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Predicting Recurrence and Progression of Non–Muscle-Invasive 
Bladder Cancer in Korean Patients: A Comparison of the EORTC 
and CUETO Models
Se Young Choi, Jae Hyung Ryu, In Ho Chang, Tae-Hyoung Kim, Soon Chul Myung, Young Tae Moon, 
Kyung Do Kim, Jin Wook Kim
Department of Urology, Chung-Ang University Hospital, Seoul, Korea 

Purpose: This study aimed to confirm the utility of the European Organization for 
Research and Treatment of Cancer (EORTC) and the Spanish Urological Club for 
Oncological Treatment (CUETO) scoring systems and to determine which model is pre-
ferred as a prognostic model in Korean patients with non-muscle-invasive bladder 
cancer.
Materials and Methods: Between 1985 and 2011, 531 patients who were treated by tran-
surethral resection of bladder cancer were retrospectively analyzed by use of the 
EORTC and CUETO models. Statistically, we performed Kaplan-Meier survival analy-
sis; calculated Harrell’s concordance index, receiver operating characteristic (ROC) 
curve, and cutoff values; and performed univariate and multivariate Cox proportional 
hazards regression analyses. 
Results: For risk of recurrence, with the use of the EORTC model, all groups had statisti-
cally significant differences except between the group with a score of 0 and the group 
with a score of 1–4. With the use of the CUETO model, all groups differed significantly. 
For risk of progression, with the use of the EORTC model, significant differences were 
observed between all groups except between the group with a score of 2–6 and the group 
with a score of 7–13. With the use of the CUETO model, a significant difference was 
observed between the group with a score of 0 and the other groups. The concordance 
index of the EORTC and CUETO models was 0.759 and 0.836 for recurrence and 0.704 
and 0.745 for progression, respectively. The area under the ROC curve for the EORTC 
and CUETO models was 0.832 and 0.894 for recurrence and 0.722 and 0.724 for pro-
gression, respectively.
Conclusions: Both scoring systems, especially the CUETO model, showed value in pre-
dicting recurrence and progression in Korean patients, which will help in individualiz-
ing treatment and follow-up schedules.
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INTRODUCTION

Urothelial carcinoma accounts for more than 90% of blad-
der tumors, and about 70% of urothelial carcinomas are non
–muscle-invasive bladder cancers (NMIBCs) at the time of 
the initial diagnosis [1]. Although NMIBC is usually not 

life-threatening in the early stage, more than half of these 
tumors will relapse and approximately 10% to 20% of these 
tumors will develop into muscle-invasive bladder tumors 
[2]. Although several studies have been performed, a single 
prognostic factor has not yet been identified because 
NMIBC is considered to be a heterogeneous disease. 
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To predict the risk of recurrence and progression, the 
European Organization for Research and Treatment of 
Cancer (EORTC) developed a simple scoring system that 
includes factors such as the number of tumors, tumor size, 
prior recurrence rate, cancer stage, presence of carcinoma 
in situ (CIS), and World Health Organization (WHO) grade 
on the basis of data from 2,596 patients with NMIBC [3]. 
To correct the overestimated risks of recurrence and pro-
gression owing to the low rate of Bacillus Calmette-Guerin 
(BCG) instillation, the Spanish Urological Club for Oncolo-
gical Treatment (CUETO) proposed a modified model us-
ing gender, age, recurrent tumor, number of tumors, cancer 
stage, CIS, and WHO grade on the basis of data from 1,062 
patients who were treated by BCG instillation [4]. These 
scoring systems can help in individualizing patients’ fol-
low-up schedules and in the decision making process for 
performing an early cystectomy. 

The goal of this study was to confirm the utility of the 
EORTC and CUETO scoring systems in a Korean popu-
lation. 

