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Abstract The Gleason grading system remains one of the
most powerful prognostic factors in prostate cancer and is
the dominant method around the world in daily practice. It is
based solely on the glandular architecture performed at low
magnification. The Gleason grading system should be per-
formed in needle core biopsies and radical prostatectomy
specimens where it shows a reasonable degree of correlation
between both specimens, and most importantly, it remains
vital in the treatment decision-making process. This review
summarizes the current status of Gleason grading in prostate
cancer, incorporating recent proposals for the best con-
temporary practice of prostate cancer grading.
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Introduction

The Gleason grading system for prostate cancer, named after
Donald F. Gleason, is the predominant grading system
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around the world [21-23]. The Gleason grading system is
based on glandular architecture which can be divided into
five patterns of growth (also known as grades) with
decreasing differentiation [10, 21-23]. The primary and
secondary pattern or grade, i.e., the most prevalent and the
second most prevalent pattern or grade is added to obtain a
Gleason score or sum that is to be reported (see Appendix)
[10, 21]. Nuclear atypia or cytoplasmic features are not
evaluated. An important issue is that the initial grading of
prostate carcinoma should be performed at low magnifica-
tion using a 4% or 10X lens [16, 18]. Then one may proceed
wit high-power objectives to look for rare fused glands or a
few individual cells. Gleason grading of prostate cancer has
changed over the years to adapt to needle biopsies and
radical prostatectomy specimens that were unavailable at
time when Gleason proposed his system [3, 4, 9, 14, 18, 19,
31, 32, 35, 36, 39, 48]. Issues on the application of the
Gleason grading system in prostate cancer have been dealt
with in recent consensus conferences organized under the
auspices of the Uropathology Working Group (European
Society of Pathology, ESP), the European Society of
Uropathology (a full section office member of the European
Association of Urology, EAU), and the Italian Society of
Urology (SIU; Florence, Italy, June 2003; Palermo, Sicily,
June 2005) [9, 39], World Health Organization (Lyon,
France, December 2002; and Stockholm, Sweden, Septem-
ber 2004) [3, 14], and International Society of Urologic
Pathology (San Antonio, TX, USA, March 2005) [18]. The
authors of this review have been involved in the organiza-
tion and participated in and contributed to these conferences.
Important recommendations follow.

Gleason score as prognostic and predictive factor

Gleason grading remains as one of the most significant
factors in the clinical decision-making activity both in
needle biopsy specimens and after radical prostatectomy is
performed; that is, it predicts pathological stage, margin
status, biochemical failure, local recurrences, lymph node,
disease progression, or distant metastasis after prostatec-
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tomy [3, 5-8, 11-13, 31, 32, 35]. Radiation therapy, radical
prostatectomy, and other therapies are initially based on the
Gleason score; in practice, Gleason scores of 7-10 are
associated with worse prognosis, meanwhile Gleason
scores of 5-6 are associated with lower progression rates
after therapy [17, 19, 20]. In recent years, Gleason score
has been included in clinical nomograms which are used
with increasing frequency to predict disease progression
[25-27, 30, 40, 44-48].

Reporting Gleason scores in prostate needle biopsies

Once carcinoma is detected in the needle biopsy, further de-
scriptive information regarding the tumor type, Gleason
score, and amount of cancer is necessary for management of
the patient [35, 38]. As a recently indicated, the highest
Gleason score was selected by most urologists to determine
their treatment plan regardless of the overall involvement
(Table 1) [35, 38, 45]. Some issues that need clarification
follow.

Gleason scores 2—4

The diagnosis of Gleason scores 2—4 on needle biopsies should
be made “rarely, if ever,” and the reasons are compelling [18]:
(1) Gleason scores 2—4 cancer is extraordinarily rare in needle
biopsies as compared to transurethral resection (TURP)
specimens, (2) poor reproducibility among experts [1, 2, 16],
(3) the correlation with the prostatectomy score is poor, and
(4) “low” Gleason scores of 2—4 may misguide clinicians into
believing that there is an indolent tumor [20]. A recent
consensus stated that a Gleason score of 1+1=2 is a grade that
should not be diagnosed, regardless of the type of specimen
with extremely rare exception, since most of these cases in the
era of Gleason would today be referred to as adenosis
(atypical adenomatous hyperplasia) because of improvement
in recognizing basal cells [17, 18, 29]. Cribriform morphol-
ogy is not allowed within Gleason pattern 2 [5].

