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Objective: This study investigated the prognostic value of the preoperative albumin alkaline 
phosphatase ratio (AAPR) in patients with muscle-invasive bladder cancer after radical 
cystectomy.
Materials and Methods: We performed a retrospective, single-center cohort study among 
patients with muscle-invasive bladder cancer who underwent radical cystectomy and urinary 
diversion at the Department of Urology Surgery of the Affiliated Hospital of Qingdao 
University from 2007 to 2015. Cox proportional hazards regression was used to evaluate 
the relationship between preoperative AAPR and outcomes which include OS and CSS and 
RFS. Survival analysis was conducted using the Kaplan–Meier method and the log rank test.
Results: In total, 174 patients were followed up for 1–125 months, with a median follow-up 
of 30 months, 93 survived and 81 patients died. The median serum AAPR level in all patients 
was 0.62 (range: 0.12–1.67). In multivariate analysis, the preoperative AAPR showed to be 
associated with overall survival (OS: HR 0.22,95% CI 0.06 to 0.82, P=0.024), cancer- 
specific survival (CSS: HR 0.12,95% CI 0.02 to 0.63, P=0.013) and recurrence-free survival 
(RFS: HR 0.15,95% CI 0.03 to 0.82, P=0.029) after adjustment for potential confounders. 
Kaplan–Meier analysis showed that patients with low AAPR tertiles had shorter OS, CSS 
and RFS than patients with high AAPR tertiles (OS: P<0.001, CSS: P<0.001, RFS: P<0.001). 
The relationship between AARP and OS, CSS and RFS was linear.
Conclusion: Preoperative AAPR may be a potentially valuable prognostic marker in 
patients who underwent radical cystectomy for muscle-invasive bladder cancer.
Keywords: albumin-to-alkaline phosphatase ratio, AAPR, muscle-invasive bladder cancer, 
radical cystectomy, prognosis

Introduction
Bladder cancer is the most common tumor of the urinary system, with a relatively 
high incidence in developing countries.1 Approximately 75% of newly diagnosed 
bladder cancer patients suffer from non-muscle invasive bladder cancer (NMIBC), 
among which approximately 10% advance to muscle-invasive bladder cancers 
(MIBC) or metastatic bladder cancer.2 Radical cystectomy (RC) remains the stan
dard therapy for MIBC and high-risk NMIBC.3 Despite advances in surgery, 
radiotherapy and chemotherapy, the prognosis of patients undergoing radical 
cystectomy for MIBC remains poor. Approximately 50%–~70% of patients who 
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undergo radical cystectomy experience recurrence within 2 
years, 50% of patients with high risk develop metastatic 
disease, and the 5-year overall survival rate is only 40% 
~60% after surgery.4 The evaluation of prognosis after 
radical cystectomy has been a major focus of urologists. 
In recent years, many preoperative markers have shown to 
be prognostic for bladder cancer, including albumin, CRP, 
NLR, PLR, MLR, etc.5–9 The albumin-to-alkaline phos
phatase ratio (AAPR), a novel blood biomarker, has been 
shown to be associated with the prognosis of liver cancer, 
nasopharyngeal cancer, small cell lung cancer, kidney 
cancer and other tumors.10–13 However, data on the rela
tionship between AAPR and bladder tumors are rare. The 
aim of this study was to investigate the relationship 
between preoperative AAPR and the overall survival of 
patients undergoing radical cystectomy of MIBC.

Materials and Methods
Participants
The Inclusion criteria were as fallows:1. All patients were 
diagnosed with nonmetastatic, muscle invasive bladder 
urothelial carcinoma before surgery. 2. Serum ALB and 
ALP were measured before surgery. 3. All patients under
went radical cystectomy and urinary diversion. 4. None of 
the patients received preoperative neoadjuvant chemother
apy. 5. None of the patients were diagnosed with other 
malignant tumors or had a history of cancer. 6. Complete 
data of clinicopathological features and follow-up infor
mation were available. Patients with cirrhosis, chronic 
hepatitis, nephrotic syndrome, active infections and bone 
fractures were excluded from the study. Finally, 174 
patients were included in the study. This study was 
approved by the ethics committee of the Affiliated 
Hospital of Qingdao University. All patients participating 
in this retrospective study signed informed consent forms.

Clinical and Follow-Up Data
We collected the baseline and clinical characteristics infor
mation of the patients from the hospital medical system, 
including serum ALB and ALP, age, gender, BMI, tumor 
size, tumor number, pathological stage, tumor grade, 
lymph node status, hydronephrosis, adjuvant chemother
apy, ASA level, hypertension and diabetes, complication 
and number of lymph nodes dissected. Pathological sta
ging was performed using the 7th edition of the AJCC 
TNM classification system. Tumor grading was performed 
using the 2004 WHO grading system. The endpoints of 

our study were overall survival (OS), cancer-specific sur
vival (CSS) and recurrence-free survival (RFS). Patients 
follow-up were performed every 3 months for the first 2 
years, followed by semiannual for an additional 2 years, 
and annual follow-up thereafter.

