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Abstract. Albumin-bilirubin (ALBI) grade was first described
in 2015 as an indicator of liver dysfunction in patients with hepa-
tocellular carcinoma. ALBI grade has been reported to have
prognostic value in several malignancies including non-small
cell lung cancer (NSCLC). The present study aimed to explore
the prognostic impact of ALBI grade in patients with small cell
lung cancer (SCLC). It retrospectively analyzed 135 patients
with SCLC treated at Hebei General Hospital between
April 2015 and August 2021. Patients were divided into two
groups according to the cutoff point of ALBI grade determined
by the receiver operating characteristic (ROC) curve: Group 1
with pre-treatment ALBI grade <-2.55 for an improved hepatic
reserve and group 2 with ALBI grade >-2.55. Kaplan-Meier and
Cox regression analysis were performed to assess the potential
prognostic factors associated with progression free survival
(PFS) and overall survival (OS). Propensity score matching
(PSM) was applied to eliminate the influence of confounding
factors. PFS and OS (P<0.001) were significantly improved
in group 1 compared with in group 2. Multivariate analysis
revealed that sex (P=0.024), surgery (P=0.050), lactate dehy-
drogenase (LDH; P=0.038), chemotherapy (P=0.038) and ALBI
grade (P=0.028) are independent risk factors for PFS and that
surgery (P=0.013), LDH (P=0.039), chemotherapy (P=0.009)
and ALBI grade (P=0.013) are independent risk factors for OS.
After PSM, ALBI grade is an independent prognostic factor of
PFS (P=0.039) and OS (P=0.007). It was concluded that ALBI
grade was an independent prognostic factor in SCLC.

Introduction

Lung cancer is one of the most common types of cancer,
accounting for ~11.6% of all types of cancer. Small cell
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lung cancer (SCLC), as a subtype, accounts for 15% of
lung cancer (1,2) SCLC is a rapidly progressing and highly
aggressive neuroendocrine cancer with a 5-year survival
rate of only 7% and is sensitive to initial chemotherapy and
radiotherapy (3-5). Patients with SCLC are divided into
limited stage and extensive stage. Limited stage refers to the
lesion being confined to one side of the chest cavity and the
cancer spreading to the pleural effusion and lymph nodes
on the same side. Extensive stage refers to lesion spread
beyond the same chest cavity, including malignant pleural
effusions and pericardial effusions, lymph node metastases
on the contralateral hilar or clavicle, or other parts of the
body. The dichotomized staging system and TNM staging
are important predictors for the prognosis of SCLC. Some
clinical variables such as performance status, age, weight
loss, stage, and serum lactate dehydrogenase (LDH) are
also considered to predict the prognosis of SCLC. Some
researchers have studied deep into the gene level to explore
the targets associated with lung cancer (6). However, there
are no standardized prognostic parameters (7). Therefore,
it is important to explore accurate prognostic factors
for SCLC. According to previous studies (8-10), liver
function may be an important factor in the prognosis of
various malignancies. Currently, the Child-Pugh score is
the most important scoring system for evaluation of liver
function (11). The Child-Pugh score was based on the total
bilirubin, albumin, prothrombin time, and the clinical
findings of encephalopathy and ascites. It was graded as
5-6 points for Child-Pugh-A; 7-9 points for Child-Pugh-B;
and 10-15 points for Child-Pugh-C. However, it is not suit-
able for patients with SCLC, as most patients will merely be
assigned to Child Pugh-A (12). Albumin-bilirubin (ALBI)
grade, which has been used to evaluate liver function, was
first described by Johnson et al (12) in 2015 as an indicator
of liver dysfunction in patients with hepatocellular carci-
noma. Several studies have demonstrated the prognostic
value of ALBI grade in hepatocellular carcinoma (8,12,13),
as well as in intrahepatic cholangiocarcinomas, pancreatic
cancer, and gastric cancer (9,10,14). Furthermore, there has
been a study describing the significance of ALBI grade in
non-small cell lung cancer (15). However, the significance
of ALBI grade in SCLC has not yet been elucidated. The
present study aimed to explore the prognostic impact of
ALBI grade in patients with SCLC.
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Patients and methods

