectively), PFS (HR = 2.26, 95% CI = 1.39-3.66, p = 0.001,
and HR = 1.97, 95% CI = 1.30-2.97, p = 0.001, for low L3-
SMD and high L3-IMAT, respectively) and CSS (HR = 2.40, 95%
CI = 1.28-4.51, p = 0.006 and HR = 1.81, 95% CI = 1.04-3.13,
p = 0.034, for low L3-SMD and high L3-IMAT, respectively).
As for other prognostic factors (results not shown), covariate
HRs suggested a detrimental prognostic effect for higher age,
stage III-IV, male sex, having diabetes, lower BMI and higher
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FIGURE 2

Survival of the whole cohort. Kaplan-Meier diagrams for overall survival (OS) (A), progression-free survival (PFS) (B), and cancer-specific survival

(CSS) (C) in the whole cohort.

Frontiers in Nutrition

111

frontiersin.org


https://doi.org/10.3389/fnut.2022.994499
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Bardoscia et al.

A HR=2.12 (95% Cl, 1.41-3.19, p<0.001)
1.0
0.8
8 0.6
0.4 — ﬁ\é__a
0.2
00—
0 2 4 6 8 10
Years
At risk
SMD>=THR126 103 61 37 23 1
SMD < THR 84 43 30 14 7 0
C HR=2.62 (95% Cl, 1.70-4.03, p<0.001)
1.0 {3
0.8 \\\i\‘ﬁ-—»_\—_-
8 0.6 sy
0.4 W
Ny
0.2
00— T
0 2 4 6 8 10
Years
At risk
IMAT <THR109 89 58 36 25 1
IMAT >= THR 97 55 33 15 5 0

FIGURE 3

10.3389/fnut.2022.994499

B HR=2.37 (95% Cl, 1.64-3.43, p<0.001)
1.0
0.8
w 0.6 -
w
Q04
0.2 — - N
00—
0 2 4 6 8 10
Years
At risk
SMD>=THR126 92 56 33 21
SMD < THR 84 31 21 12 4 0
D HR=2.34 (95% Cl, 1.60-3.42, p<0.001)
1.0
0.8 \\
0.6
P il
& 04 “*&\
0.2 T,
00 +r—7— T T
0 2 4 6 8 10
Years
At risk
IMAT<THR109 78 52 32 21 1
IMAT >= THR 97 43 25 13 4 0

Survival according to muscle quantity and quality. Kaplan-Meier diagrams for Overall Survival (OS) (A,C) and Progression-Free Survival (PFS)
(B,D), subdivided by higher-and lower-than-thresholds skeletal muscle density at the level of L3 (L3-SMD) according to the cut-offs defined by
Martin et al. (11) (A,B) and higher-and lower-than-thresholds intermuscular adipose tissue area at the level of L3 (L3-IMAT), according to the
cut-offs defined by means of cut-point analysis on our population (C,D).

weight loss in the previous 6 months; regarding these factors, the
associations were not statistically significant for all the estimates
but had a common direction.

Since indices assessed at the PT level were not used to
define muscle quality and quantity according to specified cut-
offs, due to the high proportion of missing values, they were
tested as continuous variables in multivariable Cox models for
survival, adjusted by age, sex, BMI, and stage (Table 5). At the
PT level, increasing muscle quantity defined by PT-SMI was a
significant protective factor (HR for one cm?/m? increase 0.96;
95% CI = 0.94-0.98; p = 0.001 for OS). Increasing muscle quality,
described by increasing PT-SMD was also protective (HR for
one HU increase 0.90; 95% CI = 0.85-0.94; p < 0.001 for OS),
while increasing PT-IMAT was a significant risk factor (and at
a borderline level) only in the case of CSS (HR for one cm?
increase 1.02; 95% CI = 1.00-1.03; p = 0.046).

Similar models on the same subgroup of patients and
with parameters of muscle quality/quantity used as continuous
variables, were also evaluated for L3-SMD, L3-SMI, and L3-
IMAT (Supplementary Table 3). In this subgroup analysis,
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increasing L3-SMI did not exhibit any protective effect, as
opposed to PT-SMI.

Discussion

The key finding in our study is that pre-treatment low
muscle quality is a convincing prognostic indicator of a death
risk in patients affected by HNC, undergoing RT or chemo-
RT with curative intent. In fact, this retrospective study on 225
patients showed that a high intramuscular fat depot and high
IMAT accumulation represent important risk factors for OS
and CSS, as well as for disease progression in HNC patients.
Indeed, low SMD and high IMAT at L3 were significantly
associated with OS, PFS and CSS, and these data were confirmed
in multivariate analyses adjusted for other prognostic factors
including age, sex, stage, diabetes and BMI. In our study,
skeletal muscle mass did not represent a prognostic factor
and pre—treatment L3-SMI was not associated with clinical
outcome. In this regard the predictive role of skeletal muscle
quantity in HNC patients is still being debated. In a metanalysis
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TABLE 4 Univariate and multivariate associations between low muscle quantity (low L3-SMI) and low muscle quality (low L3-SMD or high L3-IMAT)
and OS, PFS, or CSS.

Univariate analyses Multivariate analyses (Adjusted by age, sex,
stage, diabetes, BMI, and previous weight loss)

HR 95% CI P-value HR 95% CI P-value

Overall survival

Low L3-SMD (Martin)* 212 1.41-3.19 < 0.001 1.88 1.09-3.23 0.022
Low L3-SMI (Martin)* 1.19 0.74-1.93 0.47 0.86 0.50-1.47 0.574
High L3-IMAT (cut-point)b 2.62 1.71-4.03 < 0.001 2.04 1.27-3.27 0.003
Progression free survival

Low L3-SMD (Martin)? 2.37 1.64-3.43 < 0.001 2.26 1.39-3.66 0.001
Low L3-SMI (Martin)? 1.18 0.78-1.81 0.45 0.84 0.51-1.36 0.469
High L3-IMAT (cut-point)b 234 1.60-3.42 < 0.001 1.97 1.30-2.97 0.001
Cancer-specific survival

Low L3-SMD (Martin)? 2.46 1.53-3.96 < 0.001 2.40 1.28-4.51 0.006
Low L3-SMI (Martin)® 1.25 0.72-2.16 0.43 0.94 0.51-1.74 0.854
High L3-IMAT (cut-point)b 2.56 1.56-4.23 < 0.001 1.81 1.04-3.13 0.034

Multivariate associations were adjusted by age, sex, HNC stage (IIl and IV vs. I and II), diabetes, BMI, and previous weight loss. HR, Hazard Ratio; CI, confidence interval; L3, third
lumbar vertebrae; SMD, skeletal muscle density; SMI, skeletal muscle index; IMAT, intermuscular adipose tissue; PT, proximal thigh.

?Cut-offs according to Martin et al. (11).

bCut-offs according to cut-point analysis on our population.

of seven studies, Takenaka et al. found that sarcopenia, defined The first new fact is the CT assessment of IMAT. The clinical
as low SMI at L3, predicted OS but the timing of sarcopenia significance of IMAT in oncological patients has been reported
assessment was not reported (2). Other metanalyses showed (13, 32) but to the best of our knowledge, this is the first study
that radiologically defined sarcopenia was a negative predictor that considers IMAT as a radiological marker of muscle quality
of OS (26-28). Findlay and colleagues in a study of 79 HNC and a predictor of clinical outcome in HNC patients. Muscle
patients found that post-treatment but not pre-treatment low function and strength are essential elements in the clinical
SMI predicted reduced OS on multivariate analysis, with no diagnosis of sarcopenia. In this regard, a low muscle quality (low
difference in terms of RT or CHT treatment completion IMAT and/or high SMD) might be a better surrogate marker of
(6). The same author in a subsequent study on 277 HNC muscle function than muscle mass itself (9, 33). In our group
patients found that the association between low muscle quantity of patients, a high IMAT was a predictor of lower OS, PFS, and
with OS was not significant on adjusted analysis (29). The CSS, similar to a low SMD.

discrepancies of the results among different studies may be

attributed to the heterogeneity amongst the analyses with a lack TABLE 5 Multivariate associations of indices of low muscle quality
of consensus regarding sarcopenia assessment, the different SMI and quantity at the PT level (used as continuous variables) with
threshold values that were applied or the dissimilar ethnicities OS, PFS, and CSS.

of the patients. HR  95%CI  P-value
Skeletal muscle radiation attenuation or density is

another index of muscle status and represents a measure Overall survival
. . . . PT-SMD (for one HU increase 0.90 0.85-0.94 < 0.001
of intramuscular lipid depot or myosteatosis. Myosteatosis ( ' )
. . . . PT-SMI (for one cm?/m? increase) 0.96 0.94-0.98 0.001
is an established, poor prognostic factor in many cancers
PT-IMAT (for one cm? increase) 1.01 1.00-1.03 0.132

(30), however, there is a scarcity of studies in patients with
Progression-free survival

HNC. Findlay and colleagues (6) found that pre-treatment

. . . PT-SMD (for one HU increase) 0.92 0.87-0.96 < 0.001
myosteatosis predicted reduced OS, and Yoshimura et al .
. . o . . PT-SMI (for one cm*/m* increase) 0.97 0.95-0.99 0.006
similarly described an association between higher intramuscular ).
PT-IMAT (for one cm* increase) 1.00 0.99-1.02 0.80

adipose tissue content and reduced survival (31), however, in . .
Cancer-specific survival

another study on 277 patients the same author did not find a

PT-SMD (for one HU increase) 0.89 0.84-0.94 < 0.001
. . . e
significant association between myosteatosis and OS (29). PT-SMI (for one em?/m? increase) 0.96 0.93-0.99 0,007
The present study on 225 HNC patients confirms that a low PTIMAT (for one cm? increase) 102 1.00-1.03 0.046

SMD is significantly associated with reduced survival even after
. . . . Adjusting factors were: age, sex, BMI, and stage. HR, Hazard Ratio; CI, confidence
ad] usting for other prognostic factors and introduces important interval; PT, proximal thigh; SMD, skeletal muscle density; SMI, skeletal muscle index;

elements of novelty. IMAT, intermuscular adipose tissue area.
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Another novel element is the anatomical site of CT body
composition assessment. Besides L3, we have found that muscle
status at the PT level represents a valuable prognostic indicator
in HNC patients. Indeed, CT-muscle indices of a higher
muscle quality or quantity at the PT, tested as continuous
variables in multivariable analysis for the absence of specific
cut-offs in literature, represented a significant protective factor.
Accordingly, in a recent paper we have shown a significant
association between PT muscle indices and survival in patients
affected by hematological malignancies (13). Muscle status at the
PT level could better denote the physical performance status of
the patient and thus represent a better marker of the severity of
the sarcopenic status (34-36). In particular, it is remarkable that
the increase in muscle quantity, as defined by PT-SMI, denoted
a significant protective factor differently from L3-SMI.

As for shorter term outcomes, lower-than-threshold L3-
SMD showed a weak inverse association with local disease
control, while treatment suspension and CTCAE > 3 events
were only weakly associated with SMD, confirming the data
reported by others (6).

Besides these strengths, the limitations of this study include
the retrospective design which needs future confirmation in
prospective studies and the high proportion of patients with
missing CT scans with PT coverage. The parameters of muscle
quality/quantity at PT level were used as continuous variables
for the absence of established cut-offs values. To overcome
possible interpretation biases, similar models with continuous
variables were applied on the same subgroup of patients, also
including skeletal muscle parameters at L3 level, confirming the
results obtained with the cut-offs. In fact, even in this case, L3-
SMI did not show any protective effect, as opposed to PT-SML

In conclusion, our study emphasizes that CT —muscle status
evaluation, which can be obtained using examinations routinely
performed in clinical practice, has a meaningful prognostic
value for HNC patients from a clinical perspective. We found
that low muscle quality rather than muscle mass was associated
with decreased survival and disease progression. Future
prospective studies will be necessary to confirm the potential
clinical utility of CT muscle assessment for the identification of
patients in need of nutritional or pharmacological intervention
to fight sarcopenia and to improve muscle quality.
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Background: Low-fat diet reduces the risk of chronic metabolic diseases such
as obesity and diabetes, which exhibit overlapping mechanisms with liver
cancer. However, the association between low-fat diet and liver cancer risk
remains unclear.

