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Background: Bladder cancer is the second most prevalent neoplasm in the urogenital
system in terms of morbidity and mortality, and there is an urgent need for a more
accurate assessment of individual prognosis in patients with primary non-muscle-invasive
bladder cancer (NMIBC). The Controlling Nutritional Status (CONUT) score is an
emerging biomarker score which has been confirmed to have prognostic value in various
malignant tumors. The study attempted to systematically identify the prognostic role of
preoperative CONUT score on posttreatment recurrence-free survival (RFS) in patients
with NMIBC, and determine the predictive value and feasibility of the new prognostic
prediction model.

Methods: A total of 94 patients with NMIBC were analyzed retrospectively between
January 2011 and December 2015. Statistical analysis was conducted using the nonpara-
metric method. The Kaplan-—Meier method was used to assess recurrence-free survival
(RFS), and Log rank tests was used to analyze the equivalences of survival curves. We
used univariate and multivariate Cox proportional hazards regression model to identify
important predictors of RFS. Discrimination of nomogram was measured by the con-
cordance index. Predictive accuracy of the model was evaluated using the internal
validation.

Results: In univariate analysis, age, history of smoking, pathological T stage, tumor
grade, tumor size, and CONUT score were significantly correlated with RFS. Multivariate
analysis indicated that CONUT score (HR =3.855, 95% CI 1.242-11.970, p=0.020) was
an independent predictor of RFS in patients with NMIBC. Based on significant para-
meters in multivariate analysis and reliable recurrence predictors determined in predictive
models and relevant guidelines, a new age-, history of smoking-, pathologic factors- and
the CONUT score-based scoring model was developed to predict recurrence of NMBIC.
In addition, we internally validated the nomogram using the consistency index and
calibration plots, which demonstrated that the model has high prediction accuracy
(c-index= 0.851).

Conclusion: The development of a new nomogram based on CONUT score could increase the
accuracy of recurrence prediction and improve individualized treatment plans for patients with
NMIBC.
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Introduction

Bladder cancer ranks 11th among the most prevailing
cancers in the world. The global age-standardized inci-
dence per 100,000 person-years is 9.0 for men and 2.2
for women,' and it is the sixth most common cancer in
males and the seventeenth in females, respectively.” It is
also the most common malignancy of the urinary tract.’®
More than 90% of bladder cancer cases are urothelial
carcinomas, and approximately 75-85% of patients pre-
sent as NMIBC, which is defined as confined to the
mucosa (carcinoma in situ and stage Ta) or submucosa
(stage T1)."* Although transurethral resection of the blad-
der tumor (TURBT) or partial cystectomy can completely
resect Ta and T1 tumors, it is a heterogeneous disease with
recurrence rates following treatment, and even advances to
the muscle as an invasive and metastatic tumor. It is
reported that the 5-year recurrence rate of NMIBC is 50—
70%, and the 5-year progression rate is 10-30%.’

It is important to control the progression of NMIBC
due to a poor prognosis in patients with metastatic bladder
cancer. Although some studies have shown that recurrence
is related to factors including surgical precision levels,
drug infusion, lifestyle and chemical contact, there is still
no effective avenue to reduce the recurrence rate of blad-
der cancer.*” The treatment of recurrent bladder cancer
focuses on early detection and treatment. Therefore, prog-
nostic and risk assessments are essential for treatment
decision-making and patient consultation.

Nomogram is a widely used statistical instrument for
predicting the prognosis of individuals by calculating the
scores of numerous variables, and it was first used to
predict of recurrence in patients with NMIBC by Hong
et al® The two scoring models of The European
Organization for Research and Treatment of Cancer
(EORTC) and The Spanish Urology Association for
Oncological Treatment (CUETO) are the most commonly
used individual prognostic models of bladder cancer,
which have certain clinical value, though also have a set
of shortcomings,” such as lacking in the degree of hema-
tological indexes. Consequently, we need to develop
a more precise predictive model for patients with
NMIBC by using the nomogram.