MATERIALS AND METHODS

Between January 1985 and December 2011, 531 patients 
underwent transurethral resection of bladder tumor 
(TUR-BT) at Chung-Ang University Hospital owing to a 
histological diagnosis of NMIBC. We retrospectively ana-
lyzed the patients’ medical records, which contained in-
formation on age, gender, prior recurrence rate, number of 
tumors, tumor size, cancer stage, presence of CIS, WHO 
grade, intravesical treatment, recurrence, and pro-
gression of bladder tumor. The follow-up period of the pa-
tients was checked from the first operation to the last cysto-
scopy procedure. The follow-up period had to be at least 1 
year. Patients who were found to have advanced bladder 
tumors, ureteral tumors, or nonurothelial carcinoma at the 
first operation were excluded from the study. After patho-
logic confirmation, all patients underwent follow-up cys-
toscopies at the authors’ clinic and received intravesical 
treatment when indicated. Patients who had a T1 tumor, 
grade 3, or no muscle lesion on pathology underwent repeat 
TUR-BT within 6 weeks. The Institutional Review Board 
approved this study.

We calculated the time to first recurrence (disease-free 
interval) as months to detect recurrence on cystoscopy after 
the diagnosis of bladder cancer. Patients alive without re-
currence were censored at the time of the last available fol-
low-up cystoscopy. We calculated the time to progression 
as months to detect muscle-invasive disease on patho-
logical examination or metastasis on radiologic imaging af-
ter the diagnosis of bladder cancer. Patients alive without 
stage T2 or higher disease in the bladder were censored at 
the time of the last available follow-up cystoscopy. Twenty- 
four patients had undergone cystectomy or had experi-
enced recurrence at the ureter or prostatic urethra after the 
first diagnosis of NMIBC. These patients were regarded as 
having progression. Cystoscopy was the main examination 

in the follow-up period. Urine cytology and computer to-
mography were used according to the European Associa-
tion of Urology (EAU) guideline, and intravesical biopsy 
was performed for suspicious lesions. Finally, recurrence 
and progression were confirmed by histological exami-
nation. 

The scores for risk of progression and recurrence were 
estimated by using the EORTC and CUETO models [3,4]. 
Cumulative incidence probabilities of recurrence and pro-
gression at 1 and 5 years were analyzed with 95% con-
fidence intervals (95% CIs). The Kaplan-Meier survival 
analysis was used to assess recurrence and progression 
curves in both models. Harrell’s concordance index was 
used to evaluate the discrimination ability of each model. 
Calibration ability was assessed by Hosmer-Lemeshow 
test. We assessed the predictive performance for re-
currence and progression by using a receiver operating 
characteristic (ROC) curve of the EORTC score and 
CUETO score and calculated the cutoff values. Univariate 
and multivariate Cox proportional hazards regression 
analyses were used to identify the prognostic factors for re-
currence and progression. A p-value of less than 0.05 was 
considered statistically significant. All statistical analyses 
were conducted by using IBM SPSS ver. 18.0 (IBM Co., 
Armonk, NY, USA), and R ver. 3.0.2 (R Foundation for 
Statistical Computing, Vienna, Austria). 

RESULTS

The basic characteristics of the patients are shown in Table 
1 for comparison between the EORTC and CUETO models. 
The patients’ mean age was 63.7 years (range, 22–93 years) 
at the time of diagnosis of bladder tumor, and the median 
follow-up duration was 58 months (range, 3–321 months). 
One hundred seventy-five patients (33.0%) had a relapse 
of bladder tumor within a mean follow-up of 19.0 months 
(range, 3–321 months). Forty-eight patients (9.0%) showed 
progression to muscle-invasive disease within a mean peri-
od of 33.6 months (range, 3–301 months). The 60- to 
70-year-old age group was the largest (37.1%), and 88.7% 
of the patients were male. Primary tumors accounted for 
67% of the prior recurrence rate. Single tumors were ob-
served most frequently (62.0%), and a tumor size less than 
3 cm (71.4%) was observed more frequently than a tumor 
size greater than 3 cm. The presence of CIS was observed 
in a small proportion of patients (6.6%). 

In our study, the cancer stages were divided almost 
equally. By use of the EORTC model, 55.9% of patients had 
Ta cancer, and by use of the CUETO model, 19.4% of pa-
tients did. Also in our study, patients with WHO G1 disease 
were few (4.0%). With the EORTC model, 43.2% of patients 
had G1 disease, and with the CUETO model, 15.2% of pa-
tients had G1 disease. A total of 282 patients (53.1%) re-
ceived BCG instillation as the intravesical treatment. 

