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SUMMARY

Background: Small cell lung cancer (SCLC) is characterized by high invasion rates, rapid progression, and poor
prognoses. Thus, identifying SCLC patients at high risk of progression and death is critical to improve long-term
survival. In this study, the aspartate transaminase-to-albumin ratio (ATAR) was examined as a prognostic factor
for SCLC patients.

Methods: We screened 196 SCLC patients from December 2013 to September 2022 at the Sichuan Cancer Hospi-
tal. The data was collected from patients' medical information as well as from their blood results during diagnosis.
Using the Youden index as a cutoff value, patients were divided into high-risk (> 0.54) and low-risk (< 0.54)
ATAR groups. We analyzed the prognostic factors for overall survival (OS) using the Kaplan-Meier method, uni-
variate and multivariate analyses, Cox regression, and the C-index.

Results: There were 109 (55.6%0) smokers among the patients, and the median OS was 17.55 months. The Kaplan-
Meier analysis indicated that patients with high-risk ATAR had significantly lower OS (p < 0.0001). A multivari-
ate analysis demonstrated that elevated ATAR is an independent adverse predictor of OS (p <0.001, HR = 1.907).
Our study found that ATAR is an independent predictor of survival outcomes in SCLC, which was superior to
ALB, PNI, and SII in predicting outcomes in low-risk and high-risk groups (all p < 0.05). Models combining
ATAR with ALB, PNI, and SII showed more powerful prognostic value than their corresponding original models.
Moreover, the prognostic indicator ATAR can significantly stratify stage I - 11 and 111 - IV SCLC patients (p <
0.05).

Conclusions: Peripheral blood ATAR prognostic index can be used as an independent predictor of SCLC patients
before treatment.
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LIST OF ABBREVIATIONS

SCLC - small cell lung cancer

NSCLC - non-small-cell lung cancer
ATAR - Aspartate transaminase-to-albumin ratio
ALB - Albumin

PNI - prognostic nutritional index

Sl - systemic immune-inflammation index
TNM - tumor node

CT - chemotherapy

RT - radiotherapy

CRT - concurrent chemoradiotherapy

IT - immunotherapy

INTRODUCTION

Globally, lung cancer accounts for approximately
11.6% of all cancer types and is one of the leading
causes of death from solid tumors [1,2]. As a subtype of
lung cancer, small cell lung cancer (SCLC) accounts for
15% [3]. SCLC is an aggressive tumor characterized by
rapid doubling time, high proliferation fraction, and
early progression of widespread metastases [4]. Based
on the extent of progression, SCLC can be classified in-
to limited disease (LD) and extensive disease (ED) [5],
the latter being associated with poor outcomes [6]. Ap-
proximately 70% of SCLC patients reach ED at diag-
nosis. Initially, chemotherapeutic and radiotherapeutic
treatments are effective in treating SCLC [7,8]. Most
SCLC patients suffer a poor prognosis, with a 5-year
survival rate of only 7% for patients who relapse within
one year after initial treatment [9]. Thus, making an
early, accurate prediction of patients' prognoses is im-
perative to determining the most suitable risk stratifica-
tion and treatment plan for each individual.

Several clinical indicators are associated with prognosis
in SCLC patients. Among them, the TNM Classification
of Malignant Tumors is a vital predictor of overall sur-
vival (OS) in SCLC patients [10]. Despite this, the issue
of adding other non-TNM indicators to risk stratifica-
tion remains controversial. Numerous tumors with ma-
lignancy are correlated with inflammation that contrib-
utes to carcinogenesis and prognosis [11]. In recent
studies, factors associated with immunity, inflamma-
tion, nutritional status, and liver function have been
demonstrated to play a significant role in tumor prog-
nosis. Some of these factors include the systemic im-
mune-inflammation index (S1I) [12], and the prognostic
nutritional index (PNI) [13]. The poor prognosis of
SCLC, however, has not improved significantly over
the past few decades [14], and the optimal prognostic
factors remain controversial [15]. Additionally, multi-

center research is currently needed to confirm the asso-
ciation between PNI, SlI, and SCLC survival, and to in-
vestigate more convenient, practical, and efficient clini-
cal indicators to resolve clinical problems related to
SCLC prognosis.

