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Introduction: The aim of this study was to elucidate the association between apolipoprotein
A-I(Apo A-]) and overall survival (OS) as well as cancer-specific survival (CSS) in non-muscle-
invasive bladder cancer (NMIBC) patients undergoing transurethral resection of bladder tumor
(TURBT).

Patients and methods: We retrospectively collected data of 470 eligible patients diagnosed
with NMIBC and who received TURBT between January 2004 and December 2011. Pretreat-
ment blood indexes were examined. The association of Apo A-I with clinicopathological
characteristics was further analyzed by dichotomizing our sample into those with Apo A-I <
1.19 g/L (low Apo A-I group) and those with Apo A-1 > 1.19 g/L (high Apo A-I group). OS
and CSS were estimated by Kaplan—Meier analysis and the log-rank test was used to compare
differences between groups. Univariate and multivariate Cox regression analyses were plotted
to assess the prognostic value of Apo A-I in NMIBC patients. In addition, subgroup analyses
were performed according to the risk classification of the International Bladder Cancer Group.
Results: In the overall population, patients in the high Apo A-I group had greater 5-year OS
and 5-year CSS rates as compared to those in the low Apo A-I group. Kaplan—Meier survival
analysis revealed that higher albumin, Apo A-I, and hemoglobin levels were associated with
greater OS and CSS while elevated neutrophil-lymphocyte ratio was associated with worse
OS and CSS in the overall and high-risk population rather than low- and intermediate-risk
population. Furthermore, Apo A-I was shown to be an independent predictor in the overall
population (for OS, hazard ratio [HR], 0.364, 95% confidence interval [CI], 0.221-0.598,
p<0.001; for CSS, HR, 0.328, 95% CI, 0.185-0.583, p < 0.001) and high-risk patients (for OS,
HR, 0.232,95% CI 0.121-0.443, p < 0.001; for CSS, HR, 0.269, 95% CI, 0.133-0.541, p < 0.001).
Conclusion: These results suggest that Apo A-I level could potentially serve as a useful prog-
nostic indicator for therapeutic decision making in NMIBC patients.

Keywords: apolipoprotein A-I, NMIBC, TURBT, prognosis, overall survival, cancer-specific

survival

Introduction

In 2012, an estimated 429,800 patients were diagnosed with, and 165,100 patients
died from, bladder cancer worldwide.! NMIBC, which is confined to the mucosa or
lamina propria, accounts for approximately 80% of all newly diagnosed bladder can-
cers.>* TURBT is a typical first-line treatment for NMIBC patients. However, 70% of
patients may suffer from recurrence after TURBT and 5-year recurrence rates are as
high as 80%.* As a result, many patients undergo TURBT a second time. In addition,
prognosis is worse in high-risk NMIBC patients; for example, in those with T1G3,

submit your manuscript
Dove

http:

Cancer Management and Research 2018:10 1177-1190 1177
© 2018 Shang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress

Shang et al

Dove

5-year disease-specific death rates are as high as 11.3%.°
Identifying factors that predict poor oncologic outcomes
after TURBT might therefore improve therapeutic decision
making for NMIBC patients.

As the major protein constituent of HDL, Apo A-I pro-
tein is vital for HDL assembly and plays a major role in its
atheroprotective function by facilitating reverse cholesterol
transport.® Accumulating evidence has revealed associations
between Apo A-I and different types of cancer. Specifically,
Apo A-I expression is inversely correlated with the risk of
developing breast, lung, colon, and ovarian cancer.”'® The
US Food and Drug Administration has also approved the use
of Apo A-I as a biomarker for detecting incipient tumors in
patients with early-stage ovarian cancer.''? Additionally,
elevated preoperative Apo A-I levels are an independent
prognostic marker for longer OS in patients with renal cell,
ovarian, colorectal, nasopharyngeal, and ureter urothelial
carcinoma.'*"'” This is consistent with animal studies dem-
onstrating that increased Apo A-I levels suppress tumor
growth and metastasis in malignant melanoma, Lewis lung,
and ovarian tumor models.!**

NLR is widely used as a predictor of oncologic outcomes
in NMIBC patients. In this study, we examined the asso-
ciation between Apo A-I levels and prognosis in NMIBC
patients to determine whether preoperative Apo A-I levels
might also predict OS and CSS in NMIBC patients under-
going TURBT.

Patients and methods

Patient selection and data collection

We retrospectively examined data from 470 patients who
were initially diagnosed with NMIBC and subsequently
underwent TURBT at the Department of Urology, Xuanwu
Hospital Capital Medical University, between January
2004 and December 2011. Patients without previous or
coexisting tumors and for whom results of routine blood
tests and blood biochemical indexes (including NEUT,
LYMPH, PLT, NLR, PLR, HGB, TP, ALB, GLB, A/G,
PAB, TG, TC, HDL-C, LDL-C, Apo A-I, and Apo B) prior
to treatment were available were included in the study.
Patients for whom clinical and pathological information
was incomplete, who had non-urothelial bladder carcinoma,
or who had other types of concomitant malignant tumors
were excluded. Pathological stage was assessed based on
the 2010 American Joint Committee on Cancer classifica-
tion; the 2004 World Health Organization classifications
were used to determine tumor grade. In addition, subgroup
analyses were performed after categorizing patients based