Patient and data collection. The present study retrospectively
analyzed all patients with SCLC treated at the Department
of Thoracic Surgery in Hebei General Hospital between
April 2015 and August 2021. The patients were followed up
throughout the clinical course for at least four months, and
the cutoff date for data collection was December 31, 2021.
Pre-treatment clinical information and social history were
extracted from the hospital's electronic medical records. All
the patients included in the present study were pathologically
diagnosed with SCLC and there were no other malignant
tumors and immune-related serious diseases or adverse factors
affecting blood routine or biochemical indexes such as hema-
tologic diseases, liver diseases and kidney diseases before
treatment. The clinical data of the patients before receiving
treatment were obtained before chemotherapy and surgery.
Patients with incomplete test index results, inaccurate clinical
data and failure of follow-up were excluded. End point of
assessment was patient overall survival (OS), which is the
time from diagnosis of SCLC to mortality and the secondary
endpoint was progression free survival (PFS), PES is defined
as the time from initiation of therapy to disease progression.
Patients with significant radiographic progression, markedly
elevated tumor markers, or distant metastases were considered
for PFS analyses and a total of 135 patients were included in
the sample.

The present study conducted follow-up visits through
outpatient clinics, hospitalizations and phone calls. The
follow-up interval was 1 month. Follow-up rate was 96.3%
and two consecutive losses to follow-up were defined as death
with the date of death defined as the date of the last follow-up.
The clinicopathological variables including sex, age, smoking
status, TNM staging, body mass index (BMI), PS, Charlson
comorbidity index (CCI) and whether undergoing surgery,
chemotherapy or radiotherapy were recorded by the electronic
medical record system. Laboratory parameters including
lactate dehydrogenase (LDH), neutrophil to lymphocyte
ratio (NLR), systemic inflammation index (SII), platelet to
lymphocyte ratio (PLR), prognostic nutrition index (PNI),
carcinoembryonic antigen (CEA) and neuron-specific enolase
(NSE) were obtained from the clinical laboratory of Hebei
General Hospital.

Statistical analysis. ALBI grade was calculated by the
following formula: 0.66x log10 [total bilirubin (#mol/1)]-0.085
[albumin (ALB) (g/1)]'". SII was calculated as PLT x NLR (16).
PNI was calculated as 10x serum albumin level (g/dl) +0.005x
total lymphocyte count (per mm?) (17). In a previous study,
ALBI scores were divided into three scales: grade 1 (ALBI
score <-2.60), grade 2 (-2.60<ALBI score <-1.39), and grade
3 (-1.39<ALBI score)'*. As far as the original cut-off value
is specified according to liver cancer, it is necessary to find
a cut-off value which is more suitable for SCLC. Therefore,
cut-off values for ALBI grade, LDH, NLR, SII, PLR, CEA,
NSE were determined using receiver operating characteristic
(ROC) curve analysis, which can estimate optimal sensitivity,
specificity, and the area under the curve (AUC) for prediction
of mortality from all causes. Pearson correlation, Chi-square
test and Fisher exact test were used to compare continuous

and categorical variables. Cumulative cancer specific survival
curves were calculated using the Kaplan-Meier method,
and differences were assessed using Log rank test. The Cox
proportional hazard model was used to evaluate the predic-
tive power of potential prognostic variables, and the hazard
ratios (HR) estimated from the Cox analysis reported as
relative risks with corresponding 95% confidence intervals.
To eliminate the influence of confounding factors, propensity
score matching (PSM) was applied. Statistical analyses were
performed using the IBM SPSS statistics software program,
version 22.0 (IBM Corp.). P<0.05 was considered to indicate a
statistically significant difference.

Results

Patient characteristics. In the present study, 135 patients
pathologically diagnosed as SCLC were enrolled. The median
age was 65 years (64.24+9.71; range=14-82 years). A total
of 102 patients (76%) were male and 82 patients (61%) had
a history of smoking. A total of 54 patients (40%) were in
limited stage. A total of 77 patients (57%) had a BMI of less
than 25. As for PS scores, 1 patient (1%) had a PS score of 0,
85 patients (63%) of 1, and 43 patients (32%) scored 2. A total
of 64 patients (47%) scored CCI as 0, and 68 patients (50%)
scored as 1-2.

