
Summary. At an ISUP (International Society of
Urological Pathology) consensus conference in 2005 in
San Antonio, Texas, the old Gleason grading system for
prostatic carcinoma from 1966 underwent its first major
revision. With this modified Grading system a shift of
the most frequent Gleason scores from 6 to 7a (3+4) in
biopsy specimens and an increased degree of agreement
between specimens of biopsies and radical
prostatectomies with carcinoma of the prostate could be
demonstrated. After modified grading of GS 3+4=7a
tumours 95% were stage pT2, while 79% of GS 4+3=7b
tumours were stage pT3-4. In cases with PSA <10ng/ml
and tumour extent <20% the most frequent Gleason
scores were 6 and 7a. Cases with serum PSA >10ng/ml
or tumour extent >20% had higher scores (7b or higher).
Cancers with tumour infiltration of <1mm in one of 12
cores and PSA <10ng/ml were mainly low grade
(Gleason scores 6 and 7a) and may correspond to so
called insignificant carcinoma of the prostate. 

Conclusion: With the modified Gleason system,
grade, stage, tumour extent and serum PSA show good
correlations and characterize the difference between low
and high grade malignancy of prostate carcinoma.
Key words: Adenocarcinoma of the prostate, Modified
Gleason Grading, Core needle biopsy, Radical
prostatectomy

Introduction

The Gleason grading system of prostate carcinoma is
the predominant grading system around the world. The
Gleason grading system is based on glandular
architecture and may be divided into five patterns of
glandular growth or differentiation. The Gleason score is
the addition of the most prevalent i.e. primary and the

second most prevalent pattern (Gleason, 1966). In
contrast to other grading systems such as the WHO
grading system, nuclear or nucleolar atypia or
cytoplasmic features are not evaluated (Helpap et al.,
1985; Mostofi et al., 2002). However, during the last
years the frequency of core needle biopsy and radical
prostatectomy specimens have increased dramatically.
This situation differs from when Gleason proposed his
grading system and therefore it seemed to be necessary
to adapt the grading system. A modified Gleason
grading system was introduced 2005 (Egevad et al.,
2005; Epstein et al., 2005) and in the following we
discuss its significance in biopsy and radical
prostatectomy specimens and its relationship to other
prognostic factors, such as tumor extent and serum PSA
(Helpap and Egevad 2006, 2007, 2008a-c).
The conventional (c) and modified (m) Gleason
Grading

In 1966 DF Gleason developed his grading system
of prostatic carcinomas based on hematoxylin and eosin
stained histological slides and low magnification using a
4 or 10x lens (Gleason, 1966). Gleason grading is now
the world wide grading system for prostatic carcinomas,
and also the grading system of the WHO tumour
classification of prostatic carcinomas (Epstein et al.,
2004). Previously, other grading systems had been
considered, such as the modified histo-cytological WHO
grading of 2002 from Mostofi and the Helpap
subgrading system (Helpap, 1993; Helpap et al., 1985;
Mostofi et al., 2002). More than 40 years have elapsed
since the introduction of the Gleason grading. During
this time the clinical and diagnostic steps to find a
carcinoma of the prostate and the therapeutical
consequences have distinctly changed. Today PSA
screening and core needle biopsies are the most frequent
steps in the diagnosis of a prostatic carcinoma, and the
therapeutic consequences are radical prostatectomy or
radiation therapy, especially brachytherapy for a organ
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confined carcinoma (Raagde et al., 2000; Helpap and
Sinicina, 2002; Epstein et al., 2005).