on IBCG risk classification.?*?' Low risk was defined as
solitary, low-grade (LG) primary Ta tumors, intermediate
risk as multiple or recurrent LG tumors, and high risk as
T1 or Tis or high-grade (HG) tumors. NLR was the ratio of
NEUT to LYMPH, and PLR was the ratio of PLT to LYMPH.
Clinicopathological features included history of smoking;
pathological tumor grade; presence of CIS; lymphovascular
invasion; and stage, number, and size of tumors; oncologic
outcomes examined included tumor recurrence, progres-
sion, OS, and CSS. Recurrence was defined as the first
pathologically confirmed tumor relapse in the bladder or
upper urinary tract, regardless of tumor stage. Progression
was defined as an increase in T category or tumor grade
or development of lymph node or distant metastasis.?’ A
second TURBT was routinely performed in patients who
were diagnosed with T1 or HG bladder cancer on initial
TURBT. Patients underwent postoperative adjuvant intra-
vesicle instillations of chemotherapy on the basis of tumor
characteristics. Demographic data collected at the time of
the TURBT procedure at our hospital were also extracted
from patients’ records. This research was approved by the
Ethics Committee of Xuanwu Hospital Capital Medical
University. Written informed consent forms were obtained
from all enrolled patients for the use of their medical data
in this study.

Patient follow-up

Patients were routinely monitored every 3 months for the
first 2 years after TURBT, twice a year for the following
2 years, and annually thereafter. Follow-up investigations
consisted of history, physical examination, routine labora-
tory studies, and cystoscopy. Computed tomography scan
was performed every year to assess bladder and upper tract
urothelium recurrences.

Statistical analyses

Statistical analyses were conducted using SPSS statistical
software package 22.0 (IBM, Armonk, NY, USA) and Med-
Calc version 12.5 (MedCalc Software, Ostend, Belgium).
Routine blood test results and blood biochemical indexes
are presented as medians with ranges. Differences in
continuous variables were assessed using unpaired #-tests.
Categorical variables were analyzed using Pearson’s chi-
square test. ROC curve analyses were used to calculate
appropriate cut-off values for routine blood test results
and blood biochemical indexes. Through dichotomized at
each possible cut-off point, the optimal cut-off value was
selected with the maximal value of Youden index, when
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the maximal sensitivity and specificity were obtained for
predicting 5-year OS. In addition, Cox proportional hazard
models were applied to these survival variables measured.
The end points for this study were 5-year OS and CSS.
OS was defined as the time interval (in months) between
the date of surgery and date of death for any reason or
last follow-up. CSS was measured as the time interval (in
months) from the date of surgery to date of death attributed
to NMIBC. OS and CSS were estimated by Kaplan—Meier
analysis, and the log-rank test was used to assess differ-
ences between groups. Multivariate Cox regression analy-
ses were performed to determine independent prognostic
value of variables associated with differences in survival.
Patients were treated as censored observations if they were
alive at the time of last follow-up. Two-sided p-values of
less than 0.05 were considered statistically significant.

Results

Clinicopathological characteristics of 470
NMIBC patients

Patient clinicopathological characteristics are shown in
Table 1. Of the 470 patients included in this study, 354
(75.32%) were male and 188 (40.00%) had a history of
smoking. The median age at diagnosis was 70 years with
a range of 16 to 91. Most patients (n = 342, 72.77%) had
LG carcinoma; only one had concomitant CIS. The median
follow-up time was 89 months with a range of 10 to 154.
The median Apo A-I level was 1.09 g/L (range 0.46-3.27
g/L) and the median NLR level was 2.01 (range 0.45-20).
All patients received intravesical chemotherapy and none
exhibited lymphovascular invasion. Additionally, 34 (7.23%)
patients received intra-arterial chemotherapy. The 5-year OS
and 5-year CSS rates for the overall patient population were
86.81% and 90.05%, respectively.

Cut-off value selection for serum Apo
A-l and other indexes for 5-year OS

prediction

ROC curve analysis is shown Figure 1. As described previ-
ously,? the optimal cut-off value of 1.19 g/L for Apo A-Ilevel,
with an area under the curve of 0.640 (95% CI, 0.575-0.700;
p =0.0062), was identified based on this analysis. Similarly,
22.28 kg/m?,1.94x 10%/L, 1.58 x 10°/L, 154 x 10°/L, 133 g/L,
1.97 g/L, 127.27 g/L, 59.78 g/L, 41.11 g/L, 20.88 g/L, 1.68
mg/L, 248 mg/L, 1.10 mmol/L, 3.18 mmol/L, 0.83 mmol/L,
1.69 mmol/L, and 0.86 g/L were chosen for BMI, NEUT,
LYMPH, PLT, HGB, NLR, PLR, TP, ALB, GLB, A/G, PAB,

TG, TC, HDL-C, LDL-C, Apo B levels, respectively (data
not shown). The Apo A-I cut-off value of 1.19 g/L was used
to divide patients into low (<1.19 g/L) and high (>1.19 g/L)
Apo A-I groups. Accordingly, 326 (69.36%) patients were
assigned to the low Apo A-I group and 144 (30.64%) to the
high Apo A-I group.

Associations between preoperative
Apo A-l level and clinicopathological

characteristics

Comparisons of clinicopathological characteristics between
the low and high Apo A-I groups are shown in Table 2.
Patients with high Apo A-I levels were more likely to have
higher ALB (p = 0.033), PAB levels (p = 0.003), and better
S-year OS (p = 0.001), 5-year CSS rates (p = 0.040) than
those with low Apo A-I levels.

