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Abstract 
 

Background: New prognostic grade groupings were recently 

proposed for prostate cancer. They are based on Gleason grading of 

either biopsy or prostatectomy specimen. Former Gleason 6 

corresponds to group 1, Gleason 7=3+4 corresponds to group 2, 

Gleason 7=4+3 corresponds to group 3, Gleason 8 corresponds to 

group 4, and Gleason 9-10 correspond to group 5. 

Objective: To assess the prognostic value of Gleason grade groups in 

men with prostate cancer from a nationwide population-based cohort. 

Design, Setting and Participants: From the National Prostate Cancer 

Register of Sweden, we identified 5,880 men diagnosed with prostate 

cancer from 2005 to 2007, including 4,325 who had radical 

prostatectomy and 1,555 treated by radiotherapy.   

Outcome Measurements and Statistical Analysis: Kaplan-Meier 

survival analysis was used to calculate the cumulative 4-year 

biochemical recurrence-free survival. Cox proportional hazards 

regression models were used to examine the relationship between 

prognostic Gleason grade groups and biochemical recurrence after 

radical prostatectomy and radiotherapy. The 4-year biochemical 



 
 

progression-free survival was compared for groups based on biopsy 

and prostatectomy Gleason grade groups. 

Results and Limitations: Among men undergoing surgery, the 4-year 

biochemical progression-free survival was 89%, 82%, 74%, 77%, and 

49% for prognostic Gleason grade groups 1-5 on biopsy. The 

corresponding 4-year biochemical progression-free survival based on 

prostatectomy prognostic Gleason grade groups was 92%, 85%, 73%, 

63%, and 51% for prognostic Gleason grade groups 1-5. For men 

undergoing radiotherapy, biopsy prognostic Gleason grade groups 1-5 

had 4-year biochemical progression-free survival of 95%, 91%, 85%, 

78%, and 70%. After adjusting for preoperative serum prostate 

specific antigen and clinical stage, biopsy prognostic Gleason grade 

groups were significant independent predictors of biochemical 

progression after radical prostatectomy and radiotherapy. There was 

no central review of pathology. 

Conclusions: These results confirm the prognostic value of the newly 

proposed prognostic Gleason grade groups in men undergoing radical 

prostatectomy and radiotherapy in a population-based setting. 

 

Patient Summary: The new prognostic Gleason grade groups, 

ranging from 1-5, predict recurrence after curative treatment for 

prostate cancer, both with surgery and radiotherapy. 

Take Home Message: The new prognostic Gleason grade groups 1-5 

stratify the risk of biochemical recurrence after radical prostatectomy 

and radiotherapy. 
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1 Introduction 

A new tumor grading scheme for prostate cancer (PCa) was 

recently proposed [1]. The objective of this new system is to better 

reflect biological aggressiveness, assist in guiding clinical 

management and thus help reduce overtreatment. The most widely 

used grading scheme for PCa is currently the Gleason grading system. 

This system ranges from 2 to 10, with the vast majority of tumors 

falling in the range 6 to 10. The newly proposed grading scheme for 

PCa ranges from 1 to 5. 

The Gleason grading system [2] [3] was developed by 

pathologist Donald Gleason and colleagues at the Minneapolis 

Veterans Affairs Hospital in 1966. This system is a powerful tool used 

by urologists to grade and help assess the prognosis of PCa. The initial 

grading is done by first taking biopsies from the prostate, usually from 

pre-determined areas of the prostate where the cancer is most likely to 

be found. The number of biopsies taken varies between countries and 

different hospitals. In Sweden, a trend towards higher numbers of 

biopsies per session has been observed. The norm up to 2007 was 

6-9 biopsies, whereas 10-12 is rapidly becoming the most common 

biopsy scheme [4]. Each pattern found in the biopsy specimen is then 

assigned a grade by a pathologist. The grades range from 1 to 5, with 

higher grades indicating patterns associated with more aggressive 

tumors. The primary grade is given to the dominant pattern found in 
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the biopsy (>50%). Subsequently, the second most common pattern 

found is graded 1 to 5, this is the secondary grade. If the secondary 

grade is lower than the primary, it needs to cover at least 5% of the 

sample. The primary and secondary grades are then summed up to 

form the final Gleason score (GS), which lies between 2 and 10 [5]. 

This is done for each biopsy taken. The final GS is the highest among 

all graded biopsies. The GS is used to determine the stage of the 

cancer, along with other clinical characteristics. These other 

characteristics consist of serum levels of prostate specific antigen 

(PSA), which is measured with blood tests [6] and the TNM staging 

system. TNM is a system used for many cancer diagnoses in order to 

describes the primary tumor (T stage), the involvement of regional 

lymph nodes (N stage) and distant metastases (M stage) [7]. Lower 

PSA and TNM stage, imply better prognosis in terms of disease 

progression and mortality. The PSA and TNM are used to define 

clinically localized PCa [4]. These factors have also been shown to be 

correlated with progression and mortality [8] [9] [10] [11] [12]. 

The Gleason grading system has not been immune to the 

passage of time and extensive revisions have been made over the last 

decade [5] [13]. Furthermore, attempts have been made to standardize 

grade reporting among urological pathologists in Sweden [14]. At the 

2014 International Society of Urological Pathology (ISUP) consensus 

conference, new groupings of Gleason grades were discussed [15]. 

This new grouping is intended to better distinguish between 

intermediate grade cancers. It is also meant to label the favorable low 

risk features of cancers with lower Gleason grades more appropriately 

as “Group 1”, instead of the currently used “Gleason 6”, thereby 
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hoping to reduce what is commonly referred to as overtreatment of 

men with low risk PCa [4] [6] [16]. There are still details to be worked 

out, such as the nomenclature and acronyms, but for the purposes of 

the current study the newly proposed grade groups will be referred to 

as Gleason grade group (GGG) 1 through 5. What was formerly 

known as GS 6 corresponds to GGG 1, GS 7=3+4 corresponds to 

GGG 2, GS 7=4+3 corresponds to GGG 3, GS 8 corresponds to GGG 

4 and GS 9-10 correspond to GGG 5. 