Clinicopathological characteristics associated with ALBI
grade. The optimal cutoff point resulted from ROC curve
analysis of ALBI grade for the layering of OS in SCLC
was determined to be-2.55 (Fig. 1A), which was in close
conformity with the ALBI grade 1 and 2 boundaries (-2.60).
Thus, the patients were classified as follows: Group 1
(n=87, 64.4%) with pre-treatment ALBI grade <-2.55 for an
improved hepatic reserve and group 2 (n=48, 35.6%) with
ALBI grade >-2.55. Optimal cutoff points of LDH, NLR,
SII, PLR, CEA, NSE were 191.45, 3.519, 874.428, 281.896,
10.29, 23.84, respectively (Fig. 1B). The relationship
between baseline characteristics and ALBI grade are shown
in Table I. There was a significant association between
ALBI grade and age, LDH, NLR, PNTI and NSE. No signifi-
cant differences were observed in terms of sex, smoking,
staging, BMI, PS, CCI, surgery, SII, PLR, chemotherapy,
radiotherapy and CEA.

The median PFS rates in group 1 and group 2 were
8.4 months and 5.9 months, respectively. PFS was signifi-
cantly improved in group 1 than in group 2 (P<0.001 using
the log-rank test, Fig. 2A). The median OS rates in group 1
and group 2 were 14.6 months and 9.2 months, respectively.
OS was significantly improved in group 1 compared with in
group 2 (P<0.001 using the log-rank test, Fig. 2B).

Univariate and multivariate analysis of PFS and OS.
Univariate analysis revealed sex, age, smoking, staging,
BMI, surgery, LDH, NLR, PLR, chemotherapy, CEA, NSE
and ALBI grade as significant factors for PFS. Multivariate
analysis revealed that sex, surgery, LDH, chemotherapy and
ALBI grade are independent risk factors for PFS (Table II).
Univariate analyses showed that sex, age, smoking, staging,
BMI, surgery, LDH, PLR, Chemotherapy, CEA, NSE, PNI and
ALBI grade are significant factors for OS while multivariate
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Table I. Relationship between patient characteristics and ALBI
grade.

ALBI=<-2.55 ALBI>-2.55
Characteristic n=87 (%) n=48 (%) P-value
Sex 0.300
Male 63 (61.8) 39 (38.2)
Female 24 (72.7) 9(27.3)
Age <0.001
<65years 53 (84.1) 10 (15.9)
>65years 34 (47.2) 38 (52.8)
Smoking 0.715
Yes 54 (65.9) 28 (34.1)
No 33 (62.3) 20 (37.7)
Staging 0.068
Limited stage 40 (74.1) 14 (25.9)
Extensive stage 47 (58.0) 34 (42.0)
BMI 0.208
<25 46 (59.7) 31 (10.3)
>25 41 (70.7) 17 (29.3)
PS 0.476
0 1 (100) 0 (0)
1 58 (68.2) 27 (31.8)
2 24 (55.8) 19 (44 .2)
3 4 (66.7) 2(33.3)
CCI 0.904
0 40 (62.5) 24 (37.5)
1-2 45 (66.2) 23 (33.8)
>3 2 (66.7) 1(33.1)
Surgery 0.110
Yes 28 (75.7) 9(24.3)
No 59 (60.2) 39 (39.8)
LDH 0.008
<191.45 52 (75.4) 17 (24.6)
>191.45 35 (53.0) 31 (47.0)
NLR 0.026
<3.519 60 (72.3) 23 (27.7)
>3.519 27 (51.9) 25 (48.1)
SII 0.143
<874.428 57 (69.5) 25 (30.5)
>874.428 30 (56.6) 23 (43.4)
PLR 0.607
<281.896 76 (65.5) 40 (34.5)
>281.896 11 (57.9) 8 (42.1)
PNI <0.001
<40 0(0) 11 (100)
>40 87 (70.2) 37 (29.8)
Chemotherapy 0.444
Yes 61 (67.0) 30 (33.0)
No 26 (59.1) 18 (40.9)
Radiotherapy 0.060
Yes 34 (75.6) 11 (24.4)
No 53 (58.9) 37 (41.1)
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Table I. Continued.