Fig. 1A and B show Kaplan-Meier survival curves of the 
4 recurrence risk groups according to each model. By use 
of the EORTC model, all groups had statistically sig-
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TABLE 1. Patient characteristics and recurrence and progression rates in comparison with the EORTC and CUETO models

Characteristic
Author's patients (n=531)

EORTC (%) CUETO (%)
Total Recurrencea Progressionb

Recurrence
Progression
Age (y)
    ＜60
    60–70
    ＞70
Gender
    Male
    Female
Prior recurrence rate
    Primary
    ≤1 rec/y
    ＞1 rec/y
No. of tumors
    1
    2–3
    4–7
    ≥8
Tumor size (cm)
    ≤3
    ＞3
Cancer stage
    Ta
    T1
Carcinoma in situ
    No
    Yes
WHO grade
    I
    II
    III
T1G3
    No
    Yes, without CIS
    Yes, with CIS

175 (33.0)
48 (9.0)

 
183 (34.5)
197 (37.1)
151 (28.4)

 
471 (88.7)
  60 (11.3)

 
356 (67.0)
  95 (17.9)
  80 (15.1)

 
329 (62.0)
102 (19.2)
  70 (13.2)

30 (5.6)
 

379 (71.4)
152 (28.6)

 
264 (49.7)
267 (50.3)

 
496 (93.4)

35 (6.6)
 

21 (4.0)
331 (62.3)
179 (33.7)

 
380 (71.6)
134 (25.2)

17 (3.2)

 
 
 

  57 (31.1)
  68 (34.5)
  50 (33.1)

 
155 (32.9)
  20 (33.3)

 
0 (0)

 95 (100)
 80 (100)

 
  94 (28.6)
  33 (32.4)
  32 (45.7)
  16 (53.3)

 
115 (30.3)
  60 (39.5)

 
  65 (24.6)
110 (41.2)

 
160 (32.3)
  15 (42.9)

 
0 (0)

  98 (29.6)
  77 (43.0)

 
112 (29.5)
  54 (40.3)
    9 (52.9)

 
 
 

18 (9.8)
15 (7.6)
15 (9.9)

 
43 (9.1)
  5 (8.3)

 
0 (0)

  23 (24.2)
  25 (31.3)

 
20 (6.1)

  12 (11.8)
    8 (11.4)
    8 (26.7)

 
30 (7.9)

  18 (11.8)
 

17 (6.4)
  31 (11.6)

 
44 (8.9)

    4 (11.4)
 

0 (0)
25 (7.6)

  23 (12.8)
 

30 (7.9)
  15 (11.2)
    3 (17.6)

47.8
10.7

 
33.1
34.3
31.1

 
78.7
19.8

 
54.1
19.5
24.8

 
56.4
32.2

-
  9.8

 
80.4
17.9

 
55.9
42.7

 
90.4
  4.4

 
43.2
43.9
10.4

 
90.9
  6.6
  0.8

32.6
13.4

 
31.2
37.6
31.2

 
-
-
 

66.7
33.3

-
 

49.2
26.9
15.0
  8.9

 
54.2
45.8

 
19.4
77.2

 
89.7
10.3

 
15.2
57.9
23.5

 
79.5
16.0
  4.5

Values are presented as number (%).
EORTC, European Organization for Research and Treatment of Cancer; CUETO, Spanish Urological Club for Oncological Treatment; 
WHO, World Health Organization; CIS, carcinoma in situ. 
a:No. of patients showing recurrence. b:No. of patients showing progression.

nificant differences except between the group with a score 
of 0 and the group with a score of 1-4 (p=0.301). By use of 
the CUETO model, all groups were significantly different 
without exception. The Harrell’s concordance index using 
the EORTC and CUETO models was 0.759 and 0.836 for 
recurrence, respectively. Calibration of EORTC and 
CUETO models showed p-values of 0.856 and 0.688. 