If the GGG is to be incorporated into clinical practice, its 

prognostic value needs to be assessed. The importance of the newly 

introduced categories, separating Gleason 7=3+4 and 7=4+3, also 

needs to be evaluated. Furthermore, combining Gleason 9 and 10 

shouldn’t depreciate the prognostic value of the groups. Since there is 

no question of causality to be investigated, this situation is one 

instance where a randomized study may be needlessly costly and 

intricate. Instead, a retrospective cohort study is a suitable design for 

investigating the prognostic value of the GGG. To date, only one such 

study has been published, a single-institution study with a median 

follow-up of two years which only included men undergoing surgery. 

One curative treatment option for men diagnosed with PCa 

is radical prostatectomy (RP). In an RP, the entire prostate is 

surgically removed. After surgery, tissue slices from the entire 

prostate are examined by a pathologist to assign a Gleason score based 

on the prostatectomy specimen. The definitions are similar to those 

followed when grading the biopsy specimen, but they are not exactly 

the same [7]. The initial GS, based on biopsy specimens, is sometimes 

referred to as the biopsy Gleason score to differentiate between it and 
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the prostatectomy GS. The prostatectomy GS is naturally a more 

robust score than the biopsy GS, since it has the advantage of being 

based on the entire prostate. The biopsies needles are very small 

compared to the size of the entire prostate, which is about the size of a 

walnut. But of course, the prostatectomy GS is only available for 

patients who have undergone an RP and not for patients who receive 

non-curative therapy or other curative treatment options than RP. The 

two groupings based different tissue samples will hereafter be referred 

to as biopsy GGG and RP GGG, respectively. Hopefully, this 

avoids confusion when differentiating between GGG based on biopsy 

and RP specimen. 

Men with clinically localized PCa are a group for whom 

curative treatment is highly recommended [17]. There are curative 

treatment options other than RP. The other most commonly used 

treatment option is radiotherapy (RT), where the tumor is destroyed 

by use of radiation. Side effects of these two treatment options are 

quite different and can be very severe [18]. The number of men with 

clinically localized PCa receiving curative primary treatment with 

either RP or RT has increased in Sweden over the past decades [4]. 

Meanwhile, a number of incitements for an increased utilization of 

active surveillance have been implemented in Sweden. 

Active surveillance is a deferral or delay of curative treatment. It is 

intended for men with low risk tumors, in the sense that the tumor has 

a low risk of growing outside of the prostate. It comes down to 

weighing the risks of delayed treatment against the possible side-

effects of curative therapy. The incitements for increased utilization of 
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active surveillance are primarily meant to reduce overtreatment of 

low risk PCa [19]. 

The objective of the current study is to evaluate the 

prognostic value of the GGG, in a nationwide population-based 

setting. The GGG is also to be compared to the standard GS in terms 

of prognostic value. The primary hypothesis was that men with 

different GGG have different recurrence-free survival. The secondary 

hypothesis was that the newly introduced categories have different 

prognoses. In other words, that GGG 3 (Gleason 7=4+3) has a lower 

4-year BCR-free survival than GGG 2 (Gleason 7=3+4). 

Whether the GGG will be more readily understood by 

patients will not be investigated in the current study. This is due to the 

need for a survey directed at the patient themselves, something which 

is not possible within PCBaSe. Nevertheless, communicability is a 

key motivation behind the new groupings [20]. This is because being 

informed that one has a very low grade cancer which is still graded 6 

on a scale ranging from 2 to 10 may be an unknowingly misleading 

depiction of reality. It is important to note that almost all PCa which is 

found to date, even very low risk disease, has a grade of 6 at the 

lowest [4]. In a worst-case scenario, it could lead to overtreatment 

initiated by the patient. This is also mentioned in the Swedish national 

guidelines for prostate cancer care [21].  
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2 Patients and methods 

The National Prostate Cancer Register (NPCR) 

prospectively collects data on men with prostate cancer diagnosed in 

Sweden since the early 1990s. From 1998 to 2012, the NPCR had 

nationwide coverage, with a capture rate of nearly 98% of all newly 

diagnosed men in Sweden [4] [22] [23]. Unlike the Swedish Cancer 

Register, to which reporting is mandated by law, the NPCR contains 

tumor characteristics such as preoperative serum PSA and GS. The 

NPCR also encompasses a follow-up study including men diagnosed 

2003-2007 at age 70 years or younger with clinically localized 

[4] PCa. There is also an added limitation of PSA <20 ng/ml in the 

follow-up study, in order to identify men eligible for active 

surveillance [19]. The follow-up study is not to be confused with a 

single study per se, but is a dataset used for many studies. The 

advantage of this, smaller, dataset is that it also includes data on 

biochemical recurrence (BCR) after curative treatment. The follow-up 

time in the dataset also extends up to five years after diagnosis, 

whereas the NPCR only contains data known at or shortly after the 

date of diagnosis. BCR is determined with the use of regular blood 

tests after curative treatment and is not registered elsewhere in the 

NPCR. The definition of BCR in the follow-up study is two PSA 

measurements over 0.2 ng/ml after RP and two PSA measurements 

2 ng/ml or more over the PSA nadir after RT. The PSA nadir is the 
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lowest recorded level after treatment. The date of BCR is defined as 

the date of the earliest measurement used in the definition for each of 

the two treatment modalities. 

Data from the NPCR have been linked to other national 

demographic and health care databases using individual personal 

identity numbers. The linked dataset is known as Prostate Cancer data 

Base Sweden (PCBaSe) and has been previously described [24]. 

Through the extensive cross-linkage, PCBaSe also contains data on 

patient characteristics and primary treatment, both planned and 

delivered. It also includes data on comorbid conditions and important 

demographic factors such as county of residence, marital status, 

educational level and disposable income. Furthermore, PCBaSe 

contains a matched comparison cohort of PCa-free men allowing for 

different study designs, e.g. case-control studies. 

Comorbidity was assessed with the Charlson comorbidity 

index (CCI) [25]. The CCI assigns weights to medical conditions 

in 17 categories, including hypertension, diabetes and cancer. The 

weights are 1, 2, 3 or 6. Higher weights imply higher morbidity, in 

other words a greater concomitant disease burden. The final score, 

CCI, is calculated for each individual by summing all of their weights. 

