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Abstract
The ISUP (Internal Society of Urologic Pathology) recently adopted a five-tiered prognostication system. There is evidence to
suggest that the ISUP grade group 4 is a heterogeneous entity regarding prognosis. Our aim was to systematically examine the
existing evidence to determine if outcome differences exist within the ISUP grade group 4. A systematic search of the literature
for all studies examining the heterogeneity of the ISUP grade group 4 was conducted. Available studies were
combined with meta-analysis to evaluate prognostic differences within the ISUP grade group 4 measured by all-
cause mortality (ACM) and the prostate cancer-specific mortality (PCSM). Eight studies were identified and utilised
a variety of outcome measures to answer the question of heterogeneity within the ISUP grade group 4. Four of these
studies examined prognosis using both ACM and PCSM. These were combined into a meta-analysis. The combined
group of 5 + 3/3 + 5 had statistically significant higher ACM (hazard ratio [HR] 1.23, 95% confidence internal [Cl]
1.08–1.41) when compared to the 4 + 4 group. There was no difference in the PCSM between the two groups (HR
1.34, 95% CI 0.89–2.01). However, heterogeneity was high for this analysis secondary to a range of methodological
differences. Our meta-analysis showed that Gleason grade 3 + 5/5 + 3 had higher ACM than Gleason grade group 4 +
4. Measures of PCSM were statistically insignificant, although heterogeneity was high. Evidence suggests that
heterogeneity is likely, although inconclusive. Further studies with consistent methodologies are required to answer
this question.
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Introduction

The Gleason score was first described in 1966 and represents
the first systematic approach to the grading of prostate cancer.
It is based on the microscopic architectural features of pros-
tatic adenocarcinoma, as observed by an anatomical patholo-
gist. Five glandular architectural patterns were described and
each assigned a numeric 1–5. The overall Gleason score was
calculated by combining the score of the most predominant
pattern and the second most predominant pattern. By combin-
ing both the primary and secondary patterns the prognostic
power of the system was increased and it allowed clinicians
to better risk stratify patients and guide decision-making
[1, 2].

There have been several modifications to Gleason’s origi-
nal grading systemwith the most significant occurring in 2005
[3]. These changes included cribriform architecture being
placed into grade 4 and the reporting of needle biopsies using

* Thomas Chengxuan Lu
thomascxlu@gmail.com

1 The George Institute for Global Health, UNSW, Sydney, NSW 2052,
Australia

2 St George Hospital, Kogarah, NSW 2207, Australia
3 Westmead Hospital, Westmead, NSW 2145, Australia
4 Royal Adelaide Hospital, Adelaide 5000, Australia
5 SA Pathology, Royal Adelaide Hospital, Adelaide, Australia
6 Urology Unit, Flinders Medical Centre, Bedford Park, Australia
7 Centre for Nanoscale Biophotonics, Graduate School of Biomedical

Engineering, UNSW, Sydney, NSW 2052, Australia
8 South Australia Prostate Cancer Clinical Outcomes Collaboration,

Repatriation Hospital, Heidelberg Heights, Australia
9 Flinders Centre for Innovation in Cancer, Flinders University,

Adelaide, Australia

Pathology & Oncology Research
https://doi.org/10.1007/s12253-019-00632-1

/Published online: 14 March 2019

(2020) 26:1367–1375

http://crossmark.crossref.org/dialog/?doi=10.1007/s12253-019-00632-1&domain=pdf
http://orcid.org/0000-0001-8919-8102
mailto:thomascxlu@gmail.com


the primary pattern and the highest-grade present (as opposed
to the primary and secondary pattern). More recently the
International Society of Urologic Pathology (ISUP) has rec-
ommended a new prognostic grading system that has simpli-
fied the 9 possible Gleason scores (3 + 3, 3 + 4, 3 + 5, 4 + 3,
4 + 4, 4 + 5, 5 + 3, 5 + 4, 5 + 5) into 5 prognostic grade groups
(ISUP 1: 3 + 3, ISUP 2: 3 + 4 ISUP 3: 4 + 3 ISUP 4 3 + 5, 4 +
4 and 5 + 3 and ISUP 5: 4 + 5, 5 + 4 and 5 + 5 [4]. The pro-
posed reasons for these changes have been to simplify risk
stratification of patients, recognition of the low incidence of
patterns 1 and 2 (meaning a scoring system that begins at
Gleason 6) and to improve patient acceptance of active sur-
veillance management strategies for Gleason 6 (ISUP 1). The
new system has been published by WHO in Pathology and
genetics of tumour of the urinary system and male genital
organs and adopted by uropathologists widely [5].