Association between Apo A-1,ALB,

NLR, HGB and OS, CSS in the overall
population

We examined whether Apo A-I, ALB, HGB levels, and NLR
were associated with OS and CSS using Kaplan—Meier sur-
vival analysis. Patients were divided into two low and high
groups based on preoperative Apo A-I (<1.19 g/L vs. >1.19
g/L), ALB (£41.11 g/L vs. >41.11 g/L), and HGB (133
g/L vs. >133 g/L) levels as well as NLR (<1.97 vs. >1.97).
Notably, OS and CSS were longer in patients in the high Apo
A-I (>1.19 g/L), ALB (>41.11 g/L), and HGB (>133 g/L)
groups. In contrast, elevated NLR (>1.97) was associated
with poorer OS and CSS, as shown in Figure 2.

Significant predictors of OS and CSS
identified by univariate and multivariate

analyses in the overall population

Results of univariate and multivariate Cox regression analysis
of clinicopathological factors associated with OS and CSS
are presented in Tables 3 and 4. Multivariate analysis revealed
that Apo A-I level (HR, 0.364; 95% CI, 0.221-0.598; p <
0.001), age (HR, 2.388; 95% CI, 1.439-3.964; p = 0.001),
BMI (HR, 0.580; 95% CI, 0.375-0.897; p = 0.014), tumor
grade (HR, 1.678; 95% CI, 1.057-2.662; p = 0.028), tumor
stage (HR, 1.772; 95% CI, 1.109-2.831; p = 0.017), TP
level (HR, 0.373; 95% CI, 0.172-0.809; p = 0.013), ALB
level (HR, 0.628; 95% CI, 0.411-0.962; p = 0.032), A/G
(HR, 0.421; 95% CI, 0.261-0.678; p < 0.001), LDL level
(HR, 2.310; 95% CI, 1.038-5.140; p = 0.040), and HGB
level (HR, 0.590; 95% CI, 0.393-0.885; p = 0.011) were
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Table | Clinicopathological characteristics of 470 NMIBC

patients treated by TURBT

Characteristic

Patients, n (%)

Table | (Continued)

Characteristic

Patients, n (%)

Lymphovascular invasion

Gender Yes 0
Female 116 (24.68) Intravesical chemotherapy
Male 354 (75.32) Yes 100
Age (years) Oncological outcomes
Mean + SD 67.69 + 12.45 Recurrence (bladder) 224 (47.66)
Media; (range) 70'( | 6:9|)‘ Recurrence (upper urinary tract) 16 (3.40)
BMI Progression 28 (5.96)
Mean + SD 24.75 + 3.53 Radical cystectomy 34 (7.23)
Medi B 24.6| _|5.23 35.88 Intra-arterial chemotherapy 34 (7.23)
c E ian (range) .61 (15.23-35.88) Survival
m;’ g 188 (40.00 5-year OS 408/470 (86.81)
es (40.00) 5-year CSS 380/422 (90.05)
Blood cell counts, median (range) .
NEUT (xI0°/L) 362 (123-12) Follow-up duration, months
LYMPH (x10°/L) 1.8 (0.28-4.07) Median (range) 89 (10-154)
Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-l, apolipoprotein
9
PLT (XIO /L) 206 (I |_4|5) A-l; Apo B, apolipoprotein B; BMI, body mass index; CIS, carcinoma in situ; CSS,
HGB (g/L) 138 (79-183) cancer-specific survival; GLB, globulin; HDL, high-density lipoprotein—cholesterol;
Systemic inflammatory response parameters, HG, high grade; HGB, hemoglobin; IBCG, International Bladder Cancer Group;
median (range) LDL, low-density lipoprotein—cholesterol; LG, low grade; LYMPH, lymphocyte
= count; NEUT, neutrophil count; NLR, neutrophil-lymphocyte ratio; NMIBC, non-
NLR 201 (0.45-20) muscle-invasive bladder cancer; OS, overall survival; PAB, prealbumin; PLR, platelet—
PLR 118.07 (10-691.67) lymphocyte ratio; PLT, platelet count; PUNLMP, papillary urothelial neoplasm of low
Blood biochemistry, median (range) malignant potential; SD, standard deviation; TC, total cholesterol; TG, triglyceride;
TP (g/L) 67.09 (50-82.73) TP, total protein; TURBT, transurethral resection of bladder tumor.
ALB (g/L) 41.34 31-51.7)
GLB (g/L) 25.18 (15.35-38.64) 100
AIG 1.64 (0.93-2.71)
PAB (mg/L) 242 (75-458)
TG (mmol/L) 1.22 (0.39-7.44)
TC (mmol/L) 424 (1.04-7.29) 80
HDL (mmol/L) 1.12 (0.23-3.14)
LDL (mmol/L) 2.26 (0.61-4.81)
Apo A-l (g/L) 1.09 (0.46-3.27) > 60
Apo B (g/L) 0.81 (0.01-1.58) >
No. of tumors 2
I 258 3 40
2-7 122
>8 90
Tumor size
<3 cm 424 20
23 cm 46
Missing 0
Pathologic T stage 0
I_a 332 0 20 40 60 80 100
is
TI 238 100—specificity
Missing 0 Figure 1 ROC curve analysis for 5-year OS prediction. Area under the ROC curve
Tumor grade (AUC) was 0.640 (95% Cl, 0.575-0.700; p = 0.0062).
PUNLMP 10 Abbreviations: AUC, area under the curve; OS, overall survival; ROC, receiver-
LG 342 operating characteristic.
HG 118
Missing 0
Concomitant CIS independent predictive factors for OS after adjusting for
Patients I other confounding factors. Interestingly, NLR and PLR were
IB(EG r's'kktzlass'ﬁcat'on 100 of no apparent prognostic significance. Similarly, Apo A-I
OW ris
Intermediate risk 126 level (HR, 0.328; 95% CI, 0.185-0.583; p < 0.001) was also
High risk 244 identified as an independent predictor of CSS in the overall
(Continued) ~ patient population.
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Associations between Apo A-I,ALB, NLR,
HGB and OS, CSS in subgroup population

