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Purpose: Earlier studies have indicated the prognostic value of the pretreatment C-reactive
protein (CRP)/albumin ratio (CAR) in multiple tumor types. The present study attempts to
investigate the predictive role of preoperative CAR in patients with bladder cancer after radical
cystectomy (RC), and explores its prognostic index value.

Patients and methods: A total of 131 patients with bladder cancer after RC between 2009
and 2015 were analyzed in the present study. Overall survival (OS) and progression-free survival
(PFS) were estimated using the Kaplan—Meier method and Cox regression analyses. Prediction
accuracy was evaluated through the area under the receiver operating characteristic curve (AUC).
Results: The median follow-up time for all patients in the present retrospective study was 39.72
months (15.51-53.26 months). The Kaplan—Meier curve analysis indicated that bladder cancer
patients with high preoperative CAR (>0.2) were significantly associated with decreased PFS
and OS (all, P<0.001). The multivariate analysis confirmed CAR as a common independent
prognostic factor for PFS and OS. Furthermore, the effective combination of CAR and patho-
logical T staging constituted a new index (CART), and was observed to be an independent risk
factor for OS (CART score =2, HR=0.264; 95% CI: 0.106-0.660, P=0.004; CART score =3,
HR =0.371; 95% CI: 0.208-0.661, P=0.001). However, CART did not show any prognostic
significance for PFS. Importantly, the AUC values of CAR for OS and PFS were higher than
other conventional clinical indices.

Conclusion: The present study demonstrated that CAR can be used as a new prognostic indi-
cator of OS and PFS in patients with bladder cancer after RC. Combining the CAR score with
pathological T staging as the CART score appears to be a more effective prognostic indicator
of poor OS, but not PFS.

Keywords: bladder cancer, radical cystectomy, prognostic model, C-reactive protein/albumin
ratio (CAR)

Introduction

Bladder cancer is the most common malignancy of the urinary system in the US, with
an estimate of 81,190 new diagnoses and 17,240 deaths expected in the present year.!
The standard treatment options for muscular invasive bladder cancer (MIBC) and high
risk non-muscle invasive bladder cancer (NMIBC) are radical cystectomy (RC) and
pelvic lymph node dissection.? The overall 5-year relative survival rate has been 77%
for all stages of bladder cancer, while this rate was 96% for in situ urinary bladder
cancer, 81% for patients with non-muscle-invasive disease, and 47% for patients with
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muscle-invasive disease.® In addition, the outcome of bladder
cancer after RC has been heterogeneous, and its prognosis is
relatively poor, especially in high-grade and metastatic blad-
der cancer. In recent years, additional aggressive methods
have been attempted to improve clinical outcomes, such as
the use of neoadjuvant chemotherapy in MIBC patients, and
early RC in high-risk NMIBC patients.*® However, these
additional treatments run the risk of overtreatment, especially
in patients with a good prognosis. Thus, it is very important
to find biomarkers that can help clinicians to screen suitable
patients for proper treatment and develop effective follow-
up strategies.

In recent years, focus has been given in studying the
role of immunity and nutrition in tumor prognosis.®’ An
increasing body of evidence has indicated that inflamma-
tion plays an important role in carcinogenesis and tumor
progression. For example, inflammation was observed to
regulate biological behavior at different stages of tumor
development.® In addition, inflammatory cells and immune
response have been considered to be correlated with tumor
prognosis.”!® Some studies have revealed that peripheral
blood cells, including neutrophils, lymphocytes and plate-
lets, may promote tumor cell proliferation, migration and
invasion,!!? and C-reactive protein (CRP), which is directly
correlated to the circulating concentration of vascular endo-
thelial growth factor (VEGF), promotes the development of
cancer.!* The albumin protein level assessment in the body
can reflect the nutritional status of cancer patients, and
malnutrition has been commonly observed in solid tumors,
especially during cancer progression.' Furthermore, it
is evident that malnutrition can weaken human immune
response and phagocytic function, thereby impacting
cancer patient survival.!* Recent studies have highlighted
the important predictive effects of some inflammatory and
nutritional-related indicators such as the prognostic nutri-
tional index (PNI), platelet-to-lymphocyte ratio (PLR) and
neutrophil-to-lymphocyte ratio (NLR), on bladder cancer
prognosis.'®!® However, based on the correlation of inflam-
mation and nutrition to prognosis, a new prognostic index,
CRP/albumin ratio (CAR), has emerged to be an indepen-
dent indicator of poor prognosis in different malignancies,
including liver, lung, pancreatic, esophageal and cervical
malignancies.'”?* However, its potential prognostic role
has not been evaluated in patients with bladder cancer.
Therefore, in the present study, the investigators attempted
to determine the prognostic role of CAR in bladder cancer
and develop a new prognostic model, especially in patients
with bladder cancer, who underwent RC.

