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Decreased albumin-to-alkaline phosphatase ratio predicted poor 
survival of resectable gastric cancer patients
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Background: The albumin-to-alkaline phosphatase ratio (AAPR) is an innovative prognostic index for 
various cancer patients, the clinical significance of the AAPR in patients with GC is unknown.
Methods: We retrospectively reviewed 227 resectable GC patients in our center. The Kaplan–Meier 
method and the Cox proportional hazards model were used to analyze the disease-free survival (DFS) and 
overall survival (OS). The Likelihood Ratio Test (LRT) and Akaike information criterion (AIC) were used to 
compare the prognostic abilities of the TNM and AAPR-TNM staging systems in DFS and OS prediction
Results: The AAPR was significantly decreased in GC patients, and the optimal cut-off value for resectable 
and benign gastric disease was 0.437 as determined by the receiver operating characteristic (ROC) curve. 
The correlation analysis revealed that decreased AAPR in GC was associated with T stage (P=0.004) and 
TNM stage (P=0.013). Decreased preoperative AAPR correlated with both unfavorable disease-free survival 
(DFS) and overall survival (OS). Cox regression analysis showed that the TNM stage (DFS: P=0.001, OS: 
P=0.002) and differential levels of AAPR (DFS: P<0.001, OS: P<0.001) were independent risk factors of 
DFS and OS. ROC analysis showed that the AAPR-TNM system was more superior than the TNM staging 
system for DFS (z=1.91, P=0.028) and OS (z=1.937, P=0.026) prediction. The likelihood ratio test (LRT) 
analysis indicated that the AAPR-TNM system had a significantly larger χ2 for both DFS (35.58 vs. 34.51, 
P<0.001) and OS (32.92 vs. 30.07, P<0.001), and a lower Akaike information criterion (AIC) value both for 
DFS (1,032 vs. 1,065, P<0.001) and OS (869 vs. 898, P<0.001) compared to the TNM system.
Conclusions: The AAPR level significantly decreased in patients with GC, and impacted the prognosis of 
patients.
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Introduction

Gastric cancer (GC) is the second most common cancer 
and the third leading cause of cancer-related death in 
China, with an estimated 423,500 newly diagnosed patients 
and 298,500 deaths in 2012 (1). Curative gastrectomy, 
followed by adjuvant chemotherapy or chemoradiotherapy, 
is the most commonly used strategy for resectable GC 
management (2). However, local recurrence and distant 
metastasis are inevitable for most of these patients. A 
total of 70–80% of node-positive patients will experience 
recurrence and metastasis in 5 years, and most of them 
will die from GC, which leads to a low 5-year survival 
rate. Many instruments have been developed to predict 
the prognosis of GC, including histological classification, 
TNM staging, and even molecular classifications by The 
Cancer Genome Atlas (TCGA) program. However, the 
molecular classification method of GC is so complicated 
and costly that it has not been routinely used in clinical 
practice. Therefore, it is necessary to search for effective 
biomarkers for GC patients to predict prognosis and 
develop individualized therapies.

In the recent decades, studies have found inflammation 
plays critical roles in all the process of cancer, including 
initiation, prompting, and metastasis (3). As is well-known, 
Helicobacter pylori (H. pylori) infection is an important 
cause of gastric cancer. Cytokines, one of the most critical 
mediators are involved in all of the process of gastric cancer. 
For example, interleukin-1 (IL-1β) polymorphisms was first 
to shown associated with an increased risk of gastric cancer, 
especially in H. pylori related, which indicates IL-1β is a 
critical participant in gastric cancer initiation (4). On the 
other hand, cytokines are detected in microenvironment 
of gastric cancer, and participate in prompting, metastasis 
and even response to chemotherapy. For instance, C-C 
motif chemokine 22 (CCL22), a chemokine recruiting the 
regulatory T cells, expressed in gastric cancer, and CCL22 
positive expression shown more adverse prognosis than the 
negative expression (5). Moreover, patients of stage II/III 
gastric cancer with CCL22 positive expression benefited 
from 5-fluorouracil based adjuvant chemotherapy (5).