Aim: To investigate whether adherence to low-fat diet is associated with a
reduced risk of liver cancer in a prospective study.

Materials and methods: Data of participants in this study were collected from
the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial.
A low-fat diet score was calculated to reflect adherence to low-fat dietary
pattern, with higher scores indicating greater adherence. Cox regression was
used to calculate hazard ratios (HRs) and 95% confidence intervals (Cls) for
liver cancer incidence with adjustment for potential covariates. Restricted
cubic spline model was used to characterize liver cancer risk across the full
range of the low-fat diet score. Prespecified subgroup analyses were used to
identify potential impact modifiers. Sensitivity analyses were performed to test
the robustness of this association.

Results: A total of 98,455 participants were included in the present analysis.
The mean (standard deviation) age, low-fat diet score, and follow-up time
were 65.52 (5.73) years, 14.99 (6.27) points, and 8.86 (1.90) years, respectively.
During 872639.5 person-years of follow-up, 91 liver cancers occurred, with an
overall incidence rate of 0.01 cases per 100 person-years. In the fully adjusted
Cox model, the highest versus the lowest quartile of low-fat diet score
was found to be associated with a reduced risk of liver cancer (HRqavs.q1:
0.458; 95% Cl: 0.218, 0.964; P = 0.035 for trend), which remained associated
through a series of sensitivity analyses. The restricted cubic spline model
showed a linear dose—response association between low-fat diet score and
liver cancer incidence (p = 0.482 for non-linear). Subgroup analyses did not
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show significant interaction between low-fat diet score and potential impact
modifiers in the incidence of liver cancer.

Conclusion: In this study, low-fat diet score is associated with reduced liver
cancer risk in the US population, indicating that adherence to low-fat diet
may be helpful for liver cancer prevention. Future studies should validate our
findings in other populations.

low-fat diet, liver cancer, prevention, prostate, lung, colorectal, ovarian cancer
screening trial, cox regression analysis

Introduction

Primary liver cancer is one of the seven most common
cancers and the second leading cause of cancer deaths
worldwide. In 2020, approximately 905,677 cases were newly
diagnosed with liver cancer, and an estimated 830,180
individuals died from liver cancer (1). It is well-established
that hepatitis B/C virus infection and alcohol consumption
are the main risk factors for liver cancer (2). However, a
proportion of cases cannot be explained by traditional risk
factors. Emerging evidence concerning diet, including single
nutrients and dietary patterns has confirmed a close association
between liver cancer risk and diet, and certain dietary patterns
are advised for liver cancer prevention (3). For example, in a
US population study with average follow-up time of 32 years,
the incidence of liver cancer was reduced by a maximum of
39% in participants with a high healthy eating index (4). In
a study integrating two Chinese cohorts, a total of 132,837
participants were divided into quartiles based on a vegetable-
based dietary pattern, and the risk of liver cancer for participants
in the highest quartile was reduced by 42% compared with the
lowest quartile (5). Although both dietary patterns were not
specifically developed to prevent cancer, they were related to
each other and share low-fat dietary components. Low-fat diet is
a dietary pattern designed to reduce total fat and calorie intake,
which has been shown to be beneficial in reducing the risk of
chronic metabolic diseases such as obesity and diabetes (6-8).
Additionally, human and animal studies also suggest that low-
fat diet has the potential to reduce the secretion of inflammatory
cytokines and mediators, including interleukins, tumor necrosis
factor-a, Toll-like receptors and complements, and the activity
of the transcription factor NF-kB, which was demonstrated
to be closely related to increased cancer risk including liver
cancer (9-11). However, there are currently large knowledge
gaps regarding the association between low-fat diet and liver
cancer risk. Thus, the aim of this study was to investigate the
association of low-fat diet with the risk of liver cancer in a
large population.
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Materials and methods

Study design and population

All data included in this study were from the Prostate,
Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial
administered by the National Cancer Institute (NCI). The
PLCO trial is a large randomized controlled study involving
154,887 participants in ten United States centers from 1993 to
2001, and its main purpose is to determine whether mortality
from prostate, lung, colorectal, and ovarian cancers can be
reduced using related screening methods in people between
the ages of 55 and 74 years (12). According to the design of
the PLCO trial, participants were randomly assigned to control
or intervention groups in equal proportions after providing
informed consent; usual care was received in the control
group and screening exams were performed in the intervention
group. Several questionnaires, including Baseline Questionnaire
(BQ), Diet History Questionnaire (DHQ), and Supplemental
Questionnaire (SQX), were completed by the participants in a
self-reported manner. The BQ was used to collect the baseline
risk factors, such as demographics and medical history, at the
time of participant randomization. The DHQ was used to collect
the dietary information of participants based on the 137-item
Food Frequency Questionnaire (FFQ), and multiple studies have
confirmed that the FFQ is a good nutrient assessment pattern
(13, 14). The SQX was used to supplement some data not
collected by the BQ. Detailed information on the PLCO trial is
provided in the literature (12). Our present study was approved
by the NCI (Project ID: PLCO-987).

Participants for this study were excluded using the following
exclusion criteria: (I) participants who did not return the BQ
(n = 4,918); (II) participants with an invalid DHQ, identified
as participants who lacked 8 + frequency responses on the
DHQ, whose calorie intake was extreme (the first and last
percentile) for each gender as assessed by the DHQ, and the
DHQ completion date was available and prior to the date of
death (n = 38,462); (n = 38,462); (III) participants with a
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personal history of any cancer prior to DHQ analysis (n = 9,684);
(IV) participants with an outcome event between randomization
and DHQ completion, which for the present study were defined
as those participants who developed liver cancer, died, or were
lost to follow-up (n = 72); and (V) participants with potentially
unreliable dietary intake, defined as very low or high caloric
intake (< 600 or > 3,500 kcal/day for female and < 800
or > 4,200 kcal/day for male) (15) (n = 3,296). Finally, a total
of 98,455 participants were eligible for inclusion (Figure 1).

Assessment of low-fat diet score

The low-fat diet score was calculated according to the
criteria reported by Shan et al. (15). Specifically, individuals
were classified into 11 strata based on each of percentage of
energy from carbohydrate, protein, and fat (Supplementary
Table 1). For carbohydrate and protein, individuals in the lowest
stratum received 0 points and those in the highest stratum
received 10 points. For fat, the order of the strata was reversed.
Then, the points for the three macronutrients were summed
to calculate each participants low-fat diet score, which ranged
from 0 to 30. Thus, the higher the score, the more closely the
participant’s diet followed the pattern of a low-fat diet. In the
present study, nutrient variables used for computing the low-
fat diet score were extracted from the above-mentioned DHQ.
DHQ nutrient variables are calculated from the questionnaire
responses by the DietCalc software, which takes into account
serving size, food frequency, and other responses, and uses these

10.3389/fnut.2022.1013643

in conjunction with CSFII nutrient databases to calculate the
daily intake of all nutrients (16). Of note, although the dietary
information collected through the DHQ was a one-time inquiry
of participants’ dietary status over the past 12 months and was
not cumulatively updated during follow-up, the reproducibility
and validity of the DHQ have been demonstrated elsewhere (17).

Assessment of covariates

In this
information, including sex, race, educational level, arm

study, demographic, lifestyle, and medical
(intervention or control group), body mass index (BMI),
smoking status, pack-years of smoking, history of diabetes,
history of liver comorbidities (hepatitis or cirrhosis), and aspirin
use, were assessed with the BQ. BMI was calculated as weight
(kg) divided by height squared (m?). Age at DHQ completion,
drinking status, alcohol consumption, and macronutrients
intake were assessed with the DHQ. Physical activity level was
collected with the SQX and defined as the summarized minutes

of self-reported moderate to vigorous activity per week.

Determination of liver cancer

Individuals diagnosed with primary liver cancer were
collected through annual reporting methods including but not
limited to self-reports, family reports, and death certificates.
Cancer reports were tracked and ascertained by extracting any

[Participates from the Prostate, Lung, Colorectal, and Ovariarﬂ

(PLCO) Cancer Screening Trial (n=154887)

G{Cluded:

K (n =3296).

(1) participants failing to return BQ (n=4918);

(2) participants with an invalid DHQ (n=38462);

(3) participants had a personal history of any cancer
prior to DHQ analysis (n=9684);

(4) participants with an occurred outcome events
between randomization to DHQ completion (n=72);

(5) participants with potentially unreliable dietary intake

~

/

[Participates included in this study (n=98455) J

FIGURE 1

The study flow chart of identifying eligible participants. PLCO, Prostate, Lung, Colorectal, and Ovarian; BQ, baseline questionnaire; DHQ, diet

history questionnaire.
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available medical records. In this study, the end point was the
incidence of primary liver cancer which included hepatocellular
carcinoma (ICD-O-2, C220) and intrahepatic bile duct cancer
(ICD-0-2, C221).

Statistical analysis

For categorical and continuous covariates with < 5%
missing values, modal and median values were used to impute
missing data, respectively. The covariate “physical activity level”
was imputed by the multiple imputation method as up to 25.3%
of the values were missing (18). More detail information of
imputation data was shown in Supplementary Table 2, and
statistical analyses were performed using the imputed datasets.

A Cox proportional hazards regression model was used to
assess the association between low-fat diet and liver cancer
risk, and hazard ratios (HRs) and 95% confidence intervals
(CIs) were calculated with follow-up time as the time metric.
It is worth noting that the follow-up time in this study refers
to the date from DHQ completion to the occurrence of liver
cancer, death, loss to follow-up, or the end of follow-up
(i.e., December 31, 2009), whichever came first (Figure 2).
In this model, the low-fat diet scores were divided into
quartiles, and the person-years of each quartile were calculated
based on the length of the follow-up period. A trend test
across quartiles of low-fat diet score for the liver cancer risk
estimation was also performed in the Cox regression model
by treating the quartiles as a continuous variable with the

Randomization

Jollow-up time for our analysis

10.3389/fnut.2022.1013643

lowest quartile as the reference group. In multivariate analyses,
Model 1 was adjusted for age, sex, and race. Model 2 was
further adjusted for education level, arm, BMI, smoking status,
smoking pack-years, drinking status, alcohol consumption,
aspirin use, history of liver comorbidity, history of diabetes,
physical activity level and energy intake from diet. To further
characterize liver cancer risk across the full range of the low-
fat diet score, a restricted cubic spline model was employed
in this study. In addition, we further analyzed the effect of
poly-unsaturated fatty acids (PUFA), mono-unsaturated fatty
acids (MUFA), and saturated fatty acids (SFA) on the risk
of liver cancer using the above-mentioned methods. Specially,
PUFA, MUFA, and SFA intakes were derived from DHQ
and divided into quartiles, with the lowest quartile as the
referent.

A series of subgroup analyses were conducted after
stratifying for age (> 65 versus < 65 years), sex (male versus
female), BMI (< 25 versus > 25 kg/m?), smoking status
(never versus current/former), drinking status (no versus
yes), alcohol consumption (< medium versus > medium),
history of liver comorbidity (no versus yes), history of
diabetes (no versus vyes), physical activity (< medium
versus > medium), and energy intake from diet (< medium
versus > medium). A Piyteraction Was computed by comparing
models with and without multiplicative interaction terms
before performing the above subgroup analyses to avert
spurious subgroup effects.

We conducted several sensitivity analyses to test the
robustness of our findings. (I) we repeated the primary
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FIGURE 2
The timeline and follow-up scheme of our study
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analysis in participants with non-missing data; (II) we excluded
participants with a history of diabetes, as these participants may
be prone to a high-fat diet; (III) we excluded participants with
a history of liver comorbidity, as these participants may be
more likely to develop liver cancer; and (IV) we excluded cases

10.3389/fnut.2022.1013643

observed within the first 2 and 4 years of follow-up to address
the concern of reverse causality.

