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Objective
To determine the likelihood of definitive treatment and risk of post-treatment recurrence for patients with Gleason Grade
Group (GG) 2 cancer diagnosed using targeted biopsies relative to men with GG1 cancer diagnosed using systematic
biopsies.

Materials and Methods
We performed a retrospective study using a large tertiary centre registry (the HUS Acamedic data lake) to retrieve data on
prostate cancer (PCa) diagnosis, treatment, and cancer recurrence. We included patients with either GG1 PCa detected by
systematic biopsies (n = 3317) or GG2 PCa detected with targeted biopsies (n = 554) between 1993 and 2019. We assessed
the risk of curative treatment and recurrence after treatment. Kaplan–Meier curves were used to estimate treatment- and
recurrence-free survival, and Cox proportional hazards regression was used to evaluate the risk of post-treatment
recurrence.

Results
Patients with systematic biopsy-detected GG1 cancer had a significantly longer median time to treatment (31 months) than
those with targeted biopsy-detected GG2 cancer (4 months; P < 0.0001). Risk of recurrence after curative treatment was
similar in the two groups, with the upper bound of the 95% confidence interval (CI) excluding any significant difference
(hazard ratio 1.04, 95% CI 0.75–1.43; P = 0.83).

Conclusion
Men diagnosed with GG2 PCa based on MRI-targeted biopsy had a similar risk of recurrence after treatment compared to
men with GG1 disease diagnosed using systematic biopsy, although they were more likely to undergo curative treatment.
These findings suggest that at least a portion of the apparent increase in GG2 diagnoses in the MRI era may reflect
reclassification rather than more aggressive disease. Improved risk stratification is needed to identify which men with
MRI-era GG2 cancer may be suitable for active surveillance.
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Introduction
Until the early 2010s, prostate cancer (PCa) was typically
diagnosed using systematic TRUS-guided biopsy [1]. Recently,

MRI-guided targeted biopsies have gained popularity [2].
MRI targeting has been purported to improve both the
sensitivity and specificity of biopsy, avoiding biopsy in men at
low risk of high-grade cancer, and thereby reducing the risk
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of overdiagnosis and biopsy-related complications [3,4] and
ensuring that the regions of the prostate most likely to
harbour aggressive disease are sampled. Currently, clinical
guidelines, including those of the American Urology
Association and the European Association of Urology,
support active surveillance (AS) for selected men with
Gleason Grade Group (GG) 2 PCa [5,6].

There is compelling evidence that targeted biopsy has
decreased the detection of low-grade cancers and increased
the detection of higher-grade cancers compared to systematic
biopsy [3,7–9]. For instance, in the PRECISION trial, men
randomised to the MRI pathway had a 13% absolute decrease
in GG1 cancers and a 12% increase in GG2 cancers [7].
However, it is plausible that this finding is attributable, at
least in part, to the reclassification of GG1 cancers as GG2
cancers, in other words, grade inflation. Indirect evidence for
grade inflation comes from the observation that MRI
targeting finds many high-grade cancers in groups of men
who are known to have a very low risk of PCa mortality,
such as those with a negative systematic biopsy result [10].
However, there have been few direct comparisons of the
relative recurrence risk of tumours identified using MRI
targeted vs systematic biopsy [11,12].

In this study, we examine large-scale registry data to compare
PCa risks according to method of cancer detection.
Specifically, we compared the recurrence rates between
systematic biopsy-detected GG1 PCa and MRI targeted
biopsy-detected GG2 PCa as a direct evaluation of the grade
inflation hypothesis.

