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ABSTRACT

BACKGROUND: The cachexia index (CXI) has been proposed as a novel biomarker of cancer cachexia. We aimed to investigate the asso-
ciation between CXI and survival outcomes after stereotactic radiotherapy (SRT) in patients with non-small cell lung cancer (NSCLC) and
brain metastases.

METHODS: Data from 145 patients with NSCLC, who underwent SRT for brain metastases between April 2016 and August 2020, were ret-
rospectively analyzed. Cachexia index was calculated as skeletal muscle index (SMI) X serum albumin level/neutrophil-to-lymphocyte ratio,
whereas SMI was calculated from computed tomography images captured at the L1 level. Kaplan-Meier curves and Cox proportional haz-
ards models were used to assess progression-free survival (PFS) and overall survival (OS). The prognostic values of CX| and other cachexia
biomarkers were assessed using receiver operating characteristic (ROC) curve analysis.

RESULTS: Lower pretreatment CXI| (<30.8) was significantly associated with older age (P=.039), lower Karnofsky performance score
(P=.009), and a high likelihood of extracranial metastases (P=.001). Patients with a lower pretreatment CXI| had a significantly shorter PFS
and OS than those with a higher CXI (P<.001). Multivariate analysis revealed that pretreatment CX| was an independent risk factor for both
PFES, hazard ratio (HR)=2.375; 95% confidence interval (Cl)=1.610-3.504; £P<.001, and OS, HR=2.340; 95% Cl=1.562-3.505; P<.001.
Compared with other biomarkers, pretreatment CXI| had the highest area under the ROC curve value for prognostic assessment, reaching
0.734. Moreover, the loss of CX| was a strong risk factor for survival independent of pretreatment CXI| (P=.011).

CONCLUSIONS: Cachexia index may serve as a clinically useful tool for predicting survival outcomes of patients with NSCLC and brain

metastases who undergo SRT.
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Introduction

Approximately 2.2 million new cases of lung cancer and 1.8
million cancer deaths are reported annually, making it the sec-
ond most frequently diagnosed cancer and the leading cause of
cancer-related mortality. Non-small cell lung cancer (NSCLC)
is the most common type of lung cancer, with >30% of cases
involving brain metastases (BM).23 Currently, BM appear to be
more prevalent, resulting in poor prognosis and quality of life.*
The treatment options for BM include radiotherapy, systemic
therapy, and surgical resection. Among radiation therapies, ste-
reotactic radiotherapy (SRT) has been increasingly used in
patients with brain oligometastases owing to its satisfactory
local control and safety profiles.>® Nevertheless, survival after
SRT remains poor and heterogeneous, necessitating accurate
prognostic stratification in this patient population.

*These authors contributed equally to this work and should be considered as co-first authors.

Cancer cachexia is a long-term wasting syndrome character-
ized by the progressive loss of skeletal muscle mass.” This syn-
drome has a complex multifactorial pathogenesis and is closely
associated with weight loss, declining performance status, intol-
erance to treatment, and cancer-related death.8? For convenient
estimation of cachexia, the cachexia index (CXI) was first devel-
oped in patients with advanced NSCLC? and then validated in
many other malignancies.!* This composite index was calcu-
lated using serum albumin (ALB) level, neutrophil-to-lympho-
cyte ratio (NLR), and skeletal muscle index (SMI), representing
individual nutritional status, systemic inflammation, and muscle
mass, respectively. However, the prognostic value of the CXI in
patients undergoing SRT for BM has not yet been studied.
Moreover, whether CXI is superior to other blood biomarkers
of cachexia remains unclear. As such, this study aimed to inves-

tigate the utility of the CXI in predicting survival outcomes in
patients with NSCLC treated with SRT for BM.