When evaluating the prognostic properties of a tumor 

grading system, the ideal scenario is to investigate the association 

between grades and cause-specific survival. Fortunately, the 10-year 

cause-specific mortality for low and intermediate risk PCa, especially 

in men selected for curative treatment, is very low [26]. Therefore, an 

intermediate endpoint such as BCR is commonly used [27]. The use of 

BCR as an endpoint restricted the current study to men in the 
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follow-up study within the NPCR, where BCR is recorded for up to 

five years after diagnosis. Furthermore, as BCR is defined after 

curative treatment, only men who underwent primary RP or RT were 

included in the current study. Due to the differences in the definition 

of BCR after RP and RT, all statistical analyses were stratified on type 

of primary treatment. 

The Gleason grading system was modified at the 2005 ISUP 

meeting [5]. These modifications, along with other changes made to 

the system prior to the 2005 meeting, have been shown to affect the 

grading of tumors in Sweden [13]. To maintain comparability, the 

current study was limited to men in the follow-up study within the 

NPCR, diagnosed with complete data after the change. In other words, 

men diagnosed 2005-2007 with follow-up, complete biopsy Gleason 

grades and complete prostatectomy Gleason grades for men 

undergoing RP. 

The significance threshold in all tests was set to 𝑝 < 0.05 

and all tests were two-sided. In all time-to-event analyses, date of 

primary treatment was used as 𝑡 = 0 and the exact method of handling 

ties [28] was always employed. Despite the follow-up study recording 

BCR for up to five years after diagnosis, there is a varying lag time 

between diagnosis and treatment initiation which needs to be taken 

into account. In order to handle this lag, all analyses were limited to 

four years after primary treatment initiation as most patients receiving 

curative treatment do so within the first year after diagnosis [4]. 

Patients were followed from the date of primary treatment to the date 

of BCR, death, four years from date of treatment or loss to follow-up, 

whichever occurred first. 
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In order to evaluate the prognostic value of the newly 

proposed Gleason grading system, cumulative BCR-free survival for 

men with different GGG was estimated, using the Kaplan-Meier 

method [29]. At each time point 𝑡, after curative treatment, the 

Kaplan-Meier survival estimator �̂�(𝑡) is calculated according to 

�̂�(𝑡) = {

1, if 𝑡 < 𝑡1

∏ (1 −
𝑑𝑖

𝑌𝑖
)

𝑡𝑖≤𝑡

, if 𝑡 ≥ 𝑡1
 , 

where 𝑡𝑖 is the 𝑖th event time, 𝑑𝑖 is the number of events 

observed at time 𝑡𝑖, 𝑌𝑖 is the number of individuals remaining at risk at 

𝑡𝑖 and there are D observed distinct event times, such that 𝑖 = 1, … , 𝐷. 

This survival function is estimated for each of the groups, GGG 1-5. 

The estimator for group 𝑘 at time 𝑡 is denoted �̂�𝑘(𝑡). Log-rank tests 

were used to compare survival [30] curves up to four years after 

curative treatment. This was done for the different groups, with the 

null hypothesis stating that men with different GGG did not have 

different BCR-free survival, i.e. 

𝐻0: �̂�𝑘(𝑡𝑖) = �̂�𝑞(𝑡𝑖), for all groups 𝑘, 𝑞 and all time points 𝑡𝑖, 

𝐻𝐴: �̂�𝑘(𝑡𝑖) ≠ �̂�𝑞(𝑡𝑖), for some pair (𝑘, 𝑞) and time point 𝑡𝑖. 

Cox proportional hazards regression models [31] were 

constructed to compare relative risk of BCR up to four years after 

curative treatment, while controlling for possible confounders. When 

no time-dependent variables are present, the Cox model looks at 

ℎ(𝑡 | 𝐙) = ℎ0(𝑡) exp(𝜷′𝒁) , 

where 𝐙 = (

𝑍1

⋮
𝑍𝑝

) is a vector of covariates, 𝜷′ = (𝛽1 … 𝛽𝑝) 

is the vector of effects and ℎ0(𝑡) is the baseline hazard. This model is 
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semi-parametric as it does not require any prior assumptions regarding 

the baseline hazard, ℎ0(𝑡). Using this approach, the relative risk for 

two individuals with covariate values 𝒁 and 𝒁∗ was estimated as 

ℎ(𝑡 | 𝒁)

ℎ(𝑡 | 𝒁∗)
=

ℎ0(𝑡) exp(∑ 𝛽𝑘𝑍𝑘
𝑝
𝑘=1 )

ℎ0(𝑡) exp(∑ 𝛽𝑘𝑍𝑘
∗𝑝

𝑘=1 ) 
= exp (∑ 𝛽𝑘(𝑍𝑘 − 𝑍𝑘

∗)

𝑝

𝑘=1

 ) 

This relative risk is known as the hazard ratio (HR) for an 

individual with covariate values 𝒁 vs. an individual with the covariate 

values 𝒁∗. As long as this ratio is constant with respect to 𝑡, the ratio is 

said to be constant meaning that the hazard rates proportional. 

Furthermore, a 95% confidence interval (CI) was calculated for each 

HR. This was done in order to deem if differences in relative risks for 

groups with different covariate values were significant at the chosen 

significance level. 

The formulae presented above correspond to a setting with 

no competing risks, e.g. death from other causes than PCa. That is, the 

survival estimates and HRs are valid in a hypothetical world where 

BCR is the only event that subjects may experience. This is obviously 

not the case in real life. However, men with PCa and especially men 

selected for curative treatment, have been shown to have better 

other-cause survival (i.e. lower mortality from other causes than PCa) 

than the background population [26]. Hence, these simple models 

were still considered to be applicable here, as the competing risks are 

considered negligible. 

Clinical factors, known to be associated with treatment 

selection, survival and recurrence [8], were included as covariates in 

the Cox models. The aim of this was to adjust for potential 

confounders. Reference categories for covariates, other than GGG, 
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were decided after discussions with urologists. For simplicity, 

GGG 1 is the reference category for GGG in all tables. In order to 

make comparisons with groups other than GGG 1 as the reference, the 

following calculations were employed. 

