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Abstract
Purpose  The prognostic value of histopathological grade in muscle-invasive urothelial carcinoma (MIBC) to predict dis-
ease-specific survival (DSS) is understudied. While grading systems like WHO1973 and WHO2004 are established in non-
muscle-invasive bladder cancer (NMIBC), their relevance in MIBC remains controversial. This study assessed the prognos-
tic impact of histopathological grade on DSS in a multicenter cohort.
Methods  We included 1,123 cN0M0 MIBC patients treated with upfront radical cystectomy (1987–2020) at nine centers. 
Tumors were graded using WHO1973 (G1 + G2 combined as G1/2 due to low numbers vs. G3), WHO2004 (low-grade [LG] 
vs. high-grade [HG]), and a hybrid three-tier system. Slides were locally reviewed by uro-pathologists. DSS was analyzed 
using Kaplan-Meier and Cox models, adjusting for age, stage, lympho-vascular invasion, surgical margins, lymph-node 
status, adjuvant chemotherapy, treatment center, and era of cystectomy.
Results  Among all cases, 74 (6.6%) were G1/2 and 1,049 (93.4%) G3; 27 (2.4%) were LG and 1,096 (97.6%) HG. Median 
follow-up was 5.3 years (IQR 2.9–8.5). Univariable analyses showed significantly better DSS for LG and G1/2 tumors 
across grading systems. However, multivariable models showed no independent association between grade and DSS.
Conclusion  Although LG and G1/2 MIBC tumors demonstrated superior DSS in univariable analyses, the lack of indepen-
dent prognostic significance in multivariable models questions the relevance of histopathological grade in MIBC. Further 
studies should explore the clinical utility of grade, define new grading schemes including features of epithelial-mesenchymal 
transition or tumor microenvironment, and explore alternative prognostic (bio)markers.

Keywords  Urothelial neoplasm · Urothelial carcinoma · Histopathological grade · WHO1973 classification · WHO2004 
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Received: 5 October 2025 / Accepted: 8 November 2025
© The Author(s) 2025

Is histological grade a useful parameter in muscle-invasive urothelial 
bladder cancer? Results from a multicenter study on the impact of 
different grading systems on disease-free survival after upfront radical 
cystectomy

Emily Rinderknecht1  · Francesco Claps2,3 · Peter J. Bostrom4,5 · Shahrokh F. Shariat6,7,8,9,10 · Yann Neuzillet2,11,12 · 
Alexandre R. Zlotta4 · Carlo Trombetta3 · Markus Eckstein13 · Renee A. G. Lijnen2 · Laura S. Mertens2 · 
Rossana Bussani14 · Maximilian Burger1 · Geert J. L. H. van Leenders15 · Joost L. Boormans16 · Bernd Wullich17 · 
Arndt Hartmann13 · Nicola Pavan18 · Damien Pouessel19 · Theo H. van der Kwast20 · Yves Allory11,21 ·  
Tahlita C. M. Zuiverloon16 · Yair Lotan6 · Bas W. G. van Rhijn1,2,4 · Roman Mayr1,22

1 3

https://doi.org/10.1007/s00345-025-06089-z
http://orcid.org/0009-0002-7283-5237
http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-025-06089-z&domain=pdf&date_stamp=2025-11-19


World Journal of Urology          (2025) 43:705 

WHO	 �World Health Organization Introduction

The role of histopathological grade in muscle-invasive uro-
thelial carcinoma (MIBC) is not clear. While grading sys-
tems such as the 1973 and 2004 World Health Organization 
(WHO) classifications have been used to predict outcomes 
in non-muscle-invasive bladder cancer (NMIBC) [1], their 
utility in MIBC remains controversial and understudied. 
The current European Association of Urology (EAU) guide-
lines on muscle-invasive and metastatic bladder cancer even 
state that grade does not provide any prognostic information 
in MIBC [2]. However, they also recommend that patholo-
gists specify the tumor grade during the primary assessment 
of presumed MIBC [2].