Materials and methods

Patient selection

A total of 131 patients with bladder cancer, who underwent
RC at the Urology Department of Shanghai Tenth People’s
Hospital between 2009 and 2015, were recruited in the pres-
ent study. A written informed consent was obtained from
each patient prior to enrollment into the study. This study
was approved by the Medical Ethics Committee of Shang-
hai Tenth People’s Hospital. Information on their clinical
and pathological features, including age, body mass index
(BMI), gender, history of diabetes mellitus, hypertension,
heart and cerebrovascular disease, smoking history, histol-
ogy type, American Society of Anesthesiologists (ASA)
grade, pathological lymph-node status, pathological T stage
and differential grade, was collected. Histological subtype
was diagnosed by at least two experienced pathologists on
the basis of the 1973 WHO criteria, while TNM staging was
assessed using the American Joint Committee on Cancer
staging system (seventh edition, 2010). Blood samples were
collected within 2 days prior to surgery. Patients with acute
or chronic infection, who received chemotherapy or radio-
therapy before surgery, who had hematological and autoim-
mune disorders, or who did not have available follow-up data,
were excluded. Moreover, patients whose clinical information
could not be completely obtained were also excluded from
the present analysis.

Follow-up and evaluation

Patient follow-up after RC was performed every 3 months
for the first 2 years and every 6 months for another 3 years.
Then, the follow-up was performed yearly thereafter.
Postoperative investigations primarily included physical
examination and imaging, in order to assess hydronephrosis
and cancer recurrence. The last survival follow-up date was
March 31, 2018. The study endpoints were PFS and OS,
where PFS was defined as the time from the date of surgery
to the time of disease recurrence, metastasis, or death, while
OS was defined as the time from the day of surgery to the
time of death due to any cause. CAR was calculated as the
CRP/albumin ratio, PNI was calculated as albumin level
(g/L)+5xlymphocyte count (10°/L), PLR was calculated as
platelet count/lymphocyte count, and NLR was calculated
by dividing the neutrophil count with the lymphocyte count.

Statistical analysis

X-tile software v3.6.1 (Yale University, New Haven, CT,
USA) was used to determine the optimal cutoff values for
NLR, PLR, PNI, and CAR.** SPSS v24.0 (IBM Corpora-
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tion, Armonk, NY, USA) software was used for all statistical
analyses. Frequencies and proportions are reported for cat-
egorical variables. The chi-squared test was used to evaluate
the association between clinicopathological data and CAR.
The correlations with PFS and OS were assessed using
Kaplan—Meier curves with log-rank statistics. Furthermore,
factors that were deemed significant by univariate analysis
were included in the Cox proportional-hazards multivariate
model to estimate the hazard ratios (HRs) and 95% con-
fidence intervals (CIs). Receiver operating characteristics
(ROC) curves, which define the sensitivity, specificity, and
differences in the area under the curve (AUC) were detected
using MedCalc version 15.2.0 Software. A P-value<0.05 was
considered statistically significant.

Results

Patient characteristics

The 131 patients included in the present study had a median
age of 66 years old (range 5875 years old). Among these
patients, 62 (47.3%) patients were current or former smokers.
Furthermore, MIBC was diagnosed in 77 patients (58.8%),
while lymph nodal metastasis was observed in 15 patients
(11.5%). During the median follow-up of 39.72 months
(15.51-53.26 months), 65 patients had disease progression
(49.6%), while 61 patients died (46.6%). The detailed char-
acteristics of the complete cohort are described in Table 1.

The association between

clinicopathological features and CAR

The X-tile software determined the following cutoff values:
CAR, 0.2; PNI, 38.5; PLR, 210.9; NLR, 3.8 (Figure 1 and
Figure S1). Based on these cutoff values, the 131 patients
were divided into two groups: low-CAR group (n=83,
63.4%), and high-CAR group (n=48, 36.6%). Compared
with the low-CAR group, the high-CAR (>0.2) group was
found to be significantly associated with older age, high
BMI, T-stage, N-stage, lower PNI, and high NLR and PLR
(Table 1).