The liver is the most common site of metastasis in small
cell lung cancer [16], and a significant number of pa-
tients have liver metastases at the time of diagnosis. If
extensive liver metastasis occurs, the disease progresses
rapidly and survival is short [17,18]. In addition, as a
high-grade neuroendocrine carcinoma, most of the ab-
normal hormones secreted by SCLC are metabolized by
the liver, and will enter the systemic circulation when
liver metastasis occurs, resulting in poor prognosis of
patients [19]. Injuries to liver function can result from
liver metastases. The liver function test, which is a com-
mon routine blood test that assesses the liver's function,
is one of the routine examinations that are completed
prior to surgery. Aspartate aminotransaminase (AST) is
mainly distributed in hepatocyte mitochondria, and a
few are distributed in cytoplasm. If the concentration of
AST is found to increase in the liver function test, it
may indicate that hepatocyte damage is relatively seri-
ous, or that the mitochondria of hepatocytes are mainly
damaged and invaded, such as by the use of alcohol
[20]. Albumin (ALB) is a protein that makes up about
half of the serum proteins. It is synthesized in the liver.
Several research studies have suggested that ALB is in-
volved in scavenging free radicals, maintaining colloid
osmotic pressure, and protecting neuronal cells, and that
it is closely related to nutritional status and systemic in-
flammation [21]. Continually undernourished cancer pa-
tients suffer from poor quality of life, leading to treat-
ment delays or even treatment discontinuity, which has
a detrimental effect on their chances of survival. Nu-
merous studies have confirmed the association between
ALB alone or based markers and survival in various
types of cancer [21-24]. Therefore, we propose the hy-
pothesis that aspartate transaminase-to-albumin ratio
(ATAR) can be used as a fast and effective indicator for
SCLC prognosis stratification to solve the problem of
prognosis stratification.

In our study, we retrospectively analyzed the clinical
data of 196 SCLC patients before operation or treatment
and explored the clinical significance of ATAR as a
predictor of prognosis in small cell lung cancer and its
relationship with OS. For further validation, we con-
ducted another test on whether PNI and SlI can predict
the prognosis of SCLC patients, hoping to provide a
reasonable reference for decision-making in clinical
practice and aid further research on SCLC.

MATERIALS AND METHODS

Study population

An informed consent exemption statement was com-
pleted for this retrospective study. The inclusion criteria
were the following: 1) confirmed diagnosis of SCLC

Clin. Lab. 5/2024



ATAR Predicts Outcomes in SCLC Patients

with histopathological methods; 2) blood analysis per-
formed before surgery or treatment; 3) available follow-
up data and clinical information. Exclusion criteria in-
clude: 1) a severe cardio-cerebrovascular disease or
other disease with a potential impact on the prognosis,
and 2) failure to follow up on the patient or incomplete
patient medical records.

We retrieved all lung cancer cases from 2013 to Sep-
tember 2022 through the follow-up system at Sichuan
Cancer Hospital to avoid omitting cases. A total of
2,832 cases of lung cancer were confirmed by patholo-
gy with complete follow-up information. Among these,
210 cases were confirmed as SCLC by histopathology.
The first measurement is chosen from the patient's clini-
cal laboratory information system if there are multiple
measurements. We excluded 14 instances of repeated
measurements. The study flow chart is shown in Figure
1. Ultimately, 196 SCLC patients were enrolled in the
study.

