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Purpose: Several studies have revealed that albumin-to-alkaline phosphatase ratio (AAPR)
was correlated to the survival of several cancers. To explore the impact of AAPR on the
survival of non-metastatic renal cell carcinoma (RCC) patients following nephrectomy, the
present study was conducted.
Patients and Methods: A total of 648 patients were enrolled in the present study. The cutoff value of AAPR was determined based on the receiver-operating characteristic (ROC)
analysis. Univariate and multivariate analyses were applied to identify prognostic factors.
The discrimination and calibration of models for survival outcomes were evaluated based on
the concordance index (C-index), ROC analysis and calibration curve.
Results: The low AAPR (≤0.5) was associated with older age (P<0.001), higher T stage
(P=0.002), larger tumor size (P=0.014) and tumor necrosis (P=0.003). A high AAPR was
significantly correlated to better OS (hazard ratio, HR=0.61; P=0.038) and CSS (HR=0.52;
P=0.013) based on multivariate analysis. Integrating AAPR with UISS or SSIGN, the
C-indexes of nomogram for OS (UISS: 0.790 vs 0.765; SSIGN: 0.861 vs 0.850) and CSS
(UISS: 0.832 vs 0.805; SSIGN: 0.905 vs 0.896) increased. Moreover, the nomogram for OS
and CSS was established based on the multivariate analysis. The C-indexes of nomogram for
OS and CSS were 0.834 (95% CI 0.794–0.874) and 0.867 (95% CI 0.830–0.904),
respectively.
Conclusion: In conclusion, the high preoperative AAPR was a favorable prognostic factor
for surgically treated non-metastatic RCC patients. AAPR also could improve the predictive
value of well-established models. The nomogram that incorporates AAPR had a good
performance. More prospective studies with a large scale are essential to validate our
findings.
Keywords: albumin-to-alkaline phosphatase ratio, non-metastatic renal cell carcinoma,
prognostic impact, nephrectomy

Introduction

Correspondence: Xiang Li
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Renal cell carcinoma (RCC) is one of the common urological cancers, taking up
2–3% of all cancers.1 During the last two decades, the occurrence of RCC is
increasing by approximately 2% annually, leading to approximately 403,200 new
cases and 175,100 cancer-related deaths.1,2 For localized diseases, surgical resec
tion with curative intent is the standard treatment.2 However, local or distant
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recurrence would occur in about 20–30% of patients after
surgical resection of localized RCC.3,4 Furthermore, about
16% of patients harbor distant metastasis at the first
diagnosis.5 The survival of patients who have distant
metastasis is discouraging and the 5-year survival rate is
about 12%.5 Therefore, the recognition of prognostic fac
tors is critical to improving the management of patients.
Tumor, node, metastasis (TNM) classification system,
tumor grade, tumor subtype, presence of sarcomatoid com
ponent and tumor necrosis are well-established prognostic
factors. Several models have been proposed which enroll
several prognostic factors, such as the Mayo Clinic Stage
Size Grade Necrosis (SSIGN) score and the University of
California, Los Angeles (UCLA) Integrated Staging
System (UISS), which are commonly used and well
validated.6,7 But the performance of these models could
be potentially improved because these models mostly
focused on the pathological information which only
could be obtained after surgery and did not consider clin
ical factors.
Various serum markers have been proposed for predict
ing survival in RCC patients, such as C-reactive protein-to
-albumin ratio (CAR), albumin-to-globulin ratio, plateletto-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte
ratio (NLR).8–10 Recently, a novel marker, albumin-toalkaline phosphatase ratio (AAPR) was proposed and
reported to be correlated to the survival of various malig
nancies, including non-small-cell lung cancer (NSCLC),
breast cancer and hepatocellular carcinoma (HCC),11–13
while the prognostic value of preoperative AAPR is not
been well explored in the RCC. Therefore, the present
study was designed to explore the impact of AAPR on
the survival of non-metastatic RCC patients following
nephrectomy.