Statistical Analysis
The baseline characteristics of all patients were used to 
divide them into three groups based on AAPR tertiles. 
Continuous variables are expressed as the mean ± standard 
deviation and were analyzed by the Kruskal–Wallis test. 
Categorical variables are expressed as the frequency and 
proportion and were analyzed by Pearson’s chi-square test 
or Fisher’s exact test.

We set AAPR as a continuous variable as well as 
categorized-into tertiles to examine it relationship with 
outcomes. Cox proportional hazard and logistic regression 
models were used to evaluate the relationship with adjust
ment for confounding variables. We performed tests for 
linear trend by entering the median value of AAPR as 
a continuous variable in the models.

In the total sample, we conducted stratified and inter
action analyses to explore the potential modifier and inter
action effects on the 10-fold AAPR-outcomes association 
with adjusting for confounding variables. Kaplan-Meier 
survival curves and Log rank tests were used to determine 
differences in the survival outcomes.

All the analyses were performed using the statistical 
package R (http://www.R-project.org, The R Foundation) 
and Empower (R) (www.empowerstats.com; X&Y 
Solutions, Inc., Boston, MA). P < 0.05 was considered 
statistically significant.

Results
In total,174 patients were followed up for 1–125 months, 
with a median follow-up of 30 months, 93 survived and 81 
patients died; Of those 81 died patients, 65 due to tumor 
recurrences or metastases, 16 due to other causes. The 
overall 3- and 5-year survival rates were 64% and 57%, 
the 3- and 5-year cancer-specific survival rates were 67% 
and 64%, The 3- and 5-year RFS rates were 72% and 62%, 
respectively. The median serum AAPR level in all patients 
was 0.62 (range: 0.12–1.67). In patients undergoing urin
ary diversion, there were 15 cases of orthotopic neoblad
der, 104 cases of ileal conduit and 55 cases of cutaneous 
ureterostomy. All patients underwent standard pelvic lym
phadenectomy, the median number of dissected nodes was 
6 [interquartile range (IQR)=3–10]. Surgical margins were 
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negative in all patients. During the follow-up, 
Complications in patients include that 25 cases of ileus, 
33 cases of pyelonephritis, 35 cases of anastomotic steno
sis, and 28 cases of hydronephrosis, 3 cases of urinary 
incontinence.

Table 1 compares the baseline clinical characteristics 
of the patients by tertiles of the AAPR.

In Table 2, the univariate Cox regression results 
showed the association between each variable and out
comes (OS, CSS and RFS). AAPR was one of the factors 
affecting OS (HR,0.06; 95% CI, 0.01 to 0.26; P<0.001), 
CSS (HR,0.05; 95% CI, 0.01 to 0.26; P<0.001) and RFS 
(HR,0.05; 95% CI, 0.01 to 0.25; P<0.001) when treated as 
a continuous variable. AAPR was also significant for OS 
(HR,0.33; 95% CI, 0.18 to 0.60; P<0.001), CSS (HR,0.26; 
95% CI, 0.14 to 0.52; P<0.001) and RFS (HR,0.26; 95% 
CI, 0.13 to 0.52; P<0.001) when treated as a categorical 
variable.

The relationship between AAPR and outcomes (OS, 
CSS and RFS) was shown in Table 3. When we con
ducted analyses with the AAPR as a continuous variable, 
each 1 unit increase in AAPR was associated with a 78% 
decreased risk of all-cause mortality (HR,0.22; 95% CI, 
0.06 to 0.82; P=0.024), a 88% decreased risk of bladder 
cancer-specific death (HR,0.12; 95% CI, 0.02 to 0.63; 
P=0.013) and a 85% decreased risk of tumor recurrence 
(HR,0.15; 95% CI, 0.03 to 0.82; P=0.029),The HR for 
high AAPR tertile was significantly lower than the HR 
for low AAPR tertile (OS: P=0.012,CSS: P=0.003,RFS: 
P=0.007). The P for trend (OS: P=0.014,CSS: P=0.002, 
RFS: P=0.006) in all of the models was significant and 
consistent with the P-value when AAPR was used as 
a continuous variable, suggesting the linear association 
between AAPR and OS,CSS and RFS.

