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Abstract

Background: Inter-observer variability among pathologists' reports has been a significant challenge in the diagnosis of
diseases, especially cancers. Designing a grading system with minimal inter-observer variability can help achieve more accurate
diagnoses.

Objectives: We aimed to determine whether the grading system proposed by Cheng and colleagues (Cheng’s grading system)
can improve inter-observer variability among pathologists in grading urothelial cancer, compared with the World Health
Organization (WHO) grading system (2004/2016).

Methods: Four pathologists examined all slides of bladder biopsy samples diagnosed as urothelial carcinoma, available in the
archives of Imam Reza Hospital, Mashhad, Iran, from 2019 to 2022. Each pathologist reported the tumor grade based on both
grading systems, independently of previous answers or the reports of their colleagues.

Results: Of 132 samples, the majority were from men (84.1%); the mean age of patients was 66.56111.31 years. For low and high
grades of the WHO system and grade II in Cheng’s grading system, kK = 0.602; agreement was lower for grade III (k = 0.439) and
higher for grade IV (x = 0.690) compared with the WHO grading system. There was significant agreement among the
pathologists in all tumor characteristics, with excellent agreement for stromal invasion (k = 0.790) and muscular invasion (k =
0.884), fair to good agreement for WHO 2004/2016 grading (k = 0.602) and Cheng’s grading (x = 0.574) overall, and poor
agreement for tumor heterogeneity (k = 0.360).

Conclusions: Both grading systems demonstrated favorable agreement among pathologists, without significant differences
between the two systems. These results confirm the appropriateness of both grading systems.
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1. Background

Urothelial cancer of the urinary bladder (UCB) is the
most common type of bladder cancer (90%) and the
fourth most common cancer globally, with a male-to-
female ratio of 2: 1 (1, 2). The increasing trend in its
incidence, high mortality rate, and poor prognosis
(overall survival of 12 - 14 months) impose a substantial
public health burden (3).

Early diagnosis of the histological type, muscular and
non-muscular invasion, and histological characteristics
of the tumor can help improve the prognosis of this

cancer. Accordingly, several grading systems have been
suggested for the classification of UCB; one of the most
widely accepted is the one proposed by the World
Health Organization (WHO). After several modifications
(1973, 1998, and 2004) (4), a clear classification was
proposed in 2016 for each grade, which avoided
ambiguous classifications and differentiated non-
invasive and invasive carcinoma (5-7). Another
classification is that proposed by Cheng et al. which
classified UCB into four grades: I and II (low grades), and
Il and IV (high grades), and abandoned using other
terms (8).
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Therefore, it is not specified which is the best grading
system for UCB; some pathologists prefer to report
results based on the two most recent grading systems
(9). However, it is unclear which of these two grading
systems, namely WHO 2004/2016 and Cheng’s grading
system, is superior. Previous studies have compared
different versions of WHO grading systems but have not
compared them with Cheng’s system.

Reproducible results, obtained by low inter- and
intra-observer variability among pathologists, are
important goals of classification systems. After the
"2004 WHO system" was proposed, several studies
compared its variable agreement with previous systems
(10). Its comparison with the "1973 WHO system"
reported marginally better reproducibility for the WHO
2004/2016 system (11-13). Meanwhile, others suggested
better agreement with the 1973 version compared with
the later versions, 2004 and 1999 (14), and some have
reported poor reproducibility for both the 2004 and
1973 classifications (15). One limitation of these studies
was disregarding the agreement between pairs of
pathologists (13). Another limitation was the
consideration of only specific tumors, such as TaTl
carcinoma (16) or non-invasive carcinoma (12); therefore,
their results are not generalizable to all UCBs.

Tumor heterogeneity is an important source of
variability, especially in tumor grade III, as it has
features of both low and high grades, while grade IV is
typically high-grade, and grade II is typically low-grade.
This is why higher agreement has been reported in low
grades (I and II; 89%) compared to grade III (66%) (16).
Cheng et al. have suggested specifying grade III as a
distinct grade (8). Therefore, we hypothesized that
Cheng’s system may be as accurate as the 2004/2016
WHO system or even superior to it.

