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Purpose: Small-cell lung cancer (SCLC) is known as the characteristics of high invasion,
rapid progression, and poor prognosis. Therefore, identification of patients with high risk of
progression and death is critical to improve the survival of patients with extensive-stage
SCLC (ES-SCLC). This study was designed to determine the prognostic importance of the
albumin-to-alkaline phosphatase ratio (AAPR) in the survival of patients with ES-
SCLC and to develop a nomogram based on AAPR dynamics for ES-SCLC prognosis.
Patients and Methods: Characteristics were reviewed from 300 patients with ES-SCLC.
Training and validation cohorts included 200 and 100 patients, respectively. We applied
univariate and multivariate Cox models to assess the prognostic value of AAPR for ES-
SCLC. The nomogram for progression-free survival (PFS) and overall survival (OS) of ES-
SCLC patients was developed based on the multivariate survival analysis of the training
cohort. External validation of the established nomogram was performed using the validation
cohort.

Results: N3 stage, thoracic radiotherapy, and post-AAPR were the independent factors
identified for PFS. T stage, thoracic radiotherapy, and high post-AAPR were the independent
risk factors identified for death. The prognostic nomogram was established by integrating the
independent significant factors for PFS and OS in the training cohort with the c-indices of
0.675 and 0.662, respectively, and validated in the validation cohort. The nomogram had
superior prognosis prediction ability than did TNM stage. Decision curve analysis (DCA)
also indicated clinical net benefits from the nomogram.

Conclusion: AAPR was valuable for prognosis prediction in patients with ES-
SCLC and was recommended to be dynamically evaluated to guide patient treatment.
Additionally, the nomogram covering post-AAPR accurately predicted individual survival
probability.

Keywords: extensive-stage small-cell lung cancer; ES-SCLC, albumin-to-alkaline
phosphatase ratio; AAPR, dynamic, nomogram, prognosis prediction

Introduction

Small-cell lung cancer (SCLC) accounts for 10—15% of all lung cancer cases,' and
about 70% of patients with SCLC are in the extensive stage (ES).> The application
of targeted therapy and immunotherapy have greatly improved survival in patients
with NSCLC.** However, it is disappointing that the search for SCLC target drugs
has been unsuccessful.’ Improvements in progression-free survival (PFS) and
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overall survival (OS) of 1.1 and 2 months, respectively,
have been achieved by the additional application of atezo-
lizumab in ES-SCLC patients,® yet platinum-based che-
motherapy (platinum/etoposide) for 4-6 cycles is regarded
as the first-line standard treatment for ES-SCLC.” Despite
high initial response rates to first-line chemotherapy of
67% to 80%,* patients with ES-SCLC usually experience
disease relapse and distant metastasis within a short time-
frame, because of the extensive invasiveness property of
the disease. Disease progression also occurs in patients
who have not finished the planned treatment.® Therefore,
the identification of patients with a high risk of progres-
sion and death is crucial for the individualized manage-
ment and improvement of patient survival in patients with
ES-SCLC.

Nutritional status and inflammation of patients play vital
roles in carcinogenesis and prognosis of SCLC.>'
A decreased albumin (ALB) level
a surrogate parameter for malnutrition and systemic inflam-

is regarded as

mation, which are negative indicators for cancer patients.'’
Serum ALB is a reliable factor for survival of patients with
tumors including those arising from colorectal cancer,'’
lung cancer,'? breast cancer,’”” and gastric cancer.'!
Previous studies have found that pathological elevation of
alkaline phosphatase (ALP) is usually associated with liver
and kidney disease or bone metastasis.'> '’ Interestingly,
ALP plays a role in tumor growth, is closely associated with
inflammation,'®!°
SCLC patients.

Increasing amounts of evidence show the superiority of

and is regarded as a prognostic factor for

combined indices over simple markers for survival predic-

tion, likely because of tumor heterogeneity and
complexity.20 The incorporated index of albumin-to-
alkaline phosphatase ratio (AAPR) has prognostic value
in hepatocellular carcinoma and nasopharyngeal carci-
noma, and was more powerful than simple ALB or
ALP>"** However, the systemic and tumor status is
dynamic during tumor development and treatment.
Previous studies have mostly focused on baseline para-
meters as prognostic markers and have ignored the value
of dynamic AAPR, which might be more informative and
precise.?'** The prognostic ability and complementary
value of dynamic AAPR to TNM stage for the survival
of patients with ES-SCLC remains unclear.