Let  𝐻�̂�2 denote the estimated HR for GGG 2, with GGG 1 

as the reference category. Define  𝐻�̂�3 in the same manner, for GGG 

3. Say we want to compare GGG 3 to GGG 2. The estimated HR for 

GGG 3 compared to GGG 2, is given by 

 𝐻�̂�3

 𝐻�̂�2

=
𝑒�̂�3

𝑒�̂�2
= 𝑒�̂�3−�̂�2 , 

where �̂�2 is the estimate of the coefficient 𝛽2, corresponding 

to GGG 2 and the �̂�3 corresponds to 𝛽3. To find the corresponding 

CI for 𝑒𝛽3−𝛽2, the variance component of this estimate is required. 

This variance component is given by 

𝑉(𝛽3 − 𝛽2) = 𝑉(𝛽3) + 𝑉(𝛽2) − 2 𝐶𝑜𝑣(𝛽2, 𝛽3), 

where 𝑉(𝛽𝑖) and 𝐶𝑜𝑣(𝛽𝑖, 𝛽𝑗) correspond to the variance of 

𝛽𝑖 and covariance of (𝛽𝑖, 𝛽𝑗), respectively, 𝑖, 𝑗 = 2, 3. 

Confidence intervals were then constructed using Wald’s 

method, as the samples were deemed sufficiently large. Hence, the 

95% CI for 𝑒𝛽3−𝛽2 is estimated by 

𝑒
�̂�3−�̂�2±𝑧0.025√𝑉(�̂�3−�̂�2)

, 

where 𝑧 is the corresponding quantile of the standard 

normal distribution. For the sake of completeness, the estimated CIs 

were always compared to those calculated with the profile likelihood 

method with the survival package in R. 
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In order to adjust for differences in the distribution of age at 

treatment, age was used as time scale in the Cox models, a method 

which has been previously described [32]. The basic idea is that 

instead of comparing event times of subjects still at risk at each event 

time 𝑡, the comparison is made with subjects who had attained the 

same age at each 𝑡. This method can also be used when calculating 

cumulative survival. The survival curves were however estimated 

using the standard time on study as time scale. The reasoning here was 

that the graphical representation or survival curves becomes arguably 

less intuitive with age as time scale. 

Assumptions regarding independence of censoring were 

examined using scatter plots of the censoring pattern in different 

groups. The proportional hazards assumption underlying the 

Cox models was examined using interaction terms and Arjas plots 

[33]. The assumption of non-informative censoring was discussed 

with clinicians and epidemiologists who were involved in the 

prospective gathering of follow-up data within the NPCR. The final 

conclusion was that no known circumstances were suspected to 

seriously jeopardize the assumption of non-informative censoring. 

Subset and sensitivity analyses were performed in an 

attempt to further investigate how changes incorporated into the new 

system affected the prognostic value. In the sensitivity analyses, 

comorbidity and socioeconomic factors were added to the models. 

This was done to investigate whether any differences between men 

with different GGG remained after adjusting for these factors. In other 

words, an attempt was made to investigate the sensitivity to residual 

confounding in the estimates. The same was done with pathology 
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features, but only for men who underwent RP as they were the only 

ones with data on pathology. The subset analyses focused on the 

newly introduced groups (GGG 2-3, i.e. GS 7) and investigated 

whether these were different in terms of BCR-free survival. That is, 

these analyses focused on the subset of men with GGG 2-3. The 

subset analyses were performed in the same manner as the main 

analyses. It was also of interest to examine whether the combining of 

GS 9 and 10 was appropriate, with regards to BCR-free survival. That 

is, whether any significant differences were ignored as a consequence 

of combining GS 9-10. However, the number of men with GS 9-10 

was deemed too small for any inference to be made in this matter and 

so this query was not investigated further. 

All data management was carried out using SAS 9.4. 

Copyright, SAS Institute Inc., Cary, NC. Assumption examination 

was undertaken with SAS 9.4 and was only to be presented if and 

when assumptions were found to be violated. All other statistical 

analyses were performed using R 3.1.1. R Foundation for Statistical 

Computing, Vienna, Austria. The study was approved by the research 

ethics board at Umeå University Hospital. 
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3 Results 

In total, 5,880 men with clinically localized PCa were 

included in the study. Of these men, 4,325 (76%) men received RP 

and 1,555 (24%) men received RT. Figure 1 shows a flowchart of the 

study inclusion criteria. Baseline characteristics and demographics can 

be found in table 1, stratified by biopsy GGG. Men with GGG 5 were 

the smallest group by far, constituting only 1% of the entire cohort. 

The median follow-up time for RP and RT after treatment was 

4.6 years (IQR 4.2-4.8 years) and 4.4 years (IQR 4.0-4.6 years). 

As can be seen in table 1, patients with lower GGG were 

younger, had lower PSA-levels and were more often clinically T1. 

Men with GGG 1-3 were also more likely to undergo RP. 

Furthermore, patients with lower GGG has fewer positive biopsy 

cores, i.e. cores in which cancerous tissue was identified. This was 

true for all groups with the exception of GGG 4. The total number of 

biopsy cores taken was similar between the two treatment groups, 

with a median of 8 cores and an interquartile range of 6-8 cores for 

both RP and RT. 

Table 2a-b shows the pathology of 4,325 men who 

underwent RP. Men with lower GGG had better pathology features 

(more often organ confined disease) and a higher concordance 

between biopsy GGG and RP GGG. The highest concordance between 

biopsy and RP GGG was observed for GGG 1 (64%) and 5 (65%), 
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whereas the lowest concordance was observed for the group with 

biopsy GGG 4 (25%). In table 3a-b, a trend towards a higher 

proportion of positive biopsies with increasing biopsy GGG is 

observed, with the exception of GGG 4. 

Cumulative BCR-free survival, stratified by treatment and 

type of GGG, is shown in figure 2a-c. Men with biopsy GGG 5 had a 

median BCR-free survival of 3.4 years after RP (figure 2a). 