Patients and Methods
Patients Selection and Evaluation
The present study retrospectively reviewed the patients with
non-metastatic RCC who underwent nephrectomy in Sichuan
University West China Hospital from January 2010 to
December 2013. Exclusion criteria were as listed: 1) incom
plete clinicopathological information; 2) bilateral or multiple
RCC; 3) with diseases that might influence albumin (ALB) or
alkaline phosphatase (ALP), for instance: bone diseases, liver
diseases, and active infection; 4) pathological N+ or distant
metastasis; 5) without available follow-up data. Finally, a total
of 648 patients were enrolled in the present study. The Ethics
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Committee of Sichuan University West China Hospital
approved the present study.
The laboratory tests are performed within 1 week before
surgery. All patients underwent the chest computed tomogra
phy (CT) scan or X-ray and abdominal magnetic resonance
imaging (MRI) or CT scan to stage cancer. The pathological
stages were defined in accordance with the 8th version of the
TNM staging system.14 Histological diagnoses, including
RCC type, nuclear grade, sarcomatoid features, and tumor
necrosis, were made according to the 2016 World Health
Organization (WHO) classification.15

Data Collection
All patients’ information was reviewed and extracted from
medical records, including gender, age, diabetes mellitus,
hypertension, tumor laterality, surgical type and approach,
tumor size, pathological T stage, RCC subtype, tumor
grade, tumor necrosis, and sarcomatoid features. The
patients were divided into normal and abnormal ALP
group based on the normal ALP range (female: 50–
135U/L); (male: 45–125U/L), which is commonly utilized
in routine clinical practice. Preoperative AAPR was calcu
lated based on the formula: preoperative serum ALB level
(g/L)/ALP (U/L).

Follow-Up
Postoperative surveillance was conducted routinely based
on the recommendations, including physical and labora
tory examinations, radiological examinations of the chest
and abdomen. All patients were regularly followed up
every 3 months for the first 2 years, every 6 months for
3–5 years, and then once a year afterward. The primary
outcomes were overall survival (OS) and cancer-specific
survival (CSS). OS was calculated from the time of opera
tion to the time of death or the end of follow-up. CSS was
calculated as the time interval between the time of opera
tion and the time of RCC-related death or the end of
follow-up.

Statistical Analysis
Mean (standard derivation, SD) or median (interquartile
range, IQR) was presented for continuous variables.
Frequency (proportion) was presented for categorized vari
ables. Comparing differences of continuous and categor
ized variables between groups were conducted by
Student’s t test and Chi-square test. By setting CSS as
the endpoint, the receiver-operating characteristic (ROC)
curve was carried out to identify the optimal cut-off value
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of AAPR with the maximum Youden index (sensitivity
+specificity-1).16 The Kaplan–Meier curve analysis and
Log rank test were applied to compare survival rates
between groups. Univariate and multivariate Cox propor
tional hazards regression analyses were conducted to iden
tify prognostic factors.
Furthermore, the nomograms for predicting OS and
CSS were built in accordance with the multivariate

analysis. The discrimination and calibration of models
for OS and CSS were evaluated in accordance with the
ROC analysis, concordance index (C-index), and calibra
tion curve. A two-sided P value<0.05 was regarded statis
tically significant. The R software version 3.6.2 (http://
www.r-project.org/) and SPSS version 23.0 (IBM Corp,
Armonk, NY, USA) were applied for all statistical
analyses.

Table 1 Clinicopathological Characteristics of Non-Metastatic Renal Cell Carcinoma Patients
Total

AAPR
≤0.5

>0.5

P-value

No. of patients

648

197

451

Age (years)

54.84±12.64

57.45±11.79

53.70±12.85

<0.001

Gender
Male
Female

394 (60.80%)
254 (39.20%)

116 (58.88%)
81 (41.12%)

278 (61.64%)
173 (38.36%)

0.508

Hypertension

168 (25.93%)

57 (28.93%)

111 (24.61%)

0.248

Diabetes mellitus

78 (12.04%)

25 (12.69%)

53 (11.75%)

0.736

Laterality
Left
Right

316 (48.77%)
332 (51.23%)

99 (50.25%)
98 (49.75%)

217 (48.12%)
234 (51.88%)

0.616

Tumor size (cm)

4.5 (3.1–6)

5 (3.4–6.7)

4.41 (3.05–5.7)

0.014

Operative approach
Open
Laparoscopic

453 (69.91%)
195 (30.09%)

144 (73.10%)
53 (26.90%)

