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Abstract

Purpose: Histological grade is an important prognostic factor in patients with non-muscle—invasive bladder cancer (NMIBC). However,
interobserver variability is high. Previous studies have suggested that quantification of histological features is useful to objectify grading.
We evaluated whether quantification of the mean nuclear area of the 10 largest nuclei (MNA-10), degree of aneuploidy (DNA index or DI)
and mitotic activity index (MAI) are of diagnostic value for NMIBC grade. Additionally, prognostic value of the 3 measures was assessed.

Material and methods: A consensus grade was determined by 3 uropathologists in 310 NMIBC tissues according to the World Health
Organization (WHO) 1973 and the WHO2004. Logistic regression with forward selection was used to determine the optimal combination
of measures (MNA-10, DI, and MAI) to diagnose grade 3 (G3) or high-grade (HG) NMIBC (WHO1973 and WHO2004, respectively).

Results: In 310 tumors of 215 patients at least 1 of the measures (MNA-10, DI, or MAI) had been determined. The combination of
MNA-10 and MAI was selected as the most diagnostic combination and resulted in a sensitivity of 94% (95% confidence interval [CI]: 87
—100) at a specificity of 72% (95% CI: 66—78) for G3 tumors. For the diagnosis of HG tumors sensitivity was 92% (95% CI: 86—97) at a
specificity of 76% (95% CI: 70—93).

Conclusions: Determination of MNA-10 and MAI is promising for diagnosing G3 and HG bladder tumors. These findings warrant fur-
ther studies on the diagnostic and prognostic value of proliferative and quantitative features in bladder cancer patients. © 2019 Elsevier Inc.
All rights reserved.
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1. Introduction

Management of non-muscle—invasive bladder cancer
(NMIBC) is challenging as the disease recurs in 30% to
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80% and progresses to muscle-invasive disease in 1% to
45% [1]. To predict progression and recurrence, several
prognosticators are used. Based on these prognosticators,
patients are stratified into different risk groups and each
risk group is linked to specific treatment and follow-up rec-
ommendations [2]. Histological grade is 1 of these prognos-
tic factors and can define risk group assignment [2,3].
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Therefore, adjuvant treatment partly depends on histologi-
cal grade, ranging from a single immediate intravesical
installation with chemotherapy to Bacillus Calmette-Guérin
installations during 1 to 3 years or even radical cystectomy
in the highest risk group [2].

The World Health Organization (WHO) 1973 classifi-
cation distinguishes grade 1 (G1) to 3 tumors according to
the level of cellular anaplasia with G1 being “the least”
and grade 3 (G3) being “the most severe” degree of anapla-
sia, in the absence of clear criteria for assigning these dif-
ferent grades [4]. In the WHO2004, an attempt is made to
define which histologic features suit the different tumor
types (low- and high-grade [HG] carcinomas). For exam-
ple, in low-grade (LG) tumors, mitoses are occasionally
present and the nuclei are enlarged with some variation,
whereas in HG tumors, mitoses may be atypical and are
usually frequent at any level while the nuclei are enlarged
with variation. Also, architectural changes in the papillae
and the organization of cells are considered. [5] However,
the descriptions on cytological and architectural features
of the different grades leave room for interpretation, lead-
ing to interobserver variability in histological grading
[6,7]. As a result, some patients might receive unnecessary
aggressive treatments, while others are withheld from ade-
quate therapy. Therefore, a more reproducible method is
needed.

Several previous studies suggested that quantification of
morphometric and proliferative features could fulfill this
role in NMIBC [8—10]. In the current study, we investigate
the diagnostic value of 3 potential quantifiable pathological
features of NMIBC; nuclear size, DNA index, and mitotic
rate. Giant nuclei, DNA aneuploidy, and a high mitotic rate
are well-known characteristics of HG/G3 bladder cancer
which were assessed by measurement of the mean nuclear
area of the 10 largest nuclei (MNA-10), flow cytometry,
and the mitotic activity index (MAI), respectively [9]. We
analyzed the association of each of these features with
grade as well as with clinical prognosis in NMIBC.

2. Material and methods

2.1. Patients

Histological grade was based on data from a previous
study on interobserver variability [11]. In that study, 3 uro-
pathologists assessed histological grade according to both
the WHO1973 and the WHO2004 classification. Discrepan-
cies between the WHO1973 and WHO2004 grade assigned
by the 3 pathologists were resolved in consensus meetings.
The pathologists were blinded for the initially assigned
grade and clinical information. The eventual T-category
and grades assigned in consensus meetings were defined as
“true” histological diagnosis. All patients in whom MNA-
10, DNA index (DI), or MAI were determined were
included in the current study. Histologic tissues were

obtained from 3 hospitals in the Netherlands (Amsterdam
UMC, location VUmc; Amsterdam UMC, location AMC,
and Amstelland Hospital).

