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Abstract

Introduction and objectives: To evaluate the impact of the Controlling Nutritional Status (CONUT) score on perioperative morbidity

and oncological outcomes of bladder cancer (BC) patients treated with radical cystectomy (RC).

Materials and Methods: We retrospectively analyzed a multi-institutional cohort of 347 patients treated with RC for clinical-localized

BC between 2005 and 2019. The CONUT-score was defined as an algorithm including serum albumin, total lymphocyte count, and choles-

terol. Multivariable logistic regression analyses were performed to evaluate the ability of the CONUT-score to predict any-grade complica-

tions, major complications and 30 days readmission. Multivariable Cox’ regression models were performed to evaluate the prognostic

effect of the CONUT-score on recurrence-free survival (RFS), overall survival (OS), and cancer-specific survival (CSS).

Results: A cut-off value to discriminate between low and high CONUT-score was determined by calculating the receiver operating charac-

teristic (ROC) curve. The area under the curve was 0.72 hence high CONUT-score was defined as≥3 points. Overall, 112 (32.3%) patients had a

high CONUT. At multivariable logistic regression analyses, high CONUT was associated with any-grade complications (OR 3.58, P = 0.001),

major complications (OR 2.56, P = 0.003) and 30 days readmission (OR 2.39, P = 0.01). On multivariable Cox’ regression analyses, high

CONUT remained associated with worse RFS (HR 2.57,P< 0.001), OS (HR 2.37,P< 0.001) and CSS (HR 3.52,P< 0.001).

Conclusions: Poor nutritional status measured by the CONUT-score is independently associated with a poorer postoperative course after

RC and is predictive of worse RFS, OS, and CSS. This simple index could serve as a comprehensive personalized risk-stratification tool

identifying patients who may benefit from an intensified regimen of supportive cares. � 2022 Elsevier Inc. All rights reserved.
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1. Introduction

Radical cystectomy (RC) and pelvic lymph-node dissec-

tion (PLND) with or without neoadjuvant chemotherapy

Before surgery, all patients underwent standard labora-

tory tests, and were staged with computed tomography of

the abdomen and/or pelvis and chest. Patients with an acute

infection or any other acute or chronic systemic inflamma-
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(NAC) represents the current standard-of-care treatment for

both muscle-invasive bladder cancer (MIBC) and high-risk

as well Bacillus Calmette-Guerin (BCG) unresponsive non-

muscle-invasive bladder cancer (NMIBC) [1,2]. RC and

urinary diversion (UD) is a complex surgical procedure

with a recognized high perioperative morbidity due to

patient, disease and surgical determinants [3]. Despite sev-

eral improvements in surgical technique and perioperative

management, both morbidity profile and survival following

RC have remained largely optimizable [4−7].
Bearing this in mind for a predominantly elderly and

comorbid population, preoperative risk-stratification tools

are urgently needed to guide individualized treatment strat-

egies. To date, our ability to predict perioperative complica-

tions is limited and the accuracy of current prognostic

nomograms remains suboptimal [8].

Being a central part of the enhanced recovery after sur-

gery (ERAS) protocols and a potentially reversible condi-

tion, nutrition has gained interest in BC patients [9]. The

Controlling Nutritional Status (CONUT) score is a vali-

dated nutritional assessment system that comprehensively

evaluates host’s anabolism and immuno-competence and is

widely used to select patients for nutritional support [10].

High CONUT-score has been identified as a prognostic bio-

marker of poor survival among cancer patients undergoing

radical surgery [11]. Previous reports have validated

the prognostic impact of malnutrition evaluated by the

CONUT-score in patients with urological malignancies

[12−14].
In this context, the objective of our study was to compre-

hensively evaluate the impact of preoperative nutritional-

risk assessment provided by the CONUT-score on perioper-

ative morbidity and survival outcomes using a multi-institu-

tional cohort of BC patients undergoing RC. We

hypothesized that impaired nutritional status described by

the CONUT score would be associated with a higher rate of

postoperative complications, unplanned readmission, and

worse survival.

2. Materials and Methods

2.1. Patients’ selection
2

Demographic, clinicopathological, perioperative and

long-term outcomes data of 347 non-consecutive patients

who underwent RC, PNLD, and UD for cT1-4aN0M0 BC

between January 2005 and December 2019 were retrospec-

tively collected. Procedures were performed at five Euro-

pean tertiary care referral centers (Figure S1). The study

was conducted in accordance with the principles outlined in

the Declaration of Helsinki and was centrally approved by

the ethical institutional review board (ID 113/2021).
tory conditions, hepatic dysfunction, and other malignan-

cies at time of surgery were excluded from the analysis.