309 (68.51%)
142 (31.49%)

0.242

437 (67.44%)
211 (32.56%)

139 (70.56%)
58 (29.44%)

298 (66.08%)
153 (33.92%)

0.263

T1
T2
T3

522 (80.56%)
55 (8.49%)
63 (9.72%)

145 (73.60%)
18 (9.14%)
28 (14.21%)

377 (83.59%)
37 (8.20%)
35 (7.76%)

0.002

T4

8 (1.23%)

6 (3.05%)

2 (0.44%)

545 (84.10%)
103 (15.90%)

169 (85.79%)
28 (14.21%)

376 (83.37%)
75 (16.63%)

0.546

24 (3.70%)
339 (52.31%)

6 (3.05%)
101 (51.27%)

18 (3.99%)
238 (52.77%)

0.065

266 (41.05%)
19 (2.93%)

79 (40.10%)
11 (5.58%)

187 (41.46%)
8 (1.77%)

72 (11.11%)
7 (1.08%)

33 (16.75%)
3 (1.52%)

39 (8.65%)
4 (0.89%)

Nephrectomy
Radical
Partial
Pathological T stage

Histologic subtype
Clear cell
Non-clear cell
Tumor grade
G1
G2
G3
G4
Tumor necrosis
Sarcomatoid features

0.003
0.440

Abbreviation: AAPR, albumin-to-alkaline phosphatase ratio.

OncoTargets and Therapy 2020:13

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

8289

Dovepress

Hu et al

Results
Clinicopathological Characteristics
Overall, 648 patients were included in the present study,
and the clinicopathological characteristics were presented
in Table 1. The whole cohort comprised 394 males
(60.80%) and 254 females (39.20%), with a mean age of
54.84 years (±12.64). Among them, 195 patients under
went laparoscopic surgery and 453 patients had open sur
gery. Besides, most patients (n=437, 67.44%) underwent
radical nephrectomy. As for tumor characteristics, the
median tumor size was 4.5 cm (IQR, 3.1–6). Most patients
(n=522, 80.56%) had pathological T1 stage disease. Clear
cell RCC was diagnosed in 545 patients (84.10%), fol
lowed by non-clear cell RCC in 103 patients (15.90%).
Tumor necrosis and sarcomatoid features were found in 72
patients (11.11%) and 7 patients (1.08%), respectively. The
median duration of follow-up was 84 months.

Relation Between Clinicopathological
Characteristics and AAPR
Based on ROC curve analysis, the optimal cut–off value of
AAPR was 0.5 with the sensitivity of 52.1%, specificity of
74.5% and the maximum Youden index of 0.266 (Figure 1).
Thus, the patients were divided into low (≤0.5) and high (>0.5)

AAPR group. Tumor necrosis (P=0.003) and higher patholo
gical T stage (P=0.002) were commonly observed in the low
AAPR groups. Furthermore, the low AAPR was associated
with older age (P<0.001). Additionally, the low AAPR was
significantly associated with a larger tumor size (P=0.014). No
significant discrepancies in other characteristics between the
low and high AAPR groups were observed (Table 1).

Survival Analysis
At the last follow-up, 85 patients (13.12%) had died, among
which 71 patients died of RCC-related cause. The 5-year
OS rate (81.7% vs 92.9%) and CSS rate (82.6% vs 94.2%)
of the patients with low AAPR were worse than those with
the high AAPR. Kaplan–Meier curve and Log rank test also
revealed that the patients with the low AAPR had an inferior
OS (Figure 2A) and CSS (Figure 2B) than those with the
high AAPR. Subset analysis also showed that the low
AAPR was associated with worse OS (Figure 3A) and
CSS (Figure 3B) for clear cell RCC patients. In the uni
variate analysis, age, sarcomatoid feature, tumor grade,
T stage, tumor necrosis, ALB, and AAPR were related to
OS and CSS (all P-value <0.5, Table 2). Multivariate ana
lysis also revealed that higher AAPR (>0.5) was a favorable
factor of OS (HR=0.61; 95% CI 0.38–0.97; P=0.038) and
CSS (HR=0.52; 95% CI 0.31–0.87; P=0.013). Furthermore,
age, sarcomatoid feature, tumor grade, T stage, and tumor
necrosis were also associated with survival based on multi
variate analysis (Table 2).