Analysis of the prognostic value of CAR

The Kaplan—Meier analysis revealed the association of high
CAR value with shorter PFS and OS (all, P<0.001, Figure 2).
In addition, patients in the high-CAR group had lower cumu-
lative 5-year PFS rates, when compared to patients in the
low-CAR group (30.2% vs 56.0%, respectively; P<0.001).
A similar trend was observed for OS rates (14.6% vs 68.0%,
respectively; P<0.001). In addition, the univariate analysis
highlighted smoking history (P<0.001), T staging (P<0.001),

N staging (P=0.028), ASA grade (P=0.033), PNI (P=0.006)
and CAR (P<0.001) as factors significantly correlated to
PFS (Table 2). In contrast, age (P=0.01), smoking history
(P<0.001), T staging (P<0.001), N staging (P=0.018), M
staging (P=0.018), ASA grade (P=0.013), NLR (P<0.001),
PLR (P=0.01), PNI (P=0.002) and CAR (P<0.001) were
significantly associated with OS (Table 3). However, the
multivariate Cox regression model only confirmed smok-
ing history (HR: 4.128; 95% CI: 2.332-7.305; P<0.001), T
staging (HR: 2.445; 95% CI: 1.345—4.443; P=0.003), ASA
grade (HR: 2.128; 95% CI: 1.025-4.416; P=0.043) and
high CAR (HR: 1.893; 95% CI: 1.150-3.144; P<0.012) as
independent risk factors for PFS (Table 2). In addition, smok-
ing history (HR: 4.169; 95% CI: 2.218-7.835; P<0.001), T
staging (HR: 3.361; 95% CI: 1.601-7.055; P<0.001), M
staging (HR: 4.006; 95% CI: 1.494-10.742; P=0.006), high
CAR (HR: 3.063; 95% CI: 1.788-5.249; P<0.001) were the
only confirmed independent factors that have a significant
association with OS (Table 3). Overall, the present analysis
strongly demonstrates that preoperative CAR is an inde-
pendent predictor for PFS and OS in patients with bladder
cancer after RC.

Analysis of the prognostic value of the
new index CART

Based on the multivariate analysis and prognostic models,
it was observed that along with CAR scores, pathological
T (pT) staging was also a significant predictor for patients
with bladder cancer. Therefore, pT staging was combined
with the CAR score, and a new CART score was created.
The CART score categorization was performed, as follows:
CART =1 (CAR 0.2 and pT staging = MIBC); CART =2
(CAR <0.2 and pT staging=MIBC or CAR >0.2 and pT stag-
ing = NMIBC), and CART =3 (CAR >0.2 and pT staging =
NMIBC). This shows that a lower CART score is associated
with a higher risk of bladder cancer. Based on this criterion,
the CART score was analyzed based on the univariate and
multivariate analysis. The Kaplan—-Meier analysis indicated
that the CART score is a significant indicator of poor OS in
all patients (P<0.001, Figure 3). The multivariate analysis
revealed that a high CART score was an independent risk
factor for OS in bladder cancer patients (CART score =2,
HR =0.264; 95% CI: 0.106-0.660, P=0.004; CART score
=3, HR =0.371; 95% CI: 0.208-0.661, P=0.001; Table 4).
However, these CART scores appeared to lose their predictive
value for PFS (Table 5). Overall, these present results imply
that the CART score is a superior prognostic factor for OS,
when compared to CAR.
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Table | The correlation between preoperative CAR and clinicopathological characteristics

Variable Cases (n=131) CAR <0.2 CAR >0.2 (n=48) P-value
(n=83)

Age 0.001

<65 years 65 (49.6) 50 (60.2) 15 (31.3)

>65 years 66 (50.4) 33 (39.8) 33 (68.8)

BMI 0.033

<24 77 (58.8) 43 (51.8) 34 (70.8)

>24 54 (41.2) 40 (48.2) 14 (29.2)

Gender 0.754

Male 113 (86.3) 71 (85.5) 42 (87.5)

Female 18 (13.7) 12 (14.5) 6 (12.5)

Smoking history 0.055

No 69 (52.7) 49 (59.0) 20 (41.7)

Yes 62 (47.3) 34 (31.0) 28 (58.3)

Hypertension 0.071

No 99 (75.6) 67 (80.7) 32 (66.7)

Yes 32 (244) 16 (19.3) 16 (33.3)