Patients with end-stage or severe chronic kidney disease

were also excluded from the study. Variables collected

include age, gender, Charlson comorbidity index (CCI),

body mass index (BMI), American Society of Anesthesiolo-

gists (ASA) score, NAC administration, length of stay

(LOS), perioperative complications, 30 days readmission,

pathological tumor (pT) and nodal (pN) stage, tumor grade,

presence of concomitant carcinoma-in-situ (CIS), lympho-

vascular invasion (LVI), positive surgical margins (PSMs),

type of UD, and adjuvant chemotherapy (AC) administra-

tion.

Clinical and radiological follow-up regimens were con-

ducted according to the European Association of Urology

Guidelines [1]. Stage was based on the Tumor Nodes

Metastasis (TNM) classification system (2017 classifica-

tion, 8th edition), while tumor grade was based on the

2004/2016 World Health Organization system.

2.2. Endpoints

Primary endpoints comprised postoperative complica-

tions and unplanned 30-days readmission. Complications

were reported according to the Clavien-Dindo classification

[15], and further divided into any-grade (grade 1-5) and

major complications (grade 3−5). Any event occurring

within the in-hospital stay was considered. Readmission

was defined as any subsequent and unplanned inpatient

admission occurring within 30 days from the day of dis-

charge of the index hospitalization. Recurrence-free sur-

vival (RFS), overall survival (OS), and cancer-specific

survival (CSS) after RC were set as secondary endpoints of

the current analysis. RFS was defined as the time from RC

to the first locoregional recurrence and/or distant metastasis

on radiological imaging. CSS and OS were defined as the

time from RC to cancer-related death or any-cause death,

respectively. Cause of death was abstracted from the medi-

cal charts and/or from death certificates.

2.3. Preoperative CONUT-score

Routine blood samples were usually obtained within 30

days before surgery. The CONUT-score was calculated

from albumin, lymphocytes, and total cholesterol, as listed

in Table 1. The optimal CONUT cut-off value was defined

by creating a time-dependent receiver operating character-

istic (ROC) curve with CSS as the endpoint to yield the

highest Youden-index. Patients with preoperative CONUT

lower than the cut-off value were defined as the "low"

CONUT group, while the remaining patients were assigned

to the "high" CONUT group.



2.4. Statistical analysis

Descriptive analysis included frequencies and propor-

tions for categorical variables. Medians and interquartile

patients were classified into the high CONUT group

(CONUT-score ≥3).

3.2. Patients’ characteristics

Table 1

Nutrition assessment according to the CONUT score.

Parameter NormalNutrition LightMalnutrition ModerateMalnutrition SevereMalnutrition

Albumin (g/dl)

Score

3.50 or Greater

0

3.00 - 3.49

2

2.50 - 2.99

4

Less than 2.50

6

Lymphocyte count (/mm3)

Score

1600 or Greater

0

1200 - 1599

1

800 - 1199

2

Less than 800

3

Total cholesterol (mg/dl)

Score

180 or Greater

0

140 - 179

1

100 - 139

2

Less than 100

3

Total score 0 - 1 2 - 4 5 - 8 9 - 12

CONUT = Controlling Nutritional Status.
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range (IQR) were reported for continuous coded varia-

bles. The Mann-Whitney U test was used for compari-

son of the continuous data and the Chi-square or

Fisher’s exact test for categorical data. All tests were

two-sided with a level of significance set at P < 0.05.

The Kaplan-Meier method was used to estimate RFS,

OS, and CSS stratified by CONUT group, and the log-

rank method was used to determine significance. Multi-

variable binomial logistic regression analyses were per-

formed to assess the odds ratio (OR) with 95%

confidence intervals (CI) testing the ability of the

CONUT-score to predict postoperative complications

(any-grade and major complications) and 30 days read-

mission, after adjusting for all possible predictors. The

area under the curve (AUC) was calculated to determine

the discrimination of the logistic regression models.

