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Objectives

To compare the predictive performance of the World Health Organization (WHO) 1973, WHO 2004/2022, the three-tier
(low grade [LG]/Grade 1 [G1]-G2, high grade [HG]/G2, and HG/G3), and four-tier (LG/G1, LG/G2, HG/G2, and HG/G3)
hybrid grading systems in Ta non-muscle-invasive bladder cancer (NMIBC), by evaluating recurrence-free survival (RFS)
and progression-free survival (PES).

Patients and Methods

This retrospective multicentre study included 1233 patients with pTa NMIBC treated with transurethral resection of bladder
tumour, eventually followed by intravesical instillations as determined by their physicians, between 2010 and 2023, across
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18 Italian hospitals. Pathologists graded resected tissues using the WHO 1973, WHO 2004/2022 classifications, and hybrid
three-tier (LG, HG/G2, HG/G3) and four-tier (LG/G1, LG/G2, HG/G2, HG/G3) systems. Kaplan—Meier curves estimated
RFS and PFS. Discriminative performance was assessed using Harrell’s concordance index (C-index).

Results

Among 1233 patients with pTa NMIBC, 890 were classified as LG and 343 as HG according to the WHO 2004/2022
grading system, while 586, 405, and 242 were categorised as G1, G2, and G3, respectively, under the WHO 1973 system.
With a median (interquartile range) follow-up of 26 (14—48) months, 418 patients experienced recurrence, including 184
with HG recurrence and 42 who progressed to MIBC. The C-index values for RES were 0.60, 0.56, 0.57, and 0.61 for the
WHO 1973, WHO 2004/2022, hybrid three-tier, and four-tier grading systems, respectively. For progression, the C-index
values were 0.80, 0.74, 0.75, and 0.81 across the same systems, underscoring the superior predictive capacity of the four-tier
classification. Nonetheless, the low number of MIBC progression events limits the robustness of these analyses.

Conclusion

Our findings highlight the superior prognostic accuracy of the four-tier hybrid classification in predicting recurrence and
progression in patients with stage Ta NMIBC. By combining strengths from the WHO 1973 and 2004/2022, this hybrid
model shows promise as tool for enhancing NMIBC patient management in clinical practice.

Keywords

Ta sub-staging, non-muscle-invasive bladder cancer, grading system, progression, recurrence, four-tier hybrid

Introduction

Non-muscle-invasive bladder cancer (NMIBC) represents a
highly heterogeneous disease, accounting for ~70% of all
newly diagnosed bladder cancers [1]. Accurate grading is
critical for prognostic evaluation and guiding clinical
decision-making, particularly after transurethral resection of
bladder tumour (TURBT), the cornerstone of NMIBC
management [2]. While the WHO 2004/2022 classification
has gained widespread endorsement for its reproducibility
and alignment with contemporary molecular insights, the
WHO 1973 grading system continues to be extensively
utilised in clinical practice due to its simplicity and historical
precedence.

However, the binary nature of the WHO 2004/2022 system
(low grade [LG] vs high grade [HG]) and the three-tiered
approach of the WHO 1973 (Grade 1 [G1], G2, G3) each
present limitations in stratifying patient risk.

However, both classification systems demonstrate prognostic
value for disease progression but not for recurrence in
NMIBC. Notably, the WHO 1973 system remains a stronger
predictor of progression in TaT1 NMIBC compared to the
WHO 2004/2022 system.

Recent studies propose the integration of the WHO 2004/
2022 and WHO 1973 grading system into a hybrid
classification, offering a more nuanced stratification [2].

The three- and four-tier hybrid grading systems (LG, HG/G2,
HG/G3 or LG/G1, LG/G2, HG/G2, HG/G3) have shown
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enhanced prognostic accuracy, particularly in predicting
recurrence-free survival (RFS) and progression-free survival
(PFS) to MIBC, compared to either grading system used
independently [3].

However, when discussing grading systems, the interobserver
variability must always be considered, as it inherently limits
the comparability of different systems [4,5].