The statistical analyses were conducted using R
4.1.1 software. A two-tailed P value less than 0.05 was

considered significant.

TABLE 1 Baseline characteristics of study population according to overall low-fat diet score.

Quartiles of overall low-fat diet score

Characteristics Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value
(<10) (11-15) (16-20) (=21)

Number of participants 98,455 26,718 26,149 24,762 20,826

Low-fat diet score 14.99 +6.27 7.33 £2.40 12.98 £ 1.42 18.03 4+ 1.43 23.75+2.36 0.000

Age 65.52 £5.73 65.08 £ 5.63 65.24 £ 5.67 65.73 £5.77 66.19 £ 5.79 <0.001

Sex 0.000

Male 47216 (47.96%) 14774 (55.30%) 13806 (52.80%) 11265 (45.49%) 7371 (35.39%)

Female 51239 (52.04%) 11944 (44.70%) 12343 (47.20%) 13497 (54.51%) 13455 (64.61%)

Race <0.001

White 91218 (92.65%) 25096 (93.93%) 24417 (93.38%) 22401 (90.47%) 19304 (92.69%)

Non-white 7237 (7.35%) 1622 (6.07%) 1732 (6.62%) 2361 (9.53%) 1522 (7.31%)

Education level <0.001

College below 62597 (63.58%) 17942 (67.15%) 16899 (64.63%) 15568 (62.87%) 12188 (58.52%)

College graduate 17352 (17.62%) 4486 (16.79%) 584 (17.53%) 4334 (17.50%) 3948 (18.96%)

Postgraduate 18506 (18.80%) 4290 (16.06%) 4666 (17.84%) 4860 (19.63%) 4690 (22.52%)

Arm <0.001

Intervention 50150 (50.94%) 13918 (52.09%) 13441 (51.40%) 12532 (50.61%) 10259 (49.26%)

Control 48305 (49.06%) 12800 (47.91%) 12708 (48.60%) 12230 (49.39%) 10567 (50.74%)

Body mass index (kg/mz) 27.20 £4.79 27.58 + 4.86 27.47 £4.75 27.04 £4.72 26.57 +4.74 <0.001

Smoking status 0.000

Never 47232 (47.97%) 10722 (40.13%) 11889 (45.47%) 12775 (51.59%) 11846 (56.88%)

Current 8992 (9.13%) 3752 (14.04%) 2557 (9.78%) 1799 (7.27%) 884 (4.24%)

Former 42231 (42.89%) 12244 (45.83%) 11703 (44.76%) 10188 (41.14%) 8096 (38.87%)

Smoking pack-years 17.49 £ 26.40 22.72 £29.80 18.69 £ 26.92 15.08 £ 24.24 12.14 £21.78 0.000

Drinking status <0.001

No 26679 (27.10%) 6023 (22.54%) 6389 (24.43%) 7258 (29.31%) 7009 (33.66%)

Yes 71776 (72.90%) 20695 (77.46%) 19760 (75.57%) 17504 (70.69%) 13817 (66.34%)

Alcohol consumption (g/day) 8.78 £19.23 14.40 £ 28.94 9.90 £ 18.18 6.05 £ 10.80 3.43 £6.36 0.000

Aspirin use 0.052

No 52239 (53.06%) 14308 (53.55%) 13781 (52.70%) 13219 (53.38%) 10931 (52.49%)

Yes 46216 (46.94%) 12410 (46.45%) 12368 (47.30%) 11543 (46.62%) 9895 (47.51%)

History of liver comorbidity 0.978

No 94937 (96.43%) 25759 (96.41%) 25209 (96.41%) 23877 (96.43%) 20092 (96.48%)

Yes 3518 (3.57%) 959 (3.59%) 940 (3.59%) 885 (3.57%) 734 (3.52%)

History of diabetes 0.116

No 91988 (93.43%) 25032 (93.69%) 24362 (93.17%) 23139 (93.45%) 19455 (93.42%)

Yes 6467 (6.57%) 1686 (6.31%) 1787 (6.83%) 1623 (6.55%) 1371 (6.58%)

Physical activity level (min/week) 123.28 £+ 108.77 109.20 £ 102.98 119.45 £ 106.92 128.16 £ 109.97 140.34 £ 114.02 <0.001

Energy intake from diet (kcal/day) 1728.69 £ 658.01 1936.74 £ 722.78 1785.82 £ 657.27 1634.16 £ 603.07 1502.44 £ 529.56 0.000

Total Carbohydrate (% energy) 51.99 £9.36 43.36 £ 6.86 49.37 £ 6.04 56.42 £ 7.29 61.10 £ 5.89 0.000

Total fat (% energy) 31.78 £7.52 3944+ 6.15 33.61 £4.13 28.47 £4.27 23.59 £3.97 0.000

Total protein (% energy) 15.44 +£2.93 14.34 £2.72 15.48 +2.89 15.28 +3.02 16.98 £+ 2.39 0.000

Descriptive statistics are presented as (mean = standard deviation) and number (percentage) for continuous and categorical.
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Results

Baseline characteristics

In the 98,455 included participants, the mean (standard
deviation) for low-fat diet score was 14.99 (6.27). Based on
the score, we divided participants into quartiles [Quartile 1
(LFD score < 10), n = 26,718; Quartile 2 (LFD score 11-15),
n = 26,149; Quartile 3 (LFD score 16-20), n = 24,762; Quartile
4 (LFD score > 21), n = 20,826]. The higher the quartile, the
more likely the participants were to follow a low-fat dietary
pattern. Compared with participants in the lowest quartile group
(Quartile 1), participants in the highest quartile group (Quartile
4) were more likely to be older and female and to have a higher
educational level, and total carbohydrate and protein intake; but
were less likely to have a higher BMI, physical activity level,
diet energy and total fat intake. There were more non-smokers
and non-drinkers in the highest quartile than in the lowest
quartile, and fewer pack-years of current or former smokers
and less alcohol consumption by drinkers were observed in
the highest quartile. The detailed baseline characteristics of the
study population according to quartiles of low-fat diet scores are
shown in Table 1.

Association between low-fat diet score
and the incidence of liver cancer

During 872639.5 person-years of follow-up, we documented
a total of 91 liver cancer cases, with an overall incidence rate of
0.01 cases per 100 person-years. The mean (standard deviation)
follow-up length was 8.862 (1.897) years. In the unadjusted
model, participants in the highest quartile had a significantly
lower risk of liver cancer than those in the lowest quartile
(HRQ4ys.Q1: 0.369; 95% CI: 0.182, 0.749; P = 0.003 for trend)
(Table 2). After full adjustment for potential confounders, the

10.3389/fnut.2022.1013643

inverse association of the low-fat diet score with the risk of
liver cancer was also observed (HRQa4ys.Q1: 0.458; 95% CIL:
0.218, 0.964; P = 0.035 for trend) (Table 2). Notably, this
inverse relationship was not altered when repeated analysis was
performed using non-missing data (HRqQ4ys.Q1: 0.277; 95% CI:
0.076, 1.010; P = 0.032 for trend) (Table 3). For fat components,
liver cancer risk was not significantly associated with PUFA
(Supplementary Table 3), MUFA (Supplementary Table 4),
and SFA (Supplementary Table 5) in the full adjusted model.

Additional analyses

We employed a restricted cubic spline model to describe
the liver cancer risk across the range of low-fat diet scores,
and the results showed that the low-fat diet score was inversely
associated with the risk of liver cancer in a linear dose-response
manner (P = 0.482 for non-linear) (Figure 3). In subgroup
analyses, we did not observe a significant interaction between
low-fat diet score and age, sex, BMI, smoking status, drinking
status, alcohol consumption, history of liver comorbidity,
history of diabetes, physical activity level or energy intake from
diet in the incidence of liver cancer (all P > 0.05 for interaction)
(Table 4). In sensitivity analyses, the associations remained
similar when we further excluded participants with a history
of liver comorbidity or diabetes and excluded cases observed
within the first 2 years or 4 years of follow-up, indicating a good
robustness of the inverse association of low-fat diet score with
liver cancer risk (Table 3).

Discussion

In this study, we explored whether adherence to low-
fat diet is associated with a reduced risk of liver cancer in
a large prospective multicenter study. Our results showed a

TABLE 2 Hazard ratios of the association of low-fat diet score with the risk of liver cancer.

Quartiles of low-fat Number Person- Incidence rate per 100 HR (95% CI)
diet score of cases years person-years (95% CI)
Unadjusted Model 1* Model 2P
Quartile 1 (< 10) 33 232789.8 0.014 (0.010, 0.020) 1.000 (reference) 1.000 1.000
(reference) (reference)
Quartile 2 (10-15) 28 230061.6 0.012 (0.008, 0.018) 0.856 (0.517, 0.869 (0.525, 0.898 (0.536,
1.416) 1.437) 1.505)
Quartile 3 (16-20) 20 221039.3 0.009 (0.006, 0.014) 0.633 (0.363, 0.672 (0.385, 0.725 (0.406,
1.103) 1.174) 1.295)
Quartile 4 (> 21) 10 188748.8 0.005 (0.003, 0.010) 0.369 (0.182, 0.428 (0.210, 0.458 (0.218,
0.749) 0.874) 0.964)
Prrend 0.003 0.013 0.035

HR, hazard ratio; CI, confidence interval. * Adjusted for age (years), sex (male, female), and race (white, non-white). bAdju.sted for model 1 plus educational level (college below, college

graduate, postgraduate), arm (intervention, control), body mass index (kg/m?), smoking status (never, current, former), smoking pack-years (continuous), drinking status (no, yes), alcohol

consumption (g/day), aspirin use (no, yes), history of liver comorbidity (no, yes), history of diabetes (no, yes), physical activity level (min/week), and energy intake from diet (kcal/day).
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TABLE 3 Sensitivity analyses on the association of low-fat diet scores
with the risk of liver cancer.

Categories HR Quartile 4 vs. Quartile 1 Ptrend
(95% CI)?

Repeated analysis in participants with 0.277 (0.076, 1.010) 0.032

non-missing data

Excluded participants with a history 0.383 (0.161, 0.910) 0.025

of liver comorbidity®

Excluded participants with a history 0.454 (0.194, 1.058) 0.052

of diabetes®

Excluded cases observed within the 0.474 (0.215, 1.042) 0.054

first 2 years of follow-up

Excluded cases observed within the 0.425 (0.176, 1.029) 0.051

first 4 years of follow-up

HR, hazard ratio; CI, confidence interval. *HRs were adjusted for age (years), sex (male,
female), race (white, non-white), educational level (college below, college graduate,
postgraduate), arm (intervention, control), body mass index (kg/m?), smoking status
(never, current, former), smoking pack-years (continuous), drinking status (no, yes),
alcohol consumption (g/day), aspirin use (no, yes), history of liver comorbidity (no,
yes), history of diabetes (no, yes), physical activity level (min/week), and energy intake
from diet (kcal/day). "HR was not adjusted for history of liver comorbidity. HR was not
adjusted for history of diabetes.

significant inverse association between low-fat diet score and
the occurrence of liver cancer, regardless of adjustment for
suspected and established confounders. The restricted cubic
spline model revealed that this correlation is a non-linear dose-
dependent relationship, which means that people who followed
a low-fat dietary pattern had a lower risk of liver cancer. In
addition, this inverse association remained unchanged even
after we excluded several confounding factors through multiple
sensitivity analyses.

For decades, the focus on low-fat diet mainly stemmed from
the established evidence that low-fat diet can prevent the risk of
obesity and diabetes (6, 7). Although dietary recommendations
suggest that low-fat diet may be beneficial for cancer prevention,
relevant studies are incomplete and controversial due to the
wide variety of cancers and conflicting results (19). For example,
in a study with a median follow-up time of 8.1 years, the low-fat
diet group had a 36% reduced risk in ER-positive and PR-
negative breast cancers (20). However, in another cohort study
with a mean follow-up of 10 years, the risk of invasive breast
cancer was not affected by intervention with low-fat diet in a
high-risk population (21). Moreover, the risk for relapse and
death was not reduced by the low-fat diet in a population with
a very low-risk of breast cancer during a 7.3-year follow-up
period (22). In addition to breast cancer, published studies have
also linked low-fat diet to pancreatic cancer and skin cancer. In
these studies, a reduced risk of pancreatic cancer was observed
in women with overweight (BMI > 25 kg/m?) among 46,200
participants followed up to 14.7 years (23), but low-fat diet
did not decrease the risk of non-melanoma skin cancer (24).
One possible reason for these contradictory results is that the
definition of low-fat diet was inconsistent among these studies.