In Fig. 1C and D, the patients were divided into 4 groups 
according to model score, and the time to progression is pre-
sented for each group. By use of the EORTC model, a sig-
nificant difference was observed between all groups except 
between the group with a score of 2–6 and the group with 
a score of 7–13 (p=0.303). By use of the CUETO model, a 
significant difference was observed only between the group 

with a score of 0–4 and the other groups; the other groups 
did not differ significantly (score 5–6 vs. score 7–9, p=0.616; 
score 5–6 vs. score 10–14, p=0.121; score 7–9 vs. score 10–14, 
p=0.307). The Harrell’s concordance index using the 
EORTC and CUETO models was 0.704 and 0.745 for pro-
gression, respectively. Calibration of the EORTC and 
CUETO models showed p-values of 0.974 and 0.994.

Our probabilities of recurrence and progression at 1 and 
5 years were compared by use of the EORTC risk table and 
the CUETO risk table as shown in Tables 2, 3. Our results 
for recurrence at 1 and 5 years showed larger differences 
between each score group than the reference probabilities 
provided by the EORTC and CUETO risk tables. However, 
our results on comparison with the EORTC system were 
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FIG. 1. Kaplan-Meier survival curves of risk of recurrence according to the European Organization for Research and Treatment of 
Cancer (EORTC) model (A), risk of recurrence according to the Spanish Urological Club for Oncological Treatment (CUETO) model 
(B), risk of progression according to the EORTC model (C), and risk of progression according to the CUETO model (D).

TABLE 2. Comparison of recurrence rate with EORTC and CUETO risk tables according to the total scores in both groups

Recurrence score
Recurrence rate at 1 year (95% CI) Recurrence rate at 5 years (95% CI)

Risk tables Author's results Risk tables Author's results

EORTC
   0
   1–4
   5–9
   10–17
CUETO
   0–4
   5–6
   7–9
   10–16

 
15 (10–19)
24 (21–26)
38 (35–41)
61 (55–67)

 
   8.2 (5.9–10.5)

12 (8–16)
25 (20–31)
42 (28–56)

 
0

3 (1–5)
  28 (23–34)
  80 (66–89)

 
1.4 (0–2.9)

  17 (10–24)
  46 (37–55)
  74 (57–84)

 
31 (24–37)
46 (42–49)
62 (58–65)
78 (73–84)

 
21 (17–25)
36 (29–42)
48 (41–55)
68 (54–82)

 
0

15 (10–21)
49 (41–56)
96 (80–99)

 
4.9 (1.6–8)
34 (24–44)
84 (74–91)
96 (79–99)

CI, confidence interval; EORTC, European Organization for Research and Treatment of Cancer; CUETO, Spanish Urological Club 
for Oncological Treatment.

more distinguishable than our results on comparison with 
the CUETO system for progression at 1 and 5 years. 

By use of the ROC curve, the EORTC and CUETO scores 

were found to be useful predictors of recurrence with area 
under the curve (AUCs) of 0.832 (95% CI, 0.794–0.868) and 
0.894 (95% CI, 0.865–0.923), respectively. Comparison of 
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TABLE 3. Comparison of progression rate with EORTC and CUETO risk tables according to the total scores in both groups

Progression score
Progression rate at 1 year (95% CI) Progression rate at 5 years (95% CI)

Risk tables Author's results Risk tables Author's results

EORTC
   0
   2–6
   7–13
   14–23
CUETO
   0–4
   5–6
   7–9
   10–14

 
0.2 (0–0.7)

   1.0 (0.4–1.6) 
5 (4–7)

  17 (10–24)
 

   1.2 (0.2–2.2)
      3 (0.8–5.2)
   5.5 (2.7–8.4)
   14 (6.6–21)

 
0

1.9 (0–3.9)
4 (1–7)

  8 (1–14)
 
0

3.5 (0–7.4)
  7 (1–12)
  7 (1–10)

 
0.8 (0–1.7)

6 (5–8)
  17 (14–20)
  45 (35–55)

 
   3.7 (1.9–5.6)
   12 (7.6–16)
  21 (16–27)
  34 (23–44)

 
0

  6 (2–10)
12 (6–17)

  30 (15–42)
 

1.6 (0–3.7)
11 (3–17)
15 (7–22)

  27 (14–38)

CI, confidence interval; EORTC, European Organization for Research and Treatment of Cancer; CUETO, Spanish Urological Club 
for Oncological Treatment.

the AUCs of the EORTC and CUETO models showed the 
AUC of the CUETO model to be significantly higher 
(p=0.0002). When we applied a cutoff score for recurrence 
of 5.5, the EORTC system had a sensitivity of 74.3% and 
specificity of 75.3% in predicting recurrence, and the 
CUETO system had a sensitivity of 83.4% and a specificity 
of 82.0% in predicting recurrence. 

