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Purpose: Evidence regarding the relationship between albumin-to-alkaline phosphatase

ratio (AAPR) and overall survival (OS) in extensive-disease small-cell lung cancer (ED-

SCLC) patients is limited. This study aimed to investigate whether AAPR was independently

related to OS in ED-SCLC patients after adjusting for potential covariates.

Patients and Methods: This was a retrospective cohort study of 224 patients with ED-

SCLC. The target independent and dependent variables were pretreatment AAPR and OS,

respectively. Covariates included age; sex; Eastern Cooperative Oncology performance status

score; smoking history; existence of metastasis to organs such as the bone, lung, liver, brain,

malignant plural effusion and others; sum of organ metastasis (≤3, >3), evaluation of first-

line treatment; and sum of treatment lines (<2, ≥2). Student’s t test or chi-squared test was

used to analyze the associations between AAPR and clinical characteristics. Kaplan–Meier

survival analysis and Cox’s proportional hazards regression model were used to assess the

prognostic value of AAPR for OS.

Results: The average patient age was 60.51±8.73 years, and 87.95% were men. A non-linear

relationship between AAPR and OS was detected, with an inflection point of 0.35. The

hazard ratios (HRs) of the left (AAPR <0.35) and right sides (AAPR ≥0.35) of inflection

point were 0.04 (95% CI=0.00–0.70, p=0.0268) and 0.52 (95% CI=0.16–1.64, p=0.2659),

respectively. Kaplan–Meier analysis showed a median OS of 9.73 months (95%

CI=8.6–12.33) for AAPR <0.35 and 13.7 months (95% CI=11.43–16.37) for AAPR ≥0.35

(log-rank p<0.0001). The Cox proportional hazards model showed that AAPR <0.35

increased the risk of death after adjusting for potential confounders (HR=1.65, 95%

CI=1.11–2.46). In subgroup analysis, the trends of HRs were increased across all subgroups

with AAPR <0.35 after stratification.

Conclusion: Pretreatment AAPR might be served as an independent prognostic indicator in

ED-SCLC patients. Our findings should be further validated in large-scale and prospective

clinical trials.
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Introduction
Lung cancer remains the leading cause of cancer-related death worldwide.1 While

small-cell lung cancer (SCLC) is a less common subtype, accounting for only

approximately 10–15% of all lung cancer cases, it tends to be aggressive, thus

making it a treatment challenge. The prognosis of SCLC remains poor, particularly

Correspondence: Aiping Zeng
Department of Respiratory Oncology,
Guangxi Medical University Affiliated
Tumor Hospital, No. 71 Heti Road,
Nanning City 530021, Guangxi Zhuang
Autonomous Region, People’s Republic of
China
Tel +86 771 5334955
Fax +86 771 5300613
Email zengaipingone@sina.com

Cancer Management and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 2015–2024 2015

http://doi.org/10.2147/CMAR.S247967

DovePress © 2020 Zhou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ o

n 
09

-M
ar

-2
02

2
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-5471-4231
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


in patients with extensive disease (ED). Although the

response rate of ED-SCLC in the first-line treatment set-

ting can reach 60–65%, the median overall survival (OS)

rarely reaches more than 1 year.2 Thus recently, there has

been increasing interest in pre- and posttreatment prognos-

tic predictors. It is crucial to identify prognostic markers in

order to predict survival and help in clinical decision-

making. Better patient stratification according to treatment

outcomes can help physicians provide more optimal

treatment.

The TNM staging system of the American Joint

Committee on Cancer has been widely used for most cancer

types owing to its predictive capabilities3; however, it cannot

further discriminate cancer patients who are in the advanced

stage. For SCLC, as a distinct entity from non-small cell lung

cancer (NSCLC), the Veterans Administration Lung Study

Group is more commonly used for staging limited and exten-

sive disease. In addition, it also has been previously estab-

lished that performance status (PS), tumor burden, or the

existence of organ metastasis, such as brain, bone, or liver

metastasis, were closely related to unfavorable prognosis.4,5

However, outcomes markedly vary between patients, even

between those with similar clinicopathological features.