ALBI <255 ALBI>-2.55

Characteristic n=87 (%) n=48 (%) P-value
CEA 0.089

Normal 77 (67.5) 37 (32.5)

High 10 (47.6) 11 (52.4)
NSE 0.012

Normal 49 (75.4) 16 (24.6)

High 38 (54.3) 32 (45.7)

ALBI, albumin-bilirubin grade; BMI, body mass index; PS, perfor-
mance status; CCI, Charlson comorbidity index; LDH, lactate
dehydrogenase; NLR, neutrophil to lymphocyte ratio; SII, systemic
immune-inflammation index; PLR, platelet to lymphocyte ratio; PNI,
prognostic nutrition index; CEA, carcinoembryonic antigen; NSE,
neuron-specific enolase.

analysis revealed surgery, LDH, BMI, chemotherapy and
ALBI grade as independent risk factors for OS (Table III).

ALBI grade and survival in propensity score matching analysis.
To further validate the impact of ALBI grade on survival results
in SCLC, a PSM analysis was employed to equalize background
information of the patients. The caliper value was set as 0.15. As
a result, 26 paired patients were extracted from the two groups.
The relationship between baseline characteristics and ALBI
grade after PSM are shown in Table IV. There were no differ-
ences in characteristics of the patients among the two groups.
Univariate analysis showed that group 1 had a significantly
longer PFS (HR 2.258, 95% CI 1.013-5.034, P=0.041, Fig. 3A)
and OS (HR 2.591, 95% CI 1.154-5.814, P=0.017, Fig. 3B) than
group 2. Multivariate analysis suggested that ALBI grade after
PSM is an independent prognostic factor of PFS (HR 2.379,
95% CI 1.045-5.412,P=0.039, Table V) and OS (HR 3.496,95%
CI 1.416-8.635, P=0.007, Table VI).

Discussion

The present study retrospectively investigated the impact of
pre-treatment ALBI grade on the prognosis of SCLC. It clari-
fied that ALBI grade is an important prognostic factor of PFS
and OS in univariate and multivariate analysis. To the best
of the authors' knowledge, this is the first study to show the
prognostic importance of ALBI grade in patients with SCLC.
The results showed that ALBI grade was highly associated
with age and LDH. The two factors showed prognostic power
in patients with SCLC, which may be as confounding factors
and cause a bias in the present study. In order to eliminate the
influence of confounding factors, PSM was performed. After
matching, ALBI grade proved to be an independent prognostic
factor for the prognosis of SCLC. Sex, age, smoking, BMI and
several clinical parameters were indicated to have prognostic
power in patients with SCLC from univariate analysis before
PSM. However, those factors showed no statistical difference
after PSM, which may be due to the synergy with other factors
including ALBI.
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Figure 1 The results of ROC curve. (A) ROC curve of ALBI. (B) ROC curves of LDH, NLR, SII, PLR, CEA, NSE. ROC, receiver operating characteristic;
ALBI, albumin-bilirubin; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; SII, systemic inflammation index; PLR, platelet to lymphocyte

ratio; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase.
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Figure 2. Kaplan-Meier curves showing PFS and OS of patients with SCLC according to ALBI grade. (A) Kaplan-Meier curves showing PFS of patients with
SCLC according to ALBI grade. (B) Kaplan-Meier curves showing OS of patients with SCLC according to ALBI grade. PFS, progression free survival; SCLC,

small cell lung cancer; ALBI, albumin-bilirubin; OS, overall survival.

The liver can be partly regarded as an immune organ as it
contains a large number of immune cells (18). Previous studies
have indicated that impaired liver function has important
effects on the systemic immune response in alcoholic liver
injury and viral hepatitis (19,20). It is reported that decreased
liver function can cause changes in T cell repertoires which
play an important role in cellular immunity, and the effect
may take place from the early stage of cirrhosis (20,21). As a
result, the anti-tumor immune response of patients with liver
disease may be weaker than normal patients. ALBI grade, as
an indicator of liver function, can closely reflect the immune
status of the whole body (22,23). Thus, ALBI grade may have a
predictive power on anti-tumor immune response. In addition,
studies have proved that a decrease of albumin, which compose

the ALBI, can be an indicator of decreased liver reserve and
increased inflammatory response in the tumor microenviron-
ment (24,25). Hypoalbuminemia has been reported to indicate
inflammation and prognosis in patients with non-small cell
lung cancer (NSCLC) (26). Inflammation and immunity
can affect the tumor microenvironment by influencing the
formation of blood vessels (27,28), thereby further affecting
the prognosis of SCLC. Therefore, the immune inflammatory
response is considered to have prognostic power on patients
with SCLC, which could be one of the mechanisms of the
prognostic effect of ALBI grade (15,29).