Clinical data collection

Following treatment protocol, patients were monitored
every 3 months for the first 2 years, every 6 months for
the next 2 to 5 years, and every 1 year afterward. To ob-
tain survival information, medical records were exam-
ined or telephone interviews were conducted. In this
study, the primary endpoint was OS, which is defined as
the period of time from the time of diagnosis until the
date of death or the last follow-up. Information on dem-
ographics and clinical characteristics was extracted
from the electronic medical records of the Sichuan Can-
cer Hospital. This includes gender, age, smoking histo-
ry, tumor location, TNM stage, treatment method, che-
motherapy cycle, and OS. TNM staging was based on
the 8th edition of the classification system. In this study,
laboratory data related to AST, ALB, platelet count
(PLT), neutrophil count (NEUT), and lymphocyte count
(LY) were retrieved from medical records. Preoperative
laboratory data were obtained from the clinical labora-
tory. Complete blood count was measured with Min-
dray BC-6800 (Shenzhen, China) using the manufactur-
er’s kit. Blood biochemical examination was performed
using the Beckman Coulter AU5800 analyzer (Brea,
CA, USA) and manufacturer’s kits. PNI and SII were
calculated as followed:

PNI =10 x ALB (g/L) + 0.005 x NEUT (10°/L) [25,26]
SIl = PLT (10%L) x NEUT (10%/L)/LY (10°/L) [27].
This study was approved by the Medical Committee of
Sichuan Cancer Hospital (No. KY-2021-076). We con-
firm the confidentiality of the data maintained, and
compliance with the “Declaration of Helsinki”.

Treatment

As recommended by the NCCN (National Comprehen-
sive Cancer Network) Clinical Practice Guidelines in
Oncology (NCCN guidelines), patients with stage T1-
2NOMO LS-SCLC are suitable for radical surgery and
platinum-based chemotherapy as adjuvant therapy. A
platinum-based chemotherapy regimen should be used
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concurrently with radiation for SCLC that has prog-
ressed beyond T1-2NO. In cases of extensive-stage
SCLC, chemotherapy or combined immunotherapy is
recommended [28]. Chemotherapy regimens include
EP, EC, irinotecan combined with cisplatin (IP), irino-
tecan combined with carboplatin (IC), and etoposide
combined with lobaplatin (EL). For patients with recur-
rence or progression within 6 months after first-line
chemotherapy, second-line treatments (irinotecan, gem-
citabine, vinorelbine, or paclitaxel, etc.) are available.

Statistical analysis

Variables in the categorical category are represented as
numbers and percentages, and groups are compared
using the %2 test or Fisher’s exact test. In accordance
with the normal distribution, continuous variables are
presented as the means * the SDs. The variables that did
not follow a normal distribution were expressed as me-
dian and interquartile ranges (IQR), and Mann-Whitney
U tests were used to identify differences. Statistics were
performed using the SPSS 26.0 software (IBM SPSS
Statistics for Windows; IBM Corp., Armonk, NY,
USA). The Kaplan-Meier method was used to draw the
survival rate curves, and the log-rank test was used to
compare the differences between the curves. Prognostic
variables were evaluated using univariate and multivari-
ate Cox proportional hazards models. The C statistic
with concordance index (C-index) was utilized to inves-
tigate discrimination in survival data [29]. By estimat-
ing the probability of concordance between predicted
and observed outcomes, the C-index can be used to
evaluate a model's ability to classify individual patients
into risk groups with different prognoses. Previous
studies believe that a C-index between 0.50 and 0.70 is
of low accuracy, and between 0.71 - 0.90 is of medium
accuracy. Higher than 0.90 indicates high accuracy [30].
We calculated the C-index using the Hmisc R package
in R software version 3.2.3. The survival and prognostic
data were plotted using Hiplot Pro [31]. A two tailed
p-value < 0.05 was considered statistically significant.

RESULTS

Clinical characteristics of selected patients

Table 1 shows the baseline characteristics of 196 SCLC
patients, and the relationship between the high-risk and
low-risk ATAR groups. In the study population, there
were 141 (71.9%) males and 55 (28.1%) females, with a
median age of 60.5 years (range: 28 - 79 years). Smok-
ers accounted for the majority of the patients (n = 109,
55.6%). Right-sided tumors account for 52.6% of SCLC
cases. Similarly, the staging was conducted in accor-
dance with the staging criteria established by TNM. In
total, 78 lesions (39.8%) were graded | - Il and 105
(53.6%) were graded Ill - IV. There were 58 (29.6%)
patients without node metastases, and there were 123
(61.8%) patients with node metastases. 131 patients
(66.8%) had no distant metastases, while 53 patients
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Table 1. Basic characteristics of patients with SCLC by ATAR level.