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:heli19860611@126.com

Clinical Medicine Insights: Oncology

Materials and Methods
Study population

This retrospective study enrolled consecutive patients with
NSCLC who underwent SRT at the First Hospital of Hebei
Medical University between April 2016 and August 2020.
Patients with the following characteristics were included: age
>18years, histologically confirmed primary NSCLC, Karnofsky
performance status (KPS) scores=70 to 100, <3 BM lesion(s)
diagnosed by contrast-enhanced magnetic resonance imaging
(MRI), and complete clinical and follow-up data. Patients with
concurrent malignant or hematological disease, those with
uncontrolled extracranial disease, active infective or inflamma-
tory disease, and individuals using immunosuppressive or anti-
inflammatory drugs were excluded. A total of 145 patients were
included in this analysis (Figure S1). The data were collected
from electronic databases. The study was conducted in accord-
ance with the Declaration of Helsinki (revised in 2013) and was
approved by the institutional review board of our institution

(approval number: 2023Y072).

Treatments

All patients underwent SRT after providing informed written
consent. Contrast-enhanced computed tomography (CT) was
performed for planning purposes. These CT images were then
fused with specific T1-weighted MRI images within 1week of
CT localization. The gross tumor volume (GTV') was defined
as the contrast-enhanced tumor region on CT and MRI
images, and the clinical target volume (CTV') was defined as
the GTV. The planning target volume (PTV) was defined as
the CTV plus a 1 to 2 mm margin after excluding critical organ
structures (eg, the brain stem). A dose of 48 60Gy in 6 to 8
fractions was delivered based on physician preference.

Systemic treatment was administered to all the patients in
accordance with current guidelines.’”> Symptomatic and sup-
portive treatment was performed according to patient condi-
tion. Each patient was regularly followed up with physical
examination, laboratory investigations, C'T, MRI, and other
radiological examinations, if needed.

Definitions
Cachexia index was calculated using the following equation'®:
OX] - SMIx ALB
NLR

Skeletal muscle index was calculated as the skeletal muscle area
(SMA) divided by height in meters squared, and SMA was
measured using specialized software (SliceOmatic version 5.0,
TomoVision, Magog, QC, Canada)'® with a single CT image
captured at the first lumbar vertebra (L1) as shown in Figure 1.17
The surface areas of the psoas muscles, abdominal wall mus-
cles, and paraspinal muscles, in which transverse and spinous

Figure 1. Example of body composition analysis for measurement of
skeletal muscle area.

processes were visible, were used to determine SMA. After
automated segmentation, 1 trained radiologist (LY) who was
blinded to the patient information manually distinguished
SMA from the adipose area using anatomic knowledge and
standard Hounsfield unit (HU) ranges (adipose tissue=-190
to -30 HU and skeletal muscle=-29 to 150 HU). Boundaries
of bone structures and organs were also corrected manually. We
calculated the SMA at the L1 level instead of the L3 level
because the L3 level is not always in the reach of chest CT
scans. Albumin represents serum ALB level in g/dL.
Neutrophil-to-lymphocyte ratio was defined as the absolute
neutrophil count (X10%L) divided by the absolute lymphocyte
count (X10%L). For each patient, the CXI was measured at
baseline and after 6 to 8 weeks of SRT.

Several blood biomarkers related to cancer cachexia in
patients with advanced NSCLC have also been analyzed. The
systemic immune inflammatory index (SII) was calculated as
platelet count (X10%L) X NLR.'® The prognostic nutritional
index (PNI) was calculated as follows!8: 10 X serum ALB
(g/L) +0.005 X lymphocyte count (X10°L). The formula for
calculating the geriatric nutritional risk index (GNRI) was
1.487 X serum ALB (g/L) + 41.7 X present body weight/ideal
body weight (kg), where the ideal body weight was calculated
as 22 X square of height (m).!” The Naples prognostic score
(NPS) was determined using serum ALB level, total choles-
terol level, NLR, and lymphocyte-to-monocyte ratio (LMR),?
whereas the controlling nutritional status (CONUT) score was
determined using serum ALB level, total cholesterol level, and
lymphocyte count.?!