For a long time, the WHO1973 classification was the 
only system used, in which tumors were classified histo-
pathologically into grades 1, 2, or 3 (G1, G2 or G3). The 
2004 classification was introduced to add detailed histo-
logical criteria and to address the pathologist’s preference 
for G2 (WHO1973). This resulted in the binary system of 
low grade (LG) and high grade (HG) cancer and added a 
separate, non-cancer entity, i.e. Papillary Urothelial Neo-
plasm of Low Malignant Potential (PUNLMP) [3–6]. While 
the WHO2004 classification is most commonly used in 
the United States to grade NMIBC [7], European guide-
lines recommend the parallel use of both grading systems 
(WHO1973 and 2004) [8]. The current 2022 edition of the 
WHO classification recommends the continued use of the 
WHO2004 grading system for both non-muscle-invasive 
and muscle-invasive bladder cancer [9]. Recently, a three-
tier hybrid system has also been proposed, which separates 
WHO2004 HG-lesions into HG/G2 and HG/G3 while main-
taining LG as a separate category [6, 10–12].

Although both the WHO1973 and the WHO2004 clas-
sifications can provide significant prognostic information 
in NMIBC, especially for prediction of progression [6, 13], 
research on grade in MIBC remains very limited [2]. This 
further underscores the need to reassess histopathological 
grade in MIBC. The aim of our study was to explore whether 
histopathological grade in MIBC is useful by analyzing 
the impact of grade on disease specific survival (DSS) in 
a multi-center cohort of upfront radical cystectomy (RC) 
patients whose pathology was reviewed.

Patients and methods

Patients, treatment, and follow-up

We included a total of 1,123 patients from nine uro-oncol-
ogy centers in Europe and North America (Table  1). All 
patients had MIBC (cN0M0) and were treated with upfront 

Table 1  Clinicopathological characteristics of the study cohort 
(n = 1,123)

Cohort
n = 1,123

City
  Amsterdam (%) 174(15.5)
  Paris (%) 162(14.4)
  Regensburg (%) 156(13.9)
  Rotterdam (%) 147(13.1)
  Trieste (%) 145(12.9)
  Dallas (%)a 121(10.8)
  Erlangen (%) 98(8.7)
  Toronto (%) 81(7.2)
  Turku (%)a 39(3.5)
Gender (male, %) 867(77.2)
Median age (IQR, yr) 67.5(59.0–74.8.0.8)
Year of RC
  1987–2000 (%) 255(22.7)
  2001–2010 (%) 678(60.4)
  2011–2020 (%) 190(16.9)
Stage
  pT2 (%) 311(27.7)
  pT3 (%) 577(51.4)
  pT4 (%) 235(20.9)
Grade WHO1973
  G1 (%) 1(0.1)
  G2 (%) 73(6.5)
  G3 (%) 1049(93.4)
Grade WHO2004
  LG (%) 27(2.4)
  HG (%) 1,096(97.6)
Hybrid Grade
  LG (%) 27 (2.4)
  HG/G2 (%) 47 (4.2)
  HG/G3 (%) 1049 (93.4)
Histological Subtype (%) 289(25.7)
CIS at RC (CIS, %) 385(34.3)
LVI at RC (LVI, %) 574(51.1)
Margins (positive, %) 114(10.2)
Nodes (positive, %) 454(40.4)
Adjuvant chemotherapy (%) 429(38.2)
DSS (dead of disease, %) 574(51.1)
Time to follow-up DSS (IQR, yr)b 5.31 (2.90–8.54)
Values are presented as number (percentage) unless otherwise speci-
fied.
Median age and follow-up time are shown with IQR.
a Slides of the Dallas and Turku cohorts were reviewed by TvdK 
(Toronto).
b median follow-up time was calculated using the reverse Kaplan-
Meier method, accounting for censored patients as events.
CIS = carcinoma in situ; DSS = disease-specific survival; HG = high 
grade; IQR = interquartile range; LG = low grade; LVI = lympho-vas-
cular invasion; RC = radical cystectomy; UC = urothelial carcinoma; 
yr = years.

1 3

  705   Page 2 of 9



World Journal of Urology          (2025) 43:705 

RC between 1987 and 2020. Grading was available accord-
ing to both WHO1973 and WHO2004 classifications, based 
on local pathology review of the cystectomy specimens. 
Pure non-urothelial subtypes were excluded. The pathol-
ogy review was conducted prior to the 2022 update of the 
WHO2004 classification, which - at the time - allowed his-
tological subtypes to be graded as LG, a classification no 
longer permitted under the current version of WHO2004 
criteria, where all subtypes are classified as HG.

