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Abstract

Background: This review addresses current issues from the daily practice of prostate and bladder diagnostic pathology.

Main text: In the last few years, many recommendations and clarifications were available from 2014 International
Society of Urologic Pathology consensus, 2016 World Health Organization blue book and 2017 8th edition of
American Joint Committee on Cancer Staging System.

Conclusion: We focus here on nine topics which are relevant based on their common appearance in daily
practice, clinical relevance and need to improve communication between pathology reports and clinicians.
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Background
In the last few years, many recommendations and clarifi-
cations were available from 2014 International Society of
Urologic Pathology consensus, 2016 World Health
Organization blue book and 2017 8th edition of Ameri-
can Joint Committee on Cancer Staging System. We
focus here on nine topics which are relevant based on
their common appearance in daily practice, clinical rele-
vance and need to improve communication between
pathology reports and clinicians.

Prostate pathology
Grade groups
The Grading system originally proposed by Donald
Gleason in 1966 (Gleason 1966) for prostatic acinar
adenocarcinomas has been adopted worldwide and
proved to be an important prognostic factor giving infor-
mation to guide treatment of patients with prostate can-
cer. Gleason grading scheme was endorsed by World
Health Organization (WHO) blue book in 2004 (Eble
et al. 2004). After more than five decades since its intro-
duction, the Gleason system maintained the original
concepts of using architectural features to stratify
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morphologic patterns associated with prognosis and giv-
ing a score based on the primary and the secondary pat-
terns within the tumor. Many changes, however, were
incorporated in routine diagnostic practice to refine risk
stratification and have been widely adopted after consen-
sus meetings organized by the International Society of
Urologic Pathology (ISUP) in 2005 and 2014 (Epstein
et al. 2005; Epstein et al. 2017; Epstein et al. 2016a; Ep-
stein 2018). In brief, patterns 1 and 2 have been abol-
ished in needle biopsies and are now rarely reported;
poorly formed glands, glomeruloid and cribriform glands
are diagnostic of pattern 4; and Gleason score in biopsies
are calculated by the most common pattern plus the
highest pattern present in the biopsy (which is different
from the score calculation in prostatectomy specimens).
Because of these changes, Gleason pattern 3 is now a
more uniform category both on morphology and in its
indolent clinical behavior. This is an important issue in
an era of growing interest on active surveillance. In con-
trast, Gleason pattern 4 has become a more heteroge-
neous group with many different possible morphologies
and diverse clinical outcomes. Gleason score 3 + 4 is
now the most common grade seen in prostatectomy
specimens and this so-called Gleason inflation is attrib-
uted to the fact that many morphologic patterns are
now considered as Gleason pattern 4 (Danneman et al.
2015). The current scenario of different morphologies
and the heterogeneity of Gleason pattern 4 highlight the
importance of the three topics below (high grade tumor
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quantification, sub stratification of Gleason pattern 4
and reproducibility of the diagnosis of poorly formed
glands).
Gradual changes in Gleason system created other issues:

as patterns 1 and 2 vanished from pathology reports, the
score 6 (3 + 3) has become the most indolent tumor eli-
gible for active surveillance. Patients may be confused
when they are told to be in the middle of scale from 2 to
10 and yet with the most indolent tumor possible and
suitable for active surveillance. Original Gleason score 7
did not split 3 + 4 and 4 + 3 tumors which have different
clinical behaviors. Further sum stratifications such as 4 +
5, 5 + 4 and 5 + 5 had no meaning since all these tumors
show similar clinical behavior and prognosis. Epstein and
colleagues from Johns Hopkins Hospital proposed in 2013
a 5-tiered new grading system in which the categories
would regroup Gleason scores ≤6 (group 1), 3 + 4 (group
2), 4 + 3 (group 3), score 8 (group 4) and scores 9 and 10
(group 5). Biochemical recurrence-free progression after
prostatectomy could be easily stratified using these five
groups avoiding the use of all possible combinations of
Gleason scores (Pierorazio et al. 2013) and this finding
was validated in an multi-institutional study (Epstein et al.
2016b). The new system has been endorsed by ISUP (Ep-
stein et al. 2016a) and WHO blue book in 2016 (Moch
et al. 2016a) with the recommendation that pathology re-
ports should use in conjunction both the new system and
the modified Gleason grade. It is believed that in the fu-
ture the new system, which is simpler and more logical,
will replace the Gleason scheme. After public discussion
on how the new 5-tiered system should be named (Egevad
et al. 2016; Epstein 2016), the terminology of grade groups
(GG) has been widely applied by most authors.