To our knowledge, no published data have investigated
the association of low-fat diet with liver cancer risk in large
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FIGURE 3

Dose-response association between low-fat diet score and the
risk of liver cancer. Hazard ratio was adjusted for age, sex, race,
educational level, arm, body mass index, smoking status,
smoking pack-years, drinking status, alcohol consumption,
aspirin use, history of liver comorbidity, history of diabetes,
physical activity level, and energy intake from diet (p = 0.482 for
non-linear).

populations. The low-fat diet score used in our study has been
proven to be very reliable for assessing a low-fat dietary pattern
that comprehensively consider the effects of fats, carbohydrates,
proteins and energy (15), not just the percentage of fat in total
energy (usually < 30% energy) (25). In our study of 98,455
participants with a mean follow-up length of 8.9 years, the
incidence of liver cancer was reduced by 55% in participants
in the highest quartile of low-fat diet scores compared with the
lowest quartile. The risk of liver cancer decreased linearly with
increasing low-fat diet score, as an inverse linear association
was observed in the restricted cubic spline model (p for
non-linear = 0.482). For fat components, we did not find
a significantly association between liver cancer risk and the
intakes of PUFA, MUFA, and SFA in our analyses. However,
multiple studies involving fat intake-related dietary patterns,
rather than low-fat diet, have obtained contradictory results
in relation to liver cancer risk. Polesel et al. reported that the
risk of hepatocellular carcinoma can be decreased by 40% in
participants with a higher intake of PUFA (26). A significant
inverse association between hepatocellular carcinoma risk and
total fat intake (HR = 0.80) and MUFA (HR = 0.71) was also
observed in a prospective study from Europe (27).

The observed association between low-fat diet and liver
cancer risk may be explained by the following mechanisms.
Physically, the liver connects to the gut through the bile duct,

frontiersin.org


https://doi.org/10.3389/fnut.2022.1013643
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Peng et al.

10.3389/fnut.2022.1013643

TABLE 4 Subgroup analyses on the association of low-fat diet score with the risk of liver cancer.

Subgroup variable Number of participates Number of cases HR Quartile 4 vs. Quartile 1 (95% CI) Pinteraction
Age (years) 0.634
<65 24634 22 0.539 (0.184, 1.581)

> 65 22910 21 0.496 (0.165, 1.496)

Sex 0.344
Male 22145 31 0.638 (0.254, 1.603)

Female 25399 12 0.325 (0.082, 1.298)

Body mass index (kg/m?) 0.796
<25 16695 10 0.394 (0.090, 1.723)

> 25 30849 33 0.489 (0.198, 1.208)

Smoking status 0.275
Never 22568 11 0.674 (0.188, 2.416)

Current/Former 24976 32 0.365 (0.132, 1.003)

Drinker 0.887
No 13032 9 0.356 (0.082, 1.547)

Yes 34512 34 0.553 (0.224, 1.367)

Alcohol consumption (g/day) 0.732
< medium 23807 21 0.336 (0.133, 1.004)

> medium 23737 22 0.633 (0.195, 2.050)

History of liver comorbidity 0.384
No 45851 34 0.398 (0.163, 0.974)

Yes 1693 9 1.286 (0.317, 5.221)

History of diabetes 0.372
No 44487 30 0.465 (0.194, 1.120)

Yes 3057 13 0.746 (0.142, 3.928)

Physical activity (min/week) 0.819
< medium 24178 14 0.323 (0.072, 1.444)

> medium 23366 29 0.485 (0.198, 1.188)

Energy intake from diet (kcal/day) 0.339
< medium 23772 19 0.631 (0.235, 1.697)

> medium 23772 24 0.337 (0.075, 1.506)

HR, hazard ratio; CI, confidence interval.

and the portal vein transports the products of the gut microbiota
to the liver (28). Therefore, the crosstalk of gut microbiota
between the liver and gut (gut-liver axis) can integrate signals
into an interconnected system (29). Dietary patterns alter the
gut microbiome balance and subsequently change the immune
and inflammatory metabolism landscapes, eventually leading
to tumor occurrence and progression (30, 31). For example, it
was previously shown that gut microbiota dysbiosis induced by
fiber-enriched foods (as inulin-enriched high-fat diet) prone to
dysbiosis leads to inflammation, cholestasis, and hepatocellular
carcinoma in mice (32). Excessive intake of high-fat diet
stimulates the liver to synthesize bile acids, thereby producing
large amounts of secondary bile acids in the gut (33), which
have been shown to be messengers for microbiota-gut-liver
interactions contributing to cancer risk (30, 34), although the
underlying mechanisms are unclear. Furthermore, animal and

human studies have reported that prolonged consumption of
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high-fat diet may produce adverse metabolic effects and up-
regulate inflammatory mediators, putting the body in a state
of chronic inflammation and high postprandial blood glucose
and insulin response (11, 35), which is not only involved in
the pathogenesis of type 2 diabetes and obesity but also closely
related to hepatocarcinogenesis, as liver cancer risk consistently
increases with obesity and diabetes (36-38). Conversely, low-
fat diet can reduce the secretion of inflammatory mediators
and inhibit the activation of tumor-related signaling pathways,
ultimately preventing tumor development (39).

This study has significant strengths. This prospective
analysis showed for the first time that low-fat diet reduces the
incidence of liver cancer in a large population. In addition,
good robustness for this inverse association was obtained by
multiple sensitivity analyses. For instance, the influence of
reverse causation was decreased when excluding cases that
occurred in the first 2 years and 4 years of follow-up. In
this study, the follow-up time was calculated based on the
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date of DHQ completion rather than BQ completion, thus
ensuring the reliability of low-fat diet score acquisition, and
a follow-up time of up to 8 years was sufficient to ensure
the occurrence of end-point events. Moreover, the results of
this study were extensively adjusted for potential confounders
including demographic, lifestyle, medical and dietary factors,
thereby minimizing the influence of residual confounders on
observed events.

However, several limitations existed in this study. First, we
did not find a significant interaction on the incidence of liver
cancer between low-fat diet score and potential impact modifiers
in a series of subgroup analyses, although the reason may be due
to the limited liver cancer cases in each subgroup, resulting in
insufficient statistical power for the interaction test. Thus, we
cannot provide dietary guidance for specific subgroups based
on the results of this study. Second, the low-fat diet score was
assessed using a one-time questionnaire without considering
that the dietary habits of the participants may change during
the follow-up period, which may result in non-differential
bias. However, studies have reported that using cumulative
averages to assess dietary patterns generally leads to a similar
statistical association for disease risk analysis (40), and it is
always assumed that the dietary habits of adults generally do not
change in nutritional epidemiological studies (41). Third, as the
population of our study was American adults aged 55-74 years,
we cannot guarantee that the inverse association of low-fat diet
with liver cancer risk is applicable for other age groups and
non-American populations.

Conclusion

In conclusion, low-fat diet is associated with a reduced risk
of liver cancer in the US population. These findings suggest
that adherence to a low-fat diet is helpful for the prevention
of liver cancer. Future studies should validate our findings in
other populations.
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Aim: This study aimed to determine the prevalence of malnutrition in a
head and neck cancer (HNC) population according to the Global Leadership
Initiative on Malnutrition (GLIM) criteria and to assess its relation to survival.
The secondary aim was to compare GLIM criteria to Patient—Generated
Subjective Global Assessment (PG-SGA) and Nutritional Risk Screening 2002
(NRS 2002) methods.

Methods: The assessment was performed in a series of 65 curative patients
with newly diagnosed HNC in a nutrition intervention study. Malnutrition was
defined as PG-SGA classes BC and nutritional risk as NRS 2002 score >3 and
was retrospectively diagnosed with GLIM criteria in prospectively collected
data at diagnosis. Sensitivity, specificity, and kappa (k) were analyzed. Predictive
accuracy was assessed by calculating the area under curve (AUC) b y receiver
operating characteristic (ROC) analysis. Kaplan—Meier and Cox regression
analyses were used to evaluate association between malnutrition and overall
survival (OS), and disease-free survival (DFS).

Results: GLIM-defined malnutrition was present in 37% (24/65) of patients.
The GLIM showed 77% sensitivity and 84% specificity with agreement of
k = 0.60 and accuracy of AUC = 0.80 (p <0.001) with PG-SGA and
slightly higher sensitivity (83%) with NRS 2002 (x = 0.58). Patients with
GLIM-defined malnutrition had shorter OS (56 vs. 72 months, HR 2.26,
95% ClI 1.07-477, p = 0.034) and DFS (37 vs. 66 months, HR 2.01,
95% CI 0.99-4.09, p = 0.054), than well-nourished patients. The adjusted
HR was 2.53 (95% ClI 1.14-547, p = 0.023) for OS and 2.10 (95% ClI
0.98-4.48, p = 0.056) for DFS in patients with GLIM-defined malnutrition.
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Conclusion: A substantial proportion of HNC patients were diagnosed with
malnutrition according to the GLIM criteria and this showed a moderate
agreement with NRS 2002- and PG-SGA-defined malnutrition. Even though
the GLIM criteria had strong association with OS, its diagnostic value was poor.
Therefore, the GLIM criteria seem potential for malnutrition diagnostics and
outcome prediction in the HNC patient population. Furthermore, NRS 2002
score >3 indicates high nutritional risk in this patient group.

nutrition status, nutrition status assessment, nutritional risk, survival, malnutrition,
nutritional risk screening 2002, Patient-Generated Subjective Global Assessment,

head and neck cancer

Introduction

Malnutrition is defined as an acute or chronic state of
impaired nutritional status, in which a combination of varying
degrees of nutrition intake and inflammatory activity have led
to harmful changes in body composition and function (1).
Prevention, early identification of patients at risk, accurate
diagnosis, personalized nutrition interventions, and follow-up
are cornerstones of the management of malnutrition and the
prevention of its unfavorable effects on treatment complications,
patients’ quality of life, and survival (2-6). However, variation
in nutritional status criterion makes the comparison of the
effectiveness of nutrition interventions across different studies
challenging. Consequently, the Global Leadership Initiative
on Malnutrition (GLIM) working group published in 2018a
global consensus recommendation on the criteria to be used
for the identification of protein-energy malnutrition in adults
(7). Since then several studies have validated these criteria
in various patient cohorts, including head and neck cancer
(HNC) (8-11). The GLIM criteria have often been compared
either with Subjective Global Assessment or Patient-Generated
Subjective Global Assessment (SGA or PG-SGA), which are
judged to be the most validated standardized assessment tools of
malnutrition (12). So far the GLIM criteria have shown to be an
accurate, sensitive, and specific malnutrition diagnostic tool in
ambulatory cancer care and in-patient settings. Furthermore, the
GLIM criteria have shown high inter-rater reliability in patients
with HNC (8). However, the GLIM criteria have shown only a
fair agreement with the SGA (10, 11).

