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Background: The purpose of our study was to evaluated the cost-effectiveness of two bladder cancer (BCa) 
urinary diversions: Studer and Bricker.
Methods: The study included 44 patients with Studer and 40 patients with Bricker. Collected and analyzed 
the patient’s basic characteristics, health care costs, and prognosis survival. The quality-adjusted life-year 
(QALY) were calculated and verified by the European Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire Core-30 (EORTC QLQ-C30, Version 3, Chinese version). Cost-effectiveness 
depends on the incremental cost per QALY. The incremental cost-effectiveness ratio (ICER) was determined 
using the cost/QALY.
Results: We found the average total cost of the Studer group was $7,173.7±1,390.8, and the Bricker 
group was $6,545.2±1,458.4. There were significant differences in hospitalization time, total hospitalization 
expenses, bed cost, comprehensive medical service charge and drugs cost (all P<0.05). The hospitalization 
time, total hospitalization expenses, bed cost, comprehensive medical service charge, surgical treatment 
cost and drugs cost in Studer group were higher than those in Bricker group, while there was no significant 
difference in postoperative complications between the two groups (P=0.858). The ICER of Studer group 
and Bricker group were $8,535.6±2,027.6/QALY and $11,158.2±2,944.9/QALY, respectively. The ICER of 
Studer group over Bricker group was $2,514.0/QALY.
Conclusions: We found the Studer group had higher hospitalization time, total hospitalization expenses, 
bed cost, comprehensive medical service charge, surgical treatment cost, and drugs cost than the Bricker 
group, but the Studer group had a higher ICER than the Bricker group.
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Introduction

Bladder cancer (BCa) is the second most common cancer 
after prostate cancer in the urinary system. In the United 
States, 80,470 new cases of BCa were estimated in 2019, 
accounting for 4.6% of all new cancers, approximately 
17,670 deaths, accounting for 2.9% of all deaths (1). 
According to the depth of tumour invasion, BCa can 
be divided into non-muscle invasive bladder cancer 
(NMIBC) and muscle-invasive bladder cancer (MIBC) (2).  
Approximately 70% of BCa is NIMBC, which has the 
characteristics of repeated recurrence, the recurrence rate 
is as high as 30–80% (3,4). BCa patients and families often 
bear a huge economic and psychological burden.

The treatment of BCa patients includes surgery, 
radiotherapy, chemotherapy and other treatments (5). 
Surgery is the preferred treatment for patients with 
BCa. For NMIBC patients, transurethral resection of 
bladder tumours (TURBT) combined with postoperative 
intravesical infusion chemotherapy is the main treatment (6), 
but for high-risk NMIBC patients, early radical cystectomy 
(RC) is also necessary (7). RC combined with pelvic lymph 
node dissection is the standard surgical method for MIBC 
patients, and the choice of postoperative urinary diversion 
is particularly important (8,9). There are many types of 
urinary diversion after RC, such as ureteral skin ostomy, 
Bricker ileal cystectomy, Studer in situ cystectomy and so 
on (10-12).

To date, no study has been conducted to compare the 
cost-effectiveness of Studer and Bricker urinary diversions. 
In this study, we compared the total hospitalization costs 
of the two surgical methods for BCa by collecting various 
indicators of patients and used the incremental cost-benefit 
ratio (ICER) to analyze the cost-effectiveness.