Blood-based markers, such as the albumin-to-gamma-

glutamyl transferase ratio,6 neutrophil-to-lymphocyte

ratio,7 and platelet-to-albumin ratio,8 have been well estab-

lished to be reliable prognostic indicators in an increasing

number of cancer types. Further, they can be obtained

rapidly, and the tests are cost-effective. As another blood-

based marker, the albumin-to-alkaline phosphatase ratio

(AAPR) has already been reported to be a novel indicator

for the prognosis of hepatocellular carcinoma in 2015.9

Further, it was later found to be associated with the prog-

nosis of several other cancer types.10,14 However, to our

best knowledge, its prognostic value in patients with ED-

SCLC has never been studied. Therefore, the present study

aimed to investigate whether AAPR was independently

correlated to OS in patients with ED-SCLC.

Materials and Methods
Study Design and Patients
This was a retrospective cohort study that used AAPR and

OS as the target-independent and -dependent variable, respec-

tively. AAPR was obtained when the patients were initially

diagnosed before receiving any anti-cancer treatment. The OS

information was obtained by regular follow-up and then

defined as dichotomous variable (1=dead; 0=alive).

We evaluated consecutive patients with ED-SCLC who

were admitted to Guangxi Medical University Affiliated

Tumor Hospital, Guangxi Province City, China between

March 5, 2009 and August 31, 2018. The inclusion criteria

were histologically confirmed diagnosis of SCLC; extensive

disease of SCLC identified by positron emission tomography

(PET)-computed tomography (CT), or enhancedCTcombined

with bone emission computed tomography (ECT) scan and

then staged according to the staging system of the Veterans

Administration Lung Study Group, and availability of clinical

electronic data before any anti-cancer treatment. The exclusion

criteria were concurrent or secondary malignancies; having

a combination of disease, such as hepatitis, cholecystitis, and

nephrotic syndrome that may potentially interfere with the

outcome analysis; active infection such as obstructive pneu-

monia requiring anti-biotic treatment; or bone fractures. In

total, 224 patients were included in the study. They were

further categorized according to an AAPR cutoff of 0.35.

This study was approved by the Ethics Committee of

Guangxi Medical University Affiliated Tumor Hospital.

The need for informed consent was waived owing to the

retrospective nature of the study.

Data Collection
Data were collected from the hospital’s electronic medical

record system. All data were anonymized to ensure priv-

acy. The independent variable AAPR was calculated as the

ratio of ALB to ALP, information on both of which was

obtained from the hospital database at the time of hospi-

talization. The dependent variable OS was calculated from

the date of ED-SCLC diagnosis to the date of death or the

last follow-up. The follow-up interval was every 2 months.

The last follow-up was on August 31, 2019.

The covariates used in this study were classified as fol-

lows: (1) sociodemographic data; (2) clinicopathological data;

and (3) variables that may influence AAPR or OS based on

previous literatures; Therefore, the following variables were

used to construct the fully adjusted model: age, sex, Eastern

Cooperative Oncology Group Performance Status (ECOG-

PS), smoking history, type of metastasis (bone, lung, liver,

brain, adrenal gland, other organs) or malignant pleural effu-

sion, sum of organ metastasis (≤3, >3), efficacy of first-line

therapy, and sum of treatment lines (<2, ≥2).
ECOG-PS was used to evaluate the patients’ physical

status. Non-smokers were defined as those who had

smoked no more than 100 cigarettes in their lifetime and

smokers as those who had stopped smoking for <1 year or

who are current smokers before diagnosis.
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Statistical Analysis
Descriptive statistics were presented as mean ±SD for con-