DeLong’s test was used to test for statistical significance

between different AUCs. Multivariable Cox’ regression

models were used to assess the hazard ratio (HR) with

95% CI testing the prognostic effect of the CONUT-

score on RFS, OS and CSS. The discriminatory ability

of these models and the additional information provided

by the CONUT-score were tested using Harrell’s con-

cordance index (C-index). Likelihood-ratio test was used

to test for statistical significance. Statistical analyses

were performed using R v.3.6.3.

3. Results

3.1. ROC curve analysis and cut-off value for the CONUT-
score

3

The ROC analysis for the CONUT-score showed that the

AUC predicting CSS was 0.72 (95% CI, 0.66−0.78)
(Fig. 1). According to the maximum Youden-index, the

cut-off for the CONUT-score was set at 3. Therefore, 235

(67.7%) patients were classified into the low CONUT group

(CONUT-score 0, 1, 2), whereas the remaining 112 (32.3%)
The clinicopathological characteristics of the 347

patients stratified by CONUT group are displayed in

Table 2. Median age at RC was 72 years (IQR, 68−74).
Surgery was performed with an open approach in the major-

ity of cases (78.4%), whereas in 75 (21.6%) patients with a

minimally-invasive technique either laparoscopic (10.9%)

or robot-assisted (10.7%). A total of 20 (5.8%) patients

received NAC and 6 of them also received AC. No signifi-

cant differences were found between the two groups consid-

ering NAC or AC administration. High CONUT-score was

significantly correlated with older age, higher rates of ASA

score ≥3 points, and features of tumor aggressiveness such

as advanced pT and pN stage, presence of high-grade BC

and PSMs at final pathological report (all P < 0.05). Sup-

plementary Table 1 described the frequency of each

CONUT score.

3.3. Prediction of postoperative morbidity and 30 days

readmission

In total, 269 (77.5%) patients experienced complications

after RC. Of these, 193 (55.6%) patients had minor compli-

cations (grade 1−2) while 76 (21.9%) experienced major

complications (grade ≥3). Median LOS was 19 days (IQR,

15−26) (Table 2). On multivariable analysis, high CONUT

was associated with significantly increased odds of both

any-grade (OR 3.58, 95% CI 1.71−8.18, P = 0.001) and

major complications (OR 2.56, 95% CI 1.37-4.79,

P = 0.003), respectively. The addition of the CONUT-score

to the reference models improved the discriminating ability

for prediction of any-grade (+4.0%, P = 0.03) and major

complications (+4.0%, P = 0.04), respectively (Table 3).

A total of 68 (19.6%) patients were readmitted after dis-

charge. Multivariable analysis identified high CCI (≥2)
(OR 1.25, 95% CI 1.10−2.62, P = 0.02), open approach

(OR 17.0, 95% CI 3.33−31.6, P = 0.01), and high preopera-

tive CONUT-score (OR 2.39, 95% CI 1.19−4.89, P = 0.01)



as independent predictors for unplanned readmission within

30 days. The addition of the CONUT-score to the reference

model improved the discriminating ability for prediction of

30 days readmission (+5.0%, P = 0.02) (Table 3).

of BC patients undergoing RC. We found that high

CONUT-score was strongly associated with a poorer post-

operative course and worse oncological outcomes. These

findings highlight the clinical relevance of nutritional-risk

Fig. 1. ROC curve for preoperative prediction of CSS in 347 patients with clinical-localized non-metastatic BC treated with RC and PLND. Sensitivity, spec-

ificity, and accuracy were 0.62 (95% CI 0.54−0.72), 0.82 (95% CI 0.76−0.87) and 0.76 (95% CI 0.71−0.80), respectively. BC = bladder cancer; CSS = can-

cer-specific survival; CI = confidence interval; PLND = pelvic lymph node dissection; ROC: receiver operating characteristic; RC = radical cystectomy.
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3.4. Association of CONUT-score with survival outcomes

The median follow-up was 26 months (IQR 12−60).
Kaplan-Meier curves for RFS, OS and CSS are shown in

Fig. 2. During this time-interval, 150 (43.2%) patients expe-

rienced disease recurrence, 167 (48.1%) patients died, and

111 (32.0%) patients died of BC. At 2 years, high CONUT

was significantly associated with worse RFS (27.8% vs.