Several inflammatory indicators were recorded and
analyzed including NLR, SII and PLR, which have been
proved to be important in predicting the prognosis of lung
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Table II. Univariate and multivariate analysis for PFS.

Univariable analysis Multivariable analysis
95% CI 95% CI

Characteristic P-value HR LL UL P-value HR LL UL
Sex 0.022 0.497 0.270 0915 0.024 0.405 0.185 0.888
Age 0018 1.720 1.090 2714 0.326 0.776 0.467 1.288
Smoking 0.046 1.609 1.005 2.576 0.671 1.129 0.645 1.977
Staging <0.001 2.636 1.612 4310 0911 1.040 0.524 2.066
BMI 0.031 0.605 0.381 0.960 0.075 0.617 0.363 1.049
PS

0 0.141

1 0.649 1.749 0.157 19.484

2 0.203 0.394 0.094 1.654

3 0.462 0.580 0.136 2477
CCI

0 0.970

1-2 0.804 1.286 0.176 9.390

=3 0.807 1.281 0.175 9.358
Surgery <0.001 0.287 0.154 0.535 0.050 0.400 0.160 1.002
LDH <0.001 2.322 1.468 3.671 0.038 1.788 1.034 3.091
NLR 0.031 1.634 1.043 2.560 0.795 0.935 0.562 1.556
SII 0.117 1.430 0913 2.240
PLR 0.002 2.352 1.329 4.162 0.193 1.639 0.779 3448
Chemotherapy 0.017 0.564 0.351 0.907 0.038 0.545 0.307 0.966
Radiotherapy 0.706 1.091 0.693 1.720
CEA 0.001 2.619 1.459 4702 0475 1.292 0.640 2.610
NSE <0.001 3.170 1.964 5.117 0.170 1.642 0.809 3333
PNI 0.061 0.516 0.255 1.044
ALBI <0.001 2.259 1.433 3.562 0.028 1.807 1.067 3.060

PFS, progression free survival; HR, hazard ration; CI, confidence interval; LL, lower limit; UL, upper limit; BMI, body mass index; PS,
performance status; CCI, Charlson comorbidity index; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; SII, systemic
immune-inflammation index; PLR, platelet to lymphocyte ratio; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; PNI, prog-
nostic nutrition index; ALBI, Albumin-bilirubin grade.

Table III. Univariate and multivariate analysis for OS.

Univariable analysis Multivariable analysis
95% CI 95% CI

Characteristic P-value HR LL UL P-value HR LL UL
Sex 0.036 1.883 1.032 3437 0.132 0.540 0.242 1.203
Age 0011 0.556 0.351 0.881 0.499 0.835 0.495 1.409
Smoking 0011 0.534 0.327 0.874 0.191 1.484 0.821 2.684
Staging <0.001 0.338 0.207 0.553 0.643 1.173 0.597 2.305
BMI 0.028 1.677 1.052 2.674 0.033 0.566 0.335 0.955
PS

0 0.250

1 0.550 2.083 0.188 23.126

2 0.782 0.818 0.198 3.382

3 0.733 1.284 0.305 5.398
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Table III. Continued.