High grade tumor quantification
The 2014 ISUP conference and 2016 WHO blue book
recommend that tumors with Gleason score 7 should al-
ways have the percentage of Gleason pattern 4 quanti-
fied both in needle biopsy and prostatectomy specimens
(Epstein et al. 2017; Moch et al. 2016a; College of
American Pathologists 2018a). The major rationale in
reporting percentage of Gleason pattern 4 in needle bi-
opsy is the potential influence on clinical decision for ac-
tive surveillance. In current practice on most centers,
active surveillance is restricted to Gleason 3 + 3 tumors
(Amin et al. 2014a). However, a selected group of pa-
tients with positive biopsy with limited extent of Gleason
pattern 4 may be suitable for conservative therapy spe-
cially if extent of Gleason pattern 4 is less than 10%
(Chen et al. 2016; Morash et al. 2015; Kwon et al. 2014).
In addition, percentage of Gleason pattern 4 in needle
biopsy improves prediction of upgrading at prostatec-
tomy, adverse pathological findings at prostatectomy
and biochemical recurrence (Cole et al. 2016; Flood
et al. 2016). Although not explicit in the 2014 ISUP con-
sensus conference, it is a widely adopted approach to re-
port the percentage of Gleason pattern 4 only in the
absence of Gleason pattern 5, since it is believed that the
presence of the higher-grade component will be decisive
information to guide clinical management.
The same recommendation for high grade tumor

quantification is made for prostatectomy specimens.
There is no specific method of quantification, however,
that has been recommended or widely adopted. The
combined percentage of Gleason patterns 4 and 5 within
the tumor has been linked to higher stage, adverse
pathological findings, metastases and was an independ-
ent predictor of cancer-specific survival (Chen et al.
2016). Two large studies showed a continuous increase
of the risk of prostate-specific antigen recurrence with
increasing percentage of Gleason 4 fractions advocating
that such information is much more discriminatory than
the 2-tired distinction of 3 + 4 and 4 + 3 tumors (Atha-
nazio et al. 2014; Choy et al. 2016).
A different approach is to report not the percentage of

high grade component within the tumor, but the extent
of high grade component in the prostate gland. The use
of Gleason score, or grade groups, may lead to a misin-
terpretation on the actual extent of low- and high-grade
components within the prostate. In a recent series of
prostatectomy specimens, one of the authors and col-
leagues showed that a considerable rate of GG2 (GS 3 +
4) tumors do indeed have more extensive Gleason pat-
tern 4 than GG3 (4 + 3) tumors: 22.8% of GG2 carcin-
omas at prostatectomy showed higher percentage of the
prostate involved by high grade tumor than the
first-quartile value of GG3 tumors, and 20.2% of GG2
carcinomas at prostatectomy showed higher volume of
high grade tumor than the first-quartile value of GG3
tumors (Souza et al. 2018). Detailed data on the distribu-
tion is seen in Table 1 and show considerable superpos-
ition between values of percentage of prostate gland
involvement and total volume of high grade component
among GG2 and GG3 tumors, especially among inter-
mediate positions (higher quartiles of GG2 and lower
quartiles of GG3) (Souza et al. 2018).
A recent report by Deng and colleagues reports a

size-weighted Gleason score (prostate gland weight × %
gland with tumor × % of Gleason pattern 4%), which is
expressed in grams and has proven to be a better pre-
dictor of biochemical recurrence than the traditional
Gleason score. In this report, percentage was assessed by
slide drawing and semiquantitative estimation (Deng
et al. 2016). Chun and colleagues used a semiquantita-
tive calculation of high-grade tumor volume – based on
estimation of percentage per slice and slice thickness –
showed that this parameter was an independent pre-
dictor of biochemical recurrence in high-risk tumors



Table 1 Distribution of mean percentage of the prostate involved by high grade carcinoma (PPIHGC) and volume of high grade
carcinoma (VHGC) values among different quartiles of distribution of GG2 and GG3 tumors 159 radical prostatectomy specimens
(see reference (Souza et al. 2018))

GG2 (3 + 4) GG3 (4 + 3)

Mean PPIHGC Mean VHGC

< 0.4 0.4 1.9 6.5 1.5 6.6 14.0 37.0

<1st quartile 1–2 quartiles 3–4 quartiles > 4th quartile <1st quartile 1–2 quartiles 3–4 quartiles > 4th quartile

< 0.05 0.07 0.5 2.1 0.3 1.47 3.5 10.5

<1st quartile 1–2 quartiles 3–4 quartiles > 4th quartile <1st quartile 1–2 quartiles 3–4 quartiles > 4th quartile
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(Chun et al. 2007). In our practice, we use a modified
point count method which allows estimation of percent-
age of prostate gland involvement both of total tumor
and the high grade component (Athanazio et al. 2014;
Souza et al. 2018). Such approach avoids the inherit sub-
jectivity of eyeballing and does not add considerable
time consuming to tumor quantification. Knowing the
prostate volume, the total tumor volume and high-grade
tumor component can also be estimated. All of our syn-
optic pathology reports of radical prostatectomy speci-
mens includes the quantitative information of total
tumor volume, percentage of the prostate involved by
total tumor, high-grade tumor component volume and
percentage of the prostate involved by the high-grade
component. We believe this approach is more inform-
ative than merely reporting the percentage of high grade
patterns within the tumor. Such quantitative information
in pathology reports of prostatectomy specimens is of
relevance since in the case of prostate cancer most tu-
mors are not grossly identified and are usually multifocal
precluding gross estimation of size or identification of
index tumor.
Sub stratification of Gleason pattern 4
As mentioned before, the currently used modified Glea-
son grading is associated with Gleason “inflation”, which
means that Gleason pattern 4 is more diagnosed in
current practice than before both in needle biopsies and
prostatectomies. Gleason score 3 + 4 is now the com-
monest grade seen in radical prostatectomy specimens
and the clinical outcome of this group is heterogeneous.
Tumors with Gleason 3 + 4 grade in needle biopsies may
be eligible to active surveillance, however, there is a ur-
gent new of consistent predictors of outcome in this
settings.
Current accepted morphologies of Gleason pattern 4