In 2020, almost 880,000 new cases of HNC (e.g., lip and
oral cavity, larynx, nasopharynx, oropharynx, and hypopharynx)
and 445,000 associated deaths were observed worldwide with
an overall 5-year survival rate of around 50% (13). Throughout
the HNC journey, around 11-85% of patients present with
malnutrition when assessed either with PG-SGA or with the
GLIM criteria (8-10, 14, 15). Nutrition care plays a crucial role
for patients with HNC since tumor itself and cancer treatments
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cause substantial eating and swallowing difficulties resulting
in decreased food intake and deteriorated nutritional status
which can be effectively managed by nutritional interventions
(15, 16). This warrants further attention as malnutrition reduces
treatment efficacy? (2, 4), quality of life (2), and survival (3, 4), as
well as increases complications (4). Moreover, a GLIM-defined
malnutrition diagnosis associates with lower BMI (8) and
impaired quality of life (17) and PG-SGA-defined malnutrition
with shorter overall survival (OS) and disease-free survival
(DEFS), as we have previously shown in patients with HNC (15).
The GLIM criteria have eight possible combinations to
classify patients as malnourished, and controversies in sensitivity
and specificity between these combinations exist (8, 9, 12). As
the GLIM criteria are based on consensus, further evidence is
required for validation and reliability of testing in a variety of
healthcare sectors and populations with diverse persons using
these criteria (18). So far only two studies have used the GLIM
criteria to diagnose malnutrition in HNC, and they have shown
a prevalence of malnutrition in 11-32% of patients (8, 9). The
prevalence of GLIM-defined malnutrition has been 24-70% in
patients with other cancers (19-23). Furthermore, the GLIM
criteria have shown their predictive value with respect to survival
in various clinical conditions (10, 19-22, 24).
screening 2002 (NRS 2002) is a
method to obtain patients who have a risk to develop

Nutritional risk

protein-energy malnutrition (25). Usually, the score
>3 indicates nutritional risk and a need for further
assessment of nutritional status either with PG-SGA

or GLIM. However, in a nutritionally more vulnerable
patient group such as HNC, NRS 2002 score >3 may
already indicate malnutrition as we showed in our previous
study (14).

This study aimed to determine (1) the prevalence of
malnutrition according to the GLIM criteria at diagnosis of
HNG; (2) the reliability of using the GLIM criteria to identify
malnutrition compared to the current reference standard,
namely, the PG-SGA and to the NRS 2002; and (3) the
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associations between the GLIM criteria and survival, and the
predictive validity of the GLIM criteria with respect to survival.

Materials and methods

This is a retrospective analysis of baseline measurements
collected during a previously published randomized controlled
study of adult HNC patients (14) at the Department of
Otorhinolaryngology, Head and Neck Surgery, Helsinki
University Hospital (HUS), Finland. Ambulatory, 18-80-
year-old patients with a primary locally advanced squamous
cell carcinoma of the oral cavity, oropharynx, hypopharynx,
nasopharynx, or larynx were eligible for inclusion. A total of
65 patients with HNC were included. All patients were under
nutritional surveillance and were offered nutritional treatment
when indicated (15).

Clinical prospectively collected data included age, gender,
tumor histopathology, site and stage classification, and
cancer treatment (definitive chemoradiotherapy, definitive
radiotherapy, surgery, surgery with radiotherapy, or surgery
with All
and subjective assessments, except GLIM, were performed

chemoradiotherapy). nutritional measurements
prospectively at the time of diagnosis before surgery or adjuvant
cancer treatment.

Body mass index (BMI) was calculated from the patient-
reported height and measured body weight and was further
categorized according to age as underweight (<18.5 kg/m? if
<65 years or <22 kg/m? if >65 years); healthy weight (18.5-24.9
kg/m? if <65 years or 22-27 kg/m? if >65 years) or overweight
(=25 kg/m? if <65 years or >27 kg/m? if >65 years). Body
composition was analyzed with bioimpedance (BIA) using a
single frequency (50kHz) two-terminal bio—impedance meter
(Bodystat Ltd®, Tsle of Man, UK) performed according to a
standard procedure.

Nutritional status was assessed using the PG-SGA (26, 27)
with classes B and C indicating malnutrition. Nutritional risk
was current study the NRS 2002 score >3 was set to indicate
nutritional risk (25). Patient-Generated SGA was considered as
the reference method to identify protein-energy malnutrition,
as this is what GLIM was designed to identify (12). Permission
for the full form of scored PG-SGA© was received from Pt-
Global (http://pt-global.org/). The English PG-SGA version
2001 was translated into Finnish through backward translation
by a medical doctor (PO) and dietitian (HO) in our research
group. PO translated it to Finish and then HO translated it back
to English whereupon they both translated it to Finnish. No
methodical discrepancies were observed. Research supervisors
(PO and AM) accepted the final translation. PO supervised the
subjective assessment of body composition, and the execution
of PG-SGA. The research dietitian (HO) performed both
the patient and the professional components of PG-SGA for
all patients.
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A GLIM diagnosis of malnutrition was

retrospectively when one phenotypic and one etiologic

assigned

criterion were present and categorized as “malnourished” or
“not malnourished” with minimum of one criteria of each
existing (7). As a phenotypic criterion for malnutrition, we
used body weight loss (>5% within the past 6 months), BMI
(<20 kg/m? if age <70 years or <22 kg/m? if >70 years), and
fat-free mass index (FFMI) by BIA (<17 kg/m2 for men and
<15 kg/m? for women) was used as an operationalization of
the criterium “reduced muscle mass”. The etiologic criterion
was either reduced food intake defined as <50% of estimated
need or CRP >5 mg/L as a proxy for inflammation (8, 9). Food
intake was compared to patients’ usual eating and intake was
categorized subjectively as <50% of estimated need if the patient
had tumor-induced eating problems and therefore ate 50% less
than normally or was unable to eat per os. Since all patients had
a chronic active disease as per GLIM etiologic criterion, CRP
was used as a more specific measure to define inflammation in
line with previous studies (8, 9, 11). Cancer diagnosis itself is
not recommended to be used for this etiologic criterion as it
does not indicate the severity of the disease burden (12).

Patient outcome measures were collected at a median of
76 (IQR 71-81) months after the initial study date assessed
by Kaplan-Meier and data were obtained from the electronic
medical records. Data cut-oft date was assigned as March 18th,
2015. Follow-up time and overall survival (OS) was calculated
from the date of randomization (i.e., at diagnosis) to the date
of the last visit or death by any cause. Disease-free survival
(DES) was calculated from the completion of treatment to the
detection of cancer recurrence or death of any cause. There were
no cancer events during cancer treatment. One patient with
a second primary of esophagus cancer was excluded from the
DES analyses.

The research clinical dietitian (HO) performed nutritional
status assessments, BIA measurements, and GLIM diagnostics
for all patients. Permission for the full form of scored PG-
SGA© was received from Pt-Global (https://pt-global.org/).
The Finnish translation of NRS 2002 has shown substantial
agreement (k = 0.8) with PG-SGA (14). The study design
was approved by the Research Ethics Board at our institution
and has a research permission (HUS/186/2021) granted by our
institution. All patients gave a written informed consent.

Statistical analyses

Descriptive statistics for all continuous variables were
reported as median with inter—quartile range (IQR). Categorical
variables were reported as frequencies and percentages.
Construct (discriminant) validity was assessed using Chi-square
test for categorical variables and Mann-Whitney’s U-test for
continuous variables.
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Sensitivity, specificity, and positive (PPV) and negative
predictive values (NPV) for the GLIM criteria against PG-SGA,
NRS 2002, and survival were calculated from a contingency
table. Rating of validity test statistics followed recommended cut
points for sensitivity and specificity: the professional standard
80% for sensitivity and 60% for specificity were determined.

Assessment of agreement between the GLIM criteria, the
PG-SGA and survival used the Kappa statistics (k). Values 0.81-
0.99 represented “excellent” agreement, 0.61-0.80 “substantial”,
0.41-0.60 “moderate” and <0.41 “poor to fair” agreement. The
professional standard for kappa was set to >0.60.

Predictive accuracy between the GLIM criteria, PG-SGA and
survival was assessed by calculating the area under curve (AUC)
by receiver operating characteristic (ROC) analysis. Accuracy
was considered very good if the ROC AUC was >0.9, good if
0.8-0.9, fair if 0.7-0.8, poor if 0.6-0.7 and not better than chance
if <0.6.

Overall survival and DFS were calculated using the Kaplan—
Meier method and the log-rank test. Cox proportional
(hazard HR) were
performed to determine the association between GLIM-

univariable hazards analyses ratio,
defined malnutrition diagnosis and mortality. Multivariable
analyses were adjusted for age (<65 vs. >65 years), gender, stage
(I-IIT vs. 1V), GLIM-defined malnutrition (not malnourished
vs. malnourished), and smoking (<10 vs. >10 pack years) based
on available literature (28).

All statistical analyses were performed with SPSS, Version
27.0 (IBM corp., Armonk, NY, US). We set the statistical

significance level to 5%.

Results

The median age was 61 years (range 33-77) with 25% being
65 or older, and the male-to—female ratio was 3.3:1 (55 males,
15 females). Most patients had stage IV disease (n = 44, 68%)
and were planned to receive either definitive chemoradiotherapy
(65%), or either surgery alone or as a combination treatment
(26%). Only 7.3% of patients had definitive radiotherapy. The
median (IQR) follow-up time was 76 (71-81) months assessed
by Kaplan-Meier. The descriptive data according to GLIM-
defined malnutrition diagnosis are shown in Table 1.

Of the 65 patients, 37% were malnourished according to the
GLIM criteria and 34% according to PG-SGA, while nutritional
risk according to NRS 2002 was seen in 28% of patients at
the time of cancer diagnosis and before any cancer treatment.
All nutritional parameters were statistically significantly lower
in patients with GLIM-defined malnutrition than in those
not malnourished. Table 2 shows the numbers of patients
with each phenotypic and etiologic criterion of GLIM-defined
malnutrition. The criterion of unintentional weight loss was
met by 40%, low BMI by 18%, low FFMI by 52%, low food
intake by 25%, and inflammation by 51% of patients. We found
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no statistically significant differences between phenotypic or
etiologic criteria between deceased patients and survivors (data
not shown).

Diagnostic value of the GLIM criteria

The agreement between GLIM and PG-SGA is shown in
Table 3. When considering the PG-SGA as the reference method,
the sensitivity of GLIM did not reach acceptable level (>0.80)
while the specificity did (>0.60). The agreement between
the PG-SGA and GLIM criteria was moderate according to
the Kappa statistics (0.60) and the predictive value was fair
according to AUC (Figure 1). The negative predictive value
(NPV) was acceptable, but the positive predictive value was less
than the acceptable level (>0.80).

Association of the GLIM criteria and NRS
2002

The agreement between GLIM and NRS 2002 is shown
in Table 3. When considering the NRS 2002 score >3 as
the reference method, the sensitivity and specificity of GLIM
did reach acceptable level. The agreement between the NRS
2002 and GLIM criteria was moderate according to the Kappa
statistics (0.60). The negative predictive value (NPV) was
acceptable, but the positive predictive value did not reach the
acceptable level.

Overall and disease-free survival

The 5-year OS rate was 57% (37/65) and DFS 52% (34/65)
for all patients. Altogether 28 (43%) patients died during follow-
up, of which 17 (26%) patients due to HNC, six due to other
cancer, and five due to other causes. Malnourished patients had
significantly lower OS (p = 0.029) and DFS (p = 0.047), than
not malnourished patients (Table 1), as analyzed by Kaplan-
Meier analysis (Figures 2, 3). Hazard ratios for OS and DFS
according to Cox regression analysis are shown in Tables 4,
5. The association of malnutrition with OS and DFS was
maintained when age, gender, stage, and smoking were added
as covariates in adjusted multivariate models (Tables 4, 5). The
accuracy of the GLIM criteria to predict OS and DFS was poor
according to k-value and not better than chance according to
AUC (Table 3).

Discussion

Our findings showed that the GLIM criteria form an
accurate, sensitive, and specific malnutrition diagnostic method
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TABLE 1 Descriptive data of 65 HNC patients stratified according to GLIM-defined malnutrition diagnosis.