We then investigated the association of AAPR with pT 
stage and pN stage on multivariate logistic regression 
analysis. The results in Table 4 showed that AAPR was 
not associated with pT stage (OR,0.24; 95% CI, 0.03 to 
2.03; P=0.191) and pN stage (OR,0.15; 95% CI, 0.01 to 
3.44; P=0.234) adjusted for all the factors (sex, age, bmi, 
tumor size, tumor number, pT stage, pN stage, pathological 
grade, hydronephrosis, ASA level, hypertension, diabetes, 
adjuvant chemotherapy). When AAPR was used as 
a categorical variable, the results still showed no correla
tion between AAPR and pathologic outcomes.

Table 5 shows the association between 10-fold AAPR 
and outcomes (OS, CSS and RFS) in the stratified and 
interaction analyses. Each stratification was adjusted for 

all the factors (sex, age, bmi, tumor size, tumor number, 
pT category, pN category, pathological grade, hydrone
phrosis, ASA level, hypertension, diabetes, adjuvant che
motherapy), except for the stratification factor itself. The 
association between AAPR and outcomes was consistent 
both in the stratified analysis and in the multivariable Cox 
regression analysis. This negative effect was evident in all 
subgroups considered and after careful adjustment. 
Stratified analysis failed in low grade and diabetes because 
of the small sample size. The interaction results showed no 
significant interaction.

Kaplan-Meier survival analysis was performed to ana
lyze the difference in outcomes (OS, CSS, RFS) among 
the AAPR tertiles. The OS of the patients with an 
increased AAPR was significantly better than that of the 
patients with a low AAPR tertile (Figure 1A, P<0.001). 
The same trend was observed in the CSS (Figure 1B, 
P<0.001) and RFS (Figure 1C, P<0.001).

Discussion
The role of the inflammation in cancer development has 
received increasing attention in recent years. Inflammation 
is considered a dominant feature and a hallmark of cancer. 
Cancer-related inflammation is mainly associated with the 
local immune reaction found at the site of the tumor, which 
encompasses tumor-derived and host-derived cytokines, 
small inflammatory protein mediators, and infiltrating 
immune cells acting in the local tumor micro- 
environment. At the same time, these inflammatory media
tors also lead to systemic inflammatory responses. The 
release of inflammatory factors plays an important role in 
tumorigenesis and tumor development.14 Many inflamma
tory makers have been shown to be predictors of tumor 
prognosis. AAPR, an emerying biomarker of the inflamma
tory response, has been shown to be prognostic value in 
a variety of solid tumors. In our study, we first demonstrated 
the relationship between AAPR and MIBC patients under
going radical cystectomy.

Albumin is the most abundant plasma protein synthe
sized by the liver. As a common marker, it has been shown 
to be associated with the prognosis of liver cancer, eso
phageal cancer, colon cancer and other tumors.15–18 

Albumin not only reflects nutritional status but also parti
cipates in the systemic inflammatory response and auto
immune regulation.19 Albumin promotes DNA replication 
and increases cell survival it also plays an antioxidant role 
in tumorigenesis.20 Malnutrition and tumor-related inflam
matory reactions can inhibit albumin synthesis during 
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Table 1 Baseline Characteristics of participants (N=174)

Characteristics AAPR Tertiles p-value

Low Middle High

Number 58 58 58

AAPR 0.42 ± 0.09 0.57 ± 0.04 0.86 ± 0.23 <0.001

SEX 0.628

Man 44 (75.86%) 47 (81.03%) 48 (82.76%)

Woman 14 (24.14%) 11 (18.97%) 10 (17.24%)

Age (year) 0.033

<60 10 (17.24%) 22 (37.93%) 20 (34.48%)

≥0 48 (82.76%) 36 (62.07%) 38 (65.52%)

BMI (kg/m2) 0.006

<24 29 (50.00%) 39 (67.24%) 22 (37.93%)

≥2 29 (50.00%) 19 (32.76%) 36 (62.07%)

Tumor Size <0.001

<3cm 7 (12.07%) 9 (15.52%) 23 (39.66%)

≥3 51 (87.93%) 49 (84.48%) 35 (60.34%)

Tumor Number <0.001

Single 45 (77.59%) 33 (56.90%) 25 (43.10%)

Multiple 13 (22.41%) 25 (43.10%) 33 (56.90%)

pT Stage 0.115

2 30 (51.72%) 35 (60.34%) 42 (72.41%)

3 25 (43.10%) 18 (31.03%) 15 (25.86%)

4 3 (5.17%) 5 (8.62%) 1 (1.72%)

pN Stage 0.460

0 49 (84.48%) 45 (77.59%) 53 (91.38%)

1 6 (10.34%) 7 (12.07%) 3 (5.17%)