includes poorly formed glands (Fig. 1a), cribriform
glands (Fig. 1b), glomeruloid glands, fused glands, and
ductal invasive carcinoma (Fig. 1). The commonest
morphologies detected at needle biopsies are poorly
formed glands (57%), fused glands (53%) and cribriform
glands (25%) (Gottipati et al. 2012). Such heterogeneity
in morphology and clinical outcomes urge new strategies
of sub stratification of Gleason pattern 4.
Although it is not a formal recommendation in 2014

ISUP consensus or 2016 WHO blue book, it became
common practice to include in pathology reports
whether cribriform morphology is present or absence in
Gleason pattern 4. Cribriform morphology evolved
through decades from acceptable in Gleason pattern 3
to diagnostic of Gleason pattern 4, and now emerges as
a subgroup of more aggressive behavior among Gleason
pattern 4 morphologies. In patients who underwent rad-
ical prostatectomy, cribriform morphology has been an
independent predictor of biochemical recurrence (Icz-
kowski et al. 2011; Kir et al. 2014; Trudel et al. 2014;
Dong et al. 2013), metastasis (Dong et al. 2013; Kweldam
et al. 2015) and cancer specific death (Kweldam et al.
2015).
A large European study enrolling 1031 subjects

showed that 15-year cancer free survival after a diagnosis
at needle biopsy of Gleason score 6, score 7 without
cribriform invasive or intraductal carcinoma, and score
7 with cribriform invasive or intraductal carcinoma were
99%, 94% and 64%, respectively. Cribriform invasive or
intraductal carcinoma were independent predictor of
cancer free survival (Kweldam et al. 2016a). The same
group has shown that the presence of these features in
needle biopsies after prostatectomy, but not percentage
of Gleason pattern 4, was an independent predictor of
biochemical recurrence. This observation favors the in-
clusion of the information on the presence of cribriform
morphology and intraductal carcinoma in pathology re-
ports of needle biopsies. In addition, it demonstrates that
presence of any amount of cribriform morphology
should rule out the option of the active surveillance pa-
tient management (Kweldam et al. 2017). Strikingly,
men with Gleason score 7 and no cribriform invasive or
intraductal carcinoma had indistinguishable cancer free
survival curves from those men with Gleason score 6
after radical prostatectomy or radiotherapy – a finding
supporting the use of absence of this parameter as an
important eligibility criteria for including 3 + 4 patients
in active surveillance, as long as serum PSA levels and
tumor extent are favorable (Kweldam et al. 2016b).



Fig. 1 Common patterns of Gleason pattern 4 in acinar adenocarcinoma of the prostate. a poorly differentiated glands (HE, 40×) and cribriform
morphology (HE, 40×)
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The approach of Kweldam and colleagues to aggregate
invasive cribriform and intraductal carcinoma is ex-
plained by the fact that both are implicated in aggressive
behavior and are usually a mutual differential diagnosis.
Intraductal carcinoma (discussed below) usually grows
in a dense cribriform pattern with dilated ducts and the
distinction from invasive cribriform masses with round
contours can only be achieved by immunohistochemical
evidence of preserved basal cells. Such strategy avoids
the requirement of immunohistochemistry for all cases
showing cribriform morphology.
Interestingly, a cytogenetic study published 20 years

ago reported that karyotypic alterations of cribriform
prostate adenocarcinoma were more closely related to
Gleason pattern 5 than to other morphologic patterns of
Gleason pattern 4 (Qian et al. 1997). Recently, cribriform
invasive prostate carcinoma has been linked to increased
genomic instability (Bottcher et al. 2018).

Poorly formed glands
The 2005 ISUP consensus included poorly formed
glands in Gleason pattern 4 (Epstein et al. 2005). As a
consequence, this morphology is now commonest of
Gleason pattern 4 (Gottipati et al. 2012) and, as already
mentioned, some 3 + 4 tumors with this finding may not
differ in clinical behavior from indolent 3 + 3 tumors
(Kweldam et al. 2016b). Besides the discussion on its
clinical relevance, the morphology of poorly formed
glands is the most problematic in Gleason grading in
terms of reproducibility, even among experienced uro-
logic pathologists. The original 2005 consensus publica-
tion indeed acknowledged that in some cases both the
diagnosis of 3 + 3 or 3 + 4 are acceptable in cases in
which tangentially cut well differentiated glands could
not be ruled out. Cases with borderline morphology of
minor component of poorly formed glands (3 + 3 vs 3 +
4) has become a major problem in consultation series
with impact on decision for eligibility for active surveil-
lance (McKenney et al. 2011; Sadimin et al. 2016; Uson
et al. 2017).
The potential overdiagnosis has serious practical