TNM stage, the traditional prognostic factor for
patients with malignant tumors, only represents tumor
burden.”® Recently, integration of AAPR with the TNM

staging system was shown to have superior predictive

accuracy to TNM stage alone.”’ Nomograms, graphic
illustrations of a statistical model, have been developed
in lung,?* breast,”” and other cancers® for prognosis esti-
mation. Importantly, the nomogram based on clinicopatho-
logical characteristics could predict the survival of cancer
patients more accurately than could the TNM staging
system. Thus, nomograms based on dynamic AAPR
might be able to provide individualized prognostic estima-
in ES-SCLC patients
approaches.

tions to optimize treatment

This study was designed to analyze the prognostic
value of dynamic AAPR in ES-SCLC patients, and to
establish and validate nomogram based on dynamic

AAPR for prognosis of ES-SCLC.

Patients and Methods
Study Population

We reviewed medical record of patients diagnosed with
ES-SCLC according to the Veterans Administration Lung
Study Group (VALSG) staging system in Shandong
Cancer Hospital from January 2013 to May 2018.
Patients who met the following criteria were enrolled in
the study: 1) pathological diagnosis of SCLC; 2) imaging
diagnosis of ES-SCLC; 3) cisplatin/etoposide as first-line
treatment was tolerated well; and 4) available medical
records. Exclusion criteria were: 1) patients who were
initially diagnosed as limited-stage SCLC (LS-SCLC)
and progressed to ES-SCLC; and 2) other primary cancers
diagnosed before or after SCLC. Finally, 300 patients with
ES-SCLC were included, 200 of which were used as the
training cohort, and the remaining 100 were used as the
validation cohort. Our study was performed in accordance
with the principles of the 1975 Declaration of Helsinki and
its later amendments or comparable ethical standards, and
was approved by the Ethics Committee of Shandong
Cancer Hospital (No. SDTHEC201808005). Due to the
retrospective nature of the study and the fact that no case
details were shown, informed consent was waived by the
Ethics Committee of Shandong Cancer Hospital. All data
was kept confidential.

Data Collection

All data were collected using uniform database templates
to ensure consistency. The medical records of all patients
were reviewed with respect to laboratory serum ALB and
ALP, and the clinical factors, including age, gender, body
mass index (BMI) at diagnosis (calculated by weight and
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Table | Patients Characteristics in Training Cohort and Table | (Continued).
Validation Cohort
Variables No. of Patients (%) p-value Variables No. of Patients (%) p-value
Training Validation Zra}l‘mr::g \CIaI;Idat':lon
Cohort Cohort onor onor
Pre-ALB 0.16
Age 025 r(140 56 (28% 36 (36%
<60 100 (50%) 43 (43%) N (28%) (36%)
>40 144 (72%) 64 (64%)
260 100 (50%) 57 (57%)
Pre-ALP 0.16

Sex 0.29

<100 89 (44.5%) 36 (36%)

Male 157 (78.1%) 73 (73%) 100 (11 (55.5% 64 (64%

Female 43 (21.4%) 27 (27%) (55.:5%) (64%)
. Pre-AAPR 0.74

Marital 082 <0.52 126 (63% 61 (61%

Married 193 (96.5%) | 97 (97%) e (63%) (61%)
‘ >0.52 74 (37%) 39 (39%)
Unmarried 7 (3.5%) 3 (3%)
Post-ALB 0.06
BMI 0.72
<40 65 (32.5%) | 22 (22%)
BMI<I8.5 10 (5%) 3 (3%)
>40 135 (67.5%) | 78 (78%)
18.52BMI<25 116 (58%) 59 (59%)
BMI225 75 (37%) 38 (38%) Post-ALP 0.93
- <100 145 (72.5%) | 72 (72%)
Smoking History 0.39
>100 55 (27.5%) | 28 (28%)
No 68 (34%) 39 (39%)
Yes 132 (66%) 61 (61%) Post-AAPR 0.46
_ <0.52 105 (52.5%) | 48 (48%)
Smoking Index 0.87
>0.52 95 (47.5%) | 52 (52%)
<800 126 (63%) 62 (62%)
>800 74 (37%) 38 (38%) Abbreviations: KPS, Karnofsky performance score; BMI, body mass index; AAPR,
albumin-to-alkaline phosphatase ratio.