The present study sought to compare the predictive
performance of the WHO 1973, WHO 2004/2022, and the
hybrid classification systems in a large cohort of patients with
NMIBC. By evaluating RFS and PFS outcomes, this study
aimed to validate the utility of the hybrid grading system as a
superior prognostic tool and its potential to refine risk
stratification and clinical management in NMIBC.

Patients and Methods

This retrospective multicentre study included 1233 patients
with stage Ta NMIBC treated with TURBT, eventually
followed by intravesical instillations as determined by their

physicians, across 18 Italian hospitals between 2010 and 2023.

Repeat TURBT was performed within 2-6 weeks in
accordance with guidelines and individual centre protocols.

For patients receiving BCG, the treatment course consisted of
a weekly 6-week induction regimen, followed by three weekly
instillations at 3 and 6 months, and subsequently every 6
months for up to 3 years, following the Southwest Oncology
Group (SWOG) protocol. Tumour grading was evaluated
using both the WHO 1973 and WHO 2004/2022 systems,
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with patients lacking data from either grading system
excluded from the study. Surveillance cystoscopy schedules
were standardised across centres, adhering to current NMIBC
guidelines.

The dataset included variables such as patient demographics,
tumour stage, tumour grade classified according to both the
WHO 1973 and WHO 2004/2022 grading systems, tumour
size, and multifocality. Additional data were collected on the
administration of immediate single instillations and adjuvant
intravesical therapy, including BCG or chemotherapy.

The primary objective of this study was to assess the
predictive accuracy of the WHO 1973, WHO 2004/2022, and
hybrid grading systems for RES, HG-RFS, and PFS. RFS was
defined as the time (in months) from the initial TURBT to
any recurrence, regardless of grade or stage. HG-RFS was
defined as the time (in months) from the initial TURBT to
biopsy confirmed HG recurrence. PFS was defined as the
time (in months) from the initial TURBT to progression to
MIBC or metastatic disease, following European Association
of Urology (EAU) guidelines.

Patients were censored at the last follow-up when they were
known to be free from the event or at the time of death.

Statistical Analyses

Descriptive statistics were employed to summarise the study
cohort. Categorical variables were analysed using Pearson’s
chi-square test or Fisher’s exact test, while continuous
variables were tested using the Wilcoxon rank-sum test. The
median follow-up duration for the study was determined
using the reverse Kaplan—Meier method. Survival estimates
were calculated using the Kaplan—Meier method. Cox
regression models were employed to evaluate the prognostic
performance of the WHO 1973, WHO 2004/2022, and hybrid
grading systems in predicting RFS, HG-RFS, and PFS. For the
RFS and HG-RFS models, models were adjusted for tumour
dimensions >3 cm and multifocality. Adjustments for
multifocality were omitted in the PFS analysis due to the low
number of events.

The level of prognostic accuracy for RFS, HG-RFS, and PES
of each grading system was assessed using Harrell’s
concordance index (C-index). The statistical significance
threshold was set at 0.05, and the statistical analysis was
performed using Stata/SE, version 18 (StataCorp, College
Station, TX, USA).

Results

A total of 1233 patients with Ta NMIBC were included in the
study. Based on the WHO 2004/2022 grading system, 890
patients (72.2%) were categorised as LG and 343 (27.8%) as
HG. According to the WHO 1973 classification, 586 patients

Four-tier hybrid grading system for Ta NMIBC

(47.5%) were graded as G1, 405 (32.8%) as G2, and 242
(19.6%) as G3. Detailed clinical and pathological
characteristics are provided in Table 1. Adjuvant intravesical
chemotherapy was administered to 285 patients (23.1%), with
mitomycin C used in 233 cases (19.0%). Additionally, 328
patients (26.6%) received adjuvant BCG therapy.

Over a median interquartile range (IQR) follow-up period of
26 (14-48) months, 418 patients experienced disease
recurrence, including 184 with HG recurrence and 44 who
progressed to MIBC.

Of these progressions, 28 occurred in the HG group and 16
in the LG group, with one, 18, and 25 cases respectively
classified as G1, G2, and G3.

Kaplan—Meier curves illustrating RFS, HG-RFS, and PFS,
stratified by the WHO 1973, WHO 2004/2022, hybrid three-
tier, and four-tier grading systems, are presented in

Figs 1A-D, 2A-D, 3A-D, respectively.