. Overall ATAR <0.54 ATAR > 0.54
Characteristics p-value
(n =196) (n=86) (n=110)
Age median (IQR), year 60.50 (53.00 - 68.00) 62.00 (52.00 - 66.25) 60.00 (54.00 - 68.00) 0.245
Gender
Male 141 (71.9) 48 (55.8) 93 (84.5) <0.001
Female 55 (28.1) 38 (44.2) 17 (15.5)
Smoking history
Never 87 (44.4) 52 (60.5) 35 (31.8) <0.001
Ever 109 (55.6) 34 (39.5) 75 (68.2)
Tumor location
Left 93 (47.4) 42 (48.8) 51 (46.4) 0.732
Right 103 (52.6) 44 (51.2) 59 (53.6)
T stage
1-11 78 (39.8) 35 (40.7) 43 (39.1) s
-1V 105 (53.6) 47 (54.7) 58 (52.7)
Uncertain 13 (6.6) 4 (4.7) 9(8.2)
Node metastasis
No 58 (29.6) 30 (34.9) 28 (25.5) 5
Yes 123 (62.8) 53 (61.6) 70 (63.6) -
Uncertain 15 (7.7) 3(3.5) 12 (10.9)
Distant metastasis
No 131 (66.8) 71 (82.6) 60 (54.5)
Yes 53 (27.0) 12 (14.0) 41 (37.3) =000t
Uncertain 12 (6.1) 3(3.5) 9(8.2)
TNM stage
I 25 (12.8) 13 (15.1) 12 (10.9)
1 23 (11.7) 15 (17.4) 8 (7.3) o
i 77 (39.3) 41 (47.7) 36 (32.7) -
v 54 (27.6) 12 (14.0) 42 (38.2)
Uncertain 17 (8.7) 5 (5.8) 12 (10.9)
Staging
Limited stage 125 (63.8) 69 (80.2) 56 (50.9) e
Extensive stage 54 (27.6) 12 (14.0) 42 (38.2) -
Uncertain 17 (8.7) 5 (5.8) 12 (10.9)
Treatment
Surgery/CT/RT 43 (21.9) 25(29.1) 18 (16.4) A
CT/RT/CRT/IT 97 (49.5) 41 (47.7) 56 (50.9)
Uncertain 56 (28.6) 20 (23.3) 36 (32.7)
Event
Alive 65 (33.2) 42 (48.8) 23 (20.9) <0.001
Dead 131 (66.8) 44 (51.2) 87 (79.1)
Time median (IQR), month 17.55 (8.27 - 39.64) 36.70 (11.89 - 49.73) 13.59 (6.50 - 33.00) 0.003
Chemo-cycle median (IQR), week 4.00 (2.00 - 6.00) 4.00 (2.00 - 8.00) 5.00 (2.00 - 6.00) 0.218
PNI median (IQR) 401.01 (378.26 - 435.76) | 408.01 (385.01 - 443.01) | 392.51 (372.01 - 431.01) 0.023
SI1 median (IQR) 593.62 (390.65 - 846.05) | 579.97 (389.66 -7 97.27) | 610.32 (391.80 - 943.82) 0.209

The underlined p-value less than 0.05 was considered statistically significant. IQR - interquartile range.
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Table 2. Univariate and multivariate analysis of overall survival.