Materials and Methods
We used the Finnprostate dataset, a large patient registry
study combining Finnish national healthcare data with local
hospital data (n = 700 000) from men suspected of having
PCa (based on PSA measurement) or diagnosed with PCa
(Fig. S1). From Finnprostate, we gathered a sub-cohort of
men from the Hospital District of Helsinki and Uusimaa
(HUS; n = 326 796) with comprehensive patient information
regarding outpatient clinic and hospital visits, as well as data
on laboratory tests, medication, radiological, pathological, and
surgical reports, and comorbidities, for the period 1993 to
2019. Men with pathology data available at biopsy were
further selected for the analysis. The above data are
embedded within the regional HUS Acamedic data lake.

We identified patients with an initial diagnosis of GG1 PCa
in systematic biopsies or GG2 PCa in MRI targeted biopsies.
The groups in our study were defined based on the diagnostic
evaluation decisions made by the treating urologists.
Although the recommendation (since 2014) was to use
multiparametric (mp)MRI as a triage test before prostate
biopsy in all men with suspected PCa, the final decision on

the diagnostic approach was at the discretion of the treating
urologist. Patients with a positive mpMRI underwent MRI
targeted biopsy using a TRUS-MRI fusion biopsy system
(UroNav, Philips Healthcare), with two to four cores taken
per lesion. To avoid overdiagnosis, concomitant systematic
biopsies were not routinely performed.

Treatment type was missing for 6% of the patients. To
mitigate the effect of any missing treatment information on
treatments with curative intent, a PSA drop of at least 75%
but not less than 3 ng/mL within 1 year or at least 50% but
not less than 4 ng/mL within 1 year were considered an
indication of treatment with curative intent. AS was defined
as no curative treatment received or the period from
diagnosis until the first curative treatment received. These
criteria correctly detect 90% of our known first curative
treatments [13]. Depending on the kinetics of the PSA drop,
we classified a drop below 0.1 ng/mL as radical prostatectomy
(RP); otherwise, it was classified as radiation therapy (RT)
[13]. Sankey diagrams were generated to display the
treatment trajectories (Fig. S3).

Patients were considered to have experienced clinical
recurrence (CR) based on either biochemical recurrence or
second-line treatment (Fig. S2). Thus, the CR definition
considered the clinical reality that some men are being
referred to second-line treatment before the official definition
of biochemical recurrence has been reached. We defined
biochemical recurrence after RP as a PSA increase over
0.2 ng/mL, as this has been used in our centre as a trigger for
salvage treatments after RP. For biochemical recurrence after
RT, the definition was a PSA increase of 2 ng/mL over the
nadir [13].

Statistical Methods

Our null hypothesis was that there would be no significant
difference in risk of recurrence after treatment between GG1
detected with systematic biopsy and GG2 detected with MRI
targeted biopsy. Descriptive statistics were used to summarise
and present baseline characteristics, while inferential statistics
were used to assess the likelihood of definitive treatment and
risk of post-treatment recurrence. Kaplan–Meier survival
curves and log-rank tests were used to analyse treatment- and
relapse-free survival models.

We performed a series of sensitivity analyses to assess the
robustness of the conclusions. Relapse-free survival was
analysed in patients treated with RP alone to mitigate the
effect of androgen deprivation therapy, which may have been
present those treated with RT.

Given the long study period (1993–2019) and the associated
uncertainties and evolving recommendations, we analysed
recurrence data across different International Society of
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Urological Pathology (ISUP) diagnostic eras at our study
centre: patients diagnosed before 2005, between 2005 and
2010, and after 2010.

Men who were eventually treated after a period of
surveillance longer than 1 year were more likely to have
experienced an evolution of their PCa since their initial GG
diagnosis. Therefore, we separately analysed a cohort of
patients treated within 1 year of diagnosis: those treated only
with RP within 1 year of diagnosis, those treated only with
RT within 1 year of diagnosis, and those diagnosed with GG1
and never upgraded in subsequent biopsies.

Based on these four sub-cohorts, we performed Cox
proportional hazards regression analysis to assess the risk of
post-treatment recurrence in ‘GG1 NoMRI’ and ‘GG2 MRI’
patients. Furthermore, these analyses were controlled for PSA
levels and the number of positive cores.

