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Background: Systemic inflammation and cachexia are associated with adverse clinical
outcomes in elderly patients with cancer. The survival outcomes of elderly patients with
cancer cachexia (EPCC) with high inflammation and a high risk of mortality are unknown.
This study aimed to investigate the impact of high inflammation on the prognosis of EPCC
patients with high mortality.

Patients and Methods: This multicenter cohort study included 746 EPCC (age >65 years)
with a mean age of 72.00 £ 5.24 years, of whom 489 (65.5%) were male. The cut-off value
for the inflammation index was obtained using the optimal survival curve. The different
inflammatory indicators were assessed using the concordance index (C-index), decision
curve analysis (DCA), and prognostic receiver operating characteristic (ROC). The high
mortality risk group of EPCC was defined by the 2011 Fearon Cancer Diagnostic Consensus.
EPCC were divided into the high-risk group, which satisfies three diagnostic criteria, and
a low-risk group, which satisfies only one or two diagnostic criteria.

Results: The C-index, DCA, and prognostic ROC indicated the superiority of advanced lung
cancer inflammation index (ALI) compared with other indicators, including neutrophil—
ratio (NLR), index (PNI),
inflammation index (SII), and platelet-lymphocyte ratio (PLR). Whether ALI was used as

lymphocyte prognostic nutritional systemic immune-
a continuous or a categorical variable, ALI had a better prognostic value in EPCC compared
with other inflammatory indicators. In particular, patients with low ALI (<25.03) had a worse
overall survival (OS) than patients with high ALI (>25.03) (P < 0.001, HR [95% CI] = 2.092
[1.590-2.751]). The combination effect analysis showed that the risk of mortality of the
patients in the low-ALI and high-risk groups was 3.095-fold higher than that of patients in
the high-ALI and low-risk groups.

Conclusion: The prognostic and discriminative value of the inflammatory indicator ALI
was better than that of NLR, PNI, SII, and PLR in EPCC. The high-risk group of EPCC with
a low ALI would increase the death risk of OS.

Keywords: ALI systemic inflammation, cancer cachexia, elderly, overall survival

Introduction

Cancer cachexia is a complex and debilitating disease resulting from cancer pro-
gression. It is estimated that approximately 2 million people worldwide die from
cancer-related cachexia each year.' Although cachexia may affect all cancer
patients, it is most often associated with malignancies involving the gastrointestinal
tract and lungs.” Patients with pancreatic or gastric cancer suffer from the highest
frequency of unintended weight loss, wherein patients can lose up to 30% of their
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pre-morbid body weight.? The elderly are one of the most
heterogeneous and vulnerable groups, and are at higher
risk for nutritional problems and sarcopenia. Sarcopenia,
also known as age-related muscle atrophy and weakness,
can aggravate the defects associated with cancer cachexia
in the elderly and complicate the conditions in this
population.’

Cancer cachexia is characterized by fat and skeletal
muscle catabolism, leading to significant weight loss,
decreased mobility and muscle function, fatigue, impaired
quality of life, poor survival, and death in cases of a 25—
30% 2
a combination of reduced food intake, increased inflam-

weight loss. Cancer cachexia results from
mation, and abnormal metabolism, including increased
energy expenditure and excessive catabolism.® Reduced
food intake due to anorexia and physical inactivity pro-
motes the degradation of muscle protein and induces
fatigue.” This vicious cycle may be exacerbated by an
increase in inflammation, thereby further limiting quality
of life and increasing mortality in patients.”

Systemic inflammation is considered a key mediator of
cachexia.” The systemic inflammation in cachexia is
caused by the interaction between the tumor and the per-
ipheral tissue, and significantly participates in immune cell
infiltration of the peripheral tissue and the tumor.'
Inflammation is usually associated with negative nitrogen
balance and increased resting energy expenditure, leading
to increased protein and energy requirements.'' Increasing
evidence shows that the host inflammatory response is an
important element in the occurrence and development of
cancer,'” and is a main driving force behind changes in
cancer metabolism.® Indeed, systemic inflammation is
a hallmark of cancer and is the main driving force for
changes in cancer cachexia metabolism.'> The systemic
inflammation of cancer is caused by a multitude of factors
including cytokines and other inflammatory mediators
released by tumors, cytokines and chemokines released
by activated immune cells,"* and increased levels of cir-
culating inflammatory components. These changes can be
observed in the elderly as increased levels of tumor necro-
sis factor-a (TNF-a), interleukin-6 (IL-6), IL-1 receptor
antagonists, soluble TNF receptor, C-reactive protein
(CRP), serum amyloid A, and neutrophil counts."
Elderly have other conditions that favour weight loss and
changes of body composition, in particular they typically
present sarcopenia, that is independent from cancer, and
can aggravate and further precipitate cachexia.'> For
instance, IL-1p and TNF-a can act on glucose-sensitive