Statistical analysis

The primary outcome was progression-free survival (PFS),
which was calculated as the time interval from SRT to disease
progression or the last follow-up. Overall survival (OS) was
calculated as the time interval from SRT to death from any
cause or to the last follow-up, which was the secondary out-
come. The final follow-up was completed in June 2023.
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Continuous variables were compared using the # test, and
categorical variables were compared using the chi-squared test.
The optimal cutoff value for the CXI for PFS was calculated by
selecting minimum P value with the maximum chi-square
value in all possible subdivisions of the populations using X-tile
software version 3.6.1 (Yale University, New Haven, CT, USA).
Differences in PFS and OS were assessed using the Kaplan-
Meier method and log-rank test. Univariate and multivariate
analyses were performed using the Cox proportional hazards
model to identify independent prognostic factors for PFS and
OS.The area under the receiver operating characteristic (ROC)
curve (AUC) was used to compare the prognostic values of dif-
ferent biomarkers.

All statistical analyses were performed using Statistical
Product and Service Solutions (SPSS) software version 23.0
(IBM Corporation, Armonk, NY, USA) and R software ver-
sion 4.1.2 (R Foundation for Statistical Computing, Vienna,
Austria). Differences with a 2-tailed P<.05 were considered
to be statistically significant.

Results

Baseline characteristics

Between April 2016 and August 2020, 145 patients with
NSCLC and newly diagnosed with BM were included in this
study. As summarized in Table 1, there were 75 men (51.7%)
and 70 women (48.3%), with a mean (= SD [standard devia-
tion]) age of 59.2*10.9years. Of these, 66 (45.5%) were
smokers and 74 (51.0%) had a KPS of 70 to 80. Most patients
(72.4%) had adenocarcinomas. After a median follow-up of
19 months (range, 12-39 months), a total of 115 deaths (79.3%)
and 136 (93.8%) disease progression events were recorded; the
median PFS and OS were 10 and 22 months, respectively, for
the entire cohort.

Associations between cachexia index and patient
characteristics

The X-tile plot revealed that the optimal cutoff value for the
CXT was 30.8 (Figure S2). The entire cohort was divided into
low-CXI (n=50 [34.5%]) and high-CXI (n=95 [65.5%])
groups. A lower CXI (<<30.8) was significantly associated with
older age (61.7 [8.6] vs 57.8 [11.7]; P=.039), lower KPS
(66.0% vs 43.2%; P=.009), T3 to T4 disease (48.0% vs 28.4%;
P=.019), high likelihood of extracranial metastases (46.0% vs
20.0%; P=.001), and no receipt of chemotherapy (26.0% vs
9.5%; P=.008; Table 1).

Associations between cachexia index and survival
outcomes

Univariate analysis revealed that KPS, number of BM, T stage,

extracranial metastases, systemic chemotherapy, and CXI were

significantly associated with PFS, and KPS, number of BM,

extracranial metastases, systemic chemotherapy, and CXI were
significantly associated with OS (P<<.05). After adjusting for
these factors, the CXI remained an independent risk factor for
both PFS, hazard ratio (HR)=2.113; 95% confidence interval
(CD)=1.413-3.159; P<.001, and OS, HR=2.297; 95%
CI=1.516-3.482; P<.001 (Tables 2 and 3).

As depicted in Figure 2, patients with a lower CXI had a
significantly shorter PFS (median, 8 vs 13 months; P<<.001)
and OS than those with a higher CXI (median, 15 vs 25 months;
P<.001). Moreover, CXI could differentiate prognosis in all
subgroups, even in patients with unfavorable characteristics

(Figure S3).

Comparison with other biomarkers

The prognostic values, calculated as AUC, were compared
among 6 candidate biomarkers: CXI, SII, PNI, GNRI, NPS, and
CONUT. As depicted in Figure 3, the CXI had the highest
AUC value in predicting 1-year PFS, reaching 0.734 (95%
CI=0.654-0.814). Multivariate analysis revealed that CXI, SII,
and CONUT were all independently associated with PFS
(P<.05); however, none of these biomarkers retained their inde-
pendent values after adjusting for CXI (supplemental Table).