tinuous variables and as frequency (%) for categorical vari-

ables. Either Student’s t test or Kruskal Wallis H-test was

used depending on whether the continuous variables showed

normal or skewed distribution. The Student’s t test and the

Pearson’s chi-square test were used to assess the continuous

variables and categorical variables, respectively. Fisher’s

exact test was applied if theoretical frequency existing in

cells of 2x2 tables was less than 5. However, if the frequency

in 25% of cells in table >2x2 was less than 5, the Freeman-

Halton extension of Fisher’s test was used for the

comparisons.15 The relationship between pretreatment

AAPR, clinicopathological features and OS were analyzed

using logistic regression analyses. The effects of AAPR on

OS were evaluated using Kaplan–Meier curves (Log rank

test). The hazard ratios (HRs) and 95% confidence intervals

(CIs) for the risk of death associated with AAPR and each

subgroup as defined according to the AAPR cutoff value

(dichotomous variable) were estimated using Cox propor-

tional hazards models with adjustment for pertinent vari-

ables. The criteria for selection of variables used for

adjustment was that if the change in the effect estimate

was more than 10% after an adjusted variable or P value

in the univariable analysis was less than 0.05, this variable

should be adjusted in Cox proportional hazards models. To

address for nonlinearity of AAPR and overall survival,

a Cox proportional hazards regression model with cubic

spline functions and smooth curve fitting (penalized spline

method) was performed.16,17 If nonlinearity was found, we

first calculated the inflection point using recursive algorithm,

and then constructed a two-piecewise Cox proportional

hazards model on both sides of the inflection point.

Subgroup analyses were also performed according to the

identified covariates. A two-tailed p<0.05 was considered

statistically significant in all analyses. Data were analyzed

using the statistical package R version 3.4.3 (R Foundation

for Statistical Computing, Vienna, Austria) and Empower

(X&Y Solutions, Inc. Boston, Massachusetts).

Results
Clinical Characteristics of Selected

Patients
The average patient age was 60.51± 8.73 years, and 87.95%

were men. There were no significant differences in age;

smoking history; ECOG PS; existence of bone, lung, brain,

liver metastasis and malignant pleural effusion; sum of

metastatic organs; first-line treatment efficacy, and sum of

treatment lines between the patients in the AAPR <0.35 and

those in the AAPR ≥0.35 groups (all p>0.05). However, there

were moremale patients in the AAPR<0.35 group (p=0.034).

The patient characteristics are shown in Table 1.

Table 1 Baseline Clinicopathological Features in the Present

Extensive SCLC Cohort (n=224)

Groups N AAPR P Value

<0.35

(n=53)

≥0.35

(n=171)

Age 224 60.57 ± 8.76 60.49 ± 8.75 0.651

Age Group 0.599

<60 100 22 (41.51%) 78 (45.61%)

≥60 124 31 (58.49%) 93 (54.39%)

Sex 0.034

Male 197 51 (96.23%) 146 (85.38%)

Female 27 2 (3.77%) 25 (14.62%)

Smoking History 0.592

Never 40 8 (15.09%) 32 (18.71%)

Ever 179 43 (81.13%) 136 (79.53%)

Unknow 5 2 (3.77%) 3 (1.75%)

ECOG 0.259

0–1 170 40 (75.47%) 130 (76.02%)

≥2 31 10 (18.87%) 21 (12.28%)

Unknown 23 3 (5.66%) 20 (11.70%)

Bone Metastasis 0.052

No 159 32 (60.38%) 127 (74.27%)

Yes 65 21 (39.62%) 44 (25.73%)

Lung Metastasis 0.310

No 161 41 (77.36%) 120 (70.18%)

Yes 63 12 (22.64%) 51 (29.82%)

Brain Metastasis 0.244

No 187 47 (88.68%) 140 (81.87%)

Yes 37 6 (11.32%) 31 (18.13%)

Liver Metastasis 0.069

No 169 35 (66.04%) 134 (78.36%)

Yes 55 18 (33.96%) 37 (21.64%)

Adrenal Gland Metastasis 0.112

No 187 48 (90.57%) 139 (81.29%)

Yes 37 5 (9.43%) 32 (18.71%)

Malignant Pleural Effusion 0.626

No 154 35 (66.04%) 119 (69.59%)

Yes 70 18 (33.96%) 52 (30.41%)

Sum of Metastatic Organs 0.081

<2 137 27 (50.94%) 110 (64.33%)

≥2 87 26 (49.06%) 61 (35.67%)