2. Objectives

As previous studies have not compared the
reproducibility of the results reported by these two
systems, and considering the advantages counted for
this new classification system (Cheng’s system), this
study aimed to demonstrate whether Cheng’s grading
system can improve the inter-observer variability
among pathologists for staging urothelial cancer
compared with the 2004/2016 WHO grading system.

3. Methods

All slides of bladder biopsy samples diagnosed as
urothelial carcinoma, available in the archives of Imam
Reza Hospital, Mashhad, Iran (related to patients who
were referred from April 21, 2019, to March 22, 2022),

were collected using a convenience sampling method.
As treatment can cause changes in urothelial cells,
mimicking dysplasia and carcinoma (17), we excluded
cases who had received treatment (N = 3). Four expert
pathologists  from  Mashhad, including one
uropathologist and three general pathologists, two
from Imam Reza Hospital and two others from Qaem
Hospital, examined all slides. All pathologists were
board-certified, members of Mashhad University of
Medical Sciences, with 10 - 21 years of experience, and
working in university-affiliated hospitals. In cases where
the slide was not available or was of low quality, two
slides were prepared from the relevant paraffin block.

Each pathologist reported the tumor grading based
on the two grading systems, 2004/2016 WHO and Cheng
et al’s grading system, as well as the tumor
characteristics (stromal invasion, muscular invasion,
and tumor heterogeneity). Heterogeneity was
considered when the tumor’s grade was mixed (also
named as the mixed-grade tumor), and different
histological grades (low grade and high grade) were
observed in different areas of the specimen evaluated
(18, 19). Grades in Cheng’s proposal were defined as I, II,
IlI, and IV; grades I and II were considered low-grade,
and grades III and IV high-grade (8). Comparing Cheng’s
system to the WHO 2004/2016 system, grade I is
equivalent to PUNLMP, grade II to low grade, and grades
III/IV to high grade (8). The pathologists were not aware
of the previous answers or the reports of other
colleagues. The slides not diagnosed as urothelial
carcinoma were excluded from the study. The patients’
characteristics, including sex, age, recurrence, and
death, were extracted from the medical records of the
hospital.

The study was approved by the Ethics Committee of
Mashhad University of Medical Sciences (code:
IR.MUMS.MEDICAL.REC.1400.689), and ethical
considerations were met throughout the study steps.

3.1. Statistical Analysis

The patients’ characteristics were described using
mean + standard deviation (SD) for age or frequency
(percentage) for the categorical variables. The
comparison of the pathologists’ agreement was
performed using the Kappa method. For comparing the
agreement among the four pathologists, Fleiss
Multirater Kappa was used for grade, stromal invasion,
muscular invasion, and tumor heterogeneity separately.
The chance-corrected observed agreement was
calculated as:

K=p observed - p Expected [ 1-p
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A weighted average of the values for the individual
categories was considered for the overall value of Kappa
for more than two categories. The value of k can range
from - 1.0 to + 1.0 (0 indicates chance agreement and 1.0
indicates perfect agreement; negative values indicate
systematic disagreement). As generally accepted, Kk >
0.75 was considered excellent agreement, 0.40 - 0.75 was
fair to good agreement, and values < 0.40 were poor
agreement (20).

All statistical analyses were performed using IBM
SPSS Statistics for Windows, version 23.0 (IBM Corp. 2014.
Armonk, NY: IBM Corp.). P-values < 0.05 were considered
statistically significant.

4.Results

A total of 132 samples were included in this study.
These samples were from 21 women (15.9%) and 111 men
(84.1%); the mean age of patients was 66.56 + 11.31 years
(range 42 - 91 years). The patients were followed up for 9 -
46 months.

The analysis of Kappa showed significant agreement
among the pathologists in all tumor characteristics (P <
0.001; Table 1). There was fair to good agreement for the
2004/2016 WHO grading system (k = 0.602) and Cheng’s
grading system (kK = 0.574), excellent agreement for
stromal invasion (k = 0.790) and muscular invasion (k =
0.884), and poor agreement for tumor heterogeneity (k
=0.360).

We had no patients with grade I based on Cheng’s
grading system. Comparing the grading systems
showed a x = 0.602 for both low and high grades, which
was similar to the agreement for grade II in Cheng’s
grading system. However, the agreement was lower for
grade III (k = 0.439) and higher for grade IV (k = 0.690)
compared with the WHO 2004/2016 grading system.