. Univariate analysis Multivariate analysis
Variables
HR (95% CI) p HR (95% CI) p
Age (<60 vs. > 60) 1.625 (1.149 - 2.298) 0.006
Gender (male vs. female) 0.695 (0.464 - 1.041) 0.077
Smoking history (never vs. ever) 1.636 (1.147 - 2.333) 0.007 1.650 (1.142 - 2.385) 0.008
Tumor location (left vs. right) 1.043 (0.740 - 1.470) 0.811
T stage (I - 11 vs. 111 - 1V, uncertain) 1.601 (1.111 - 2.306) 0.012
Node metastasis (no vs. yes, uncertain) 1.824 (1.212 - 2.744) 0.004
Distant metastasis (no vs. yes, uncertain) 1.660 (1.166 - 2.363) 0.005
TNM stage (I/11 vs. 111/1V/uncertain) 2.696 (1.671 - 4.350) <0.001 | 2.073(1.058 - 4.063) 0.034
Staging (Qggfﬂ ;'([:ae?r(taa\i/z) extensive 1.342 (1.054 - 1.709) 0.017
Treatment (surgery/CT/RTl vs. CT/RT/CRT/IT, 0.516 (0.323 - 0.824) 0.006
uncertain)
Chemo-cycle (continuous) 0.892 (0.824 - 0.965) 0.005
ATAR (continuous) 2.341 (1.712 - 3.203) <0.001 | 1.907 (1.383-2.631) <0.001
PNI (continuous) 0.990 (0.986 - 0.994) <0.001 | 0.994 (0.990 - 0.998) 0.002
Sl (continuous) 1.000 (1.000 - 1.001) 0.005

The underlined p-value less than 0.05 was considered statistically significant. HR - hazard ratio, Cl - confidence interval.

Table 3. C-index for discriminatory values on survival.

C-index for OS C-index for OS (stage I-11 SCLC) C-index for OS (stage Ill - IV SCLC)
ALB 0.320 0.249 0.378
ALB + ATAR 0.747 0.821 0.686
PNI 0.319 0.249 0.377
PNI + ATAR 0.747 0.821 0.686
Sl 0.602 0.786 0.503
Sl + ATAR 0.707 0.871 0.627
TNM 0.661 0.518 0.532
TNM + ATAR 0.705 0.736 0.624

(27.0%) had distant metastases. There were 25 (12.8%)
tumors classified as stage I, 23 (11.7%) as stage I, 77
(39.5%) as stage 111, and 54 (27.5%) as stage V. Based
on clinical and pathological findings, 125 tumors
(63.8%) were classified as limited stage, and 54 tumors
(27.6%) were classified as extensive stage. All patients
were followed up for an average of 17.55 months. 131
patients (66.8%) died during this period. In terms of
chemotherapy cycles, the median number of cycles was
four (range: 1 - 16 cycles).

Male patients are significantly more likely to have high-
risk ATAR compared with low-risk patients (84.5% vs.
55.8%, respectively, p < 0.001). Smoking cases among
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the high-risk group are significantly higher than those
among the low-risk group (68.2% and 39.5%, respec-
tively, p < 0.001). ATAR prognostic factors are related
to node metastases, distant metastases, and TNM stage
and staging. Significantly more node metastases occur-
red in the high-risk group than in the low-risk group
(63.6% and 61.6%, respectively, p = 0.040). There are
significantly more distant metastasis cases among the
high-risk group than among the low-risk group (37.3%
vs. 14.0%, respectively, p < 0.001), as well as signifi-
cantly more cases of extensive stages in the high-risk
group (38.2% vs. 14.0%, respectively, p < 0.001). High-
risk groups have significantly more 1V cases than low-
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Patients with comfirmed lung cancer
from December 2013 to September 2022

(n=2.832)

excluded

( 2,506 patients with NSCLC were

]

[ 210 patients with SCLC were included ]

L 14 duplications were excluded J

[ 196 participants were eventually enrolled}

in our study

Figure 1. Flow chart of patients’ enrollment.
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Figure 2. Kaplan-Meier curves for OS in SCLC patients by ATAR.
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Figure 3. Kaplan-Meier plots of OS for stage | - IV SCLC patients.

Kaplan-Meier plots of overall OS by TNM stage | - IV (A), Kaplan-Meier plots of OS by the new model combining ATAR and TNM stage | -

IV (B).
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Figure 4. Kaplan-Meier plots of OS for stage | - Il SCLC patients.