implication. In four post-2005 large series, the down-
grade rate from 3 + 4 to 3 + 3 tumors between needle
biopsies and prostatectomies ranged from 0 to 24%.
The highest rate was seen in the largest series from
the US enrolling 5071 patients (Epstein et al. 2012).
In the largest series, a nationwide survey from
Sweden (15,598 subjects), the rate of downgrade was
17% (Danneman et al. 2017). This means that some
poorly formed glands in small samples may be over-
valued while similar foci may be overlooked in the
background of extensive Gleason pattern 3 seen in
radical prostatectomy specimens. The logical conse-
quence is that Gleason pattern 4 overdiagnosis leads
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to a scenario where many patients are guided to un-
necessary definitive treatments.
Zhou and colleagues worked in a reproducibility study

enrolling 17 urologic patologists who gave their opinion
whether 23 photomicrographs were diagnostic of Glea-
son pattern 4 (Zhou et al. 2015). The results allowed the
general recommendations to refine the criteria of diag-
nosing poorly formed glands: only glands without lu-
mens or rarely with lumens should be considered poorly
formed glands; the Gleason pattern 4 should be avoided
if they are adjacent to well differentiated glands (regard-
less of the number of poorly formed glands) and if ≤5
poorly formed glands are seem; and, in borderline cases,
the pathologist should be conservative and report the
lower grade (Zhou et al. 2015).
The 2014 ISUP consensus clarified that occasional

poorly formed or fused glands in the background of
well-formed glands are insufficient for a diagnosis of
Gleason pattern 4, and that in borderline cases the lower
grade should be favored (Epstein et al. 2016a).

Intraductal carcinoma
Intraductal carcinoma of the prostate was recognized as
new entity in the 2016 WHO blue book (Moch et al.
2016a). Unlike intraductal carcinoma in other sites, it is
conceived as the intraductal spread of invasive aggressive
carcinomas and not a pre-invasive lesion (at least in
most cases). The intraductal component should not be
Fig. 2 Intraductal carcinoma of the prostate in a prostatectomy specimen
expanded ducts with loose and dense cribriform morphologies surroun
Immunohistochemistry of a cocktail using basal cell markers (p63 and
CoA racemase (AMACR) (40×): intraductal carcinoma show preserved b
invasive adenocarcinoma express AMACR. c PTEN immunohistochemistr
protein in intraductal carcinoma while preserved stain is seen in adjace
graded. When seen unassociated with high-grade inva-
sive cancer in needle biopsy, the 2014 ISUP consensus
recommends that a comment should be added in the
pathology report on the invariably association with ag-
gressive invasive carcinoma (Epstein et al. 2016a).
Defined criteria for intraductal carcinoma are the pres-

ence of malignant epithelial cells filling large acini and
prostatic ducts (Fig. 2a) with preservation of basal cell
layer (Fig. 2b) and: solid or dense cribriform pattern (>
50% of lumen filled by epithelial cells); or loose cribri-
form or micropapillary patterns if associated with
marked nuclear atypia (nuclear size 6× normal) or come-
donecrosis (Guo and Epstein 2006). Loose cribriform
and micropapillary patterns are also seen in high grade
prostatic intraepithelial neoplasia (HGPIN) and must be
distinguished because the clinical implications of a
HGPIN diagnosis is much less ominous. In current prac-
tice, a single focus of HGPIN at needle biopsy may be
managed just as a needle biopsy with only benign find-
ings. When multifocal HGPIN (defined as > 1 core) at
needle biopsy is seen, there is an increased risk of de-
tecting adenocarcinoma in a subsequent biopsy and, as a
consequence, new biopsy should be considered immedi-
ately or in a shorter schedule (Fine et al. 2012; Merrimen
et al. 2009; Netto and Epstein 2006). In a series includ-
ing 21 pure intraductal carcinomas (with no concomi-
tant invasive carcinoma) seen at biopsy and with
available data from radical prostatectomy, only 2 (10%)
associated with invasive adenocarcinoma. a HE stain (40×) shows
ded by small infiltrative glands of acinar adenocarcinoma. b
high molecular weight cytokeratin, 34BE12) and Alpha-methylacyl-
asal cell layer while luminal cells of intraductal carcinoma and
y (100×) shows loss of nuclear and cytoplasmatic express of PTEN
nt stroma
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had no invasive prostatic carcinoma and most cases had
high Gleason scores ≥8 tumors (Robinson and Epstein
2010). Thus, it is mandatory to report the presence of
intraductal carcinoma in pathology reports, especially in
needle biopsies since its presence may indicate repeated
biopsy (Robinson et al. 2012).
Subsequent studies showed that the presence of intra-