2.2. Determination of morphometric and proliferative
features

As part of standard clinical practice, the resected tumor
tissues were fixed in formalin, embedded in paraffin, and
4 pm slides were cut and stained with hematoxylin and
eosin. For this study, tissue slides were collected from the
archive. The MNA-10 was determined using a protocol
previously described by another study [12]. Briefly,
MNA-10 was calculated by determining the mean of the
10 largest nuclei in the worst differentiated area of the
tumor, as marked by the pathologist, at a magnification of
400x. DNA flow cytometry of the formalin-fixed paraffin-
embedded tissues was used to assess the DI as an extent of
cell ploidy. Both MNA-10 and DI were determined as part
of standard daily practice by a single technician. The MAI
was determined according to a protocol previously
described by others [13]. Briefly, mitotic figures were
counted in 10 consecutive fields of vision. All fields of
vision consisted of urothelial tumor cells for at least 75%.

2.3. Follow-up and treatment

Cystoscopy was performed every 3 months in the first
year, and every 6 to 12 months thereafter in case of no
recurrence. A computed tomography scan of the upper uri-
nary tract was conducted with a 2-year interval in high-risk
patients, or in case of clinical suspicion for an upper urinary
tract tumor.

2.4. Statistical analysis

Continuous data were summarized with mean, first, and
third quartiles. The x* test was used in the analysis of
cross-tables. The independent samples ¢ test was used to
compare means of continuous data between groups. Asso-
ciations between the consensus grade and the measures
were analyzed using the Kruskal—Wallis test (WHO1973)
and the Mann-Whitney U test (WHO2004). Receiver
operating characteristic (ROC) curves were plotted with
the values of each measurement and the area under the
curve (AUC) was calculated. Cut-offs were obtained by
Youden’s Jindex [14].

To determine the best combination of measures for the
diagnosis of a G3 or HG tumor, multivariable binary logis-
tic regression was used with forward selection. The
WHO1973 was converted to a 2-tiered system (G1/2 vs.
G3) and the MAI and DI were analyzed as categorical vari-
ables. The MAI was categorized as 0, 1 to 5, 6 to 10, 11 to
20, and >20 mitoses. The DI was categorized into diploid
(DI of 1), near diploid (DI >1—1.3), low aneuploid (DI
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>1.3—1.9), tetraploid (DI >1.9—-2.1), and high aneuploid
(DI >2.1) [9]. The P value for entry was <0.05. From the
final combination of measures and the associated predicted
probabilities, ROC curves were plotted and the AUC was
determined. The final combination of measures was consid-
ered positive if at least 1 of the measures was positive
(“believe-the-positive™) [15]. Additionally, the discrimina-
tive value of the measures for the diagnosis of a G2-HG vs.
a G2-LG tumor was determined in the same manner.

Prognostic value of both classifications (WHO1973 and
WHO2004) and the 3 measures (MNA-10, DI, and MAI) for
progression and recurrence were analyzed in a Cox propor-
tional-hazard model. Recurrence was defined as tumor
growth in the bladder, treated by resection (and histological
evaluation), cauterization, or laser. Progression was defined
as the development of muscle-invasive/metastatic disease.
To account for confounding, multivariable Cox models
were used. For progression, taken into account the small
number of events (n=30), forward-stepwise-selection
was used to avoid overfitting. Confounders tested were:
T-category, number of tumors (single/multiple), primary/
recurrence, and tumor size (<3 cm/>3 cm). For recurrence
there was no problem with overfitting (n=97 events).
Therefore, all aforementioned variables were corrected in
the models.

3. Results

3.1. Patient and tumor characteristics

The MNA-10, DI, or MAI was known in 218 patients. In
3 patients, the consensus diagnosis changed the T-category
from T1 to T2. These patients were excluded. Baseline
characteristics of the remaining 215 patients are shown in
Table 1. In these 215 patients, at least 1 out of 3 measures
(MNA-10, DI, or MAI) was known in 310 tumors. The
MNA-10 was determined in 84% (259/310), DI in 55%
(171/310), and MAI in 97% (302/310) of these tumors,
respectively.