neurons in the ventromedial nucleus (satisfaction area) and
lateral hypothalamus (starvation area) to cause anorexia.'®
The negative energy balance caused by anorexia leads to
the aggravation of cancer cachexia. Decreased muscle
mass and muscle strength are also common in the
elderly.'> An inevitable result of aging, the continuous
loss of skeletal muscle mass in patients with cancer
cachexia causes further deterioration to the patient’s func-
tion. An increase in the concentration of inflammatory
markers, such as cytokines, is related to a decrease in
lean muscle mass.'” Some cytokines, including TNF-q,
IL-6, IL-1B, and INF-, reproduce cachexia symptoms in
animal models.'” In a previous study, IL-6 was injected
directly into the muscle of mice, and 14 days later, a 17%
decrease in myofibrillar protein was observed, indicating
a direct effect on the muscles.'® The combination of age-
related muscle loss and sustained muscle wasting caused
by cancer cachexia may be a metabolic challenge that
skeletal muscles in elderly patients cannot handle. The
resulting metabolic abnormalities include increased glu-
cose turnover, increased lipolysis, disarrayed hormone
balance (such as in hypogonadism), increased insulin
resistance, decreased net muscle protein balance, increased
cytokine levels, and increased acute phase protein
synthesis."’

At the time of writing, due to the increase in the aging
population and the heterogeneity of the physical condi-
tions of the elderly, simple and accurate prognostic indi-
cators for elderly patients with cancer cachexia (EPCC)
are urgently needed. Some currently available clinical
prognostic indicators related to inflammation include
advanced lung cancer inflammation index (ALI), neutro-
phil-lymphocyte ratio (NLR), prognostic nutritional index
(PNI), systemic immune-inflammation index (SII), and
platelet-lymphocyte ratio (PLR). However, the optimal
prognostic inflammatory indicator in EPCC population
still needs to be determined. This study aimed to identify
the optimal inflammatory indicator for EPCC and to dis-
tinguish the EPCC population with high inflammation and
high mortality risk.

Materials and Methods

Patient Selection and Study Design

This was a retrospective study of cancer data collected
from multiple clinical centers in China from June 2012
to December 2019. Data included were strictly selected
according to the inclusion and exclusion criteria. The
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inclusion criteria were age of 18 years and older, hospita-
lization time of 2 days or longer, diagnosis of cancer, and
existence of signed consent form. The exclusion criteria
were age of less than 18 years, hospitalization of less than
2 days, refusal to sign the consent form, and admitted to
Intensive Care Unit at the beginning of recruitment.
A total of 9727 patients with cancer were initially included
in the cohort, and a total of 2560 patients were diagnosed
with cancer cachexia. Finally, 746 EPCC (age > 65 years)
were included in this study. The details are presented in the
flowchart (Figure S1).This retrospective study followed
the Declaration of Helsinki. All participating units or
institutions were approved by the ethics committee (regis-
tration number: ChiCTR1800020329), and all participants
signed an informed consent form (Table S1).

Patient Evaluation

This study collected comprehensive patient information,
including demographics, clinical parameters, anthropo-
metric measurements, and laboratory tests. Age, sex, height,
weight, and body mass index (BMI) of patients were
obtained. In addition, tumor types (lung cancer, gastric
cancer, colorectal cancer, esophageal cancer, hepatobiliary
cancer, pancreatic cancer, breast cancer, uterine ovarian
cancer, nasopharyngeal cancer, urological cancer, and
other cancer subtypes), comorbidities (diabetes, hyperten-
sion, and coronary heart disease), daily habits (smoking, yes
vs no; alcohol consumption, yes vs no; and tea consump-
tion, yes vs no), tumor-node-metastasis (TNM) stage, radi-
cal resection, postoperative chemoradiotherapy, Eastern
Cooperative Oncology Group Performance Status (ECOG
PS), and Karnofsky Performance Status (KPS) were
retrieved as clinical parameters. Clinical laboratory indica-
tors (serum total protein, serum albumin, aspartate amino-
[AST], [ALT],
hemoglobin, white blood cells [WBC], lymphocytes, neu-

transferase alanine  transaminase
trophils, and platelets), nutrition-related information (weight
loss, food intake, daily activity and function, and nutritional
interventions), and 30-day mortality were also identified.
BMI was calculated as follows: BMI (kg/m2) = weight/
height®. The BMI classification was based on Chinese clas-
sification standards. Systemic inflammation indices were
obtained according to the following formulas: NLR = neu-
trophil (count/mm3)/lymphocyte (count/mm3);*° ALI =
BMI (kg/m2) x albumin (g/dl)/NLR;*' PNI = 10 x albumin
(g/dl) + 0.005xlymphocyte (count/mm3);** SII = platelet
(count/mm3) x neutrophil (count/mm3)/lymphocyte (count/
mm3);?® PLR= platelet (count/mm3)/lymphocyte (count/

mm3).%° The best survival cutoffs for different inflamma-
tory indicators were obtained using R software: ALI
(25.03), NLR (3.47), PNI (42.40), SII (819.71), and PLR
(129.80) (Figure S2).%* Patient-generated subjective global
assessment (PGSGA) criteria were obtained through
patient’s self-assessment and professional assessment. The
PGSGA was divided into three groups according to the
scores: well-nourished group (0-3), moderately malnour-
ished group,”® and severely malnourished group (>9).%*

Assessment of Cancer Cachexia

The diagnostic criteria for cancer cachexia in this study
adopted the 2011 Fearon Cancer Diagnostic Consensus,”
which utilizes the following criteria: 1) weight loss greater
than 5% of starting body weight in the past 6 months,
unconsciousness and 2) BMI less than 20 kg/m2 (or sar-
copenia) and any degree of weight loss greater than 2%.
Skeletal muscle depletion was estimated by the mid upper-
arm muscle area (men: <32 c¢m?, women: <18 cm?).