ductal carcinoma associated with invasive adenocarcin-
oma in needle biopsies is associated with decreased
cancer-free survival, even in the subgroup of patients
with higher Gleason scores ≥8 (Zhao et al. 2015). In
intermediate risk patients treated by radical prostatec-
tomy or radiotherapy, intraductal carcinomas at biopsies
was predictive of early biochemical recurrence and me-
tastasis (Van der Kwast et al. 2012). Also for patients
with intraductal carcinoma associated with invasive
adenocarcinoma Gleason 6 at biopsy, most patients had
unfavorable prognosis such as metastasis at diagnosis,
progression during active surveillance or high-grade and
high-stage tumor at prostatectomy. Among 14 available
radical prostatectomy specimens, pT2 stage and Gleason
score 6 were seen in only 36% and 21%, respectively
(Khani and Epstein 2015). Intraductal carcinoma at radical
prostatectomy specimens has been also reported to be an
independent predictor of biochemical recurrence (Kimura
et al. 2014; Miyai et al. 2014) and cancer-specific survival
(Kimura et al. 2014). A recent study showed that intraduc-
tal carcinoma diagnosed in prostate needle biopsies of pa-
tients with metastatic prostate cancer was predictive of
early emergence of castration-resistant prostate cancer
(Zhao et al. 2017). Taken together, these data indicate that
the presence of intraductal carcinoma should be reported
in any prostatic specimens: needle biopsy, transurethral
resection and prostatectomy specimens.
When dense cribriform or solid variants of prostate

intraductal carcinoma are seen, the major differential
diagnosis are invasive high-grade acinar adenocarcinoma
and urothelial carcinoma – both invasive or spreading
into prostatic ducts. In these scenario, immunohisto-
chemistry is helpful to investigate integrity of basal cell
layer and distinction between prostatic and urothelial
epithelium (Robinson et al. 2012). For loose cribriform
or micropapillary variants, the most important differen-
tial diagnosis is HGPIN. In borderline cases, loss of cyto-
plasmic expression of phosphatase and tensin homolog
(PTEN) protein by immunohistochemistry favor the
diagnosis of intraductal carcinoma (Lotan et al. 2013;
Morais et al. 2015) (Fig. 2c). Given the clinical implica-
tions of the diagnosis of intraductal carcinoma, it is rea-
sonable to use descriptive terms such as atypical
intraductal proliferation when facing a borderline lesions
sharing features of HGPIN and intraductal carcinoma. A
comment on the difficulty to distinguish HGPIN and
intraductal carcinoma and the clinical implications of
both diagnoses should be added in the report (Robinson
et al. 2012).

Grade concordance between needle biopsy and
prostatectomy
Concordance between grades assigned in needle biopsy
and radical prostatectomy is not perfect. An obvious rea-
son for discrepancies is sampling. Other sources of vari-
ation include: 1) how biopsy grade is picked as the
biopsy set grade: it is common practice in Europe and
Canada to give a global grade weighing data from differ-
ent cores while clinicians will typically pick the highest
grade from all regions (Athanazio et al. 2017); 2) there is
inherit differences between how Gleason score is calcu-
lated since the 2005 ISUP consensus: the dominant
grade plus the higher among non-dominant patterns in
needle biopsy and the dominant grade plus the second
most common in prostatectomies (Epstein et al. 2005);
Gleason score is given in separate assignments per re-
gion in needle biopsy because, in theory, each area could
represent different nodules, however, the most common
scenario in radical prostatectomy is that there is a multi-
focal tumor and a single grade will be giving weighing
findings from the whole tumor.
Table 2 details findings of the four largest series com-

paring grades between needle biopsy and radical prosta-
tectomy specimens post-2005 consensus (Epstein et al.
2012; Danneman et al. 2017; Athanazio et al. 2017;
Samaratunga et al. 2015). The issue of the relative high
rate of downgrade from GG2 to GG1 in some series
have been already discussed in the section on “poorly
formed glands”. The second issue that emerges from
Table 2 is the high rate of upgrade from GG1 to GG2
(ranging from 20 to 48%), a common scenario in clinical
practice. In this case, sampling is the most reasonable
explanation on why high-grade tumor was missed in bi-
opsies. Using only clinicopathological data, upgrade of
biopsy GG1 was associated with age ≥ 60 years, PSA
density ≥ 0.2, ≥ positive cores, ≥% core tissue and peri-
neural involvement. Downgrade of biopsy GG2 corre-
lated inversely with age ≥ 60 years, PSA > 10 ng/ml
and ≥ 2 positive core (Athanazio et al. 2017). In a recent
large series, the overall rate of upgrade was 51% and up-
grade from GG1 at biopsy was predicted by age, abnor-
mal digital rectal examination serum PSA density,
percentage of positive cores and body mass index (Aude-
net et al. 2017).
In our practice, most cases upgraded from GG1 to

GG2 still shows prostatectomy findings which are pre-
dictive of indolent behavior: These tumors showed a low
frequency of non-focal extraprostatic extension (3%), ex-
tensive positive surgical margins (6%) and seminal
vesicle invasion (3%) (Souza et al. 2018). In contrast,
Cocoran and collegues showed that pathological findings



Table 2 One-level downgrade, concordance, and one-level upgrade when compared with biopsy Grade Group and radical
prostatectomy Grade Group in large series post-2005 ISUP consensus. One-level downgrade rate is shown at the right, concordance
rate is centered and italicized, and one-level upgrade is shown at the left. Rates are expressed as percentage