Follow-up time was not long enough to estimate median BCR-free 

survival for any other groups. Cumulative BCR-free survival after RP 

for biopsy GGG 1-5 was 89%, 82%, 74%, 77% and 49% and they 

were significantly different (𝑝 < 0.001 in a log-rank test). Men who 

underwent an RP with biopsy GGG 3 and 4 were the most similar in 

terms of recurrence-free survival (74% and 77% respectively), as 

GGG 4 actually had better 4-year BCR-free survival. The BCR-free 

survival after treatment decreased with increasing GGG for all other 

groups. When using RP GGG, the 4-year BCR-free survival was 92%, 

85%, 73%, 63%, and 51% for GGG 1-5, significantly different 

(𝑝 < 0.001) and decreasing with increasing GGG. The BCR-free 

survival after RT was 95%, 91%, 85%, 78% and 70% for biopsy 

GGG 1-5 respectively. The groups were found to be significantly 

different (𝑝 <  0.001). 

Table 4 shows the results of the multivariable Cox 

regression for the outcome BCR, stratified by type of primary 

treatment. Model A and B correspond to BCR after RP, whereas 

model C corresponds to BCR after RT. Prior to evaluating the 

estimates, an interaction term with time and outcome (BCR) was 

included in each model. Since this interaction term was not found to 
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be significantly associated with BCR, no severe violation of the 

proportionality assumptions was considered to be present. 

Furthermore, the Arjas plot for each categorical covariate did not 

indicate any deviation from the proportionality assumption (results not 

shown). PSA and clinical stage were significant predictors of BCR in 

all three models. Biopsy GGG 2 or higher had a significantly 

increased relative risk of BCR after RP compared to biopsy GGG 1 

(model A). The smallest increase was observed for biopsy GGG 2, 

which still had a 63% increase in relative risk compared to biopsy 

GGG 1 (HR 1.63, 95% CI 1.35-1.97). The estimates for biopsy GGG 

5 (HR 4.24, 95% CI 2.62-6.86) was significantly higher than all lower 

groups. For RP GGG (model B) all groups were significantly 

different, when compared to each other, except for RP GGG 3 and 4. 

In all three models, higher GGG was associated with a higher relative 

risk of BCR. 

In table 5 comorbidity and socioeconomic factors, marital 

status and educational level, were added to the models in table 4. Men 

with high comorbidity (CCI 2+) had a significantly lower risk of BCR 

after RP in the model with biopsy GGG (model A, in table 5). Marital 

status and educational level were not associated with BCR in any of 

the models. Even after adjusting for comorbidity and socioeconomic 

status, increasing GGG was associated with higher relative risk of 

BCR in all three models. 

Table 6 shows the Cox model for RP GGG after RP in 

table 4, with pathology features added as a covariate. Naturally, these 

models were only constructed for BCR after RP, as only men who 

underwent an RP have pathology features. Extracapsular extension 
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was associated with a higher relative risk of BCR, compared to having 

organ confined disease (HR 2.15, 95% CI 1.78-2.60). Seminal vesicle 

invasion discovered upon RP was also associated with BCR, with a 

three-fold relative risk compared to men with organ confined 

disease (HR 3.37, 95% CI 2.62-4.33). 

The subset analyses displayed in figure 3a-c show 

BCR-free survival after RP and RT, for GGG 2 and 3 on biopsy and 

RP. Men with GGG 3 had lower 4-year BCR-free survival. The 

differences were significant after RP (𝑝 < 0.01 in log-rank tests) but 

not after RT. Table 7 show relative risks of BCR after curative 

treatment for GGG 3 vs. GGG 2, estimated with Cox regression 

models adjusted for PSA-levels and clinical stage. After adjusting for 

baseline factors, the increase in relative risk of BCR was only 

significant for RP GGG 3 vs. 2 (HR 1.60, 95% CI 1.20-2.14). 
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4 Discussion 

A higher proportion of men with clinically localized PCa 

underwent radical prostatectomy (RP), compared to radiotherapy 

(RT). This is not surprising and further supports earlier findings that 

men with low risk tumors, part of the inclusion criteria in the 

follow-up study within the NPCR, are selected for surgery [4]. 

The proportion of men with GGG 5, which is equivalent to GS 9-10, 

in our cohort was not consistent with that of the background 

population of Swedish men with clinically localized PCa diagnosed 

2005-2007 [4]. This is partly due to men with lower risk features 

within each of the low, intermediate and localized high risk categories 

being selected for curative treatment. The main reason for this 

discrepancy, however, is the limitation of PSA <20 ng/ml in the 

follow-up study within the NPCR. This excludes localized high risk 

patients with PSA 20-49.9 ng/ml who receive curative treatment [17]. 

Men with lower GGG were younger, more often clinical T1 and had 

lower PSA (table 1). This is also not surprising as both clinical T 

stage and PSA relate to tumor aggressiveness, as does Gleason score. 

The number of positive cores found in men with GGG 4 

was more similar to that of men with GGG 1. One explanation for this 

may lie in the revised definitions of the Gleason grading system. 

Suppose only a small amount of cancerous tissue is found in a single 

biopsy and the tumor cells in this specimen have Gleason grade 4. 
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In this situation, the primary and secondary grades would both be 4 

and thus the patient would receive a GS of 8=4+4. Patients with 

biopsy GGG 4 were the least likely to have a corroborating grade on 

prostatectomy specimen, RP GGG, in table 2a-b, further supporting 

this. In fact, a majority of these patients (65%) were subsequently 

downgraded, i.e. had a lower grade, in the RP specimen. This is likely 

misclassification as in the example presented above, as such a 

misclassification would most often be “corrected” in the more 

comprehensive RP specimen. In figure 2a, a similar anomaly can be 

observed. Biopsy GGG 4 has a better prognosis than biopsy GGG 3 

and is actually almost as good as biopsy GGG 2. On the other 

hand, BCR-free survival decreases as could be expected for 

RP GGG 4 vs. 3, as these groups are admittedly more robust. This 

finding supports the theory of misclassification among men with 

biopsy GGG 4, or equivalently, GS 8. Even with this accounted for, 

GGG 1-5 were significantly different in terms of BCR-free survival in 

all three models in figure 2a-c (𝑝 < 0.001 in a log-rank test). 