We performed a survival curve analysis for the three
different diagnostic conditions for cancer cachexia: 1)
weight loss greater than 5%, 2) BMI less than 20 kg/m?
and weight loss greater than 2%, and 3) sarcopenia and
weight loss greater than 2%. The OS of EPCC who satis-
fied all three diagnostic criteria at the same time was
significantly worse than those who satisfied only one or
two criteria (P<0.001). However, there was no difference
in OS between patients who satisfied one and those who
satisfied two diagnostic criteria (P>0.05) (Figure S3).
Therefore, we divided EPCC into the high-risk group
(satisfying three diagnostic criteria at the same time) and
low-risk group (satisfying only one or two diagnostic
criteria) (Figure 1A).

Outcome Evaluation

The follow-up records of all patients were obtained in
strict accordance with the established content from tele-
phone consultation or follow-up in the outpatient clinic.
The observed outcome was the overall survival (OS) of the
patient, that is, from the time of the first diagnosis of
cancer to the time of death, the time of withdrawal from
the study, or the time of the last follow-up.

Statistical Analysis

In this study, continuous variables in the baseline data
were calculated as mean + standard deviation (SD) or
median (interquartile range, IQR: quartile 1 to quartile 3),
while categorical variables were calculated as absolute
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Figure | The Kaplan-Meier survival curves of OS in EPCC. (A) The survival curve of different risk groups based on diagnostic criterion of Fearon cancer cachexia; (B)

combined effect survival curve.

Abbreviations: ALl, advanced lung cancer inflammation index; OS, overall survival; EPCC, elderly patients with cancer cachexia.

numbers or proportions. The independent Student’s #-test
for continuous variables or the y2 test for categorical
data were used for comparison between the two groups.
The Kaplan—Meier method was used to estimate survival
curves. Hazard ratios (HRs) and their 95% confidence

intervals (ClIs) were calculated to assess the mortality
risk and reliability of values. In the multivariate Cox
regression model for risk of mortality, model 0 was an
unadjusted model, model 1 was adjusted for age, sex,
and TNM staging, and model 2 was adjusted for all
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variables. All statistical analyses were performed
through the R platform. Two-sided P-values < 0.05
were considered statistically significant.

Results

Baseline Characteristics

In this study, the average age of the 746 EPCC was 72.00
+5.24 years, of which 489 (65.50%) were male, and the
average survival time was 25.4 months. Additionally,
a total of 343 deaths were observed during the study
period and the median survival time was 44.3 months.
Based on the diagnostic criteria for cancer cachexia,
there were 655 (87.80%) elderly patients with a weight
loss greater than 5%, 371 (49.70%) elderly patients with
a BMI of less than 20 kg/m?2 and a weight loss greater than
2%, and 319 (42.80%) elderly patients with sarcopenia and
a weight loss greater than 2% (Table 1). We also observed
the overall mortality rate of EPCC from 1 to 5 years: at 12
months, 34.3% (95% CI: 62.3-69.2%); at 24 months,
49.5% (95% CI: 46.8-54.4%); at 36 months, 55.3%
(95% CI: 40.9-48.7%); at 48 months, 59.4% (95% CI:
36.8-44.9%); and at 60 months, 59.8% (95% CI: 36.4—
44.5%), which resulted in a rate of 278 events per 1000
patient-years.

Comparison of Inflammatory Indicators
We compared the prognostic predictive and discriminative
ability of different inflammatory indicators (ALI, NLR,
PNI, SII, and PLR) in EPCC. The concordance index
(C-index) and 95% CIs of different indicators was as
follows: ALI = 0.634 (0.604-0.664), NLR = 0.624
(0.594-0.654), PNI = 0.595 (0.563-0.626), SII = 0.594
(0.564-0.624), and PLR = 0.541 (0.510-0.573).
Additionally, a decision curve analysis (DCA) was per-
formed to assess the discriminative ability and clinical
utility of the prognostic markers, and the results showed
that ALI was superior to other inflammatory indicators
(Figure 2A).

Table 1 Demographic and Clinical Characteristics

Characteristics

Overall Patients

AST (U/L) (median (IQR))
ALT (U/L) (median (IQR))

(n=746)
Age, years, (mean (SD)) 72.00 (5.24)
Sex, n (%)
Male 489 (65.50)
Female 257 (34.50)
Sites of cancer, n (%)
Lung cancer, n (%) 164 (22.00)
Gastric cancer, n (%) 170 (22.80)
Colorectal cancer, n (%) 199 (26.70)
Esophageal cancer, n (%) 90 (12.10)
Hepatobiliary cancer, n (%) 32 (4.30)
Pancreatic cancer, n (%) 19 (2.50)
Breast cancer, n (%) 22 (2.90)
Utero ovarian cancer;, n (%) 21 (2.80)
Nasopharyngeal cancer, n (%) 13 (1.70)
Urological cancer, n (%) Il (1.50)
Other cancer subtypes, n (%) 5 (0.70)
Diabetes, yes, n (%) 98 (13.10)
Hypertension, yes, n (%) 192 (25.70)
Coronary heart disease, yes, n (%) 70 (9.40)
Family history of cancer, yes, n (%) 94 (12.60)
Smoking, yes, n (%) 370 (49.60)
Alcohol consumption, yes, n (%) 160 (21.40)
Tea consumption, n (%) 198 (26.50)
BMI, kg/m”2 (mean (SD)) 20.41 (3.17)
TNM stage, n (%)
| 50 (6.70)
I 159 (21.30)
11l 200 (26.80)
v 337 (45.20)
Radical resection, yes, n (%) 215 (28.80)
Postoperative chemoradiotherapy, yes, n (%) 325 (43.60)
ECOG PS, n (%)
<2 598 (80.16)
>2 148 (19.84)
KPS (mean (SD)) 79.26 (17.76)
Serum total protein (g/L) (mean (SD)) 65.01 (8.07)
Serum albumin (g/L) (mean (SD)) 35.83 (5.55)