Univariable analysis Multivariable analysis
95% CI 95% CI

Characteristic P-value HR LL UL P-value HR LL UL
CCI

0 0.763

1-2 0.699 1.481 0.202 10.838

>3 0.604 1.692 0.232 12.357
Surgery <0.001 3.711 1.989 6.923 0.013 0.306 0.120 0.782
LDH <0.001 2.407 1.514 3.828 0.039 1.820 1.032 3211
NLR 0.051 0.640 0.408 1.006
SiI 0.166 0.727 0.462 1.144
PLR 0.015 0.502 0.285 0.886 0.788 0.900 0419 1.936
Chemotherapy 0.003 2.046 1.267 3.305 0.009 0.451 0.248 0.821
Radiotherapy 0.348 1.247 0.785 1.981
CEA <0.001 0.365 0.204 0.655 0.841 1.075 0.530 2.179
NSE <0.001 0.309 0.191 0.498 0.167 1.630 0.816 3.257
PNI 0.019 2.276 1.124 4.610 0.423 1.408 0.610 3.246
ALBI <0.001 0.409 0.258 0.648 0.013 2011 1.159 3.490

OS, overall survival; HR, hazard ration; CI, confidence interval; LL, lower limit; UL, upper limit; BMI, body mass index; PS, performance
status; CCI, Charlson comorbidity index; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; SII, systemic immune-inflamma-
tion index; PLR, platelet to lymphocyte ratio; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; PNI, prognostic nutrition index;
ALBI, Albumin-bilirubin grade.

Table I'V. Relationship between patient characteristics and ALBI grade following PSM.

ALBI =-2.55 ALBI >-2.55
Characteristic Baseline n=26 (%) n=26 (%) P-value
Sex 1.000
Male 20 (48.8) 21 (51.2)
Female 6 (54.5) 5(455)
Age 0.779
<65 years 12 (54.5) 10 (45.5)
=65 years 14 (46.7) 16 (53.3)
Smoking 0.776
Yes 15 (46.9) 17 (83.1)
No 11 (55.0) 9(45.0)
Staging 1.000
Limited stage 11 (52.4) 10 (47.6)
Extensive stage 15(484) 16 (61.6)
BMI 1.000
<25 15 (51.7) 14 (48.3)
>25 11 (47.8) 12 (52.2)
PS 0.949
0 0(0) 0(0)
1 18 (51.4) 17 (48.6)
2 6 (46.2) 7 (53.8)
3 2 (50.0) 2 (50.0)
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Table I'V. Continued.
ALBI =-2.55 ALBI >-2.55
Characteristic Baseline n=26 (%) n=26 (%) P-value
CCI 0.404
14 (58.3) 10 (41.7)
1-2 12 (42.9) 16 (57.1)
>3 0 (0) 0 (0)
Surgery 1.000
Yes 8 (53.3) 7(46.7)
No 18 (48.6) 19 (514)
LDH 1.000
<19145 12 (50.0) 12 (50.0)
>191.45 14 (50.0) 14 (50.0)
NLR 1.000
<3.519 16 (48.5) 17 (51.5)
=3.519 10 (52.6) 9474)
S 1.000
<874.428 16 (48.5) 17 (51.5)
>874.428 10 (52.6) 9(474)
PLR 1.000
<281.896 23 (50.0) 23 (50.0)
>281.896 3 (50.0) 3 (50.0)
PNI -
<40 0 (0) 0 (0)
>40 26 (50.0) 26 (50.0)
Chemotherapy 0.771
Yes 18 (52.9) 16 (47.1)
No 8 (44.4) 10 (55.6)
Radiotherapy 1.000
Yes 7 (50.0) 7(50.0)
No 19 (50.0) 19 (50.0)
CEA 1.000
Normal 23 (51.1) 22 (48.9)
High 3(42.9) 4 (57.1)
NSE 1.000
Normal 11 (47.8) 12 (52.2)
High 15 (51.7) 14 (48.3)

ALBI, albumin-bilirubin grade; PSM, propensity score matching; BMI, body mass index; PS, performance status; CCI, Charlson comorbidity
index; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; SII, systemic immune-inflammation index; PLR, platelet to lympho-
cyte ratio; PNI, prognostic nutrition index; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase.

cancer, according to previous reports (30-32). NLR showed
predictive effect of PFS in univariate analysis and PLR showed
predictive effect of both PFS and OS. However, neither of the
two factors had statistical significance in multivariate analysis.
The results indicated that although immunity and inflamma-
tion have a predictive effect on the prognosis of SCLC, they
may not have independent prognostic power. There may be
synergistic factors that interact with immune inflammatory
responses. This also reflects that there are other mechanisms
for the prognostic effect of ALBI on patients with SCLC.