Kaplan-Meier plots of OS by ATAR (A), TNM stage | - 11 (B), Kaplan-Meier plots of OS by the new model combining ATAR and TNM stage

I-11(C).
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Figure 5. Kaplan-Meier plots of OS for stage | - Il SCLC patients.

Kaplan-Meier plots of OS by ALB (A), PNI (B), SIl (C), Kaplan-Meier plots of OS by the new model combining ATAR and ALB (D), and PNI

(E), and SII (F).
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Figure 6. Kaplan-Meier plots of OS for stage Il - IV SCLC patients.

Kaplan-Meier plots of OS by ATAR (A), TNM stage 111 - 1V (B), Kaplan-Meier plots of OS by the new model combining ATAR and TNM

stage I11 - 1V (C).
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Figure 7. Kaplan-Meier plots of OS for stage 111 - IV SCLC patients.

Kaplan-Meier plots of OS by ALB (A), PNI (B), SIl (C), Kaplan-Meier plots of OS by the new model combining ATAR and ALB (D), and PNI

(E), and SlI (F).

risk groups (38.2% vs. 14.0%, respectively, p = 0.001).
The death ratio of the high-risk group was higher than
that of the low-risk group (79.1% and 51.2%, respec-
tively, p < 0.001). Among the high-risk group, the me-
dian survival time was shorter than that of the low-risk
group (13.59 months vs. 36.70 months, respectively, p =
0.003). There is, however, no statistically significant
difference in age, tumor location, T stage, treatment,
and chemo-cycle between the high-risk and low-risk
groups with different levels of ATAR (p > 0.05).

Univariate and multivariate cox analyses

Table 2 shows the association between clinical charac-
teristics variables and OS of 196 SCLC patients. In uni-
variate analyses, poor survival was significantly associ-
ated with age (p = 0.006), smoking history (p = 0.007),
T stage (I - 1 vs. 1l - 1V, uncertain) (p = 0.012), node
metastasis (p = 0.004), distant metastasis (p = 0.005),
TNM stage (p < 0.001), staging (Limited stage vs. Ex-
tensive stage/uncertain) (p = 0.017), treatment (p =
0.006), chemotherapy (p = 0.005), ATAR (p < 0.001),
PNI (p < 0.001), and SII (p = 0.005). The factors in-
cluded in the final multivariate Cox regression analysis
were closely related to survival and progress in univari-
ate analyses (p < 0.05). In multivariate analysis, inde-
pendent risk factors of poor patient survival consisted of
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smoking history (HR: 1.650 95% CI: 1.142 - 2.385, p =
0.008), TNM stage (HR: 2.073 95% CI: 1.058 - 4.063,
p = 0.034), ATAR (HR:1.907 95% CI: 1.383 - 2.631,
p < 0.001), and PNI (HR: 0.994 95% CI: 0.990 - 0.998,
p = 0.002). Thus, our study suggests that ATAR is a
more reliable independent prognostic indicator for
SCLC.

Overall survival analysis according to prognostic in-
dex (ALB, ATAR, PNI, and SII)

Using the Youden index as a cutoff, the optimal cutoff
points for ALB, ATAR, PNI, and SII were 40.10 g/L,
0.54, 401.01, and 447.00, respectively. Kaplan-Meier
survival analysis was performed on patients with SCLC
to examine the association between ALB, ATAR, PNI,
Sll, and TNM staging. Compared with patients with
low-risk ATAR, those with high-risk ATAR had signi-
ficantly lower survival rates (p < 0.0001, Figure 2).
Additionally, the ALB, PNI, and SII prognostic index
showed significant differences in OS between the two
groups (p < 0.001, p < 0.001, p = 0.0052, Supplemental
Figure 1 A, B, and C, respectively).