KPS 0.13
290 114 (57%) 66 (66%)
<90 86 (43%) 34 (34%)

height), marital status (married and unmarried [which

T Stage 0.99 . . . . . .
T2 82 (41%) 41 @1%) included single, divorced, and widowed]), smoking history
T3-T4 118 (59%) 59 (59%) and index, Karnofsky performance score (KPS), TNM

stage, brain, liver and bone metastasis, and thoracic radio-

N Stage 0.94
NO-N2 103 (51.5%) | 52 (52%) therapy. Pre-ALB and pre-ALP were defined as the serum
N3 97 (48.5%) 48 (58%) ALB and ALP levels before treatment, respectively. Post-

. . ALB and post-ALP were defined as the serum ALB and

Brain Metastasis 0.10
No 138 (69%) 78 (78%) ALP levels, respectively, after planned therapy for patients
Yes 62 (31%) 22 (22%) without progression during systemic treatment, and after

Liver Metastasis 06 progression for patients with progression before the end of
No 138 (69%) 70 (70%) planned systemic therapy. AAPR was calculated as the
Yes 62 (31%) 30 (30%) ratio of absolute ALB to absolute ALP.

Bone Metastasis 0.86 Tumor response was assessed based on the Response
No 138 (69%) 66 (66%) Evaluation Criteria in Solid Tumors (RECIST) version 1.1.
Yes 62 (31%) 34 (34%) PFS and OS were defined from the date of initial diagnosis

Thoracic Radiotherapy 0.44 to the date of progression and the date of death or the last
No 137 (68.5%) | 64 (64%) follow-up, respectively. PFS data were collected from
Yes 63 (31.5%) 36 (36%) medical records, and OS data were obtained through tele-

(Continued) phone follow-up.
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Table 2 Correlation Between AAPR and Patient Characteristics in Training Cohort

Pre-AAPR<0.52 Pre-AAPR>0.52 p-value Post-AAPR<0.52 Post-AAPR>0.52 p-value

Age 0.99 0.12
<60 63 (50%) 37 (50%) 47 (44.8%) 53 (55.8%)
260 63 (50%) 37 (50%) 58 (55.2%) 42 (44.2%)

Sex 0.27 0.59
Male 102 (81%) 55 (74.3%) 84 (80%) 73 (76.8%)
Female 24 (19%) 19 (25.7%) 21 (20%) 22 (23.2%)

Marital 0.21 0.31
Married 120 (95.2%) 73 (98.6%) 100 (95.2%) 93 (97.9%)
Unmarried 6 (4.8%) I (1.4%) 5 (4.8%) 2 (2.1%)

BMI 0.73 0.36
BMI<18.5 6 (4.8%) 3 (4.1%) 5 (4.8%) 4 (4.2%)
18.52BMI<25 76 (60.3%) 41 (55.4%) 66 (62.8%) 51 (53.7%)
BMI=25 44 (34.9%) 30 (40.5%) 34 (32.4%) 40 (42.1%)

Smoking History 0.80 0.85
No 42 (33.3%) 26 (35.1%) 33 (31.4%) 35 (36.8%)
Yes 84 (66.7%) 48 (64.9%) 72 (68.6%) 60 (63.2%)

Smoking Index 0.85 0.53
<800 80 (63.5%) 46 (62.2%) 64 (61%) 62 (65.3%)
2800 46 (36.5%) 28 (37.8%) 41 (39%) 33 (34.7%)

KPS 0.085 0.37
290 66 (52.4%) 48 (66%) 63 (60%) 51 (53.7%)
<90 60 (47.6%) 26 (34%) 42 (40%) 44 (46.3%)

T Stage 0.17 0.082
TI-T2 47 (33.3%) 35 (62.7%) 37 (35.2%) 45 (47.4%)
T3-T4 79 (62.7%) 39 (52.7%) 68 (64.8%) 50 (52.6%)

N Stage 0.15 0.41
NO-N2 60 (47.6%) 43 (52.4%) 57 (54.3%) 46 (48.4%)
N3 66 (52.4%) 31 (41.9%) 48 (45.7%) 49 (51.6%)

