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Presence and predominance of histological grade
3 define cTTHG bladder cancer prognostic groups
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Purpose: Current World Health Organization/International Society of Urological Pathology (2004 WHO/ISUP) grading of bladder
urothelial carcinoma relies on the highest pathologic grade of the specimen and does not reflect the inherent qualitative and
quantitative heterogeneity of disease.

Materials and Methods: We retrospectively studied consecutive urothelial high-grade cT1 (cTTHG) carcinomas submitted to adju-
vant bacille Calmette—Guérin between 2008 and 2015 to evaluate the prognostic potential of grade 3 (presence or predominance)
according to the 1973 WHO system concerning disease progression and cancer-specific death.

Results: Among 253 patients, grading distribution was 34.4% 1+2, 7.5% 2+1, 20.2% 242, 19.0% 2+3, 5.1% 3+2, and 13.8% 343.
Recurrence was diagnosed in 115 (45.5%), progression in 83 (32.8%), and cancer-specific death in 50 patients (19.8%). Mean time
to recurrence, progression, and death from disease were 35.9+31.7, 47.6+44.5, and 51.2+50.4 months, respectively. Grade 3 pres-
ence (2+3, 342, or 3+3) occurred in 96 (37.9%) and independently predicted time to progression (p<0.001; hazard ratio [HR], 3.11;
95% confidence interval [Cl], 1.88-5.14). Grade 3 predominance (342 or 3+3) occurred in 48 (18.9%) and independently predicted
time to disease-specific death.

Conclusions: Grade 3 presence and predominance are independent predictors of progression and disease-specific death and oc-
cur in about 40% and 20% of cTTHG, respectively. Describing qualitative and quantitative heterogeneity in urothelial carcinoma
grading might improve the stratification of patients. This gives three prognostic high-grade groups based on WHO/ISUP 1973:
prognostic grade group | (grade 3 absence), prognostic grade group Il (grade 3 presence), and prognostic grade group Ill (grade 3
predominance).
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INTRODUCTION of death in patients with genitourinary cancer [1] It is the
fourth most common neoplasm in men and the ninth in

Urothelial bladder carcinoma is a global health problem  women [2] At the time of diagnosis, between 75% and 85%
and the second most frequent malignant tumor and cause of the tumors are non-muscle-invasive bladder carcinoma
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(NMIBC), and half of patients will experience recurrence
within 1 year after transurethral resection—exclusive treat-
ment, which significantly decreases by adjuvant intravesical
bacille Calmette—Guérin (BCG) instillation [3] NMIBC has
been shown to be a heterogeneous and complex tumor [4]
that varies in clinical and biological behavior, mainly ac-
cording to stage and grade [5]

Until 1998, the World Health Organization and the In-
ternational Society of Urological Pathology (WHO/ISUP
1973) classified urothelial carcinomas in three grades: 1, 2,
and 3. Since 2004, histological grade 1 is considered low-grade,
and most of grade 2 and all of grade 3 are high-grade (WHO/
ISUP 2004). This classification does not distinguish grade 2
from 3 and does not include the amounts of each grade in
the high-grade specimen [6]

Considering the heterogeneity of high-grade NMIBC, we
intended to investigate the prognostic value regarding pro-
gression and cancer-specific death of a modified classifica-
tion system that accounts for high-grade type and quantity
in urothelial high-grade cT1 (cT1HG) cancer, as proposed by
Billis et al. [7] in 2001

MATERIALS AND METHODS

After Institutional Ethics Committee approval (approval
number: 570.640), we retrospectively analyzed 312 consecutive
NMIBCs that underwent transurethral bladder resection
(TURB) and adjuvant BCG between 2008 and 2015. Written
informed consent was waived by the board.

Patients with variant histology, upper tract disease, cTa,
low-grade cT1, not submitted to repeat TURB owing to mus-
cle-missing sample, and incomplete BCG protocol were ex-
cluded. Among 253 consecutive patients with ¢TTHG disease,
demography, histology, recurrence, progression, and cancer-
specific mortality were evaluated.