21.00 (16.73, 29.80)
17.00 (11.00,27.70)

For the prognostic predictive ability of different Hemoglobin (g/L) (mean (SD)) 114.49 (21.22)
inflammatory indicators in EPCC, we conducted | WBC (x10%9/L) (mean (SD)) 7.29 (3.96)
a prognostic receiver operating characteristic (ROC) Neutrophils (x10"9/L) (mean (SD)) 5.02 (3.26)
curve analysis, and the results showed that the area under Lymphocytes (x10%9/L) (mean (SD)) .42 (095)

Platelet (x10A9/L) (mean (SD)) 224.58 (95.23)

the curve (AUC) of ALI was greater than that of other 30-day mortality, yes, n (%) 24 (320)
indicators (Figure 2B). The survival curve results showed
that the prognosis of patients with low ALI (<25.03) and xs"Gr::u:is(?:d 03) 103 (13.80)
low PNI (<42.40) were worse than that of patients with i
high ALI (>25.03) and high PNI (>42.40), respectively, (Continued)
Journal of Inflammation Research 2021:14 https: 5531
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Table | (Continued).

Characteristics Overall Patients

(n=746)

Moderately malnourished (4-8) 401 (53.80)
Severely malnourished (>9) 242 (32.40)
Nutritional intervention, yes, n (%) 174 (23.30)
Diagnostic criteria for cancer cachexia

Weight loss>5%, yes, n (%) 655 (87.80)
BMI<20kg/m? and weight loss >2%, yes, 371 (49.70)
n (%)

Sarcopenia and weight loss >2%, yes, n (%) 319 (42.80)

ALl, (median (IQRY))
NLR, (median (IQR))
PNI, (median (IQR))
SIl, (median (IQR))

22.28 (11.90, 38.04)
3.33 (1.95, 5.60)
43.12 (3831, 47.10)
712.92 (373.04,
1244.75)
165.23 (113.52,
241.63)

PLR, (median (IQR))

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass
index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; KPS,
Karnofsky Performance Status; AST, aspartate aminotransferase; ALT, alanine trans-
aminase; WBC, white blood cells; AL, advanced lung cancer inflammation index;
NLR, neutrophil-lymphocyte ratio; PNI, prognostic nutritional index; Sll, systemic
immune-inflammation index; PLR, platelet-lymphocyte ratio; PGSGA, Patient-
Generated Subjective Global Assessment.

while patients with high NLR (>3.47), high SII (>819.71),
and high PLR (>129.80) had a worse prognosis than those
with low NLR (<3.47), low SII (<819.71), and low PLR
(<129.80), respectively (Figure S4).

Multivariate Cox regression survival analysis found
that compared with other inflammation indices, ALI
showed a good prognostic predictive ability in EPCC as
a continuous variable or a categorical variable (Table 2,
Figure S5). When ALI was used as a continuous variable,
the risk of mortality in EPCC decreased with an increase
in ALI (model 2: adjusted P<0.001, HR [95% CI] = 0.743
[0.623-0.885]). When ALI was used as a binary variable,
compared with patients in the high-ALI (>25.03) group,
patients with low ALI (<25.03) had an increased risk of
mortality (model 2: adjusted P<0.001, HR [95% CI] =
2.092 [1.590-2.751]). When ALI
a quartile variable, compared with patients in the first
quartile (ALI>38.04) group, the risk of mortality in
EPCC in the third and fourth quartile groups was signifi-

was treated as

cantly increased (model 2: P<0.001; quartile 3, adjusted
P<0.001, HR [95% CI] = 2.108 [1.477-3.007]); quartile 4,
adjusted P<0.001, HR [95% CI] = 2.296 [1.476-3.570]).
However, we also excluded patients who died within 6
months and performed a sensitivity analysis. The results

showed that compared with other inflammatory indicators,
ALI showed a good prognostic ability whether it was
a continuous variable or a categorical variable. These
results are similar to those of previous multivariate survi-

val analyses (Table S2).

Analysis of the Distribution, Correlation,
and Prognosis of ALI

Based on the ALI cut-off value, patients were divided into
high- (>25.03, n=339) and low-ALI groups (<25.03,
n=407). Comparison of baseline clinical characteristics
between the two groups showed that age, tumor type,
BMI, TNM stage, KPS, serum total protein, serum albu-
min, hemoglobin, WBC, lymphocytes, neutrophils, plate-
lets, 30-day mortality, and PGSGA were significantly
different (all P<0.05) (Table S3).