First author, year How grade
was assessed
in biopsy

Number
of
patients

Country Grade

Grade group Grade group Grade group Grade group Grade group

ISUP/WHO 1 ISUP/WHO 2 ISUP/WHO 3 ISUP/WHO 4 ISUP/WHO 5

GS ≤6 GS 7 (3+4) GS 7 (4+3) GS 8 GS > 8

Athanazio 2017 CGG 2,529 Canada NA-48-48 07-74-16 30-53-07 30-21-33 02-68-NA

Danneman 2016 Not informed 15,598 Sweden NA-65-28 17-68-18 30-50-08 33-33-12 08-64-NA

Samaratunga 2015 HGS 2,079 Australia NA-43-45 00-72-24 15-75-11 44-18-34 00-77-NA

Epstein 2012 HGS 5,071 US NA-75-20 24-54-18 32-41-08 31-31-18 11-58-NA

Note: CGG Composite Grade Group based on findings of all biopsy cores, HGS highest Gleason score in one core or region, NA not applicable
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at prostatectomy and biochemical recurrence curves were
similar for those patients with upgrade GG1 to GG2 when
compared to concordant tumors with GG2 (3 + 4) at bi-
opsy and radical prostatectomy (Corcoran et al. 2011).
There is an urgent need for biomarkers that could pre-

dict upgrade or aggressive behaviors in patients with
limited Gleason 3 + 3 cancers diagnosed in biopsy speci-
mens. In this field, the most promising marker is again
PTEN. Loss of PTEN evaluated by immunohistochemis-
try was an independent risk factor for upgrading from
Gleason score 6 at biopsy to score 7 or higher: with odds
ratio of 2.8 and 3.0 in two models (Lotan et al. 2015). In
other study, PTEN loss was an independent predictor of
upgrade of 3 + 3 tumors in core biopsies with odds ratio
of 5.2 (Trock et al. 2016). Loss of PTEN expression by
immunohistochemistry is concordant with deletion by
fluorescent in situ hybridization (Picanco-Albuquerque
et al. 2016). These findings suggest that Gleason pattern
3 adjacent to higher grade components shows already a
molecular profile that can be distinguished from mor-
phologic similar Gleason pattern 3 of pure indolent tu-
mors. In other words, PTEN loss in Gleason pattern 3
can predict the presence of un-sampled grade 4 tumor:
and the use of this biomarker may prevent enrolling
high-risk men for active surveillance. This is a simple
test that can be readily adopted in clinical practice giving
valuable information that is much less expensive than
currently adopted genetic panels. Validation from other
centers may give additional argument to implement
PTEN immunohistochemistry in the routine practice of
active surveillance.

Bladder pathology
Divergent differentiation and aggressive variants of
urothelial carcinoma
The 2016 WHO blue book changed the classification of
invasive urothelial carcinoma to distinguish tumors with
and without divergent differentiation. Urothelial carcin-
oma is well known to show a wide morphologic plasti-
city. Some variants are rare and the limited number of
cases restricts the evaluation of the clinical impact of all
variants. Squamous and glandular differentiation are the
commonest variants. The 2016 WHO blue books recog-
nized the patters of micropapillary, plasmacytoid and
poorly differentiated as more aggressive variants – and
the percentage of each variants should be reported
(Moch et al. 2016b; College of American Pathologists
2018b) . Recognizing morphological variants with differ-
ent clinical behavior is of relevance since, by default, al-
most all invasive urothelial carcinomas area labelled as
high grade (Amin et al. 2015).
Micropapillary and plasmacytoid variants are import-

ant because of the clinical implications in prognosis,
even in superficially invasive (pT1) tumors. In addition,
there are reports suggesting that these variants are com-
monly missed in daily practice – suggesting an impact
on care associated with the implementation of central
pathology review (Shah et al. 2013). Overall, 20% of in-
vasive urothelial carcinomas show divergent differenti-
ation and 44% of these variants were not primarily
recognized (Shah et al. 2013).
Micropapillary variant may be difficult to recognize

because it shares with ordinary invasive carcinomas the
appearance of lacunar spaces with epithelial growth
within it, which is attributed to retraction artifact in the
latter. True micropapillae are delicate filiform process
without true fibrovascular core tightly clustered within
lacunar spaces. Features suggested to be distinctive of
micropapillary variants are multiple epithelial nests
within a single lacuna (Fig. 3a and b)or epithelial ring
formation (Fig. 3c) (Amin et al. 2015).
Micropapillary morphology is associated with poor

prognosis and the percentage of micropapillary morph-
ology in transurethral resections was reported to predict
higher stage (Gaya et al. 2010; Samaratunga and Khoo
2004) and cancer specific death (Samaratunga and Khoo
2004; Comperat et al. 2010). Those findings are the main
reason to report the presence and the percentage of
micropapillary morphology in pathology reports. The as-
sociation with poorer outcome led some authors to