Diabetes mellitus 0.22

No 108 (82.4) 71 (85.5) 37 (77.1)

Yes 23 (17.6) 12 (14.5) 11(22.9)

Cardiovascular disease 0.157

No 76 (58.0) 52 (62.7) 24 (50.0)

Yes 55 (42.0) 31 (37.3) 24 (50.0)

Histology type 0.88

Transitional cell carcinoma 110 (84.0) 70 (84.3) 40 (83.3)

Non-transitional cell carcinoma 21 (16.0) 13 (15.7) 8 (16.7)

Grade 0.507

| and 2 17 (13.0) 12 (14.5) 5(10.4)

3 114 (87.0) 71 (85.5) 43 (89.6)

T-stage 0.001

NMIBC 54 (41.2) 43 (51.8) 11(22.9)

MIBC 77 (58.8) 40 (48.2) 37 (77.1)

N-stage 0.01

Negative 116 (88.5) 78 (94.0) 38 (79.2)

Positive 15 (11.5) 5 (6.0) 10 (20.8)

M-stage 0.259

Negative 125 (95.4) 81 (97.6) 44 (91.7)

Positive 6 (4.6) 2 (2.4) 4(83)

ASA grade 0.092

| and 2 117 (89.3) 77 (92.8) 40 (83.3)

3and 4 14 (10.7) 6(7.2) 8 (16.7)

NLR <0.001

<38 90 (68.7) 69 (83.1) 21 (43.8)

>3.8 41 31.3) 14 (16.9) 27 (56.3)

PLR 0.002

<2109 112 (85.5) 77 (92.8) 35 (72.9)

>210.9 19 (14.5) 6(7.2) 13 (27.1)

PNI <0.001

<385 114 (87.0) 80 (96.4) 34 (70.8)

>38.5 17 (13.0) 3(3.6) 14 (29.2)

Note: P-values <0.05 are shown in bold.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CAR, C-reactive protein/albumin ratio; MIBC, muscle-invasive bladder cancer; NLR,
neutrophil-to-lymphocyte ratio; NMIBC, non-muscle invasive bladder cancer; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.
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Figure | Cutoff value determination for CAR by X-tile software.
Abbreviation: CAR, C-reactive protein/albumin ratio.

Analysis of predictive accuracy through
the evaluation of the area under the

receiver operating characteristic curve
(AUC)

In order to further validate the predictive accuracy, a receiver
operating curve (ROC) analysis for the area under the curve
(AUC) was performed to distinguish between these two
endpoint events, as shown in Figure 4 and Tables S1 and S2.
The ROC curves that show the comparison of OS with the
NLR, PLR, PNI, CAR, and CART pretreatment endpoints is
presented in Figure 4. The observed AUC for NLR, PLR, PNI,
CAR, and CART were 0.575 (95% CI: 0.486—0.661), 0.548
(95% CI: 0.459-0.635), 0.578 (95% CI: 0.489-0.664), 0.709
(95% CI: 0.624—0.785), and 0.838 (95% CI: 0.764—0.897),
respectively. In addition, the comparison of AUCs of the
other four inflammation indexes with CART also revealed a
statistical significance (all, P<0.001). Similarly, the analysis
of ROC curves for PFS against the NLR, PLR, PNI, CAR,
and CART pretreatment endpoints revealed the follow-
ing AUCs: 0.510 (95% CI: 0.421-0.598), 0.524 (95% CI:
0.435-0.612), 0.570 (95% CI: 0.480-0.656), 0.640 (95% CIL:
0.552-0.722), and 0.701 (95% CI: 0.615-0.778), respectively.
Importantly, no statistically significant differences in AUCs

were observed between CART and CAR. In summary, this
data indicated that the predictive power of CAR and CART
was higher than NLR, PLR, and PNI for OS in bladder cancer.
Moreover, between CAR and CART, the predictive power of
CART was clearly higher. Hence, CART can be used as an
independent predictor for OS in bladder cancer. This result
revealed that the CART index can help to better perform risk
stratification for bladder cancer patients, leading to better and
guided treatment. However, for PFS, CAR was observed to
be an independent predictor in patients with bladder cancer,
and its predictive power was better than NLR, PLR, and
PNI. Furthermore, compared with CART, CAR had a better
predictive value for PFS.