Follow-up regimes were determined by the treating phy-
sician. Adjuvant systemic chemotherapy was permitted 
and was given at the discretion of the treating physicians 
in accordance with the then-current clinical guidelines and 
institutional practice. Data on baseline characteristics (age, 
gender), pathological outcome (grade, positive margins, 
nodal status, lympho-vascular invasion [LVI], concomitant 
carcinoma in situ) and survival outcome were collected. 
DSS was defined as the time from radical cystectomy to 
death from bladder cancer, patients alive at last follow-up or 
who died from other causes were censored. Ethical approval 
was granted.

Statistical analysis

Absolute and relative frequencies were reported for cate-
gorical variables. For metric variables, median values with 
interquartile range (IQR) were reported. Comparative anal-
yses between groups were performed using the Chi-squared 
test, as appropriate.

DSS was shown using Kaplan-Meier curves. For all 
analyses, G1 and G2 of the WHO1973 classification were 
merged due to the anticipated low incidence of G1-cases. 
Kaplan-Meier estimates were compared using the log-rank 
test. Regarding the three-tier Hybrid classification system, a 
Log-Rank test for trend was conducted in univariable analy-
sis. Cox proportional hazard models were used to compare 
the prognostic value for the different classification systems 
for grade, adjusting for age, stage, LVI, margins, nodes, 
adjuvant chemotherapy, treatment center, and era of cystec-
tomy. These variables were selected based on clinical rele-
vance and on significance in univariable analyses (p < 0.05). 
There were no missing data for any of the variables included 
in the analyses. Multi-collinearity among variables was 
assessed using variance inflation factors (VIF), for categori-
cal predictors with more than two levels, generalized VIF 
was calculated. VIF values < 5 were considered acceptable. 
In addition to the analysis of the overall cohort, a sensitivity 
analysis limited to patients with pure urothelial carcinoma 
was conducted to evaluate the robustness of the multivari-
able Cox regression results. Patients without events were 
censored at their last date of follow-up. Median follow-up 
was calculated using only the data of patients without event.

All p-values were two-tailed and considered statistically 
significant at a threshold of < 0.05. Statistical analyses were 
performed with IBM SPSS Statistics for Windows, version 
29.0 (IBM Corp., Armonk, NY, USA) and R version 4.4.2 
(R Foundation for Statistical Computing, Vienna, Austria) 
accessed via R-Studio (Posit Software, Boston, MA, USA). 
Graphical data representation was conducted using Graph-
Pad Prism, version 10 (GraphPad Software; San Diego, CA, 
USA).

Results

Patient characteristics

A total of 1,123 cases were included in the analysis. Patient 
characteristics are presented in Table 1 (entire cohort) and 
Tables 2, 3 and 4 (stratified according to grading systems). 
Of the patients, 867 (77.2%) were male. The median age 
was 67.5 years (IQR: 59.0–74.8.0.8 year). Of the patients, 
311 (27.2%) were pT2, referred to as organ-confined dis-
ease, while 577 (51.4%) and 235 (20.9%) had locally 
advanced disease, with stages pT3 and pT4, respectively. 
Of pT2 tumors, 38 (12.2%) were G1/2, and 273 (87.8%) G3, 
while 15 (4.8%) were LG and 296 (95.2%) HG. In pT3/4 
tumors, 36 (4.4%) were G1/2, and 776 (95.6%) G3, while 
12 (1.5%) were LG and 800 (98.5%) HG. There were histo-
logical subtypes of urothelial carcinoma as opposed to pure 
urothelial carcinoma in 289(25.7%) of patients. LVI was 
absent (LVI-) in 549 (48.9%) patients and present (LVI+) 
in 574 (51.1%) patients. In LVI- tumors, 44 (8.0%) were 
G1/2, and 505 (92.0%) G3, while 18 (3.3%) were LG and 
531 (96.7%) HG. In LVI + tumors, 30 (5.2%) were G1/2, 
and 554 (94.8%) G3, while 9 (1.6%) were LG and 565 
(98.4%) HG. There was no lymph-node involvement (pN0) 
in 669 (59.6%) of the patients, while 545 (40.4%) had posi-
tive lymph nodes (pN+). In pN0 tumors, 55 (8.2%) were 
G1/2, and 614 (91.8%) G3, while 22 (3.3) were LG and 647 
(96.7%) HG. In pN + tumors, 19 (4.2%) were G1/2, and 435 
(95.8%) G3, while 5 (1.1%) were LG and 449 (98.9%) HG. 
DSS was 51.1% at a median follow-up of 5.31 years (IQR: 
2.90–8.54 year).

