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INTRODUCTION

Grading is an important prognostic indicator for tumors and for most malignancies provides 
information additional to staging. As with staging, grading criteria for individual tumors are subject 
to change, with developments reflecting contemporary advances in our understanding of the behavior 
of tumors. In the field of urological pathology, the grading classifications most commonly utilized for 
both renal cell carcinoma (RCC) and prostate adenocarcinoma (PCa) have undergone radical change. 
This evolution has, most recently, led to the establishment of novel grading systems for both of these 
tumors, under the auspices of the International Society of Urological Pathology (ISUP) (1, 2). The release 
of the Fourth Edition of the World Health Organization (WHO) Bluebook on the Classification of Tumours 
of the Urinary Tract and Male Genital Organs in 2016 (3), followed on from the development of these 
contemporary grading classifications. In this publication these novel classifications, relating to the two 
most common morphotypes of RCC and for PCa, were endorsed for international implementation. Sub-
sequently both grading classifications have been incorporated into the reporting datasets issued by the 
International Collaboration on Cancer Reporting (4, 5).

Renal cell carcinoma grading 
Numerous grading systems for renal malignancies have been proposed with validation studies 

often providing conflicting results (6). While a variety of grading parameters for RCC have been proposed 
the concept of nuclear grading for these tumors was established 50 years ago by Myers et al. This was 
followed three years later by the publication of a comprehensive nuclear grading system by Skinner; 
however, in 1972 this was modified into the four tier grading system of Fuhrman, Lasky and Limas (7-
9). Although Fuhrman grading has been utilized internationally for almost 50 years, it is now widely 
recognized that the system is hampered by uncertainties relating to reproducibility and its validity as a 
prognostic marker (10). Among the criticisms applied to Fuhrman grading is the fact that it relies on the 
simultaneous assessment of nuclear shape and size, as well as nucleolar prominence. This implies that 
these parameters increase in parallel with increasing grade. Unfortunately, in reality, these parameters 
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are discordant in over 20% of clear cell RCC and 
as a consequence Fuhrman grading cannot be ap-
plied to these cases (10, 11).

These issues were addressed at the Con-
sensus Conference of ISUP convened in Vancou-
ver in 2012 (1). The meeting adopted a grading 
system derived from assessment of series of cle-
ar cell, papillary and chromophobe RCCs (12-14). 
These studies demonstrated that for clear cell RCC 
nuclear size and nucleolar prominence, based on 
the high power field showing the highest grade 
features, was significantly associated with outco-
me. For papillary RCC only nucleolar prominence 
correlated with outcome, while for chromophobe 
RCC not one of the three parameters of the Fuhr-
man grading system was found to have prognostic 
significance. Informed by these findings the novel 
grading system adopted by the ISUP was based 
upon nucleolar prominence (1). In this grading 
classification grade 1 tumors show inconspicuous 
to small basophilic nucleoli visible at 400x mag-
nification; In grade 2 tumours nucleoli are eosi-
nophilic and prominent at 400x magnification, 
but inconspicuous at 100x magnification. Grade 3 
tumors have nucleoli clearly seen as prominent at 
100x magnification. Features required for tumours 
to be classified as grade 4 are any of the following: 
1. sarcomatoid morphology (sarcoma-like mesen-
chymal to epithelial translocation), 2. rhabdoid 
morphology, 3. extreme nuclear pleomorphism 
and 4. anaplastic tumour giant cells. The grading 
system was formally recommended by the ISUP 
for both clear cell and papillary RCC. In the ab-
sence of evidence that grading was of prognostic 
significance for chromophobe RCC, it was agreed 
that this tumor type should not be graded (1). The 
literature relating to the ISUP grading system for 
RCC was considered at the 2014 meeting of the 
WHO Renal Tumour Classification Panel. At this 
meeting the grading system was endorsed by the 
WHO and was incorporated into the fourth edition 
WHO renal tumour classification being designated 
the WHO/ISUP Grading System (3).