Change in cachexia index

Overall, the CXI significantly increased after treatment (mean,
795 vs 1039; P<.001; Figure S4). When stratified according to
pretreatment CXI, CXI significantly increased in the low-CXI
group (mean, 41.6 vs 93.3; P<<.001) but did not change in the
high-CXI group (mean, 99.4 vs 109.4; P=.086). After adjust-
ing for KPS, number of BM, and extracranial metastases, low
pretreatment CXI, HR=2.554; 95% CI=1.727-3.776;
P<.001, and loss of CXI, HR=1.593; 95% CI=1.111-2.284;
P=.011, were independent risk factors for PFS.

Discussion

In this study, we found that the CXI, calculated using 3
cachexia-related parameters, was an independent risk factor for
both PFS and OS. Cachexia index also exhibited superior
prognostic value compared with other published cachexia bio-
markers. Moreover, CXI loss after SRT is significantly associ-
ated with poor survival rates. These results demonstrated that
the CXI could be a powerful prognostic indicator in patients
with NSCLC and BM undergoing SRT.

Cancer cachexia is a multifactorial syndrome commonly
observed in patients with solid tumors, particularly in those
with advanced disease.?? The current diagnostic criteria for
cancer cachexia are inconsistent and mainly determined by
weight loss.?® However, the diagnostic accuracy of weight can
be affected by recall bias. In addition, actual weight loss may be
masked by factors such as fluid retention.?* Therefore, reliable
and objective diagnostic tools are required. The CXI is a novel
biomarker for cachexia and was calculated using 3 parameters
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Table 1. Associations between CXI and clinicopathological characteristics.

CHARACTERISTIC OVERALL (N=145) LOW-CXI GROUP (N=50) HIGH-CXI GROUP (N=95) P
Age, mean (SD), y 59.2 (10.9) 61.7 (8.6) 57.8 (11.7) .039
Body mass index, kg/m? 221 (3.3) 21.6 (3.2) 22.4 (3.3) 142
Sex .962
Man 75 (51.7%) 26 (52.0%) 49 (51.6%)
Woman 70 (48.3%) 24 (48.0%) 46 (48.4%)
Smoking .663
No 79 (54.5%) 26 (52.0%) 53 (55.8%)
Yes 66 (45.5%) 24 (48.0%) 42 (44.2%)
Karnofsky performance score .009
90-100 71 (49.0%) 17 (34.0%) 54 (56.8%)
70-80 74 (51.0%) 33 (66.0%) 41 (43.2%)
Histological type .275
Squamous cell carcinoma 40 (27.6%) 11 (22.0%) 29 (30.5%)
Adenocarcinoma 105 (72.4%) 39 (78.0%) 66 (69.5%)
Number of BM .239
1 99 (68.3%) 31 (62.0%) 68 (71.6%)
2-3 46 (31.7%) 19 (38.0%) 27 (28.4%)
Maximum diameter of BM (cm) .248
<20 82 (56.6%) 25 (50.0%) 57 (60.0%)
=20 63 (43.4%) 25 (50.0%) 38 (40.0%)
T stage .019
T1-T2 94 (64.8%) 26 (52.0%) 68 (71.6%)
T3-T4 51 (35.2%) 24 (48.0%) 27 (28.4%)
N stage .067
NO-N1 101 (69.7%) 30 (60.0%) 71 (74.7%)
N2-N3 44 (30.3%) 20 (40.0%) 24 (25.3%)
Extracranial metastases .001
No 103 (71.0%) 27 (54.0%) 76 (80.0%)
Yes 42 (29.0%) 23 (46.0%) 19 (20.0%)
Pretreatment CEA .255
Normal 79 (54.5%) 24 (48.0%) 55 (57.9%)
Elevated 66 (45.5%) 26 (52.0%) 26 (52.0%)
Systemic chemotherapy .008
No 22 (15.2%) 13 (26.0%) 9 (9.5%)
Yes 123 (84.8%) 37 (74.0%) 86 (90.5%)

Abbreviations: BM, brain metastases; CEA, carcinoembryonic antigen; CXI, cachexia index; SD, standard derivation.
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Table 2. Univariate and multivariate analysis for PFS.