Reflected in the new ISUP grade groups is the differentia-
tion of Gleason score 7, separating 3 + 4 into group 2, and 4 +
3 into group 3. It is clear from the literature that Gleason score
4 + 3 has a less favourable outcome, and appears to be more
aggressive with higher rates of with higher rates of biochem-
ical failure, systemic recurrence, and cancer-specific death
rates [6–11] when compared to 3 + 4. This has been con-
sidered in both the American Urological Association
(AUA) and the National Comprehensive Cancer Network
(NCCN) guidelines [1, 2, 4].

The ISUP grade group 4 is equivalent to prostate cancer
with a total Gleason score of 8, comprising of 4 + 4, 3 + 5 and
5 + 3. It is still considered a homogenous entity by both the
AUA and the NCCN in light of risk and treatment. However,
recent literature has raised questions regarding whether
Gleason score 8, or ISUP grade group 4 is a heterogeneous
entity in terms of prognosis, and hence whether there is merit
in the reclassification of grade group 4 into separate grade
groups [12, 13].

Consequently, the purpose of this review was to systemat-
ically assess the prognostic differences within ISUP group 4 in
terms of mortality and biochemical or clinical progression.
This information may thus guide current opinion on prognos-
tic heterogeneity within ISUP grade group 4.

Methods

Search Strategy and Selection Criteria

A three-step search strategy was utilised in this review. An
initial limited search of EMBASE and PubMed was undertak-
en using key words, to identify any further keywords and
index terms. A second search using all identified key words
and index terms was then performed in EMBASE and
PubMed. Finally, the reference lists of all identified literature
were searched for additional suitable studies. The full search

protocol is published in PROSPERO [14]. Studies were ex-
tracted into Covidence systematic review software (Veritas
Health Innovation). Duplicate articles were then excluded,
abstracts were screened for relevance and the full texts of
those identified as potentially relevant were retrieved.
Manual review of reference lists was also performed to
identify additional studies.

Eligible studies for the systematic review examined prog-
nostic differences within the ISUP group 4 and were limited to
human subjects and publications in the English language.
Unpublished data, conference presentations, editorials, case
reports and correspondence were excluded. The primary
endpoints sought were all-cause mortality, prostate
cancer-specific mortality and biochemical recurrence.

Data Extraction and Critical Appraisal

Articles, texts, table and figures were independently reviewed
by two investigators (C.L, L.C). Quality of the studies was
examined using the Newcastle-Ottawa scale. This instrument
grades risk of bias and quality using a scoring system for
methods of selection, comparability and outcome [15].
Discrepancies were resolved by discussion until a consensus
was reached. Results were reviewed by all authors.

Statistical Analysis

Statistical analysis of the prognostic difference between
group 4 + 4 and a combined group of 3 + 5/5 + 3 was
performed for the available data. Two separate measures
of prognostication were utilised; all-cause mortality and
prostate cancer-specific survival were measured between
these groups.

The hazard ratio (HR) was used as a summary statistic and
reported with a 95% confidence interval (CI). The Chi-square
and the I2 statistic were used to estimate the percentage of total
variation across studies due to heterogeneity. I2 values exceed-
ing 50% is indicative of considerable heterogeneity. A p value
<0.1 was considered statically significant, indicative of het-
erogeneity. Statistical analysis was conducted with R 3.5.0.
Random-effect model was utilised for the meta-analysis to
account for clinical and methodological variation between
studies.

Results

The initial electronic database search yielded 512 references
(Fig. 1). Following the exclusion of duplicates and irrelevant
articles through title and abstract screening, 24 potentially
relevant publications were retrieved for critical evaluation.
Manual review of the reference list did not yield any addition-
al references. After application of the selection criteria, eight
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studies were included in our systematic review, and data from
four studies were included in our meta-analysis. There were
no major discrepancies between reviewers during trial inclu-
sion and data extraction. Minor discrepancies were resolved
by consensus agreement.

Study Characteristics

All eight studies were retrospective observational studies
(Table 1). The number of participants enrolled in the studies
ranged from 423 to 40,533. Significant variation was noted
regarding the inclusion criteria and patient population, as well
as the outcomes measured.

Four of the studies examined all-cause mortality (ACM)
[12, 16–18] and another examined prostate cancer-specific
mortality (PCSM) only [13]. A sixth article examinedmultiple
outcomes including prostate cancer-specific survival and can-
cer status [19]. There were a further two studies of biochem-
ical recurrence (BCR) [20, 21].

Biopsy was the predominant form of pathological speci-
men analysed and was included in 7 of the 8 studies. Two of
the eight studies included both biopsy and radical prostatecto-
my (RP) [13, 21]. One study utilised RP alone [20]. Four of
the reviewed studies combined Gleason 5 + 3/3 + 5 into a sin-
gle group for evaluation, and three segregated the 5 + 3 and
3 + 5 groups. One study completely excluded 5 + 3 due to
small sample size [22]. All studies were conducted in

countries which would be considered as high income by the
World Bank classification.