The most important grade group is naturally the grade 

attained from the biopsy specimen, as this is available to clinician and 

patient when deciding upon a treatment plan. Practically, the RP 

specimen can only aid in deciding upon adjuvant or secondary 

treatment. For the grouping to have prognostic value the biopsy 

groups must differ in terms of survival, or in this case 

BCR-free survival. This should also be true after adjusting 

for confounders and other characteristics. In other words, the 

grades need to be associated with prognosis, which is of vital 

importance in any tumor grading system. 
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An association between increasing GGG and risk of BCR 

was observed in table 4. GGG 3 and 4 are the most similar in terms of 

relative risk. This is likely due to the reasons stated above as GGG 3 

and GGG 4 are not as similar in model B, using RP GGG. The models 

were all multivariable, i.e. the estimates are adjusted. Hence, the 

estimates for GGG are to be interpreted as relative risks when the 

other factors are fixed. These other factors being, for instance, PSA 

and clinical stage in table 4. This is important, as all three of these 

variables are used to define tumor aggressiveness in clinical practice. 

After further adjustments are made for comorbidity and 

socioeconomic status, GGG was still associated with BCR (table 5). 

This was also the case when taking pathology features of the tumor 

into account (table 6). There was no significant association between 

comorbidity and BCR after RT. Mild comorbidity (CCI 1+) vs. 

no comorbidity (CCI 0) was only a significant predictor of BCR after 

RP. This may be an example of statistical significance without clinical 

relevance. On the other hand, men with comorbidities may also be 

prone to less frequent PSA testing which is needed to determine BCR. 

Men with concomitant disease may have a harder time attending these 

regular tests after curative treatment. This could also explain why the 

relationship was only observed in the RP subset, as the definition for 

BCR after RP tends to require more measurements. On the other hand, 

if this was the complete explanation, a similar relationship might have 

been expected between higher age and BCR as older men might have 

the same difficulties. This was however not the case when time on 

study was used in the Cox regression models and age was included as 

a covariate (results not shown). 
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The comparisons of GGG 2 and 3 showed that GGG 3 has 

worse cumulative BCR-free survival (figure 3a-c) and this was 

significant after RP (𝑝 = 0.007 and 𝑝 < 0.001 for biopsy and RP 

GGG respectively) but not after RT (𝑝 = 0.1). However, these 

differences did not remain significant for any of the models using 

biopsy GGG after adjusting for PSA-levels and clinical stage (models 

A and B, in table 7). 

One limitation of this study is that the follow-up study 

within the NPCR focuses on low and intermediate risk tumors 

(PSA <20 ng/ml). This means that for clinically localized high risk 

tumors, where there is a real danger of undertreatment [17], the 

prognostic value of GGG may require further studies. The proportion 

of high risk PCa men with GGG 5, or equivalently GS 9-10, is 

roughly four times as large in the Swedish population, without the 

constraint PSA <20 ng/ml [4]. Another weakness is that all radical 

surgery was grouped together, regardless of technique. The same was 

done for radiation. Although RT is centralized to about a dozen 

locations in Sweden, surgery is performed at over 50 hospitals [4]. 

There are also three techniques with which RP is performed; 

retropubic, laparoscopic and robot-assisted RP. Laparoscopic RPs, due 

to their inherently intricate nature and steep learning curve, are 

performed at a select number of locations and constitute a minority of 

all RPs. Retropubic RP was the dominating standard prior to 2005, 

with robot-assisted RPs becoming increasingly popular in later years 

as more and more hospitals acquire robots. Robot-assisted RP is 

currently the most commonly used prostatectomy technique in 

Sweden. There are also many different techniques for RT, with 
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external beam RT being most common in Sweden [4]. Furthermore, 

there is no way to know with certainty if the recent ISUP 2005 

guidelines had been incorporated by all urological pathologists in 

Sweden by 2005. Another important drawback of this study is that 

there was no central review of pathology. 

The strengths of this study include the population-based 

dataset with the nationwide setting. Another strength is the 

comparatively large cohort, prospectively gathered data and extensive 

follow-up in relation to earlier studies [20]. Furthermore, PCBaSe 

originates in the NPCR, which has a completeness of 98% [22] [23] 

compared to the Cancer Register to which reporting is mandated by 

law. For this study, there were also complete data on comorbidity and 

socioeconomic factors available in PCBaSe, which is rare for 

population-based data. Finally, this study included both men 

undergoing RP and RT, adding important original findings to the 

research topic. 
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5 Conclusions 

New prognostic Gleason grade groups were recently 

proposed, in which Gleason score 6 corresponds to group 1, 

Gleason 7=3+4 corresponds to group 2, Gleason 7=4+3 corresponds 

to group 3, Gleason 8 corresponds to group 4 and Gleason 9-10 

corresponds to group 5. This nationwide, population-based cohort 

study confirms the ability of the new classification scheme to predict 

biochemical recurrence after radical prostatectomy and provides the 

first evidence that the newly proposed grade groups also predict 

prognosis after radiotherapy. 
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 Tables and figures 

Table 1 Baseline characteristics and demographics by biopsy GGG for men 

diagnosed 2005-2007 in the follow-up study within the NPCR undergoing RP or RT 

 

GGG = Gleason grade group, RP = radical prostatectomy, RT = radiotherapy, 

IQR = interquartile range, PSA = prostate specific antigen, 

CCI = Charlson Comorbidity Index 

* Educational levels: low = compulsory school (<10 years), middle = upper 

secondary school (10-12 years), high = college or university (>12 years) 

 

 

GGG 1 (%) GGG 2 (%) GGG 3 (%) GGG 4 (%) GGG 5 (%) Total (%)

Number of men 3953 (100) 1181 (100) 417 (100) 255 (100) 74 (100) 5880 (100)

Year of diagnosis

  2005 1687 (43) 445 (38) 162 (39) 101 (40) 25 (34) 2420 (41)

  2006 1352 (34) 426 (36) 149 (36) 87 (34) 24 (32) 2038 (35)

  2007 914 (23) 310 (26) 106 (25) 67 (26) 25 (34) 1422 (24)

Age (years)

  Median (IQR) 62.9 (59-66) 63.5 (60-67) 64.6 (61-68) 64.6 (61-68) 64.3 (61-68) 63.2 (60-67)

  <60 1178 (30) 314 (27) 86 (21) 43 (17) 13 (18) 1634 (28)

  60-65 1440 (36) 394 (33) 138 (33) 93 (36) 27 (36) 2092 (36)