Brain Metastasis 0.51 0.64
No 89 (70.6%) 49 (66.2%) 74 (70.5%) 64 (67.4%)
Yes 37 (29.4%) 25 (33.8%) 31 (29.5%) 31 (32.6%)

Liver Metastasis 0.005 0.17
No 78 (61.9%) 60 (81.1%) 68 (64.8%) 71 (73.7%)
Yes 48 (38.1%) 14 (18.9%) 37 (35.2%) 24 (26.3%)

Bone Metastasis 0.06 0.89
No 81 (64.3%) 57 (77%) 72 (68.6%) 66 (69.5%)
Yes 45 (35.7%) 17 (23%) 33 (31.4%) 29 (30.5%)

Thoracic Radiotherapy 0.25 0.53
No 90 (71.4%) 47 (63.5%) 74 (70.5%) 63 (66.3%)
Yes 36 (28.6%) 27 (36.5%) 31 (29.5%) 32 (33.7%)

Abbreviations: KPS, Karnofsky performance score; BMI, body mass index; AAPR, albumin-to-alkaline phosphatase ratio.

Statistical Analysis

BMI was used to categorize patients into clinical group-
ings of less than 18.5 kg/m* (underweight), 18.5-25 kg/m?

(normal weight), greater than 25 kg/m” (overweight). The
were set as 40 g/L and 100

U/L, respectively, which represent the lower normal limit

ALB and ALP cut-off values

9046
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Table 3 Univariate and Multivariate Cox Models for PFS in Training Cohort

Variables Uni HR 95% CI p-value

Multi HR 95% CI p-value

Age
<60 |
260 0.98 0.73-1.31 0.87

Marital
Married |
Unmarried 1.29 0.57-2.93 0.54

BMI
BMI<I8.5 |
18.52BMI<25 1.21 0.56-2.61
BMI=25 1.04 0.47-2.25 0.55

Sex
Male |
Female 0.78 0.54-1.12 0.17

Smoking History
No |
Yes 1.08 0.79-1.47 0.64

Smoking Index
<800 |
2800 I.16 0.86—1.57 0.33

KPS
290 |
<90 1.03 0.76-1.39 0.85

T Stage
TI-T2 |
T3-T4 1.40 1.03-1.91 0.03

1.33 0.95-1.85 0.097

N Stage
NO-N2 |
N3 1.62 1.20-2.20 0.002

1.41 1.03-1.93 0.034

Brain Metastasis
No |
Yes 0.98 0.71-1.35 0.90

Liver Metastasis
No |
Yes 1.31 0.95-1.79 0.095

Bone Metastasis
No |
Yes 1.07 0.78-1.47 0.66

Thoracic Radiotherapy
No |
Yes 0.40 0.29-0.56 <0.001

0.40 0.29-0.56 <0.001

Pre-ALB
<40 |
>40 0.85 0.61-1.18 0.33

(Continued)
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Table 3 (Continued).

Variables Uni HR 95% CI

p-value Multi HR 95% ClI p-value

Pre-ALP
<100 |

>100 1.22 0.90-1.65

0.20

Pre-AAPR
<0.52 |

>0.52 0.21 0.50-0.95

0.021

Post-ALB
<40 |

>40 0.60 0.60-1.12

Post-ALP
<100 |

>100 1.39 1.00-1.93

0.049

Post-AAPR
<0.52 |

>0.52 0.61 0.45-0.82

0.001 0.67 0.49-0.92 0.013

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; BMI, body mass index; HR, hazard ratios; KPS, Karnofsky performance score; PFS, progression-free survival.

of ALB and upper normal limit of ALP. Receiver operat-
ing characteristic curve (ROC) was used to determine the
optimal AAPR cut-off value of 0.52, by setting OS as the
state variable. Patients in training and validation cohorts
were dichotomized into low and high groups according to
the cut-off values. The difference in variables between the
training and validation cohorts was evaluated using the
chi-square test. The chi-square test was also used to assess
the association between AAPR and patient characteristics.
We applied univariate and multivariate Cox models to
assess the independent prognostic values for PFS and OS
in ES-SCLC. Variables with p < 0.1 in univariate analyses
were included in multivariate Cox analyses. Results are
reported as hazard ratios (HR) with 95% confidence inter-
vals (95% ClIs). A two-sided p value < 0.05 was regarded
as statistically significant.