3.2. Association between the measures and
consensus grade

There was a significant association between MNA-10,
MAI, DI, and both grades (WHO1973 and WHO2004)
(Fig. 1). The AUC’s, sensitivities, and specificities of each
measure are presented in Table 2. The highest AUC was
observed for MNA-10. The ROC-curves per measure are
shown in Fig. 2.

3.3. Discrimination of multiple measures

The combination of MNA-10 and MAI was selected
by forward selection for both the WHO1973 and the
WHO2004 grade. For all patients in whom both measures

Table 1
Baseline characteristics of all included patients.
Characteristic Result
Sex, n (%)
Male 153 (71)
Female 62 (29)
Age, y, median (IQR) 71 (62—78)
Prior recurrence rate, n (%)
Primary tumor 191 (89)
<1 recurrence/y 20 (9.3)
>1 recurrencel/y 4(1.9)
Number of tumors, n (%)
Solitary 145 (67)
Multiple 70 (33)
Tumor size, n (%)
<3 cm 117 (54)
>3 cm 74 (34)
Missing 24 (11)
T category, n (%)
Ta 194 (90)
T1 21 (9.8)
CIS, n (%)
No 215 (100)
Yes 0
Grade WHO1973, n (%)
Gl 34 (16)
G2 129 (60)
G3 52 (24)

CIS = carcinoma in situ; G = grade; IQR = interquartile range;
WHO = World Health Organization.

were known, the ROC-curves of the predicted probabilities
of MNA-10 and MAI are shown in Fig. 3. The AUC for
MNA-10 and MAI was 0.92 (95% confidence interval (CI):
0.88—0.96) for G3 tumors as well as for HG tumors. For
G3 tumors, the sensitivity of the combination of both the

Table 2

Morphometric measures evaluated as binary markers for grade 3
(WHO1973) and high-grade (WHO2004) tumors. Cut-offs were determined
with Youden’s J index.

WHO1973 (G1-2 vs. G3)

Measure ~ AUC 95% CI Sens 95%CI Spec 95% CI

MNA-10  0.88
DI 0.83
MAI 0.85

0.84—-0.93 86 76—95 82 77—-88
0.74—0.93 77 62—-92 89 83-94
0.79-0.91 74 62—86 84 79—-88

WHO2004

Measure  AUC 95% CI Sens  95% CI  Spec  95% CI

MNA-10  0.87
DI 0.76
MAI 0.83

0.82—-0.92 78 70—86 88 83-93
0.67—-0.85 66 53-79 81 74—88
0.78—0.88 70 61-79 84 79—-89

DI = DNA Index; G = grade; MAI = mitotic activity index; MNA-
10 = mean nuclear area of the 10 largest nuclei; WHO = World Health
Organization.
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Fig. 1. Association between mean nuclear area of the 10 largest nuclei (MNA-10) (a), mitotic activity index (MAI) (b), DNA index (DI) (c), and the consen-
sus grade according to the World Health Organization (WHO) 1973 and the WHO2004.
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Fig. 2. Receiver operator characteristic (ROC) curves and area under the curve (AUC) of the measures MNA-10, DI, and MALI for the diagnosis of grade 3
tumors of the World Health Organization (WHO) 1973 (a) and high-grade tumors (WHO2004) (b). DI = DNA index; MAI = mitotic activity index; MNA-
10 = mean nuclear area of the 10 largest nuclei.
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Fig. 3. Receiver operator characteristic (ROC) curves and area under the curve (AUC) of the measures MNA-10 and MAI and the accompanying predicted
probabilities (PP) for the diagnosis of grade 3 tumors of the World Health Organization (WHO) 1973 (a) and high-grade tumors (WHO2004) (b).
MAI = mitotic activity index; MNA-10 = mean nuclear area of the 10 largest nuclei.

MNA-10 and MAI (“believe-the-positive) was 94% (95%
CI: 87—100) at a specificity of 72% (95% CI. 66—78). For
the diagnosis of HG tumors, sensitivity was 92% (95% CI:
86—97) at a specificity of 76% (95% CI: 70—93).