GLIM-defined malnutrition diagnosis (n = 65)

Not malnourished, 41 (63.1%) Malnourished, 24 (36.9%) p-value
Age, years, median (IQR) 61 (55-64) 59.5 (57-64) 0.749
Men, n (%) 33 (80.5) 17 (70.8) NS
Nutritional parameters, median (IQR)
Weight, kg 79.7 (67.0-90.1) 64.9 (56.2-77.4) 0.004
BMI, kg/m2 25.7 (23.0-28.0) 21.6 (20.1-23.8) <0.001
FEMI, kg/m2 17.8 (16.1-19.3) 15.5 (14.2-16.2) <0.001
Weight loss, kg 0.2 (1.2-0.9) 6.0 (4.4-8.4) <0.001
Weight loss, % 0.2 (1.3-1.2) 9.3 (6.2-11.3) <0.001
C-reactive protein, g/L 3.0 (3.0-9.0) 20.5 (9.0-53.5) <0.001
Albumin, g/L 40.3 (38.0-42.2) 35.4 (31.6-40.0) <0.001
Prealbumin, mg/L 275 (225-304) 180 (127-229) <0.001
Hemoglobin, mg/L 142 (131-150) 134 (124-140) 0.015
Weight status, n (%)*
Underweight 4(9.8) 6 (25.0) NS
Healthy weight 17 (41.5) 15 (62.5) NS
Overweight 20 (48.8) 3(12.5) 0.003
SG-PGA, 1 (%)
Well-nourished (class A) 36 (87.8) 7(29.2) <0.001
Malnourished (class B or C) 5(12.2) 17 (70.8) <0.001
NRS 2002, 1 (%)
Not nutritionally at risk (score <3) 38(92.7) 9(37.5) <0.001
Nutritionally at risk (score >3) 3(7.3) 15 (62.5) <0.001
Smoking, pack years
<10 25(61.0) 17 (70.8) NS
>10 16 (39.0) 7(29.2) NS
Survival, months, median (95% CI)
(6N 67 (58-77) 54 (15-93) 0.029*
DFS 60 (50-71) 21 (0-70) 0.047*
OS status, n (%)
Diseased 14 (34.1) 14 (58.3) NS
Survivor 27 (65.9) 10 (41.7) NS
DES status, n (%)
Event 16 (39.0) 15 (62.5) NS
Survivor 25(61.0) 9(37.5) NS
Tumor location, n (%)
Oral cavity 6 (14.6) 6(25.0) NS
Oropharynx 16 (39.0) 7(29.2) NS
Hypopharynx 5(12.2) 6(25.0) NS
Larynx 9 (22.0) 2(8.3) NS
Nasopharynx 5(12.2) 2(8.3) NS
Unknown primary 0(0) 1(4.2) NS
Stage, n (%)
I 5(12.2) 0 (0) NS
il 4(9.8) 2(8.3) NS
1II 10 (24.4) 2(8.3) NS
v 22 (53.7) 20 (83.3) 0.016
Planned mode of cancer treatment, n (%)
Surgery alone or in combination 14 (34.1) 3(12.5) NS
Definitive radiotherapy 3(7.3) 3(12.5) NS
Definitive chemoradiotherapy 24 (58.5) 18 (75.0) NS

BMI, body mass index; DFS, disease—free survival; FEMI, fat-free mass index; GLIM, the Global Leadership Initiative on Malnutrition; IQR, interquartile range; NRS, nutritional risk
screening; OS, overall survival; PG-SGA, Patient-generated Subjective Global Assessment, A = well-nourished, B= moderately and C = severely malnourished.

#Underweight, BMI <18.5 kg/m? if <65 years or <22 kg/m? if >65 years; healthy weight, BMI 18.5-24.9 kg/m? if <65 years or 22-27 kg/m? if >65 years; overweight, BMI >25 kg/m? if
<65 years or >27 kg/m? if >65 years.

*Analyzed by Kaplan-Meier.
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TABLE 2 The prevalence of the phenotypic and etiologic GLIM criteria according to malnutrition diagnosis.

GLIM-defined malnutrition diagnosis (n = 65), n (%)

GLIM criteria Not malnourished, 41 (63%) Malnourished, 24 (37%) p-value
Phenotypic criteria
Weight loss >5% 5(12) 21 (88) <0.001
Low BMI* 5(12) 7(29) <0.001
Low FFMI* 13 (32) 21 (88) <0.001
Etiologic criteria
Low food intake 1(2) 15 (62) <0.001
Presence of inflammation 10 (24) 23 (96) <0.001
BMI body mass index; FFMI, fat-free mass index; GLIM, Global Leadership Initiative on Malnutrition.
"BMI <20 kg/m? if age <70 years or <22 kg/m? if >70 years.
*FFMI <17 kg/m? for men and <15 kg/m? for women was used as an operationalization of the criterium “reduced muscle mass”.
p-value by Fisher’s Exact Test.
TABLE 3 Diagnostic value of GLIM criteria in predicting malnutrition and survival.
Reference method GLIM criteria

Sensitivity (95% CI) Specificity (95% CI) PPV NPV k AUC (95% CI) p-value
PG-SGA BC 77.3 (57.1-90.8) 83.7 (70.7-92.4) 70.8 87.8 0.597 0.80 (0.68-0.93) <0.001
NRS 2002 >3 83.3 (61.9-95.1) 80.9 (68.0-90.1) 62.5 92.7 0.582
5-year OS 50.0 (32.2-67.8) 73.0 (57.3-85.2) 58.3 65.9 0.233 0.59 (0.44-0.74) 0.229
5-year DFS 48.4 (31.6-65.6) 73.5 (57.2-86.0) 62.5 61.0 0.221 0.62 (0.48-0.76) 0.116

AUC, area under curve; DFS, disease-free survival; GLIM, the Global Leadership Initiative on Malnutrition; k, Kappa correlation coefficient; NPV, negative predictive value; NRS, nutritional

risk screening, > 3 = nutritional risk; OS, overall survival; PG-SGA BC, Patient-generated Subjective Global Assessment; BC, moderately or severely malnourished; PPV, positive predictive

value. p-value is for AUC.

for the HNC population. However, the GLIM criteria showed
poor diagnostic value in predicting 5-yr survival in this patient
population. NRS 2002 score >3 showed to be an accurate tool
to identify malnourished patients compared against the GLIM
criteria, a finding supporting our previous study (14).

Prevalence of malnutrition according to
the GLIM criteria

Two previous studies have validated the GLIM criteria
in patients with HNC. Prior to any cancer treatment, the
prevalence of GLIM-defined malnutrition has been reported to
vary from 11 to 23% and to increase up to 32% at the seventh
week of HNC treatment (8, 9). Several factors might explain
why our study showed a higher prevalence of GLIM-defined
malnutrition than these two recent cross-sectional cohorts (8, 9).
First, we used CRP as an objective measure for inflammation
instead of the presence of metastatic disease, the latter of which
may have resulted in some under-reporting of malnutrition
in the Steer study (8). Second, Steer and colleagues assessed
muscle-mass subjectively as opposed to our objective and
more precise BIA analysis. Third, in the Einarsson et al. (9)
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study, patients were somewhat older, and Stage IV was seen
in fewer patients (55%) compared with our study (65%). This
high prevalence of stage IV disease indicates a more severe
disease and consequently, a higher likelihood of dysphagia,
cachexia, and thus higher prevalence of malnutrition already
prior diagnosis (6, 29). Indeed, we have shown previously that a
substantially high proportion of our patients had cachexia prior
to diagnosis (3).

Diagnostic value of the GLIM criteria

Since the publishing of the GLIM criteria, several validation
studies have been conducted among medical, surgical, intensive
care unit (ICU), and cancer patients (8-11, 30-35). Four studies
report criterion validity from fair to good when GLIM criteria
were compared with SGA. The agreement with kappa statistics
has varied from 0.32 to 0.55 (10, 31, 35) in patients with
cancer. A higher agreement (k = 0.85) has been seen among
ICU patients (34). Sensitivity has varied from 61 to 92% and
specificity from 73 to 93% in various patient cohorts (10, 11, 30,
32-34). Our results show moderate agreement, sensitivity and
specificity, which are well in line with those studies conducted
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ROC curve for GLIM criteria according to NRS-2002
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FIGURE 1

Receiver operating characteristic curve (ROC) for
GLIM-diagnosed malnutrition as a measure of malnutrition
according to patient-subjective global assessment (PG-SGA)
group BC. The area under the curve (AUC) is 0.805 (95% ClI
0.68-0.93, p < 0.001).

Kaplan-Meier overall survival according to GLIM-defined malnutrition
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FIGURE 2

Results of the Kaplan—Meier overall survival analysis and hazard
ratio for head and neck cancer patients stratified by
GLIM-defined nutrition status. Hazard ratio adjusted to age,
gender, stage, and smoking.

in cancer patients (10, 31, 35). Nevertheless, further prospective
validation studies are needed to add knowledge on how to assess
muscle mass and disease burden (i.e., inflammation) because the
predictive validity of the GLIM criteria varies greatly (sensitivity
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FIGURE 3

Results of the Kaplan—Meier disease-free survival analysis and
hazard ratio for head and neck cancer patients stratified by
GLIM-defined malnutrition. Hazard ratio adjusted to age,
gender, stage, and smoking.

61-100%, specificity 55-98%) depending on the used criteria as
shown in patients with surgery for gastrointestinal diseases (30).

The more precise criteria used to diagnose malnutrition
in the current study may explain the better validity seen in
our study compared with studies by Steer et al. (8), De Groot
et al. (10), and Allard et al. (11). In addition, in the current
study a clinical dietitian conducted nutrition assessment and
GLIM diagnostics instead of trained coordinators or other
staff (10, 11). The GLIM criteria have shown an excellent
level of inter-rater agreement between two dietitians, a result
suggesting that qualified medical personnel should perform
GLIM diagnostics (8). Furthermore, different combinations of
GLIM criteria have been compared and the best combinations
seem to be either weight loss and high CRP or weight loss
and low food intake, both of which we used in the present
study (9, 11). A lack of consensus regarding how to accurately
and practically measure and define reduced muscle mass and
inflammatory burden caused by different diseases still exists,
warranting further studies.

Association of the GLIM criteria and NRS
2002

To the best of our knowledge, a comparison between
NRS 2002 and the GLIM criteria has not been conducted in
this specific patient population. Among hospitalized patients
sensitivity (84%) and specificity (94%) were good between the
GLIM criteria and NRS 2002 and the concordance in diagnosing
malnutrition was substantial (« = 0.784) (24). Even better results
were obtained in 637 hospitalized cancer patients evaluated at
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TABLE 4 Univariable and multivariable regression analysis of overall survival in 65 HNC patients.

Univariable analysis

Variables Hazard ratio 95% CI
Age, years

<65 Reference

>65 0.99 0.95-1.2

Gender

Female Reference

Male 2.15 0.74-6.2

Stage

I-111 Reference

v 0.88 0.41-1.91
GLIM

Not malnourished Reference

Malnourished 2.26 1.07-4.77
Smoking, pack year

<10 Reference

>10 4.26 1.48-12.32

CI, confidence interval; GLIM, Global Leadership Initiative on Malnutrition.

admission; sensitivity 82%, specificity 98%, k = 0.823 (36). In the
current study GLIM showed high sensitivity and specificity with
the NRS-2002 indicating that patients with NRS 2002 score >3
are at high nutritional risk and even malnourished as proposed
in our previous study (14).

Survival

The association of the GLIM criteria with survival has not
been previously studied in this patient population but it has
been shown that GLIM-defined malnutrition is an independent
prognostic factor of survival in cancer patients in general
(10, 37), and in patients with gastrointestinal cancer (20),
hematologic malignancies (21), and lung cancer (22) as well as
in hospitalized patients (21, 24). The mortality risk associated
with GLIM-defined malnutrition has varied from 2.07 in lung
cancer (22) to 3.55 in hematologic malignancies (21), risk in
line with our results. Lower mortality risk values have been
seen among breast, gynecological and colorectal (10), lung (22),
and gastric cancer (35) patients, and the mortality risk varies
from 1.17 to 1.52 in moderate and from 1.47 to 2.89 in severe
malnutrition. Smoking status at the time of HNC diagnosis
strongly influences mortality which was seen also in the current
study along with malnutrition.