Fig. 3 Micropapillary variant of urothelial cancer (a 40×) showing multiple epithelial nests within a single lacuna (b 100×) and epithelial ring
formation (c 400×). Plasmacytoid variant of urothelial cancer (d 400×)
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suggest early cystectomy even in pT1 tumors (Kamat
et al. 2006). Since some cases treated with early cystec-
tomy still show advanced stage and nodal metastasis,
consideration of neoadjuvant chemotherapy has been
suggested (Ghoneim et al. 2011), while a recent study
suggested benefit of prior chemotherapy only in muscle
invasive disease (Fernandez et al. 2017). Other groups,
however, do not agree with early cystectomy in tumor
without muscle invasive disease especially in cases with
low percentage of micropapillary morphology and lack
of associated carcinoma in situ (Gaya et al. 2010; Spali-
viero et al. 2014).
Plasmacytoid variant is now the term of choice for

what has been called in the past signet ring or diffuse
variants of urothelial carcinoma (Moch et al. 2016b)
(Fig. 3d). It is usually associated with advanced stage at
diagnosis and poor survival (Fox et al. 2017). In a trial of
muscleinvasive urothelial carcinoma, treated by radical
cystectomy and adjuvant cisplatin-based chemotherapy,
it was shown that plasmacytoid morphology was an in-
dependent predictor of poor survival when compared to
ordinary urothelial carcinoma and even to micropapil-
lary variant (Keck et al. 2013). Other recent series did
not show the impact of plasmacytoid morphology on
outcome (Li et al. 2017). A characteristic clinical feature
is the high rate of recurrence with peritoneal spread
(Dayyani et al. 2013; Ricardo-Gonzalez et al. 2012). A
potential pitfall in cystoscopy is that the tumor may in-
vade muscularis propria without grossly identifiable
mucosal tumor (Fritsche et al. 2008). Mirroring the dis-
cussion on early cystectomy for the micropapillary
variant, some authors also suggest aggressive therapy in
pT1 disease with plasmacytoid morphology (Kaimaklio-
tis et al. 2014).
Both micropapillary and plasmacytoid variants com-

monly show HER2 oncogene alterations including amp-
lification and mutation and, therefore, may be prone to
target therapy in the future (Ching et al. 2011; Ross et al.
2014; Schneider et al. 2014; Kim et al. 2016).
The direct role of divergent differentiation (variant

morphologies) on treatment decision is a matter of de-
bate. One group recommended a treatment algorithm
with earlycystectomy in non-muscle invasive bladder
cancer (T1) with micropapillary, plasmacytoid and sar-
comatoid morphologies (Willis and Kamat 2015). Al-
though an early surgical treatment is not explicitly
recommended in the MD Anderson practice algorithm,
patients with micropapillary and sarcomatoid variants
may be followed even as T2 tumors; however, early cyst-
ectomy should be considered in variant morphologies
demonstrating concurrent carcinoma in situ (MD An-
derson Cancer Center n.d.). The current National Com-
prehensive Cancer Network (NCCN) guideline for
bladder cancer states that non-muscle invasive bladder
cancer with micropapillary, plasmacytoid and sarcoma-
toid morphologies are at higher risk of progression and
more aggressive approach should be considered (National
Comprehensive Cancer Network Clinical Practice Guide-
lines in Oncology n.d.). The American Urological Associ-
ation (AUA)/ Society of Urologic Oncology (SUO)
Guideline mentions that an experienced genitourinary
pathologist should review the pathology of a patient with
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any doubt in regards to variant or suspected variant hist-
ology (e.g., micropapillary, nested, plasmacytoid, neuroen-
docrine, sarcomatoid), extensive squamous or glandular
differentiation, or the presence/absence of LVI. (Moderate
Recommendation; Evidence Strength: Grade C). Presence
of variant histology requires restaging transurethral resec-
tion within 4–6 weeks when a bladder sparing approach is
considered, or consideration of early cystectomy due to
high risk of upstaging (Expert Opinion) (Chang et al.
2016). The European Association of Urology (EAU) guide-
lines on Non-muscle-invasive Bladder Cancer mentions
micropapillary, nested, plasmacytoid, sarcomatoid, micro-
cystic, squamous and adeno variants as associated with
poor prognosis (Babjuk et al. 2017).

pT1 substaging
The 2017 8th edition of American Joint Committee on
Cancer Staging System (AJCC) did not change the sta-
ging system of bladder cancer (Bochner et al. 2017).
Both AJCC and the College of American Pathologists
(CAP), however, strongly recommends substaging of
pT1 disease (College of American Pathologists 2018b;
Bochner et al. 2017). The lamina propria is a thick layer
of loose connective tissue and pT1 disease may range
from a single microscopic invasive focus to large grossly
identifiable invasive tumors. Upstaging of pT1 tumors in
radical cystectomy to pT2 or higher is common: 48–50%
with 33% to nonorgan confined disease (pT3 or positive
lymph nodes) (Paner et al. 2017). Such heterogeneity
urges the development of strategies that improve risk
stratification of pT1 tumors in transurethral resection
specimens.
In the past, some author suggested substratification of