2 3 (5.17%) 5 (8.62%) 2 (3.45%)

3 0 (0.00%) 1 (1.72%) 0 (0.00%

Pathological Grade 0.846

High Grade 54 (93.10%) 52 (89.66%) 52 (89.66%)

Lower Grade 4 (6.90%) 6 (10.34%) 6 (10.34%)

Hydronephrosis 0.025

NO 44 (75.86%) 42 (72.41%) 53 (91.38%)

YES 14 (24.14%) 16 (27.59%) 5 (8.62%)

ASA Level 0.057

1 3 (5.17%) 0 (0.00%) 0 (0.00%)

2 17 (29.31%) 28 (48.28%) 30 (51.72%)

3 35 (60.34%) 26 (44.83%) 25 (43.10%)

4 3 (5.17%) 4 (6.90%) 3 (5.17%)

Hypertension 0.674

NO 47 (81.03%) 50 (86.21%) 50 (86.21%)

YES 11 (18.97%) 8 (13.79%) 8 (13.79%)

Diabetes 0.733

No 54 (93.10%) 54 (93.10%) 52 (89.66%)

YES 4 (6.90%) 4 (6.90%) 6 (10.34%)

Adjuvant chemotherapy 0.014

NO 34 (58.62%) 29 (50.00%) 44 (75.86%)

YES 24 (41.38%) 29 (50.00%) 14 (24.14%)
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Table 2 Univariate Cox Regression Analysis of AAPR for Outcomes (OS, CSS and RFS)

Variables Statistics OS CSS RFS

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

AAPR 0.62 ± 0.23 0.06 (0.01, 0.26) <0.001 0.05 (0.01, 0.26) <0.001 0.05 (0.01, 0.25) <0.001

AAPR Tertiles

Low 58 (33.33%) 1.0 1.0 1.0

Middle 58 (33.33%) 0.70 (0.43, 1.15) 0.163 0.58 (0.33, 1.01) 0.053 0.56 (0.32, 0.97) 0.0384
High 58 (33.33%) 0.33 (0.18, 0.60) <0.001 0.26 (0.14, 0.52) <0.001 0.26 (0.13, 0.52) <0.0001

Sex
Man 139 (79.89%) 1.0 1.0 1.0

Woman 35 (20.11%) 0.68 (0.37, 1.23) 0.198 0.77 (0.41, 1.45) 0.425 0.79 (0.42, 1.47) 0.454

Age (year)

<60 52 (29.89%) 1.0 1.0 1.0

≥.0 122 (70.11%) 2.37 (1.34, 4.18) 0.003 2.06 (1.13, 3.75) 0.018 1.95 (1.08, 3.54) 0.027

BMI (kg/m2)

<24 90 (51.72%) 1.0 1.0 1.0
≥.0 84 (48.28%) 0.74 (0.47, 1.15) 0.182 0.66 (0.40, 1.08) 0.101 0.68 (0.41, 1.11) 0.124

Tumor Size (cm)

<3 39 (22.41%) 1.0 1.0 1.0

3≥ 135 (77.59%) 1.80 (0.97, 3.32) 0.061 2.00 (0.99, 4.05) 0.054 2.07 (1.02, 4.19) 0.043

Number of tumors

Single 103 (59.20%) 1.0 1.0 1.0
Multiple 71 (40.80%) 0.72 (0.45, 1.16) 0.178 0.68 (0.40, 1.16) 0.154 0.63 (0.37, 1.07) 0.089

pT stage
2 107 (61.49%) 1.0 1.0 1.0

3 58 (33.33%) 4.94 (3.04, 8.04) <0.001 5.14 (3.02, 8.75) <0.001 5.46 (3.21, 9.31) <0.001

4 9 (5.17%) 5.93 (2.67, 13.19) <0.001 4.68 (1.76, 12.45) 0.002 4.83 (1.81, 12.88) 0.002

pN stage

0 147 (84.48%) 1.0 1.0 1.0
1 16 (9.20%) 2.73 (1.49, 4.99) 0.001 2.69 (1.36, 5.33) 0.005 2.74 (1.38, 5.43) 0.004

2 10 (5.75%) 1.48 (0.64, 3.43) 0.363 1.50 (0.60, 3.78) 0.390 1.63 (0.65, 4.11) 0.299

3 1 (0.57%) 15.09 (1.96, 115.90) 0.009 47.56 (5.29, 427.83) 0.001 39.13 (4.55, 336.95) 0.001

Pathological Grade

High Grade 158 (90.80%) 1.0 1.0 1.0
Lower Grade 16 (9.20%) 0.43 (0.16, 1.18) 0.101 0.39 (0.12, 1.23) 0.107 0.37 (0.11, 1.17) 0.089