Table 1 Demographics and tumour characteristics of included patients
(n: 1233).

Age, median (%)
Yes 749 (61)

Age, median (IQR) 73 (66-79)
Smoking status, n (%)

Never smoker 318 (26)
Active smoker 328 (27)
Former smoker 503 (41)
Unknown 83 (6)
Recurrent tumour, n (%)

Yes 863 (70)
Number of tumours, n (%)

Multifocal 533 (43)
Unknown 8 (0.6)
Maximum diameter, n (%)

>3 cm 212 (17)
Unknown 25 (2.0)
WHO grade 1973, n (%)

Gl 586 (48)
G2 405 (33)
G3 242 (20)
WHO grade 2004/2016, n (%)

Low-Grade 890 (72)
High-Grade 343 (28)
Hybrid three-tier, n (%)

LG 890 (72)
HG/G2 101 (8.2)
HG/G3 242 (20)
Hybrid four-tier, n (%)

LG/G1 586 (48)
LG/G2 304 (25)
HG/G2 101 (8.2)
HG/G3 242 (20)
reTUR, n (%)

Yes 195 (16)
Single instillations (%)

Yes 213 (17)
Unknown 16 (1.3)

n, number; IQR, inferquartile range; LG, low grade; HG, high grade;
reTUR, repeat fransurethral resection.

© 2025 BJU International. 3
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Fig. 1 Kaplan-Meier curves for RFS stratified by the WHO 1973 (A), WHO 2004/2022 (B), hybrid three-tier (€), and fourier (D) grading systems.
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Table 2 presents the results of the Cox regression analysis
evaluating RFS, HG-RFS, and PFS across the different grading
systems (WHO 1973, WHO 2004/2022, hybrid three-tier, and
four-tier classifications). The RES rates varied across grading
systems. At 1 year, RFS ranged from 67% (95% CI 58-75%)
in the hybrid three-tier HG/G2 group to 90% (95% CI
87-92%) in the WHO 1973 GI group and the hybrid
four-tier LG/G1 group. At 3 years, the RES was lowest in the
hybrid three-tier HG/G2 group at 45% (95% CI 33-57%) and
highest in the WHO 1973 G1 and hybrid four-tier LG/G1
groups at 67% (95% CI 61-72%). The HG-RFS also showed
notable differences. At 1 year, HG-RFS was highest in the
WHO 1973 G1 group at 99% (95% CI 98-100%) and lowest
in the WHO 2004/2022 HG group at 73% (95% CI 69-77%).
After 3 years, HG-RFS remained highest in the WHO 1973
G1 and hybrid four-tier LG/G1 groups at 93% (95% CI
90-96%), and lowest in the WHO 2004/2022 HG group at
60% (95% CI 55-65%). Lastly, PFS was generally high across
all classifications. At 1 year, PFS ranged from 94% (95% CI
92-96%) in the WHO 1973 G3 group to 100% in the WHO
1973 G1 and hybrid four-tier LG/G1 groups. By 3 years, PES
was lowest in the WHO 1973 G3 group at 87% (95% CI
84-91%) and highest in the WHO 1973 G1 and hybrid
four-tier LG/G1 groups at 99% (95% CI 98-99%).

Cox proportional hazards models, reported in Table 3, further
highlighted significant differences across grading systems. For
the RFS and HG-RFS models, models were adjusted for

4 © 2025 BJU International.

T
60

85

B Kaplan—Meier survival estimates
1.00

0.75
0.50

0.25

Recurrence-free survival

Overall, P <0.01
0.00

T T T y T T
0 12 24 36 48 60

Time, months
Number at risk
TaLG 890 612 346 194 127 85
TaHG 343 195 113 59 35 18

— TalG
— TaHG

D

Kaplan—Meier survival estimates

g
H 1.00 fm
—
o 075 D i
8 . \i‘xk‘_‘;
% 0.50 =
8
§ 025
2 0.00 Overall, P <0.01
T T y T T T
& 0 12 24 36 48 60
Time, months
Number at risk
TaLG-G1 586 424 225 101 56 31
TalLG-G2 304 188 121 93 ! 54
TaHG-G2 101 48 27 12 5 3
TaHG-G3 242 147 86 47 30 15
— TalLG-G1
— TalG-G2
—— TaHG-G2
TaHG-G3

tumour dimensions >3 cm and multifocality. Adjustments for
multifocality were omitted in the PFS analysis due to the low
number of events.