All analyses were performed using R Statistical Software
(v4.1.2; R Core Team 2021), including the ‘survival’ and
‘survminer’ packages in R software (version 4.1), while
Python (version 3.10) was used for data preprocessing.

Results
We identified 8407 patients diagnosed with GG1 or GG2 PCa
(with and without MRI). We excluded patients for whom we
were unable to identify their first biopsy with a PCa
diagnosis, as well as patients who were over 80 years of age
at the time of their first biopsy (Fig. S1). The final study
cohort consisted of 3317 patients with systematic biopsy who
were diagnosed with GG1 cancer and 554 patients with
targeted biopsy who were diagnosed with GG2 cancer
(Table 1). Patients with GG1 MRI and GG2 NoMRI,
although not the main focus of this study, were added for
completeness of the analysis (Tables 1 and 2).

Treatment patterns were visualised by plotting treatment
trajectories in Sankey diagrams for the two groups (Fig. S3).
In Kaplan–Meier analysis, the likelihood of curative treatment
was significantly lower for men with systematic

biopsy-detected GG1 compared to men with targeted
biopsy-detected GG2: hazard ratio (HR) 2.1 (95% CI 1.9–2.4;
P < 0.05 [Fig. 1b]). This result was also confirmed when
modelling the likelihood of any type of treatment (Fig. 1a).
The risk of curative treatment within 1 year of diagnosis was
39% for GG1 and 72% for GG2.

Next, we compared the pathology at biopsy with that of
prostatectomy in RP-treated men. In 75% of the 268 men
who had targeted biopsy-detected GG2 PCa, the biopsy
pathology was concordant with RP pathology. In 564 men
with systematic biopsy-detected GG1 PCa, the concordance
was only 33% (P < 0.0001). In addition, 67% and 16% of the
564 men with systematic biopsy-detected GG1 PCa and 99%
and 24% of the 268 men with targeted biopsy-detected GG2
PCa, who underwent RP, had GG2–5 and GG3–5 PCa at
final pathology, respectively.

Finally, we compared relapse (CR)-free survival between men
diagnosed with GG1 cancer using systematic biopsy and men
diagnosed with GG2 cancer using targeted biopsy. In the
Kaplan–Meier analysis that modelled recurrence after curative
treatment (Fig. 2a), the curves virtually overlapped, with no
statistically significant difference in median survival (HR 1.04,
95% CI 0.75–1.43; P = 0.83). This was additionally confirmed
when modelling the CR after RP (HR 0.94, 95% CI 0.6–1.5;
P = 0.78 [Fig. 2b]) and after RT up to 3 years after the
treatment (HR 1.34, 95% CI 0.85–2.09; P = 0.21 [Fig. 2c]).
Further, Cox proportional hazard models comparing different
pairs of groups across treatment settings showed that the
GG1 NoMRI and GG2 MRI groups had stable and confirmed
‘no significant difference’, compared to other models (Fig. 2,
Table 2), and that systematic biopsy-detected GG2 was
associated with a higher risk of recurrence than targeted
biopsy-detected GG1 (Fig. 2).

In the sensitivity analyses, there was no statistically significant
difference in recurrence between systematic biopsy-detected
GG1 and targeted biopsy-detected GG2 in men with RP
within the first year after diagnosis or when upgrading was
excluded after diagnosis of GG1. A statistically significant

Table 1 Demographics of the study cohorts.