Methods

Patients information

In this study, we retrospectively obtained RC patients 
medical and financial information from the hospitalization 
medical and financial records department between January 
2009 and July 2015 at the department of urology, Shanghai 
Tenth People’s Hospital of Tongji University (Shanghai, 
China). All patients were diagnosed with BCa according to 
the 2002 American Joint Committee on Cancer/Union for 
International Cancer Control Tumour, Lymph Node and 
Metastasis (TNM) staging system. The study was approved 
by the Ethics Committee of Shanghai Tenth People’s 

Hospital of Tongji University (SHSY-IEC-4.1/19-120/01). 
All patients with BCa who underwent RC had a detailed 
understanding of the differences between the two surgical 
methods before operation and the mode of operation was 
depend on the patients willing. All patients or their relatives 
received written informed consent. The methodology of 
this study followed the standards outlined in the Declaration 
of Helsinki

The inclusion criteria in our study were as follows: (I) 
older than 18 years of age; (II) follow-up time greater than 
6 months; (III) no previous history of mental illness and 
severe cognitive impairment; (IV) underwent Studer or 
Bricker.

The exclusion criteria were as follows: (I) patients with 
incomplete hospitalization information; (II) follow-up lost 
patients; (III) incomplete questionnaire core; (IV) associated 
with other diseases that seriously affect health-related 
quality of life.

According to the above conditions, 84 patients with RC 
and urinary diversion in our department of urology from 
January 2009 to July 2015 were selected, including 44 cases 
underwent Studer and 40 cases underwent Bricker. All 
patients were followed up until June 2019.

Study variables

In this study, we collected demographic data for patients 
including sex, age, body mass index (BMI), comprehensive 
complication index (CCI), TNM stage, grade, and 
prognostic survival time. Hospitalization information 
includes total  hospital ization expenses,  bed cost, 
comprehensive medical service (general medical service 
cost, general treatment operation cast, nursing care and 
other costs), diagnosis costs (pathological diagnosis cost, 
laboratory diagnostic cost, imaging diagnosis cost and 
clinical diagnosis project cost), surgical treatment costs 
(anesthesia and surgery), drugs fees, surgical equipment 
and medical materials, and other treatment expenses. All 
fees were converted into US dollars ($) at their value in 
September 2019.

The quality-adjusted life-year (QALY) were calculated 
and verified by the European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire Core-
30 (EORTC QLQ-C30, Version 3, Chinese version) (13).  
The EORTC QLQ-C30 Chinese version of the scale 
contains 30 entries in 15 fields. They were divided into 5 
functional areas (physical functioning, role functioning, 
cognition functioning, emotional functioning and social 
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functioning), 3 symptom areas (fatigue, pain, nausea/
vomiting), 6 single entries and 1 overall quality of life area. 
The overall quality of life field scored 1–7 points, other field 
entries scored 1–4 points, and the QALY score was between 
0–1 through linear conversion. The higher the score was, 
the higher quality life patient had.

Cost-effectiveness depended on the incremental cost per 
QALY. The incremental cost-effectiveness ratio (ICER) was 
namely the result of cost/QALY.

Studer Bricker

Studer Bricker

COST COSTICER =
QALY QALY

-
-

[1]

Statistical analysis

The analysis of variance was used to compare the different 
continuous variables of urinary diversion between the two 
groups, including average and standard deviation. Chi-
square test was used to determine the baseline variables 
for both groups of patients. In addition, patients with 
Studer and Bricker were matched with 1:1 propensity 
score matching (PSM) for sex, diagnosis age, BMI, CCI, 
TNM stage and grade to reduce the possibility of selection 
bias. All statistical analyses were performed using the 
Social Science Software package (version 20.0; SPSS Inc, 
Chicago, IL, USA). P<0.05 was considered to be statistically 
significant.

Results

Demographic and clinical characteristics of the patients

In our study, we screened 84 eligible patients from January 
2009 to July 2015, including 44 in the Studer group and 
40 in the Bricker group. Table 1 shows the clinical baseline 
characteristics of the two groups of patients. In the whole 
cohort, there were 77 males and 7 females, including 42 
males and 2 females in the Studer group, 35 males and 5 
females in the Bricker group. The average age of the Studer 
group was lower than that of the Bricker group (60.7±6.7 
vs. 65.8±7.0; P=0.001). There was significant difference 
in hospitalization time between the two groups (Studer: 
39.0±9.6 days, Bricker: 29.4±9.4 days; P<0.001) and the 
hospitalization time in the Studer group was higher than that 
in the Bricker group. In addition, there were no significant 
differences in BMI, sex, T-stage, N-stage, M-stage, grade 
and survival time between the two groups. After PSM, 20 
patients in the Studer and Bricker groups were selected. 