Only four studies were included in the meta-analysis
due to methodological and outcome measure differences
[17, 19–21]. Studies included all examined ACM and
PCSM between the Gleason scorings 4 + 4 and 5 + 3/
3 + 5 in biopsy specimens. One study which measured
PCSM could not be included, as the comparator groups
5 + 3 and 3 + 5 were measured separately. However, this
study had the largest number of participants [18]. A
final study [24] which examined multiple aspects of
prostate cancer survival between the 3 + 5 and the 4 +
4 groups, lacked adequate reporting of statistical data
and hazard ratios which precluded its use in the meta-
analysis. The two studies of BCR were not combined in
meta-analysis due to methodological differences and in-
complete reporting of outcome data.

Assessment of Quality of Evidence

Study quality was assessed using the Newcastle-Ottawa scale
(Table 2). All studies were graded as moderate to high quality,
where scores of 0–3, 4–6 and 7–9 were defined as low, mod-
erate and high quality respectively. Common study limitations
included variable length of follow-up and failure to clearly
describe loss to follow-up.

Fig. 1 Systematic review search
strategy
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All-Cause Mortality

TheACMwas significantly higher in the combined group of 5 +
3/3 + 5 compared to the 4 + 4 group (hazard ratio [HR] of 1.24,
95% confidence interval [CI] 1.03–1.49; Fig. 2). ACM variation
was not significant (p = 0.16) and the percentage attributable to
between study heterogeneity was moderate (I2 = 36.20%).

Prostate Cancer-Specific Mortality

Regarding the analysis for PCSM, there was no difference
between the 5 + 3/3 + 5 groups compared to the 4 + 4 groups
(HR 1.34, 95% CI 0.89–2.01; Fig. 3). Chi square analysis
suggested a significant level of heterogeneity (p = 0.04) be-
tween the results of the studies in the PCSM analysis with I2

analysis indicating a large percentage of the heterogeneity was
not attributable to chance variation (I2 = 70.04). Sensitivity
analysis with removal of the largest contributor to statistical
heterogeneity [12] did not produce a significant result, with
persistent high heterogeneity reflected by I2. The largest study
which measured only PCSM, that could not be combined into
meta-analysis did demonstrate heterogeneity in the ISUP
grade group 4 [13], with worse prognosis for the 5 + 3 group.

Biochemical Recurrence and Clinical Recurrence

Two papers examined the possible differences in BCR rates
within the ISUP grade group 4 [20, 21]. These were not able to
be combined into a meta-analysis due to incomplete reporting
of data. One paper reported significant overlap between 3 + 5
and 4 + 3 in both the BCR in biopsy and RP populations [21],
whilst there was significant favourable outcome in the 3 + 5
group in comparison to the 4 + 4 group in both the biopsy and
RP population. The other study examined the ISUP grade
group 4 separating Gleason 3 + 5 and 5 + 3 [20]. Men with
4 + 4 had a significantly increased BCRwhen compared to the
3 + 5 group. There was no difference in BCR found between
men with 3 + 5 and 5 + 3 disease. This paper also reported that
clinical recurrence was significantly lower in 3 + 5 disease.

Other Outcome Measures

A variety of other outcome measures were utilised to differ-
entiate between ISUP grade group 4 prostate cancers. One
study examined difference between 4 + 4 and the 3 + 5 group
[24]. Outcome measures included the persistent cancer rates
(after treatment) and a cancer relapse rate which favoured the
4 + 4 group. The same study also reported the cancer specific
survival at 36 months without reporting any hazard ratios and
did not show any statistically significant differences in out-
comes. The same study also reported the relationship of rad-
ical prostatectomy and fraction of positive biopsy core sam-
ples with no differences between the groups.T
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Discussion

The initial validation studies of ISUP grading for prostate
cancer combined Gleason 8 into one prognostic group [5].
Subsequent literature has raised the suggestion of outcome
differences within ISUP grade group 4. The evidence in this
review finds a significant effect on overall mortality from
ISUP grade group 4 prostate cancer conferred by the presence
of Gleason grade 5. This finding did not correspond to differ-
ences in PCSM but there was significant statistical heteroge-
neity for the measure of PCSM making comparison
challenging.

Six of the eight studies examined mortality outcomes in
either ACM and PCSM (Table 1). Four of the six studies
examining mortality outcomes combined Gleason scores 5 +
3 and 3 + 5 into one comparator group using Gleason grade 5

as a poor prognostic indicator to distinguish between 4 + 4 and
5 + 3/3 + 5 [22, 23]. Using a single comparator group of 5 + 3
and 3 + 5 assumes that the outcomes of Gleason 5 + 3/3 + 5
are comparable. However, evidence from the literature sug-
gest that outcomes might be different particularly in the case
of BCR. Of the remaining two studies not included in the
meta-analysis, Mahal et al. reported higher mortality for
Gleason 5 + 3 compared to 4 + 4 with an almost doubled
PCSM similar to the outcome of Gleason grade group 9
[13]. This was the largest of the studies but due to separation
of 5 + 3/3 + 5 groups, it could not be directly compared to the
others. In this study, Gleason 3 + 5 mortality outcomes were
not different to those of 4 + 4. The second study not included
by Harding et al. [19] compared only 4 + 4 and 3 + 5 with the
exclusion of 5 + 3 due to small sample size and demonstrated
no significant difference between mortality outcomes.