In SCLC patients, TNM stage was a significant pre-
dictor of OS (p < 0.001, Figure 3A). Our study's find-
ings are consistent with previous data, indicating that
our prognosis data and staging are accurate. Despite
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this, we found no significant differences between stage
I - Il SCLC and stage Ill - IV SCLC based on TNM
stage (p = 0.7 and p = 0.3, Figures 4B and 6B, respec-
tively). In SCLC patients with stage | - Il and stage 11 -
IV, we analyzed Kaplan-Meier survival data to deter-
mine the relationships between ATAR and OS. It is
amazing that ATAR successfully show significant prog-
nostic value in patients with stage | - Il and IIl - IV
SCLC (p =0.0074, p = 0.037, Figure 4A and Figure 6A,
respectively).

Combining ATAR with ALB, PNI, SII, and TNM
stage improves survival prediction and risk stratifi-
cation

We conducted a model for combining ATAR with
ALB, PNI, SlI, and TNM stage to analyze the survival
and prognosis of SCLC. In brief, patients with ATAR or
Sll above the cutoff value were scored 0 and those be-
low the cutoff value were scored 1. ALB and PNI val-
ues above and below the cutoff value were scored as 1
and 0 respectively. After excluding patients with an in-
determinate stage, | - IV stages were scored 1, 2, 3, and
4, respectively. Afterward, the ATAR score was added
to the ALB, PNI, SlI scores, and the TNM stage to con-
struct the new prognostic model. The discriminatory
impact of ATAR on OS was evaluated by performing a
C-index analysis. As indicated by the C-index analysis
in OS, the ALB score, PNI score, Sl score, and TNM
stage system score were significant (0.320, 0.319,
0.602, 0.661, respectively) (Supplementary Figures A,
B, and C; Figure 3A. Table 3). The new prognostic
model demonstrated a significant relationship with OS
after combining ATAR with the ALB, PNI, SllI, and
TNM stage system scores, and the C-index indicated a
significant improvement in survival prediction and risk
stratification (0.747, 0.747, 0.707, and 0.705, respec-
tively) (Supplemental Figures D, E, and F; Figure 3B.
Table 3).

New index improves survival prediction and risk
stratification in patients with type I - 11 SCLC and
type I11 - IV SCLC

We further investigated how the ATAR affected ALB,
PNI, S, and TNM staging scores in patients with stage
I - Il SCLC and stage Ill - IV SCLC. It was found that
the ALB score, the PNI score, and the Sl score were
significant in stage | - 1l (0.249, 0.249, and 0.786, re-
spectively) (Figure 5A, B, and C. Table 3). TNM stag-
ing and OS were not significantly correlated with a C-
index of 0.518 (Figure 4B; Table 3). After combining
ATAR with the ALB, PNI and SlI scores, the new prog-
nostic model showed significant association with OS,
and survival prediction and risk stratification were im-
proved as indicated by the C-index (0.821, 0.821, and
0.871, respectively) (Figure 5D, E, and F. Table 3). De-
spite this, the combined ATAR and TNM stage system
scores did not show any significant association with OS
as evidenced by the C-index of 0.736 (Figure 4C; Table
3). Moreover, nutritional status is correlated with the
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stage of cancer patients, and the later the stage, the more
nutritional therapy is necessary [9]. During stage Il -
IV, the ALB score, PNI score, SII score, and TNM
stage system scores showed nonsignificant findings in
the C-index analysis in OS (Figure 7A, B and C; Figure
4B, respectively, Table 3). With the combination of
ATAR with ALB and PNI scores, the new prognostic
model demonstrated significant associations with OS,
and survival prediction and risk stratification improved
as indicated by the C-index (0.686 and 0.686, respec-
tively) (Figure 7D and E. Table 3). Nevertheless, when
ATAR was combined with SlII score and TNM stage
system scores, no significant association was observed
between SlII and TNM staging and OS by the C-index
(0.627 and 0.624, respectively) (Figure 7F and Figure
6C. Table 3).