  65-70 1335 (34) 473 (40) 193 (46) 119 (47) 34 (46) 2154 (37)

Serum PSA (ng/ml)

  Median (IQR) 6.4 (4.8-9.1) 7.0 (5.0-10.0) 8.1 (5.8-12.0) 8.0 (5.6-12.0) 8.6 (5.9-12.8) 6.7 (4.9-9.7)

Clinical stage

  T1 2915 (74) 718 (61) 216 (52) 149 (58) 29 (39) 4027 (68)

  T2 1038 (26) 463 (39) 201 (48) 106 (42) 45 (61) 1853 (32)

Number of biopsies taken

  <=5 57 (2) 15 (1) 12 (3) 7 (3) 0 (0) 91 (2)

  6 1267 (36) 348 (33) 123 (33) 77 (35) 23 (34) 1838 (35)

  7-9 1208 (35) 397 (37) 143 (39) 86 (39) 29 (43) 1863 (36)

  10 750 (21) 246 (23) 67 (18) 42 (19) 11 (16) 1116 (21)

  11+ 215 (6) 59 (6) 23 (6) 10 (5) 5 (7) 312 (6)

Number of positive biopsies

  1 1246 (36) 171 (16) 43 (12) 66 (30) 10 (15) 1536 (29)

  2 964 (28) 199 (19) 83 (23) 52 (23) 8 (12) 1306 (25)

  3 626 (18) 219 (21) 110 (30) 43 (19) 12 (18) 1010 (19)

  4-5 476 (14) 302 (28) 88 (24) 41 (18) 23 (34) 930 (18)

  6+ 185 (5) 174 (16) 44 (12) 20 (9) 15 (22) 438 (8)

Marital status

  Married 2873 (73) 863 (73) 293 (70) 194 (76) 50 (68) 4273 (73)

  Not married 1080 (27) 318 (27) 124 (30) 61 (24) 24 (32) 1607 (27)

Educational level *

  Low 1125 (28) 351 (30) 129 (31) 89 (35) 33 (45) 1727 (29)

  Middle 1691 (43) 492 (42) 182 (44) 88 (35) 28 (38) 2481 (42)

  High 1124 (28) 337 (29) 104 (25) 77 (30) 13 (18) 1655 (28)

  Missing data 13 (0) 1 (0) 2 (0) 1 (0) 0 (0) 17 (0)

Comorbidity

  CCI 0 3529 (89) 1033 (87) 354 (85) 223 (87) 58 (78) 5197 (88)

  CCI 1+ 424 (11) 148 (13) 63 (15) 32 (13) 16 (22) 683 (12)

Primary treatment

  Radical prostatectomy 2992 (76) 845 (72) 292 (70) 162 (64) 34 (46) 4325 (74)

  Radiotherapy 961 (24) 336 (28) 125 (30) 93 (36) 40 (54) 1555 (26)
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Table 2a Prostatectomy characteristics by biopsy GGG, for men undergoing RP 

 

GGG = Gleason grade group, RP = radical prostatectomy 

 

 

 

 

Table 2b Prostatectomy characteristics by biopsy GGG, for men undergoing RP 

 

GGG = Gleason grade group, RP = radical prostatectomy 

  

Biopsy Biopsy Biopsy

GGG 1 (%) GGG 2 (%) GGG 3 (%) Total (%)

Number of men 2992 (100) 845 (100) 292 (100) 4325 (100)

Pathology features

  Organ confined disease 2126 (80) 480 (66) 159 (62) 2862 (75)

  Extracapsular extension 435 (16) 197 (27) 62 (24) 739 (19)

  Seminal vesicle invasion 93 (4) 49 (7) 34 (13) 203 (5)

Lymph node status

  No lymph node metastasis 2981 (100) 836 (99) 283 (97) 4292 (99)

  Lymph node metastasis 11 (0) 9 (1) 9 (3) 33 (1)

Prostatectomy group

  RP GGG 1 1902 (64) 184 (22) 28 (10) 2127 (49)

  RP GGG 2 846 (28) 484 (57) 97 (33) 1457 (34)

  RP GGG 3 192 (6) 143 (17) 134 (46) 540 (12)

  RP GGG 4 46 (2) 24 (3) 21 (7) 135 (3)

  RP GGG 5 6 (0) 10 (1) 12 (4) 66 (2)

Biopsy Biopsy

GGG 4 (%) GGG 5 (%) Total (%)

Number of men 162 (100) 34 (100) 4325 (100)

Pathology features

  Organ confined disease 81 (58) 16 (55) 2862 (75)

  Extracapsular extension 41 (29) 4 (14) 739 (19)

  Seminal vesicle invasion 18 (13) 9 (31) 203 (5)

Lymph node status

  No lymph node metastasis 161 (99) 31 (91) 4292 (99)

  Lymph node metastasis 1 (1) 3 (9) 33 (1)

Prostatectomy group

  RP GGG 1 11 (7) 2 (6) 2127 (49)

  RP GGG 2 28 (17) 2 (6) 1457 (34)

  RP GGG 3 66 (41) 5 (15) 540 (12)

  RP GGG 4 41 (25) 3 (9) 135 (3)

  RP GGG 5 16 (10) 22 (65) 66 (2)
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Table 3a Proportion of positive biopsies by primary treatment and biopsy GGG 

  

GGG = Gleason grade group, RP = radical prostatectomy, RT = radiotherapy 

 

 

 

 

Table 3b Proportion of positive biopsies by primary treatment and biopsy GGG 

 

GGG = Gleason grade group, RP = radical prostatectomy, RT = radiotherapy,  

IQR = interquartile range 

 

 

 

 

Table 4 Multivariable Cox regression models for BCR after primary treatment 

 

GGG = Gleason grade group, RP = radical prostatectomy, RT = radiotherapy,  

BCR = Biochemical recurrence, PSA = prostate specific antigen,  

HR = Hazard ratio, CI = Confidence interval 

  

RP subset, median (IQR) 25% (17-40%) 40% (25-60%) 38% (25-50%) 30% (17-50%)

RT subset, median (IQR) 29% (17-43%) 50% (33-67%) 50% (35-73%) 33% (17-50%)