Discussion

In the present study, using multivariate analyses, it was clearly
demonstrated that CAR is an independent predictor of OS
(P<0.001) and PFS (P<0.012) in patients with bladder cancer.
In addition, AUC analyses further confirmed the prognostic
value of CAR over NLR, PLR, and PNI in bladder cancer
patients. Furthermore, it was also found that the new prog-
nostic index created based on the combination of CAR and
pT staging, called CART, was only independently associated
with increased risk of OS in bladder cancer patients. Overall,
it appeared that this new prognostic index can be more effec-
tive in stratifying high-risk patients, and can guide clinicians
on specific postoperative treatments.

Typically, the role of inflammation in cancer has been
proposed for a long time. However, more recently, the effect
of inflammation on tumors has gradually gained more trac-
tion,'*? which is probably due to the reason that the tumor
itself'is a chronic wasting disease, and inflammation may lead
to malnutrition, immune deficiency, the production of growth
factors and angiogenesis promotion. There is strong evidence
indicating the importance of inflammatory cells in the tumor
microenvironment, in which both the tumor microenviron-
ment and systemic inflammation contribute to tumor progres-
sion and survival.’*?” As an important acute phase protein,
CRP has been considered as a stable marker of inflammation,
and its hepatic secretion appears to be controlled by 1L-6.%% In
one study, it was shown that elevated levels of CRP may help
create a favorable microenvironment for tumor cell prolifera-
tion and metastasis.* The study conducted by Kramer et al*
demonstrated CRP as an independent predictor of bladder
cancer clinical outcome. Together, these studies indicate that
CRP not only exists as an inflammatory marker, but is also
considered as a prognostic indicator of malignancy. In paral-
lel to inflammatory response, nutritional status also exhibits
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Figure 2 Kaplan—Meier survival curves showing the correlation of the C-reactive protein/albumin ratio with overall survival (A) and progression-free survival (B).

Note: The P-values were determined using log-rank test.
Abbreviation: CAR, C-reactive protein/albumin ratio.

an important prognostic influence in patients with bladder
cancer. Malnutrition and inflammation inhibits the synthesis
of serum albumin, which indirectly reflect the nutritional
status of the patient, as well as the severity and prognosis of
the disease.’! Multiple studies have also demonstrated that
hypoalbuminemia is an independent risk factor for the prog-
nosis of bladder cancer.>** Data from the study conducted by
Lambert et al** indicated that low preoperative albumin levels
led to increased overall mortality and cancer-specific mortal-
ity risk, when compared with normal albumin levels. It has

also been demonstrated that higher levels of albumin improve
the body’s defense mechanism, including cellular immunity,
humoral immunity and cell phagocytic function.* Based on
the above evidence, it could be realized that serum albumin
levels may be a favorable risk factor for tumors, while CRP
is an unfavorable risk factor. Based on this information,
many studies have combined CRP with serum albumin to
create new inflammatory prognostic indicators, such as the
Glasgow prognostic score (GPS) and CAR. Both CAR and
GPS have been considered as independent risk factors for
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Table 2 Univariate and multivariate analyses of progression-free survival in bladder cancer patients

Variable

Univariate analyses
HR (95% CI)

P-value

Multivariate analyses
HR (95% CI)

P-value

Age

<65 years

>65 years

BMI

<24

>24

Gender

Male

Female
Smoking history
No

Yes
Hypertension
No

Yes

Diabetes mellitus
No

Yes
Cardiovascular disease
No

Yes

Histology type
Transitional cell carcinoma
Non-transitional cell carcinoma
Grade

I and 2

3

T-stage
NMIBC

MIBC

N-stage
Negative
Positive
M-stage
Negative
Positive

ASA grade

I and 2

3and 4

NLR

<3.8

>3.8

PLR

<210.9

>210.9

PNI

<385

>38.5

CAR

<0.2

>0.2

|
1.428 (0.873-2.335)

[
0.970 (0.590-1.594)

|
0.518 (0.224-1.201)

|
4.757 (2.751-8.225)

|
1.083 (0.622-1.883)

|
1.523 (0.839-2.766)

|
0.781 (0.472-1.294)

|
1.153 (0.587-2.263)

|
1.803 (.778-4.178)

[
3.797 (2.141-6.736)

|
2.139 (1.084-4.223)

|
1.951 (0.706-5.389)

|
2.167 (1.065—4.409)

[
1.453(0.868-2.432)

|
1.525 (0.793-2.934)

[
0.426 (0.231-0.786)

|
2.401 (1.473-3.916)