The basis of the Gleason grading system 40 years
ago was the morphological knowledge of simple
prostatectomy specimens. Core needle biopsies which
are today the most frequent diagnostic method, were
very rare at that time and classical radical prostatectomy
like today was unknown. The Gleason grading was
slightly modified in 1966/1967 and in 1974/1977 and
then officially unchanged until recently (Gleason 1966,
1977, 1992; Gleason and Mellinger, 1974). But the
degree of agreement of the Gleason score of the old
conventional grading system between specimens of
biopsies and radical prostatectomy ranged only between
35 and 45% (Kramer et al., 1980; Lang and Narayan,
1983; Garnett et al., 1984; Mills and Fowler, 1986;
Bostwick, 1994; Steinberg et al., 1997; Lopez-Beltran et
al., 2006). Although other grading systems have better
results in agreement between specimens of biopsies and
radical prostatectomies such as the old and new WHO
grading or the nucleolar subgrading of Helpap, the
remaining grading system was that of Gleason (Helpap
et al., 1985; Gallee et al., 1990; Helpap, 1993; Mostofi et
al., 2002; Epstein et al., 2005) After the publication of
the new WHO tumour classification of urogenital system
in 2004, an intensive discussion was started about the
valence of the Gleason grading of carcinomas in core
needle biopsies (Epstein et al., 2005). 

In 2004/2005 the WHO and ISUP organized
consensus conferences in Stockholm and San Antonio,
TX, respectively, about a modification of the Gleason
grading and an adaptation to the core needle biopsies.
Before the ISUP meeting pathologists round the world
answer a survey study on Gleason grading which then
became the basis of the modification of the Gleason
grading system (Egevad et al., 2005; Epstein et al.,
2005).
Gleason patterns

In the old Gleason grading system pattern 3 was
characterized by numerous large and small well-formed

glands and also of cribriform patterns. In the modified
grading some cases of this pattern have shifted to pattern
4. Pattern 3 of the Gleason grading now shows only rare
cribriform glands (Figs. 1, 2).

In contrast to TUR material with incidental
carcinoma or atypical adenomatous hyperplasia in
anterocentral regions of the prostate, carcinomas with
pattern 1 and 2 or score 2, 3 and 4 are not localized in
the peripheral zone of the prostate (Epstein, 2000;
Epstein et al., 2004, 2005; Egevad et al., 2005). A
recommendation was therefore issued by the ISUP that
with extremely rare exceptions Gleason score of 1 + 1 =
2 should not be diagnosed in any type of specimen, and
that Gleason score 4 should rarely, if ever, be diagnosed
on needle biopsies (Fig. 2). The results after modified
Gleason grading system of biopsy and radical
prostectomy specimens agree with this concept (Epstein,
2000; Epstein et al., 2004, 2005; Egevad et al., 2005). A
series of biopsy specimens from different periods were
graded according to conventional and modified grading
(1995, 2000 and 2006). During these periods no scores
of 2 and 4 were observed when using modified Gleason
grading (Helpap and Egevad, 2008 b). 

Pattern 4 is characterized by the fusion of small
tumour glands or abundant cribriform structures. This
pattern is one of the most frequent in radical
prostatectomy specimens (Figs. 1, 2). Now pattern 4 also
includes poorly formed glands, which fits well into the
general concept of this pattern. 
Gleason score

It is decisive how the modified Gleason grading
system will perform in the pathological routine
diagnostics and how well the agreement of Gleason
scores between core needle biopsies and radical
prostatectomy specimens will be. The estimation of a
score depends on all histological patterns present, e.g.
primary, secondary and tertiary patterns (Steinberg et al.,
1997; Pan et al., 2000; Mosse et al., 2004). The score of
biopsy specimens now includes the most prevalent and
the worst pattern. In radical prostatectomy specimen all
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Fig 1. Gleason pattern 3 and 4 of the
conventional (left) and modified (right) Gleason
grading (reproduced from Fig. 12 of Am. J.
Surg. Pathol 29, 1228-1242 modified by J.
Köllermann, Congress of German Urological
Society Berl in 2007) with permission of
Lippincott Williams and Wilkins, Baltimore, MD,
USA.



different pattern are be documented (Epstein et al., 2004,
2005; Lopez-Beltran et al., 2006). In the past, Gleason
score 6 was the most frequent score in biopsy, while in
radical prostatectomy specimens score 7 was the most
common (Young et al., 2000). The agreement between
biopsy and radical prostatectomy specimens ranged

between 35 and 45%. This relatively poor agreement
was caused by undergrading of low grade carcinomas in
needle biopsies, while the agreement was more exact in
high grade carcinomas of the prostate (Lang and
Narayan, 1983; Garnett et al., 1984; Mills and Fowler,
1986; Young et al., 2000). Biopsies have been found to
undergrade in 24–60 % (pooled data 45%) and
overgrade in 5-32% (pooled data 10.4%) (Egevad et al.,
2001). 