For recurrence, the hazard ratio (HR) for G2 patients
compared to G1 under the WHO 1973 classification was 1.72
(95% CI 1.36-2.17, P < 0.001), while G3 patients had an HR
of 1.82 (95% CI 1.39-2.38, P < 0.001). In the WHO 2004/
2017 classification, HG patients had an HR of 1.58 (95% CI
1.29-1.96, P < 0.001) compared to LG patients. For the
hybrid four-tier system, HG/G2 and HG/G3 patients had HRs
of 2.39 (95% CI 1.7-3.42, P < 0.001) and 1.81 (95% CI
1.29-2.37, P < 0.001), respectively, compared to LG/G1
patients. For HG-RFS, WHO 1973 G2 patients had an HR of
2.62 (95% CI 1.7—4.04, P < 0.001) and G3 patients had an
HR of 6.77 (95% CI 4.45-10.3, P < 0.001), relative to G1. In
the WHO 2004/2022 system, HG patients had an HR of 4.7
(95% CI 3.47-6.4, P < 0.001) compared to LG patients. The
hybrid four-tier HG/G2 group had an HR of 5.95 (95% CI
3.49-10.15, P < 0.001), while HG/G3 patients had an HR of
6.77 (95% CI 4.44-10.31, P < 0.001).

For PFS, using the WHO 1973 system, G2 patients had an
HR of 19.99 (95% CI 2.66-150, P = 0.004) and G3 patients
had an HR of 62.46 (95% CI 8.45-461, P < 0.001), relative to
GI. In the WHO 2004/2022 system, HG patients had an HR
of 6.00 (95% CI 3.17-11.3, P < 0.001) compared to LG. For
the hybrid four-tier system, HG/G2 and HG/G3 groups had
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Fig. 2 Kaplan-Meier curves for HG-RFS stratified by the WHO 1973 (A), WHO 2004/2022 (B), hybrid three-tier (€), and four-tier (D) grading systems.

A

1.00
0.75
0.50
0.25

0.00

HG-Recurrence-free survival

Number at risk
TaG1
TaG2
TaG3

1.00
0.75
0.50
0.25
0.00

HG-Recurrence-free survival

Number at risk
TaLG-G1
TalLG-G2
TaHG-G2
TaHG-G3

Fig. 3 Kaplan-Meier curves for PFS stratified by the WHO 1973 (A), WHO 2004/2022 (B), hybrid three-tier (C), and fourtier (D) grading systems.
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Table 2 Cox regression analysis evaluating RFS, HG-RFS, and PFS across the different grading systems (WHO 1973, WHO 2004/2016, hybrid three-tier,
and four-tier classifications).

1-year RFS % 3-years RFS % 1-year HG-RFS % 3-years HG-RFS % 1-year PFS % 3-year PFS %
(95% Cl) (95% CI) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
WHO 1973
Gl 90 (87-92) 67 (62-72) 99 (97-100) 93 (90-96) 100 99 (98-100)
G2 73 (69-77) 49 (44-53) 86 (83-89) 78 (73-81) 98 (97-99) 92 (89-95)
G3 70 (66-74) 53 (48-58) 73 (69-77) 60 (565-65) 94 (92-96) 87 (84-91)
WHO 2004/2016
LG 84 (81-86) 60 (56-64) 95 (93-96) 88 (85-90) 99 (98-100) 96 (94-97)
HG 69 (66-73) 52 (47-56) 74 (70-77) 61 (67-66) 95 (93-96) 89 (85-91)
Hybrid three-tier
LG 84 (81-86) 60 (56-64) 95 (93-96) 88 (85-90) 99 (98-100) 96 (94-97)
HG/G2 67 (68-75) 45 (33-57) 78 (69-85) 68 (57-77) 95 (90-98) 95 (90-98)
HG/G3 70 (66-74) 53 (48-58) 73 (69-77) 60 (55-65) 94 (92-96) 88 (84-91)
Hybrid four-tier
LG/G1 90 (87-92) 67 (61-72) 99 (98-99) 93 (90-96) 100 99 (98-99)
LG/G2 75 (71-79) 50 (44-55) 89 (85-92) 80 (76-84) 99 (97-100) 92 (87-95)
HG/G2 67 (568-75) 45 (33-57) 78 (69-85) 68 (57-77) 95 (90-98) 95 (90-98)
HG/G3 70 (66-74) 53 (48-58) 73 (69-77) 60 (55-65) 94 (92-96) 88 (84-91)