The nomogram for PFS and OS of ES-SCLC was per-
formed based on the results of multivariate survival analysis in
the training cohort. The established nomogram was validated
externally in the validation cohort using the “rms” package in
R version 3.4.4. The nomogram performance was assessed
using the Harrell’s concordance index (c-index) and calibration
curve. The c-index was calculated by bootstrapping with 100
samples to rank the discrimination, and calibration was
achieved by generating a plot of the predicted survival prob-
abilities against the actuarial outcome. Then, we used the like-
lihood ratio (LR) and Akaike information criterion (AIC) to

evaluate the discriminatory ability and veracity of the nomo-
gram models for prognostic factors. Decision curve analyses
(DCA) were performed to calculate the clinical net benefit
across a range of threshold probabilities for the models using
the package of “stdca” in R. All statistical analyses were
accomplished using SPSS (version 24.0; IBM Corp.,
Armonk, NY, USA) and R version 3.4.4 (R Foundation for
Statistical Computing, Vienna, Austria) and figures were gen-
erated using Graphpad Prism 7 (GraphPad Software Inc., La
Jolla, CA, USA).

Results

Patient Characteristics

With a median follow-up of 11.8 months, 148 and 66
patients in the training and validation cohorts, respectively,
had died. Patient characteristic are shown in Table 1. None
of the examined characteristics in validation cohort sig-
nificantly differed from those of the training cohort (p >
0.05). The majority of patients in our study were male with
smoking history, and 31.5% of patients in the training
cohort and 36% of patients in the validation cohort
received additional thoracic radiotherapy.

Survival-Related Prognostic Factors and

Multivariate Analyses in Training Cohort
The median PFS of patients in the training cohort was 6.9
months (95% CI 6.4-7.4 months), and the PFS rates at 6
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Table 4 Univariate and Multivariate Cox Models for OS in Training Cohort

Variables

Uni HR

95% ClI

p-value

Multi HR

95% CI

p-value

Age
<60
260

1.22

0.88-1.68

0.23

Sex
Male
Female

0.80

0.54-1.19

0.26

Marital
Married

Unmarried

1.06

0.43-2.58

0.91

BMI
BMI<I8.5
18.52BMI<25
BMI=25

0.83
0.74

0.40-1.72
0.35-1.55

0.89

Smoking History
No
Yes

1.13

0.80-1.59

0.49

Smoking Index
<800
2800

1.17

0.84-1.64

0.35

KPS
290
<90

1.13

0.82—-1.57

0.45

T Stage
TI-T2
T3-T4

1.67

1.19-2.30

0.003

1.60 1.13-2.28

0.008

N Stage
NO-N2
N3

1.36

0.98-1.87

0.068

Brain Metastasis
No
Yes

1.18

0.83-1.67

0.37

Liver Metastasis
No
Yes

1.51

1.06-2.15

0.022

Bone Metastasis
No
Yes

0.81

0.56-1.16

0.25

Thoracic Radiotherapy
No
Yes

0.46

0.32-0.67

<0.001

0.45 0.32-0.66

<0.001

Pre-ALB
<40
>40

0.74

0.52-1.06

0.099

(Continued)
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Table 4 (Continued).

Variables Uni HR 95% CI

p-value Multi HR 95% ClI p-value

Pre-ALP
<100 |

>100 1.36 0.98-1.89

0.064

Pre-AAPR
<0.52 |

>0.52 0.64 0.46-0.91

0.012

Post-ALB
<40 |

>40 0.78 0.55-1.10

0.153

Post-ALP
<100 |

>100 1.49 1.04-2.12

0.028

Post-AAPR
<0.52 |
>0.52 0.52

0.38-0.73

|
<0.001 0.62

0.44-0.86 0.005

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; BMI, body mass index; HR, hazard ratios; KPS, Karnofsky performance score; OS, overall survival.

and 12 months were 59% and 13%, respectively. The
median OS of patients in the training cohort was 13.6
months (95% CI 12.4-14.9 months), and the OS rates at
12 and 24 months were 48% and 17.5%, respectively. In
terms of correlation of AAPR and patient characteristic
(Table 2), significant positive association was found
between high level of pre-AAPR and liver metastasis in
training cohort.