The Performance of AAPR and
Nomogram for OS and CSS

Figure 1 ROC curve analysis of CSS for RCC patients.
Abbreviations: CSS, cancer-specific survival; RCC, renal cell carcinoma; ROC,
receiver operating characteristic.
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The two commonly used models, including UISS and
SSIGN, were validated in the present study. SSIGN was
only validated for clear cell RCC patients. The C-indexes
of UISS for OS and CSS predictions were 0.765 (95% CI
0.719–0.810) and 0.805 (95% CI 0.763–0.847), respec
tively. The C-indexes of SSIGN for OS and CSS predic
tions were 0.850 (95% CI 0.811–0.890) and 0.896 (95CI
0.870–0.922), respectively. By integrating AAPR with
UISS or SSIGN, the C-indexes of the nomogram for OS
(UISS: 0.790 vs 0.765; SSIGN: 0.861 vs 0.850) and CSS
(UISS: 0.832 vs 0.805; SSIGN: 0.905 vs 0.896; Table 3)
predictions increased. Furthermore, after incorporating
AAPR in UISS and SSIGN, the area under ROC curve
(AUC) for OS (UISS: 0.823 vs 0.798; SSIGN: 0.893 VS
0.883) and CSS (UISS: 0.856 vs 0.827; SSIGN: 0.924 vs
0.915; Table 3) were also improved. Moreover, the present
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Figure 2 Kaplan–Meier survival analysis of (A) OS and (B) CSS in non-metastatic RCC patients who underwent nephrectomy.
Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; CSS, cancer-specific survival; OS, overall survival; RCC, renal cell carcinoma.

study also established the nomogram for OS (Figure 4A)
and CSS (Figure 4B) based on the multivariate analysis,
which also included AAPR. The C-indexes of nomogram
for OS and CSS predictions were 0.834 (95% CI 0.794–
0.874) and 0.867 (95% CI 0.830–0.904), respectively. The
AUC of the nomogram for predicting OS and CSS were
0.874 (95% CI 0.833–0.915) and 0.901 (95% CI 0.865–
0.937), respectively. The calibration plots for predicting
OS (Figure 5A) and CSS (Figure 5B) fitted very well
between the nomogram-predicted probability and actual
observation at 5 years after operation.

Discussion
The present study was designed to explore the impact of
AAPR on the survival of non-metastatic RCC patients
following nephrectomy. The low AAPR (≤0.5) was signifi
cantly associated with older age, higher T stage, more

OncoTargets and Therapy 2020:13

proportion of tumor necrosis, and larger tumor size, which
are all well-known adverse factors. Besides, lower preo
perative AAPR was significantly related to inferior OS and
CSS. We also validated the performance of two commonly
used models, UISS and SSIGN, and found the predictable
ability improved after incorporating AAPR. Furthermore,
we also established the nomogram based on our data, which
also incorporates AAPR, and the discriminatory capability
is not inferior to UISS and SSIGN.
Chan et al firstly introduced the AAPR and found AAPR
was associated with OS and disease-free survival (DFS) for
HCC patients who receive curative treatment.12 They also
observed that AAPR had the highest C-index and chi-square
compared with other liver parameters. Cai et al demonstrated
that AAPR > 0.38 was correlated to favorable factors in
advanced HCC patients, such as less portal vein tumor throm
bus and ascites.17 AAPR was regarded as a prognostic factor
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Figure 3 Kaplan–Meier survival analysis of (A) OS and (B) CSS in clear cell RCC patients who underwent nephrectomy.
Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; CSS, cancer-specific survival; OS, overall survival; RCC, renal cell carcinoma.