Otherwise, systemic inflammation has been shown 
participating in process of tumorigenesis (6). Thus, many 
systemic inflammation indexes, derived from platelet, 
lymphocyte, and neutrophil, were used to predict the 
prognosis of cancers (6). For example, systemic immune-
inflammation index, generated by platelet × neutrophil/ 
lymphocyte, was shown as an independent prognostic 
factor for overall survival in patients with gastric cancer, 

and was much more better to neutrophil-to-lymphocyte 
rate (NLR) and platelet-to-lymphocyte rate (PLR) for 
predicting survival (7). Liver is the largest solid immune 
and metabolism organ, and the main target organ of gastric 
cancer metastasis (6). The status of liver may impact the 
prognosis of gastric cancer. The albumin-to-alkaline 
phosphatase ratio (AAPR) is an innovative prognostic index 
for cancer patients, which derived from liver function, and 
reflected systemic inflammation and nutrition status, and 
was first proposed in hepatocellular carcinoma (HCC) and 
nasopharyngeal carcinoma. Low AAPR has been shown 
to have a close relationship with poor prognosis in various 
malignancies, including renal cell carcinoma, lung cancer, 
breast cancer, and cholangiocarcinoma (8-12). However, the 
role of the AAPR in GC patients has not yet been studied. 
Therefore, it is of interest to investigate whether the AAPR 
can also be applied to GC patients. 

Here, we seek to appraise the clinical significance of 
the AAPR in patients with GC and perform association 
analyses between their AAPR levels and clinicopathological 
characterist ics ,  thereby acquiring more practical 
information for the risk stratification and clinical decision-
making of GC.

We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-430).

Methods

Patients

We reviewed the GC pat ients  who had accepted 
gastrectomy at the First Affiliated Hospital of Soochow 
University between July 2013 and December 2015. A 
total of 283 cases were enrolled, and 56 GC patients were 
excluded from this study for the following reasons: other 
concomitant malignancies (n=2), received neoadjuvant 
chemotherapy (n=15), other diseases that could affect 
ALB and ALP levels such as liver disease, autoimmune 
disease, or bone disease (n=13), did not accept adjuvant 
chemotherapy (n=12), and missing data (n=14). Finally, 227 
patients satisfied our inclusion criteria and were included 
for further study. All patients were treated according to the 
current guidelines, including the guideline of the National 
Comprehensive Cancer Network and the regulation of the 
Ministry of Health of the PRC.

The preoperative information included medical history, 
physical examination, blood cell count, serum biochemical 
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examination, computed tomography (CT, including chest, 
abdomen, pelvic), and gastroscopy. Staging was re-evaluated 
according to the eighth edition of the TNM classification 
system and pathological information (13). The histological 
diagnosis and reclassification, according to Lauren’s 
classification, were reviewed by 2 experienced pathologists 
independently. Moreover, 90 cases of gastric polyps were 
obtained as controls. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Soochow University and informed consent was 
taken from all the patients.

Patient data

The clinical characteristics of patients including age, 
gender, Eastern Cooperative Oncology Group (ECOG) 
performance status (PS), endoscopic findings, tumor site, 
personal history, history of gastrectomy, and treatment 
course were retrieved and reviewed from our hospital 
database. The AAPR value was calculated by dividing the 
serum ALB level by the serum ALP level. 

Statistical analysis

Student’s t test was used to analyze serum data and the 
AAPR between patients and heathy controls. The chi-square 
test was performed to show the correlation between the 
AAPR and clinical data. The survival analysis was conducted 
using the Kaplan–Meier method and the Cox proportional 
hazards model. ROC curve analysis was used to determine 
the cut-off value of the AAPR, and the AUC was used to 
judge the predictive value of the AAPR, TNM stage, and 
AAPR-TNM. The LRT and AIC were used to compare the 
prognostic abilities of the TNM and AAPR-TNM staging 
systems in DFS and OS prediction. Statistical analyses 
were performed using R 3.5.3 (http://www.r-project.org) 
and IBM SPSS 25.0 software (SPSS Inc., Chicago, IL), and 
P<0.05 was considered as statistically significant.