RE Model

0.5 1 1.5 2 2.5 3

Hazard Ratio

Rusthoven 2015

Rusthoven 2014

Lu 2017

Huynh 2015

1.12 [0.91, 1.38]
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0.99 [0.69, 1.42]

1.75 [1.06, 2.88]

1.24 [1.03, 1.49]

Hazard Ratio [95% CI]Author, Date

Heterogeneity: Tau
2

=0.01 Chi
2

= 5.2

df = 3 (P=0.16) I
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=36%

Test for Overall effect: Z=2.3 (P=0.02)

Fig. 2 Forest plot of ACM

Table 2 Newcastle – Ottawa
scale of quality assessment scale Study Representative sample

of relevant population
Comparability
score

Outcome Overall score
(maximum 9)

Mahal et al. 2015 [13] ★★★★ ★★ ★★ 8

Huynh et al. 2015 [12] ★★★★ ★★ ★★★ 9

Rusthoven et al. [17] ★★★ ★ ★★★ 7

Rusthoven et al. [18] ★★★ ★ ★★★ 7

Harding-Jackson et al. [19] ★★★★ – ★★ 6

Lu et al. [16] ★★★★ ★★ ★★ 8

Van den Bergh et al. [21] ★★★ ★ ★★ 6

Gandaglia et al. [20] ★★★★ ★★ ★★ 8
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Two papers examined BCR following radical prostatectomy
(RP) using PSA ≥ 0 .2ng/ml as an alternative measure of prog-
nosis [20, 21]. Van den Bergh et al. demonstrated that BCR-
free survival rates were significantly more favourable for 3 + 5
than 4 + 4, comparable to the outcomes of Gleason 4 + 3, in
their cohort of patients post-RP [24]. Similarly, Gandaglia et al.
noted better BCR-free survival and clinical recurrence-free sur-
vival rates for men with 3 + 5 as compared to their counterparts
with 4 + 4 [23]. The utility of BCR following RP as a surrogate
of prognosis is somewhat limited by the heterogeneity and
variable natural history of this group of men [24–26].

There are a number of methodological variances that lim-
ited this meta-analysis. The study cohorts included men with a
range of disease stages and subsequent treatments. The differ-
ent treatment characteristics of the included papers comprised
of brachytherapy with or without further treatment, metastatic
disease regardless of treatment, non-metastatic disease with
ERBT alone and finally non-metastatic disease without treat-
ment preference. Although there is clear clinical heterogene-
ity, there was value in combining these sub-groups as the
ISUP grade groups are a prognostic indicator for all prostate
cancers. Additionally, given the lack of randomisation inher-
ent with retrospective observational studies the associations
we see with mortality may be the result of confounding, rather
than a true effect of ISUP group 4 heterogeneity.

The modifications to the Gleason grading system in 2005
recommended that cribriform gland pattern be placed into
grade group 4 and that biopsy reporting be based on the

primary and highest grades (as opposed to primary and sec-
ondary). This effectively means that secondary pattern report-
ed can be less than 5% of tumour volume and if high grade,
may lead to a significant upgrading of cases [32]. All eight
studies spanned this period of transition, and only one study
accounted for this [23].

Although the individual studies were generally of moderate
to high quality, they each had different study designs, with
some of these adjusting for patient factors including treatment
method or curative intent but others not. The lack of a
standardised approach to the available Gleason scoring out-
come studies limits the comparability of the pool of data avail-
able. Given the results of this systematic review, it seems
likely that heterogeneity does exist within ISUP Grade group
4. There is currently, however insufficient evidence to support
any changes to ISUP Group 4 based on the presence of
Gleason grade 5. Further high-quality, ideally prospective
studies using standardised pathological methods for sample
handling, Gleason scoring, and outcome reporting are needed
to validate these findings and assess the true size of the risk
associated with Grade 5.

Conclusion

This meta-analysis showed that patients with 5 + 3/3 + 5
Gleason had higher ACM than those with Gleason 4 + 4.
Heterogeneity was greater in studies examining PCSM and
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Fig. 3 Forest plot of PCSM
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no conclusion could be reached. Although evidence suggests
that there is heterogeneity within ISUP Grade group 4, large
methodological differences between current studies limits a
definitive conclusion. Further studies need to be produced
with consistent methodologies examining a range of outcome
measures.
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