(Continued)
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Nonlinearity of AAPR and Risk of Death

in Patients with ED-SCLC
Smooth curve and the result of Cox proportional hazards

regression model with cubic spline functions showed

a non-linear relationship between AAPR and the risk of

death after adjusting for age, sex, ECOG PS, smoking

history, existence of metastasis (bone, lung, liver, brain)

and malignant plural effusion, sum of organ metastasis

(≤3, >3), efficacies of first-line treatment, and sum of

treatment lines(<2, ≥2) (Figure 1). Using two-piecewise

Cox proportional hazards model and recursive algorithm,

we calculated the inflection (cut-off) point to be 0.35. On

the left side of the inflection point, the hazard ratio (95%

CI) was 0.04 (0.00–0.70) (p=0.0268). On the right side of

inflection point, the hazard ratio (95% CI) was 0.52 (0.-

16–1.64) (p=0.2659).

Univariate Analysis of the Relationship

Between AAPR and the Risk of Death in

Patients with ED-SCLC
The results of univariate analyses are shown in Table 2. The

univariate Cox proportional hazards model showed that age

≥60 years, male sex, smoking history, ECOG PS ≥2, exis-
tence of organ metastasis, stable disease (SD) and disease of

progression (PD) of first-line treatment, and sum of metas-

tasis organs ≥2 were unfavorable predictors for OS in

patients with ED-SCLC. Interestingly, we also noted that

female seemed to be a favorable predictor if the AAPR was

≥0.35, with an HR of 0.65 (95% CI=0.37–1.15). However,

female was associated with a risk of death in those with

AAPR <0.35, with an HR of 3.92 (95% CI=0.89–17.21).

Unadjusted and Adjusted Cox

Proportional Hazards Model
We developed three models to identify the independent

effects of AAPR on OS (univariate and multivariate Cox

proportional hazards model). The HR and 95% CI are

listed in Table 3. In the unadjusted model (model 1), the

model-based effect size can be explained as the difference

in the association with OS according to the AAPR groups

(<0.35 and ≥0.35). The HR of 1.55 (95% CI=1.07–2.25,

p<0.05) in the unadjusted model indicates that AAPR

<0.35 is associated with 55% higher risk of death com-

pared with AAPR ≥0.35. In the fully adjusted model

(model 3, adjusted all covariates presented in Table 1),

the AAPR <0.35 group had an HR of 1.51 (95%

CI=1.04–2.21, p=0.0325), while the APPR ≥0.35 group

had an HR of 1.65\ (95% CI=1.11–2.46, p=0.014).

Figure 2 shows the Kaplan–Meier OS curves stratified by

AAPR cutoff. The median OS in the AAPR <0.35 and the

AAPR ≥0.35 groups was 9.73 months (95% CI=8.6–12.33)

and 13.7 months (95% CI=11.43–16.37), respectively, with

significant difference (log-rank p=0.019).

Subgroup Analysis
AAPR was negatively associated with the risk of death in

patients with ED-SCLC. To further understand this nega-

tive association, subgroup analyses were performed after

Table 1 (Continued).

Groups N AAPR P Value

<0.35

(n=53)

≥0.35

(n=171)

Efficacy of First-line

Treatment

0.076

PR 106 28 (52.83%) 78 (45.61%)

SD 37 11 (20.75%) 26 (15.20%)

PD 13 5 (9.43%) 8 (4.68%)

Unknown 68 9 (16.98%) 59 (34.50%)

Sum of Treatment Lines 0.342

First-line 163 42 (79.25%) 121

(70.76%)

Second-line 43 9 (16.98%) 34 (19.88%)

Third-line or more 18 2 (3.77%) 16 (9.36%)

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; SCLC, small-cell

lung cancer; ECOG PS, Performance Status of East Cooperative Oncology

Group; PR, partial response; SD, stable disease; PD, disease progression.

Figure 1 The adjusted smoothed plots between pretreatment AAPR and overall

survival of ED-SCLC patients based on two-piece-wise regression model. The solid

line and dashed line represent the estimated values and their corresponding 95%

confidence intervals. The inflection point of the curve was 0.35.
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stratification using potential covariates listed in Table 1.