73.4%, HR 4.08, P < 0.001), OS (42.1% vs. 75.1%, HR

3.39, P < 0.001) and CSS (47.9% vs. 84.3%, HR 5.16, P <
0.001) (Fig. 2). High preoperative CONUT-score was inde-

pendently associated with worse RFS (HR 2.57, 95% CI

1.75−3.78, P < 0.001), OS (HR 2.37, 95% CI 1.68−3.35, P
< 0.001), and CSS (HR 3.52, 95% CI 2.29−5.42, P <
0.001) at multivariable Cox’ regression analyses adjusted

for the effect of all standard clinicopathological prognosti-

cators (Table 4). The addition of the CONUT-score signifi-

cantly improved the C-indices of the reference models

considering RFS (+2.0%), OS (+2.0%), and CSS (+4.0%).

4. Discussion

In this retrospective multi-institutional analysis, we eval-

uated the role of the preoperative CONUT-score in a cohort
assessment described by the CONUT-score as a compre-

hensive, personalized risk-stratification tool for patients’

counseling prior RC.

Identifying novel and patient-specific predictors of post-

surgical outcomes to potentially inform treatment decision-

making and perioperative care is an unmet clinical need.

Blood-based and molecular biomarkers have been proposed

to improve risk stratification before RC [16−18]. However,
their implementation into clinical practice remains hindered

due to the lack of properly designed external validations

hampering a patient-centered approach [16,18]. As a poten-

tially reversible risk-factor, nutritional status is a particu-

larly attractive target to reduce morbidity and costs

surrounding RC. However, low reliability of conventional

tools has been described [19]. Several reports highlighted

the limitations of albumin as surrogate marker of nutritional

status [9]. Thus, different combinations between albumin

and other parameters for prediction of post-RC outcomes

have been explored [16,19,20]. In this context, the

CONUT-score is a validated nutritional-assessment tool

that may better reflect the balance between the host

immuno-nutritional status and the degree of cancer-related

inflammation than single-factor markers [11].

We found that almost 1 out of 3 patients undergoing RC

was malnourished according to the CONUT assessment. It



Table 2

Descriptive baseline characteristics, clinicopathological data and postoperative outcomes of 347 patients with clinical localized BC treated with RC and

PLND according to the CONUT group.

Variables Overall low CONUT high CONUT P

Patients, n (%) 347 (100.0) 235 (67.7) 112 (32.3)

Age (years), median (IQR) 72 (68-74) 71 (63-77) 73 (68-79) 0.003

Gender, n (%)

Male

Female

239 (68.9)

108 (31.1)

164 (69.8)

71 (30.2)

75 (67.0)

37 (33.0)

0.68

BMI, median (IQR) 25.5 (23-28.3) 25.6 (23.1-28.1) 25.4 (23-28.6) 0.8

CCI, n (%)

0

1

≥ 2

44 (12.7)

34 (9.8)

269 (77.5)

30 (12.8)

25 (10.6)

180 (76.6)

14 (12.5)

9 (8.0)

89 (79.5)

0.73

ASA score

1, 2

3, 4

179 (51.6)

168 (48.4)

140 (59.6)

95 (40.4)

39 (34.8)

73 (65.2)

<0.001

Neoadjuvant chemotherapy, n (%) 20 (5.8) 14 (6.0) 6 (5.4) 0.82

pT-stage, n (%)

pT0

NMIBC (pTa/is/1)

pT2

pT3

pT4

23 (6.6)

37 (10.7)

101 (29.1)

110 (31.7)

76 (21.9)

17 (7.2)

32 (13.6)

78 (33.2)

72 (30.6)

36 (15.3)

6 (5.4)

5 (4.5)

23 (20.5)

38 (33.9)

40 (35.7)

0.01

pN-stage, n (%)

pN0

pN1

pN2

pN3

245 (70.6)

34 (9.8)

51 (14.7)

17 (2.0)

178 (75.7)

21 (8.9)

29 (12.3)

7 (3.1)

67 (59.8)

13 (11.6)

22 (19.6)

10 (8.9)

0.01

Concomitant CIS, n (%) 89 (25.6) 63 (26.8) 26 (23.2) 0.56

Tumor Grade, n (%)

Low Grade

High Grade

31 (8.9)

316 (91.1)

27 (11.5)

208 (88.5)

4 (3.6)

108 (96.4)

0.03

LVI, n (%) 154 (44.4) 96 (40.9) 58 (51.8) 0.07

PSMs, n (%) 36 (10.4) 16 (6.8) 20 (17.9) 0.03

Surgical approach, n (%)

Open

Minimally-Invasive

272 (78.4)

75 (21.6)

174 (74.0)

61 (26.0)

98 (87.5)