While the WHO/ISUP grading system is 
applicable only to clear cell and papillary RCC it 
was agreed that it may also be utilized for descrip-
tive purposes for other morphotypes of RCC (4). If 
grading is applied to morphotypes other than clear 

cell and papillary RRC, it is recommended that it 
be clearly stated in the pathology report that gra-
ding is provided for descriptive purposes only and 
that grading has not been validated for any spe-
cific type of renal cell neoplasia, other than clear 
cell and papillary RCC (15).

WHO/ISUP grading has been validated in a 
number of studies for both clear cell and papillary 
RCC (11, 16-18). An interesting, but perhaps not 
surprising feature of the new grading system, is 
that when WHO/ISUP graded cases of both clear 
cell and papillary RCC were compared to those ca-
ses in the same series for which Fuhrman grading 
could be applied, there was a down-grading, with 
an increase in cases assigned into WHO/ISUP gra-
des 1 and 2 (11, 18). This is a reflection of the fact 
that for WHO/ISUP grades 2 and 3 tumors, the 
degree of nucleolar prominence required is greater 
than that needed to assign tumors into grades 2 
and 3 of  the Fuhrman system.

While the WHO/ISUP grading classifica-
tion provides prognostic information for clear cell 
RCC, studies have suggested that this may be im-
proved if the presence/absence of tumor-related 
necrosis is incorporated into a revised grading 
system (16, 19, 20). This specific form of necrosis 
must be differentiated from thrombo-embolic co-
agulative necrosis, being characterized by loss of 
architecture and has been shown to have prognos-
tic significance independent of both tumor gra-
de and TNM staging category (10). In a modified 
grading system, in which WHO/ISUP grade was 
sub-stratified on the basis of absence/presence of 
tumor-related necrosis it was shown that WHO/
ISUP grade 2 tumors with necrosis had an outco-
me similar to WHO/ISUP grade 3 tumors without 
necrosis and similarly that WHO/ISUP grade 3 tu-
mors with necrosis had an outcome similar to gra-
de 4 tumours without necrosis (16, 19, 20). These 
results suggest that this modified grading system 
has an enhanced positive predictive value when 
compared to WHO/ISUP grading alone.

Prostate adenocarcinoma grading
Numerous grading systems have been pro-

posed for PCa, of which the system that achieved 
worldwide acceptance for decades has been that of 
Donald Gleason (20, 21). Since the introduction of 
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the Gleason system in 1966, a number of modifi-
cations have been proposed, with the latest being 
in 2016 (22). Gleason based his grading purely on 
architecture without taking cytological atypia into 
consideration. Five grades were created from the 
lowest grade of 1 to the highest grade of 5. The 
dominant and subdominant grades were added to 
create the Gleason score of 2 to 10. In Gleason’s 
series, which pre-dated the introduction of thin 
core needle biopsy of the prostate, 88.5% of pa-
tients presented with extra-prostatic disease, with 
36% having metastases (23). This situation chan-
ged dramatically with the introduction of prostate 
specific antigen (PSA) testing in 1994 (24). Since 
then, the number of patients presenting with me-
tastatic PCa has decreased markedly (25). During 
this time, many other aspects of PCa diagnosis 
and treatment have also evolved. It also became 
apparent that not all tumor patterns in the Glea-
son system were classified correctly and in parti-
cular the designation of cribriform glands as gra-
des 2 and 3, as well as single cells and solid cords 
and masses as grade 3, was inappropriate as these 
patterns are now recognized as features of high-
-grade disease.

While initial modifications to the Gleason 
system were made by Gleason himself in 1974 and 
1977 (26, 27), other major changes were introdu-
ced in 2005 at a Consensus Conference convened 
by the International Society of Urological Patho-
logy (28). At this meeting, it was decided that 
Gleason grade 1 cancer represented adenosis, and 
therefore should not be diagnosed irrespective of 
the type of prostate specimen. It was also decided 
that grade 2 should be diagnosed rarely, if ever, 
in needle biopsies and that cribriform glands were 
indicative of, at least, grade 3 tumor. Cribriform 
cancer, which consisted of small round uniform 
glands with regular round lumina, were conside-
red grade 3, while all other patterns of cribriform 
glands were considered grade 4. As recommen-
ded by Gleason, it was agreed that the presence 
of comedonecrosis was a feature of grade 5, while 
Grade 4 was expanded to include poorly formed 
acini. There was agreement that the grading of 
all variants of PCa, other than mucinous tumors, 
should be based upon architecture, ignoring cellu-
lar changes. At this meeting, there was no con-