Hydronephrosis
NO 139 (79.89%) 1.0 1.0 1.0

YES 35 (20.11%) 2.19 (1.35, 3.56) 0.002 1.83 (1.04, 3.22) 0.0037 1.87 (1.06, 3.30) 0.030

ASA Level

1 3 (1.72%) 1.0 1.0 1.0

2 75 (43.10%) 1.47 (0.20, 10.79) 0.703 1.27 (0.17, 9.34) 0.817 1.24 (0.17, 9.16) 0.831
3 86 (49.43%) 2.08 (0.28, 15.22) 0.472 1.78 (0.24, 13.14) 0.572 1.60 (0.22, 11.81) 0.643

4 10 (5.75%) 5.35 (0.65, 44.26) 0.120 4.92 (0.56, 43.19) 0.150 4.08 (0.47, 35.44) 0.203

Hypertension

NO 147 (84.48%) 1.0 1.0 1.0

YES 27 (15.52%) 0.96 (0.50, 1.81) 0.891 1.10 (0.58, 2.10) 0.773 1.26 (0.66, 2.43) 0.481

(Continued)
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tumorigenesis and its progression, which will cause 
hypoalbuminemia.21 The association between hypoalbumi
nemia and poor outcomes could be explained by a more 
aggressive biological behavior of the tumor, leading to 
poor humoral immune responses, cellular immunity,22 sub
sequently, a poor anticancer response. Multivariate analy
sis showed that albumin was an important predictor of 

overall survival in patients who underwent radical cystect
omy for bladder tumors.23,24

Alkaline phosphatase is an enzyme that is present in all 
tissues throughout the entire body, but is particularly con
centrated in the liver, bone, intestine, kidney and placenta. 
It can be discharged through the liver and dephosphorylate 
various types of molecules to, ranging from nucleotides, 

Table 2 (Continued). 

Variables Statistics OS CSS RFS

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Diabetes
No 160 (91.95%) 1.0 1.0 1.0

YES 14 (8.05%) 1.00 (0.43, 2.30) 0.100 0.92 (0.37, 2.29) 0.862 0.81 (0.30, 2.24) 0.690

Adjuvant chemotherapy

NO 107 (61.49%) 1.0 1.0 1.0

YES 67 (38.51%) 2.21 (1.42, 3.44) 0.001 2.59 (1.61, 4.16) <0.001 3.24 (1.94, 5.43) <0.001

Table 3 Multivariate Cox Regression Analysis of AAPR for Outcomes (OS, CSS and RFS)*

Variables OS CSS RFS

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

AAPR 0.22 (0.06, 0.82) 0.024 0.12 (0.02, 0.63) 0.013 0.15 (0.03, 0.82) 0.029

AAPR Tertiles

Low Reference Reference Reference

Middle 0.91 (0.51, 1.61) 0.741 0.63 (0.33, 1.20) 0.159 0.63 (0.34, 1.19) 0.156

High 0.41 (0.21, 0.82) 0.012 0.31 (0.14, 0.66) 0.003 0.35 (0.16, 0.75) 0.007

P for trend 0.014 0.002 0.006

Notes: *Adjusted for all factors (sex, age, bmi, tumor size, tumor number, pT stage, pN stage, pathological grade, hydronephrosis, ASA level, hypertension, diabetes, 
adjuvant chemotherapy).

Table 4 Multivariate Logistic Regression Analysis of AAPR for pT Stage and pN Stage*

Variables pT (T2,T3–4) pN (NO,N1–3)

OR (95% CI) P-value OR (95% CI) P-value

AAPR 0.24 (0.03, 2.03) 0.191 0.15 (0.01, 3.44) 0.234

AAPR Tertiles

Low Reference Reference

Middle 0.31 (0.08, 1.19) 0.088 1.09 (0.27, 4.36) 0.900

High 1.19 (0.28, 5.16) 0.812 0.50 (0.09, 2.66) 0.417

Notes: *Adjusted for all factors (sex, age, bmi, tumor size, tumor number, pT stage, pN stage, pathological grade, hydronephrosis, ASA level, hypertension, diabetes, 
adjuvant chemotherapy).
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proteins and alkaloids.25 Alkaline phosphatase is 
expressed at expressed high levels in disease of the liver, 
kidney and bone.26–28 Alkaline phosphatase has anti- 
inflammatory property, it can inhibit inflammatory reaction 
and it is also associated with the nutritional status of the 
body.29 Previous studies have shown that alkaline phos
phatase is correlated with the prognosis of esophageal 
cancer, colorectal cancer, nasopharyngeal cancer and 
renal cancer.30,31 Alkaline phosphatase is expressed at 
different levels in bladder tumor tissues. It has been used 
as marker for bone metastasis of bladder cancer.32

AAPR, a ratio of albumin and alkaline phosphatase, 
reflects the systemic inflammatory response, immune sta
tus and nutritional status under the influence of tumors at 
some level. Patients with a low AAPR ratio may have 
malnutrition, strong systemic inflammatory response and 
low immune function. These factors indirectly suggest that 
the tumor cells are highly aggressive, have a relatively 
high probability of recurrence and metastasis after surgery, 
and a poor prognosis.