depending on risk status

The prognostic significance of Apo A-I, ALB, NLR, and
HGB were further assessed in patient subgroups defined by
IBCG risk classification. NMIBC patients in each subgroup
were further subdivided into two groups according to the
cut-off values for Apo A-I, ALB, NLR, and HGB levels.
In high-risk patients, as in the overall patient population,
elevated Apo A-1(>1.19 g/L), ALB (>41.11 g/L), and HGB
levels (>133 g/L) were associated with better OS and CSS,
while higher NLR (>1.97) was associated with worse OS
and CSS (Figure 3). In contrast, low- and intermediate-risk
NMIBC patients had similar OS and CSS regardless of high
or low Apo A-I, ALB, NLR, and HGB status, which may be
due to their high probability of survival (data not shown).

Predictors of OS and CSS in subgroup

population depending on risk status

Factors that predicted OS and CSS were then identified in
the IBCG risk classification subgroups. In high-risk patients,
age (HR, 2.842; 95% CI, 1.478-5.467; p=0.002), BMI (HR,
0.444; 95% CI, 0.247-0.799; p = 0.007), tumor grade (HR,
2.451;95% CI, 1.428-4.205; p=0.001), TP level (HR, 0.247;
95% CI, 0.116-0.530; p < 0.001), ALB level (HR, 0.486;
95% CI, 0.274-0.860; p = 0.013), PAB level (HR, 3.404;
95% CI, 1.812—6.395; p < 0.001), Apo A-I level (HR, 0.232;
95% CI,0.121-0.443; p < 0.001), PLT level (HR, 0.472; 95%
CI, 0.223-0.997; p = 0.049), and HGB level (HR, 0.348;
95% CI, 0.207—-0.584; p < 0.001) were independent predic-
tive factors for OS (Table 5). Similarly, Apo A-I level (HR,
0.269; 95% CI, 0.133-0.541; p < 0.001) was also identified
as an independent predictor for CSS in high-risk patients
(Table 6). Although univariate analysis revealed that Apo A-I
was significantly associated with OS and CSS in the low- and
intermediate-risk patients, multivariate analysis indicated
that Apo A-I was of no apparent prognostic significance
after adjusting for the confounding effects of other variables
(data not shown).

Discussion

To the best of our knowledge, this retrospective study
is the first to examine the prognostic value of Apo A-I
levels in comparison to other blood indexes, NLR, and
PLR in NMIBC patients who underwent TURBT. NLR is
an indicator of systemic inflammatory responses and is a
well-known predictor of oncologic outcomes in bladder

cancer patients.* ALB is also an independent prognostic
indicator in many malignancies, such as upper urinary
tract urothelial, renal cell, and breast carcinomas.?>% In
agreement with these studies, we found here that elevated
Apo A-I, ALB, and HGB levels were associated with
better OS and CSS, while higher NLR was associated
with worse OS and CSS. In addition, univariate analysis
revealed that Apo A-I, ALB, and NLR were significantly
associated with OS and CSS. However, only Apo A-I was
of prognostic significance when all three indicators were
included simultaneously in multivariate analysis. We also
found that age and tumor grade were the most important
prognostic factors for predicting OS and CSS, which was
similar to a previous study examining prognostic indicators
of OS in NMIBC patients.?

Furthermore, analyses of patient subgroups defined
by IBCG risk classification showed that elevated Apo A-I,
ALB, and HGB levels were associated with better OS and
CSS, while higher NLR was associated with worse OS and
CSS, in high-risk NMIBC patients. However, in low- and
intermediate-risk patients, Apo A-I was not associated with
OS or CSS, which may result from their high probability
of survival. Apo A-I level was also identified as an inde-
pendent predictor of OS and CSS in high-risk patients after
adjusting for the confounding effects of other variables.

As the major HDL-associated protein, Apo A-I is synthe-
sized primarily in the liver and small intestines and shuttles
redundant cholesterol from peripheral organs to the liver for
excretion. Apo A-I has been extensively studied as a thera-
peutic agent for cardiovascular disease.?’ > Interestingly, Apo
A-I has also been identified as an independent predictor of
OS in several cancers.'*!5"173932 Consistent with these stud-
ies, we found here that higher Apo A-I levels were strongly
correlated with more favorable OS and CSS in the overall
NMIBC patient population and in high-risk patients. Five-
year OS and CSS rates were 83.44% and 87.94%, respec-
tively, in patients with Apo A-I levels of 1.19 g/L or lower
and 94.44% and 94.29%, respectively, in those with Apo A-I
levels higher than 1.19 g/L. These findings also suggest that
Apo A-I might serve as a valuable prognostic indicator in
NMIBC patients undergoing TURBT.