Table 1 Diagnostic reporting of Gleason score (see text)

Gleason pattern 3

Cribriform pattern 3 applies to round, well-circumscribed
glands of the same size of normal glands, but only rare
cribriform lesions satisfy these criteria. Therefore, the
majority of cribriform patterns should be diagnosed as
Gleason pattern 4. “Individual cells” would not be allowed
within Gleason pattern 3 [5, 18, 19].

Gleason pattern 4 in Gleason score 7 tumors

The importance of the percentage of Gleason 4 pattern in
Gleason score 7 tumors accumulates rapidly [18, 19, 34,
35, 40, 47, 49]. In recently generated nomograms, patients
with Gleason score 4+3 vs 3+4 are stratified differently
[30]. Whether or not the percentage of pattern 4 tumor
should be included in the report remains optional at present
time. Small, ill-defined glands with poorly formed glan-
dular lumina also warrant the diagnosis of Gleason pattern
4 as stated by a recent consensus [18].

Gleason pattern 5

Comedonecrosis when seen in solid nests or cribriform
masses should be regarded as Gleason pattern 5. However,
the definition of comedonecrosis requires intraluminal
necrotic cells and/or nuclear debris (karyorrhexis) [18].

Tertiary pattern

Another important change recently incorporated in current
practice is the recognition and reporting of the tertiary
pattern in needle biopsies [34, 43]. This includes tumors
with patterns 3, 4, and 5 in various proportions on a biopsy.
Tertiary patterns are uncommon, but when the worst
Gleason grade is the tertiary pattern, it should influence the
final Gleason score, and therefore, the primary pattern and

General features

— Perform Gleason grading at low magnification using a 4x or 10x lens.

— Report primary pattern and secondary pattern and assign Gleason score.

— If only one pattern is present, double it to yield Gleason score. A Gleason score is usually assignable even if the cancer is extremely small.

— In a needle biopsy with more than 2 patterns (tertiary pattern), the worst pattern must be reflected in the Gleason score even if it is not the
predominant or secondary pattern, use the rule “the most and the worst” (see text).

— In a radical prostatectomy with more than 2 patterns, the primary and secondary patterns must be reflected in the Gleason score. Add

tertiary pattern as a note in the report.

— Provide Gleason score for each separately involved core when identified and give overall Gleason score when mixed in one container.

— In general, a diagnosis of Gleason scores 2—4 should not be made.

— Do not report Gleason score after hormonal or radiation therapy except if cancer shows no treatment effect.

Optional features

— Provide percent of tumor with Gleason pattern 4 in Gleason score 7.
— Provide percent of tumor with Gleason patterns 4 and 5 in tumors with Gleason scores 8—10.




the highest grade should be recorded following the rule of
“the most and the worst” [18]. For example, a case with
primary Gleason pattern 3, secondary pattern 4, and tertiary
pattern 5 should be assigned a Gleason score of 8. These
tumors should be classified overall as high grade (Gleason
scores 8—10) [43, 46].