Univariate analyses revealed that T3-T4 stage, N3
stage, liver metastasis, lack of thoracic radiotherapy, high
post-ALP level, and low pre-AAPR and post-AAPR levels
were significant indices of disease progression.
Multivariate analyses, identified three of these factors as
independent negative predictors: N3 stage (HR = 1.41,
95% CI 1.03-1.93, p = 0.034), without thoracic radio-
therapy (HR = 0.4, 95% CI 0.29-0.56, p < 0.001), and
low post-AAPR levels (HR = 0.67, 95% CI 0.49-0.92, p =
0.013) (Table 3).

Assessment of OS in the training cohort revealed that
T3-T4 stage, N3 stage, liver metastasis, without thoracic
radiotherapy, high pre-ALP and post-ALP levels, and low
pre-ALB, pre-AAPR, and post-AAPR levels were predic-
tive of inferior OS. T stage (HR = 1.6, 95% CI 1.13-2.28,
p = 0.008), thoracic radiotherapy (HR = 0.45, 95% CI
0.32-0.66, p < 0.001), and high post-AAPR (HR = 0.62,
95% CI 0.44-0.86, p = 0.005) were identified as indepen-

dent risk factors for death (Table 4).

The independent PFS and OS risk factors were con-
firmed further using Kaplan—-Meier analyses and were
shown to have good prognostic capacity (Figures 1 and 2).

Prognostic Nomogram for PFS and OS
The prognostic nomogram for PFS and OS was estab-
lished by the integration of independent significant fac-
tors in the training cohort (Figures 3A and 4A), with
c-indices of 0.675 and 0.662, respectively. N-stage, thor-
acic radiotherapy, and post-AAPR were incorporated in
the nomogram for PFS, and T-stage, thoracic radiother-
apy and post-AAPR were incorporated in the nomogram
for OS. The calibration plot revealed optimal consistency
between the actual observation and the nomogram-
predicted PFS and OS, for both the probability of PFS
at 6 or 12 months (Figure 3B and C), and survival at 12
or 24 months (Figure 4B and C).

In the wvalidation cohort, the median PFS was 6.9
months (95% CI 5.9-7.9 months) and median OS was 16
months (95% CI 13.8-18.1 months). The predictive accu-
racy of the established nomogram was further confirmed
through external validation, with the c-indices of 0.697
and 0.664 for PFS and OS, respectively, in the validation
cohort. PFS rates at 6 and 12 months were 64% and 12%,
respectively, and survival rates at 12 and 24 months were
49% and 13%, respectively. The calibration plot illustrated
the predictive probability of the established nomogram for
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Figure | Kaplan—Meier survival plots of independent risk factors for PFS in ES-SCLC patients. (A) N stage; (B) Thoracic radiotherapy; (C) Post-AAPR.
Abbreviations: PFS, progression-free survival; ES-SCLC, extensive-stage small-cell lung cancer; AAPR, albumin-to-alkaline phosphatase ratio.

PFS (Figure 3D and E) and OS (Figure 4D and E), with
good agreement between observed and predicted values.

Comparison of Predictive Ability of the
Nomogram and TNM Stage

To investigate the complementary role of dynamic AAPR
in prognostic prediction, the prognostic abilities of TNM
stage and the AAPR-TNM based nomogram were com-
pared. DCA was performed to compare the potential clin-
ical net benefit of the nomogram and TNM stage. Decision
curves revealed that the nomogram had a greater net
benefit for PFS and OS than did TNM stage (Figure 5).
As shown in Table 5, the nomogram had significantly
higher LRT y* and c-index values and significantly lower
AIC values than the TNM staging system for PFS and OS,
in both the training and validation cohorts (p < 0.05).
TNM stage was also shown to have an outstanding
capacity for both PFS and OS prognosis in the training
and validation cohorts. The nomogram c-index value was

significantly higher than that of the TNM stage (0.539 for
PFS and 0.567 for OS, p < 0.05) in the training cohort. The
superiority of the prognostic ability of the nomogram was
also demonstrated in the validation cohort with c-indices
of 0.697 and 0.664 for PFS and OS, respectively, com-
pared with 0.602 for PFS and 0.605 for OS for the TNM
stage (p < 0.05) (Figure 6). The nomogram has signifi-
cantly higher LRT x* and lower AIC values for PFS and
OS than did the TNM stage in both the training and
validation cohorts (Table 5).