The distribution of Gleason scores 6, 3+4=7a,
4+3=7b, 8, 9 and 10 after modified Gleason grading in
core needle biopsy specimens changed significantly and
the most frequent score changed from 6 to 7, particularly
7a. The prevalence of score 7b is similar or a little lower
(Helpap and Egevad, 2006, 2007, 2008c) (Fig. 3). 

The distribution of Gleason scores of radical
prostatectomy specimens depends on the tumor extent
and is therefore different in stage pT2 and pT3.
Carcinomas of stage pT2a are predominantly of Gleason
scores 6 and 7a, while pT2 b or pT2c carcinomas are
usually Gleason scores 7a or 7b. In pT3 prostate cancer
the grade is generally higher with scores of 7b, 8 or
higher (Helpap and Egevad, 2008a). 

The identification of a biopsy Gleason score 3+4=7a
and its high degree of agreement with radical
prostatectomy specimens is clinically important because
this grade may call for a different treatment than Gleason
score 4+3=7b. Several studies have shown that there is a
prognostic difference between Gleason scores 7a and 7b
(Chan et al., 2000; Sakr et al., 2000; Lau et al., 2001).
Prostatic carcinoma of Gleason score 7a should possibly
not be considered high grade prostate cancer and needs
to be distinguished from Gleason score 4+3=7b if
treatment with curative intention is considered (Helpap
and Egevad, 2008b).

Numerous morphological and clinical studies have
shown that the most important prognostic factor of
prostate carcinomas is the Gleason score (Partin et al.,
1997; Bostwick et al., 2000; Chan et al., 2000; Egevad et
al., 2002; Humphrey, 2004; Amin et al., 2005; Epstein et
al., 2005; Lopez-Beltran et al., 2006). Until now a
favourable prognosis is characterized by a Gleason score
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Fig. 2. Modified Gleason grading pattern ( reproduced from Fig. 12 of
Am. J. Surg. Pathol 29, 1228-1242 modified by J. Köllermann, Congress
of German Urological Society Berlin 2007) with permission of Lippincott
Williams and Wilkins, Baltimore, MD, USA. Pattern 1 and 2 are not
diagnostic in carcinomas of the peripheral zone of the prostate.

Fig. 3. Distribution of Gleason scores (%) after modified grading of
prostatic carcinomas of consecuitive core needle biopsies (Helpap and
Egevad 2008c).



≤ 6, small tumor extent (≤ 1mm) in biopsy specimens
and a PSA value ≤ 10ng/ml. These data correlate with
low grade of malignancy and with findings in radical
prostatectomy specimens with Gleason score 6, tumor
stage pT2, negative margins, negative lymph nodes (R0,
pN0,PM0) and no postoperative recurrence (Partin et al,
1997). The shift from Gleason score 6 to 7a after
modified Gleason grading correlate with pT2 stage
too,whereas Gleason score 7b is more often associated
with tumour stage pT3. Also, the grade distribution
among cases with low serum PSA values (<10ng/ml) has
shifted to Gleason score 6 and 7a (Helpap and Egevad
2006, 2008 a,b).