CHARACTERISTIC UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS
HR 95% ClI HR 95% ClI
Age,y
<60 Reference
=60 1.289 0.918-1.809 143
Body mass index 0.963 0.913-1.015 158
Sex
Man Reference
Woman 0.905 0.643-1.274 .567
Smoking
No Reference
Yes 1.028 0.731-1.446 .873

Karnofsky performance score

90-100 Reference Reference

70-80 1.589 1.131-2.234 .008 1.646 1.126-2.406 .010
Histological type

Squamous cell carcinoma Reference

Adenocarcinoma 1.209 0.829-1.763 .323
Number of BM

1 Reference Reference

2-3 1.510 1.052-2.168 .026 1.157 0.781-1.712 467

Maximum diameter of BM (cm)

<20 Reference

=20 1.021 0.723-1.443 .905
T stage

T1-T2 Reference Reference

T3-T4 1.585 1.116-2.252 .010 1.049 0.704-1.564 .814
N stage

NO-N1 Reference

N2-N3 1175 0.819-1.686 .380

Extracranial metastases

No Reference Reference

Yes 1.443 1.002-2.078 .049 1.456 1.009-2.103 .045
Pretreatment CEA

Normal Reference

Elevated 1.270 0.907-1.779 164

(Continued)
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Table 2. (Continued)

CHARACTERISTIC UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS

HR 95% Cl HR 95% Cl

Pretreatment CXI

High (>30.8) Reference Reference

Low (=30.8) 2.210 1.527-3.199 <001 2113 1.413-3.159 <.001
Systemic chemotherapy

No Reference Reference

Yes 0.504 0.318-0.799 .004 0.644 0.397-1.045 .075

Abbreviations: BM, brain metastases; CEA, carcinoembryonic antigen; Cl, confidence interval; CXI, cachexia index; HR, hazard ratio.

Table 3. Univariate and multivariate analysis for OS.

CHARACTERISTIC UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS
HR HR 95% Cl
Age,y
<60 Reference
=60 1.304 0.905-1.880 154
Body mass index 0.956 0.903-1.013 125
Sex
Man Reference
Woman 1.007 0.699-1.450 972
Smoking
No Reference
Yes 1174 0.817-1.688 .386

Karnofsky performance score

90-100 Reference Reference

70-80 1.572 1.088-2.273 .016 1.629 1.090-2.433 .017
Histological type

Squamous cell carcinoma Reference

Adenocarcinoma 1.252 0.833-1.882 .280
Number of BM

1 Reference Reference

2-3 1.653 1.126-2.426 .010 1.457 0.973-2.181 .068

Maximum diameter of BM (cm)

<20 Reference
=20 1.217 0.834-1.776 .308
T stage

(Continued)
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Table 3. (Continued)

CHARACTERISTIC UNIVARIATE ANALYSIS

MULTIVARIATE ANALYSIS

HR 95% ClI

HR 95% ClI

T1-T2 Reference

T3-T4 1.328 0.910-1.940
N stage

NO-N1 Reference

N2-N3 1.035 0.698-1.535
Extracranial metastases

No Reference

Yes 1.485 1.005-2.194
Pretreatment CEA

Normal Reference

Elevated 1.154 0.797-1.670
Pretreatment CXI

High (>30.8) Reference

Low (<30.8) 2.147 1.462-3.152
Systemic chemotherapy

No Reference

Yes 0.540 0.336-0.869

142

.863
Reference

.047 1.198 0.792-1.813 .393

448
Reference

<.001 2.297 1.516-3.482 <.001

Reference

.01 0.665 0.402-1.098 A1

Abbreviations: BM, brain metastases; CEA, carcinoembryonic antigen; Cl, confidence interval; CXI, cachexia index; HR, hazard ratio.