14 (12.5)

0.004

Urinary Diversion, n (%)

Ileal Conduit

Orthotopic Neobladder

Ureterocutaneostomy

231 (66.6)

43 (12.4)

73 (21.0)

154 (65.5)

36 (15.3)

45 (19.1)

77 (68.7)

7 (6.3)

28 (25.0)

0.04

Clavien complication grade, n (%)

None

1 - 2

3 (a, b)

4 (a, b)

5

78 (22.5)

193 (55.6)

52 (15.0)

17 (4.9)

7 (2.0)

68 (28.9)

134 (57.0)

24 (10.2)

7 (3.0)

2 (0.9)

10 (8.9)

59 (52.7)

28 (25.0)

10 (8.9)

5 (4.5)

<0.001

Length of stay (days), median (IQR) 19 (15-26) 18 (14-25) 21 (16-28) 0.002

30-days readmission, n (%) 68 (19.6) 34 (14.5) 34 (30.4) <0.001
Adjuvant chemotherapy, n (%) 106 (30.5) 67 (28.5) 39 (34.8) 0.29

Recurrent disease, n (%) 150 (43.2) 65 (27.7) 85 (75.9) <0.001
Cancer-related deaths, n (%) 111 (32.0) 42 (17.9) 69 (61.6) <0.001
Any-cause deaths, n (%) 167 (48.1) 82 (34.9) 85 (75.9) <0.001
Follow-up (months), median (IQR) 26 (12-60) 32 (14-71) 14 (8-33) <0.001
Follow-up of survivors (months), median (IQR) 44 (23-77) 49 (24-82) 29 (12-47) 0.004

ASA = American Society of Anesthesiologists; BC = bladder cancer; BMI = body mass index; CCI = Charlson comorbidity index; CONUT = Controlling

Nutritional Status; CIS = carcinoma in situ; IQR = interquartile range; LVI = lymphovascular invasion; PLND = pelvic lymph node dissection; pT-

stage = pathological tumor stage; pN-stage = pathological nodal stage; PSMs = positive surgical margins; RC = radical cystectomy.
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is estimated that approximately 16%−41% of BC individu-

als undergoing RC are malnourished [6]. Here, high

CONUT patients were significantly correlated with increas-

ing age and higher ASA score. Conversely, no differences

independent predictor of major complications and 90 days

mortality [21]. A significant correlation between sarcopenia

and high CONUT was demonstrated in patients with upper

tract urothelial carcinoma (UTUC) undergoing radical sur-

Table 3

Multivariable logistic regression analysis for prediction of overall postoperative complications, major postoperative complications and 30 days readmission

among 347 patients with clinical localized BC treated with RC and PLND.

Any-grade complications Major complications 30-days readmission

Variable OR 95% CI P OR 95% CI P OR 95% CI P

Age (as cont.) 1.03 (1.00-1.07) 0.07 0.99 (0.95-1.02) 0.5 1.00 (0.96-1.03) 0.9

Sex

Female

Male

1.00 (Ref.)

0.90 (0.44-1.80)

-

0.8

1.00 (Ref.)

0.94 (0.49-1.86)

-

0.9

1.00 (Ref.)

0.59 (0.30-1.23)

-

0.2

BMI (as cont.) 1.02 (0.95-1.10) 0.6 1.03 (0.96-1.10) 0.4 1.02 (0.95-1.09) 0.6

CCI

0

1

≥ 2

1.00 (Ref.)

2.56 (0.64-11.7)

1.46 (0.56-3.58)

-

0.2

0.4

1.00 (Ref.)

2.16 (0.52-10.0)

2.10 (0.72-7.73)

-

0.3

0.2

1.00 (Ref.)

0.72 (0.21-2.45)

1.25 (1.10-2.62)

-

0.6

0.02

ASA score

1, 2

3, 4

1.00 (Ref.)

1.05 (0.56-2.02)

-

0.9

1.00 (Ref.)

2.48 (1.31-4.81)

-

0.01

1.00 (Ref.)

1.91 (0.93-4.03)

-

0.08

NAC

No

Yes

1.00 (Ref)

1.05 (0.29-4.21)

-

0.9

1.00 (Ref)

1.31 (0.24-5.68)

-

0.7

1.00 (Ref)

2.41 (0.53-9.77)

-

0.2

Surgical Approach

Open

Minimally-Invasive

4.63 (2.48-8.78)

0.22 (0.11-0.40)

-

< 0.001

5.65 (2.12-19.7)

0.18 (0.05-0.47)

-

0.002

17.0 (3.33-31.6)

0.26 (0.39-0.78)

-

0.01

pT-stage

Organ-Confined (≤ pT2)

Locally-advanced (pT3-4)

1.00 (Ref.)