There was a significant difference in hospitalization time 
between the two groups, and the length of hospitalization 
time in Studer group (41.7±10.1 days) was significantly 
longer than that in Bricker group (25.8±8.7 days).

Comparison of postoperative complications

In addition, we performed postoperative follow-up on all 
patients (Table 2). We found that there were 6 patients 
with postoperative complications both in the Studer group 
and Bricker group, and there was no significant difference 
in postoperative complications between the two groups 
(P=0.858). The number of cases of difficulty urinating, 
ureteral anastomotic stricture, neobladder urethral 
anastomotic stricture, urethral tumor recurrence and 
incomplete intestinal obstruction were 1, 2, 0, 2 and 0 in 
Studer group, while in Bricker group were 0, 2, 0, 1, 3.

Hospitalization costs for two surgical techniques

The costs of the two surgical techniques were summarized 
in Table 3. The average total hospitalization cost in the 
Studer group was $7,173.7±1,390.8, and the average 
total hospitalization cost in the Bricker group was 
$6,545.2±1,458.4. There were significant differences 
between the two groups in total hospitalization cost, bed 
cost, comprehensive medical cost, drug cost and other 
treatment cost, but no difference in diagnosis cost, surgical 
treatment cost and surgical equipment and medical 
material cost. Whether before PSM or after PSM, the total 
hospitalization expenses, bed cost, comprehensive medical 
cost, total cost of surgical treatment, drug cost, surgical 
equipment and medical material cost of Studer group were 
higher than those of Bricker group.

Cost-utility analysis

The QALY of the Studer group and the Bricker group 
were 0.85±0.09 and 0.60±0.08 respectively (P<0.001). 
Before PSM, the cost per QALY for the Studer group 
was $8,535.6±2,027.6, while that the Bricker group was 
$11,158.2±2,944.9 (P=0.001), and the cost per QALY in 
Studer group was $8,694.7±2,160.4, while that in Bricker 
group was $10,815.5±2,361.0 (P=0.001) after PSM. 
Compared with the Bricker group, the Studer group saved 
$2,622.6 per QALY before PSM and $2,120.2 per QALY 
after PSM. The ICER of the Studer group was $2,514.0 
before PSM and $2,971.7 after PSM (Table 4).
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Table 1 Baseline characteristics of the study population

Characteristics
Before PSM After PSM

Studer, n=44 Bricker, n=40 P value Studer, n=20 Bricker, n=20 P value

Age (SD) 60.7±6.7 65.8±7.0 0.001 62.9±4.2 63.5±7.1 0.746

BMI (kg/m2) 23.62±2.44 24.43±2.84 0.167 23.48±2.18 23.84±3.18 0.676

Sex 0.188 1.000

Male 42 35 19 19

Female 2 5 1 1

CCI 0.039 0.429

≤2 38 27 15 17

>2 6 13 5 3

T-stage 0.950 0.984

T1 18 17 7 8

T2 11 9 6 5

T3 10 8 4 4

T4 5 6 3 3

N-stage 0.551 1.000

N0 34 33 17 17

N1 10 7 3 3

M-stage 0.172 –

M0 42 40 20 20

M1 2 0 0 0

Grade 0.922 0.311

Low grade 2 2 1 0

High grade 42 38 19 20

Hospital time (days) 39.0±9.6 29.4±9.4 <0.001 41.7±10.1 25.8±8.7 <0.001

Survival time (months) 27.8±15.0 25.7±12.8 0.501 31.33±15.2 23.07±13.0 0.073

PSM, propensity score matching; BMI, body mass index; CCI, comprehensive complication index.