GG1 NoMRI GG2 MRI GG1 MRI GG2 NoMRI

Number of patients 3317 554 335 2759
Median age at diagnosis, years (quartiles) 66 (61–72) 67 (62–72) 66 (60–71) 68 (62–73)
Median PSA at diagnosis, ng/mL (quartiles) 7.3 (5.1–10.5) 8.1 (5.7–12.7) 8.19 (5.51–11.6) 8.41 (5.9–12.5)
CR* events (CR in 5 years) 517 (336) 43 (43) 18 (6) 511 (304)
Treatments
RP (RP in 5 years) 655 (631) 184 (184) 56 (56) 751 (748)
RT (RT in 5 years) 1228 (1067) 126 (125) 78 (76) 994 (940)
MT 283 (199) 120 (120) 24 (24) 428 (372)
All 2166 (1897) 430 (429) 158 (156) 2173 (2060)

CR, clinical recurrence; GG, Gleason Grade Group; MT, medication; RP, radical prostatectomy; RT, radiation therapy. *Biochemical recurrence
event or a secondary treatment.
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difference was found in men who received treatment within
the first year of diagnosis across all curative treatments and in
the RT subgroup (Fig. S4–S7 and Tables S1 and S2). After
adjusting our analysis for different ISUP diagnostic eras, a

higher risk of recurrence was observed in men treated with
surgery before 2005. A similar trend was seen in those treated
with RT, but no difference was found in the combined
analysis (Fig. S8).

Table 2 Summary of the relapse-free survival Cox proportional hazards models comparing different pairs of groups across treatment settings.

Pairs After curative treatment After radical prostatectomy After radiation therapy

HR CI
lower

CI
upper

P HR CI
lower

CI
upper

P HR CI
lower

CI
upper

P

GG1
NoMRI

GG1 MRI 2.90 1.29 6.51 * 3.69 0.91 14.94 0.07 2.36 0.88 6.34 0.09

GG2 MRI GG1 MRI 2.99 1.27 7.02 * 3.36 0.79 14.30 0.10 3.22 1.10 9.40 *
GG2
NoMRI

GG1 MRI 2.64 1.18 5.94 * 5.01 1.24 20.20 * 1.52 0.56 4.12 0.41

GG2 MRI GG1
NoMRI

1.04 0.75 1.43 0.83 0.94 0.59 1.49 0.78 1.34 0.85 2.09 0.21

GG2
NoMRI

GG1
NoMRI

0.96 0.82 1.12 0.61 1.39 1.09 1.77 * 0.72 0.59 0.89 *

GG2
NoMRI

GG2 MRI 0.87 0.63 1.20 0.41 1.43 0.92 2.24 0.12 0.47 0.30 0.76 *

GG, Gleason Grade Group; HR, hazard ratio. P values had a level of significance threshold a = 0.05. The only consistently nonsignificant comparison
was GG2 MRI vs GG1 NoMRI, which is central to this study’s hypothesis, and is shown in bold. *P < a.

Fig. 1 Five-year treatment-free survival (Kaplan–Meier) for the Gleason Grade Group (GG) 1 NoMRI (red), GG2 MRI (blue), GG1 MRI and GG2 NoMRI

(black) patient groups. (a) All types of treatment. (b) Only radical prostatectomy and radiation therapy. For our group of interest, the 95% CI is

illustrated by corresponding colour lines. Hazard ratio (HR) and P values are included. The start time was defined as the date of diagnosis.
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Discussion
The use of MRI targeted biopsies has led to a lower detection
rate of GG1 PCa and an increased detection rate of GG2.
Although this finding is generally attributed to the improved
sensitivity and specificity of MRI for aggressive cancers, it
might also be explained by grade inflation. We found direct
evidence to support this hypothesis: GG2 cancers detected by
MRI targeted biopsy showed no greater risk of recurrence
than GG1 cancers detected by systematic biopsy. Not only
were differences between groups nonsignificant, but the upper
bound of the 95% CI also excluded a clinically relevant effect.
In our main analysis, the upper bound of the HR between
GG2 and GG1 was 1.43, and the highest upper bound found
in the main sensitivity analyses was 2. Both values were far
lower than those typically reported. For instance, in the
Memorial Sloan Kettering Cancer Center (MSKCC)
nomogram, the HR for biochemical recurrence comparing
GG2 to GG1 was approximately 3 [14]. Patients treated in
the first year represent a clinically interesting group (Fig. S4),
and the observed HR suggests a potential effect that
prompted us to conduct further evaluation. When relapse-free
survival was assessed within the first year after RP (Fig. S5)
and RT (Fig. S6) separately, the difference in outcome seemed
to be driven by men treated with RT only. This likely reflects
selection of higher-risk cases for RT, but because there was
no clinical staging information, we could not evaluate this
further.