The HR and 95% CI are listed in Table 4. Compared to the

AAPR ≥0.35 group, the trends of the HRs were increased

across all subgroups after stratification in the AAPR <0.35

group. There were significant differences in the risk of

death according to age ≥60, female sex, ECOG PS 0–1,

existence of metastasis to the liver or adrenal gland, sum

of metastatic organs ≥2, and PD at first-line treatment (all

Table 2 Univariate Cox Regression Analysis of Prognostic Factors for Overall Survival in ED-SCLC

N AAPR < 0.35 AAPR ≥ 0.35 Total

Age Group

<60 100 1.0 1.0 1.0

≥60 124 1.54 (0.79, 2.99) 0.2044 1.08 (0.74, 1.59) 0.6859 1.21 (0.87, 1.69) 0.255

Sex

Male 197 1.0 1.0 1.0

Female 27 3.92 (0.89, 17.21) 0.0699 0.65 (0.37, 1.15) 0.1366 0.75 (0.44, 1.27) 0.285

Smoking History

Never 40 1.0 1.0 1.0

Ever 179 0.83 (0.36, 1.92) 0.6667 1.40 (0.86, 2.30) 0.1783 1.23 (0.80, 1.88) 0.340

Unknow 5 3.29 (0.64, 16.97) 0.1551 1.58 (0.47, 5.34) 0.4600 1.97 (0.76, 5.15) 0.164

ECOG

0–1 170 1.0 1.0 1.0

≥2 31 1.21 (0.37, 4.00) 0.7529 1.25 (0.71, 2.21) 0.4457 1.27 (0.76, 2.12) 0.366

Bone Metastasis

No 159 1.0 1.0 1.0

Yes 65 1.25 (0.65, 2.41) 0.5064 1.41 (0.84, 2.36) 0.1890 1.32 (0.88, 1.98) 0.184

Brain Metastasis

No 187 1.0 1.0 1.0

Yes 37 1.54 (0.54, 4.44) 0.4193 0.94 (0.49, 1.82) 0.8581 1.05 (0.60, 1.83) 0.876

Lung Metastasis

No 161 1.0 1.0 1.0

Yes 63 1.14 (0.50, 2.63) 0.7503 1.16 (0.69, 1.94) 0.5703 1.15 (0.75, 1.79) 0.523

Liver Metastasis

No 169 1.0 1.0 1.0

Yes 55 2.69 (1.28, 5.67) 0.0091 2.11 (1.20, 3.70) 0.0092 2.35 (1.51, 3.64) 0.0001

Adrenal Gland Metastasis

No 187 1.0 1.0 1.0

Yes 37 4.47 (1.27, 15.80) 0.0200 1.88 (0.97, 3.66) 0.0616 2.15 (1.20, 3.86) 0.01

Malignant Pleural Effusion

No 154 1.0 1.0 1.0

Yes 70 1.54 (0.78, 3.05) 0.2134 1.50 (0.93, 2.44) 0.0998 1.50 (1.01, 2.23) 0.042

Efficacy of First-Line Treatment

PR 106 1.0 1.0 1.0

SD 37 1.68 (0.70, 4.06) 0.2480 1.55 (0.91, 2.64) 0.1073 1.60 (1.01, 2.52) 0.043

PD 13 18.19 (4.99, 66.33) <0.0001 1.27 (0.46, 3.55) 0.6462 2.51 (1.19, 5.30) 0.016

Sum of Metastasis Organs

<2 137 1.0 1.0 1.0

≥2 87 1.98 (1.04, 3.77) 0.0382 1.23 (0.82, 1.83) 0.3180 1.41 (1.01, 1.98) 0.043

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; ED-SCLC, extensive-disease small-cell lung cancer; ECOG PS, Performance Status of

East Cooperative Oncology Group; PR, partial response; SD, stable disease; PD, disease progression.
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p<0.05). The estimated HRs and its 95% CIs of subgroups

were presented using a forest plot (Figure 3).