Table 2 Comparison of postoperative complications between two groups

Characteristics Studer (n=44) Bricker (n=40) P value

Difficulty urinating 1 (2.3%) –

Ureteral anastomotic stricture 2 (4.5%) 2 (5.0%)

Neobladder urethral anastomotic stricture 1 (2.3%) –

Urethral tumor recurrence – 1 (2.5%)

Incomplete intestinal obstruction 2 (4.5%) 3 (7.5%)

Total 6 (13.6%) 6 (15.0%) 0.858
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Discussion

For MIBC, even with standard RC combined with 
chemotherapy, the 5-year survival rate was only 50% (9,14). 
The treatment of advanced BCa poses a huge clinical and 
economic burdens on the health care system (15). RC was 
one of the most important methods for the treatment of 
invasive BCa clinically (16). The choice of urinary diversion 
after RC was crucial. Since the successful experience of 

Bricker’s report of ileal cystectomy in the 1950s, various 
controlled and uncontrollable bladder replacement and 
urinary diversions treatments have been introduced.

This study determined the cost-effectiveness of 
two urinary diversions (Studer and Bricker) after total 
cystectomy by combining the data currently collected. Our 
results show that compared with Bricker group, Studer 
group has higher hospitalization time, total hospitalization 
cost, bed cost, comprehensive medical service cost, surgical 

Table 4 ICER between Studer and Bricker groups

Characteristics
Before PSM After PSM

Studer (n=44) Bricker (n=40) P value Studer (n=20) Bricker (n=20) P value

QALY 0.85±0.09 0.60±0.08 <0.001 0.84±0.10 0.61±0.07 <0.001

Cost/QALY $8,535.6±2,027.6 $11,158.2±2,944.9 0.001 $8,694.7±2,160.4 $10,815.5±2,361.0 0.001

ICER $2,514.0 $2,971.7

PSM, propensity score matching; QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio.

Table 3 Hospital costs for two surgical techniques

Characteristics
Before PSM ($) After PSM ($)

Studer (n=44) Bricker (n=40) P value Studer (n=20) Bricker (n=20) P value

Overall costs 7,173.7±1,390.8 6,545.2±1,458.4 0.047 7,192.8±1,357.4 6,509.3±1,101.4 0.088

Bed cost 348.3±85.5 262.7±84.3 <0.001 372.1±89.9 229.8±77.4 <0.001

Comprehensive medical service 1,043.4±554.0 664.2±311.6 <0.001 1,148.0±779.3 626.2±246.9 0.007

General medical service cost 505.0±503.5 293.5±132.6 0.012 634.6±712.7 259.0±82.2 0.025

General treatment operation cast 335.1±154.5 203.0±155.5 <0.001 324.4±159.6 193.9±128.8 0.007

Nursing care 157.6±67.8 124.1±63.9 0.023 145.0±62.7 130.0±61.9 0.449

Other costs 45.8±33.6 43.6±26.8 0.748 43.9±30.9 43.2±27.7 0.946

Diagnosis costs 1,425.0±404.5 1,454.2±594.6 0.792 1,454.5±340.8 1,399.7±513.7 0.693

Pathological diagnosis cost 440.8±150.9 446.6±178.8 0.871 466.1±145.0 488.0±217.9 0.710

Laboratory diagnostic cost 767.8±273.1 769.6±435.6 0.982 781.0±235.4 690.5±311.2 0.306

Imaging diagnosis cost 118.5±90.3 134.2±85.5 0.415 116.3±74.2 137.9±86.7 0.402

Clinical diagnosis project cost 97.9±54.0 103.7±68.8 0.668 91.0±45.5 83.3±36.0 0.555

Surgical treatment costs 1,757.3±300.5 1,674.1±303.1 0.210 1,788.9±308.2 1,692.2±291.3 0.314