Recently, a number of studies have reported that
nutritional status and systemic inflammatory response
have an impact on the prognosis of cancer patients.
Malnutrition usually manifested as hypoalbuminemia,
which is associated with poor prognosis of various

malignant tumors, and the presence of persistent inflam-
mation is considered as one of the hallmarks of cancer.''
As a novel nutritional screening tool, the Controlling
Nutritional Status (CONUT) score is a cumulative score
calculated from serum albumin level, total cholesterol
level, and total peripheral blood lymphocyte count mea-
surement, reflecting both the nutritional and immune
status of the subjects. The scoring system is readily
and significantly correlates with both
Subjective  Global (SGA) and Full
Nutritional Assessment (FNA).'? In addition, it has
been reported to be associated with the postoperative

available
Assessment

complications and the prognosis of various malignant

tumors.!>~17

Presently, the predictive value of CONUT for RFS in
patients with NMIBC has not been explored. Therefore,
we would like to clarify the prognostic value of the pre-
operative CONUT score in patients who have undergone
TURBT or partial cystectomy following initial diagnosis
of NMIBC, and to develop a novel model to predict the
postoperative RFS for individual patients based on the
CONUT score.

Patients and Methods

Patient Selection

We retrospectively reviewed the clinic-pathological and
follow-up data of 94 newly diagnosed NMIBC patients
who underwent initial TURBT or partial cystectomy in
our hospital from January 2011 to December 2015.
Patients enrolled in the study met the following criteria:
(1) complete data of serum albumin concentration, total
cholesterol concentration and total peripheral lympho-
cyte count prior to surgery were available; (2) the pri-
mary diagnosis was NMIBC, and the pathological
staging was Ta or T1 tumor without carcinoma in situ
(CIS); (3) there were no other systemic autoimmune
diseases or cancers, and no previously received neoadju-
vant chemotherapy or radiotherapy; (4) preoperative
exclusion of distant metastasis from the tumor, and (5)
complete follow-up data were available. In accordance
with the guidelines of the European Association of
Urology (EAU), the treatment protocol was discussed
for each patient. The study was conducted according to
the Declaration of Helsinki (2013 revision), written
informed consent was obtained from all participating
patients in this study and stored in our hospital database.
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The research was approved by the Institutional Ethics
Committee of our hospital.

Data Collection and Patient Follow-Up
Data Collection

All patients received routine hematological examination,
computed tomography, transabdominal ultrasound, urine
cytology or tissue biopsy, cystoscopy prior to surgery in
order to diagnose NMIBC, and finally confirmed by post-
operative pathology. Pre-operative baseline clinical pathol-
ogy and laboratory data such as age, gender, body mass
index (BMI), smoking history, tumor size, pathological
T stage, and grade were obtained through electronic medical
records in the hospital and reviewed. All histopathology
reports were based on the eighth edition of Tumor-Node-
Metastasis staging system, and the grade was assessed based
on the 2004 WHO grading system.'®'” Tumor size was the
sum of the longest diameters of all postoperative pathologi-
cal specimens. According to the blood test results (within
one month prior to surgery), the preoperative serum albumin
concentration, total cholesterol concentration and total per-
ipheral lymphocyte count of all individuals were used to
calculate the CONUT score. Based on the previous study,'”
the scoring criteria of CONUT are illustrated in Table 1.

Follow-Up

The deadline for follow-up was December 2015. Due to
the low mortality of NMIBC, we were unable to use
overall survival as the study end point, so we selected
RFS as an indicator for endpoint evaluation in the study,
which is defined as the time between the first TURBT or
partial cystectomy and histopathological confirmation of
recurrence. The follow-up period for each patient began
following the radical surgery and ended with histologically
confirmed tumor recurrence or deadline. All patients were
followed up regularly according to the standard. During
the follow-up period, routine urine test, routine blood test,
biochemical test and cystoscopy were performed once
every three months for the first two years, followed by

6-month intervals for the next three years and annual
examination (> 5 years). An excretion urography or com-
puted tomography scan was performed annually for five
years after surgery.

The EORTC-GUCG Risk Scoring System

Currently, the most commonly used model for predicting
outcomes in individual patients with bladder cancer is the
EORTC-GUCG risk scoring system. The scoring system
was based on 2596 TaTl tumor patients and evaluated
from 6 clinical pathological factors: tumor size, number
of tumors, previous recurrence rate, T category, tumor
grade and CIS. According to the disease recurrence and
progression risk scoring system, risk is divided into the
following three layers: (1) Low-risk: primary, single, <
3cm, Ta stage, low grade or G1 grade, and no CIS; (2)
Intermediate-risk: undetermined tumors in the two adja-
cent categories (between low-risk and high-risk cate-
gories); (3) High-risk: T1 stage tumors, high grade or G3
grade tumors, presence of CIS, and large (> 3cm), multi-
ple, relapsed, Ta Glor G2 grade tumors (All conditions
must be met simultaneously at this time).?