Although the mechanisms responsible for the association
between Apo A-I and antitumor properties are unclear, several
plausible explanations have been proposed. Apo A-I mimetic
peptides reduce levels of lysophosphatidic acid, a well-
characterized promoter of ovarian cancer cell proliferation,
in the serum by binding to it with high affinity." Similarly,
treatment of ID8 cells (a mouse epithelial ovarian cancer cell
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Table 2 Characteristics of 470 NMIBC patients grouped by Apo A-l

Characteristics Apo A-1> 1.19 g/lL Apo A-1=<1.19 g/lL p-value
(n=144) (n = 326)

Age (years) 0.690
>65 90 (62.50%) 210 (64.42%)
<65 54 (37.50%) 116 (35.58%)

Gender 0.050
Female 44 (30.56%) 72 (22.09%)
Male 100 (69.44%) 254 (77.91%)

BMI 0.669
>22.28 kg/m? 110 (76.39%) 243 (74.54%)
<22.28 kg/m? 34 (23.61%) 83 (25.46%)

Smoking 0.462
Yes 54 (37.50%) 134 (41.10%)
No 90 (62.50%) 192 (58.90%)

Recurrence 0.480
Yes 70 (48.61%) 170 (52.15%)
No 74 (51.39%) 156 (47.85%)

Progression 0.807
Yes 8 (5.56%) 20 (6.13%)
No 136 (94.44%) 306 (93.87%)

Tumor grade 0.375
HG 40 (27.78%) 78 (23.93%)
<LG 104 (72.22%) 248 (76.07%)

Tumor stage 0.538
TI 76 (52.78%) 162 (49.69%)
<Tis 68 (47.22%) 164 (50.31%)

Tumor size 0.481
>3 cm 12 (8.33%) 34 (10.43%)
<3 cm 132 (91.67%) 292 (89.57%)

Tumor focality 0.540
Unifocal 76 (52.78%) 182 (55.83%)
Multifocal 68 (47.22%) 144 (44.17%)

Radical cystectomy 0.541
Yes 12 (8.33%) 22 (6.75%)
No 132 (91.67%) 304 (93.25%)

Intra-arterial chemotherapy 0.541
Yes 12 (8.33%) 22 (6.75%)
No 132 (91.67%) 304 (93.25%)

TP 0.124
>59.78 g/L 135 (93.75%) 291 (89.26%)
<59.78 g/L 9 (6.25%) 35 (10.74%)

ALB 0.033
>41.11 g/L 86 (59.72%) 160 (49.08%)
<41.11 g/L 58 (40.28%) 166 (50.92%)

GLB 0.084
>20.88 g/L 134 (93.06%) 286 (87.73%)
<20.88 g/L 10 (6.94%) 40 (12.27%)

AIG 0.762
>1.68 64 (44.44%) 140 (42.94%)
<1.68 80 (55.56%) 186 (57.06%)

PAB 0.003
>248 mg/L 72 (50.00%) 116 (35.58%)
<248 mg/L 72 (50.00%) 210 (64.42%)

TG 0.681
>1.10 mmol/L 81 (56.25%) 190 (58.28%)
<I1.10 mmol/L 63 (43.75%) 136 (41.72%)

(Continued)
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Table 2 (Continued)

Characteristics Apo A-l1 > 1.19 g/L

(n = 144)

Apo A-1=1.19 g/L p-value
(n =326)

TC

>3.18 mmol/L 104 (72.22%)

0.137
256 (78.53%)

<3.18 mmol/L
HDL

>0.83 mmol/L

<0.83 mmol/L
LDL

>1.69 mmol/L

40 (27.78%)

109 (75.69%)
35 (24.31%)

100 (69.44%)

70 (21.47%)

<1.69 mmol/L 44 (30.56%)

Apo B

>0.86 g/L 52 (36.11%)

<0.86 g/L 92 (63.89%)
LYMPH

>1.58 x 10°/L 94 (65.28%)

<1.58 x 10°/L 50 (34.72%)
NEUT

>1.94 x 10°/L 138 (95.83%)

<1.94 x 10°/L 6 (4.17%)
PLT

>154 x 10°/L 128 (88.89%)

<154 x 10°/L 16 (11.11%)
HGB

>133 g/L 84 (58.33%)

<133 gL 60 (41.67%)
NLR

>1.97 68 (47.22%)

<1.97 76 (52.78%)
PLR

>127.27 62 (43.06%)

<127.27 82 (56.94%)
5-year OS 136/144 (94.44%)
5-year CSS 132/140 (94.29%)

0.872
249 (76.38%)
77 (23.62%)

0.428
238 (73.01%)
88 (26.99%)

0.205
138 (42.33%)
188 (57.67%)

0349
198 (60.74%)
128 (39.26%)

0.726
310 (95.09%)
16 (4.91%)

0.092
270 (82.82%)
56 (17.18%)

0.264
199 (61.04%)
127 (38.96%)

0325
170 (52.15%)
156 (47.85%)

0.638
148 (45.40%)
178 (54.60%)
272/326 (83.44%) 0.001
248/282 (87.94%) 0.040

Note: Bold values indicate statistical significance.

Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-l, apolipoprotein A-l; Apo B, apolipoprotein B; BMI, body mass index; CSS, cancer-specific survival; GLB,
globulin; HDL, high-density lipoprotein—cholesterol; HG, high grade; HGB, hemoglobin; LDL, low-density lipoprotein—cholesterol; LG, low grade; LYMPH, lymphocyte count;
NEUT, neutrophil count; NLR, neutrophil-lymphocyte ratio; NMIBC, non-muscle-invasive bladder cancer; OS, overall survival; PAB, prealbumin; PLR, platelet-lymphocyte

ratio; PLT, platelet count; TC, total cholesterol; TG, triglyceride; TP, total protein.

line) with Apo A-I mimetic peptides dramatically reduced cell
viability and proliferation by upregulating the antioxidant
enzyme MnSOD and decreasing HIF-1o expression.?*3
Apo A-I mimetic peptides can also function as novel antian-
giogenesis agents as evidenced by their inhibition of human
umbilical vascular endothelial cell proliferation, viability,
migration, invasion, and tube formation,* though cancer-
related angiogenesis may be limited in NMIBC patients.
Furthermore, Apo A-I inhibits tumor-permissive features of
the tumor microenvironment and promotes transformation
of tumor-associated macrophages from a pro-tumor M2 to
an antitumor M1 phenotype.®!®