Results

Patient demographic data

A total of 227 GC patients were included in this study. The 
median age of the GC patients was 63 years old, ranging 
from 33 to 78 years old. Of these GC patients, there were 
180 males and 57 females. We reviewed the records and 

reclassified the TNM stage based on the eighth edition of 
the TNM classification system and found that 29 patients 
had stage I, 123 had stage II, and 76 had stage III disease. 
The median follow-up time of these GC patients was  
35 months, ranging from 8–63 months. There were 36 
patients who did not receive adjuvant therapeutics, 98 
patients accepted adjuvant therapeutics including 2 drugs, 
and the other 93 patients accepted adjuvant therapeutics 
including 3 drugs. Furthermore, 134 patients (59.0%) 
survived, and 117 patients (51.5%) did not experience 
tumor relapse. The 5-year total survival rate was 61.0% for 
this GC patient cohort. The detailed clinicopathological 
and molecular characteristics, including smoking and 
drinking addictions, diabetes history, H. pylori and hepatitis 
B infection, anemia, treatment, tumor location, Lauren’s 
classification, vascular invasion, nerve invation, and HER2 
status were recorded in Table 1. 

The AAPR level and optimal AAPR in GC patients

To identify the AAPR level in GC patients, we included 
90 benign gastric outpatients (gastric polyps) as controls. 
Albumin (ALB) decreased significantly in GC patients, and 
the mean ALB levels of GC patients and non-GC patients 
were 41.43±2.594 and 44.02±3.951 g/L, respectively 
(Figure 1A, P<0.001). Alkaline phosphatase (ALP) increased 
significantly in GC patients, and the mean ALP levels 
of GC patients and non-GC patients were 152.3±47.49 
and 92.23±60.03 U/L, respectively (Figure 1B, P<0.001). 
Furthermore, the AAPR level decreased significantly in GC 
patients, and the mean AAPR levels of GC patients and 
non-GC patients were 0.3139±0.2760 and 0.5506±0.2313, 
respectively (Figure 1C, P<0.001). We also constructed a 
receiver operating characteristic (ROC) curve to determine 
the optimal AAPR value. When sensitivity and specificity 
were 57.71% and 96.56%, respectively, an optimal AAPR 
cut-off value of 0.437 was confirmed (Figure 1D). A total 
of 83 patients whose AAPR was higher than or equal to 
0.437 were classified as high AAPR, while the other 144 
patients who had an AAPR less than 0.437 were classified as 
low AAPR. The ROC analysis showed that the area under 
the curve (AUC) of the AAPR was 0.811 [95% confidence 
interval (CI): 0.764–0.858].

Correlation analysis between the AAPR level and the 
clinicopathological characteristics of GC patients

Since the AAPR decreased in GC patients, we further 
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Table 1 Correlation analyses between clinicopathological characteristics and the albumin-to-alkaline phosphatase ratio (AAPR)

Characteristics N
AAPR

χ2 P value
High (≥0.437) Low (<0.437)

Age 0.543 0.461

≥63 years 124 48 76

<63 years 103 35 68

Gender 0.072 0.789

Male 170 63 107

Female 57 20 37

T stage 13.427 0.004

I 41 25 16

II 116 37 79

III 43 14 28

IV 28 7 21

N stage 6.199 0.185

0 26 15 11

I 106 37 69

II 35 12 23

IIIA 28 10 18

IIIB 32 9 23

TNM 8.697 0.013

I 28 16 12

II 123 47 76

III 76 20 56

Lauren’s classification 2.430 0.297

Intestine 163 61 102

Diffuse 48 14 34

Mix 16 8 8

Vascular invasion 0.212 0.646

Negative 135 51 84

Positive 92 32 60

Nerve invasion 0.094 0.759

Negative 131 49 82

Positive 96 34 62

Anemia 0.808 0.369

No 153 59 94

Yes 74 24 50

Table 1 (continued)
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performed correlation analysis between the AAPR level 
and the clinicopathological characteristics of GC patients. 
As shown in Table 1, significant correlations were found 
between the AAPR level and T stage (P=0.004), TNM 
stage (P=0.013), chronic hepatitis B (P=0.001), and adjuvant 
therapeutics (P=0.026).