Statistical Analyses

In this study, the mean and standard deviation (SD) were
used to describe continuous variables. Categorical vari-
ables were compared employing Pearson’s chi-square test
or Fisher’s exact test. Possible cut-off values for the
CONUT score were determined by applying receiver oper-
ating curve (ROC) analysis, as defined by the most sig-
nificant point on the ROC curve (when Youden index is at
its maximum) and calculating the area under the ROC
(AUROC) curve. Further analysis was performed by
using the optimal cut-off value. Concerning RFS analysis,
evaluating the survival rate in different groups was used by
Kaplan—Meier method, and the Log rank test was used to
analyze the equivalences of the survival curves. Univariate
and multivariate analyses were performed using Cox

Table | The Scoring System for the Controlling Nutritional Status (CONUT) Scale

Undernutrition Degree None Light Moderate Severe
Serum albumin (g/dL) 235 3.0-3.49 2.5-2.99 <25
Score 0 2 4 6

Total lymphocyte count (/mm?) 21600 1200-1599 8001199 < 800
Score 0 | 2 3

Total cholesterol (mg/dL) =180 140-179 100-139 < 100
Score 0 | 2 3
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proportional hazards regression model, and a nomogram
predicting RFS across 1-, 3- and 5-year were constructed,
based on the multivariable model. Several risk factors for
recurrent NMBIC, identified in the guidelines and previous
models, were added to the nomogram.

The nomogram provided an association between the
multivariate prognostic factors of patients and the prob-
ability of RFS in patients with NMIBC by graphical
representation. The discrimination was measured using
the consistency index (c-index). A score of 1 implies
perfect predictions, and a score of 0.5 indicates that the
model has no discriminative ability. The model calibration
is evaluated visually with the calibration plots. When the
predictive values of the model perfectly match the actual
risks of the patient, a 45° line represents perfect calibra-
tion. Above or below the 45° line indicates a deviation
from that prediction. Our analysis used two-sided
p-values, with a two-sided p-value <0.05 was considered
to be statistically significant. All statistical analyses were
performed using the MedCalc® [version 19.5.1; Ostend,
Belgium], the Statistical Product and Service Solutions®
[SPSS, version 26.0; IBM Corporation™, Chicago, IL,
USA] software and R™ [version 4.0.3; R Foundation,
Vienna, Austria].

Results

Basic Clinical Data of Patients

From January 2011 to December 2015, among 116
patients with NMIBC who underwent TURBT or partial
cystectomy for the first time in our hospital, 22 of them
were excluded as they did not meet the inclusion cri-
teria. The mean follow-up time was 43.61 (21.93)
months. The clinical data of 94 patients are illustrated
in Table 2. There were 75 males (79.79%) and 19
females (21.93%), with an average age (SD) of 63.22
(13.28) years old. Among these patients, 52 (55.32%)
had a history of smoking and the number of patients
with BMI>24 and <24 was 37 (39.36%) and 57
(60.64%), respectively. Tumor grade was low grade in
58 (61.70%) and high grade in 36 (38.30%) patients.
Pathological T-category was Ta in 67 (71.28%) and T1
in 27 (28.72%) patients. The primary tumor size was
lower than 3 c¢cm in 57 patients (60.64%) and equal and/
or greater than 3 cm in 37 patients (39.34%). The
CONUT score was 0 in 26 patients (27.66%), 1 in 23
patients (24.47%), 2 in 22 patients (23.40%), 3 in 12
patients (12.77%), 4 in 6 patients (6.38%), 5 in 2

patients (2.13%), and 6 in 3 patients (3.19%), respec-
tively. The recurrence rate was 33/94 (35.11%) after five
years of follow-up.

The relationships between the EORTC-GUCG risk
scoring system and clinicopathological parameters of
patients were stratified according to the EORTC-
GUCG risk scoring system, whereby there were 41
cases with low recurrence risk, 18 cases with inter-
mediate recurrence risk and 35 cases with high recur-
rence risk among the 94 patients. The relationships
between the EORTC-GUCG risk scoring system and
clinicopathological parameters of patients are presented
in Table 3. There were significant differences in
patients’ age and pathological factors among the vary-

ing risk groups.