The EORTC and CUETO scores were not good predictors 
of progression, with AUCs of 0.722 (95% CI, 0.649–0.779) 
and 0.724 (95% CI, 0.659–0.795), respectively. They were 
not significantly different (p=0.932). When we applied a 
cutoff score of 4.5 for progression, the EORTC system 
showed a sensitivity of 93.8% and a specificity of 43.9%, and 
the CUETO system had a sensitivity of 91.7% and a specif-
icity of 46.8%. 

In the multivariate analysis of recurrence, prior re-
currence rate, CIS, and grade were significant prognostic 
factors by use of the EORTC model, and recurrent tumor, 
number of tumors, CIS, and grade were significant prog-
nostic factors by use of the CUETO model. In the multi-
variate analysis of progression, recurrent tumor, cancer 
stage, and CIS were significant predictors by use of the 
EORTC model, and recurrent tumor, cancer stage, CIS, 
and grade were significant predictors by use of the CUETO 
model.

DISCUSSION

There are geographical and racial differences in bladder 
cancer incidence and survival. Environmental triggers 
may be a cause of some of these differences. Rates of smok-
ing and chemical exposure vary, and both of these are 
known causes of bladder cancer [5]. Bladder cancer in-
cidence is approximately 3 times higher in white men than 
in African American men [6]. Furthermore, the survival 
rate for African Americans is worse than for Asians and 
whites [7]. In a study predicting the recurrence and pro-
gression of bladder cancer by use of the Surveillance, 
Epidemiology, and End Results Medicare data, stage T1 

was associated with a higher rate of recurrence, and female 
gender, black race, grade, and CIS with T1 were associated 
with a higher risk of progression [8]. However, a definite 
method for predicting prognosis has not yet been found, and 
we should determine risk factors for the Korean popu-
lation. 

Several studies have validated the EORTC model [9,10]. 
However, only a few studies have made comparisons be-
tween models. Xu et al. [11] investigated 363 Chinese pa-
tients with NMIBC and found that the EORTC model was 
more accurate in predicting recurrence and progression 
than was the CUETO model. They stated that the reason 
for this occurrence was that most of their patients received 
intravesical chemotherapy, similar to the patients in the 
EORTC study. Xylinas et al. [12] explained that both mod-
els showed a poor discrimination ability because of over-
estimation of the risk of recurrence and progression in 
high-risk patients. These varying results indicate that the 
basic characteristics of patients could result in differences. 
The CUETO model showed a higher probability in predict-
ing tumor size, cancer stage, and CIS than did the EORTC 
model. In the EORTC study, 78% of the patients received 
intravesical treatment, mostly with chemotherapy, and a 
few patients were treated with BCG instillation. In the 
CUETO study, however, 100% of the patients received 
BCG instillation and 15% of the patients were additionally 
treated with mitomycin C. Meta-analyses have shown that 
BCG instillation after TUR-BT reduces the risk of re-
currence and progression [13,14]. In our study, 53% of pa-
tients received BCG instillation, and tumor size, cancer 
stage, and CIS were better predictors than in the CUETO 
study, which resulted in a similar recurrence rate (33%) to 
that in the CUETO study (32.6%). In addition, in multi-
variate analyses of data from the CUETO study for re-
currence, although age and gender were not significant, 
other significant variables, especially recurrence, showed 
a high hazard ratio (4.875). Hence, this may have affected 
the distinguishable and significant Kaplan-Meier curve of 
CUETO for recurrence. However, compared with the 
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EORTC study, the variables that were significant in multi-
variate analyses of data from the CUETO study varied, and 
the effect of a high hazard ratio was less than in the EORTC 
study. The CUETO model showed adequate discrim-
ination ability in interpreting our results. 