Disease-specific survival in univariable analysis.

Figure1 shows the Kaplan-Meier curves for DSS in the 
MIBC cohort according to the WHO1973 and WHO2004 
classification systems, as well as the Hybrid three-tier grad-
ing scheme. Patients with G3 according to WHO1973 had 
a significantly shorter DSS compared to those with G1/2 
(median DSS of 3.3 years vs. not reached, p < 0.001). Patients 
with HG according to WHO2004 had a significantly shorter 
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Table 2  Clinicopathological characteristics stratified by Grade, WHO1973, dichotomized into G1/2 and G3. Values are presented as number 
(percentage)a unless otherwise specified. The distribution of categorial variables was compared between G1/2 and G3 tumors

Entire Cohort
n = 1,123

G1/2
n = 74

G3
n = 1,049

p-valueb

Median age (IQR, yr) 67.5(59.0–74.8.0.8) 66.7(58.0–76.0) 67.6(59.0–74.7.0.7)
Stage < 0.001
  pT2 (%) 311(27.7) 38(51.4) 273(26.0)
  pT3 (%) 577(51.4) 27(36.5) 550(52.4)
  pT4 (%) 235(20.9) 9(12.2) 226(21.5)
Histological Subtype (%) 289(25.7) 11(14.9) 278(26.5) 0.027
LVI at RC (LVI, %) 574(51.1) 30(40.5) 544(51.9) 0.06
Nodes (positive, %) 454(40.4) 19(25.7) 435(41.5) 0.007
Margins (positive, %) 114(10.2) 2(2.7) 112(10.7) 0.028
Adj. chemotherapy (%) 429(38.2) 25(33.8) 404(38.5) 0.418
a Note: Groups are strongly imbalanced towards G3; percentages in smaller groups (G1/2) should be interpreted with caution.
b Group comparisons were performed using the Chi-squared test.
Adj. = adjuvant; IQR = interquartile range; LVI = lympho-vascular invasion; RC = radical cystectomy; yr = years.

Table 3  Clinicopathological characteristics stratified by Grade, WHO2004. Values are presented as number (percentage)a unless otherwise speci-
fied. The distribution of categorial variables was compared between LG and HG tumors

Entire Cohort
n = 1,123

LG
n = 27

HG
n = 1,096

p-valueb

Median age (IQR, yr) 67.5(59.0–74.8.0.8) 66.8(57.7–74.9) 67.6(59.0–74.8.0.8)
Stage 0.005
  pT2 (%) 311(27.7) 15(55.6) 296(27.0)
  pT3 (%) 577(51.4) 8(29.6) 569(51.9)
  pT4 (%) 235(20.9) 4(14.8) 231(21.2)
Histological Subtype (%) 289(25.7) 2(7.4)c 287(26.2) 0.027
LVI at RC (LVI, %) 574(51.1) 9(33.3) 565(51.6) 0.016
Nodes (positive, %) 454(40.4) 5(18.5) 449(41.0) 0.019
Margins (positive, %) 114(10.2) 1(3.7) 113(10.3) 0.261
Adj. chemotherapy (%) 429(38.2) 6(22.2) 423(38.6) 0.084
a Note: Groups are strongly imbalanced towards HG; percentages in smaller groups (LG) should be interpreted with caution.
b Group comparisons were performed using the Chi-squared test.
c Pathology review was conducted prior to 2022. Histological subtypes are now automatically classified as HG.
Adj. = adjuvant; HG = high grade; IQR = interquartile range; LG = low grade; LVI = lympho-vascular invasion; RC = radical cystectomy; yr = years.