Table 2 Patient Characteristics

Factors Value or Number of Patients(n=94)
Age(years)

MeanSD 63.22+12.28

Range 25-84
Gender, n(%)

Male 75(79.79)

Female 19(20.21)
BMI, n(%)

<24 57(60.64)

224 37(39.36)
History of smoking, n(%) | 52(55.32)
Pathological T stage, n(%)

pTa 67(71.28)

pTl 27(28.72)
Tumor grade, n(%)

LG 58(61.70)

HG 36(38.30)
Tumor size, n(%)

<3cm 57(60.64)

23cm 37(39.36)
CONUT score, n(%)

0 26(27.66)

| 21(24.47)

2 20(23.40)

3 12(12.77)

4 5(6.38)

5 1(2.13)

6 3(3.19)

Recurrence rate 33/94(35.11%)
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Table 3 Relationships Between the EORTC-GUCG Risk Scoring System and Clinicopathological Parameters of 94 Patients with

NMIBC
All Patient (n=94) Low Risk (n=41) Intermediate Risk (n=18) High Risk (n=35) p-value
Age(years)
Mean+SD 63.22%12.28 57.63%11.69 67.44%15.60 67.60%11.54 <0.001
Median (range) 65(25-84) 58(25-78) 72(26-84) 69(35-84)
Gender, n(%)
Male 75(79.79) 35(85.37) 14(77.78) 26(74.29) 0.474
Female 19(20.21) 6(14.63) 4(22.22) 9(25.71)
BMI, n(%)
<24 57(60.64) 26(63.41) 10(55.56) 21(60.00) 0.847
224 37(39.36) 15(36.59) 8(44.44) 14(40.00)
History of smoking, n(%)
Yes 52(55.32) 19(46.34) 11(61.11) 22(62.86) 0.303
No 42(44.68) 22(53.66) 7(38.89) 13(37.14)
Pathological T stage, n(%)
pTa 67(71.28) 41(100.00) 18(100.00) 8(22.86) <0.001
pTI 27(28.72) 0(0.00) 0(0.00) 27(77.14)
Tumor grade, n(%)
LG 58(61.70) 41(100.0) 16(88.89) 1(2.86) <0.001
HG 36(38.30) 0(0.00) 2(11.11) 34(97.14)
Tumor size, n(%)
<3cm 57(60.64) 41(100.00) 2(11.11) 14(40.00) <0.001
23cm 37(39.36) 0(0.00) 16(88.89) 21(60.00)
Survival Functions
10 EORTC-GUCG
+ —TLowrisk
—lintermediate risk
—I1High risk
08 f~ Low risk-censored
—t+— Intermediate risk-censored
——High risk-censored
g 06 &
g P Low vs Intermediate=0.003
(g I—‘—‘ Plntermediate vs High=0.027
3 o4 L] P Low vs High<0.001
02
00
0 10 20 30 40 50 60
RFSTime
Figure | Survival curve of RFS in patients at risk for different EORTC-GUCG risk scores.
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Table 4 Clinic-Pathological Characteristics Comparison of 94
CONUT Score Patients with NMIBC Stratified by CONUT
100 B | CONUT Score p-value
B Low (n=49) | High (n=45)
80
i Age(years)
> - Mean+SD 63.37£10.71 66.33£15.12 0.029
E 60 [ Median (range) 65(25-84) 69(35-84)
g i Gender, n(%)
$ 40 K Male 39(79.59) 36(80.00) 0.961
L Female 10(20.41) 9(20.00)
20 | .
B AUC =0.934 BM<I‘2:(A) 26(53.06) 31(68.89) 0.117
L = . : .
ol P <0.001 224 23(46.84) 14(31.11)
PEERTVSRNEN] EY RN Y] E Ol Fr e vy vl Rl T T
0 20 40 60 80 100 History of smoking, n
B )
100-Specificity No 23(46.94) 19(42.22) 0.646
Yes 26(53.06) 26(57.78)
Figure 2 ROC curve of predictive value of the CONUT score for RFS in patients
with NMBIC. Pathological T stage, n
(%)

. . pTa 45(91.84) 22(48.89) <0.001
Comparison of Recurrence Risk Among o] 48.16) 28611
Patients with Different EORTC-GUCG Tumor grade, n(%)

Risk Scores LG 43(87.76) 15(33.33) <0.001
During the five-year follow-up period, 33 of 94 patients HG 6(12.24) 30(¢6.67)