0.81 (0.42-1.53)

-

0.5

1.00 (Ref.)

0.80 (0.41-1.56)

-

0.5

1.00 (Ref.)

0.96 (0.46-2.00)

-

0.9

pN-stage

Negative

Positive

1.00 (Ref.)

0.71 (0.36-1.42)

-

0.3

1.00 (Ref.)

1.07 (0.52-2.17)

-

0.9

1.00 (Ref.)

0.71 (0.31-1.59)

-

0.4

Urinary Diversion

Ureterocuteneostomy

Ileal Conduit

Orthotopic Neobladder

1.00 (Ref.)

0.88 (0.39-1.95)

1.27 (0.39-4.21)

-

0.8

0.7

1.00 (Ref.)

1.04 (0.50-2.21)

0.75 (0.18-2.76)

-

0.9

0.7

1.00 (Ref.)

1.77 (0.77-4.39)

1.31 (0.31-5.22)

-

0.2

0.5

CONUT

Low

High

1.00 (Ref.)

3.58 (1.71-8.18)

-

0.001

1.00 (Ref.)

2.56 (1.37-4.79)

-

0.003

1.00 (Ref.)

2.39 (1.19-4.89)

-

0.01

Accuracy (AUC)

Reference Model

Model with CONUT

0.72 (0.65-0.78)

0.76 (0.70-0.81)

a0.03

0.71 (0.65-0.77)

0.75 (0.69-0.81)

a0.04

0.59 (0.53-0.66)

0.64 (0.59- 0.71)

a0.02

ASA = American Society of Anaesthesiologists; AUC = area under the curve; BC = bladder cancer; CI = confidence interval; BMI = body mass index;

CCI = Charlson comorbidity index; CONUT = Controlling Nutritional Status; NAC = neoadjuvant chemotherapy; OR = odds ratio; PLND = pelvic lymph

node dissection; pT-stage = pathological tumor stage; pN-stage = pathological nodal stage; RC = radical cystectomy.
aDe Long’s test was used to test for statistical significance.
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were found regarding median BMI. Inconsistency in the

observations regarding BMI as predictor of post-RC out-

comes have been reported [6,19]. Our data confirm that

BMI cannot rule out the presence of malnutrition since its

lack of specificity in characterizing the true body composi-

tion.

An important finding of our study is the strong link of

high CONUT-score with any-grade and major complica-

tions. In the context of nutritional determinants, Mayr et al.

reported sarcopenia defined as Skeletal Muscle Index in

33% of patients undergoing RC. Sarcopenia was an
gery [12]. If viewed as a whole, this highlights the complex

interplay between malnutrition defined by the CONUT-

score and sarcopenia.

The overall readmission rate in this study was 19.6%.

Hospital LOS and unplanned readmission are two metrics

which are sensitive to the RC morbidity profile and

patients’ characteristics [19]. We found that both high

CONUT-score and open approach were significantly associ-

ated with an increased risk of unplanned 30 days readmis-

sion. However, readmission rate after RC continues to be

high up to 29% even in contemporary series, which benefit



from the stable adoption of minimally-invasive approach

[22]. Here, a recent multicenter prospective comparative-

effectiveness study found no differences in terms on 90

days unplanned readmission between open and robot-

Fig. 2. Kaplan-Meier survival curves of RFS (2A), OS (2B), and CSS (2C)

(all log-rank, P < 0.001) stratified by preoperative CONUT-score among

347 patients with clinical-localized non-metastatic BC undergoing RC and

PLND are shown. Univariable Cox’s regression analysis assessed the HRs

with their 95%CI considering low CONUT as reference. For RFS high

CONUT (HR 4.08, 95% CI 2.94−5.66, P < 0.001). For OS high CONUT

(HR 3.39, 95% CI 2.49−4.62, P < 0.001). For CSS high CONUT (HR
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assisted RC [23]. Thus, controversy exist regarding which

patients benefit the most from the minimally-invasive

approach. Moreover, previous reports have shown a

decrease in OS among patients who were readmitted [24].