Nutrition and metabolism play an important role in tumor
progression. Malnutrition in cancer patients can impair quality
of life and response to treatment (33). BMI, PNI and ALB,
which can reflect nutrition and metabolism to a certain extent,
have been proved to be important parameters for assessing
nutritional status (34-37). According to previous studies, these
three factors are closely associated with the survival rate of
advanced lung cancer (26,35-38). Therefore, they may have
prognostic use for patients with SCLC. Previous studies have
shown that weight loss in patients with advanced cancer may
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Table V. Univariate and multivariate analysis for PFS after PSM.

Univariable analysis

Multivariable analysis

95% C1 95% CI

Characteristic P-value HR LL UL P-value HR LL UL
Sex 0.205 2.147 0.641 7.189
Age 0.878 1.061 0.500 2.249
Smoking 0.148 1.825 0.798 4.177
Staging 0.001 4.474 1.786 11.205 0.232 2.118 0.618 7.260
BMI 0.263 1.540 0.719 3.299
PS

0

1 0.091

2 0.118 0.296 0.065 1.360

3 0.553 0.622 0.130 2.983
CCI 0.064 0.477 0214 1.060
Surgery 0.002 0.201 0.068 0.597 0.474 0.562 0.116 2.723
LDH 0.057 2.143 0.960 4.784
NLR 0.368 1.431 0.653 3.136
SII 0.931 1.036 0.465 2.308
PLR <0.001 5.921 1.968 17.815 0.009 4714 1.462 15.197
Chemotherapy 0.075 0.502 0.232 1.088
Radiotherapy 0.921 1.041 0.469 2.311
CEA 0.030 2.895 1.062 7.895 0.125 2.384 0.785 7.235
NSE 0.003 3.304 1.433 7.615 0.574 1.423 0417 4.855
PNI
ALBI 0.041 2.258 1.013 5.034 0.039 2.379 1.045 5412

PFS, progression free survival; PSM, propensity score matching; HR, hazard ration; CI, confidence interval; LL, lower limit; UL, upper limit;
BMI, body mass index; PS, performance status; CCI, Charlson comorbidity index; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte
ratio; SII, systemic immune-inflammation index; PLR, platelet to lymphocyte ratio; CEA, carcinoembryonic antigen; NSE, neuron-specific
enolase; PNI, prognostic nutrition index; ALBI, albumin-bilirubin grade.

increase the risk of mortality (39,40). In the present study,
BMI =25 indicated longer PFS and OS, and PNI =40 indicated
longer OS. This confirmed that nutritional status has a certain
effect on the prognosis of patients with SCLC. In addition,
liver function can also reflect nutrition and metabolism (41).
Bilirubin plays an important role in liver metabolism.
Li et al (42) reported that elevated serum bilirubin levels are
associated with improved survival in patients with NSCLC.
There is evidence that serum bilirubin levels are associated
with incidence and mortality of lung cancer in smokers (43).
Therefore, to a large extent, bilirubin may be able to evaluate
the prognosis of patients with SCLC. ALBI grade, consisting
of albumin and bilirubin, may reflect the nutrition and metabo-
lism status in patients with SCLC, which may be a mechanism
of the prognostic effect.

One of the most important indicators in ALBI is ALB,
which can directly affect the value of ALBI. ALB can bind
and transport various endogenous and exogenous substances
and promote their transport in the circulation (44). In addition,
ALB can bind to a variety of drugs, affecting their release in
target tissues (45). Previous studies (46,47) showed that ALB

levels may affect the benefit of chemotherapy in elderly cancer
patients. The present study also found that higher ALB levels
and lower ALBI levels were associated with longer PFS and
OS.

In addition, LDH has been reported as a prognostic indi-
cator of SCLC and it can also predict the response to treatment
of patients with SCLC (48). This may be due to the estimation
ability of LDH on tumor burden. In the present study, LDH
showed independent prognostic power for both PFS and OS
of patients with SCLC. The results of the present study also
indicated that LDH is strongly correlated with ALBI grade.
Following PSM, LDH showed no statistical significance in
multivariate analysis, which indicated that LDH may have a
similar mechanism to ALBI grade in affecting the prognosis
of SCLC. Therefore, it is hypothesized that ALBI grade
can predict the effect of medication on patients with SCLC.
Chemotherapy is currently one of the most important medical
treatments for SCLC. The present study confirmed that chemo-
therapy can be an independent prognostic factor for SCLC. In
addition, the importance of ALBI grade to predict the thera-
peutic effect of chemotherapy has been previously reported
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Table VI. Univariate and multivariate analysis for OS after PSM.