(38.0%) experienced intravesical recurrence, including 3 Tumor size, n(%)

cases (7.32%) in the low-risk group, 7 cases (38.89%) in <3em 40(81.63) 17(37.78) <0.001
the intermediate-risk group, and 23 cases (65.71%) in the 23cm 9(18.37) 28(62.22)

high-risk group. In addition, the Kaplan—Meier analysis Serum albumin (g/dL) 43.98+3.46 39.833.92 <0.00I
demonstrated that the EORTC-GUCG risk scoring system Total Lymphocyte count | 1.900.41 | 274039 <0.001
had a significant correlation with RFS, and the high-risk (/mm3)

group patients had shorter RFS than the other two groups

. Total cholesterol 183.60+19.58 | 156.15+20.66 | <0.001
(p<0.05) (Figure 1). (mg/dL)

Optimal Cut-off and Prognostic Values in
Predicting RFS of Preoperative CONUT

Score

The median preoperative serum albumin level was 41.99
(33.36-50.20) (g/dL), the median total lymphocyte count
was 1.60 (0.43-3.04) x109 (/mm3), and the median total
cholesterol was 170.46 (111.72-217.87) (mg/dL). The
mean CONUT score was 1.49 in this study. An ROC
curve analysis showed that the optimal cut-off value of
the CONUT score was 1, which provided 84.85% sensi-
tivity, 72.13% specificity, and the AUROC curves of
CONUT score for RFS evaluation was 0.834 (Figure 2).
Based on the cut-off value, 45 (47.87%) patients were

classified as a high-CONUT group (>1) and 49 patients
(52.13%) were classified as a low-CONUT group (0-1).
The relationships between clinicopathological features
and the CONUT score are shown in Table 4. Age, patho-
logical T-stage, tumor size and grade were found to be
significantly related with the preoperative CONUT score.
Overall, the 1-year, 3-year, and 5-year RFS rates in
patients with NMIBC were 76.60% (72/94), 64.44% (58/
90), and 63.33% (57/90), respectively. The mean time of
recurrence (SD) was 17.30 (12.58) months. In addition,
RFS were identified at 1-, 3-, and 5-year based on pre-
operative CONUT stratification in the study: 1-year RFS

https:
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Survival Function for patterns 1 -2

1.00

095

0.90

0.85

Cum Survival

0.80

0.75

Group

—I1CONUT=1
—1CONUT>1

P <0.001

0 10 20 30

RFSTime

Figure 3 Survival curve of RFS in patients at different CONUT patients.

rate was 95.92% (47/49) in low-CONUT group and
55.56% (25/45) in high-CONUT group (p<0.001); 3-year
RFS rate was 89.80% (44/49) in low-CONUT group and
34.15% (14/41) in high-CONUT group (p<0.001); and
S5-year RFS rate was 89.80% (44/49) in low-CONUT
(13/41) in high-CONUT group
(p<0.001). The Kaplan—Meier survival analysis revealed

group and 31.71%

a significant association between the preoperative CONUT
score and RFS in patients (p<0.001, Figure 3). Therefore,
high preoperative CONUT score could predict poorer RFS.
In addition, we evaluated whether the CONUT score in
different EORTC-GUCG groups was associated with RFS,
and the results showed that there was no significant dif-
ference for RFS between the low-risk group (p=0.242,
Figure 4A) and intermediate-risk (p=0.165, Figure 4B),
while the difference in RFS was statistically significant
in the high-risk groups (p=0.043, Figure 4C).

In univariate analysis, RFS had no difference in gender
and BMI. Age (<65 or >65), history of smoking (yes or
no), pathological T stage (pTa or pT1), tumor grade (LG or
HG), tumor size (<3 or >3 cm), and preoperative CONUT
score (<1 or >1) were found to be significantly associated
with RFS (Table 5). In order to determine the independent
prognostic value of the CONUT score, significant vari-
ables in univariate analysis were used as covariates for
multivariate Cox proportional hazards regression analysis.
Consequently, the results showed that tumor grade (LG or
HG; HR =3.056, 95% CI 1.030-9.069, p=0.044), tumor

40 50 60

size (<3 or >3 cm; HR =2.733, 95% CI 1.148-6.508,
p=0.023) and CONUT score (<1 or >1; HR =3.855, 95%
CI 1.242-11.970, p=0.020) were independent predictors of
RFS in patients (Table 5).