DISCUSSION

Over the decades, SCLC patients' survival times have
not been significantly prolonged with or without treat-
ment. In this study, we retrospectively analyzed the
prognostic power of ATAR in 196 eligible patients with
SCLC at our cancer center. To our knowledge, this is
the first study to analyze the correlation between ATAR
and OS in patients with SCLC. The results of this dem-
onstrated that ATAR is an independent prognostic indi-
cator for patients with SCLC.

The SCLC is a very aggressive form of cancer that is
highly responsive to cytotoxic agents and radiotherapy.
Unfortunately, the rapid growth of the cancer and the
acquired drug resistance associated with treatment lead
to the death of most patients [32]. The overall survival
rate is an important metric for evaluating the efficacy of
different types of therapy. Inadequate predictors of OS
could lead to an underestimation of therapeutic benefits
[33]. Thus, an accurate prognostic indicator is necessary
to identify the patients who are likely to benefit from
anti-tumor treatment.

Researchers have found that TNM stage, disease extent,
PNI, and SlI are significantly correlated with overall
survival in patients with SCLC [34]. The findings of our
studies are consistent with these findings, showing that
patients who did not smoke, had limited staging, had
high PNIs, and had low Slis were significantly more
likely to survive than those with a smoking history, ex-
tensive staging, declined PNIs, and elevated SlI levels
(Table 2).

Several recent studies have demonstrated a connection
between chronic inflammation and cancer. Inflammato-
ry cells can alter the microenvironment of tumors,
which can enhance tumor proliferation, migration, and
immune escape [35]. According to these observations,
chronic inflammation in cancer patients is associated
with poor overall survival. Studies have demonstrated a
link between chronic inflammation and tumorigenesis
[36,37]. The proinflammatory cytokine IL-6 plays a ma-
jor role in the development of cancer and closely corre-
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lates with AST levels [38]. Further, the level of serum
albumin was also found to be a prognostic factor in pa-
tients with SCLC. Low albumin levels are associated
with malnutrition, weight loss, and increased cancer
mortality [39].

In this study, we hypothesized that combining AST and
ALB into the new index ATAR could be a better pre-
dictor of overall survival in cancer patients. To predict
overall survival in SCLC, a 0.54 cutoff value was used.
In our study, a univariate analysis showed that the
ATAR is associated with poor prognosis (p < 0.001)
(Table 2). Compared with patients who had ATAR <
0.54, those with ATAR > 0.54 had higher chance of
death (Table 2). By multivariate analysis, when adjusted
for other variables, including cancer stage, ATAR inde-
pendently predicted the overall survival of patients with
SCLC (p < 0.001) (Table 2). Subgroup analysis sug-
gested that OS in ATAR < 0.54 group was significantly
longer than those with ATAR > 0.54 in | - IV stage, | -
Il stage, and Il - IV stage (p < 0.001, p = 0.007, p =
0.037, respectively). To our knowledge, this is the first
study to evaluate the prognostic value of ATAR in pa-
tients with lung cancer. Furthermore, it is the first study
to indicate that ATAR can predict the overall survival in
SCLC. Other than PNI and SlI, the ATAR is more ob-
jectively determined, and would be a simple, optimal,
and inexpensive prognostic indicator in patients with
SCLC. Despite the clinical benefits of first-line chemo-
therapy and radiotherapy for patients with SCLC, they
are associated with severe adverse reactions. Patients
may suffer from myelosuppression, anorexia, and radia-
tion pneumonitis, which suppress the immune system
and can negatively impact their nutritional status. Thus,
therapeutic decisions must balance the curative effects
and the toxic effects of the treatment. In this study, we
demonstrate that ATAR can be used as a screening tool
for determining which treatment is most appropriate for
patients with SCLC.

However, there were some limitations. Firstly, our
study is a single-center retrospective study, which im-
plies a selection bias. The results of our study need to
be confirmed by more multicenter, prospective studies.
Secondly, it was a retrospective study, so ATAR re-
garding this analysis was determined at a single time
point. Therefore, further investigation into the relation-
ship between ATAR level and other factors may con-
tribute to establishing the clinical implications of ATAR
as a long-term prognostic indicator for patients with
SCLC.
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