LG, low grade; HG, high grade; ClI, confidence interval.

Table 3 Cox proportional hazards models evaluating RFS, HG-RFS, and PFS were applied across various grading systems (WHO 1973, WHO 2004/2016,
hybrid three-tier, and four-fier classifications). For the RFS and HG-RFS models, models were adjusted for fumor dimensions >3 cm and multifocality.
Adjustments for multifocality were omitted in the PFS analysis due to the low number of events (N = 44), which poses a risk of overfitting.

Recurrence HG-Recurrence Progression

HR 95% Cl P Value HR 95% ClI P Value 95% Cl P Value
WHO1973
Gl Ref Ref Ref
G2 1.72 1.36-2.17 <0.001 2.62 1.7-4.04 <0.001 19.99 2.66-150 0.004
G3 1.82 1.39-2.38 <0.001 6.77 4.45-10.31 <0.001 62.46 8.45-461 <0.001
C-index 0.64 0.73 0.80
WHO 2004/2016
LG Ref Ref Ref
HG 1.59 1.29-1.96 <0.001 4.7 3.47-64 <0.001 6.00 3.17-11.3 <0.001
C-index 0.62 0.73 0.74
Hybrid Three-tier
LG Ref Ref Ref
HG/G2 1.97 1.4-2.76 <0.001 4.30 2.70-6.83 <0.001 2.51 0.72-8.74 0.146
HG/G3 1.47 1.16-1.86 0.001 4.86 3.5-6.73 <0.001 7.20 3.76-13.78 <0.001
C-index 0.63 0.73 0.75
Hybrid Four-tier
LG/G1 Ref Ref Ref
LG/G2 1.57 1.22-2.01 <0.001 1.94 1.21-3.11 0.006 19.6 2.57-149 0.004
HG/G2 2.39 1.7-3.42 <0.001 5.95 3.49-10.15 <0.001 21.8 1.26-210 0.008
HG/G3 1.81 1.39-2.37 <0.001 6.77 4.44-10.31 <0.001 62.5 8.45-462 <0.001
C-index 0.64 0.75 0.81

LG, low grade; HG, high grade, Cl, confidence interval;, HR, hazard ratio;, C-index, concordance index.

HRs of 21.8 (95% CI 1.26-210, P = 0.008) and 62.5 (95% CI:  system consistently demonstrated superior predictive accuracy
8.45-462, P < 0.001), respectively, compared to LG/GI. across all outcomes.

The C-index values highlighted differences in the prognostic

performance of the grading systems. For RFS, the C-index Discussion

values were 0.64, 0.62, 0.63, and 0.64 for the WHO 1973, The WHO 1973 and WHO 2004/2022 grading systems, though
WHO 2004/2022, hybrid three-tier, and hybrid four-tier widely used, each have limitations that can impact clinical
systems, respectively. For HG-RFS, the C-index values were decision-making [6]. The WHO 1973 classification divides
0.73, 0.73, 0.73, and 0.75. Similarly, for PFS, the C-index tumours into three grades (G1, G2, and G3), offering a

values were 0.80, 0.74, 0.75, and 0.81. The hybrid four-tier straightforward stratification but often struggling with