In the next step, we compared the grading results of
the four pathologists pairwise, and the results showed
significant P values for all pairs in both the WHO
grading system and Cheng’s system (P < 0.001; Table 2).
As observed, most of the pairwise comparisons showed
fair to good agreement between the pathologists, except
for pathologist one vs. pathologist four, which showed
poor agreement in Cheng’s grading system.

5. Discussion

The results of the present study indicated "fair to
good" agreement for both grading systems, 2004/2016
WHO and Cheng’s system, in general, and in subgroups
for all grades, i.e., low grade and high grade in the
2004/2016 grading system and grades II, III, and 1V in
Cheng’s grading system. This comparison has not been
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performed previously; therefore, we cannot compare
the results with similar studies, and we must compare
our results with the few studies reporting the
reproducibility of the 2004/2016 grading system
compared with previous WHO systems. The agreement
among the pathologists in the 2004/2016 system ranged
from 39 - 74%, with kappa values of k =0.14 - 0.58 (11), K =
0.30 - 0.52 (12), and k = 0.35 (15) in different studies. We
have obtained higher Kappa values in the present study
compared with the two studies mentioned above (11, 12,
15). The inclusion of a specific group of patients may be
one of the reasons for such differences. Furthermore,
this difference can be related to the specification of
grade Il in Cheng et al.’s system (8).

It should be noted that the tumor’s grade is an
important source of inter-observer variability; the
overall inter-observer agreement of 87% (kK = 0.70),
reported by Mangrud et al. for the WHO 2004/2016
grading system, which evaluated patients with TaTi
carcinoma, decreased to 66% in high-grade tumors and
increased to 100% agreement in low-grade tumors (16).
The Kappa values reported in this study for the WHO
2004/2016 grading system were close to those reported
in the present study, indicating "fair to good" inter-
observer agreement. A review of 20 studies indicated a
wide range of inter-observer agreement for the
2004/2016 classification (43 -100%, k = 0.17-0.70) (13). This
wide range refers to differences in the disease subgroup
analyzed and the limitations of the studies (moderate to
high risk of bias) (13).

In addition to the tumor’s grading, we also
investigated the pathologists’ agreement in reporting
stromal invasion, muscular invasion, and tumor
heterogeneity; the results showed good agreement in all
parameters except heterogeneity. Few studies have
evaluated the pathologists’ agreement for stromal
invasion and none for tumor heterogeneity and
muscular invasion; although it is well known these are
essential for evaluating the depth of invasion and have a
significant effect on disease progression and, thus,
patients’ prognosis (21-23). Tosoni et al. reported that the
report of one pathologist about stromal invasion should
not be considered for treatment choice and suggested
its evaluation by another pathologist (21). In the study
suggesting a new staging system for pT1 papillary
bladder cancer (superficially invasive papillary
urothelial cell carcinoma), stromal invasion was used
for defining microinvasion, and the results showed 81%
agreement between two pathologists (24). In another
study on bladder cancer, full agreement was observed
only in 44% of eight genitourinary pathologists, with
greater discordance between aggressive and
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Table 1. The Agreement Between the Four Pathologists on Different Tumor Characteristics

Asymptotic 95% Confidence Interval

Variables Kappa
P-Value Lower Bound Upper Bound

Stromal invasion

Overall agreement 0.790 <0.001 0.720 0.859

No 0.790 <0.001 0.720 -

Yes 0.790 <0.001 0.720 =
Muscular invasion

Overall agreement 0.884 <0.001 0.813 0.954

No 0.884 <0.001 0.813 -

Yes 0.884 <0.001 0.813 =
Grade (2016)

Overall agreement 0.602 <0.001 0.532 0.672

Low grade 0.602 <0.001 0.532 0.680

High grade 0.602 <0.001 0.532 0.922
Grade (new system)

Overall agreement 0.574 <0.001 0.524 0.625

Grade I 0.602 <0.001 0.532 -

Grade III 0.439 <0.001 0.370 =

Grade IV 0.690 <0.001 0.620 -
Tumor heterogenicity

Overall agreement 0.360 <0.001 0.291 0.430

No 0.360 <0.001 0.291 0.853

Yes 0.360 <0.001 0.291 -

Table 2. Pairwise Comparison of the Grading Results of the Four Pathologists

System Pathologist1vs. 2 Pathologist1vs. 3 Pathologist1vs. 4 Pathologist2vs.3 Pathologist 2 vs. 4 Pathologist 3 vs. 4
WHO grading system