and could enhance the predictive ability of the TNM system,
which is similar to our findings. Besides, Pu et al demonstrated
that AAPR was connected with OS for pancreatic ductal
adenocarcinoma patients following curative resection.18
They also suggested that the predictive model would be
more accurate and advanced by the incorporation of AAPR.
Zhang et al revealed the patients with higher AAPR (≥0.68)
had a better OS and DFS compared with lower AAPR (<0.68)
for patients with cervical cancer following radical
hysterectomy.19 Long et al included 746 non-metastatic breast
cancer and observed increased pretreatment AAPR (≥0.525)
was related to tumor size, age and other factors, which is
consistent with our results.11 Multivariate analysis showed
AAPR was related to OS. Li et al determined 0.57 as optimal
cut-off value and demonstrated low preoperative AAPR was
linked with poor OS and DFS for resected NSCLC.13 After
performing propensity score-matching analysis to balance
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characteristics, the AAPR was also associated with OS and
DFS. Regarding urological cancers, Tang et al found that
lower AAPR (<0.58) was an unfavorable factor of OS, CSS
and recurrence-free survival for patients with upper tract
urothelial carcinoma following radical nephroureterectomy.20
AAPR was found to be associated with adverse factors such as
higher pT stage, grade, and larger tumor size. Xia et al firstly
introduced AAPR in RCC, revealing low AAPR (<0.39) was
correlated to OS and CSS.21 They also established nomograms
for OS (C-index:0.821) and CSS (C-index:0.839) with mod
erate discriminative ability. However, they only evaluated the
added predictive ability of AAPR in their nomograms, while
they did not observe significant discrepancies in tumor char
acteristics between low and high AAPR, which is different
from other studies. We also evaluated whether AAPR could
improve the predictive ability of well-established models, and
thus established nomograms of OS (C-index)0.834 and CSS
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors for OS, CSS and PFS in Patients with Non-Metastatic RCC
(n=648)
OS

CSS

Univariate

Multivariate

Univariate

Multivariate

HR (95% CI) P-value

HR (95% CI) P-value

HR (95% CI) P-value

HR (95% CI) P-value

Age (≧55 vs<55)

3.29 (1.99–5.43) <0.001

2.09 (1.25–3.52) 0.005

2.74 (1.62–4.64) <0.001

1.52 (0.87–2.63) 0.139

Gender (male vs female)
Laterality (right vs left)

1.2 (0.77–1.88) 0.418
0.92 (0.6–1.4) 0.686

Histology (non-clear cell vs clear cell)

0.97 (0.54–1.74) 0.908

T stage (3–4 vs 1–2)
Tumor grade (G3-4 vs G1-2)

8.92 (5.8–13.74) <0.001
4.33 (2.65–7.1) <0.001

4.87 (3.05–7.77) <0.001
2.19 (1.27–3.76) 0.005

12.45 (7.8–19.9) <0.001
5.75 (3.2–10.32) <0.001

6.66 (4–11.05) <0.001
2.63 (1.39–4.98) 0.003

Tumor necrosis (yes vs no)

5.19 (3.32–8.1) <0.001

2.46 (1.5–4.02) <0.001

6.08 (3.77–9.79) <0.001

2.92 (1.73–4.93) <0.001

Sarcomatoid feature (yes vs no)
Albumin, g/L (≥35 vs <35)

10.8 (4.35–26.8) <0.001
0.18 (0.09–0.33) <0.001

4.35 (1.7–11.11) 0.002
0.84 (0.4–1.74) 0.635

12.8 (5.1–31.96) <0.001
0.19 (0.09–0.37) <0.001

5.63 (2.17–14.6) <0.001
1.21 (0.54–2.7) 0.647

ALP, U/L (normal vs abnormal)

0.81 (0.41–1.62) 0.552

AAPR (>0.5 vs ≤0.5)

0.41 (0.27–0.63) <0.001

1.29 (0.79–2.1) 0.317
0.82 (0.51–1.3) 0.394
1.09 (0.58–2.02) 0.795

0.87 (0.4–1.91) 0.737
0.61 (0.38–0.97) 0.038

0.37 (0.23–0.59) <0.001

0.52 (0.31–0.87) 0.013

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; ALP, alkaline phosphatase; CI, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; OS, overall
survival.