6 © 2025 BJU International.
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interobserver variability, especially in the G2 category. This
intermediate group includes tumours with heterogeneous
biological behaviour, ranging from low-risk, indolent lesions to
more aggressive disease. Consequently, clinicians often face
uncertainty when interpreting prognostic implications for G2
tumours [7,8]. On the other hand, the binary grading approach
of the WHO 2004/2022 system simplifies the classification into
LG and HG tumours. While this system aligns better with
contemporary molecular insights and reduces interobserver
variability, it lacks granularity, particularly for tumours at the
boundary of the LG and HG categories. This dichotomisation
may inadvertently lead to over- or under-treatment of certain
patients, highlighting the need for a more refined classification
[3,9]. The four-tier hybrid grading system integrates the
strengths of the WHO 1973 and WHO 2004/2022 systems while
mitigating their limitations. By subdividing tumours into LG/G1,
LG/G2, HG/G2, and HG/GS3, this approach provides a more
granular stratification. Van Rhijn et al. [3] conducted a
multicentre study on 5145 patients with primary Ta/T1 NMIBC,
demonstrating that while both the WHO 1973 and WHO 2004/
2022 classification systems were prognostic for progression, the
WHO 1973 had superior prognostic value. The study concluded
that the four-tier system, combining both WHO classifications
(LG/G1, LG/G2, HG/G2, and HG/G3), offered improved
prognostic stratification, particularly by dividing G2 patients into
two distinct subgroups with different prognoses. This conclusion
is also supported by a recent study conducted by the
International Society of Urological Pathology [10].

Similarly, the findings of the present study validate this
conclusion underscoring the enhanced prognostic value of the
four-tier hybrid grading system compared to the WHO 1973
and WHO 2004/2022 classifications in predicting RFS, HG-
REFS, and PFS in patients with Ta NMIBC. This nuanced
grading system not only bridges the gap between the two
traditional systems but also provides a more precise risk
stratification framework, thereby addressing the heterogeneity
inherent in NMIBC [11]. Indeed, our study demonstrates that
this system offers superior prognostic accuracy, as evidenced
by higher C-index values for RFS, HG-RFS, and PFS
compared to either traditional system.

However, while the four-tier grading system showed the
highest C-index for progression, the difference compared to
the WHO 1973 system was marginal. This suggests that,
although the four-tier classification may offer some
advantages in stratifying risk of progression, its superiority
should be interpreted cautiously, especially given the close
predictive performance observed. Nevertheless, our study is
the first to report the superior prognostic performance of the
hybrid system also for recurrence and HG recurrence; thus,
expanding its potential clinical utility.

The ability of the hybrid system to distinguish between LG/G2
and HG/G2 tumours is particularly noteworthy. In the WHO

Four-tier hybrid grading system for Ta NMIBC

1973 system, many G2 tumours are lumped into a single
category despite their variable clinical behaviour. By
incorporating the binary grading insights of the WHO 2004/
2022, the hybrid system effectively separates indolent tumours
(LG/G2) from their more aggressive counterparts (HG/G2).
This distinction is crucial for tailoring treatment strategies, as
HG/G2 tumours may warrant closer surveillance or adjuvant
intravesical therapy compared to their LG/G2 counterparts
[12—-14]. The clinical implications of the hybrid grading system
are profound. First, its superior predictive accuracy for RFS,
HG-REFS, and PFS ensures that patients at higher risk of
recurrence or progression can be identified more reliably. This
enhanced risk stratification allows for better personalisation of
treatment plans, balancing the risks and benefits of intravesical
therapy, surveillance, and early radical interventions [15].
Second, the hybrid system’s granularity provides a clearer
rationale for the use of adjuvant intravesical therapies. For
example, while BCG remains the standard of care for HG
tumours, patients with LG/G2 tumours may derive limited
benefit from such aggressive therapy [16-18]. Conversely, the
identification of HG/G2 tumours may prompt early
intervention, potentially preventing progression to MIBC [19].
Third, the hybrid grading system has implications for patient
counselling. The Kaplan—Meier survival curves presented in
this study highlight the distinct outcomes associated with each
grade within the hybrid system. For instance, patients classified
as HG/G3 consistently exhibited the worst outcomes, whereas
those in the LG/G1 group had the best prognoses. Such
stratified data can be invaluable for setting patient expectations,
discussing prognosis, and guiding shared decision-making.