pT1 disease based on relationship of muscularis mucosa:
lamina propria and submucosa. Such approach is com-
plicated because the presence of muscularis mucosa is
variable in different topographies of the bladder – it is
present in continuous or discontinuous layer in 40% of
the cystectomy sections. The most popular approach in
current practice is micrometric size estimation of inva-
sive foci with proposed cutoffs of 0.5 mm and 1.0 mm
(Paner et al. 2017).
The CAP protocol acknowledges that substaging

methods have been difficult to adopt due to the inherent
lack of orientation of the specimen. Pathologists are, how-
ever, encouraged to provide some assessment as to the ex-
tent of lamina propria invasion (ie, maximum dimension
of invasive focus, or depth in millimeters, or by level –
above, at, or below muscularis mucosae (College of
American Pathologists 2018b). For papillary pT1 disease,
there is also evidence that site distinction (invasion of stalk
or base of the lesion) has prognostic impact. In the pro-
posed classification of Lawless and colleagues, the
base-extensive category (defined as a few microinvasive
foci > 1 mm apart, in multiple tissue fragments, or inva-
sion of an area that would not fit within one 20× high
power field) showed higher rate of progression (Lawless
et al. 2017).
In our practice, we provide in pathology reports of

pT1 disease in transurethral resections the maximum di-
mension of invasive focus and the distinction of invasive
foci in stalk only versus base of the lesion.

Staging issues in transurethral resections
The 8th AJCC Staging Manual clearly states that patho-
logical staging of bladder cancer should be performed in
cystectomy specimens (Bochner et al. 2017). Although
pT classification is not recommended for transurethral
resection specimens, there is a widely accepted practice
of giving a pT stage in the pathology reports of these
materials. Such practice is probably influenced by the
fact that many patients are treated with conservative
therapy and the pathological examination of transureth-
ral resection specimens will be the only source of ana-
tomic staging. The 8th AJCC Staging Manual did not
change the anatomical staging of bladder cancer, how-
ever, some important clarifications were provided.
It is well known that muscularis mucosa may be hy-

perplastic and may mimick muscularis propria (detrusor
muscle) in transurethral resection specimens. Muscularis
propria is recognized by tight aggregates of large bundles
of smooth muscle (Paner et al. 2017). The ISUP does
not recommend use of smoothelin to discriminate mus-
cularis mucosae from muscularis propria. Desmin may
be used to highlight bundles of smooth muscle in areas
of destructive desmoplastic invasive foci, but cannot dis-
criminate those two muscular layers (Amin et al. 2014b).
Because of the relevance of this distinction, which is a
major guide to decision making, all pathology reports of
transurethral resection specimens should clearly state
whether muscularis propria is present or absent, and
whether muscularis propria is involved. Confounding
terms such as “invasion of muscle bundles” should be
avoided.
Adipose tissue is seen within lamina propria in 53%

and in 100% of muscularis propria (Philip et al. 2000).
Consequently, invasion of adipose tissue seen in trans-
urethral resection specimens cannot be diagnostic of
pT3 disease. The discrepancy between the imaging stud-
ies showing perivesical tissue invasion, and pathologic
evaluation of transurethral resection specimen indicating
pT2 (muscle invasive) urothelial carcinoma can be a
source of confusion at tumor board discussions. It must
be noted that in transurethral resection specimens, it is
not possible to assign a higher stage than pT2. To avoid
confusion, pathology reports should simply assign if
muscularis propria is present and involved, or not; or a
pathologic stage can be given with a comment that the
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stage is pT2 or higher (and definitive pathologic stage
will depend on radical cystectomy specimen).
The diagnosis of pT4a disease should also be avoided in

transurethral resection specimens. In a survey of the Euro-
pean Network of Uropathology in 2008, 74% of the path-
ologist answered they would assign pT4a disease if
prostatic stromal invasion is seen in transurethral resec-
tion specimens (Lopez-Beltran et al. 2011). The 8th AJCC
Staging Manual clarifies that stromal prostatic invasion
could be explained by three routes: direct invasion of a
bladder tumor into the prostate (a true pT4a), invasion of
a bladder tumor using the path of invasion through peri-
vesical adipose tissue (pT3) or by intraurethral route. A
bladder tumor may extend into prostatic urethra and in-
vade prostatic stroma. Alternatively, the patient may har-
bor two independent tumors in the bladder and in the
prostatic urethra. In such cases, the recommendation is to
provide two pT stages: one for the bladder and one for the
prostatic urethra, in which invasion of prostatic stroma is
pT2 (Bochner et al. 2017; Paner et al. 2017). This distinc-
tion can only be made in cystectomy specimens. A reason-
able approach is to report invasion of prostatic stroma in
transurethral resection specimens with a comment that
the definitive pathologic stage will depend on radical cyst-
ectomy specimen.

Conclusion
Incorporation in pathology reports of the morphological
data currently used in risk stratification can improve the
care of patients with prostate and bladder cancer. Such
information should be provided in a standardized and
clear manner to avoid misinterpretation of the reported
findings by urologists, clinical oncologists and radiation
oncologists.
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