Our study first investigated the prognostic value of 
AAPR in Patients with Muscle-Invasive Bladder Cancer 
after Radical Cystectomy, the result showed a linear 
correlation between preoperative AAPR and outcomes 
(OS, CSS and RFS). Compared with patients with low 
AAPR group, patients with high AARP group had better 
prognosis. This negative effect was evident in all sub
groups considered and after careful adjustment. 
However, Our study showed that there was no correla
tion between preoperative AAPR and pathological out
comes (pT stage and pN stage), although tumor invasion 
and lymph node metastasis were recognized as the most 
important prognostic factor. As a novel serum marker, 
AAPR can be used to evaluate the prognosis of patients 
with MIBC undergoing radical cystectomy, but the 
mechanism underlying the interaction between AAPR 
and prognosis is still unclear, and needs to be further 
basic reach.

The limitations of this study should be described. 1. 
Our study was a retrospective single-center study with 
a small sample size, possibly giving rise to selection 
bias. The results of this study need to be confirmed by 
a multicenter study in large clinical trials. 2. Although the 
Cox proportional risk regression model in this study 
adjusted for a series of confounding factors, many 
unknown factors affecting AAPR have not been comple
tely excluded. 3. We only explored the prognostic value of 
preoperative AAPR in Patients with MIBC, the prognostic Ta
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value of AAPR dynamic changes remains to be explored 
in future research. 4. The advantages of AAPR compared 
to other inflammatory markers and Whether AAPR can be 
combined with other inflammatory markers for patient 
risk-stratification should be evaluated in the further stu
dies. 5. Our study included patients with the urothelial 
carcinoma of bladder, Whether the results are appropriate 
for patents with squamous cell carcinoma and adenocarci
noma remains to be studied.

Conclusions
AAPR was a potentially valuable prognostic maker in 
patients with Muscle-Invasive Bladder Cancer after 
Radical Cystectomy.
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References
1. Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA 

Cancer J Clin. 2011;61(2):69–90. doi:10.3322/caac.20107
2. Cumberbatch MGK, Jubber I, Black PC, et al. Epidemiology of 

bladder cancer: a systematic review and contemporary update of risk 
factors in 2018. Eur Urol. 2018;74(6):784–795. doi:10.1016/j. 
eururo.2018.09.001

3. Flaig TW, Spiess PE, Agarwal N, et al. NCCN guidelines insights: 
bladder cancer, version 5.2018. J Natl Compr Canc Netw. 2018;16 
(9):1041–1053.

4. Ploussard G, Shariat SF, Dragomir A, et al. Conditional survival after 
radical cystectomy for bladder cancer: evidence for a patient changing 
risk profile over time. Eur Urol. 2014;66(2):361–370.

5. Viers BR, Boorjian SA, Frank I, et al. Pretreatment neutrophil-to- 
lymphocyte ratio is associated with advanced pathologic tumor stage 
and increased cancer-specific mortality among patients with urothelial 
carcinoma of the bladder undergoing radical cystectomy. Eur Urol. 
2014;66(6):1157–1164. doi:10.1016/j.eururo.2014.02.042

6. D’Andrea D, Moschini M, Gust KM, et al. Lymphocyte-to-monocyte 
ratio and neutrophil-to-lymphocyte ratio as biomarkers for predicting 
lymph node metastasis and survival in patients treated with radical 
cystectomy. J Surg Oncol. 2017;115(4):455–461. doi:10.1002/ 
jso.24521

Figure 1 Kaplan–Meier curves of OS (A), CSS (B) and RFS (C) according to albumin-to-alkaline phosphatase ratio (AAPR) level in all patients.