In the EPCC cohort, we investigated the distribution of
ALI in different TNM stages and cancer types based on
different age and sex subgroups. The results showed that
there was a significant difference in the distribution of
patients with gastric cancer (P<0.05) (Figure 3).

Pearson correlation analysis showed that ALI was sig-
nificantly correlated with serum albumin (R=0.40), neu-
(R=-0.48), (R=0.41) (all
P<0.05). Correlation analyses of different sex subgroups

trophils and lymphocytes
and age subgroups showed consistent significant correla-
tion results (R>0.3 or R<-0.3, P<0.05) (Figure S6).

To compare the prognostic accuracy of ALI in EPCC,
the calibration curves showed that ALI showed good con-
sistency for 1-, 3-, and 5-year prognosis predictions. The
risk model we constructed further showed that the lower
the ALI score, the higher the risk of mortality, and the
worse the prognosis in EPCC (Figure S7).

Combined Risk Effect Analysis

Compared with patients in the low-risk group, the risk
of mortality in the high-risk group was significantly
increased (model 2: adjusted P = 0.017, HR [95% CI]
= 1.400 [1.078-1.819]) (Table 3).
a combined-effect analysis of the high- and low-ALI

We performed

groups and the high- and low-risk groups. The results
showed that the mortality risk of patients in the low-ALI
and high-risk groups reached 3.095-fold compared with
patients in the high-ALI and low-risk groups, respec-
tively (adjusted P<0.001, 95% CI = 2.085-4.592)
(Table 3, Figure 1B).
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Figure 2 DCA and prognostic ROC curves of different inflammation markers.(A) DCA; (B) ROC.
Abbreviations: ALl, advanced lung cancer inflammation index; NLR, neutrophil-lymphocyte ratio; PNI, prognostic nutritional index; Sll, systemic immune-inflammation
index; PLR, platelet-lymphocyte ratio; ROC, receiver operating characteristic curve; DCA, decision curve analysis.

Stratified Analysis

The stratified analysis showed a significant interaction
between ALI (high ALIL > 25.03 vs low ALI, <25.03)
and the EPCC mortality risk in BMI (kg/m2; <18.5,
18.5-23.9, and >23.9; P for interaction < 0.001).
However, no significant interaction was observed in the
other subgroup parameters (P for interaction > 0.05)
(Figure 4).

Discussion

Our understanding of cancer progression has evolved from
emphasizing the internal changes in cancer cells to empha-
sizing the key interactions between cancer and non-
cancerous cells in the primary tumor microenvironment.”
In fact, non-tumor cells in the tumor microenvironment,
including immune cells, fibroblasts, and endothelial cells,
play an important role in regulating the secretion of cachexia-
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Table 2 Univariate and Multivariate Analysis of the OS in EPCC
Variables OS (Model 0)* OS (Model I1)° OS (Model 2)°
Crude HR (95% Crude | Adjusted HR (95% Adjusted | Adjusted HR (95% Adjusted
Cl) P Cl) P Cl) P
ALl
As continuous (per 0.614 (0.525-0.719) <0.001 0.640 (0.550-0.752) <0.001 0.743 (0.623-0.885) <0.001
SD)
By cut-off
ALI=25.03 | | [
ALl <25.03 2.231(1.810-2.750) <0.001 2.263 (1.832-2.796) <0.001 2.092 (1.590-2.751) <0.001
By Interquartile
QI (38.04~) | | [
Q2 (22.28~38.04) 1.559 (1.130-2.152) 0.007 1.317 (0.953-1.819) 0.095 1.264 (0.900-1.773) 0.176
Q3 (11.90~22.28) 2.369 (1.745-3.217) <0.001 2.150 (1.581-2.925) <0.001 2.108 (1.477-3.007) <0.001
Q4 (~11.90) 2.902 (2.146-3.924) <0.001 2.770 (2.044-3.754) <0.001 2.296 (1.476-3.570) <0.001
P for trend <0.001 <0.001 <0.001
NLR
As continuous (per 1.238 (1.131-1.356) <0.001 1.221 (1.114-1.337) <0.001 1.921 (1.484-2.486) <0.001
SD)
By cut-off
NLR <3.47 | | [
NLR>3.47 2.142 (1.754-2.616) <0.001 2.131 (1.743-2.607) <0.001 1.916 (1.481-2.480) <0.001
By Interquartile
QI (~1.95) | | [
Q2 (1.95~3.33) 1.380 (1.000-1.906) 0.050 1.136 (0.821-1.570) 0.442 1.066 (0.761-1.494) 0.710
Q3 (3.33~5.60) 2.242 (1.660-3.027) <0.001 1.979 (1.461-2.679) <0.001 1.924 (1.367-2.707) <0.001
Q4 (5.60~) 2.724 (2.025-3.664) <0.001 2.515 (1.866-3.391) <0.001 1.926 (1.276-2.908) 0.002
P for trend <0.001 <0.001 <0.001
PNI
As continuous (per 0.776 (0.702-0.857) <0.001 0.764 (0.690-0.846) <0.001 0.849 (0.707-1.020) 0.081
SD)
By cut-off
PNI=42.40 | | [
PNI <42.40 1.780 (1.461-2.167) <0.001 1.812 (1.483-2.214) <0.001 1.896 (1.340-2.681) <0.001
By Interquartile
Ql (47.10~) | | |
Q2 (43.13~47.10) 1.374 (1.009-1.870) 0.044 1.376 (1.010-1.874) 0.043 1.290 (0.928-1.794) 0.129
Q3 (38.31~43.13) 1.868 (1.389-2.514) <0.001 2.021 (1.499-2.723) <0.001 2.018 (1.365-2.983) <0.001
Q4 (~3831) 2.220 (1.657-2.974) <0.001 2.236 (1.663-3.008) <0.001 1.976 (1.175-3.323) 0.010
P for trend <0.001 <0.001 0.003
N
As continuous (per 1.205 (1.112 —1.306) <0.001 1.159 (1.068-1.258) <0.001 1.026(0.907-1.605) 0.685
SD)
By cut-off
Sl <819.71 | | |
SII=819.71 1.726 (1.418-2.100) <0.001 1.573 (1.290-1.918) <0.001 1.255 (0.979-1.608) 0.073
(Continued)
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Table 2 (Continued).
Variables OS (Model 0)* OS (Model 1)° OS (Model 2)°
Crude HR (95% Crude | Adjusted HR (95% Adjusted | Adjusted HR (95% Adjusted
Cl) P Cl) P Cl) P
By Interquartile
QI (~373.04) | | |
Q2 (373.04~712.92) 1.491 (1.093-2.033) 0.012 1.430 (1.048-1.950) 0.024 1.425 (1.013-2.006) 0.042
Q3 (712.92~1244.75) 1.857 (1.375-2.508) <0.001 1.636 (1.209-2.212) 0.001 1.525 (1.085-2.145) 0.015
Q4 (1244.75~) 2.254 (1.680-3.023) <0.001 2.090 (1.556-2.806) <0.001 1.569 (1.033-2.381) 0.034
P for trend <0.001 <0.001 0.031
PLR
As continuous (per 0.722 (0.446-1.170) 0.186 0.799 (0.481-1.327) 0.410 0.802 (0.461-1.397) 0.435
SD)
By cut-off
PLR <129.80 | | [
PLR=129.80 1.484 (1.191-1.849) <0.001 1.365 (1.093-1.703) 0.006 1.251 (0.940-1.665) 0.125
By Interquartile
QI (~113.52) | | [
Q2 (113.52~165.23) 1.343 (1.004-1.797) 0.047 1.248 (0.932-1.671) 0.138 1.168 (0.850-1.603) 0.338
Q3 (165.23~241.63) 1.299 (0.969-1.740) 0.080 I.161 (0.864—1.561) 0.323 0.939 (0.654-1.347) 0.732
Q4 (241.63~) 1.572 (1.183-2.088) 0.002 1.508 (1.134-2.007) 0.005 1.188 (0.807-1.749) 0.382
P for trend 0.004 0.011 0.607