0.155

0.904

0.125

<0.001

0.779

0.167

0.337

0.68

0.169

<0.001

0.028

0.198

0.033

0.155

0.206

0.006

<0.001

|
4.128 (2.332-7.305)

[
2.445 (1.345-4.443)

|
2.128 (1.025-4.416)

|
1.893 (1.150-3.114)

<0.001

0.003

0.043

0.012

Note: P-values <0.05 are shown in bold.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CAR, C-reactive protein/albumin ratio; MIBC, muscle-invasive bladder cancer; NLR,
neutrophil-to-lymphocyte ratio; NMIBC, non-muscle invasive bladder cancer; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.
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Table 3 Univariate and multivariate analyses of overall survival in bladder cancer patients

Variable

Univariate analyses
HR (95% CI)

P-value

Multivariate analyses
HR (95% CI)

P-value

Age

<65 years

>65 years

BMI

<24

>24

Gender

Male

Female
Smoking history
No

Yes
Hypertension
No

Yes

Diabetes mellitus
No

Yes
Cardiovascular disease
No

Yes

Histology type
Transitional cell carcinoma
Non-transitional cell carcinoma
Grade

I and 2

3

T-stage
NMIBC

MIBC

N-stage
Negative
Positive
M-stage
Negative
Positive

ASA grade

I and 2

3and 4

NLR

<3.8

>3.8

PLR

<210.9

>210.9

PNI

<385

>38.5

CAR

<0.2

>0.2

|
1.958 (1.175-3.354)

[
0.747 (0.442-1.264)

|
0.764 (0.347-1.681)

|
5.046 (2.800-9.093)

[
1365 (0.736-2.531)

|
1.118 (0.632-1.978)

|
0.851 (0.507-1.429)
1.295 (0.673-2.492)

|
1.569 (0.675-3.647)

|
6.084 (2.983-12.408)

|
2.221 (1.147-4.301)

|
3.035 (1.208-7.625)

|
2.385 (1.2044.724)

|
2.754 (1.655-4.584)

|
2.248 (1.212-4.167)

|
0.380 (0.208-0.692)

|
4.214 (2.500-7.102)

0.01

0.277

0.504

<0.001

0.323

0.702

0.542

0.44

0.295

<0.001

0.018

0.018

0.013

<0.001

0.01

0.002

<0.001

|
4.169 (2.218-7.835)

|
3.361 (1.601-7.055)

|
4.006 (1.494-10.742)

|
3.063 (1.788-5.249)

<0.001

0.001

0.006

<0.001

Note: P-values <0.05 are shown in bold.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CAR, C-reactive protein/albumin ratio; MIBC, muscle-invasive bladder cancer; NLR,
neutrophil-to-lymphocyte ratio; NMIBC, non-muscle invasive bladder cancer; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.
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Figure 3 Kaplan—Meier survival curves showing the correlation of CART with overall survival (A) and progression-free survival (B).

Note: The P-values were determined using the log-rank test.

Abbreviations: CART, CAR and pT staging index; CAR, C-reactive protein/albumin ratio.

the prognosis of various tumors.***’ However, since the rela-
tionship between CAR and bladder cancer remains unclear,
the investigators attempted to combine CRP with albumin
to form a new prognostic factor in bladder cancer after RC.

In the present study, in addition to CAR, other prognostic
indicators of inflammation, such as PNI, PLR, and NLR,
were also analyzed, which have been widely studied in the
prognosis of bladder cancer. The present analysis revealed
that low PNI, and high PLR and NLR are independent

prognostic risk factors in bladder cancer after surgery.'s"'®
However, CAR was uniquely observed to be a superior
prognostic factor in multivariate analyses, when compared
to PNI, PLR, and NLR for OS and PFS in bladder cancer.
Moreover, CAR depicted a higher predictive prognostic
value. Next, the present study also revealed that CAR and
pT staging are independent risk factors for the prognosis
of bladder cancer. Therefore, the investigators attempted
to combine CAR and pT staging with intent to establish a
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Table 4 Univariate and multivariable analysis of factors associated

underwent radical cystectomy, including CART

with progression-free survival in bladder cancer patients, who

Variable

Univariate analyses
HR (95% CI)

P-value

Multivariate analyses
HR (95% CI)