Anesthesia 327.7±82.2 344.7±101.2 0.401 355.2±83.0 337.7±80.5 0.503

Surgery 1,430.3±269.9 1,329.4±247.1 0.079 1,435.2±271.5 1,354.5±228.1 0.315

Drugs 1,214.1±550.8 917.6±633.4 0.024 1,287.8±662.3 841.6±500.2 0.021

Surgical equipment and medical materials 1,401.6±674.2 1,286.8±463.2 0.370 1,260.1±328.6 1,343.4±523.0 0.753

Other treatment 375.4±179.7 471.3±172.0 0.015 406.2±183.2 5,28.9±177.1 0.038

PSM, propensity score matching.
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treatment cost and drug cost, but there was no significant 
difference in postoperative complications between the two 
groups. The ICER of Studer group and Bricker group were 
$8,535.6±2,027.6/QALY and $8,694.7±2,160.4/QALY, 
respectively. The Studer group has an ICER of $2,514.0/
QALY for the Bricker group. Similar result was obtained 
after 1:1 PSM for sex, age, BMI, TNM stage and grade, 
indicating that although Studer spends more cost, Studer 
can achieve better quality of life and had better cost-
effectiveness. Studer is a better choice for young patients 
with a good family income.

The higher total hospitalization cost in the Studer group 
may be associated with the complicated surgical procedures, 
surgical equipment consumables, and the longer duration 
of hospitalization. Previous studies have proved that 
hospitalization time was closely related to hospitalization 
costs and reducing the duration of hospitalization can 
significantly reduce the cost of RC (17). In addition, 
due to the extension of hospitalization time, the cost of 
comprehensive medical services and drugs will also increase, 
which will also result to a higher total hospitalization 
expense in the Studer group (18).

According to the statistics of the postoperative 
complications, we found that there was no significant 
difference in the total postoperative complications between 
the two groups. The incidence of difficulty urinating (2.3% 
vs. 0%) and neobladder urethral anastomotic stricture (2.3% 
vs. 0%) in Studer group was higher than that in Bricker 
group, while the incidence of ureteral anastomotic stricture 
(4.5% vs. 5.0%), urethral tumor recurrence (0% vs. 2.5%) 
and incomplete intestinal obstruction (4.5% vs. 7.5%) was 
lower. This may be related to the younger patients in the 
Studer group, the better bowel function, the continuous 
flushing of urine and the anti-cancer effect of mucin 
secreted by the neobladder ileum mucosa (19,20).

Bricker ileal cystectomy was one of the most common 
surgical methods for uncontrollable urinary diversion (21).  
The operation is relatively simple, but the patients need 
abdominal wall colostomy, wearing a urine collection 
bags for life and the quality of life after surgery is poor. 
Compared with Bricker, patients with Studer do not require 
abdominal wall colostomy and the quality of life after 
surgery is high, which gradually becomes the preferred 
procedure for urinary diversion (22-24).

The choice of urinary diversion after RC for bladder 
tumor needs to be made according to the nature and 
location of the tumor, the age of the patient, the tolerance 
of operation, the general situation and the willingness of 

patient (25). At the same time, we should also take into 
account the operator’s proficiency in the selected operation 
in order to achieve the purpose of clinically curing the 
tumor and guarantee of quality of life as much as possible. 
In addition, careful management of the perioperative period 
and close follow-up after operation are also the key to the 
successful surgery.

Our study also has some limitations. First, this study is 
a retrospective study with its own limitations. Second, for 
patients readmitted due to postoperative complications, 
we cannot obtain the exact follow-up costs. Although we 
performed PSM on patient’s sex, age, BMI, TNM stage 
and grade, patient preferences and family financial burden 
also affected patient choice, and more cases needed for 
prospective studies.

Our study compared the economic evaluation results 
of Studer and Bricker. We found that although Studer has 
higher cost than Bricker, Studer can get higher quality of 
life and higher ICER.
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