obtained from CT and routine laboratory blood tests. In a
study involving 112 patients with advanced NSCLC, Jafri
et al'® found that the CXI significantly predicted survival
rather than weight loss. A recent study involving 324 patients
with gastric cancer reported that CXI had a better prognostic
value than weight loss.’?> Our results also demonstrated that
low CXIT was significantly associated with shorter PF'S and OS.
Patients with a low CXI were more likely to be older and have
a poor performance status and high tumor burden, which is
similar to previous studies.!®1* Moreover, CXI retained its
prognostic value among patient subgroups.

The key features of cancer cachexia, such as malnutrition
(hypoalbuminemia), systemic inflammation (high NLR), and
sarcopenia (low SMI), are closely associated with poor onco-
logical outcomes in patients with NSCLC. Hypoalbuminemia
is common in patients with advanced tumors and indicates an
ongoing systemic response that causes malnutrition and
inflammation.?> Serum ALB levels have been shown to be
strongly correlated with survival in patients.?>?” Cumulative
evidence has confirmed that peripheral blood immune cells
(neutrophils and lymphocytes), which serve as inflammatory
indicators, are significantly associated with the prognosis of
malignant tumors.?® Neutrophils secrete cytokines, chemokines,

and proteases that can result in tumor development, progres-
sion, and metastasis.?’ In contrast, lymphocytes play a critical
role in the antitumor immune response by preventing tumori-
genesis and killing tumor cells.3® As a hallmark of cancer
cachexia, sarcopenia is widely considered to be an adverse prog-
nostic factor in various malignancies, including NSCLC.31-34
Moreover, SMI, which is scarcely affected by outside
interference(s), such as body fluid volume, is more objective
and stable than other blood biomarkers. This may explain why
the prognostic value of the CXI was stronger than that of the
blood cachexia biomarkers.3>

It remains unclear whether the improvement or deteriora-
tion of cancer cachexia has a significant effect on survival out-
comes. In a retrospective study involving 123 patients with
advanced ovarian cancer, Rutten et al3¢ suggested that loss of
SMI during neoadjuvant chemotherapy was significantly asso-
ciated with impaired survival. Lin et al®” also demonstrated
that changes in SMI independently predicted the prognosis of
patients with gastric cancer who underwent neoadjuvant
chemotherapy. This study also demonstrated that loss of CXI
after SRT had a negative impact on survival. As such, appro-
priate treatments for cancer cachexia should be performed in
patients with a low CXI, which may prolong survival.
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Cl indicates confidence interval; CONUT, controlling nutritional status; CXI,
cachexia index; GNRI, geriatric nutritional risk index; NPS, Naples prognostic
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SlI, systemic immune inflammatory index.

Despite these novel findings, this study had several limita-
tions, the first of which was its retrospective design, for which
selection bias was difficult to avoid. Second, this was a single-
center study with a small sample size, which limits the general-
izability of our findings. Third, this is the first study to calculate
the CXIT using the L1 CT scan. Although the widely validated
CXI is always calculated based on the L3 CT scan; however,
previous studies have confirmed that L.1 and L3 are equally
appropriate. We believe that this “novel” CXI will be equally
useful in clinical practice. Moreover, the cutoft value for CXI in
this study may not be suitable for other populations. Finally,
further studies are needed to investigate the prognostic value of
CXI in patients treated with other systemic therapies such as
immunotherapy.

Conclusions

In conclusion, the CXI demonstrated satisfactory prognostic
value and may be a useful tool for the measurement of cancer
cachexia in patients with NSCLC who undergo SRT for BM.
This biomarker can also be used to identify patients requiring
therapies directed against cancer cachexia. Nevertheless, further
large-scale prospective studies are needed to verify our findings.
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