Limited use of MRI and known poor adherence to repeat
biopsies in AS protocols during the systematic biopsy era may
have hindered detection of occult higher-risk cancers, thereby
influencing outcomes [15]. The present guideline
recommendation is to use MRI at diagnosis and during AS to
guide AS eligibility and treatment decisions [16]. In current
practice, the major distinction is between GG1, which can be
managed conservatively, and GG2 or higher, which generally
requires treatment. However, a sub-cohort of low-volume
pre-MRI era GG≤2 intermediate-risk PCa has been shown to
have a similar prognosis to that of low-risk PCa in AS,
according to a recent meta-analysis [17]. Furthermore, there
are accumulating data on the extent of Gleason pattern 4,
total cancer length, PSA density, and perineural invasion
determining adverse findings in RP and worse prognosis
during follow-up. However, these studies were conducted
mainly in systematic biopsy cohorts, and differences between
systematic biopsies and targeted biopsies indicate that they
may predict recurrence risk differently [18]. Our observation
of recurrence differences in the MRI era, despite comparable
treatment rates between the groups regardless of MRI status,
suggests that MRI targeting has led to more appropriate
treatment selection rather than reflecting inherently more
aggressive disease. Our results are further evidence to suggest
that more men with MRI-era GG2 PCa could be monitored
but a more precise risk stratification among targeted
biopsy-detected cancers is warranted. Hence, before more
long-term data accumulate from targeted biopsy studies,

Fig. 2 Five-year relapse-free survival (Kaplan–Meier) for the Gleason Grade Group (GG) 1 NoMRI (red) and GG2 MRI (blue) patient groups, and the

GG1 MRI and GG2 NoMRI (black) patient groups. (a) After any curative treatment (radical prostatectomy [RP] + radiation therapy [RT]). (b) After RP

only. (c) After RT only. The 95% CI is illustrated with corresponding colour lines for the group of interest. Hazard ratios and P values are summarised in

Table 2. The start time was defined as the date of treatment.
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treatment decisions should be based on individual risk
assessments, not solely on the highest GG stratification and
prediction nomograms that use systematic biopsy data [19].

The natural course of the disease is favourable, especially for
low- and intermediate-risk PCa, as demonstrated in the
recently updated ProtecT trial, which reported a PCa-specific
mortality of only approximately 3% after a 15-year follow-up,
irrespective of the treatment [20]. Thus, studies comparing
PCa-specific mortality between patients diagnosed with
systematic biopsy and those diagnosed with targeted biopsy
are not expected at any time. We therefore considered it
justified to use surrogates such as recurrence after curative
treatment as outcomes, although we acknowledge that, over a
longer follow-up, more events, and perhaps differences, might
be observed.

The existing literature on targeted biopsy-induced grade
inflation is mostly based on data available at diagnosis
(pathology at biopsy and RP) and extrapolation to create
cohorts with virtually no PCa mortality after benign or
low-grade prostate cancer on systematic biopsy, even after an
extended follow-up [10,21]. While our results and empirical
evidence support grade inflation, they are also in line with
both the expert opinion raised in the literature [22,23] and
with the available literature findings [18,24–26].

Our results support the findings of two previous studies
comparing the pathological concordance of systematic and
targeted biopsies with RP specimens [24,25]. Downgrading to
GG1 after RP was uncommon regardless of the biopsy
method, while upgrading was significantly more common in
men with GG1 on systematic biopsy. Thus, many men
diagnosed with GG2 PCa on targeted biopsy would often be
diagnosed with GG1 PCa on systematic biopsy and are
candidates for AS. However, GG1 patients treated with RP
likely represent a bias towards a more aggressive cohort of
men than GG1 patients.