Therefore, identification of preoperative risk-factors for

unplanned readmission is of paramount importance for the

adoption of tailored prevention strategies.

All together these findings suggest that individuals with

high CONUT-score have fewer resources to recover after

RC. Indeed, the addiction of this metric to the reference

models significantly improved the discriminatory ability for

prediction of any-grade complications (+4.0%), major com-

plications (+4.0%) and unplanned 30 days readmission

(+5.0%).

Nutrition interventions are critical and current evidence

show that outcomes after RC may be partly attributable to

poor nutritional status [25]. However, controversy remains

surrounding the costs, timing and target group for immuno-

nutrition protocols [26−28]. Moreover, since the one-size-

fits all approach is not associated with significant benefits,

an objective assessment system for patients’ nutritional sta-

tus is highly desirable. In this context, the CONUT-score

could serve as screening tool to identify RC candidates who

may potentially benefit from an intensified regimen of sup-

portive and nutritional cares.

Regarding oncological outcomes, Miyake et al. found

that high CONUT-score was not associated with worse CSS

among RC patients. However, this study was limited by the

single-center design, the small sample size and a cut-off set

at 1 point for CONUT that could biased the results [14].

Comprising a small cohort of RC patients and a cut-off of

3-points, Nemoto et al. showed results that mirrored ours:

within a median follow-up of 21 months, they found that

high CONUT-score was independently associated with

worse OS, RFS and CSS [29]. Suzuki et al. reported that

high CONUT-score (0-1 vs. 2−3 vs. ≥4) was an indepen-

dent prognostic biomarker in patients with advanced uro-

thelial carcinoma treated with first-line platinum-based

chemotherapy [30]. Considering UTUC and the same cut-

off, Ishihara et al. demonstrated that high CONUT was

independently associated with worse OS and CSS [12].

Although rates of adverse pathological features such as

worse pT and pN stages, high-grade disease, and presence

of PSMs were significantly different among the two groups,

we performed multivariable analyses to overcome such

5.16, 95% CI 3.50−7.61, P < 0.001). BC = bladder cancer; CSS = cancer-

specific survival; CONUT = Controlling Nutritional Status; CI = confi-
dence interval; HR = hazard ratio; OS = overall survival; PLND = pelvic

lymph node dissection; RFS = recurrence-free survival; RC = radical cys-

tectomy.



influences demonstrating the independent ability of the

CONUT-score to predict RFS, OS, and CSS.

Our study is not devoid of limitations which are mainly

inherent to its retrospective design. Data about smoking sta-

conditions such as drug-interaction including the statin

adoption may have affected the CONUT assessment lead-

ing to systematic bias. The CONUT-score was analyzed as

a categorical variable with a predefined cut-off value.

Table 4

Multivariable Cox’ regression analysis for prediction of RFS, OS, and CSS among 347 patients with clinical localized BC treated with RC and PLND.

RFS OS CSS

Variable HR 95% CI P HR 95% CI P HR 95% CI P

Age (as cont.) 1.03 (1.01-1.05) 0.01 1.03 (1.00-1.05) 0.002 1.04 (1.02-1.07) 0.001

Sex

Female

Male

1.00 (Ref.)

0.79 (0.53-1.19)

-

0.3

1.00 (Ref.)

0.96 (0.67-1.39)

-

0.7

1.00 (Ref.)

0.84 (0.53-1.32)

-

0.4

BMI (as cont.) 0.98 (0.94-1.03) 0.4 0.97 (0.93-1.01) 0.12 0.98 (0.92-1.03) 0.4

CCI

0

1

≥ 2

1.00 (Ref.)

0.87 (0.39-1.94)

0.72 (0.40-1.28)

-

0.7

0.3

1.00 (Ref.)

0.65 (0.29-1.47)

0.85 (0.48-1.48)

-

0.3

0.6

1.00 (Ref.)

0.79 (0.27-2.28)

1.21 (0.60-2.46)

-

0.7

0.6

ASA score

1, 2

3, 4

1.00 (Ref.)

1.19 (0.81-1.75)

-

0.04

1.00 (Ref.)

1.27 (0.89-1.82)

-

0.2

1.00 (Ref.)

1.02 (0.65-1.61)

-

0.9

NAC

No

Yes

1.00 (Ref.)

2.76 (1.07-7.15)

-

0.04

1.00 (Ref.)

3.62 (1.41-9.29)

-

0.01

1.00 (Ref.)