Needle biopsy with different cores showing different
grades

This is related to a case when one or more of the cores
shows pure high-grade cancer (i.e. Gleason score 4+4=8),
and the other cores show pattern 3 (3+3, 3+4, or 4+3)
cancer [18, 24, 27, 35]. If one reports the grades of each
core separately, whereby the highest grade tumor (Gleason
score 8) would typically be the one selected by the clinician
as the grade of the entire case. Others give instead an
overall score for the entire case. For example, in a case with
Gleason score 4+4=8 on one core with pattern 3 (3+3=06,
3+4=7, 4+3=7), on other cores, the overall score for the
entire case would be Gleason score 4+3=7 or 3+4=7,
depending on whether pattern 4 or 3 predominated.
Likewise, it was demonstrated that when one core is
Gleason score 4+4=8 with other cores having pattern 3, the
pathological stage at radical prostatectomy is comparable
to cases with all needle cores having Gleason score 4+4=8
[3, 6-8, 18, 19]. The use of the highest core grade of the
given case in cases where there are multiple cores of
different grades advocated in current tables and nomo-
grams gives additional support for giving cores a separate
grade rather than an overall score for the entire case. This is
the rationale of a recent survey in which 81% of urologists
used the highest Gleason score on a positive biopsy,
regardless of the overall percentage involvement, to
determine treatment [45]. Consequently, it has been
recommended to assign individual Gleason scores to
separate cores as long as the cores were submitted in
separate containers or the cores were in the same container
yet specified by the urologist as to their location (i.e., by
different color inks). In addition, one has the option to also
give an overall score at the end of the case [33, 35].

In cases where a container contains multiple pieces of
tissue and one cannot be sure if one is looking at an intact
core, it is recommended that one should only give an
overall score for that container [18].

Reporting Gleason scores in radical prostatectomies

In these specimens, one should assign the Gleason score
based on the primary and secondary patterns with a
comment if present on the tertiary pattern (Table 1) [3, 18,
19]. Specific issues follow.
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Gleason scores 24

Gleason scores 2—4 are rarely seen as the grade of the main
tumor in radical prostatectomies performed for stages Tlc
or T2 disease. These tumors are typically seen in multifocal
incidental adenocarcinoma of the prostate found within the
transition zone in TURP specimens [17-19]. The situation
where Gleason scores 2—4 tumor represents the major
tumor at radical prostatectomy performed for tumor
incidentally found on TURP (stages Tla and T1b) is
uncommon. In one study, Gleason scores 2—4 were the
grade of the main tumor in 2% of the radical prostatectomy
specimens; this represents a disproportionate number of
Tla and Tlb tumors, as compared to what would be
currently seen in today’s practice. All men with only
Gleason scores 2—4 tumor at radical prostatectomy are
cured [18, 19].

Gleason scores 56

It is important to recognize that the majority of tumors with
Gleason scores 56 are cured after radical prostatectomy
[18, 26].

Gleason score 7

Tumors with a Gleason score of 7 have a significantly
worse prognosis than those with a Gleason score of 6.
Given the adverse prognosis associated with Gleason
pattern 4, one would expect that whether a tumor with
Gleason score 3+4 vs 4+3 would influence prognosis [26].
There have been several studies addressing Gleason score
3+4 as compared to Gleason score 4+3 at radical prosta-
tectomy, with somewhat conflicting results. In one study,
they reported no significant survival advantage for Gleason
pattern 3+4 over 4+3, but other study showed that Gleason
score 3+4 vs 4+3 correlated with both stage and progres-
sion in men with serum PSA values less than 10 ng/ml and
organ-confined disease [30, 47, 48]. Several other inves-
tigations have shown that Gleason score 4+3 has a worse
prognosis. This is an issue in which much work needs to be
done.

Gleason scores 8—10

Gleason scores 8-10 may account for only 7% of the
grades seen at radical prostatectomy, but these patients
have highly aggressive tumors with advanced stage such
that they are not amenable to surgical therapy alone.
Overall, patients with Gleason scores 8—10 at radical
prostatectomy have a 15% chance of having no evidence of
disease at 15 years following surgery [26, 33].
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Percent Gleason pattern 4/5

The proportion of high-grade tumor as the preferred method
for grading prostate cancer has been proposed, as it is
predictive for progression at the extremes (greater than 70%
or less than 20% of pattern 4/5) [12, 13]. It has been recently
demonstrated that classifying tumors based on the combined
percent of pattern 4/5 is more predictive than stratifying
patients into Gleason score alone. Therefore, it has been
recommended these data be included in the report [13].