Moreover, Apo A-I is upregulated in both primary and
recurrent bladder cancer patients and may be a potential

diagnostic biomarker for bladder cancer.’** Li et al found
that Apo A-I levels were increased in urine samples from
patients with bladder cancer; the authors also noted that
the Apo A-I detected in urine from bladder cancer patients
was not released from bladder tissue (whether cancerous or
morphologically normal).*® Investigations into the source of
Apo A-I found in urine may improve our understanding of the
role Apo A-I plays in bladder cancer. Here, we also found that
preoperative Apo A-I levels increased with ALB and PAB lev-
els, but not with NLR, in NMIBC patients. Hypoproteinemia
is indicative of systemic inflammatory response, and ALB
level is a well-known biomarker for malnutrition.** Low PAB
levels also indicate depletion of protein resulting from LG
chronic inflammation.*°
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Table 3 Univariate and multivariate analyses to identify the predictive factors for OS in the overall population

Characteristic Univariate Multivariate
p-value HR 95% ClI p-value HR 95% CI

Age >65 years <0.001 3.946 2.502-6.224 0.001 2.388 1.439-3.964
Female 0.740 0.937 0.637-1.377

BMI >22.28 kg/m? 0.002 0.581 0.410-0.823 0.014 0.580 0.375-0.897
Smoking 0.852 1.032 0.738-1.443

Tumor grade <0.001 2.384 1.701-3.340 0.028 1.678 1.057-2.662
Tumor stage <0.001 1.962 1.390-2.770 0.017 1.772 1.109-2.831
Tumor size >3 cm 0.853 0.952 0.564-1.606

Tumor focality 0.485 1.125 0.809-1.563

Recurrence 0.009 1.571 1.119-2.204 0.090 1.420 0.947-2.129
TP >59.78 g/L <0.001 0.257 0.168-0.395 0.013 0.373 0.172-0.809
ALB >41.11 g/L <0.001 0.385 0.272-0.545 0.032 0.628 0.411-0.962
GLB >20.88 g/L 0.002 0.492 0.317-0.764 0.197 0.589 0.264-1.317
A/G >1.68 <0.001 0.452 0.314-0.652 <0.001 0.421 0.261-0.678
PAB >248 mg/L <0.001 0.443 0.309-0.636 0.817 1.054 0.675—1.647
TG >1.10 mmol/L 0.276 0.832 0.598-1.158

TC >3.18 mmol/L 0.003 1.936 1.248-3.005 0.464 1.426 0.551-3.694
HDL >0.83 mmol/L 0.016 1.666 1.098-2.528 0.112 0.605 0.326—1.124
LDL >1.69 mmol/L 0.006 1.758 1.177-2.625 0.040 2310 1.038-5.140
Apo A-l >1.19 g/L <0.001 0.323 0.201-0.518 <0.001 0.364 0.221-0.598
Apo B >0.86 g/L 0.827 1.038 0.745-1.446

LYMPH >1.58 x 10°/L <0.001 0.527 0.379-0.734 0.952 1.015 0.620-1.662
NEUT >1.94 x 10°/L 0.019 0.462 0.242-0.882 0.968 1.017 0.447-2.312
PLT >154 x 10°/L <0.001 0.444 0.301-0.654 0.456 0.815 0.476—1.396
HGB >133 g/L <0.001 0.476 0.342-0.662 0.011 0.590 0.393-0.885
NLR >1.97 0.004 1.644 1.171-2.307 0.204 1.344 0.852-2.118
PLR >127.27 0.001 1.725 1.238-2.403 0.286 1.276 0.816-1.998

Note: Bold values indicate statistical significance.

Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-l, apolipoprotein A-l; Apo B, apolipoprotein B; BMI, body mass index; Cl, confidence interval; GLB,
globulin; HDL, high-density lipoprotein—cholesterol; HGB, hemoglobin; HR, hazard ratio; LDL, low-density lipoprotein—cholesterol; LYMPH, lymphocyte count; NEUT,
neutrophil count; NLR, neutrophil-lymphocyte ratio; OS, overall survival; PAB, prealbumin; PLR, platelet-lymphocyte ratio; PLT, platelet count; TC, total cholesterol; TG,

triglyceride; TP, total protein.

We think the elevated Apo A-I level may result from sys-
temic inflammatory or immune response to bladder tumor,
especially through macrophages. It has been found that
tumor necrosis factor o could activate endogenous expres-
sion and secretion of Apo A-I in human macrophages,
which was indeed mediated by mitogen-activated protein
kinase cascades.*! Moreover, Apo A-I could promote the
transformation of tumor-associated macrophages from a
pro-tumor M2 to an antitumor M1 phenotype and decrease
the percentage of M2 macrophage by preventing their
polarization.®* Interestingly, studies also demonstrated that
M2 macrophage infiltration was negatively correlated with
better CSS in patients with bladder cancer.** Therefore,
we have reasons to believe that macrophages are involved
in the association between Apo-I and survival of NMIBC
patients. In addition, Apo A-I level was associated with lon-
ger survival in patients with renal cell, ovarian, colorectal,
nasopharyngeal, and ureter urothelial carcinoma, '~ rather
than only in NMIBC patients, which may also indicate a
systemic response. Undoubtedly, additional studies are still

needed to determine the mechanisms that are responsible
for the association between Apo A-I and inflammatory or
immune processes in NMIBC patients.