Our results showed a mixed pattern. The Harrell’s con-
cordance indexes for recurrence were more distinguishable 
in the CUETO model than in the EORTC model (p=0.01). 
Also, the AUC for the cutoff score for recurrence was more 
significant in the CUETO model than in the EORTC model. 
However, the EORTC model was found to be a valid tool for 
assessing the probabilities of recurrence and progression 
at 1 and 5 years. The weakness of both of these models is 
the low positive predictive value for progression, especially 
in patients with high-grade disease. Our results were more 
distinguishable using not only the EORTC model but also 
the CUETO model than were the original references pro-
vided by the EORTC and CUETO studies. Although their 
variables were not optimal for our subjects for assessing the 
results of univariate and multivariate analyses, Sylve-
ster’s report showed that the variables in the EORTC and 
CUETO model were not significant in several studies [15]. 
The EORTC model was strong for predicting the proba-
bilities of recurrence and progression at 1 and 5 years, and 
this could help clinicians in individualizing the follow-up 
schedule according to the patient’s risk score. Before per-
forming cystoscopy, assuming an EORTC recurrence score 
of greater than 5 implies a recurrence rate of greater than 
50% at 5 years could help clinicians avoid missing the prob-
ability of recurrence. In addition, patients treated with 
BCG instillation who had a CUETO recurrence score of 
greater than 5.5 could indicate that there is a high proba-
bility of failure of intravesical therapy and the clinician 
should consider early cystectomy for such patients. 

Our study had some limitations. Because of the retro-
spective analysis and long follow-up period, not all of the 
patients were treated by the same regimen or the same 
clinician. This might influence the treatment effect and 
survival rate. Also, we did not assess intravesical chemo-
therapy or dosage and discontinuation of BCG instillation 
owing to incomplete old records. We just checked for a his-
tory of BCG instillation. There are recent studies on 
low-dose BCG and the use of a short period to reduce the 
side effects of BCG; even reduced BCG instillation has been 
found to be clinically effective [16,17]. In our hospital, we 
used the 1973 grading system of the WHO between 1985 
and 2006 and the 2004 WHO grading system from 2007 
onwards. G1 of the 1973 WHO grading system can corre-
spond to papillary urothelial neoplasm of low malignant 
potential or low-grade tumor. G2 of the 1973 WHO grading 
system can correspond to low-grade tumor or high-grade 
tumor of the 2004 WHO grading system, and G3 of the 1973 
WHO grading system can correspond to high-grade tumor 
of the 2004 WHO grading system [18]. Seventy-eight pa-
tients were graded by using the 2004 WHO grading system. 
Since the EORTC and CUETO models used the 1973 WHO 
grading system, but the 2004 grading system is used cur-

rently in our hospital, our aim was to confirm the applic-
ability of both models to our conditions. Chen et al. [19] 
found that both the 1973 and the 2004 WHO classifications 
were effective in predicting progression, whereas the 1973 
WHO classification was more suitable for predicting 
recurrence. According to the European guidelines, both 
grading systems can be used until clear results are ob-
tained [20]. 

The other limitation of our study that we could not identi-
fy new variables associated with a poor prognosis, such as 
prostatic urethral involvement or bladder neck involve-
ment, molecular markers, and SNPs [21-25]. However, re-
search on these variables has only recently begun and they 
may not be recommended for routine examination. 

CONCLUSIONS

The EORTC and CUETO scoring systems showed value in 
predicting recurrence and progression in Korean patients 
with NMIBC. Especially, the CUETO model showed stat-
istically significant results for recurrence in our study, be-
cause of the effect of BCG instillation and the heteroge-
neous patient characteristics. These models can help clini-
cians in individualizing the appropriate treatment and fol-
low-up schedule. Prospective, multicenter, and large-scale 
studies using modified EORTC and CUETO models are 
needed to predict the accurate recurrence and progression 
of bladder cancer in the Korean population. 
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