Tertiary Gleason pattern

In radical prostatectomy, a higher proportion of cases are
found to contain more than two grades, and over 50% of
them contain at least three different grades [11, 18]. The
progression rate of Gleason scores 5-6 tumor with a
tertiary component of Gleason pattern 4 is almost the same
as those of pure Gleason score 7 tumors. Gleason score 7
tumors with tertiary pattern 5 experience progression rates
following radical prostatectomy approximating pure Glea-
son score 8 tumors [40, 43]. On the other hand, no such
significance could be seen in cases of Gleason (4+4) score
8 with tertiary pattern 5; since Gleason score 8 tumors are
already aggressive, the existence of pattern 5 elements adds
no difference. These tumors should be graded routinely
(primary and secondary patterns) with a comment in the
report noting the presence of the tertiary element. In the
setting of high-grade cancer (scores 8—10), one should
ignore lower-grade patterns if they occupy less than 5% of
the area of the tumor [35, 36, 38, 39].

Tumors with one predominant pattern and a small
percentage of higher-grade tumor

Some controversy still exist on how to grade tumors, which
are over 95% of one pattern, where there is only a very
small percentage of higher-grade tumor. For example, a
tumor composed of >95% Gleason pattern 3 and <5%
pattern 4, some experts would assign a Gleason score 3+
3=06, as it has been proposed that one needs over 5% of a
pattern to be present for it to be incorporated within the
Gleason score. Others might grade the tumor as Gleason
score 3+4=7. It seems that the existence of a high-grade
component, even if it constitutes less than 5% of the whole
tumor, has a significant adverse influence [18, 20].

Radical prostatectomy specimens with separate tumor
nodules

Radical prostatectomy specimens should be processed in
an organized fashion where one can make some assessment
as to whether one is dealing with a dominant nodule or sep-
arate tumor nodules and assign a separate grade to each
dominant tumor nodule(s). Most often, the dominant nodule

is the largest tumor, which is also the tumor associated with
the highest stage and grade [35].

Grading variants and variations of adenocarcinoma
of the prostate

A number of architectural or cytologic variations of
carcinoma of the prostate have been described [15, 28,
35, 41, 42, 50]. These are descriptive terms used to assist
pathologists avoid diagnostic pitfalls. Most of the times,
one should grade the tumor solely based on the underlying
architecture with some exceptions (Table 2). Variants of
prostate cancer include ductal, mucinous (colloid), mucin-
ous signet-ring cell, small cell carcinoma, sarcomatoid
carcinoma, and some others (Table 2). The former three are
diagnoses tenable only on examination of radical prosta-
tectomy or TURP specimens. If seen in needle biopsy
specimens, the diagnostic terminologies used are adeno-
carcinoma of prostate with ductal features, adenocarcinoma
of prostate with signet-ring cell features, and adenocarci-
noma of prostate with mucinous (colloid) differentiation.
Small cell carcinoma and sarcomatoid carcinoma may be
diagnosed on needle biopsies. Ductal adenocarcinoma
should be graded as Gleason score 4+4=8 while retaining
the diagnostic term of ductal adenocarcinoma to denote
their unique clinical and pathological features. There is no

Table 2 Gleason grades in histological variants and variations of
prostate cancer (see text)

Variants

— Ductal carcinoma [pattern 4]

— Small cell carcinoma [no grade applies]

— Mucinous (colloid) carcinoma [pattern 4 (some pattern 3)
vs grade according to underlying pattern]

— Mucinous signet-ring cell carcinoma [no grade applies]

— Sarcomatoid carcinoma [no grade applies]

— Pleomorphic giant cell [pattern 5]

— Adenosquamous carcinoma [uncertain]

— Lymphoepithelioma-like [no grade applies]

— Basal cell/adenoid cystic carcinoma [no grade applies]

— Urothelial carcinoma (involving prostatic ducts and acini
with or without stromal invasion) [no grade applies]

— Squamous cell carcinoma [no grade applies]

Variations

— Atrophic features [underlying glandular pattern]

— Pseudohyperplastic [pattern 3]

— Glomeruloid [pattern 3 or pattern 4]

— Collagenous micronodules (mucinous fibroplasia)
[underlying glandular pattern (most pattern 3)]