Core needle biopsy specimens with less than 10%
tumor extent of prostatic carcinoma and PSA values <
10ng/ml often have carcinomas with Gleason score ≤ 7a.
High grade carcinomas with Gleason score ≥ 7b have
greater tumor extent and higher serum PSA values.
(Helpap and Egevad 2008b,c).
Agreement and reproducibility

The agreement of Gleason score between core
needle biopsy and radical prostatectomy specimens after
modified Gleason grading is 88.5% for Gleason score
7a, which is significantly higher than with the old
conventional Gleason grading system (45%) (Helpap

and Egevad 2006; Lopez-Beltran et al., 2006). The
interobserver reproducibility with values above 80% is
also good and better than that of the old conventional
Gleason grading (Glaessgen et al., 2002; Melia et al.,
2006).
Tumour extent

The highest frequency of tumour extents between 5
and 20% per core needle biopsy specimens has been
found in carcinomas of Gleason scores 5 and 6 after
conventional Gleason grading and of score 7a after
modified grading. Tumour extents of more than 50% are
distributed to scores 6-8 without significant differences.
In 2-8.8% (mean value 5.2%) tumour infiltration of < 1
mm in 1 core needle biopsy specimen with PSA values ≤
10ng/ml and Gleason score < 7a occurs (Helpap and
Egevad, 2008b) (Fig. 4).
Insignificant carcinoma

Modified Gleason grading system may also be
helpful in the discussion about insignificant carcinoma
within the peripheral zone of the prostate. Today the
definition of an insignificant prostate cancer in a needle
biopsy is not more than 1 mm cancer infiltration (Allan
et al., 2003; Bastian et al., 2004) in only one of six or
more core needle biopsy specimens, serum PSA value <
10 ng/ml and a Gleason score ≤ 7a. However, only 5%
of carcinomas in a consecutive series of needle biopsy
specimens fulfill these criteria and only 25% of such
patients have a pT2a tumour after radical prostatectomy.
With this definition a clinically insignificant carcinoma
in the periphery of the prostate that is managed by active
surveillance by the urologist may be very rare (Helpap
and Egevad, 2008c) (Fig. 5).
Age

The highest frequency of detected carcinomas is
between 60 and 80 years (Helpap and Egevad, 2008c).
With conventional Gleason grading score 6 and with
modified grading score 7a are most common. There is no
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Fig. 6. Gleason score (%) and PSA ng/ml (Helpap and Egevad, 2008c).
Fig. 5. Correlation of Gleason score (%) and one or two and more
positive core needle biopsies (Helpap and Egevad, 2008c).

Fig. 4. Correlation of tumour extent (%) and Gleason score (%) (Helpap
and Egevad, 2008c).



significant shift to younger men. However, mainly high
grade carcinomas with Gleason score > 7a and with
tumour extent > 20% in more than one core needle
biopsy specimen are found in patients younger than 50
years (range of 25-50 yrs) (Helpap and Egevad, 2008c). 
Serum PSA

The border between low and high grade carcinoma
of the prostate (Gleason scores 6/7a and 7b,
respectively) in terms of serum PSA values is 10ng/ml.
In combination with tumour extent core needle biopsy
specimens with less than 10% tumour extent of prostatic
carcinoma and PSA values < 10 ng/ml have carcinomas
with Gleason score ≤ 7a. High grade carcinomas with
Gleason score ≥ 7b have more extensive cancer and PSA
values > 10 ng/ml (Helpap and Egevad, 2008b,c) (Fig.
6).

This distinction may also be of prognostic
importance, as shown in the tables of Partin (Partin et
al., 1997). Therefore, prostatic carcinoma of Gleason
score 7a should possibly not be considered high grade
prostate cancer and therefore needs to be distinguished
from Gleason score 7b prior to treatment, for example in
brachytherapy (Raagde et al., 2000).
Conclusion

By providing a more accurate prognostic
information prior to treatment, the modified Gleason
grading contributes to a safer treatment decision. So, low
grade prostate carcinoma is characterized by a Gleason
score up to 7a, PSA value < 10 ng/ml and small tumour
volume of 1-5% of core needle biopsy specimen. Such
carcinomas correlate with pT 2, pN0, pM0 and mostly
negative margins after radical prostatectomy. This
should be included in prognostic tables of urological
oncology.
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