Table 3 Comparison of Discriminatory Capabilities of Models for OS and CSS in Patients with Non-Metastatic RCC
Model

OS

CSS

C-Index

95% CI

AUC

95% CI

C-Index

95% CI

AUC

95% CI

UISS

0.765

0.719–0.810

0.798

0.746–0.850

0.805

0.763–0.847

0.827

0.778–0.876

UISS+AAPR
SSIGNa

0.790
0.850

0.743–0.837
0.811–0.890

0.823
0.883

0.770–0.877
0.841–0.926

0.832
0.896

0.789–0.876
0.870–0.922

0.856
0.915

0.807–0.906
0.885–0.944

SSIGN+AAPR

0.861

0.825–0.898

0.893

0.853–0.933

0.905

0.881–0.928

0.924

0.898–0.950

Nomogram (exclude AAPR)
Nomogramb

0.833
0.834

0.793–0.874
0.794–0.874

0.870
0.874

0.828–0.913
0.833–0.915

0.860
0.867

0.819–0.900
0.830–0.904

0.891
0.901

0.850–0.932
0.865–0.937

Notes: aValidation of the SSIGN for clear cell renal cell carcinoma patients. bpT+tumor grade+necrosis+sarcomatoid feature+age+AAPR for predicting OS; pT+tumor grade
+ necrosis+sarcomatoid feature+AAPR for CSS.
Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; AUC, area under receiver-operating characteristic curve; C-index, concordance index; CI, confidence
interval; CSS, cancer-specific survival; OS, overall survival; SSIGN, stage size grade and necrosis; UISS, University of California Los Angeles Integrated Staging System.

(C-index=0.867), which may have better discrimination than
theirs. Among reported studies, the optimal cut-off value is
different, ranging from 0.38 to 0.68.11–13,17–21 Several factors
might cause different cut-off values, such as different types of
cancers, stage, sample sizes, duration of follow-up, assay
methods for ALB and ALP, as well as different methods to
select a cut-off value. Hence, more well-designed studies are
further required.
Increasing evidence suggested that nutritional deficiency
and systemic inflammatory response were related to the devel
opment and progression of cancers.22 Tumor growth and
aggression need the nutrient and cause the immunological
response. ALB, the most abundant protein in serum, reflects
patients’ nutritional status. ALB is also related to systemic
immune reaction to inflammation or tumor.23 Furthermore,
ALB could stabilize cell growth and proliferation, exert

OncoTargets and Therapy 2020:13

antioxidants agents against carcinogens.23,24 Tumor could
directly inhibit the generation of ALB through secreting proin
flammatory cytokine, ALB also could penetrate interstitial
space because of inflammation-induced increased vascular
permeability.25 Also, low ALB or hypoalbuminemia was
reported to be associated with an immunosuppressed status,
reflecting a poor anti-cancer response.26 ALB was reported to
be correlated to the survival of several cancers, including
RCC.25
ALP is a hydrolytic enzyme, mainly synthesized in the bile
duct, liver, kidney, bone, and several other organs. The ALP
level will increase under some pathological conditions of
corresponding tissues, such as HCC, kidney and bone
diseases.20 ALP can be synthesized and excreted into the
serum directly by cancer cells and regulates tumor
development.27 Besides, elevated ALP was reported to be
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Figure 4 Nomogram for predicting (A) OS and (B) CSS in non-metastatic RCC patients.
Abbreviations: CSS, cancer-specific survival; OS, overall survival; RCC, renal cell carcinoma.

a potential indicator of oxidative stress, which plays an impor
tant role in tumorgenesis.28 Moreover, ALP was reported to be
associated with the survival of HCC, gastric cancer, and
RCC.28–31
AAPR, calculated based on the ALB and ALP, may
reflect the nutritional status, and immunological response
in patients with cancers, which could predict the survival of
cancer patients. AAPR is low-cost, non-invasive and easily
obtained, which could stratify the patients and be beneficial
for patients’ management. Low AAPR was related to poor
survival outcomes, thus the patients with low AAPR could
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improve the nutritional status and received relevant thera
pies. Besides, for these patients, adjuvant therapy and more
closed follow-up could be provided.
However, our study is not devoid of limitations. Firstly,
the present study is retrospective which may lead to
a selection bias. Next, the present study extracted data
from one center, the sample size is moderate. The optimal
cut-off value of AAPR still needs to be validated. Thus,
the multicenter studies with large scale are necessary.
Thirdly, we centered on the preoperative AAPR; however,
dynamic change of AAPR was not evaluated. At last, the
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Figure 5 The calibration curve predicts (A) OS and (B) CSS at 5 years after nephrectomy in non-metastatic RCC patients.
Abbreviations: CSS, cancer-specific survival; OS, overall survival; RCC, renal cell carcinoma.

exact mechanism of AAPR between the survival of cancer
patients is needed to be further explored in basic research.