We were not able to show the GLIM criteria to be accurate
in predicting survival contrary to two previous studies in
patients with variety of cancers (19, 20) and to one study with
hospitalized patients (24). Of note, in the Zhang et al. (20)
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Multivariable analysis
p-value Hazard ratio 95% CI p-value
0.491 0.34 0.11-1.03 0.056
0.157 2.36 0.77-7.20 0.133
0.747 0.51 0.22-1.18 0.115
0.034 253 1.12-5.71 0.025
0.007 332 1.11-9.91 0.031

134

study patients were older than our study population, and in
another Zhang et al. (19) study majority of patients (70%) were
malnourished, which may partly explain the better accuracy in
predicting survival in these studies. Indeed, it has been shown
that high age (38) and malnutrition are independent risk factors
for mortality (15). Noteworthy, in the study of older cancer
patients (20) ROC accuracy was moderate but in another study
including a majority of malnourished patients not better than
chance (19). In this latter study one probable explanation for
the low accuracy is the use of cancer diagnosis as a marker
of inflammation instead of CRP, as recommended previously
(8,9, 11). The most likely reason for the low accuracy in our
study is the small number of enrolled patients, giving rise to a
need for larger multicenter studies. Another explanation might
be that malnutrition alone is not strong enough of a predictor
for 5-yr survival since other factors like smoking and alcohol
abuse are frequently seen among this patient group. Indeed,
in the current study heavy smokers had higher mortality risk
than malnourished patients. Moreover, GLIM being an objective
method compared to subjective PS-SGA method, GLIM may
predict better short-term than long-term survival.

We are aware that our research has limitations. First,
the GLIM-defined malnutrition diagnostics was performed
retrospectively, not at the same time with other nutritional
of
nutritional status. Second, given that our findings are

assessments, leading to possible misclassification

based on a limited number of patients, the results from

such analyses should be treated with considerable caution.
Third, at the time of the original study the PG-SGA
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TABLE 5 Univariable and multivariable regression analysis of disease-free survival in 64% HNC patients.

Univariable analysis Multivariable analysis
Variables Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value
Age, years
<65 Reference
> 65 0.52 0.2-1.36 0.185 0.49 0.18-1.36 0.170
Gender
Female Reference
Male 1.76 0.68-4.59 0.246 1.73 0.63-4.75 0.288
Stage
I-1IT Reference
v 0.83 0.40-1.70 0.605 0.57 0.25-1.28 0.171
GLIM
Not malnourished Reference
Malnourished 2.01 0.99-4.09 0.054 2.10 0.98-4.48 0.056
Smoking, pack years
<10 Reference
>10 5.18 1.80-14.87 0.002 4.21 1.43-12.37 0.009

CI, confidence interval; GLIM Global Leadership Initiative on Malnutrition.
#One patient with second primary was excluded from the DFS analyses.

translation to Finnish was not performed completely
according to the ISPOR Principles which is recommended
to perform in future (39). To overcome possible cap in
translation process dietitian performed the whole PG-
SGA. Strength of the study is that the same research
conducted NRS 2002, PG-SGA, and GLIM-

based nutrition diagnostics. In addition, we used objective

dietitian

measures of muscle mass and inflaimmation to diagnose
GLIM-defined malnutrition.

In patients with HNC, the prevalence of malnutrition
evaluated by the GLIM criteria is high. These criteria
seem to be a potential method for malnutrition diagnostics
and outcome prediction in the HNC patient population.
NRS 2002 score >3 indicates high nutritional risk in this
patient group.
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Background: Few quantitative studies have explored the associations between
nut consumption and better health outcomes among a national cohort of
community-dwelling older Chinese people. Given the need for more evidence
to support the health benefits of nuts among Chinese people, we investigated
whether nut consumption was associated with subsequent 10-year mortality.

Methods: We analyzed data from the Chinese Longitudinal Healthy Longevity
Survey. The data on nut consumption at baseline were collected using
a questionnaire through face-to-face interviews. The vital status and date
of death were ascertained by a close family member or village doctor of
the deceased participant during the follow-up survey. Cox analyses were
performed to explore the association between nut consumption and mortality.
Subgroup analyses by age group (<80 or >80 years), sex (male/female),
activities of daily living (impaired or normal), and physical exercise (yes or no)
were performed to assess whether the association between nut consumption
and mortality differed across different populations.

Results: The median survival time was 1,302 days for the 11,915 participants
with complete information of survival time and nut consumption. The
association between nut consumption and mortality was significant after the
adjusting for significant factors in the univariate Cox analyses. The hazard ratios
were lower in male participants, those who were < 80 years old, and those who
did not engage in physical exercise at baseline. The association between nut
consumption and mortality was not significant among participants with normal
activities of daily living.

Conclusion: The association between nut consumption and mortality was
not significant among participants who had normal activities of daily living but
was significant among participants who had impaired activities of daily living.
Including nuts in the diets cloud help to extend the lifespan in older Chinese
people, especially those with impaired activities of daily living.

nuts, dietary intake, cohort study, mortality, Chinese, COX analysis
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Introduction

Nuts are a nutrient dense food and have been an important
part of mankind’s diets since pre-agricultural times (1). Nuts
are a natural plant food rich in fat, and the fatty acid
content of nuts is advantageous because they are low in
saturated fatty acids and rich in unsaturated fats (2). Nuts also
have a rich content of other bioactive macronutrients which
cloud be excellent sources of protein and often contain high
amounts of L-arginine (3). As L-arginine is the precursor of
the endogenous vasodilator, nitric oxide (4), nut consumption
might help improve individual vascular function. Nuts also
are good sources of dietary fiber which can provide 5-10% of
daily fiber needs (5). Further, nuts contain large amounts of
essential micronutrients, such as folate, antioxidant vitamins,
and phenolic compounds, that cloud contribute to improved
health status (2, 6, 7). The macronutrient, micronutrient and
non-nutrient components of nuts have all been proved to be
beneficial to individual better health outcomes. Further, the
beneficial dietary role of nuts may be also based on their
prebiotic properties (8).Thus, according to the composition of
nuts, nuts may have a health effect on individuals and have
become an indispensable component of healthy diets in western
countries (9).

Quantitative studies in Western settings have shown
that nut consumption is associated with better health
outcomes. A recent study by Kim et al. (10) established
that nut consumption of >5 g/day is associated with a
lower risk of metabolic syndrome among U.S. adolescents,
based on data from the National Health and Nutrition
Additionally,
has recognized the role of nut consumption or factors

Examination  Survey. existing  researches
associated with this nutritional behavior in reducing the risk of
cardiovascular diseases (11, 12). Furthermore, a meta-analysis
including a large number of studies in Western settings has
shown that nut consumption is associated with reduced
mortality (13).

Nuts have been suggested to improve brain function
in ancient China and were also an important component
of Chinese diet. However, few quantitative studies have
explored the associations between nut consumption and better
health outcomes among a national cohort of community-
dwelling Chinese older people (13, 14). Considering the
need for more evidence to support the health benefits
of nuts among Chinese, we investigated whether nut
consumption at baseline was associated with subsequent
10-year mortality and determined whether associations showed
significant differences comparing groups by demographic
health
data from the Chinese Longitudinal Healthy Longevity
Survey (CLHLS).

characteristics, status, or health behaviors using
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Methods

Participants

The CLHLS is a nationwide cohort study. A targeted random
sample design was adopted, and half of the counties and
cities in 23 of 31 provinces in China were randomly selected
through a multistage cluster sampling approach to ensure
representativeness. The CLHLS was established in 1998, and
recruitment of new participants and subsequent follow-up were
conducted in 2000, 2002, 2005, 2008, 2011, 2014, and 2018. The
CLHLS conformed to the principles outlined in the Declaration
of Helsinki and was approved by the Ethical Review Committee
of Peking University (IRB00001052-13074). All participants
voluntarily agreed to participate in the study and signed an
informed consent form at the time of participation. Information
was collected through face-to-face interviews by the CLHLS
research staff.

The current study analyzed data from the 2008 wave of
the CLHLS. Follow-up surveys were conducted in 2011, 2014,
and 2018. Figure 1 shows how participants in the current study
were selected. The 2008 wave included 16,954 older Chinese
individuals, and 2,893 participants in 2011, 591 participants in
2011, and 1,259 participants in 2018 were lost to follow-up.
Until 2018, 12,211 participants were successfully followed up.
For the analysis of the association between nut consumption and
mortality, participants who were lost to follow-up or had missing
or erroneous information for survival time or nut consumption
were excluded, and 11,915 participants were finally included in
the survival analysis.

Measurements

Mortality

The outcome was all-cause mortality. The vital status and
date of death (for participants who died by the end of the study)
were ascertained by a close family member or village doctor of
the deceased participant during the follow-up survey conducted
in 2011, 2014, and 2018. Participants who survived the last
interview were considered censored on the date of their last
interviews in 2018. The time interval from the interview date
in 2008 until the date of death was considered the duration
of follow-up.

Nut consumption

The important independent variables was nut consumption
which was assessed during the 2008 wave. The trained research
staff collected participants™ self-reported information on food
consumption through face-to-face interviews in the CLHLS
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(5636) 5 (2588) > (1547)
FIGURE 1
Flowchart.

(15). Participants were asked to report their frequency of nut
consumption, including peanuts, walnuts, chestnuts, or melon
seeds. The frequency of nut consumption was recorded as
“almost every day”, “at last once per week”, “at least once
per month”, “not every month, but occasionally”, or “rarely
or never’. The current study coded nut consumption as
dichotomous variable by labeling participants answering “almost

every day”, “at last once per week”, “at least once per month”, or
“not every month, but occasionally” as “1 = yes” and “rarely or

» o« »
never  as ‘0 =no”.

Covariates

Covariates, including demographic characteristics, health
status, and health behaviors, were assessed during the 2008 wave.
Demographic characteristics included age, sex, education, place
of residence (city, town or rural), living arrangement (in an
institution, alone, or with household members), and economic
condition (whether financial support was sufficient to pay for
daily expenses).

Health status included participants™ activities of daily living
(ADL), chronic conditions of hypertension and diabetes. The
Katz Index scale was used to measure ADL (16). The Katz Index
scale includes six items assessing participants’ dressing, bathing,
toileting, eating, indoor activities, and continence. The Chinese
version of Katz Index scale has been report to be reliable and
valid (17). Each item has three response options: “independent,”
“needs help,” or “dependent.” Impaired ADL was defined as a
participant’s response of “dependent” or “needs help” to at least
one or more activities associated with one of the six items (18).
Chronic conditions, including hypertension and diabetes, were
assessed based on self-reported physician’s diagnosis.
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Health behaviors included physical exercise, smoking, and
drinking. Physical exercise (yes vs. no) was measured by asking
“do you take exercise regularly in the present?”. Smoking (yes
vs. no) was assessed by asking “do you smoke at present?” and
drinking (yes vs. no) was assessed by asking “do you drink
at present?”.

Data analysis

Firstly, an independent two-sample f-test or analysis

of wvariance for continuous variables and Chi-squared
test for categorical variables were conducted to compare
Then,

mortality was calculated on several factors (sex, education,

characteristics by baseline follow-up status. raw
residence, living arrangement, financial support, ADL, physical
exercise, smoking, drinking, hypertension, and diabetes)
and baseline nut consumption status was calculated. For the
11,915 participants with complete information of survival
time and nut consumption, survival analysis was conducted.
We used Kaplan-Meier method to graph survival curves
by nut consumption. Moreover, Cox proportional hazards
model was used to assess the association between nut
consumption and mortality. To decide whether to control for
the above covariates, the “significance-test-of-the-covariance”
strategy, in which a variable is adjusted if its coeflicient is
significant, was conducted by adding the covariates in the model
one-by-one (19).

Subgroup analyses, by age groups (<80 or >80 years),
sex (male/female), ADL (impaired or normal), and physical
exercise (yes or no)were performed to assess whether the
association between nut consumption and mortality differs
across different populations.
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TABLE 1 Sample characteristic.