Survival analysis

Of these 227 GC patients, 110 patients experienced relapse 
and 5 patients experienced anastomotic recurrence. The other 
patients were detected to have distant metastasis, such as  
liver [52], lung [5], lymph node [37], peritoneal [13], ovary [1] 
and malignant pleural [3] and peritoneal effusions [23], and 

Table 1 (continued)

Characteristics N
AAPR

χ2 P value
High (≥0.437) Low (<0.437)

HER2 1.031 0.310

Negative 183 64 119

Positive 44 19 25

Site 3.15 0.369

Cardia 72 31 41

Fundus 15 7 8

Body 93 30 63

Pylorus 47 15 32

Smoking 3.112 0.078

No 159 64 95

Yes 68 19 49

Drinking 3.457 0.063

No 173 69 104

Yes 54 14 40

Diabetes 0.001 0.979

No 208 76 132

Yes 19 7 12

Hepatitis B 24.661 0.000

No 191 83 108

Yes 36 0 36

Helicobacter pylori 0.088 0.767

No 164 59 105

Yes 63 24 39

Treatment 7.3 0.026

No 36 20 16

2 98 35 63

3 93 28 65

http://youdao.com/w/adjuvant therapy/#keyfrom=E2Ctranslation
http://youdao.com/w/adjuvant therapy/#keyfrom=E2Ctranslation
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Figure 1 The albumin-to-alkaline phosphatase ratio (AAPR) decreased in patients with gastric cancer. (A) Albumin decreased in patients 
with gastric cancer, (B) alkaline phosphatase increased in patients with gastric cancer, (C) the AAPR decreased in patients with gastric cancer, 
(D) receiver operating characteristic (ROC) analysis was employed to determine the criteria for the threshold value of the AAPR for gastric 
cancer and benign gastric disease (***, P<0.001).
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many patients were detected to have more than one distant 
organ involved. To further discover the potential prognostic 
value of the AAPR, Kaplan-Meier analysis was subsequently 
conducted. As shown in Figure 2A, the median disease-
free survival (DFS) of patients with a low AAPR level was 
15 months, and the median DFS of patients with a high 
AAPR level was not estimated, while the accumulated DFS 
rates in patients with high and low AAPR levels were 72.3% 
and 35.4%, respectively. Significantly prolonged DFS 
was found in patients with a high AAPR level compared 
to those with a low AAPR level. Then, we used the Cox 
proportional hazards model to assess the prognostic value 
of clinicopathological characteristics and the AAPR level. 
The univariate analysis showed that T stage (P=0.001), N 

stage (P<0.001), TNM stage (P<0.001), vascular invasion 
(P=0.048), treatment (P<0.001), and AAPR (P<0.001) were 
significant factors (Table 2). Then, the multivariate analysis 
further confirmed that the TNM stage (P=0.013) and AAPR 
(P<0.001) were independent risk factors of DFS (Table 2, 
Figure 2B). 

In this cohort, 87 patients died of cancer. Furthermore, 
we also conducted Kaplan-Meier analysis and Cox 
regression analysis to analyze the prognostic value of 
clinicopathological characteristics and the AAPR for overall 
survival (OS). The median OS of patients with a low AAPR 
level was 23.5 months, and the median OS of patients with 
a high AAPR level was not estimated (Figure 2C), while the 
accumulated OS rates in patients with high and low AAPR 
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levels were 85.5% and 43.8%, respectively. Significantly 
prolonged OS was found in patients with a high AAPR 
level compared to those with a low AAPR level. Moreover, 
the univariate analysis showed that age (P=0.044), T stage 
(P<0.001), N stage (P<0.001), TNM stage (P<0.001), 
vascular invasion (P=0.040), treatment (P<0.001), and 
AAPR (P<0.001) were significant factors (Table 3). Then, 
the multivariate analysis further confirmed that the TNM 
stage (P=0.015) and AAPR (P<0.001) were independent risk 
factors of OS (Table 3, Figure 2D).

Comparison of the AAPR-TNM and TNM staging systems

The TNM staging system was an independent risk factor 
of both DFS and OS in our previous analysis and is widely 
used to predict prognosis clinically. We analyzed the 
DFS and OS in different TNM stages stratified by the 
AAPR. Our results demonstrated that the AAPR could 
not distinguish different DFS of stage I GC patients 
(Figure 3A), however, the DFS in the high AAPR group 

outperformed those of the low AAPR group in the stage II 
and III subgroups (stage II, P<0.001, Figure 3B; and stage 
III, P=0.005 for DFS, Figure 3C). And similar results were 
in the OS (stage I, P>0.05 Figure 3D, stage II, P<0.001, 
Figure 3E; and stage III, P=0.008, Figure 3F).