6.34 (2.11-19.1)

-

0.001

pT-stage

Organ-Confined (≤ pT2)

≥ pT3

1.00 (Ref.)

2.28 (1.37-3.79)

-

0.001

1.00 (Ref.)

1.63 (1.05-2.54)

-

0.03

1.00 (Ref.)

1.84 (1.02-3.31)

-

0.042

pN-stage

Negative

Positive

1.00 (Ref.)

3.38 (2.44-4.67)

-

<0.001
1.00 (Ref.)

1.22 (0.98-1.91)

-

0.06

1.00 (Ref.)

2.59 (1.46-3.22)

-

0.001

Tumor Grade

Low Grade

High Grade

1.00 (Ref.)

1.89 (0.57-6.25)

-

0.3

1.00 (Ref.)

1.12 (0.52-2.42)

-

0.8

1.00 (Ref.)

4.43 (0.59-33.1)

-

0.15

LVI

Absence

Presence

1.00 (Ref.)

1.27 (0.79-2.04)

-

0.3

1.00 (Ref.)

1.61 (1.05-2.47)

-

0.03

1.00 (Ref.)

1.57 (0.90-2.74)

-

0.11

PSMs

Absence

Presence

1.00 (Ref.)

2.51 (1.55-4.08)

-

<0.001
1.00 (Ref.)

2.11 (1.29-3.44)

-

0.003

1.00 (Ref.)

2.14 (1.23-3.75)

-

0.01

Concomitant CIS

Absence

Presence

1.00 (Ref.)

0.94 (0.61-1.45)

-

0.8

1.00 (Ref.)

0.95 (0.63-1.44)

-

0.8

1.00 (Ref.)

0.84 (0.50-1.43)

-

0.5

AC

No

Yes

1.00 (Ref.)

1.59 (1.04-2.42)

-

0.03

1.00 (Ref.)

0.96 (0.64-1.46)

-

0.9

1.00 (Ref.)

1.42 (0.86-2.34)

-

0.2

CONUT

Low

High

1.00 (Ref.)

2.57 (1.75-3.78)

-

<0.001
1.00 (Ref.)

2.37 (1.68-3.35)

-

<0.001
1.00 (Ref.)

3.52 (2.29-5.42)

-

<0.001
C-index

Reference Model

Model with CONUT

0.77 (0.73-0.81)

0.79 (0.76-0.83)

a<0.001
0.72 (0.68-0.76)

0.74 (0.70-0.78)

a<0.001
0.77 (0.73-0.82)

0.81 (0.77-0.84)

a<0.001

ASA = American Society of Anesthesiologists; BC = bladder cancer; BMI = body mass index; CCI = Charlson comorbidity index; CI = confidence interval;

CSS = cancer-specific survival; CONUT = Controlling Nutritional Status; HR = hazard ratio; NAC = neoadjuvant chemotherapy; OS = overall survival;

PLND = pelvic lymph node dissection; pT-stage = pathological tumor stage; pN-stage = pathological nodal stage; RC = radical cystectomy;

RFS = recurrence-free survival.
a Likelihood ratio test was used to test for statistical significance.
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tus were not available. Only 5.8% of patients received the

standard-of-care NAC and this relatively small sample size

may have biased the multivariable models. Confounding
Although we obtained a 3-points cut-off as Youden-index,

the same threshold has been proposed in a systematic

review as an acceptable trade-off between sensitivity and



specificity among cancer patients [11]. During the study

period different temporal practice patterns may have

existed, thus standardized ERAS protocols that were imple-

mented in more recent patients were not captured. Pending

Funding

This research did not receive any specific grant from

funding agencies in the public, commercial, or not-for-

F. Claps et al. / Urologic Oncology: Seminars and Original Investigations 41 (2023) 49.e13−49.e22 49.e21
further external validations, especially in the context of an

integrated-biomarker assessment, this is the first multi-insti-

tutional experience evaluating the comprehensive impact of

preoperative CONUT-score in patients undergoing RC.

5. Conclusions
Preoperative high CONUT-score was an independent

predictor for a worse postoperative course and was associ-
ated with poor oncological outcomes. Being simple and

inexpensive, its preoperative assessment could be part of a

more refined risk-stratification. Since the CONUT-score

reflects both nutritional-status and the degree of tumor-

derived chronic inflammation, targeted-intervention strate-

gies may improve outcomes by reversing these conditions

before RC.
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