Discussion

SCLC is known as a lung cancer subtype with character-
istics of invasiveness, rapid progression, and poor prog-
The of
immunotherapy has limited advantages for patients with

nosis. application targeted therapy and

SCLC,?*” and platinum-based chemotherapy for 4-6 cycles
remains the first-line standard treatment. Therefore, it is
essential to explore prognostic factors to identify high-risk
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Figure 2 Kaplan—Meier survival plots of independent risk factors for OS in ES-SCLC patients. (A) T stage; (B) Thoracic radiotherapy; (C) Post-AAPR.
Abbreviations: OS, overall survival; ES-SCLC, extensive-stage small-cell lung cancer; AAPR, albumin-to-alkaline phosphatase ratio.
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patients with SCLC. AAPR, a novel accessible and non-
invasive hematological prognostic factor, is already used
as a prognostic predictor in patients with hepatocellular,
nasopharyngeal, and pancreatic carcinoma. Here, for the
first time, we demonstrate that dynamic AAPR can be used
for prognosis prediction in patients with ES-SCLC.
Moreover, we developed and validated dynamic AAPR-
based nomograms to quantitatively estimate survival in
patients with ES-SCLC.

Although we have demonstrated the prognostic value
of AAPR in patients with SCLC, the mechanisms under-
lying the prognostic value of AAPR remains unknown.
Low ALB concentration is a marker of malnutrition in
patients with cancer.”® Additionally, during inflammation,
ALB is a negative acute phase protein. ALB levels
decrease dramatically in response to acute phase protein
demands through a combination of reduced production,
increased degradation, and increased loss because of the
high permeability of vessels.””>° Therefore, low ALB
levels also reflect the presence of inflammation in patients
with cancer. Malnutrition and systemic inflammation are
associated with inferior prognosis in patients with
cancer.! Moreover, ALB is also involved in balancing
cell proliferation and metabolism.>*> ALP is a hydrolytic
enzyme which can dephosphorylate multiple molecules
including nucleotides.>* ALP functions to adjust puriner-
gic signaling, which plays a role in the induction of

inflammatory responses through ATP and ADP-mediated
binding of nucleotide receptors.** Additionally, inhibition
of ALP activity reduces cancer cell viability and migra-
tion, and induces apoptosis.'® Therefore, AAPR is pro-
posed to reflect systemic inflammation status and cell
metabolism, and is associated with outcomes in patients
with cancer. We also found that low pre-AAPR was asso-
ciated with liver metastasis, because of the relationship
between ALB, ALP, and liver function.

Low pre-AAPR could predict inferior PFS and OS in
patients with ES-SCLC. This is consistent with results
previously reported for patients with hepatocellular, naso-
pharyngeal, and pancreatic carcinoma.”'**>> However,
after multivariate analyses pre-AAPR lost the significance,
and post-AAPR was an independent prognostic factor for
PFS and OS. Tumor temporal heterogeneity means that
either systemic or tumor status constantly changes during
development and treatment. Our results show that low
levels of post-AAPR, the indicator of inflammation,
decreased nutritional status, and liver function during
treatment, are valuable and informative in prognostic pre-
diction. Therefore, a nomogram based on post-AAPR and
incorporating other independent prognostic factors for PFS
and OS was developed and compared with traditional
TNM staging system.

Multivariate analyses revealed that patients with ES-
SCLC receiving additional thoracic radiotherapy had
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Figure 5 DCA of nomogram and TNM stage for prediction of PFS and OS of ES-SCLC patients. The dash line represents the net benefit of nomogram and TNM stage. (A) DCA of
nomogram and TNM stage for prediction of 6-month PFS of ES-SCLC patients; (B) DCA of nomogram and TNM stage for prediction of |2-month OS of ES-SCLC patients.
Abbreviations: PFS, progression-free survival; OS, overall survival; ES-SCLC, extensive-stage small-cell lung cancer.

superior PFS and OS with independent statistical signifi-
cance. This is broadly in line with the results from rando-
mized controlled trials*® and retrospective studies®’ of
thoracic radiotherapy in patients with ES-SCLC. Our
results also show the important role of TNM stage for
prognosis and both T and N stage were found to be
associated with PFS and OS. Multivariate survival ana-
lyses revealed that N stage remained an independent prog-
nostic factor for PFS and that T stage remained an
independent prognostic factor for OS.