Discussion
The prognosis of patients with ED-SCLC remains poor,

with a median OS of only 9–11 months.2 Identifying the

patients with high risk of poor prognosis is crucial in the

management of ED-SCLC. Accordingly, exploration and

identification of prognostic indicators are important. To the

best of our knowledge, this retrospective study was the

first to investigate the association between AAPR and OS

in patients with ED-SCLC. We found that pretreatment

AAPR was an independent factor for prognosis, and thus

it may be considered as a prognostic indicator among

patients with ED-SCLC in clinical practice.

Albumin and alkaline phosphatase, both of which are

important indicators of liver function, have been routinely

evaluated at different timepoints during diagnosis, treatment,

and follow-ups. Albumin as an indicator for assessing the

nutritional status is specifically synthesized by the liver.

Hypoalbuminemia not only reflects impaired liver functions

but also the protein consuming capacity caused by various

diseases, particularly by aggressively growing tumor types.18

Meanwhile, hypoalbuminemia may impair the metabolism

and the function of immune cell, stabilization of cell growth,

andmaintenance of biochemical diversity, which subsequently

Table 3 Multiple Cox Regression Analysis of AAPR in Patients

with Extensive-disease SCLC Unadjusted Model

AAPR N With

Outcome

Numbers

(n)

Unadjusted Fully Adjusted

≥0.35 171 104 1.0 1.0

<0.35 53 39 1.55 (1.07, 2.25)

0.02

1.65 (1.11, 2.46)

0.014

Note: Unadjusted model adjusts for none. Fully adjusted model adjusts for age;

sex; smoking History; ECOG PS; sum of metastasis organs; efficacy of first-line

therapy; sum of treatment lines.

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; ED-SCLC, extensive-dis-

ease small-cell lung cancer; ECOGPS, PerformanceStatusof EastCooperativeOncologyGroup.

Figure 2 Kaplan–Meier curves of overall survival in patients with extensive SCLC stratified by AAPR.
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results in weakened immunity, occurrence of infectious

lesions, and a poor response to anti-cancer treatment.19 ALP

as a member of hydrolase enzymes is ubiquitously expressed,

but at a higher level, in the liver, bile duct, bone, and kidneys.

It has been reported that ALP level is closely associated with

bone metastasis and liver and kidney diseases.20–22 ALP has

also been reported to be a regulator of immune response and

inflammatory signaling pathway.23 Additionally, some studies

established that cancer cells can express ALP and that ALP is

involved in tumor growth regulation, metastasis, and

progression.24 Thus, its potential prognostic values in cancer

patients beyond bone metastasis or hepatocellular carcinoma

(HCC) should be explored.

Chan et al firstly reported that AAPR was an independent

prognostic indicator for OS and disease-free survival in HCC

patients in 2015.9 Since then, AAPR as a novel prognostic

candidate has been reported in various cancer types, such as

nasopharyngeal carcinoma,14,25 cholangiocarcinoma,12 non-

small cell lung cancer,11 and renal cell carcinoma.10

Consistent with previous studies, we found that decreased

AAPR was closely correlated to poor clinical outcomes.

Notably, the cut-off point of AAPR for predicting prognosis

may differ among different cancer types. The appropriate

AAPR cut-off point might even differ according to the dis-

ease status for the same disease. For example, Li et al used

a cut-off point of 0.61 to analyze the prognostic significance

of AAPR in limited-stage SCLC patients who received defi-

nitive chemotherapy and radiotherapy.26 Another study

found that an AAPR cut-off point of 0.36 was suitable for

predicting OS in patients with advanced NSCLC.11 Thus, the

optimal cut-off point should be further investigated accord-

ing to the specific cancer types.

Generally, the optimal cut-off values can be determined

by three methods. The first one involves using a biostatistical

software to automatically calculate the cut-off values, such as

Cutoff Finder and X-tile. The second one entails using the

ROC curve to find the optimal cut-off point based on the

values for sensitivity and specificity. ROC curve relies on

sensitivity and specificity and is widely used in diagnostic

research and for the evaluation of efficiency of various pre-

dictive models. The third-one requires using the cubic spline

functions and smooth curve fitting combined with flection-

point calculation, which can directly exhibit the relationship

between dependent and independent variables.16 It can show

the threshold effect and saturation effect simultaneously.