In our study, we highlighted a progression rate of 13% at

3 years in patients with NMIBC HG/G3. Although this figure
is relatively high, it is not too far off from data reported in
the literature. Bree et al. [20] reported a progression rate of
5-9% at 5 years among patients with Ta HG tumour,
including both G2 and G3 tumours, where G2 tumours likely
have a lesser prognosis and are sourced from a single expert
centre. In addition, Beijert et al. [21] reported a progression
rate of 13% (95% CI 9.3-17%) at 5 years in patients with Ta
HG/G3 tumour in a retrospective multicentre study. The high
progression rate observed in our study may ultimately be
attributed to the limitations inherent in its retrospective
design, such as the inconsistent data collection and the
likelihood that a patient who develops recurrence and/or
progression will be followed up more thoroughly over time
compared to one who remains disease free.

Indeed, several limitations of our study warrant discussion.
First, its retrospective nature may have introduced selection
bias, despite our efforts to standardise data collection across
centres. A major limitation is the absence of centralised
specimen review, which, given the well-documented
interobserver variability of grading systems—especially the
WHO 1973—complicates the reproducibility of these results.

© 2025 BJU International. 7
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Such variability poses significant challenges in achieving
consistent grading outcomes across different observers, which
can profoundly impact the prognostic reliability and general
applicability of these systems in clinical settings. Addressing
this issue is crucial for enhancing the precision of
pathological evaluations.

Despite these challenges, we believe that our data still represent
the real-world applicability of various grading systems, which
could be invaluable for guiding clinical decision-making and
improving patient management strategies.

Second, the median follow-up period of 26 months, while
sufficient to capture many recurrences, may be insufficient to
fully evaluate long-term outcomes such as progression to
MIBC or cancer-specific mortality. Longer follow-up is
needed to confirm the durability of the hybrid system’s
prognostic advantages.

Furthermore, the results regarding progression—and in
particular the very high HRs for PFS (e.g., Table 3 for the
WHO 1973 the HR is 19.99 for G2 vs G1 and the HR is
62.46 for G3 vs G1)—must be interpreted with caution due
to the limited number of events, which could increase the risk
of overfitting in the regression models.

Third, the study cohort was restricted to patients with Ta
NMIBC, limiting the applicability of findings to patients with
T1 disease or carcinoma in situ. Future studies should
evaluate the performance of the hybrid grading system in
these patient populations.

Finally, while the hybrid system demonstrated superior
predictive accuracy, its implementation in routine clinical
practice may require additional training and consensus-building
among pathologists to ensure reproducibility.

Our study supports the implementation of the four-tier
hybrid grading system, which could potentially be utilised to
stratify patients for therapeutic decisions, particularly in
scenarios such as BCG shortages where efficient allocation of
treatment resources is critical. Additionally, this system could
be used to inform follow-up protocols by tailoring
surveillance intensity according to the individual patient risk
levels derived from the grading system. However, further
validation is needed to robustly support specific treatment
and follow-up recommendations.

Additionally, integrating the hybrid grading system with
molecular biomarkers and advanced imaging techniques could
further enhance its predictive power and guide precision
medicine approaches in NMIBC. The hybrid grading system
also holds potential for standardising clinical trial design. By
providing a more nuanced stratification of patient risk, it can
help refine inclusion criteria, ensuring that trials enrol more
homogenous cohorts. This, in turn, may improve the ability
of trials to detect meaningful differences in treatment efficacy.

8 © 2025 BJU International.

Conclusion

The four-tier hybrid grading system represents a significant
advancement in the prognostic evaluation of Ta NMIBC. By
combining the strengths of the WHO 1973 and WHO 2004/
2022 classifications, it provides a more granular and accurate
framework for risk stratification. The superior predictive
accuracy of the hybrid system, particularly for RFS, HG-RFS,
and PFS, underscores its potential to refine clinical decision-
making, personalise treatment strategies, and improve patient
outcomes. As the field of bladder cancer management
continues to evolve, the integration of the hybrid grading
system into clinical practice holds promise for enhancing the
care of patients with NMIBC.
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