Table 4  Clinicopathological characteristics stratified by Grade, hybrid grading scheme. Values are presented as number (percentage)a unless oth-
erwise specified. Median age is shown with IQR. The distribution of categorial variables was compared between LG, HG/G2 and HG/G3 tumors

Entire Cohort
n = 1,123

LG
n = 27

HG/G2
n = 47

HG/G3
n = 1,049

p-valueb

Median age (IQR, yr) 67.5(59.0–74.8.0.8) 66.8(57.7–74.9) 66.6(58.3–77.4) 67.6(59.0–74.7.0.7)
Stage < 0.001
  pT2 (%) 311(27.7) 15(55.6) 23(48.9) 273(26.0)
  pT3 (%) 577(51.4) 8(29.6) 19(40.4) 550(52.4)
  pT4 (%) 235(20.9) 4(14.8) 5(10.6) 226(21.5)
Histological Subtype (%) 289(25.7) 2(7.4)c 9(19.1) 278(26.5) 0.047
LVI at RC (LVI, %) 574(51.1) 9(33.3) 21(44.7) 544(51.9) 0.109
Nodes (positive, %) 454(40.4) 5(18.5) 14(29.8) 435(41.5) 0.018
Margins (positive, %) 114(10.2) 1(3.7) 1(2.1) 112(10.7) 0.088
Adj. chemotherapy (%) 429(38.2) 6(22.2) 19(40.4) 404(38.5) 0.216
a Note: Groups are strongly imbalanced towards HG/G3; percentages in smaller groups (LG; HG/G2) should be interpreted with caution.
b Group comparisons were performed using the Chi-squared test.
c Pathology review was conducted prior to 2022. Histological subtypes are now automatically classified as HG.
Adj. = adjuvant; HG = high grade; IQR = interquartile range; LG = low grade; LVI = lympho-vascular invasion; RC = radical cystectomy; 
yr = years.
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the reference-group. After adding the Hybrid-scheme vari-
able to the model, neither HG/G2 (HR = 1.49, 95%CI: 0.57–
3.91, p = 0.419) nor HG/G3 (HR = 1.92, 95%CI: 0.85–4.33, 
p = 0.116) were significantly associated with DSS. Fur-
thermore, when HG/G3 was used as the reference group, 
comparing HG/G2 with HG/G3 showed no significant asso-
ciation with DSS (HR = 0.78, 95%CI: 0.45–1.34, p = 0.361).

Discussion

The present multicenter, real-world cohort-study investi-
gated whether histopathologic grade is prognostically rel-
evant in patients with MIBC. The first important result of 
the study is that LG and/or G1/G2 differentiated tumors 
do exist in MIBC, although they are rare. Notably, some 
tumors exhibited favorable histologic grade (LG or G1/G2) 
despite being associated with otherwise adverse pathologi-
cal features, such as advanced tumor-stage, LVI, and nodal 
involvement. While such tumors were exceedingly rare, 
they do occur. Secondly, these LG or G1/G2 differentiated 
tumors exhibited significantly superior DSS across all three 
grading schemes in univariable analysis (Fig. 1). However, 
in the multivariable analyses adjusting for age, stage, LVI, 
lymph-node status, surgical margins, adjuvant chemother-
apy, treatment center and era of radical cystectomy, none of 
the grading schemes significantly predicted DSS in MIBC, 
whereas established variables such as pT-stage, pN-stage, 
and LVI remained independently prognostic. The absence 
of an independent effect of grade in our cohort likely reflects 
the predominance of higher grade (G3 or HG) disease in 
MIBC, limiting the discriminative potential of histologic 
grading once tumor stage and other variables are accounted 
for. Within the Hybrid Grading system, the relatively higher 
proportion of G1/2 compared with LG cases - although both 
categories were uncommon - may have further reduced 
statistical power to detect a meaningful association. Yet, 
although some lower grade tumors exhibited otherwise 
adverse pathological features, higher grade tumors were 

DSS compared to those with LG (median DSS of 3.42 years 
vs. not reached, p = 0.009). Regarding the Hybrid grading 
scheme, we found significant differences in DSS between 
the three groups HG/G3, HG/G2 and LG (median DSS of 
3.3 years vs. not reached vs. not reached, p = < 0.001). Post-
hoc pairwise comparisons were performed to examine the 
differences between individual groups. The results revealed 
no significant difference in DSS between LG and HG/
G2 (p = 0.348), but significant differences were observed 
between LG and HG/G3 (p = 0.007), and between HG/G2 
and HG/G3 (p = 0.03).