Moreover, smooth curve fitting and threshold/saturation

effect can be adjusted by variables. In the present study, we

Table 4 Subgroup Analysis Using Potential Confounders as the

Stratification Variables

AAPR N HR (95% CI) P value

Age Group

<60 100 1.23 (0.67, 2.23) 0.504

≥60 124 1.78 (1.10, 2.89) 0.019

Sex

Male 197 1.40 (0.95, 2.06) 0.085

Female 27 6.64 (1.28, 34.53) 0.024

Smoking History

Never 40 2.49 (0.99, 6.24) 0.051

Ever 179 1.36 (0.90, 2.08) 0.148

Unknown 5 4.22 (0.37, 47.52) 0.244

ECOG

0–1 170 1.64 (1.08, 2.48) 0.020

≥2 31 1.13 (0.37, 3.51) 0.827

Unknow 23 1.97 (0.53, 7.30) 0.313

Bone Metastasis

No 159 1.41 (0.87, 2.29) 0.166

Yes 65 1.76 (0.96, 3.20) 0.066

Liver Metastasis

No 169 1.22 (0.78, 1.91) 0.387

Yes 55 2.75 (1.34, 5.64) 0.006

Brain Metastasis

No 187 1.37 (0.92, 2.06) 0.124

Yes 37 2.37 (0.91, 6.15) 0.076

Adrenal Gland Metastasis

No 187 1.41 (0.94, 2.10) 0.095

Yes 37 2.90 (1.03, 8.13) 0.043

Lung Metastasis

No 161 1.40 (0.92, 2.15) 0.117

Yes 63 1.80 (0.84, 3.87) 0.133

Others Organs Metastasis

No 190 1.41 (0.95, 2.09) 0.087

Yes 34 3.47 (1.11, 10.84) 0.033

Sum of Metastatic Organs

<2 137 1.28 (0.77, 2.14) 0.345

≥2 87 1.85 (1.07, 3.21) 0.029

Efficacy of First-Line Therapy

PR 106 1.51 (0.87, 2.61) 0.14

SD 37 1.67 (0.68, 4.10) 0.26

PD 13 6.60 (1.16, 37.57) 0.033

Unknow 68 2.37 (1.13, 4.95) 0.022

Sum of Treatment Lines

1 163 1.35 (0.88, 2.09) 0.170

2 43 1.79 (0.78, 4.10) 0.171

≥3 18 4.75 (0.86, 26.26) 0.074

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; ECOG PS,

Performance Status of East Cooperative Oncology Group; PR, partial response;

SD, stable disease; PD, disease progression; HR, hazard ratio; CI, confidence

interval.
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choose the third method to elucidate the relationship between

AAPR and OS.

Univariate analysis showed an increased risk of death in

patients who are elderly, male, have smoking history, and

have organ metastasis regardless of the AAPR value.

Meanwhile, female seemed to be a favorable predictor of

prognosis if the AAPR was ≥0.35, with an HR 0.65 (95%

CI=0.37–1.15). However, when the AAPR was <0.35, fema-

lebecame an unfavorable predictor of the risk of death, with

an HR of 3.92 (95% CI=0.89–17.21, p=0.1366). Contrary

results were also found in patients with brain metastasis and

an AAPR of ≥0.35 (HR=0.94, 95% CI=0.49–1.82,

p=0.8581) and in patients without brain metastasis but with

an AAPR of <0.35 (HR=1.54, 95% CI=0.54–4.44,

p=0.4193). The inconsistent results may be attributed in

part to the small number of patients after stratification.