Notes: *Model 0: unadjusted; ®"Model |: adjusted for age, sex and TNM stage; “Model 2: adjusted for age, sex, TNM stage, radical resection, postoperative chemor-
adiotherapy, ECOG PS, KPS, BMI, family history of cancer, tea consumption, alcohol consumption, smoking, diabetes, hypertension, coronary heart disease, AST, ALT,
hemoglobin, serum total protein, serum albumin, WBC, lymphocytes, neutrophils, platelet, 30-day mortality, PGSGA, nutritional intervention.

Abbreviations: SD, standard deviation; OS, overall survival; HR, hazards ratio; Cl, confidence interval; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology
Group Performance Status; KPS, Karnofsky Performance Status; AST, aspartate aminotransferase; ALT, alanine transaminase; WBC, white blood cells; ALI, advanced lung
cancer inflammation index; NLR, neutrophil-lymphocyte ratio; PNI, prognostic nutritional index; Sll, systemic immune-inflammation index; PLR, platelet-lymphocyte ratio;

PGSGA, Patient-Generated Subjective Global Assessment.

inducing factors from tumors.'® In the resistance phase,
immune cells (such as macrophages, dendritic cells, T cells,
and B cells) are activated and accompanied by the release of
pro-inflammatory factors (IL-6, IL-1, TNF-a), hypoxia-
inducible factor-1, and reactive oxygen species(ROS),
which determine the specific changes in energy metabolism.
In the absence of specific immunity, patients often have
general non-specific immune responses mediated by macro-
phages (such as cytokine storm), and the body’s continuous
inflammatory response further leads to the phenomena of
tolerance and the symptoms of cancer cachexia (such as
anorexia and muscle wasting).

Elderly might be inflamed as consequence of inflam-
maging. One of the main features of aging is the increase
in pro-inflammatory mediators in the blood, and the par-
allel reduction in the ability to produce effective inflam-
matory  responses to  sufficient  immunogenic
stimulations.”” In this study, the optimal inflammation
index was investigated in EPCC. Both the distinguishing

ability and prognostic value of ALI were superior to those
of NLR, PNI, SII, and PLR. For the prognostic prediction
of EPCC, the ALI showed consistent discrimination.
Notably, ALI had a good prognostic value, whether as
a continuous or a categorical variable. For every SD
increase in ALI, the patient’s risk of mortality decreased
by 0.733-fold. The prognosis of EPCC with low ALI (<
25.03) was worse than those with high ALI (>25.03).
Thus, ALI could be used as an independent prognostic
factor in EPCC.