Conclusion
In conclusion, the high preoperative AAPR was a favorable
prognostic factor for surgically treated non-metastatic RCC
patients. AAPR also could improve the predictive value of
well-established models. The nomogram incorporating
AAPR had a good performance. More prospective studies
with a large scale are essential to validate our findings.

Data Sharing Statement
The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval and Informed
Consent
All procedures performed in studies involving human par
ticipants were according to the ethical standards of the

OncoTargets and Therapy 2020:13

ethics committee of Sichuan University West China
Hospital and Declaration of Helsinki. The ethics commit
tee of Sichuan University West China Hospital approved
this study, and informed consent was waived by the board
due to the nature of retrospective design. The patients’
data were anonymized and analyzed with confidentiality.

Author Contributions
All authors made a significant contribution to the work
reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation,
or in all these areas; took part in drafting, revising or
critically reviewing the article; gave final approval of the
version to be published; have agreed on the journal to
which the article has been submitted; and agree to be
accountable for all aspects of the work.

Disclosure
All authors report no conflicts of interest in this work.

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

8295

Dovepress

Hu et al

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2018;68(6):394–424. doi:10.3322/caac.21492
2. Ljungberg B, Albiges L, Abu-Ghanem Y, et al. European association
of urology guidelines on renal cell carcinoma: the 2019 update. Eur
Urol. 2019;75(5):799–810. doi:10.1016/j.eururo.2019.02.011
3. Jamil ML, Keeley J, Sood A, et al. Long-term risk of recurrence in
surgically treated renal cell carcinoma: a post hoc analysis of the
eastern cooperative oncology group-American college of radiology
imaging network E2805 Trial Cohort. Eur Urol. 2020;77(2):277–281.
doi:10.1016/j.eururo.2019.10.028
4. Janzen NK, Kim HL, Figlin RA, Belldegrun AS. Surveillance after
radical or partial nephrectomy for localized renal cell carcinoma and
management of recurrent disease. Urol Clin North Am. 2003;30
(4):843–852. doi:10.1016/S0094-0143(03)00056-9
5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer
J Clin. 2020;70(1):7–30. doi:10.3322/caac.21590
6. Zigeuner R, Hutterer G, Chromecki T, et al. External validation of the
Mayo Clinic stage, size, grade, and necrosis (SSIGN) score for
clear-cell renal cell carcinoma in a single European centre applying
routine pathology. Eur Urol. 2010;57(1):102–109. doi:10.1016/j.
eururo.2008.11.033
7. Patard JJ, Kim HL, Lam JS, et al. Use of the University of California
Los Angeles integrated staging system to predict survival in renal cell
carcinoma: an international multicenter study. J Clin Oncol. 2004;22
(16):3316–3322. doi:10.1200/JCO.2004.09.104
8. Hu H, Yao X, Xie X, et al. Prognostic value of preoperative NLR,
dNLR, PLR and CRP in surgical renal cell carcinoma patients. World
J Urol. 2017;35(2):261–270. doi:10.1007/s00345-016-1864-9
9. He X, Guo S, Chen D, et al. Preoperative albumin to globulin ratio
(AGR) as prognostic factor in renal cell carcinoma. J Cancer. 2017;8
(2):258–265. doi:10.7150/jca.16525
10. Guo S, He X, Chen Q, et al. The C-reactive protein/albumin ratio,
a validated prognostic score, predicts outcome of surgical renal cell
carcinoma patients. BMC Cancer. 2017;17(1):171. doi:10.1186/
s12885-017-3119-6
11. Long ZQ, Hua X, Zhang WW, 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
12. Chan AW, Chan SL, Mo FK, et al. Albumin-to-alkaline phosphatase
ratio: a novel prognostic index for hepatocellular carcinoma. Dis
Markers. 2015;2015:564057. doi:10.1155/2015/564057
13. Li SJ, Lv WY, Du H, et al. Albumin-to-alkaline phosphatase ratio as
a novel prognostic indicator for patients undergoing minimally inva
sive lung cancer surgery: propensity score matching analysis using
a prospective database. Int J Surg. 2019;69:32–42. doi:10.1016/j.
ijsu.2019.07.008
14. Taneja K, Williamson SR. Updates in pathologic staging and histo
logic grading of renal cell carcinoma. Surg Pathol Clin. 2018;11
(4):797–812. doi:10.1016/j.path.2018.07.004
15. Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The
2016 WHO classification of tumours of the urinary system and male
genital organs-part A: renal, penile, and testicular tumours. Eur Urol.
2016;70(1):93–105. doi:10.1016/j.eururo.2016.02.029