P-value

Age

<65 years

>65 years

BMI

<24

>24

Gender

Male

Female
Smoking history
No

Yes
Hypertension
No

Yes

Diabetes mellitus
No

Yes
Cardiovascular disease
No

Yes

Histology type
Transitional cell carcinoma
Non-transitional cell carcinoma
Grade

| and 2

3

T-stage
NMIBC

MIBC

N-stage
Negative
Positive
M-stage
Negative
Positive

ASA grade

| and 2

3and 4

NLR

<3.8

>3.8

PLR

<210.9

>210.9

PNI

<385

>38.5

CAR

<0.2

>0.2

CART

|

2

3

|
1.428 (0.873-2.335)

|
0.970 (0.590-1.594)

|
0.518 (0.224-1.201)

|
4.757 (2.751-8.225)

|
1.083 (0.622-1.883)

|
1.523 (0.839-2.766)

[
0.781 (0.472-1.294)

|
1.153 (0.587-2.263)

|
1.803 (0.778-4.178)

|
3.797 (2.141-6.736)

[
2.139 (1.084-4.223)

|
1.951 (0.706-5.389)

|
2.167 (1.065—4.409)

|
1.453 (0.868-2.432)

|
1.525 (0.793-2.934)

[
0.426 (0.231-0.786)

|
2.401 (1.473-3.916)

|
0.244 (0.127-0.470)
0.434 (0.250-0.755)

0.155

0.904

0.125

<0.001

0.779

0.167

0.337

0.68

0.169

<0.001

0.028

0.198

0.033

0.155

0.206

0.006

<0.001

<0.001
0.003

|
4.128 (2.332-7.305)

|
2.445 (1.345-4.443)

|
2.128 (1.025-4.416)

|
1.893 (1.150-3.114)

<0.001

0.003

0.043

0.012

Note: P-values <0.05 are shown in bold.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CAR, C-reactive protein/albumin ratio; CART, CAR and pT staging index; MIBC,
muscle-invasive bladder cancer; NLR, neutrophil-to-lymphocyte ratio; NMIBC, non-muscle invasive bladder cancer; PLR, platelet-to-lymphocyte ratio; PNI, prognostic
nutritional index.
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Table 5 Univariate and multivariable analysis of factors associated with overall survival in bladder cancer patients, who underwent
radical cystectomy, including CART

Variable

Univariate analyses
HR (95% CI)

P-value

Multivariate analyses
HR (95% CI)

P-value

Age

<65 years

>65 years

BMI

<24

>24

Gender

Male

Female
Smoking history
No

Yes
Hypertension
No

Yes

Diabetes mellitus
No

Yes
Cardiovascular disease
No

Yes

Histology type
Transitional cell carcinoma
Non-transitional cell carcinoma
Grade

| and 2

3

T-stage
NMIBC

MIBC

N-stage
Negative
Positive
M-stage
Negative
Positive

ASA grade

| and 2

3and 4

NLR

<3.8

>3.8

PLR

<210.9

>210.9

PNI

<385

>38.5

CAR

<0.2

>0.2

CART

|

2

3

|
1.958 (1.175-3.354)

|
0.747 (0.442—-1.264)

|
0.764 (0.347—1.681)

|
5.046 (2.800-9.093)

[
1365 (0.736-2.531)

|
1.118 (0.632-1.978)

[
0.851 (0.507—1.429)

|
1.295 (0.673-2.492)

|
1.569 (0.675-3.647)

|
6.084 (2.983-12.408)

|
2.221 (1.147-4.301)

[
3.035 (1.208-7.625)

|
2.385 (1.204-4.724)

|
2.754 (1.655-4.584)

[
2.248 (1.212-4.167)

|
0.380 (0.208-0.692)

|
4.214 (2.500-7.102)

|
0.141 (0.067-0.297)
0.297 (0.169-0.523)

0.01

0.277

0.504

<0.001

0.323

0.702

0.542

0.44

0.295

<0.001

0.018

0.018

0.013

<0.001

0.01

0.002

<0.001

<0.001
<0.001

|
4.235 (2.254-7.955)

|
2991 (1.351-6.624)

|
5.022 (1.863-3.541)

|
2.555 (1.145-5.704)

|
2.045(1.077-3.883)

[
0.264 (0.106-0.660)
0.371 (0.208-0.661)

<0.001

0.007

0.001

0.022

0.029

0.004
0.001

Note: P-values <0.05 are shown in bold.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CAR, C-reactive protein/albumin ratio; CART, CAR and pT staging index; MIBC,
muscle-invasive bladder cancer; NLR, neutrophil-to-lymphocyte ratio; NMIBC, non-muscle invasive bladder cancer; PLR, platelet-to-lymphocyte ratio; PNI, prognostic

nutritional index.
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Figure 4 Receiver operating characteristic curve analysis for CART, CAR, NLR,
PLR, and PNI against OS (A) and PFS (B).