The 5-year DFS rates were 85.7%, 56.9%, and 31.6% 
in GC patients with stage I, II, or III disease, respectively 
(P<0.001, Figure 4A). To achieve more decisive outcomes, 
we combined the AAPR and TNM stage to create an 
innovative AAPR-TNM system. Briefly, we recorded stages 
I, II, and III as 1, 2, and 3, and recorded low and high 
AAPR as 0 and 1. The AAPR-TNM score was the sum of 
the AAPR and TNM, which ranged from 1 to 4. According 
to the innovative AAPR-TNM system, we classified the 
patients into four groups: grade 1, 2, 3, and 4. In this 
innovative AAPR-TNM staging system, the 5-year DFS 
rates were 93.8%, 89.8%, 52.1%, and 28.6% in patients 
with grade 1, 2, 3, or 4 disease, respectively (P<0.001, 
Figure 4B). ROC analysis was used to reveal the AUCs of 
the AAPR, TNM stage, and AAPR-TNM system, which 

Figure 2 Survival analysis of the albumin-to-alkaline phosphatase ratio (AAPR) in gastric cancer. (A) Kaplan-Meier curve for disease-free 
survival (DFS) stratified by the AAPR, (B) forest plot of the multivariate analysis for DFS, (C) Kaplan-Meier curve for overall survival (OS) 
stratified by AAPR, (D) forest plot of the multivariate analysis for OS. 
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were 0.705 (95% CI: 0.636–0.773), 0.668 (95% CI: 0.598–
0.737), and 0.760 (95% CI: 0.698–0.822), respectively. 
Significance was clearly identified between the AAPR-
TNM and TNM for DFS prediction (z=1.91, P=0.028, 
Figure 4C). The likelihood ratio test (LRT) analysis showed 
that the AAPR-TNM system had a markedly larger χ2 value 
(35.58 vs. 34.51, P<0.001) and a significantly smaller Akaike 
information criterion (AIC) value (1,032 vs. 1,065, P<0.001) 
than the TNM staging system for DFS prediction. These 
data suggested that the AAPR-TNM system was superior to 
the traditional TNM system in predicting the DFS. 

Moreover, the predictive value of the AAPR-TNM 
system was investigated for OS. In the primary TNM 
staging system, the 5-year OS rates of stage I, II, and 
III disease were 92.9%, 63.4%, and 39.5%, respectively 
(P<0.001, Figure 4D). In the innovative AAPR-TNM 
staging system, the 5-year OS rates of grade 1, 2, 3, and 4 
disease were 93.8%, 79.7%, 44.8%, and 21.4%, respectively 

(P<0.001, Figure 4E). Furthermore, ROC analysis revealed 
that the AUCs of the AAPR, TNM stage, and AAPR-
TNM system were 0.700 (95% CI: 0.632–0.768), 0.676 
(95% CI: 0.606–0.746), and 0.768 (95% CI: 0.607–0.829), 
respectively. The AAPR-TNM was significantly more 
reliable for OS prediction than the TNM staging system 
(z=1.937, P=0.026, Figure 4F). In addition, the LRT analysis 
revealed that the AAPR-TNM system had a markedly 
larger χ2 value (32.92 vs. 30.07, P<0.001) and a significantly 
smaller AIC value (869 vs. 898, P<0.001) than the traditional 
TNM staging system for OS prediction, suggesting that the 
AAPR-TNM system was superior to the TNM system for 
predicting OS. 