8296

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

16. Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its
associated cutoff point. Biom J. 2005;47(4):458–472. doi:10.1002/
bimj.200410135
17. Cai X, Chen Z, Chen J, et al. Albumin-to-alkaline phosphatase ratio
as an independent prognostic factor for overall survival of advanced
hepatocellular carcinoma patients without receiving standard
anti-cancer therapies. J Cancer. 2018;9(1):189–197. doi:10.7150/
jca.21799
18. Pu N, Gao S, Xu Y, et al. Alkaline phosphatase-to-albumin ratio as
a prognostic indicator in pancreatic ductal adenocarcinoma after
curative resection. J Cancer. 2017;8(16):3362–3370. doi:10.7150/
jca.20917
19. Zhang C, Li Y, Ji R, et al. The Prognostic significance of pretreatment
albumin/alkaline phosphatase ratio in patients with stage IB-IIA
cervical cancer. Onco Targets Ther. 2019;12:9559–9568.
doi:10.2147/OTT.S225294
20. Tan P, Xie N, Ai J, et al. The prognostic significance of albumin-toalkaline phosphatase ratio in upper tract urothelial carcinoma. Sci
Rep. 2018;8(1):12311. doi:10.1038/s41598-018-29833-5
21. Xia A, Chen Y, Chen J, Pan Y, Bao L, Gao X. 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
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. Arroyo V, García-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
24. Nojiri S, Joh T. Albumin suppresses human hepatocellular carcinoma
proliferation and the cell cycle. Int J Mol Sci. 2014;15(3):5163–5174.
doi:10.3390/ijms15035163
25. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of
cancer survival: a systematic review of the epidemiological
literature. Nutr J. 2010;9:69. doi:10.1186/1475-2891-9-69
26. Noh GT, Han J, Cho MS, et al. Impact of the prognostic nutritional
index on the recovery and long-term oncologic outcome of patients
with colorectal cancer. J Cancer Res Clin Oncol. 2017;143
(7):1235–1242. doi:10.1007/s00432-017-2366-x
27. Rao SR, Snaith AE, Marino D, et al. Tumour-derived alkaline phos
phatase regulates tumour growth, epithelial plasticity and disease-free
survival in metastatic prostate cancer. Br J Cancer. 2017;116
(2):227–236. doi:10.1038/bjc.2016.402
28. López-Posadas R, González R, Ballester I, et al. Tissue-nonspecific
alkaline phosphatase is activated in enterocytes by oxidative stress
via changes in glycosylation. Inflamm Bowel Dis. 2011;17
(2):543–556. doi:10.1002/ibd.21381
29. Wu YJ, Wang Y, Qin R, et al. Serum alkaline phosphatase predicts
poor disease-free survival in patients receiving radical gastrectomy.
Med Sci Monit. 2018;24:9073–9080. doi:10.12659/MSM.910480
30. Wu SJ, Lin YX, Ye H, Xiong XZ, Li FY, Cheng NS. Prognostic value
of alkaline phosphatase, gamma-glutamyl transpeptidase and lactate
dehydrogenase in hepatocellular carcinoma patients treated with liver
resection. Int J Surg. 2016;36(Pt A):143–151. doi:10.1016/j.
ijsu.2016.10.033
31. Lee SE, Byun SS, Han JH, Han BK, Hong SK. Prognostic signifi
cance of common preoperative laboratory variables in clear cell renal
cell carcinoma. BJU Int. 2006;98(6):1228–1232. doi:10.1111/j.1464410X.2006.06437.x

OncoTargets and Therapy 2020:13

Dovepress

OncoTargets and Therapy

Hu et al

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

OncoTargets and Therapy 2020:13

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

8297