To account for high-grade type and quantity, grade was
classified as grade 2 or 3 according to the 1973 WHO/ISUP
system and reported in a method of two numbers referring
to the primary (predominant) and secondary (second most
common) histological grade, respectively, by an expert uro-
pathologist (AB). The number was repeated when only one
grade was seen [7]

All patients underwent staging abdominopelvic com-
puted tomography, and adjuvant treatment with intravesi-
cal BCG started 2 to 3 weeks after TURB in the following
protocol: 6 weekly, 12 monthly, 4 trimonthly, and 2 half-
yearly doses, for a total of 24 doses [8] The cystoscopy follow-
up protocol [9] was accompanied by urine cytology and biop-
sies when warranted in intervals of 4 months for 2 years, 6
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months thereafter, and then annually after 5 years.

Recurrence was defined as the same or inferior previ-
ous grade or stage and treated by repeat induction BCG for
those not choosing cystectomy. Progression was defined as
higher-stage disease and these patients were offered cystec-
tomy.

We used a Cox proportional hazards ratio model to eva-
luate clinical outcomes such as progression and cancer-
specific death concerning the abovementioned classification
corrected for age, sex, multiplicity, size, and concomitant
carcinoma in situ (CIS) as confounders and the independent
risk factors found by multivariate stepwise selection crite-
ria. We used Kaplan—Meier curves to analyze the time to
progression and cancer-specific death between groups. All
analyses had a 5% level of significance. Statistical analyses
were performed using SAS ver. 94. (SAS Institute, Cary, NC,
USA).

RESULTS

The median age of the study population was 67 years
(range, 31-83 y), with 192 (759%) male patients and 61 (24.1%)
female, 212 (83.7%) white, and 41 (162%) nonwhite. CIS oc-
curred in 36 (14.2%). The median tobacco consumption was
285 cigarettes/month, ranging from 0 to 440, and 220 pa-
tients (86.9%) had no occupational risk exposure (Table 1).

Recurrence was diagnosed in 115 (455%), progression in
83 (32.8%), and cancer-specific death in 50 patients (19.8%).
The mean time to disease recurrence, progression, and di-
sease-specific death were 359+31.7, 47.6+445, and 51.2+50.4
months, respectively. During a median follow-up of 69
months (range, 11-156), 88 patients (34.8%) underwent cystec-
tomy.

Table 2 shows the grading distribution using combined
numbers. There were no significant differences regarding
recurrence.

Among high-grade groups, progression rates were sig-
nificantly higher in grades 2+3 (p=0.0036; hazard ratio [HR],
4.404; 95% confidence interval [CI], 1.622—11.956), 3+2 (p=0.0012;
HR, 5453; 95% CI, 1.956—-15200), and 3+3 (p=0.0003; HR, 8314;
95% CI, 2.629-26.290), and disease-specific mortality was
significantly higher in grades 3+2 (p=0.0031; HR, 5.451; 95%
Cl, 1774-16.752) and 3+3 (p=0.0040; HR, 6.401; 95% CI, 1.805—
22.696), as shown in Table 3.

When corrected for age, sex, multiplicity, size, concomi-
tant lymphovascular invasion, and CIS as confounders, grade
3 presence (2+3, 3+2, or 3+3: n=96, 37.9%) was the only inde-
pendent predictor of progression (p=0.020), whereas grade 3
predominance (3+2 or 3+3: n=48, 189%) independently pre-
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Table 1. Patient demographics and tumor characteristics (n=253)

cT1HG bladder cancer prognostic groups

Table 2. Score distribution of 253 patients with cTTHG disease

Characteristic Value
Age (y) 66.6+10.4
Sex

Male 192 (75.9)

Female 61(24.1)
Human race

White 212(83.7)

Nonwhite 41(16.2)
Cigarettes/month 28.5 (0-440)
Occupational risk

No 220 (86.9)

Yes 33(13.0)
Tumor size (cm) 3.9+23
Lesion

Multiple 119 (47.0)

Single 134 (53.0)
CIS presence

No 217 (85.8)

Yes 36 (14.2)
Lymphovascular invasion

No 210 (83.0)

Yes 43 (17.0)
Perineural invasion

No 230(90.9)

Yes 23(9.1)
Follow-up (mo) 69 (11-156)
Recurrence

No 138 (54.5)

Yes 115 (45.5)
Progression

No 170(67.2)

Yes 83(32.8)
Cancer-specific death

No 203 (80.2)

Yes 50(19.8)
Cystectomy

No 165 (65.2)

Yes 88 (34.8)

Values are presented as meanzstandard deviation, number (%), or
median (range).
CIS, carcinoma in situ.