PUNLMP 0 0 0 0 0 0

Low grade 13 14 1 23 21 23

High grade 100 104 99 96 92 97

Kappa 0.506 0.612 0.415 0.716 0.595 0.679
Cheng’s grading system

Grade I 0 0 0 0 0 0

Grade I 12 14 1 22 20 23

Grade III 39 32 27 31 31 28

Grade IV 38 45 39 45 44 54

Kappa 0.484 0.511 0.345 0.607 0.572 0.679

conservative pathologists (25). Others have also pathologists’ agreement on these parameters to be

identified lamina propria invasion as one of the
parameters with poor agreement between experienced
pathologists (26), while we found good agreement
between pathologists in this regard. Tumor
heterogeneity, which refers to the divergent
differentiation of this type of cancer, is identified as
another cause of observer variability, which can also
result in uncertainty of treatment choice (11, 27, 28).
Therefore, further studies are required to report the

comparable to the results of the present study.

The characteristics of the pathologists may also affect
the results of our study. In our study, pairwise
comparisons showed no difference in Kappa values,
with fair to good agreement between the pathologists in
both grading systems, except in one comparison. Some
have suggested that the level of experience is an
important factor in poor inter-observer agreement for
grading urothelial carcinoma on urine cytology,
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reporting more accuracy in reports from senior
pathologists with more than seven years of experience
or those with specialized training (29). Others reported
no difference in Kappa values for pathologists with
more than ten years versus less than ten years of
experience in low-grade urothelial carcinoma of
instrumented urinary tract cytology specimens (30).
Possibly, experience with that specific grading system is
more important than the overall years of experience of
the pathologists (31). We cannot comment on this based
on our study because we did not have any pathologists
with a low level of experience. We also evaluated
whether the medical center where the pathologists
work can influence their agreement, but the results
rejected such an effect, and all Kappa values fell within
one category (fair to moderate). Further studies are
required to determine whether the pathologists’
characteristics can influence the accuracy of the results
reported for grading UCB.

Regarding the patients’ characteristics, most patients
in our study were men, which is consistent with
previous reports. This sex difference is attributed to the
exposure to risk factors, such as cigarette smoking and
occupational hazards in men, as well as the role of sex
hormones (32), with different male-to-female ratios
reported (33). Additionally, the mean age of our study
population was close to that reported in the USA (34)
and Canada (35). It has been suggested that patients
younger than 40 years have smaller tumors, lower-grade
cancers, and better overall survival (36, 37), which may
explain why we had no grade I pathology (in the new
grading system) among our samples and the poor
prognosis observed.

The main limitation of this study was the
retrospective nature of data collection, which resulted
in a large amount of missing data on some variables,
such as clinical outcomes (death and recurrence);
however, these variables were not the main objective of
our study and thus not critical. Another consequence of
retrospective evaluation was that we could not
differentiate between diagnoses based on biopsy versus
surgical specimens. There were also several variables not
available in the medical records and not evaluated, such
as underlying diseases, whose confounding effects may
influence the results of our study. Additionally, we did
not collect any data about the treatment strategies
employed; therefore, the results of survival and
recurrence could not be interpreted completely. For the
same reason, we did not comment on the impact of
these grading systems on the therapeutic strategies
selected by the oncologists. Finally, we selected patients
from one medical center; therefore, the results cannot
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be generalized to all patients with this condition, and
further research is required to generalize the results to a
wider population.

5.1. Conclusions

The fair to good agreement among pathologists in
both grading systems for UCB, namely the WHO
2004/2016 and Cheng’s grading system, and the close
Kappa values demonstrated the reproducibility of these
two grading systems and rejected differences in the
grading systems as the cause of discrepancies among
pathologists. Therefore, the choice of grading system
used for the pathological report of a UCB specimen
should not be based on the reproducibility of the
grading system. Other factors may be significantly
different between the two grading systems, the
determination of which requires further studies.
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