— Focal acellular mucin extravasation [ignore mucin and use
underlying glandular pattern]

— Foamy gland carcinoma [underlying glandular pattern
(most pattern 3)]

— Non-mucinous signet-ring cell features (cytoplasmic vacuoles)
[underlying glandular pattern (most pattern 4 or 5)]

— Hypernephroid [pattern 4]




consensus on how mucinous (colloid) carcinoma should be
scored [18]. Some authors suggest that a Gleason score of 8
is to be assigned, while others recommend ignoring mucin
and grading the tumor based on the underlying architectur-
al pattern. Small cell, sarcomatoid, and mucinous signet-
ring cell carcinomas should not be assigned a Gleason
grade. It has been suggested that the rare pleomorphic giant
cell carcinoma of the prostate should be assigned a pattern
5 (Table 2) [18, 28, 37].

Sources of discrepancies between needle biopsy
and radical prostatectomy Gleason scores

Several studies have addressed the correlation between
Gleason scores in needle biopsies and corresponding radical
prostatectomy specimens [35]. In a recent meta-analysis
from 18 studies, exact correlation of Gleason scores was
found in 43% of cases and correlation plus or minus one
Gleason score unit in 77% of cases. Undergrading of
carcinoma in needle biopsy is the most common problem
occurring in 42% of all reviewed cases, and overgrading is
present in up to 15% of cases. In general, adverse findings
on needle biopsy accurately predict adverse findings in the
radical prostatectomy, whereas favorable findings on the
needle biopsy do not necessarily predict favorable findings
in the radical prostatectomy [35, 49].

Sampling error

This is related to the small sample of tissue inherent to
needle biopsy [35]. The most common type of sampling
error occurs when there is a higher-grade component pres-
ent within the radical prostatectomy, which is not sampled
on needle biopsy. This typically occurs when a needle
biopsy tumor is graded as Gleason score 3+3=6, and in the
prostatectomy exists a Gleason pattern 4 which was not
sampled on the biopsy, thus resulting in a prostatectomy
Gleason 3+4=7. In some instances, undergrading results
from an attempt to grade very tiny areas of carcinoma, so-
called minimal or limited adenocarcinoma. Overgrading
can result from sampling error in cases where the high-
grade pattern is present in needle biopsy, but it may only
represent a very minor element in the radical prostatectomy
specimen [35].

Borderline cases

There are some cases in the original description of the
Gleason grading system that are right at the interface
between two different patterns leading to interobserver and
possibly intraobserver variability [21, 35].
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Pathology error

A common pathology error is seen when pathologists
assign a Gleason score of <4 on a needle biopsy which in
fact was Gleason score 5—6 or higher. When there is a
limited focus of small glands of cancer on needle biopsy,
by definition, this is a Gleason pattern 3 or higher [35].
Gleason pattern 3 consists of small glands with an
infiltrative pattern. Biopsying truly low-grade adenocarci-
noma of the prostate could not result in just a few
neoplastic glands but rather would be more extensive, as
low-grade adenocarcinoma grows as nodules of closely
packed rather than infiltrating glands. Undergrading may
result from difficulty in recognizing an infiltrative growth
pattern or failing to recognize the presence of small areas of
gland fusion [35].

Pathologists’ experience

With experience, pathologists recognize grading pitfalls; in
particular, the fact that Gleason scores of 4 and lower are
almost nonexistent in needle biopsy situation. Furthermore,
small areas of fusion in the presence of a predominantly
grade 3 background are recognized and will yield a Gleason
score of 7 [35, 46].

Intraobserver and interobserver variability

Intraobserver variability of Gleason grade and exact
agreement was reported in 43—-78% of cases, and agree-
ment within plus or minus one Gleason score unit was
reported in 72-87% of cases. Gleason wrote that he
duplicated exactly his previous histological scores approxi-
mately 50% times. Highly variable levels of interobserver
agreement on Gleason scores have also been reported, with
ranges of 36—81% for exact agreement and 69-86% within
plus or minus one Gleason score unit [45-49].