To further identify the prognostic value of AAPR in

ED-SCLC, we conducted subgroup analysis according to

6420

Summary

 ≥ 3

2

1

Total of line numbers

PD

SD

PR

Evaluation of 1st-line

 ≥ 2

< 2

Number of metastatic organs

Yes

No

Other Mets

Yes

No

Lung Mets

Yes

No

Adrenal gland Mets

Yes

No

Brain Mets

Yes

No

Liver Mets

Yes

No

Bone Mets

 ≥ 2

0-1

ECOG PS

Ever

Never

Smoking History

Female

Male

Gender

Age   ≥ 60

Age < 60

Age

1.23 (0.67, 2.33)

1.78 (1.10, 2.89)

1.40 (0.95, 2.06)

6.64 (1.28, 34.53)

2.49 (0.99, 6.24)

1.36 (0.90, 2.08)

1.64 (1.08, 2.48)

1.13 (0.37, 3.51)

1.41 (0.87, 2.29)

1.76 (0.96, 3.20)

1.22 (0.78, 1.91)

2.75 (1.34, 5.64)

1.37 (0.92, 2.06)

2.37 (0.91, 6.15)

1.41 (0.94, 2.10)

2.90 (1.03, 8.13)

1.40 (0.92, 2.15)

1.80 (0.84, 3.87)

1.41 (0.95, 2.09)

3.47 (1.11, 10.84)

1.28 (0.77, 2.14)

1.85 (1.07, 3.21)

1.51 (0.87, 2.61)

1.67 (0.68, 4.10)

6.60 (1.16, 37.57)

1.35 (0.88, 2.09)

1.79 (0.78, 4.10)

4.75 (0.86, 16.26)

1.55 (1.07, 2.51)

HR   (95% CI)

AAPR ≥ 0.35 AAPR < 0.35

Figure 3 The association between AAPR and the risk of death in various sub-groups in the present extensive SCLC study.
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the identified covariates and found that lower AAPR was

associated with poor OS across all subgroups. The ten-

dency remained unchanged after adjusting for the covari-

ates, indicating that AAPR was an independent predictor

of prognosis of ED-SCLC. Interestingly, we found that

compared with patients without bone metastasis, the risk

of death was increased by 71% in patients with bone

metastasis. The HR was 1.71, which was lower than in

those who had metastasis in other organs beyond the bone,

such as the liver, lung, or brain. This indicated that the

clinical outcomes differ between those with bone metas-

tasis and those with metastasis to internal organs.

Our study has several strengths. First, to our best

knowledge, this is the first study to validate the predictive

value of AAPR for OS in patients with ED-SCLC. The

findings of this study should be helpful for future research

on the establishment of diagnostic or predictive models of

OS in these patients. Second, because this was an observa-

tional study and therefore susceptible to potential con-

founding, we used strict statistical adjustment to

minimize residual confounders to elucidate the association

between AAPR and OS. Third, we conducted a subgroup

analysis to verify our results in certain subgroups and to

enhance the robustness of the results. Finally, we evaluated

ALB and ALP and other covariates that can be easily

determined in clinical practice.

However, this study also has some limitations. First, this

was a retrospective study conducted in a single institute, and

we did not include an independent and prospective cohort to

validate the prognostic value of AAPR. Second, we exclu-

sively evaluated patients with ED-SCLC, and thus the gen-

eralizability of our findings is limited. Third, because we

excluded patients who had concurrent liver or renal diseases

as these conditions may influence the ALB or ALP, our

study findings also cannot be applied for these patients.

Lastly, some variables including comorbidity scores (such

as the Charlson comorbidity index) and biochemical mar-

kers (such as lactate dehydrogenase, C-reactive protein, and

coagulation index), that may also influence OS, were not

included for analysis due to missing data. Further studies

with larger sample sizes and a multi-center and prospective

design are needed.

Conclusion
Our findings indicated that pretreatment AAPR influences

OS in patients with ED-SCLC and thus has the potential to

be a novel prognostic indicator for these patients.

Abbreviations
AAPR, albumin-to-alkaline phosphatase ratio; CI, confi-

dence interval; ECOG, Eastern Cooperative Oncology

Group Performance Status; ECT, emission computer tomo-

graphy; ED, extensive disease; ED-SCLC, extensive-

disease small-cell lung cancer; HRs, hazard ratios; HCC,

hepatocellular carcinoma; OS, overall survival; PS, perfor-

mance status; SCLC, small-cell lung cancer.
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