sensus as to how mucinous PCa should be graded 
(29). A further major change related to scoring of 
needle biopsies containing a higher grade tertia-
ry pattern. Here it was decided that the Gleason 
score should be the sum of most common gra-
de (primary grade) and the highest grade present. 
This change was recommended to avoid sample 
bias inherent in needle biopsies leading to appa-
rent downgrading in contrast to grading of radical 
prostatectomy specimens, where the entire tumor 
is available for assessment. Subsequent studies 
have confirmed the validity of these modifications 
in improving the predictive value of needle biopsy 
grading in relation to grading of radical prostatec-
tomy specimens, as well as biochemical recurren-
ce free survival and overall survival rates (30-32).

More recent studies have highlighted di-
fficulties in differentiating grade 3 cribriform PCa 
from cribriform cancers with a grade 4 morpho-
logy and it is now recognized that all cribriform 
PCa has a uniformally unfavourable prognosis 
(33, 34). A further issue related to the assignment 
of an overall grade to a cancer as in the 2005 
modified system Gleason scores ranged from 6 to 
10. From a management viewpoint it was appa-
rent that there was value in differentiating cases 
into prognostic categories such as low, interme-
diate and high-grade. In 1977, Gleason suggested 
grouping scores of 2-3, 4-5, 6, 7 and 8-10 would 
be clinically valid (27, 35). While more recently 
others have proposed a variety of different combi-
nations of Gleason scores to produce valid prog-
nostic groups (22, 36-39).

To formulate changes to PCa grading, the 
ISUP convened a further Consensus Conference in 
2014 attended by 82 experts from 19 countries (2). 
At this conference additional amendments to the 
2005 Gleason grading criteria were recommended. 
In particular all cribriform and glomeruloid pat-
terns of tumour were classified as Gleason grade 
4 and it was agreed that mucinous adenocarcino-
ma grading should be based upon the underlying 
architecture. It was also decided that intraductal 
carcinoma should not be assigned a grade. Five 
prognostic categories labelled ISUP grades were 
created. Gleason score 3+3 were reclassified as 
Grade 1, Gleason score 3+4 as Grade 2, Gleason 
score 4+3 as Grade 3, Gleason score 8 (4+4, 3+5, 
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5+3) as Grade 4, and Gleason scores 9 and 10 as 
Grade 5. It was decided that, if present, a higher 
tertiary pattern would continue to be applied to 
grading as the secondary pattern in needle biop-
sies. In contrast, there was no agreement as to 
how tertiary patterns should be dealt with in ra-
dical prostatectomy specimens, which means that  
ISUP grading cannot be strictly applied to these 
specimens. Several studies have subsequently va-
lidated this new ISUP grading system with respect 
to patient outcome (40-42).

It has subsequently been suggested that 
tertiary patterns in radical prostatectomy speci-
mens should be treated as a high-grade compo-
nent in the Gleason score if > 5% of tumor volu-
me. This recommendation has not been validated 
and was not a consensus decision of the 2014 ISUP 
meeting. Other recent recommendations are that the 

percentage of pattern 4 and 5 in both needle biop-
sies and radical prostatectomies should be recorded 
as they appear to provide additional prognostic in-
formation (43, 44). Currently, the optimum method 
for evaluating the volume of a higher-grade PCa, is 
uncertain at it could be based on measurement of 
surface area or length of the biopsy core. There is 
also debate as to whether percent pattern 4/5 should 
be reported for individual cores or for the entire 
case. Since the introduction of ISUP grading ano-
ther issue that has been highlighted is the validity of 
grouping of Gleason score 4+4, 3+5 and 5+3 tumors 
into ISUP grade 4 category, as subsequent studies 
have suggested that each of these differ in outcome 
(45). While the introduction of the ISUP grading 
system for prostate core biopsies has resulted in 
significant improvements in outcome prediction 
for PCa, it remains a system in evolution.
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