GGG 1 GGG 2 GGG 3 Total

RP subset, median (IQR) 33% (17-50%) 40% (25-50%) 30% (17-50%)

RT subset, median (IQR) 40% (18-62%) 50% (35-83%) 33% (17-50%)

GGG 4 GGG 5 Total

HR 95% CI HR 95% CI HR 95% CI

Gleason grade group

  GGG 1 1.00 (     Ref.     ) 1.00 (     Ref.     ) 1.00 (     Ref.     )

  GGG 2 1.63 (1.35-1.97) 1.72 (1.41-2.10) 1.90 (1.20-3.01)

  GGG 3 2.08 (1.62-2.67) 2.86 (2.28-3.58) 2.72 (1.55-4.79)

  GGG 4 2.11 (1.54-2.90) 3.43 (2.47-4.76) 4.04 (2.36-6.93)

  GGG 5 4.24 (2.62-6.86) 5.75 (3.96-8.36) 6.03 (3.13-11.63)

Serum PSA (per 1 ng/ml) 1.09 (1.07-1.12) 1.08 (1.06-1.10) 1.08 (1.04-1.12)

Clinical stage T2 vs. T1 1.45 (1.24-1.71) 2.40 (2.04-2.82) 1.96 (1.35-2.82)

Table 4 model A Table 4 model B Table 4 model C

BCR after RP,

biopsy GGG biopsy GGG

BCR after RT,BCR after RP,

RP GGG
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Table 5 Sensitivity analysis: Adding socioeconomic factors and CCI 

to the models in table 4 

 

GGG = Gleason grade group, RP = radical prostatectomy, RT = radiotherapy,  

BCR = Biochemical recurrence, PSA = prostate specific antigen,  

CCI = Charlson comorbidity index, HR = Hazard ratio, CI = Confidence interval 

 

  

HR 95% CI HR 95% CI HR 95% CI

Gleason grade group

  GGG 1 1.00 (     Ref.     ) 1.00 (     Ref.     ) 1.00 (     Ref.     )

  GGG 2 1.66 (1.37-2.00) 1.72 (1.41-2.10) 1.88 (1.18-2.98)

  GGG 3 2.07 (1.61-2.66) 2.86 (2.28-3.58) 2.57 (1.45-4.58)

  GGG 4 2.12 (1.55-2.91) 3.40 (2.45-4.72) 3.97 (2.31-6.81)

  GGG 5 4.33 (2.67-7.01) 5.85 (4.02-8.51) 5.99 (3.09-11.62)

Serum PSA (per 1 ng/ml) 1.10 (1.08-1.12) 1.08 (1.06-1.10) 1.08 (1.04-1.13)

Clinical stage T2 vs. T1 1.44 (1.23-1.69) 2.40 (2.04-2.83) 1.96 (1.35-2.83)

Not married vs. married 1.04 (0.87-1.24) 1.04 (0.87-1.25) 0.72 (0.48-1.07)

Educational level

  Low 1.00 (     Ref.     ) 1.00 (     Ref.     ) 1.00 (     Ref.     )

  Middle 0.95 (0.79-1.15) 0.95 (0.79-1.15) 0.98 (0.65-1.46)

  High 0.90 (0.73-1.10) 0.91 (0.75-1.12) 1.06 (0.66-1.71)

Comorbidity

  CCI 0 1.00 (     Ref.     ) 1.00 (     Ref.     ) 1.00 (     Ref.     )

  CCI 1+ 0.65 (0.48-0.88) 0.66 (0.49-0.90) 1.04 (0.66-1.64)

Table 5 model A Table 5 model B

biopsy GGG

BCR after RT,BCR after RP,

biopsy GGG

BCR after RP,

RP GGG

Table 5 model C
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Table 6 Sensitivity analysis: Adding pathology to model B in table 4 

  

GGG = Gleason grade group, RP = radical prostatectomy,  

BCR = Biochemical recurrence, PSA = prostate specific antigen,  

HR = Hazard ratio, CI = Confidence interval 

 

 

 

 

Table 7 Subset analysis: GGG 3 (Gleason 7=4+3) vs. GGG 2 (Gleason 7=3+4), 

adjusted for PSA-levels and clinical stage 

 

GGG = Gleason grade group, RP = radical prostatectomy, RT = radiotherapy,  

BCR = Biochemical recurrence, PSA = prostate specific antigen,  

HR = Hazard ratio, CI = Confidence interval 

 

 

 

 

HR 95% CI

Gleason grade group

  GGG 1 1.00 (     Ref.     )

  GGG 2 1.71 (1.38-2.12)

  GGG 3 2.70 (2.12-3.45)

  GGG 4 3.02 (2.12-4.32)

  GGG 5 5.42 (3.65-8.06)

Serum PSA (per 1 ng/ml) 1.07 (1.05-1.09)

Clinical stage T2 vs. T1 1.21 (1.02-1.44)

Pathology features

  Organ confined disease 1.00 (     Ref.     )

  Extracapsular extension 2.15 (1.78-2.60)

  Seminal vesicle invasion 3.37 (2.62-4.33)

BCR after RP,

RP GGG

Table 6 model A

Gleason grade group HR 95% CI HR 95% CI HR 95% CI

  GGG 2 1.00 (     Ref.     ) 1.00 (     Ref.     ) 1.00 (     Ref.     )

  GGG 3 1.24 (0.94-1.63) 1.60 (1.20-2.14) 1.45 (0.81-2.60)

biopsy GGG RP GGG biopsy GGG

Table 7 model A Table 7 model B Table 7 model C

BCR after RP, BCR after RP, BCR after RT,
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Figure 1 Flowchart of inclusion criteria for the study cohort 
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Figure 2a-c Kaplan-Meier analysis of BCR-free survival after RP or RT for 

GGG 1-5, by biopsy GGG and RP GGG 

BCR = biochemical recurrence, GGG = Gleason grade group,  

RP = radical prostatectomy, RT = radiotherapy 
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Figure 3a-c Kaplan-Meier analysis of BCR-free survival after RP or RT for 

GGG 2-3, by biopsy GGG and RP GGG 

BCR = biochemical recurrence, GGG = Gleason grade group,  

RP = radical prostatectomy, RT = radiotherapy 

 