Table 5 The Comparison of LRTy* and AIC for PFS and OS
Between Nomogram and Prognostic Factors

LRT c-Index | AIC p-value
2
Training cohort for
PFS
TNM stage 10.83 0.539 1589.2 | 0.004
Nomogram 4935 | 0.675 1553.6 | <0.001
Validation cohort for
PFS
TNM stage 8.02 0.602 632.7 | 0.02
Nomogram 21.07 | 0.697 620.88 | <0.001
Training cohort for OS
TNM stage 8.85 0.567 1310.7 | 0.01
Nomogram 3436 | 0.662 1287.2 | <0.001
Validation cohort for
os
TNM stage 8.30 0.605 474.1 0.02
Nomogram 16.09 0.664 468.32 | <0.001

Abbreviations: LR, likelihood ratio; AIC, Akaike information criterion.

A C-index
0.84
p<0.001 p=0.001
. ™w
o.697 Il Nomogram
07 0675
0.602
0.64
0.539
0.5
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PFS
B 0.8 C-index
p=0.008 p=0.033
B ™V
0662 0.664 Il Nomogram
0.7
0.605
0.64 0.567
0.5-
Training cohort Validation cohort
0os

Figure 6 The comparison of c-index of TNM and nomogram for PFS and OS in
training cohort and validation cohort, respectively. (A) The c-index of TNM and
nomogram for PFS in training cohort (0.539 vs. 0.675, p < 0.001) and validation cohort
(0.602 vs. 0.697, p = 0.001). (B) The c-index of TNM and nomogram for OS in training
cohort (0.567 vs. 0.662, p = 0.009) and validation cohort (0.605 vs. 0.664, p = 0.033).
Abbreviations: PFS, progression-free survival; OS, overall survival.

Here, for the first time, we included post-AAPR, rather
than baseline AAPR, and established a dynamic AAPR-based
nomogram for prognosis prediction in patients with ES-SCLC.
We then confirmed that dynamic AAPR is both superior and
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complementary to the TNM staging system in prognosis pre-
diction in these patients. The TNM staging system is based on
the level of tumor burden and involves knowledge of the size or
direct extent of the primary tumor, the spread to regional lymph
nodes, and the presence of distant metastasis. Given the hetero-
geneity of the tumor micro-environment, patient characteris-
tics, and treatments, there is a great deal of variation in
outcomes among patients with same TNM stage. Increasing
numbers of studies have demonstrated that information from
distinct sources contribute to a more accurate prediction
model.*® In our study, the post-AAPR-based nomogram inte-
grated information about dynamic tumor and systemic status
changes, treatment heterogeneity, and tumor burden. The
superior performance of the nomogram compared to TNM
stage was validated in the validation cohort. Therefore, we
constructed a comprehensive and dynamic nomogram with
the characteristic of non-invasion, and the potential role of
the nomogram on clinical individual therapy was indicated
by DCA results.

However, there are some limitations in our study.
Firstly, this is a retrospective study from a single center
which may cause selection bias, which we tried to mini-
mize by establishing training and validation cohorts. Even
if our study included information from distinct sources,
other potential prognostic markers, which may have addi-
tional value, were not available for our nomogram.
Therefore, this AAPR-based nomogram requires further
validation and extension in a random, prospective study
with a larger number of patients. Furthermore, the
mechanisms underlying the prognostic role of dynamic
AAPR remain to be further elucidated.

Conclusion

We have identified post-AAPR as a prognostic factor for
patients with ES-SCLC, and recommend AAPR to be dyna-
mically evaluated to guide patient treatment. Our post-AAPR
nomogram accurately predicts individual survival probability
and could be used as a tool for clinical decision-making.

Abbreviations

SCLC, small-cell lung cancer; PFS, progression-free survi-
val; OS, overall survival, ALB, albumin; ALP, alkaline
phosphatase; AAPR, albumin-to-alkaline phosphatase ratio;
VALSG, Veterans Administration Lung Study Group; LS-
SCLC, limited-stage SCLC; ES-SCLC, extensive-stage
SCLC; BMI, body mass index; KPS, Karnofsky performance
score; RECIST, Response Evaluation Criteria in Solid
Tumors; ROC, receiver operating characteristic curve; HR,

hazard ratios; CI, confidence intervals; C-index, concordance
index; LR, likelihood ratio; AIC, Akaike information criter-
ion; DCA, decision curve analyses.
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