Development of a Nomogram for
Predicting RFS in Patients with NMIBC

In the multivariable Cox model, RFS of patients with
NMIBC was significantly affected by tumor grade, patho-
logical T stage and the preoperative CONUT score, and
were consequently included in the nomogram to predict 1-,
3- and 5-year RFS rates in patients with NMIBC following
primary surgery (Figure 5). In addition, according to the

. i 21,22
recommendations of relevant guidelines”

23-27

and previous
models, the patient’s age, history of smoking, patho-
logical T stage were also incorporated into the nomogram
to improve its forecasting ability. The c-index of the pre-
diction model is 0.851, which indicated that the prediction
accuracy was relatively high. Meanwhile, it was also
important that the calibration plots revealed a limited
deviation from the ideal prediction by internal validation

(Figure 6).

Discussion

NMBIC is the most prevalent pathological tumor-type in
patients with initially diagnosed bladder cancer, but many
patients may relapse, even after radical surgery.”® There is
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Survival Functions
EORTCGUCG = Low risk

10 —T T T Group

H —ITTCONUT=1
—1CONUT>1
—+—= CONUT=<1-censored
+ —~ CONUT>1-censored

P =0.242

Cum Survival
I

RFSTime

Survival Functions
EORTCGUCG = Intermediate risk

Group

T1CONUT <1
—1CONUT>1
|~ CONUT <1-censored

08 ~}— CONUT>1-censored

06

P =0.165

04

Cum Survival

02

00

0 10 20 30 40 50 60 B

RFSTime

Survival Functions
EORTCGUCG = High risk

10 T— Group

ITICONUT <1
—CONUT>1
{— CONUT=1-censored
08 =% +—}—CONUT>1-censored

06

o P=0.043

Cum Survival

00

0 10 20 30 40 50 60 C

RFSTime

Figure 4 Survival curves of RFS in different CONUT patients with different EORTC-GUCG scores: (A) low-risk group; (B) intermediate-risk group; and (C) high-risk
group.

evidence that cystectomy for patients who progress from physician experience may be subjectively influenced.
NMIBC to muscle invasive bladder cancer (MIBC) have  Therefore, it is of great significance to construct a simple
a poor prognosis in comparison to patients initially diag- and efficient prediction method for early detection and

nosed with MIBC.?® Result predictions based solely on  diagnosis of recurrent bladder cancer while improving
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the principles of follow-up and treatment plan. Only by
accurately predicting the progress risk of patients with
NMIBC can we formulate the best individualized treat-
ment and monitoring plan for newly diagnosed and
relapsed patients, but the tools for evaluating the progress
risk are still insufficient at present.

In the past few years, two European organizations have
developed two predictive models for assessing the risk of
recurrence and progression of patients with NMIBC: the
EORTC and CUETO score models. The EORTC-GUCG
risk system is one of the commonly used models to eval-
uate the prognosis of patients, with a high predictive
efficiency.®® In this study, pathological factors as tumor
size, grade and T stage were the main risk factors affecting
EORTC-GUCG score in patients with bladder cancer,
which was consistent with the conclusions of Busalto,3 !
Cerbone®” and other studies. Following patient stratifica-
tion through the EORTC-GUCG risk scoring system, the
results revealed statistically significant differences in RFS
outcomes (p<0.05) among the different groups, suggesting
the accuracy of our patient datasets. Further determination
of the optimal cut-off value of CONUT score led to our
results revealing that the high-CONUT group had a lower
rate of RFS than the low CONUT group, while the
CONUT score was an independent prognostic factor asso-
ciated with RFS, as validated by the multivariate Cox
proportional hazards regression analysis.

The nutrition and inflammatory status of cancer
patients can potentially predict post-surgical prognosis,
and also affects the progression of malignant tumor,
response to anti-cancer treatment, length of hospital stay
and cost. Perioperative nutritional support for malnour-
ished cancer patients can improve systemic nutritional
status, enhance the tolerance levels during therapy and
have a positive impact on postoperative survival.**** The
CONUT score was initially reported as an effective tool
for early detection and ongoing control of malnutrition in
hospitals.'"> With the deepening of its research, people
found that the CONUT score has significant prognostic
value in various malignant tumors, such as esophageal,'’
renal,14 gastric,15 prostate,16 and colorectal cancer.!’
However, no study has systematically identified the prog-
nostic effect of preoperative CONUT score on post-
treatment RFS in patients with NMBIC cancer.