Among a subgroup with generally favorable pathologi-
cal features, including the 186 patients with pT2, pN0, and 
LVI-, DSS proved significantly shorter for those with G3 
tumors compared to those with G1/2 tumors (median DSS of 
11 years vs. not reached, p = 0.037). Stratifying DSS accord-
ing to the WHO2004 or Hybrid classifications in the same 
subgroup, no significant differences in DSS were observed 
(p = 0.299 for WHO2004, p = 0.079 for Hybrid).

Multivariable analysis

The base model included age, stage, LVI, margins, nodes, 
adjuvant chemotherapy, treatment center (modelled as 
frailty/random effect), and era of cystectomy. The different 
grading schemes were individually incorporated to create 
three additional multivariable models. Variance inflation 
factors indicated no problematic multi-collinearity among 
predictor variables (all VIF < 5, Supplementary Table S1).

The results regarding the entire cohort are presented in 
Table 5. The results regarding only patients with pure uro-
thelial carcinoma are presented in Supplementary Table S2.

In the final multivariable model regarding dichotomized 
WHO1973 grading, G3 as opposed to G1/2 was not signifi-
cantly associated with decreased DSS (HR = 1.48, 95%CI: 
0.94–2.33, p = 0.093). WHO2004 grade was not signifi-
cantly associated with DSS (HR = 1.90, 95%CI: 0.84–4.29, 
p = 0.122). For the Hybrid grading scheme, which included 
three categories (LG, HG/G2 and HG/G3), LG served as 

Fig. 1  Kaplan-Meier curves illustrating disease-specific survival according to the three histopathological grading systems: WHO 1973, WHO 
2004, and Hybrid classification. Differences between curves were assessed using the log-rank test. HG = high grade; LG = low grade
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to pure urothelial carcinoma - distinct survival outcomes 
have been demonstrated, depending on the specific subtype 
[16]. However, dividing patients into individual histological 
subtypes often results in small subcohorts. In our cohort, 
when all subtypes were analyzed collectively and compared 
to pure urothelial carcinoma, no significant differences in 
DSS were observed (data not shown). To ensure transpar-
ency, we also performed multivariable analyses restricted 
to patients with pure urothelial carcinoma (Supplemen-
tary Table 2), which yielded results consistent with those 
obtained in the full cohort. These findings indicate that the 
model’s prognostic performance is not substantially influ-
enced by the inclusion of histological subtypes.

Further, Eckstein et al. proposed a novel histological scor-
ing system for MIBC aimed at improving the prediction of 
disease aggressiveness and patient outcomes [15]. Eckstein 
et al. highlighted the utility of a multidimensional approach 
that integrates traditional histopathological parameters such 
as grade with features of tumor biology like tumor budding 
as marker of epithelial-mesenchymal transition, features of 
tumor microenvironment like tumor-infiltrating lympho-
cytes, and growth/spreading patterns [15].

Besides histopathological features, molecular biomark-
ers must also be considered in urothelial carcinoma, as, 
among others, demonstrated by the Sjödahl et al. [17]. They 
showed that, based on gene expression profiles, prognos-
tic urothelial subtypes could be identified that did not fully 

generally enriched for adverse features such as higher pT-
stage, nodal involvement, and LVI (Tables  4a-c). Conse-
quently, the significant differences observed in univariable 
analyses are likely confounded and should be interpreted 
with caution. Nevertheless, given biological plausibil-
ity and the associations observed in univariable analyses, 
we hypothesize that histopathologic grade may still retain 
prognostic relevance in larger populations, although in our 
dataset, none of the three grading systems remained inde-
pendently prognostic after multivariable adjustment.