3.4. Association and discriminative value of the three
measures and G2-HG vs. G2-LG tumors

MNA-10 and MAI were significantly associated with
G2-HG vs. G2-LG tumors (P < 0.001). There was no
association between DI and G2-HG vs. G2-LG tumors
(P=0.076). The combination of MNA-10 and MAI was
selected by forward selection. For patients in whom both
MNA-10 and MAI were known, the ROC-curves of the pre-
dicted probabilities of the combined measures are shown
in Supplementary Fig. 1. The AUC for MNA-10 and
MAI was 0.85 (95% CI: 0.77—0.93) for the diagnosis
of G2-HG tumors. For the discrimination of G2-HG from
G2-LG tumors, sensitivity was 83% (95% CI: 72—93) at a
specificity of 71% (95% CI: 63—78).

3.5. Prognostic performance
3.5.1. Recurrence

After a median follow-up of 60 months (interquartile
range: 32—84), 97 patients developed a recurrence. None of
the measures influenced recurrence in univariable or multi-
variable analysis (Table 3). Variables that predicted recur-
rence in the multivariable model were prior recurrence rate
and tumor size.

3.5.2. Progression

After a median follow-up of 60 months (interquartile
range: 32—84), 30 patients developed progression (muscle-
invasion n =26, metastasis n =4). In univariable analysis,
both grades (WHO1973 and WHO2004), MAI and
MNA-10 influenced progression (Table 3). Using forward
selection, T-category and recurrence rate were added to the
model. In this multivariable model, only WHO2004 pre-
dicted progression.

4. Discussion

In this study, we analyzed the diagnostic value of the
quantification of 3 BC features for BC grade and found that
the combination of MNA-10 and MAI resulted in a sensitiv-
ity of 94% at a specificity of 72% for G3 vs. G1/G2 tumors.
For HG tumors, sensitivity was 92% at a specificity of
76%. Also, G2-HG tumors could be discriminated from
G2-LG tumors with a sensitivity of 83% at a specificity of
71%. These findings show that quantification of histopatho-
logical features holds promise as a diagnostic tool for BC
grade.

Determining grade by quantifying BC features could
especially be useful for cases in which BC grade is decisive
in the eventual treatment plan and/or the pathologist doubts
between G2 and G3. Given the high sensitivity found
(94%) with MNA-10 and MAI, a negative result would
then lead to a G2 diagnosis whereas a positive results could
be reason to consult an expert panel.

Both MNA-10 and MAI have been previously described
to be of value in BC in terms of predicting progression
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Table 3

Prediction of time to recurrence and time to progression for both grades (WHO1973 and WHO2004) and 3 morphometric measures (MNA-10, DI, and MAI).

Recurrence Progression

Uncorrected analysis HR 95% C1 P value HR 95% CI P value
MAI 0.07 0.037

0 1.00 — 1.00 -

1-5 0.89 0.47—1.68 0.42 0.09-1.86

6—10 2.01 1.01-4.03 1.67 0.42-6.69

11-20 1.47 0.74-2.92 1.88 0.53-6.65

>20 1.63 0.83—-3.21 3.07 0.94-9.99
DI 0.9 0.058

Diploid 1.00 - 1.00 -

Near diploid 0.74 0.27-2.06 297 0.60-14.8

Tetraploid 1.15 0.54—2.45 1.88 0.38-9.33

High aneuploid 0.94 0.34-2.62 6.64 1.65-26.6
MNA-10 (per 10 pm?) 0.99 0.97—-1.02 0.7 1.05 1.01-1.09 0.012
WHO1973 (G3) 1.24 0.79—1.96 0.3 2.48 1.19-5.16 0.015
WHO2004 1.16 0.78—1.74 0.5 3.47 1.59-7.60 0.002
Corrected analysis* HR 95% CI P value HR 95% CI P value
MAI 0.7 0.2

0 1.00 - 1.00 -

1-5 0.86 0.43—1.69 0.43 0.10—1.91

6—10 1.85 0.85—4.01 1.40 0.35-5.67

11-20 1.52 0.71-3.28 1.56 0.42-5.80

>20 1.46 0.66—3.22 2.50 0.69-9.05
DI 0.9 0.2

Diploid 1.00 - 1.00 -

Near diploid 0.74 0.23—-2.43 2.97 0.56—15.6

Tetraploid 1.22 0.52—2.88 1.15 0.21-6.46

High aneuploid 0.88 0.26—3.04 4.24 0.86—20.8
MNA-10 (per 10 wm?) 0.97 0.93—-1.01 0.2 1.02 0.98—1.07 0.3
WHO1973 (G3) 0.87 0.49—-1.57 0.7 1.37 0.55-3.41 0.5
WHO2004 0.93 0.57—-1.51 0.8 2.69 1.14-6.33 0.023

CI =confidence interval; DI = DNA index; HR = hazard ratio; MAI = mitotic activity index; MNA-10 = mean nuclear area of the 10 largest nuclei;

WHO = World Health Organization.