In recent years, a growing number of studies have
suggested that ALI, a new inflammation index, can be
used to assess the survival of patients with a variety of
malignant tumors. ALI was originally used to assess the
prognosis of lung cancer patients, such as non-small cell
lung cancer’® and small cell lung cancer.’* Soon after,
researchers found that ALI is also a good independent
prognostic indicator in nasopharyngeal carcinoma,’® head

31

and neck squamous cell carcinoma,” thymic epithelial
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Figure 3 The distribution of ALl in EPCC between age subgroups and sex subgroups. (A) TNM stage stratified by age; (B) TNM stage stratified by sex; (C) tumor types

stratified by age; (D) tumor types stratified by sex. *P<0.05.

Abbreviations: ALl, advanced lung cancer inflammation index; EPCC, elderly patients with cancer cachexia; TNM stage, tumor-node-metastasis stage; ns, not significant.

21,33

tumors,’” esophageal cancer,>® gastric cancer, color-

335 melanoma,*® and diffuse large B-cell

ectal cancer,
lymphoma.>” ALI is an index related to inflammation
and nutritional status.?' The difference between ALI and
other previously reported indicators is that ALI not only
includes inflammation related NLR and albumin, but also
includes BMI, which is used to assess nutritional status.>'
BMI has always been considered a diagnostic criterion for

nutrition.*® Among elderly community residents, a BMI of

less than 22 was associated with a high 1-year mortality
rate and poor functional status.>® Interestingly, previous
studies have reported that BMI is associated with skeletal
muscle reduction.***° For instance, Shibutani et al found
a significant correlation between BMI and psoas muscle
mass index (PMI).*> Albumin has been proven to predict
the survival of patients with cancer cachexia and has been
shown to indicate the severity of the disease.*'*** Systemic

inflammation affects liver metabolism, stimulating an

Table 3 Survival Analysis of Different Risk Groups and Combination Analysis

Variables

os

OSs*

Crude HR (95% CI)

Crude P

Adijusted HR (95% CI)

Adjusted P

Low-risk group
High-risk group
High ALI and low-risk group
High ALI and High-risk group
Low ALl and Low-risk group
Low ALI and High-risk group

|
1.529 (1.242-1.882)
|
2.238 (1.743-2.874)
1.524 (1.035-2.245)
2.973 (2.242-3.943)

<0.001

<0.001
0.033
<0.001

|
1400 (1.078-1.819)
|
2.260 (1.666-3.065)
1.685 (1.105-2.570)
3.095 (2.085-4.592)

0.012

<0.001
0.015
<0.001

Notes: *Adjusted for age, sex and TNM stage; adjusted for age, sex, TNM stage, radical resection, postoperative chemoradiotherapy, ECOG PS, KPS, BMI, family history of
cancer, tea consumption, alcohol consumption, smoking, diabetes, hypertension, coronary heart disease, AST, ALT, hemoglobin, serum total protein, serum albumin, WBC,
lymphocytes, neutrophils, platelet, 30-day mortality, PGSGA, nutritional intervention.
Abbreviations: OS, overall survival; HR, hazards ratio; Cl, confidence interval; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance
Status; KPS, Karnofsky Performance Status; AST, aspartate aminotransferase; ALT, alanine transaminase; WBC, white blood cells; ALI, advanced lung cancer inflammation
index; NLR, neutrophil-lymphocyte ratio; PNI, prognostic nutritional index; Sll, systemic immune-inflammation index; PLR, platelet-lymphocyte ratio; PGSGA, Patient-

Generated Subjective Global Assessment.
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Variables High ALI(>25.03) Low ALI (<25.03) Adjusted HR(95%CI) Adjusted P P for interaction
Deaths/Patients Deaths/Patients