The prognostic value of histopathological grade in 
cohorts exclusively comprising patients with MIBC has 
been scarcely explored in the literature [1, 2]. Several 
research groups and the EAU guidelines assign only limited 
importance to grade in MIBC [2, 14, 15]. Of note and to the 
best of our knowledge, large-scale studies directly compara-
ble to our approach using multiple classification systems for 
grade are absent. Our findings contribute to this discussion 
by demonstrating that the independent prognostic impor-
tance of histopathological grade is limited, as none of the 
grading schemes showed a significant association with DSS 
in the multivariable analyses. This underscores the need for 
further research to refine the role of grading in risk stratifi-
cation of MIBC.

Efforts have been made to enhance the prognostic util-
ity of histopathological evaluation in MIBC. With respect to 
histological subtypes of urothelial carcinoma - as opposed 

Table 5  Multivariable Cox-Regression analysis of the impact of the WHO1973, WHO2004, and hybrid grading scheme, including the base model, 
on disease-specific survival (n = 1,123)

base model WHO 1973a WHO 2004 Hybrid (Ref: LG)
Variable HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
age (years) 1.01 

(1.00–1.02.00.02)
0.063 1.01 

(1.00–1.02.00.02)
0.059 1.01 

(1.00–1.02.00.02)
0.055 1.01 

(1.00–1.02.00.02)
0.056

stage (Ref: pT2)
 pT3 1.51 (1.20–1.89) < 0.001 1.47 (1.17–1.84) < 0.001 1.49 (1.19–1.86) < 0.001 1.47 (1.17–1.84) < 0.001
 pT4 1.97 (1.51–2.57) < 0.001 1.93 (1.48–2.51) < 0.001 1.95 (1.50–2.55) < 0.001 1.93 (1.48–2.52) < 0.001
LVI 1.41 (1.17–1.71) < 0.001 1.41 (1.16–1.70) < 0.001 1.40 (1.16–1.69) < 0.001 1.40 (1.16–1.69) < 0.001
positive nodes 2.09 (1.72–2.55) < 0.001 2.07 (1.69–2.52) < 0.001 2.08 (1.70–2.54) < 0.001 2.07 (1.69–2.52) < 0.001
positive margins 1.39 (1.08–1.80) 0.011 1.39 (1.07–1.79) 0.012 1.39 (1.08–1.80) 0.011 1.39 (1.08–1.79) 0.012
adj. chemotherapy 0.89 (0.72–1.10) 0.274 0.89 (0.73–1.10) 0.292 0.89 (0.73–1.10) 0.290 0.90 (0.73–1.10) 0.295
era of CE (Ref: ≤ 
2000)
 2001–2010 1.05 (0.83–1.33) 0.669 1.04 (0.82–1.32) 0.749 1.05 (0.83–1.34) 0.675 1.04 (0.82–1.32) 0.727
 2011–2020 1.14 (0.80–1.63) 0.459 1.14 (0.80–1.62) 0.463 1.14 (0.80–1.63) 0.465 1.14 (0.80–1.62) 0.465
Treatment centerb -c -d -e -f

+ Grading - - 1.48 (0.94–2.33) 0.093 1.90 (0.84–4.29) 0.122 HG/G2
1.49 (0.57–3.91)

0.419

HG/G3
1.92 (0.85–4.33)

0.116

a dichotomized into G1/2 and G3. b treatment center was included as a frailty (random effect). cvariance of the term = 0.0225, p-value from 
likelihood-ratio test = < 0.001. dvariance of the term = 0.0204, p-value from likelihood-ratio test = < 0.001. evariance of the term = 0.0246, p-value 
from likelihood-ratio test = < 0.001. fvariance of the term = 0.0220, p-value from likelihood-ratio test = < 0.001.
Adj. = adjuvant; CE = cystectomy; CI = confidence interval; HG = high grade; HR = hazard ratio; LG = low grade; LVI = Lympho-vascular inva-
sion; Ref = reference category.

1 3

  705   Page 6 of 9



World Journal of Urology          (2025) 43:705 

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​4​5​-​0​
2​5​-​0​6​0​8​9​-​z.