A clinical implication of our results, in the context of the
existing literature, is that more men with MRI-era GG2 PCa
could potentially be managed with AS. Ideally, AS protocols
should be individualised based on known risk factors, and
men should preferably be included in prospective AS trials
such as PRIAS [27] or SPCG-17 [28].

Our study has some limitations. Many GG1 cancers were
diagnosed before AS had become a guideline
recommendation. This might have contributed to the
relatively large proportion (60%) of GG1 cancers undergoing
curatively intended treatments in 5 years. However, in the
prospective PRIAS AS trial, 52% of the men had discontinued
AS at 5 years [29]. To reduce overtreatment, triggers for
treatment in PRIAS were later modified and, in the latest
report, a 38% definitive treatment rate was reported [27]. It is
also likely that the sub-cohort of men with curatively treated

GG1 PCa would be those considered to harbour features of
more aggressive disease, especially in the light of the 20%
recurrence risk in our study. This risk is the same as that in
patients from Helsinki enrolled in PRIAS (data not shown),
suggesting that our GG1 cohort represents an AS cohort.
Furthermore, a patient followed for GG1 PCa may progress
to GG2 during follow-up and therefore would be expected to
have a similar risk of progression as those with GG2 PCa at
diagnosis. We therefore performed a series of sensitivity
analyses in this study. First, we restricted the analyses to men
treated in the first year only, to exclude most men who
progressed. Next, we excluded men who had progressed on
subsequent biopsies. Finally, we adjusted the risk of
recurrence for PSA level and number of positive cores as
covariates in the multivariable Cox regression model. These
sensitivity analyses confirmed our original findings, with no
statistically significant differences between groups, and the
upper bound of all 95% CIs was far below published
estimates of the HR for GG2 vs GG1 disease. As expected,
systematic biopsy-detected GG2 was associated with a higher
risk of recurrence than targeted biopsy-detected GG1.

Given the registry-based design of our study, some data were
granular, some missing information was inferred (e.g.,
curative treatment was deduced from PSA trends), and other
data were unavailable (e.g., clinical staging or imaging). The
absence of clinical staging prevented the precise risk
stratification of patients, potentially leading to inaccuracies in
the results; however, based on a prior quality assessment of
the data, this impact is expected to be limited [13]. Clinical
indications for MRI and curative treatments were not
recorded, and it is likely that these indications evolved during
the study period, representing another limitation.
Nevertheless, the extent to which this variability may have
biased our findings remains uncertain. Additionally, shifts in
Gleason grading criteria and treatment approaches during the
study period likely led to risk inflation, particularly in
patients included in the GG1 PCa cohort. This is supported
by the analysis in which we adjusted for different ISUP
diagnostic eras. This bias tends to favour the GG1 group,
further reinforcing our results and interpretation.

The strengths of our study lie in the large sample size and
the comprehensive clinical data available for each patient,
from diagnosis to treatment and follow-up. Our registry
included patients from the beginning of the MRI era,
allowing a comparatively long follow-up period. This
extended follow-up period provides us with valuable insights
into the long-term effects of treatments or interventions and
helps us better understand outcomes over time.

In conclusion, in this large registry-based study, men
diagnosed with GG2 PCa based on MRI targeted biopsy had
a similar risk of recurrence after treatment compared to men
with GG1 disease diagnosed by systematic biopsy, despite
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receiving more intensive treatment. These findings suggest
that a portion of the increased detection of GG2 disease in
the MRI era may reflect reclassification rather than
biologically more aggressive cancer. To minimise
overtreatment, improved methods are needed to identify
which men with MRI-era GG2 cancers could be safely
managed with AS.
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