Univariable analysis Multivariable analysis
95% CI 95% CI

Characteristic P-value HR LL UL P-value HR LL UL
Sex 0.143 0.448 0.150 1.342
Age 0.713 1.152 0.542 2451
Smoking 0.055 2248 0.964 5.244
Staging <0.001 5.126 1.962 13.394 0.116 2.710 0.782 9.399
BMI 0.228 0.627 0.291 1.349
PS

0

1 0.138

2 0471 0.581 0.133 2.543

3 0.738 1.299 0.280 6.019
CCI 0.096 1.922 0.881 4.193
Surgery 0.001 0.179 0.060 0.538 0.189 0.357 0.076 1.663
LDH 0.031 2.358 1.059 5251 0.137 2.049 0.797 5.270
NLR 0422 1.383 0.625 3.060
SII 0.957 1.023 0454 2.304
PLR 0.021 3.020 1.125 8.107 0.255 1.936 0.620 6.044
Chemotherapy 0.054 0474 0218 1.030
Radiotherapy 0.598 0.805 0.359 1.804
CEA 0.027 2.965 1.080 8.142 0.652 1.288 0429 3.865
NSE 0.002 3.464 1.498 8.010 0.780 0.844 0.257 2.769
PNI
ALBI 0.017 2591 1.154 5.814 0.007 3.496 1416 8.635

OS, overall survival; PSM, propensity score matching; HR, hazard ration; CI, confidence interval; LL, lower limit; UL, upper limit; BMI, body
mass index; PS, performance status; CCI, Charlson comorbidity index; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; SII,
systemic immune-inflammation index; PLR, platelet to lymphocyte ratio; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; PNI,
prognostic nutrition index; ALBI, Albumin-bilirubin grade.

1 0 7 1.0 -
0.8 - 0.8 -
1
L Group 1 (ALBI =-2.55)
0.6 - L\ Group 1 (ALBI =-2.55) 06 -
i n
Iﬁ': *1 ) o
04 1 ’ 0.4 - I
02 Group2(ALEI>-259) L 02 - Group 2 (ALBI >-2.55)
0.0 1 p<0.001 0.0 {P<0.001
T T T T T T T T
0.0 20.0 40.0 60.0 0.0 20.0 40.0 60.0
Months Months

Figure 3. (A) Kaplan-Meier curves showing PFS of patients with SCLC according to ALBI grade after PSM. (B) Kaplan-Meier curves showing OS of patients
with SCLC according to ALBI grade after PSM. PES, progression free survival; SCLC, small cell lung cancer; ALBI, albumin-bilirubin; PSM, propensity
score matching; OS, overall survival.
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in hepatocellular carcinomas and gastric cancer (13,14,49)
Therefore, ALBI grade may be predictive of the effectiveness
of chemotherapy or post-recurrence chemotherapy on patients
with SCLC to achieve prognostic evaluation effect.

In the present study, a total of 81 patients had distant
metastases, mostly bone metastases, brain metastases and
abdominal organ metastases. Only 15 patients had liver
metastases, although ALBI values may have an effect in these
patients with liver metastases. However, the main purpose of
the present study was to discuss the relationship between ALBI
and the prognosis of patients with SCLC, so it was considered
that this would not affect the final results of the present study.

However, there are several limitations to the present study.
First, this is a single-center retrospective study and there may
be bias on patient selection and data collection. Second, the
small number of samples may lead to poor credibility of the
hypothesis. Large-scale prospective studies and experiments
are needed to consolidate the conclusion of the present study
and further explore the mechanism.

The present study showed that pre-treatment ALBI grade
can be an independent prognostic factor in SCLC, of which
the mechanisms may be associated with the immune inflam-
matory responses, nutrition and the response to chemotherapy.
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