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
13273

Dovepress                                                                                                                                                            Zhao et al

https://doi.org/10.3322/caac.20107
https://doi.org/10.1016/j.eururo.2018.09.001
https://doi.org/10.1016/j.eururo.2018.09.001
https://doi.org/10.1016/j.eururo.2014.02.042
https://doi.org/10.1002/jso.24521
https://doi.org/10.1002/jso.24521
http://www.dovepress.com
http://www.dovepress.com


7. Gregg JR, Cookson MS, Phillips S, et al. Effect of preoperative 
nutritional deficiency on mortality after radical cystectomy for blad
der cancer. J Urol. 2011;185(1):90–96. doi:10.1016/j. 
juro.2010.09.021

8. Masson-Lecomte A, Rava M, Real FX, et al. Inflammatory biomar
kers and bladder cancer prognosis: a systematic review. Eur Urol. 
2014;66(6):1078–1091. doi:10.1016/j.eururo.2014.07.033

9. Zhou L, Cai X, Liu Q, et al. Prognostic role of c-reactive protein in 
urological cancers: a meta-analysis. Sci Rep. 2015;5(1):12733. 
doi:10.1038/srep12733

10. Chan AW, Chan SL, Mo FKF, et al. Albumin-to-alkaline phosphatase 
ratio: a novel prognostic index for hepatocellular carcinoma. Dis 
Markers. 2015;2015:564057. doi:10.1155/2015/564057

11. Kim JS, Keam B, Heo DS, et al. The prognostic value of albumin-to- 
alkaline phosphatase ratio before radical radiotherapy in patients with 
non-metastatic nasopharyngeal carcinoma: a propensity score match
ing analysis. Cancer Res Treat. 2019;51(4):1313–1323. doi:10.4143/ 
crt.2018.503

12. Xia A, Chen Y, Chen J, et al. Prognostic value of the albumin-to- 
alkaline phosphatase ratio on urologic outcomes in patients with 
non-metastatic renal cell carcinoma following curative nephrectomy. 
J Cancer. 2019;10(22):5494–5503. doi:10.7150/jca.34029

13. Zhang L, Zhang H, Yue D, et al. The prognostic value of the 
preoperative albumin to alkaline phosphatase ratio in patients with 
non-small cell lung cancer after surgery. Thorac Cancer. 2019;10 
(7):1581–1589. doi:10.1111/1759-7714.13107

14. Diakos CI, Charles KA, McMillan DC, et al. Cancer-related inflam
mation and treatment effectiveness. Lancet Oncol. 2014;15(11):e493– 
503. doi:10.1016/S1470-2045(14)70263-3

15. Johnson PJ, Berhane S, Kagebayashi C, et al. Assessment of liver 
function in patients with hepatocellular carcinoma: a new 
evidence-based approach-the ALBI grade. J Clin Oncol. 2015;33 
(6):550–558. doi:10.1200/JCO.2014.57.9151

16. Tsujino T, Komura K, Matsunaga T, et al. Preoperative measurement 
of the modified glasgow prognostic score predicts patient survival in 
non-metastatic renal cell carcinoma prior to nephrectomy. Ann Surg 
Oncol. 2017;24(9):2787–2793. doi:10.1245/s10434-017-5948-6

17. Wang Y, Wang H, Jiang J, et al. Early decrease in postoperative 
serum albumin predicts severe complications in patients with color
ectal cancer after curative laparoscopic surgery. World J Surg Oncol. 
2018;16(1):192. doi:10.1186/s12957-018-1493-4

18. Wu N, Chen G, Hu H, et al. Low pretherapeutic serum albumin as 
a risk factor for poor outcomes in esophageal squamous cell 
carcinomas. Nutr Cancer. 2015;67(3):481–485. doi:10.1080/ 
01635581.2015.1004726

19. Tanriverdi O. A discussion of serum albumin level in advanced-stage 
hepatocellular carcinoma: a medical oncologist’s perspective. Med 
Oncol. 2014;31(11):282. doi:10.1007/s12032-014-0282-3

20. Arroyo V, Garcia-Martinez R, Salvatella X. Human serum albumin, 
systemic inflammation, and cirrhosis. J Hepatol. 2014;61 
(2):396–407. doi:10.1016/j.jhep.2014.04.012

21. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of 
cancer survival: a systematic review of the epidemiological 
literature. Nutr J. 2010;9(1):69. doi:10.1186/1475-2891-9-69

22. Alwarawrah Y, Kiernan K, MacIver NJ. Changes in nutritional status 
impact immune cell metabolism and function. Front Immunol. 
2018;9:1055. doi:10.3389/fimmu.2018.01055

23. Djaladat H, Bruins HM, Miranda G, et al. The association of pre
operative serum albumin level and American society of anesthesiol
ogists (ASA) score on early complications and survival of patients 
undergoing radical cystectomy for urothelial bladder cancer. BJU Int. 
2014;113(6):887–893. doi:10.1111/bju.12240

24. Garg T, Chen LY, Kim PH, et al. Preoperative serum albumin is 
associated with mortality and complications after radical 
cystectomy. BJU Int. 2014;113(6):918–923. doi:10.1111/bju.12405