Conclusions

The Gleason grading system is a powerful tool to predict
response to therapy. The needle biopsy Gleason score
correlates with virtually all other pathological and clinical
parameters after radical prostatectomy. The Gleason score
assigned to the tumor at radical prostatectomy is the most
powerful predictor of progression and is very useful in
stratifying patients for therapy. However, still significant
deficiencies in the practice of this grading system exist. An
important issue frequently missed by practicing patholo-
gists is that the initial grading of prostate carcinoma should
be performed at low magnification using a 4% or 10% lens.
Keeping this in mind might help pathologists avoid
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overgrade or undergrade prostate cancer in daily practice.
Improvements in Gleason grading reproducibility can be
achieved by recognizing problematic areas and educating
physicians via meetings, courses, website tutorials, and
publications.

Appendix

Gleason pattern 1 Nodule of separate, closely packed
glands which do not infiltrate into adjacent benign
prostatic tissue is very well circumscribed. The glands
are of intermediate size and approximately equal in size
and shape. The nucleus is typically small, and cytoplasm
frequently is abundant and pale-staining. Nuclear and
cytoplasm appearances are not taken into account in
diagnosis. This pattern is exceedingly rare and usually
seen in transition zone cancers (Fig. 1).

Gleason pattern 2 This pattern is characterized with round
to oval glands with smooth ends. The glands are more
loosely arranged and not quite as uniform in size and

Fig. 1 Examples of Gleason
patterns 1 (a) and 2 (b), Gleason
pattern 3 (c—e), Gleason pattern
4 (f-h), and Gleason pattern 5
(i-k). a—k H & E staining

shape as those of Gleason pattern 1. There may be
minimal invasion by neoplastic glands into the surround-
ing non-neoplastic prostatic tissue. The glands are of in-
termediate size and larger than those in Gleason pattern 1.
The variation in glandular size and separation between
glands is less than that seen in pattern 3. Although not
evaluated in Gleason grading, the cytoplasm of Gleason
pattern 2 cancers is abundant and pale-staining (Fig. 1).
Gleason pattern 2 is usually seen in transition zone cancers
but may occasionally be found in the peripheral zone.

Gleason pattern 3 This pattern is the most common pattern
but is morphologically heterogeneous. The glands are
infiltrative, and the distance between them is more variable
than that in patterns 1 and 2. Malignant glands often
infiltrate between adjacent non-neoplastic glands. The
glands of pattern 3 vary in size and shape and are often
angular (Fig. 1). Small glands are typical for pattern 3, but
there may also be large and irregular glands. Each gland
has an open lumen and is circumscribed by stroma.
Cribriform pattern 3 is rare and difficult to distinguish
morphologically from cribriform high-grade prostatic




intraepithelial neoplasia (PIN). The latter shows the
presence of basal cells. These are lacking in cribriform
pattern 3 prostate cancer. This heterogeneous expression
of Gleason grade 3 raised an initial subdivision in patterns
A, B, and C, respectively.

Gleason pattern 4 Glands appear fused, cribriform, or they
may be poorly defined and small. Fused glands are
composed of a group of glands that are no longer
completely separated by stroma (Fig. 1). The edge of a
group of fused glands is scalloped, and there are
occasional thin strands of connective tissue within this
group. The hypernephroid pattern described by Gleason is
a rare variant of fused glands with clear or very pale-
staining cytoplasm. Cribriform pattern 4 glands are large
or they may be irregular with jagged edges. As opposed to
fused glands, there are no strands of stroma within a
cribriform gland. Most cribriform invasive cancers should
be assigned a pattern 4 rather than pattern 3. Poorly
defined glands do not have a lumen that is completely
encircled by epithelium.

Gleason pattern 5 This pattern is characterized with an
almost complete loss of glandular lumina which are only
occasionally present. The epithelium forms solid sheets,
solid strands, or single cells invading the stroma;
comedonecrosis may be present (Fig. 1). Care must be
applied when assigning a Gleason pattern 4 or 5 to limited
cancer on needle biopsy to exclude an artifact of tangential
sectioning of lower-grade cancer.
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