Author contributions  Author contributions: Emily Rinderknecht, Bas 
W.G. van Rhijn and Roman Mayr had full access to all study data and 
take responsibility for its integrity and the accuracy of the data analy-
sis.Study concept and design: B.W.G.v.R. and R.M.Acquisition of 
data: All authorsAnalysis and interpretation of data: E.R., B.W.G.v.R. 
and R.M.Figures: E.R. and R.M.Drafting of the manuscript: E.R., 
B.W.G.v.R. and R.M.Critical revision of the manuscript for important 
intellectual content: All authors.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Data availability  The data that support the findings of this study are 
available from the corresponding author upon reasonable request. 
Restrictions apply to the availability of these data due to ethical and 
privacy considerations.

Declarations

Conflict of interest  The authors have no financial or non-financial con-
flicts of interest to declare that are relevant to the content of this article.

Ethical approval  The study complies with the ethical standards de-
scribed in the latest declaration of Helsinki; it was approved by the 
institutional ethics review board of the respective institutions. Site 
specific approval and protocol numbers: Amsterdam: The Institutional 
Review Board of the Netherlands Cancer Institute – Antoni van Leeu-
wenhoek hospital (CFMPB-160 & IRBd18126). Trieste: The Univer-
sity of Trieste Ethical Committee; Trieste (ID 113/2021). Regensburg: 
Medical ethical board of the University of Regensburg (16-101-0218). 
Paris: The regional ethics board of Ile-de-France IX – Comité de pro-
tection des personnes – Ile-de-France IX - Créteil (11-052). Toronto: 
The regional ethics board of the University Health Network, Toronto 
(02-0515-C, 08-0263-T, 09-0826-CE and 09-0556-TE). Turku: Ethical 
committee of the hospital district of South-West Finland, No: ETMK 
6/2006. Erlangen: The ethical and translational boards, Erlangen 
(217_18 Bc and 329_16-B). Dallas: The Institutional Review Board 
for the Protection of Human Subjects at University of Texas South-
western Medical School: STU 102014-008. Rotterdam: The medical-
ethical board of Erasmus MC, Rotterdam (MEC 168.922/1998/55).

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

align with traditional histopathological stage and grade, 
suggesting that molecular phenotypes represent intrinsic 
properties of the tumor [17]. Consequently, combinations 
of histopathological markers and molecular biomarkers are 
being investigated for more accurate prediction of outcomes 
in MIBC [2, 18, 19]. While our study questions the impor-
tance of grade as a foundational parameter, it also under-
scores the potential for enhanced risk stratification through 
the inclusion of additional tumor characteristics. Future 
studies are warranted to explore how conventional grading 
systems can be effectively integrated or replaced with novel 
approaches to refine prognostic accuracy and improve per-
sonalized patient management strategies.

This study has several limitations. Firstly, our patient-
population consisted of individuals who underwent upfront 
RC. Nowadays, neoadjuvant cisplatin-based chemotherapy 
is recommended for eligible patients [2]. Additionally, neo-
adjuvant immunotherapies for MIBC are currently under 
investigation. However, a significant proportion of MIBC 
patients remains ineligible for neoadjuvant systemic therapy 
due to frailty, comorbidities and/or impaired renal function 
[2, 20, 21]. Consequently, the findings of this study may not 
be fully generalizable to patients treated with neoadjuvant 
therapies. Further research is warranted to address this limi-
tation. Secondly, pathology review was performed locally 
rather than centrally, introducing a potential source of bias. 
Third, the pathology review was conducted prior to 2022, 
resulting in two patients being classified as LG according 
to WHO2004, although they exhibited histological subtypes 
that are now automatically classified as HG under the cur-
rent edition of the WHO classification. Fourth, the inherent 
limitations of a retrospective study design, such as poten-
tial selection and cohort bias, and the lack of standardized 
prospective data collection, apply. While this study includes 
a large multicenter cohort of MIBC patients treated with 
upfront RC, the relatively small number of lower-grade 
tumors (LG 2.4%, G1/2 6.6%) limits statistical power, 
increases uncertainty of the estimates, and warrants cau-
tious interpretation of the prognostic implications of grade 
in MIBC.

Conclusion

Based on our findings, we concluded that histopathological 
grade in MIBC should be interpreted with caution, particu-
larly given that none of the three classification systems for 
grade demonstrated a significant influence on DSS in our 
multivariable analyses. Further research with even larger 
cohorts is warranted to clarify its prognostic role and poten-
tial integration with other prognostic parameters like certain 
histological subtypes and (bio)markers.
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