Discussion

To definitively judge the prognosis of GC, many models 
have been explored, such as gene signatures, stromal-

Table 2 Univariate and multivariate Cox regression analyses of the prognostic factors for disease-free survival

Characteristics
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age 0.762 0.524–1.108 0.155 –

Gender 0.828 0.533–1.286 0.401 –

T 1.421 1.159–1.742 0.001 0.815 0.569–1.168 0.265

N 1.468 1.273–1.693 0.000 1.066 0.815–1.393 0.642

Stage 2.690 1.962–3.688 0.000 2.586 1.223–5.468 0.013

Lauren’s classification 1.107 0.833–1.472 0.483 –

Vascular invasion 1.464 1.003–2.137 0.048 1.160 0.790–1.703 0.449

Nerve invasion 1.240 0.852–1.805 0.262 –

Anemia 1.310 0.886–1.937 0.175 –

HER2 1.160 0.742–1.813 0.514 –

Site 0.927 0.786–1.094 0.369 –

Smoking 1.415 0.960–2.087 0.080 –

Drinking 1.178 0.767–1.809 0.455 –

Diabetes 1.673 0.937–2.985 0.082 –

Hepatitis B 1.523 0.955–2.431 0.078 –

Helicobacter pylori 1.385 0.932–2.058 0.107 –

Treatment 1.684 1.281–2.213 0.000 1.181 0.852–1.639 0.318

AAPR 4.407 2.623–7.405 0.000 4.068 2.403–6.886 0.000

HR, hazard ratio; CI, confidence interval; AAPR, albumin-to-alkaline phosphatase ratio.
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Table 3 Univariate and multivariate Cox regression analyses of the prognostic factors for overall survival

Characteristics
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age 0.658 0.437–0.989 0.044 0.797 0.527–1.207 0.285

Gender 0.810 0.498–1.317 0.395 –

T 1.493 1.202–1.855 0.000 0.833 0.569–1.219 0.347

N 1.457 1.249–1.701 0.000 1.017 0.762–1.358 0.907

Stage 2.964 2.089–4.206 0.000 2.777 1.224–6.305 0.015

Lauren’s classification 0.986 0.715–1.361 0.934 –

Vascular invasion 1.539 1.021–2.320 0.040 1.181 0.778–1.792 0.434

Nerve invasion 1.293 0.860–1.942 0.217 –

Anemia 1.387 0.909–2.117 0.130 –

HER2 0.942 0.563–1.576 0.820 –

Site 0.983 0.820–1.179 0.854 –

Smoking 1.304 0.852–1.994 0.221 –

Drinking 1.123 0.701–1.799 0.629 –

Diabetes 1.258 0.632–2.503 0.513 –

Hepatitis B 1.298 0.767–2.196 0.332 –

Helicobacter pylori 1.173 0.756–1.819 0.477 –

Treatment 1.892 1.393–2.570 0.000 1.335 0.929–1.917 0.118

AAPR 4.966 2.706–9.112 0.000 4.114 2.222–7.616 0.000

HR, hazard ratio; CI, confidence interval; AAPR, albumin-to-alkaline phosphatase ratio.

immune score, immune cells in the stroma, and certain 
gene expression in cancer (14-17). However, various risk 
assessment models based on the TNM stage, histological 
classification, and routine blood tests are more widely 
accepted, as this kind of information is convenient and 
economical to obtain. For example, the preoperative 
Glasgow prognostic score (GPS) of GC patients undergoing 
D2 gastrectomy, a biomarker generated by combining serum 
ALB and C-reactive protein (CRP) levels, was not only 
associated with short-term postoperative complications, 
but also predicted long-term survival outcomes (18). In 
this study, we analyzed the probable prognostic value of a 
novel serum parameter, the AAPR, in 227 GC patients. We 
initially assessed the value of the preoperative ALB, ALP, 
and AAPR levels between GC patients and 90 benign gastric 
outpatients, and calculated the cut-off value of the AAPR. 
We revealed that the AAPR was a promising and effective 
prognostic factor for GC patients receiving curative surgery. 

We also demonstrated that the AAPR-TNM system was 
superior to the current TNM system in outcome prediction 
for GC patients.

ALB, the most abundant serum protein, is produced 
by hepatocytes and is considered a nutritional index. It is 
involved in various biochemical processes, such as DNA 
replication, cell growth, and antioxidant effects against 
carcinogens (19). Also, low ALB can reflect malnutrition 
and impaired human immunity, including innate and 
acquired immunity, which leads to increased susceptibility to 
infection and inadequate response to cancer treatment (20).  
Recently, ALB has become an extensively used biomarker 
for predicting survival in various malignancies, including 
osteosarcoma, colorectal cancer, prostate cancer, HCC, 
and renal cell carcinoma (21-24). Mao et al. reported that 
a lower ALB and globulin ratio was associated with poor 
prognosis in patients with GC (25).