* Corrected for T-category, tumor size, number of tumors, and prior recurrence rate (recurrence); corrected for prior recurrence rate and T-category

(progression).

[9,10]. However, development of progression depends on
many factors, such as the number of tumors, tumor size,
prior recurrence rate, T-category, and the presence of carci-
noma in situ [3]. Furthermore, patients may have already
received additional treatment based on the initially assigned
grade and it is known that treatment may reduce risk of
progression [16,17]. Correcting for all of these confounders
complicates the statistical model, especially in case of a
limited sample size. For these reasons, we have used BC
grade as the primary outcome instead. To determine the
“true” pathological grade, 3 uropathologists held consensus
meetings in which the diagnosis was adjusted to the consen-
sus grade. With this approach, BC grade is still not fully
objective, but the diagnosis of 3 experienced uropatholo-
gists does strengthen the final diagnosis.

To further optimize the diagnostic value of the quantifica-
tion of BC features, complementary measures or markers
should be investigated. Furthermore, digitalization of patho-
logical slides and computerized measures could aid in making

these measures practical for everyday use. Studies on other
cancer types have shown that algorithms developed for patho-
logic slides may even predict patients’ outcome [18,19].

Although rare, there are histological variants of urothe-
lial carcinomas of the bladder, such as the nested and plas-
macytoid variant. Based on their histologic features, e.g.,
nuclear size, these tumors may appear mild, but they have
the potential to act aggressively [20]. We did not include
these variants in our study, but the measures MAI, MNA-
10, and DI might be of limited value in these particular
cases of urothelial cancer.

Strengths of our study include the large sample size, the
use of a consensus grade, and the lack of intra-observer vari-
ability. The last was avoided by assigning WHO1973 and
WHO2004 grades simultaneously in 1 session. It is important
to note that our study also has several limitations. The num-
ber of patients with progression was small and therefore we
could not correct for all known prognosticators. Furthermore,
our study was retrospective and therefore these findings
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should be confirmed in a prospective setting. Also, the major-
ity of patients were diagnosed with a grade 2 tumor, which is
in accordance with standard clinical practice.

5. Conclusions

MNA-10 and MAI are promising aids to determine histo-
logical grade in NMIBC in an objective way. These findings
warrant further studies on the diagnostic and prognostic value
of proliferative and quantitative features in NMIBC.

Disclosure

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/].
urolonc.2019.03.002.

References

[1] van Rhijn BW, Burger M, Lotan Y, Solsona E, Stief CG, Syl-
vester RJ, et al. Recurrence and progression of disease in non-
muscle-invasive bladder cancer: from epidemiology to treatment
strategy. Eur Urol 2009;56:430—42.

[2] Babjuk M, Bohle A, Burger M, Capoun O, Cohen D, Comperat EM,

et al. EAU guidelines on non-muscle-invasive urothelial carcinoma

of the bladder: update 2016. Eur Urol 2017;71:447-61.

Sylvester RJ, van der Meijden AP, Oosterlinck W, Witjes JA, Bouf-

fioux C, Denis L, et al. Predicting recurrence and progression in indi-

vidual patients with stage Ta T1 bladder cancer using EORTC risk
tables: a combined analysis of 2596 patients from seven EORTC tri-

als. Eur Urol 2006;49:466-5; discussion 75-7.

[4] Mostofi FK, Sobin LH, Torloni H. Histological typing of urinary
bladder tumours international classification of tumours, no 10.
Geneva, Switzerland: World Health Organization; 1973. p. 21-31.

[5] Eble JN, Sauter G, Epstein JI, Sesterhenn IA. Pathology and genetics
of tumours of the urinary system and male genital organs. World
Health Organ Classif 2004: 89-157.

[6] Mangrud OM, Waalen R, Gudlaugsson E, Dalen I, Tasdemir I, Jans-
sen EA, et al. Reproducibility and prognostic value of WHO1973 and
WHO2004 grading systems in TaT1 urothelial carcinoma of the uri-
nary bladder. PLoS One 2014;9:¢83192.

[7] Soukup V, Capoun O, Cohen D, Hernandez V, Babjuk M, Burger M,
et al. Prognostic performance and reproducibility of the 1973 and

3

=

2004/2016 World Health Organization grading classification systems

in non-muscle-invasive bladder cancer: a European Association of

Urology Non-muscle Invasive Bladder Cancer Guidelines Panel sys-

tematic review. Eur Urol 2017;72:801-13.