10.3389/fnut.2022.1080714

Study population Status of follow-up
Surviving Dead t/x?
(N = 2,440) (N=9,771)

Age 75.04 (8.272) 91.14 (9.603) 76.066***
Sex 23542
Male 5,170 1,139 (22.03) 4,031 (77.97)
Female 7,041 1,301 (18.48) 5,740 (81.52)
Education 428.750%**
0 years 7,966 1,168 (14.66) 6,798 (85.34)
1-6 years 3,223 923 (28.64) 2,300 (71.36)
More than 6 years 986 344 (34.89) 642 (65.11)
Residence 4.102
Rural 8,063 1,643 (20.38) 6,420 (79.62)
City 1,691 308 (18.21) 1,383 (81.79)
Town 2,457 489 (19.90) 1,968 (80.10)
Living arrangement 161374+
Alone 1,796 372 (20.71) 1424 (79.29)
With household members 10,213 2,050 (20.07) 8,163 (79.93)
In an institution 202 18 (8.91) 184 (91.09)
Insufficient financial support 4.091*
Yes 9,344 1,905 (20.39) 7,439 (79.61)
No 2,867 535 (18.66) 2,332 (81.34)
ADL 738.414%%*
Impaired 2,787 53 (1.90) 2,734 (98.10)
Normal 9,423 2,387 (25.33) 7,036 (74.67)
Hypertension 27.0597¢
Yes 2,245 537 (23.92) 1,708 (76.08)
No 9,699 1,856 (19.14) 7,843 (80.86)
Don’t know 267 47 (17.60) 220 (82.40)
Diabetes 4.343
Yes 244 60 (24.59) 184 (75.41)
No 11,735 2,340 (19.94) 9,395 (80.06)
Don’t know 232 40 (17.24) 192 (82.76)
Physical exercise 169.345%*
Yes 3,022 852 (28.19) 2,170 (71.81)
No 9,189 1,588 (17.28) 7,601 (82.72)
Smoking 53.561***
Yes 2,133 549 (25.74) 1,584 (74.26)
No 10,078 1,891 (18.76) 8,187 (81.24)
Drinking 40.734%%%
Yes 2,159 539 (24.97) 1,620 (75.03)
No 10,052 1,901 (18.91) 8,151 (81.09)
Nut consumption 465.164*
Yes 4,267 1,306 (30.61) 2,961 (69.39)
No 7,935 1,130 (14.24) 6,805 (85.76)

"P <0.05 P < 0.01; P < 0.001.
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SPSS software for Windows version 20.0 (IBM Corp,
Armonk, New York) was used for data analysis. A P-value of
0.05 or less was considered as significant.

Results

Descriptive characteristics

Among the 12,211 participants who were successfully
followed up, 9,771 participants died during the three follow-up
surveys. We compared the baseline characteristics of surviving
and dead participants and found that females had higher raw
mortality than males. Participants who had an education of 0
year, had impaired ADL, did not engage in physical exercise, and
did not eat nut had a higher raw mortality (Table 1).

Kaplan—Meier curves and Cox analysis
results

For the 11,915 participants with complete information on
survival time and nut consumption, Kaplan-Meier survival
curves and Cox analysis were conducted. Kaplan-Meier
survival curves represented in Figure 2 illustrate the relationship
between nut consumption and a higher probability of survival.
The median survival time was 1,302 days for the 11,915
participants with complete information of survival time and nut
consumption, 1,060 and 1,863 days for participants who eat nut
products and did not eat nut products respectively.

The Cox analysis results are presented in Table 2. The
univariate Cox analyses revealed a significant association
between nut consumption and mortality (HR = 0.606, 95%CI
0.580-0.633). The results of multivariable Cox analyses showed
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FIGURE 2
Kaplan-Meier survival curves by nut consumption.
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that the association between nut consumption and mortality
was still significant (HR = 0.912, 95%CI 0.872-0.955) after
the adjusting for factors that were significant in the univariate
Cox analyses (age, sex, education, residence, living arrangement,
insufficient financial support, ADL, physical exercise, smoking,
drinking, and diabetes).

Subgroup analyses

Table 3 shows the HRs by nut consumption for different

subgroups. To assess whether mortality risks by nut
consumption differed by age (<80 years old or >80 years old),
sex (male or female), ADL (impaired or normal), and physical
exercise (yes or no), we performed separate multivariable Cox
models for each subgroup with full adjustment. The HRs were
lower in participants who were <80 years old (HR = 0.744,
95%CI 0.662-0.835), male participants (HR = 0.858, 95%CI
0.802-0.919), and those who did not engage in physical
exercise at baseline (HR = 0.865, 95%CI 0.821-0.912) than in
participants who were >80 years old (HR = 0.866, 95%CI 0.825-
0.909), female participants (HR = 0.900, 95%CI 0.847-0.957),
and those who engaged in physical exercise at baseline (HR
0.882, 95%CI 0.804-0.967), respectively. The association
between nut consumption and mortality was not significant
among participants with normal ADL (HR = 0.923, 95%CI
0.841-1.013), but significant among participants with impaired
ADL (HR = 0.884, 95%CI 0.839-0.931).

Discussion

In this nationwide cohort study of community-dwelling
Chinese older people, nut consumption was associated with an
8.8% lower risk of mortality compared with non-consumption
of nuts at baseline. This result is consistent with the finding
in most previous researches on this topic in Western countries
(14, 20, 21). Wang et al. (20) analyzed data from 6,072
individuals who participated in the National Health and
Nutrition Examination Survey and reported that higher nut
consumption was significantly associated with lower all-cause
mortality in the population without chronic kidney disease
and nut consumption of 1-6 times per week was significantly
related to lower all-cause mortality in the population with
chronic kidney disease. Fernandez-Montero et al. (21) analyzed
data from a Spanish cohort and found that participants
who consumed nuts twice or more per week had a 56%
lower risk for all-cause mortality than those who never
or almost never consumed nuts. Despite the differences in
the classification of nut consumption and the participants
in these studies, nut consumption showed a significant
effect on individuals’ reduced all-cause mortality. Further,
although some researchers reported inconsistent findings
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TABLE 2 The Cox analysis of all variables.

Univariate Cox analysis

10.3389/fnut.2022.1080714

Multivariable Cox analysis

HR

(95% CI)

HR (95% CI)

Age 1.074%%*
Sex

Male (Ref.)
Female 1.145%**
Education 0.958***
Residence
Rural (Ref.)
City 1.077*
Town 0.976
Living arrangement

With household members (Ref.)
Alone 0.926**
In an institution 1.395%**
Insufficient financial support
Yes (Ref.)

No 0.945%
ADL (normal)
Normal (Ref.)
Impaired 3.099%%*
Hypertension
Yes (Ref.)

No 0.373
Diabetes
Yes (Ref.)
No 0.090*
Physical exercise
No (Ref.)

Yes 0.671°*
Smoking
Yes (Ref.)
No 0.778***
Drinking
Yes (Ref.)
No 0.815%**
Nut consumption

No (Ref.)

Yes 0.606***

1.072-1.077

1.009-1.193
0.952-0.965

1.015-1.143
0.928-1.028

0.874-0.980
1.201-1.621

0.903-0.993

2.958-3.247

1.045** 1.042-1.047

1.305%** 1.245-1.368

0.997 0.993-1.001

1.037 0.974-1.105

1.028 0.976-1.082

1.027 0.969-1.089

1.234%* 1.061-1.435

1.008

0.252-4.035

1.258*** 1.195-1.325

0.093-1.488

0.013-0.645

0.671-0.705

0.737-0.821

0.772-0.860

0.580-0.633

0.224 0.031-1.604

0.892%*

0.848-0.939

0.976

0.919-1.037

0.959

0.906-1.017

0.9120* 0.872-0.955

P <0.05 P < 0.01; P < 0.001.

that the association between nut consumption and mortality
was not quite statistically significant in their study, most
of them found lower mortality in participants with high
nut consumption compared with participants with low or
no nut consumption (22, 23). Our findings add evidence
to support the association between nut consumption and
decreased mortality among older Chinese people and suggest
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that these older Chinese people could also benefit from
nut consumption.

To the best of our knowledge, the current study is the
first to show the differences in the association between nut
consumption and mortality in the Chinese elderly population.
We found the association between nut consumption and
mortality in the subgroup analysis was consistently significant
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TABLE 3 Subgroup analyses of association between nut consumption
and mortality.

Subgroup HR 95%CI
Age

<80 years old 0.744*** 0.662-0.835
>80 years old 0.866*** 0.825-0.909
Sex

Male 0.858*** 0.802-0.919
Female 0.900** 0.847-0.957
ADL

Impaired 0.884%** 0.839-0.931
Normal 0.923 0.841-1.013
Physical exercise

Yes 0.882** 0.804-0.967
No 0.865*** 0.821-0.912

P <0.01; P < 0.001.

comparing groups by age, sex, and physical exercise. These
results suggest that the association between nut consumption
and mortality is relatively robust in different groups divided
by age, sex, and physical exercise. Interestingly, we found
that the association between nut consumption and mortality
was not significant among participants with normal ADL.
However, we should interpret this result with caution because
the finding regarding the association between nut consumption
and mortality among participants with normal ADL were
trending in the expected direction. And it is suggested that
further research to explore the difference in the association
between nut consumption and mortality in participants with
different ADL needed to be conducted.

The association of nut consumption with decreased
mortality could be explained by the health effects of nut
consumption on the physical and mental status (24, 25).
Firstly, nut consumption has been reported to be associated
with improved inflammatory status, including C-reactive
protein, interleukin-6, and fibrinogen, and thus reduce risk
of cardiovascular disease and type 2 diabetes (26). Secondly,
nuts, especially nuts rich in monounsaturated fatty acids,
may have health effect on individuals oxidative status (2),
and thus reduce risk of many health problems, such as
cardiovascular and inflammatory diseases, and cancer (27).
Thirdly, diet enriched with nuts may improve insulin sensitivity
and fasting glucose levels (28, 29), therefore, nut consumption
could contribute to better metabolic status (30, 31), decreased
body weight as well as lower body weight gain over time
and thus reduce the risk of obesity (32). Fourthly, diet with
nuts, such as pistachios, could have favorable effects on
vascular reactivity and reduce risk of cardiovascular disease
(33-35). Finally, dietary patterns also play an important
role in mental health. Higher nut consumption cloud be
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related to better mood state, fewer depressive symptoms,
and a lower risk for depression (25). These mechanisms
may contribute to the prevention of cardiovascular, other
chronic, and mental diseases, leading to a reduction of all-
cause mortality. Both the biological plausibility of nutrients
in nuts and the findings of previous researches support the
present findings of the health effects of nut consumption on
mortality in an older Chinese population with impaired ADL.
Thus, though the reason nut consumption was significantly
associated with decreased mortality among participants with
impaired ADL but not among participants with normal ADL,
needs further exploration, including nuts in the diet cloud
help extend lifespan in older Chinese, especially those with
impaired ADL.

The current study has several strengths. It is among the few
studies to explore the association between nut consumption and
decreased mortality in older Chinese population. Moreover,
the data we used was from the CLHLS, which is a large
nationally representative survey. Thus, the results of this
study have strong generalizability. Additionally, the findings
of this study could add evidence to support the differences
in the association between nut consumption and decreased
risk of mortality among elder Chinese with different group
of age, sex, physical exercise, and ADL. Additionally, the
CLHLS contains detailed covariates, including age, sex,
education, residence, living arrangement, financial support,
ADL, smoking, drinking, and chronic diseases, which allow
us to control for a large number of covariates in the multiple
Cox model.

This study has several limitations. Firstly, the CLHLS
did not include information on causes of death, limiting
our ability to perform cause specific analysis. Secondly, we
have limited information on nut consumption variables,
such as the amount of nuts consumed and the specific
type
detailed analysis.

of nuts, limiting our ability to perform more

Conclusion

the
between nut consumption and decreased mortality in a

In conclusion, our study explored association
national of community-dwelling older Chinese individuals
subpopulations. The

nut consumption and mortality was significant in overall

and  specific association between
population and specific subpopulations divided according
to age, sex, physical exercise. Furthermore, the association
between nut consumption and mortality was not significant
among participants who had normal ADL at baseline but
significant among participants who had impaired ADL at
baseline. Including nuts in the diets cloud help to extend
the lifespan in older Chinese people, especially those with
impaired ADL.
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