Age (years) 0.187

<70 53/154 95/151 HEH 2.017 (1.261-3.227) 0.003

>70 78/185 177/256 HH 2.052 (1.436-2.935) <0.001

Sex 0.143

Male 89/213 189/276 HH 1.790 (1.268-2.526) 0.001

Female 42/126 83/131 HE—  2.840 (1.706-4.726) <0.001

BMI (kg/m”2) 0.036

<18.5 34/68 99/146 HE— 1.611 (0.948-2.738) 0.078

18.5-23.9 69/201 151/226 HEH 2.002 (1.383-2.899) <0.001

>23.9 28/70 22/35 1.733 (0.979-3.066) 0.059

Radical resection 0.618

No 109/235 226/296 HH 2.172 (1.602-2.946) <0.001

Yes 22/104 46/111 i 1.457 (0.861-2.466) 0.161

Postoperative chemoradiotherapy 0.090

No 66/185 135/236 L] 1.492 (0.983-2.267) 0.06

Yes 65/154 137/171 HE— 2.472 (1.667-3.665) <0.001

TNM stage 0.455

I 5/23 2/27 NA NA

11 18/82 31/77 —8—>  3.249 (1.157-9.120) 0.025

I 28/104 53/96 HE— 2.170 (1.117-4.217) 0.022

v 80/130 180/207 HEH 2.242 (1.559-3.225) <0.001

PGSGA 0.163

Well nourished 20/65 20/38 Hi—>  1.600 (0.493-5.188) 0.434

Moderately malnourished 62/188 130/213 HE 2.339 (1.549-3.532) <0.001

Severely malnourished 49/86 122/156 HEH 1.736 (1.120-2.690) 0.014

Nutritional intervention 0.355

No 101/260 213/312 HH 2.066 (1.504-2.839) <0.001

Yes 30/79 59/95 Hi— 1.809 (0.936-3.496) 0.078

T
0.515253.54.5
Hazard Ratio

Figure 4 The stratification analysis of ALl in EPCC. Adjusted for age, sex, TNM stage, radical resection, postoperative chemoradiotherapy, ECOG PS, KPS, BMI, family
history of cancer, tea consumption, alcohol consumption, smoking, diabetes, hypertension, coronary heart disease, AST, ALT, hemoglobin, serum total protein, serum
albumin, WBC, lymphocytes, neutrophils, platelet, 30-day mortality, PGSGA, nutritional intervention.

Abbreviations: ALl, advanced lung cancer inflammation index; TNM stage, tumor-node-metastasis stage; WBC, white blood cells; AST, aspartate aminotransferase; ALT,
alanine transaminase; BMI, body mass index; EORTC QLQ-C30, the European Organization for Research and Treatment of Cancer (EORTC), Quality of Life Questionnaire-
Core 30 (QLQ-C30); PGSGA, Patient-Generated Subjective Global Assessment; KPS, Karnofsky Performance Status.

increase in acute phase protein production, while reducing
albumin synthesis and increasing degradation.*® Therefore,
hypoalbuminemia reflects a systemic inflammatory state
and is influenced by systemic inflammatory response
(SIR).**** SIR is deeply involved in various carcinogen-
esis and tumorigenesis through host-tumor interactions.
The potential of SIR status as a prognostic marker of
various cancers has also been confirmed, with NLR as
a reliable SIR marker.***” NLR can explain the role of
neutrophils in promoting inflammation and providing an
appropriate environment for tumor growth by activating
a variety of inflammatory markers.*® The lymphocyte

count can also reflect the activation of the immune system
and its inhibitory effect on tumor proliferation and
migration.* Since cancer cachexia is the result of chronic
systemic inflammation, the combination of BMI and
inflammatory markers can more accurately assess the
prognosis of cancer cachexia and evaluate the degree of
systemic inflammation.

In our study, we found that patients who satisfied the
three diagnostic conditions of the 2011 Fearon Cancer
Cachexia Diagnosis Consensus® at the same time,
namely 1) weight loss greater than 5%, 2) BMI less than
20 kg/m2 and weight loss greater than 2%, and 3)
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had
a significantly higher risk of mortality than those who
did not. When these high-risk patients had low ALI, the
risk of mortality increased 3.028-fold. Unintended weight

sarcopenia and weight loss greater than 2%,

loss, low BMI, skeletal muscle reduction, and systemic
inflammation are inevitable in elderly patients with cancer
and are precursors of adverse consequences. If these con-
ditions exist in EPCC at the same time, it will have an
unfavorable additive effect on the prognosis of patients,
which means that the treatment of these patients requires
a more comprehensive strategy. On the contrary, another
part of patients seems to be more likely to benefit from
treatment. These factors pose a major challenge for health-
care providers in caring for elderly patients with cancer in
the coming years. Given the multifaceted nature of these
diseases, multimodal interventions are often associated
with the best outcome.*®

For the first time, the combined effects of inflammation
in different EPCC populations was investigated, but the
current research still has several limitations. First, this
study aimed to explore the impact of systemic inflamma-
tion in EPCC, but it did not include other inflammatory
indicators, such as CRP and IL-6. Compared with the
indicators such as albumin used at this stage, the medical
costs of CRP and IL-6 are relatively high in China, but
considering the value of these indicators, more inflamma-
tory indicators need to be further included in this study in
the future. Second, appropriate physical activity can
improve sarcopenia and muscle atrophy typical of
cachexia. Considering the particularity of EPCC, targeted
physical activity measurement and evaluation tools and
methods need to be developed. Third, this study did not
involve a large study population. While increasing the
number of samples, we need to pay more attention to
homogeneous groups of patients, such as different stages
and types of tumor. Fourth, some of the exclusion criteria
in this study may cause some missing data on cachexia and
cause selection bias. The cohort design should be further
improved in the future. Finally, cancer cachexia is not
entirely sarcopenia, distinguishing the difference between
cachexia and sarcopenia is important for judging the
patient’s disease state. Additionally, to distinguish if the
results reported are due to cancer or cachexia, a control/
comparator group without cachexia should be added.

Conclusions
In summary, the prognostic and discriminative value of the
inflammatory indicator ALI was better than that of NLR, PNI,

SII, and PLR in EPCC. Whether ALI was used as a continuous
variable or a categorical variable (binary and quarter), ALI had
a better prognostic value in EPCC. Particularly, patients with
low ALI (<25.03) had a worse OS than patients with high ALI
(>25.03). ALI might be an independent prognostic factor for
EPCC. Notably, the high-risk group of EPCC with low ALI
would significantly increase the mortality risk and OS.
Effectively distinguish EPCCs with different prognostic sta-
tuses, so that different and targeted treatment strategies could
be adopted more effectively.
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