Abbreviations: OS, overall survival; PFS, progression-free survival; CART, CAR
and pT staging index; CAR, C-reactive protein/albumin ratio; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional
index.

new index with more accuracy in predicting the prognosis
of patients with bladder cancer after RC. The present multi-
variate analysis confirmed CART as an independent predic-
tor for OS in bladder cancer, and the ROC curve analysis
further validated its predictive prognostic power for OS, but
showed no advantage for PFS. Since evidence of CAR-based

clinical effects constantly emerge, it would be obvious to
screen patients with different risks based on preoperative
clinical pathology and CAR, which may help guide the use
of early cystectomy. In the same direction, the use of the
CART score can further improve patient stratification, and
subsequently result in benefiting patients with higher risk of
clinically localized diseases, by focusing on loco-regional
and systemic adjuvant therapy in patients with the highest
risk of regional and systemic failure.

Finally, the present study has some limitations. First,
the present study is a retrospective observational study
conducted in a single institution, which makes it prone to
selection bias. Second, as the investigators were not able to
regularly measure the blood cell count after RC, it could not
be determined whether changes in the biomarkers based on
blood cell counts have any predictive value. Third, the number
of patients in the present study was relatively small. Fourth,
it remains unclear whether the clinical applications of CAR
and CART can be generalized for all bladder cancer patients,
except for RC patients. Thus, the ability and accuracy of CAR
and CART in the prognosis of patients with bladder cancer
require additional independent prospective and multicenter
studies, in order to validate these present findings.

Conclusion

CAR can act as new prognostic indicator for patients with
bladder cancer after RC. In addition, combining the CAR
score with pT staging, as the CART score, appears to be
a more effective prognostic indicator for poor OS, but not
PFS. These indicators also have the ability to stratify patients
based on risk, and select appropriate treatment strategies for
bladder cancer patients.
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Table S| Receiver operating characteristic curve pairwise comparison analysis for CART, CAR, NLR, PLR, and PNI against OS

Variable AUC SE 95% ClI
CART 0.701 0.0428 0.615-0.778
CAR 0.64 0.0406 0.552-0.722
NLR 0.51 0.0408 0.421-0.598
PLR 0.524 0.031 0.435-0.612
PNI 0.57 0.0291 0.480-0.656
Comparison SE P-value

CART ~ CAR 0.0401 0.1283

CART ~ NLR 0.0531 0.0003

CART ~ PLR 0.0477 0.0002

CART ~ PNI 0.0452 0.0037

CAR ~ NLR 0.0438 0.003

CAR ~ PLR 0.0442 0.0086

CAR ~ PNI 0.0416 0.0897

NLR ~ PLR 0.0379 0.7122

NLR ~ PNI 0.037 0.1067

PLR ~ PNI 0.0343 0.1822

Abbreviations: CART, CAR and pT staging index; CAR, C-reactive protein/albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI,
prognostic nutritional index; OS, overall survival.

Table S2 Receiver operating characteristic curve pairwise comparison analysis for CART, CAR, NLR, PLR, and PNI against PFS

Variable AUC SE 95% ClI
CART 0.838 0.0322 0.764-0.897
CAR 0.709 0.039 0.624-0.785
NLR 0.575 0.0408 0.486-0.661
PLR 0.548 0.0314 0.459-0.635
PNI 0.578 0.0299 0.489-0.664
Comparison SE P-value

CART ~ CAR 0.0381 0.0007

CART ~ NLR 0.0482 < 0.0001

CART ~ PLR 0.0416 < 0.0001

CART ~ PNI 0.039 < 0.0001

CAR ~ NLR 0.0443 0.0025

CAR ~ PLR 0.0442 0.0003

CAR ~ PNI 0.0415 0.0015

NLR ~ PLR 0.0385 0.4837

NLR ~ PNI 0.0375 0.9427

PLR ~ PNI 0.0352 0.4007

Abbreviations: CART, CAR and pT staging index; CAR, C-reactive protein/albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI,
prognostic nutritional index; PFS, progression-free survival.
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