ALPs are a class of zinc-containing metalloenzymes 
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which dephosphorylate the phosphate monoesters 
of various types of molecules at basic pH, including 
nucleotides, proteins, and alkaloids. They are distributed 
in almost all tissues throughout the body, and are mainly 
concentrated in germ cells, bone, liver, intestine, kidneys, 
neutrophils, and placenta (26). However, aside from its 
role in normal skeletal mineralization, few physiological 
functions of ALP are known. ALP is a plasma membrane-
bound glycoprotein which is usually confined to the cell 
surface, and only trace amounts of ALP are released in the 
sera. In adults, more than half of the activity of serum ALP 
results from bone ALP, and is elevated in bone, liver, and 
other diseases. Furthermore, ALP has been shown to be  
re-activated and released in some malignant diseases, such as 
HCC, kidney cancer, and bone metastasis (27,28). Lim et al.  
reported that serum ALP was also associated with bone 
metastasis in GC (29).

It is evident that ALB and ALP affect the prognosis of 
cancer patients. The concept of the AAPR was found to 
be an effective prognostic index in resectable HCC (30). 
Additionally, many studies have confirmed that the AAPR 

has unique prognostic value and is able to better predict 
survival for cancer patients with both unresectable and 
resectable tumors (8,9,11,12,31,32). 

In this study, we investigated the preoperative ALB, 
ALP, and AAPR levels in GC patients. We found that the 
preoperative AAPR level decreased in GC patients, and the 
optimal cut-off value for GC was 0.437. Using multivariate 
analysis, we found that the preoperative AAPR was an 
independent prognostic factor for GC patients who received 
D2 gastrectomy. The decreased preoperative AAPR level 
was associated with not only poor DFS, but also the 
unfavorable OS of GC patients. As is well known, the TNM 
staging system is a decisive index for the prognosis of GC. 
In this study, we also found that the TNM staging system 
was an independent prognostic factor for GC patients. 
Furthermore, we measured the effect of the AAPR in GC 
patients of different TNM stages separately and found that a 
decreased AAPR was significantly correlated with both DFS 
and OS in stage II and stage III disease. Then, we merged 
the AAPR and TNM to generate a novel AAPR-TNM 
system and divided the patients into 4 classes. ROC analysis 

Figure 3 Kaplan-Meier curves for different TNM stages stratified by the albumin-to-alkaline phosphatase ratio (AAPR) value. Kaplan-
Meier plots for disease-free survival (DFS) in stage I (A), stage II (B), and stage III (C). Kaplan-Meier plots for OS in stage I (D), stage II (E), 
and stage III (F).
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showed that the AAPR-TNM system was superior to the 
TNM staging system for both DFS and OS prediction. 
Moreover, the novel AAPR-TNM classification system 
divided resectable GC patients into 4 independent groups, 
which may be more precise for predicting the prognosis 
of GC patients and affords more useful information for 
clinical decision-making. Patients in the low AAPR group 
are more prone to recurrence and death, and high intensity 
chemotherapy may deteriorate immunocompetence and 
accelerate tumor progression. These patients should accept 
enhanced nutrition, lower intensity adjuvant chemotherapy, 
and intensive postoperative surveillance (33). However, 
our study is a retrospective study, and the results should be 
verified in prospective multicenter studies with large sample 
sizes.

In conclusion, we confirmed that the AAPR significantly 
decreased in patients with resectable GC, and low AAPR 
could be used to diagnose and predict the prognosis of GC.
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Figure 4 Kaplan-Meier curves of the TNM stage and albumin-to-alkaline phosphatase ratio (AAPR)-TNM system in gastric cancer. (A) 
Kaplan-Meier curve for disease-free survival (DFS) stratified by TNM stage, (B) Kaplan-Meier curve of DFS stratified by AAPR-TNM 
stage, (C) receiver operating characteristic (ROC) analysis of the TNM stage and the AAPR-TNM system in DFS prediction, (D) Kaplan-
Meier curve for overall survival (OS) stratified by TNM stage, (E) Kaplan-Meier curve of OS stratified by AAPR-TNM stage, (F) ROC 
analysis of the TNM stage and the AAPR-TNM system in OS prediction.
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