In addition, two issues in this study should be noted:
the low rate of concomitant CIS and patients with PUN-
LMP included. The low rate of concomitant CIS may be
attributed to the following reasons. First, some patients
may be detected at a later stage and CIS may have pro-
gressed to muscle-invasive bladder cancer. For example,
studies reported that approximately 54% of patients with
CIS progress to muscle-invasive bladder cancer without
treatment.?® Second, concomitant CIS was found more in
muscle-invasive bladder cancer patients than in NMIBC
patients.* Third, the incidence of concomitant CIS was rare
naturally and the number of patients was also limited in this
study. Regarding the reasons for including patients with
PUNLMP, there is no doubt that NMIBC patients comprise
those with PUNLMP. Otherwise, a selection bias may result
from excluding these patients. Another reason was that
PUNLMP was essentially different from benign tumor with
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Table 4 Univariate and multivariate analyses to identify the predictive factors for CSS in the overall population

Characteristic Univariate Multivariate
p-value HR 95% ClI p-value HR 95% ClI

Age >65 years <0.001 3.266 1.952-5.464 0.007 2.188 1.242-3.852
Female 0.339 0.802 0.510-1.261

BMI >22.28 kg/m? 0.030 0619 0.401-0.955 0.140 0.677 0.403-1.137
Smoking 0.713 1.080 0.717-1.626

Tumor grade <0.001 3.089 2.055-4.642 0.010 2.039 1.190-3.495
Tumor stage <0.001 2.602 1.672-4.049 0.002 2.451 1.375-4.370
Tumor size >3 cm 0.905 0.961 0.497-1.858

Tumor focality 0.462 1.164 0.777-1.745

Recurrence 0.014 1.680 1.108-2.547 0.120 1.485 0.902-2.443
TP >59.78 g/L <0.001 0.313 0.177-0.554 0.724 0.826 0.286-2.386
ALB >41.11 g/L <0.001 0.465 0.308-0.703 0.080 0.632 0.378-1.057
GLB >20.88 g/L 0.001 0.433 0.259-0.724 0.041 0.384 0.153-0.964
A/G >1.68 0.005 0.541 0.353-0.829 0.040 0.567 0.330-0.975
PAB >248 mg/L 0.001 0.480 0.311-0.741 0.995 0.998 0.573-1.740
TG >1.10 mmol/L 0.758 0.938 0.623-1.411

TC >3.18 mmol/L 0.154 1.433 0.874-2.350

HDL >0.83 mmol/L 0.268 1.312 0.812-2.121

LDL >1.69 mmol/L 0.080 1.528 0.951-2.456

Apo A-l >1.19 g/L <0.001 0.381 0.222-0.653 <0.001 0.328 0.185-0.583
Apo B >0.86 g/L 0.575 1.123 0.748-1.687

LYMPH >1.58 x 10°/L 0.022 0.622 0.413-0.935 0.342 1.340 0.733-2.449
NEUT >1.94 x 10°/L 0.117 0.515 0.224-1.181

PLT >154 x 10°/L <0.001 0.394 0.248-0.627 0.009 0.440 0.238-0.813
HGB >133 g/L 0.002 0519 0.347-0.779 0.024 0.581 0.362-0.931
NLR >1.97 0.006 1.802 1.183-2.745 0.035 1.795 1.042-3.094
PLR >127.27 0.049 1.502 1.002-2.253 0.333 1.308 0.759-2.253

Note: Bold values indicate statistical significance.
Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-l, apolipoprotein A-l; Apo B, apolipoprotein B; BMI, body mass index; Cl, confidence interval; CSS,
cancer-specific survival; GLB, globulin; HDL, high-density lipoprotein—cholesterol; HGB, hemoglobin; HR, hazard ratio; LDL, low-density lipoprotein—cholesterol; LYMPH,
lymphocyte count; NEUT, neutrophil count; NLR, neutrophil-lymphocyte ratio; OS, overall survival; PAB, prealbumin; PLR, platelet-lymphocyte ratio; PLT, platelet count;

TC, total cholesterol; TG, triglyceride; TP, total protein.

a 35% recurrence rate.* Moreover, numerous studies that
attempted to investigate predictors of oncologic outcomes
in NMIBC patients also included PUNLMP patients.*4647
The retrospective, single-center design of this study, which
inherently involves some degree of selection bias, limits
the applicability of the results. For example, the optimal
cut-off value determined by ROC curve analysis may be
different from that calculated by other statistical methods
and the limited number of patients may also result in a
bias in cut-off value. Prospective, randomized trials are
needed to validate our conclusions. In addition, NMIBC
patients have relatively long survival times, and follow-up
time points beyond 5 years are necessary to confirm these
results. Moreover, other combined predictors were not
included in our study, which probably should be adjusted
as well. Finally, in-depth basic research and clinical stud-
ies are needed to identify the mechanisms responsible
for the relationship between Apo A-I and survival time in
NMIBC patients.

Conclusion

In this retrospective study of NMIBC patients who underwent
TURBT, we found that elevated Apo A-I was associated with
better OS and CSS and that higher preoperative serum Apo A-I
levels were independent predictors of OS and CSS in the overall
patient population and in high-risk patients. These results sug-
gest that Apo A-I might serve as a valuable independent predic-
tor of OS and CSS in NMIBC patients; measurement of Apo A-I
levels during routine pretreatment evaluations might therefore
improve therapeutic decision making for these patients.