25. Haarhaus M, Brandenburg V, Kalantar-Zadeh K, et al. Alkaline 
phosphatase: a novel treatment target for cardiovascular disease in 
CKD. Nat Rev Nephrol. 2017;13(7):429–442. doi:10.1038/ 
nrneph.2017.60

26. Damera S, Raphael KL, Baird BC, et al. Serum alkaline phosphatase 
levels associate with elevated serum C-reactive protein in chronic 
kidney disease. Kidney Int. 2011;79(2):228–233. doi:10.1038/ 
ki.2010.356

27. Chen ZH, Zhang X-P, Cai X-R, et al. The predictive value of 
albumin-to-alkaline phosphatase ratio for overall survival of hepato
cellular carcinoma patients treated with trans-catheter arterial che
moembolization therapy. J Cancer. 2018;9(19):3467–3478. 
doi:10.7150/jca.26120

28. Li D, Lv H, Hao X, et al. Prognostic value of serum alkaline 
phosphatase in the survival of prostate cancer: evidence from a 
meta-analysis. Cancer Manag Res. 2018;10:3125–3139. 
doi:10.2147/CMAR.S174237

29. Lalles JP. Recent advances in intestinal alkaline phosphatase, inflam
mation, and nutrition. Nutr Rev. 2019;77(10):710–724. doi:10.1093/ 
nutrit/nuz015

30. Chen XY, Lan M, Zhou Y, et al. Risk factors for bone metastasis from 
renal cell cancer. J Bone Oncol. 2017;9:29–33. doi:10.1016/j. 
jbo.2017.10.004

31. Long ZQ, Hua X, Zhang -W-W, et al. Prognostic impact of the 
pretreatment albumin to alkaline phosphatase ratio for nonmetastatic 
breast cancer patients. Cancer Manag Res. 2019;11:4809–4814. 
doi:10.2147/CMAR.S200759

32. Huang P, Lan M, Peng A-F, et al. Serum calcium, alkaline phospho
tase and hemoglobin as risk factors for bone metastases in bladder 
cancer. PLoS One. 2017;12(9):e0183835. doi:10.1371/journal. 
pone.0183835

OncoTargets and Therapy                                                                                                                Dovepress 

Publish your work in this journal 
OncoTargets and Therapy is an international, peer-reviewed, open 
access journal focusing on the pathological basis of all cancers, 
potential targets for therapy and treatment protocols employed to 
improve the management of cancer patients. The journal also 
focuses on the impact of management programs and new therapeutic 

agents and protocols on patient perspectives such as quality of life, 
adherence and satisfaction. The manuscript management system is 
completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 13274

Zhao et al                                                                                                                                                             Dovepress

https://doi.org/10.1016/j.juro.2010.09.021
https://doi.org/10.1016/j.juro.2010.09.021
https://doi.org/10.1016/j.eururo.2014.07.033
https://doi.org/10.1038/srep12733
https://doi.org/10.1155/2015/564057
https://doi.org/10.4143/crt.2018.503
https://doi.org/10.4143/crt.2018.503
https://doi.org/10.7150/jca.34029
https://doi.org/10.1111/1759-7714.13107
https://doi.org/10.1016/S1470-2045(14)70263-3
https://doi.org/10.1200/JCO.2014.57.9151
https://doi.org/10.1245/s10434-017-5948-6
https://doi.org/10.1186/s12957-018-1493-4
https://doi.org/10.1080/01635581.2015.1004726
https://doi.org/10.1080/01635581.2015.1004726
https://doi.org/10.1007/s12032-014-0282-3
https://doi.org/10.1016/j.jhep.2014.04.012
https://doi.org/10.1186/1475-2891-9-69
https://doi.org/10.3389/fimmu.2018.01055
https://doi.org/10.1111/bju.12240
https://doi.org/10.1111/bju.12405
https://doi.org/10.1038/nrneph.2017.60
https://doi.org/10.1038/nrneph.2017.60
https://doi.org/10.1038/ki.2010.356
https://doi.org/10.1038/ki.2010.356
https://doi.org/10.7150/jca.26120
https://doi.org/10.2147/CMAR.S174237
https://doi.org/10.1093/nutrit/nuz015
https://doi.org/10.1093/nutrit/nuz015
https://doi.org/10.1016/j.jbo.2017.10.004
https://doi.org/10.1016/j.jbo.2017.10.004
https://doi.org/10.2147/CMAR.S200759
https://doi.org/10.1371/journal.pone.0183835
https://doi.org/10.1371/journal.pone.0183835
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Materials and Methods
	Participants
	Clinical and Follow-Up Data
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Disclosure
	References