Baak JP, Bol MG, van Diermen B, Janssen EA, Buhr-Wildhagen SB,

Mestad O, et al. DNA cytometric features in biopsies of TaTl

urothelial cell cancer predict recurrence and stage progression more

accurately than stage, grade, or treatment modality. Urology
2003;61:1266-72.

Bol MG, Baak JP, van Diermen B, Buhr-Wildhagen S, Janssen EA,

Kjellevold KH, et al. Proliferation markers and DNA content analysis

in urinary bladder TaT1 urothelial cell carcinomas: identification of

subgroups with low and high stage progression risks. J Clin Pathol
2003;56:447-52.

[10] Mangrud OM, Gudlaugsson E, Skaland I, Tasdemir I, Dalen I, van
Diermen B, et al. Prognostic comparison of proliferation markers and
World Health Organization 1973/2004 grades in urothelial carcino-
mas of the urinary bladder. Hum Pathol 2014;45:1496-503.

[11] Bosschieter J, Hentschel A, Savci-Heijink CD, Patrick van der Voorn
J, Rozendaal L, Vis AN, et al. Reproducibility and prognostic perfor-
mance of the 1973 and 2004 World Health Organization classifica-
tions for grade in non-muscle-invasive bladder cancer: a multicenter
study in 328 bladder tumors. Clin Genitourin Cancer 2018;16(5):
€985-92.

[12] Bol MG, Baak JP, de Bruin PC, Rep S, Marx W, Bos S, et al.
Improved objectivity of grading of T(A,1) transitional cell carcino-
mas of the urinary bladder by quantitative nuclear and proliferation
related features. J Clin Pathol 2001;54:854-9.

[13] Bol MG, Baak JP, Rep S, Marx WL, Kruse AJ, Bos SD, et al. Prog-
nostic value of proliferative activity and nuclear morphometry for
progression in TaT1 urothelial cell carcinomas of the urinary bladder.
Urology 2002;60:1124-30.

[14] Youden WJ. Index for rating diagnostic tests. Cancer 1950;3:32-5.

[15] Thompson ML. Assessing the diagnostic accuracy of a sequence of
tests. Biostatistics 2003;4:341-51.

[16] Bohle A, Bock PR. Intravesical Bacille Calmette-Guerin versus mito-
mycin C in superficial bladder cancer: formal meta-analysis of
comparative studies on tumor progression. Urology 2004;63:682—6:
discussion 6-7.

[17] Sylvester RJ, van der MA, Lamm DL. Intravesical Bacillus Calmette-
Guerin reduces the risk of progression in patients with superficial
bladder cancer: a meta-analysis of the published results of random-
ized clinical trials. J Urol 2002;168:1964-70.

[18] Ehteshami Bejnordi B, Veta M, Johannes van Diest P, van Ginneken
B, Karssemeijer N, Litjens G, et al. Diagnostic assessment of deep
learning algorithms for detection of lymph node metastases in women
with breast cancer. JAMA 2017;318:2199-210.

[19] Esteva A, Kuprel B, Novoa RA, Ko J, Swetter SM, Blau HM, et al.
Dermatologist-level classification of skin cancer with deep neural net-
works. Nature 2017;542:115-8.

[20] Lopez-Beltran A, Cheng L. Histologic variants of urothelial carci-
noma: differential diagnosis and clinical implications. Hum Pathol
2006;37:1371-88.

[8

—_

[9

—


https://doi.org/10.1016/j.urolonc.2019.03.002
https://doi.org/10.1016/j.urolonc.2019.03.002
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30095-X/sbref0020

	Objectifying grade in Ta-T1 urothelial carcinomas of the bladder using proliferative and quantitative markers: A multicentre study in 310 bladder tumors
	1. Introduction
	2. Material and methods
	2.1. Patients
	2.2. Determination of morphometric and proliferative features
	2.3. Follow-up and treatment
	2.4. Statistical analysis

	3. Results
	3.1. Patient and tumor characteristics
	3.2. Association between the measures and consensus grade
	3.3. Discrimination of multiple measures
	3.4. Association and discriminative value of the three measures and G2-HG vs. G2-LG tumors
	3.5. Prognostic performance
	3.5.1. Recurrence
	3.5.2. Progression


	4. Discussion
	5. Conclusions
	Disclosure
	Supplementary materials
	References