dicted disease-specific death (p=0.035). The reference groups
in the model were grade 3 absence (n=157, 621%) and non-
predominance (n=205, 81.0%), respectively. This resulted in
three prognostic high-grade groups based on the WHO/ISUP
1973 system: grade 3 absence, presence, or predominance.
Kaplan—Meier curves in Fig. 1 and Fig. 2 illustrate the
impact of grade 3 presence (prognostic grade group II) on
time to progression (p<0.001; HR, 311; 95% CI, 1.88-5.14) and
grade 3 predominance (prognostic grade group III) on time

Investig Clin Urol 2022;63:21-26.

i o Score Frequency Percentage
ISUP1973/2004
2/HG 1+2 87 34.4
2/HG 2+1 19 7.5
2/HG 2+2 51 20.2
3/HG 2+3 48 19.0
3/HG 3+2 13 5.1
3/HG 343 35 13.8

WHO, World Health Organization; ISUP, International Society of Uro-
logical Pathology; HG, high-grade.

Table 3. Disease progression and survival Cox regression hazard ratio

Score p-value Hazard ratio 95%. Eolidenes
interval

Disease progression

243 0.0036 4.404 1.622-11.956

3+2 0.0012 5.453 1.956-15.200

343 0.0003 8314 2.629-26.290
Disease-specific survival

2+3 0.1782 2.282 0.687-7.584

342 0.0031 5.451 1.774-16.752

343 0.0040 6.401 1.805-22.696

Compared to high-grade in the absence of grade 3 (142, 2+1, 2+2).

to cancer-specific death (p<0.001; HR, 3.39; 95% CI, 1.88-610),
respectively.

DISCUSSION

The current pathological classification of bladder can-
cer fails in the characterization and quantification of high-
grade phenotypes, mainly ¢T1HG, one of the most important
prognostic factors so far [10-15] To address these shortcom-
ings among high-grade patients, using combined grades
based on the Billis et al’s study [7], we propose three practi-
cal and accurate prognostic grade groups defined by grade 3
(1973 WHO/ISUP) absence, presence, or predominance. Grade
3 presence (2+3, 3+2, or 3+3) occurred in 96 patients (37.9%)
and independently predicted time to progression, whereas
grade 3 predominance (3+2 or 3+3) occurred in 48 patients
(189%) and independently predicted time to disease-specific
death. Our proposal is original and further categorizes cT1
high-grade disease grounded on solid endpoints, progression,
and death. By contrast, the 2004 WHO/ISUP classification
gives almost no prognostic information for these patients,
nearly all of whom have disease classified as high-grade.

Previous studies that recognized grade 3 as the most
relevant predictive factor for tumor progression, especially
for the most challenging cT1 stage that is currently reduced
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Fig. 1. Kaplan—Meier time to progression curve. Grade 3 presence: no
(n=157; 62.1%) versus yes (n=96; 37.9%). HR, hazard ratio; Cl, confi-
dence interval.

to a one-tier system [16-18], support our results. Also in line
with our proposal, van Rhijn et al. [19] reported the superior-
ity of the WHO 1973 grading over the 2004 grading for both
Ta and T1 bladder cancers in a large international series of
NMIBC.

A systematic literature search analyzing more than 3500
studies of bladder tumors compared the reproducibility and
performance of these two classifications (1973 vs. 2004) and
showed that the 1973 classification can identify the more ag-
gressive tumors, and the 2004 system showed more concor-
dance within and between observers [20] In a comprehensive
assessment, those methods do not seem to overcome each
other.

Although the combined numbers method proposed he-
rein might raise reproducibility concerns, it utilizes the
foundation of an established grading system (1973 WHO/
ISUP: grade 1, well-differentiated; grade 2, intermediate dif-
ferentiation; grade 3, poorly differentiated), allowing enough
information to qualify and quantify the inherent urothelial
tumor heterogeneity that is missed in the high-grade group
in the 2004 WHO/ISUP classification, ultimately impeding
the necessary ¢T1HG subclassifications [21]

The guidelines of the European Association of Urol-
ogy (EAU) suggest the simultaneous use of both (1973 and
2004) classification systems, and the National Institute for
Health and Care Excellence (NICE) guidelines use the old-
est classification system, whereas the American Urological
Association (AUA)/Society of Urologic Oncology (SUO) and
National Comprehensive Cancer Network (NCCN) adopt the
most recent classification scheme [21,22]