Among the three components of the CONUT score, the
concentration of serum albumin is the most important
parameter, scoring two-fold higher in comparison to the

other two parameters. Serum albumin concentration

reflects nutritional status and is a reliable indicator of
inflammation, chronic disease and humoral conditions.’”
It is associated with tumor necrosis since C-Reactive
Protein (CRP) and pro-inflammatory cytokines, such as
TNF-a or IL-6, can reduce albumin synthesis by modulat-
ing hepatocytes.® Consequently, it has been reported that
hypoalbuminemia is closely associated with cancer survi-
val in the literature, and perioperative nutritional support is
considered to help improve surgical outcomes in
patients.'® Total lymphocyte count is an important indica-
tor of the immunological and nutritional status of body,
and it is the main cellular component of the immune
system, which can produce immune responses to tumor
cells.’” The decrease in lymphocytes will lead to
a reduction in such anti-tumor immune responses. Mella

1® have found that a decrease in T cell count is

et a
associated with a poor prognosis in tumor patients since
the host had a compromised immunity to cancer cells.
Therefore, a low peripheral blood lymphocyte count
reflects an insufficient host immune response and can be
used as an indicator of poor prognosis for various
tumors.***!

CONUT score is different from other scores in introducing
serum total cholesterol level. Cholesterol is one of the most
important components of cell membrane. In addition to tumor-
igenesis, cholesterol is also related to many potential biochem-

4243 quch as it could

ical pathways related to immune response,
increase the antigen-presenting function of monocytes.**
Compared with hypercholesterolemia, hypocholesterolemia
is more related to the decrease of peripheral circulating lym-
phocytes, total T cells and CD8+ cells. Cholesterol. Therefore,
low serum total cholesterol levels can affect intracellular signal
transduction and impair the immune system, resulting in poor
prognosis. Meanwhile, the transcriptomic expression level of
low density lipoprotein receptor within tumor tissue is up-
regulated.* Tt indicates that the tumor tissue exacerbates
intake of low-density lipoprotein cholesterol, for the purpose
of accelerating tumor growth and consequently consuming
serum cholesterol levels.*® This justifies why cholesterol
levels typically rise after surgery. In summary, low serum
total cholesterol level is not only considered to be
a causative factor for cancer but also is regarded as
a repercussion of cancer. In addition, total cholesterol concen-
tration is considered to be an indicator of reserve calories in
patients.*” Reduction in serum cholesterol level is also
reflected by a decrease in caloric intake. Consequently, it has
been widely reported in the literature that cholesterol levels are
related to tumor progression and cancer survival.*® Finally,
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Table 5 Univariate and Multivariate Cox Proportional Hazards Regression Analyses of RFS in 94 Patients with NMIBC

Variable Univariate Multivariate
HR(95% CI) p-value HR(95% CI) p-value
Age(years) 1.431(0.599-3.419) 0.420
<65 | (reference) 0.003
265 3.251(1.509-7.004)
Gender, n(%)
Male I (reference) 0.509
Female 1.307(0.590-2.899)
BMI, n(%)
<24 I (reference) 0.203
224 0.618(0.294-1.298)
History of smoking, n(%) 2.143(0.949-4.838) 0.067
No I (reference) 0.017
Yes 2.547(1.182-5.487)
Pathological T stage, n(%) 1.575(0.558-4.445) 0.391
pTa | (reference) <0.001
pTI 3.540(1.781-7.033)
Tumor grade, n(%) 3.056(1.030-9.069) 0.044
LG I (reference) <0.001
HG 3.092(2.051-4.662)
Tumor size, n(%) 2.733(1.148-6.508) 0.023
<3cm | (reference) <0.001
23cm 5.511 (2.547-11.924)
CONUT 3.855(1.242-11.970) 0.020
<I | (reference) <0.001
>| 8.864(3.400-23.105)

through the combination of the above three parameters, the
accuracy of each parameter can be integrated to better assess
the general situation of the patients.

The CONUT score is not the only index for asses-
sing nutrition, prognostic nutritional index (PNI), neu-
trophil-lymphocyte ratio (NLR) and Glasgow prognostic
score (GPS) have been also employed to evaluate the
general situation of patients and have showed to be
associated with cancer survival. **7! However, the
majority of studies have reported that the CONUT
score was the most accurate indicator for predicting
prognosis.’> >* In GPS calculations, although levels of
CRP are closely related to systemic inflammatory
responses, false-positive results could occur in the early-
phase of infection or immunodeficient hosts. Similar to
CONUT scores, serum albumin and total lymphocyte
counts are also used in the calculation of PNI, which
may explain the similar AUCs results of CONUT and

PNI. But unlike PNI, COUNT scores include total cho-
lesterol as a variable, as mentioned above, hypocholes-
terolemia has a unique role in the response to
malnutrition and autoimmune diseases in cancer
patients. Through comparison of the CONUT and PNI
scoring systems, Takagi et al’> show that the CONUT
scoring system is more superior to PNI in predicting the
survival of patients with various malignancies.