Abbreviations
A/G, albumin/globulin ratio
ALB, albumin

Apo A-1, apolipoprotein A-I
Apo B, apolipoprotein B
BMI, body mass index

CI, confidence interval

CIS, carcinoma in situ
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Table 5 Univariate and multivariate analyses to identify the predictive factors for OS in the high-risk population

Characteristic Univariate Multivariate
p-value HR 95% ClI p-value HR 95% CI

Age >65 years <0.001 3.846 2.170-6.818 0.002 2.842 1.478-5.467
Female 0.125 0.687 0.425-1.110

BMI >22.28 kg/m? 0.004 0.533 0.347-0.820 0.007 0.444 0.247-0.799
Smoking 0.481 0.859 0.562-1.312

Tumor grade 0.001 2.036 1.338-3.097 0.001 2.451 1.428-4.205
Tumor stage 0.257 2.251 0.554-9.141

Tumor size >3 cm 0.216 0.632 0.305-1.309

Tumor focality 0.701 1.086 0.714—1.651

Recurrence 0.651 1.126 0.673-1.886

TP >59.78 g/L <0.001 0.284 0.160-0.504 <0.001 0.247 0.116-0.530
ALB >41.11 g/L <0.001 0.360 0.236-0.550 0.013 0.486 0.274-0.860
GLB >20.88 g/L 0.187 0.682 0.386—1.205

AIG >1.68 0.015 0.574 0.368-0.896 0.102 0.624 0.355-1.098
PAB >248 mg/L 0.001 0.469 0.303-0.726 <0.001 3.404 1.812-6.395
TG >1.10 mmol/L 0.087 0.699 0.464—1.053

TC >3.18 mmol/L 0.006 2.174 1.243-3.801 0.771 0817 0.211-3.172
HDL >0.83 mmol/L 0.031 1.801 1.055-3.076 0.814 1.116 0.446-2.796
LDL >1.69 mmol/L 0.029 1.760 1.060-2.922 0.204 2.020 0.682-5.984
Apo A-l >1.19 g/L <0.001 0.310 0.175-0.549 <0.001 0.232 0.121-0.443
Apo B >0.86 g/L 0.310 0.808 0.534-1.220

LYMPH >1.58 x 10°/L <0.001 0.371 0.246-0.561 0.594 1.222 0.585-2.552
NEUT >1.94 x 10°/L <0.001 0.302 0.155-0.587 0.990 0.994 0.388-2.543
PLT >154 x 10°/L <0.001 0.308 0.198-0.480 0.049 0.472 0.223-0.997
HGB >133 g/L <0.001 0.455 0.302-0.686 <0.001 0.348 0.207-0.584
NLR >1.97 0.006 1.791 1.185-2.705 0.079 1.678 0.941-2.991
PLR >127.27 0.004 1.826 1.213-2.750 0.713 0.897 0.503-1.599

Note: Bold values indicate statistical significance.
Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-l, apolipoprotein A-l; Apo B, apolipoprotein B; BMI, body mass index; Cl, confidence interval; GLB,
globulin; HDL, high-density lipoprotein—cholesterol; HGB, hemoglobin; HR, hazard ratio; LDL, low-density lipoprotein—cholesterol; LYMPH, lymphocyte count; NEUT,
neutrophil count; NLR, neutrophil-lymphocyte ratio; OS, overall survival; PAB, prealbumin; PLR, platelet-lymphocyte ratio; PLT, platelet count; TC, total cholesterol; TG,

triglyceride; TP, total protein.

CSS, cancer-specific survival

GLB, globulin

HDL-C, high-density lipoprotein—cholesterol

HG, high grade

HGB, hemoglobin

HR, hazard ratio

IBCG, International Bladder Cancer Group
LDL-C, low-density lipoprotein—cholesterol

LG, low grade

LYMPH, lymphocyte count
NEUT, neutrophil count

NLR, neutrophil-lymphocyte ratio

NMIBC, non-muscle-invasive bladder cancer
OS, overall survival
PAB, prealbumin

PLR, platelet-lymphocyte ratio

PLT, platelet count
PUNLMP, papillary urothelial neoplasm of low malignant

potential

ROC, receiver-operating characteristic

TC, total cholesterol

TG, triglyceride

TP, total protein

TURBT, transurethral resection of bladder tumor
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Table 6 Univariate and multivariate analyses to identify the predictive factors for CSS in the high-risk population

Characteristic Univariate Multivariate
p-value HR 95% CI p-value HR 95% CI

Age >65 <0.001 3.306 1.763-6.197 0.001 3.348 1.657-6.766
Female 0.046 0.576 0.334-0.991 0.019 0.462 0.242-0.882
BMI >22.28 kg/m? 0.087 0.632 0.374-1.069

Smoking 0.200 0.715 0.429-1.194

Tumor grade 0.001 2.392 1.447-3.954 0.026 1.949 1.082-3.513
Tumor stage 0.432 1.759 0.430-7.185

Tumor size >3 cm 0.164 0.487 0.176—1.343

Tumor focality 0.807 1.064 0.649-1.744

Recurrence 0.764 0917 0.522-1.611

TP >59.78 g/L 0.087 0.480 0.207-1.113

ALB >41.11 g/L 0.001 0451 0.277-0.733 0.001 0.343 0.186-0.633
GLB >20.88 g/L 0.358 0.729 0.372-1.430

A/G >1.68 0.115 0.668 0.404-1.104

PAB >248 mg/L 0.010 0516 0.312-0.853 0.009 2.438 1.244-4.779
TG >1.10 mmol/L 0.198 0.728 0.449-1.180

TC >3.18 mmol/L 0.099 1.668 0.908-3.065

HDL >0.83 mmol/L 0.144 1.576 0.856-2.903

LDL >1.69 mmol/L 0.060 1.781 0.975-3.252
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