Also, in a validated prognostic tool by the European Or-
ganization for Research and Treatment of Cancer (EORTC)
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Fig. 2. Kaplan-Meier time to disease-specific death curve. Grade 3 pre-
dominance: no (n=205; 81.0%) versus yes (n=48; 18.9%). HR, hazard
ratio; Cl, confidence interval.

and Urological Club of Oncology Treatment (CUETO), the
1973 WHO/ISUP grades 1, 2, or 3 add prognostic information
when considered in conjunction with other clinical data [15]
Furthermore, the largest cT1 cohort published in 2018 did
not identify any prognosticators for progression other than
the 1973 WHO/ISUP grade system [23], which was confirmed
and refined by current data. Combined with the 1973 or
both WHO/ISUP classifications, the present proposal might
optimize the timing of radical treatment for NMIBC. Early
cystectomy should be considered in case of grade 3 predomi-
nance and intensive surveillance in case of grade 3 presence.

The grade 3 histological phenotype demonstrates extreme
nuclear abnormalities, disordered architecture, loss of polar-
ity, and frequent mitotic activity. Besides, the difference
between grade 3 and combined grades 1 and 2 (1973 WHO/
ISUP) in terms of gene expression amounts to 2,256 differ-
ent genes (16.1%), compared with 741 genes (5.3%) between
low- and high-grade (2004 WHO/ISUP) tumors (p<0.001).
Moreover, between grades 1 and 2, only 53 genes differ sig-
nificantly, whereas 1,269 genes differ between grade 2 and
3 tumors (04% vs. 91%, respectively, of 14,000 assayed genes).
Stressing the difference between grades 2 and 3 and the
similarity between grades 1 and 2, a marker of favorable
prognosis, FGFR3 mutation, occurred in 75%, 61%, and 28%
of grades 1, 2, and 3, respectively [24]

Although the current study presents limitations as a
single-institution retrospective data analysis and needs
future evaluation of interobserver variation, it is original
and improves understanding of ¢T1THG bladder tumors. By
individualizing treatment on the basis of risk stratification,
it is possible to limit over- or undertreatment and enhance
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cT1HG bladder cancer prognostic groups
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Fig. 3. Prognostic impact and treatment decision of cTTHG based on World Health Organization/International Society of Urological Pathology
(WHO/ISUP) 2004 versus 1973 grade 3 absence (prognostic grade group I), presence (prognostic grade group ll), or predominance (prognostic
grade group lll). Grade 3: intense pleomorphism and disorganization with frequent mitoses. Grade 2: moderate pleomorphism and disorga-
nization with hyperchromatic nuclei. Grade 1: uniform and orderly distributed nuclei without hyperchromasia or mitotic figures. BCG, bacille

Calmette—Guérin.

outcomes and patient benefits.

The current study also qualifies some additional aspects
of treatment, including re-TURB and standard first-line ad-
juvant treatment with BCG and the maintenance schedule.
The second point concerns the grading attribution that was
prospectively and simultaneously assigned at the time of di-
agnosis, according to both WHO/ISUP classification systems
(1973 and 2004) by a single uropathologist (AB), reproducing
routine practice.

Our results on reproducibility and therapeutic impact
should be confirmed in future prospective studies. Consider-
ing the neglected heterogeneity of the bladder tumor, for
every 10 patients equally classified as high-grade on 2004
WHO/ISUP, the proposed classification will identify 4 (40%)
at significantly higher risk for disease progression (grade
3 presence=prognostic grade group II), of whom 2 (50%)
will be at higher risk for disease-specific death (grade 3
predominance=prognostic grade group III), as shown in Fig. 3.

CONCLUSIONS

Histological grade 3 presence and predominance (1973
WHO) are independent predictors of progression and death
from disease and occur in about 40% and 20% of ¢T1HG, re-
spectively. Describing the qualitative and quantitative het-
erogeneity in urothelial carcinoma grading might improve
patients’ stratification. As such, we propose three prognostic
high-grade groups based on WHO/ISUP 1973: prognostic
grade group I (grade 3 absence), prognostic grade group II
(grade 3 presence), and prognostic grade group III (grade 3

Investig Clin Urol 2022;63:21-26.

predominance).
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