Unlike the inclusion of relapsed cases (44.3%) in the
EORTC cohort, only patients with NMIBC who were
initially diagnosed and had no previous relapse were
included in our cohort study. This enrollment was also
noted in previous studies.***>® Compared to these models
for predicting NMBIC recurrence, our nomogram has
a higher prediction accuracy on internal validation
(C-index=0.851), although the prediction accuracy of this
nomogram has not been externally validated. In this study,
we explored the relationship between the CONUT score
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Figure 5 Nomograms to predict RFS rates at |-, 3- and 5-year in patients with NMIBC.

and prognosis of patients with NMBIC who had under-
went radical resection, demonstrating that preoperative
CONUT score was an independent prognostic factor for
postoperative RFS in patients. This is the first report that
CONUT acted as an independent predictor, combined with
the statistically significant parameters of multivariate ana-
lysis, to evaluate the prognosis of patients with NMIBC in
a single prediction model. Furthermore, we also included
well-established predictors of tumor relapse to increase the
discriminant properties of our nomograms, which has

21,22 s gl
““ and predictive

identified in the previous guidelines
models.”®> 2’7 Such properties included age, history of
smoking and T stage, though they did not show obvious
significance in the multivariate analysis (this may be due
to the patient enrollment paucity in the study cohort).
Although our findings were significant, our limitations
were equally apparent. First of all, our research was
a retrospective analysis of a single-center design, which may
lead to inherent bias. There are various forms of postoperative
adjuvant therapies for patients, and the treatment process was
not unified. Due to the limitations of retrospective analysis, it is
difficult to trace the exact information of the postoperative
intravesical treatment regimen (eg, type and dose of che-
MMC/ epirubicin/gemcitabine /etc).
Secondly, other potential prognostic factors that were not

motherapy drugs;

included in our study variables, such as tumor focality, pre-
operative positive urine cytology, and the presence of CIS,

which have been regarded as important prognostic factors in

26,28,57

recent studies and can be added as parameters to the

nomogram to improve the effectiveness in clinical practice.
Thirdly, our sample size could not be considered as sufficient.
The limited number of patients inhibited the selection of para-
meters in our nomogram and the results of internal validation.
Fourthly, the nomograms generated in this study were solely
validated internally only and were not validated externally in
large multicenter cohort studies to determine its validity in
clinical prediction. Lastly, potential factors such as medication
(eg, statins) and nutritional support that might have influenced
the inflammatory and nutritional parameters of the CONUT
score were not considered in this study.

Our novel nomogram based on CONUT score con-
structed by us in a single-institution database may not be
completely accurate, but it showed a reasonable level of
identification through internal validation. Therefore, our
nomogram can be used as another predictive tool to pre-
dict tumor recurrence in patients with NMIBC following
TURBT or partial cystectomy. In order to generalize the
applicability of the developed nomogram in actual clinical
practice, further validation needs to be performed using
other larger, multicenter external patient cohorts.

Conclusions

This study explored the value of preoperative CONUT
score for the prediction of RFS in patients with NMIBC,
and confirmed that the CONUT score is an independent
prognostic factor for RFS. Patients with a high CONUT
score had an elevated risk of recurrence in comparison to
patients with a low CONUT score. Furthermore, we
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Figure 6 Internal validation of calibration curve for RFS evaluation in patients with NMIBC at |- (A) 3- (B) and 5-year (C).

provided a nomogram for evaluate the probability of tumor
recurrence in patients with NMIBC who have underwent
TURBT or partial cystectomy, with internal validation
showing reasonable calibration. The development of
a new nomogram, based on preexisting prognostic para-
meters in combination with CONUT, could increase the
accuracy of recurrence prediction and improve individua-
lized therapy for patients with NMIBC.
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grade; CONUT, Controlling Nutritional Status;

NMIBC, non-muscle-invasive bladder cancer; EORTC-
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recurrence-free survival, HR, hazard ratio; CI, confi-
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