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Abstract
An analysis of  the effect of  different predetermined predictors on the odds of  Gleason score 

(GS) upgrading between biopsy Gleason score (bGS) and prostatectomy Gleason score (pGS) 
is performed. The GS is a measure used to evaluate the prognosis of  patients diagnosed with prostate 
cancer (PCa). The higher the GS, the worse the prognosis is. The commonest scores range from 2 
to 10, frequently lying close to and under 7. The initial prognosis is often made by digital rectal 
examination. In cases where a subsequent biopsy is performed, however, this is the best measure 
currently available for risk assessment in PCa patients. It has been observed in other studies that 
there are frequently upgrades, i.e. bGS < pGS, or downgrades, i.e. bGS > pGS, from the biopsy 
to the prostatectomy Gleason scores.[1], [2], [3] A higher percentage of  patients with a bGS under 7 
upgrade in the pGS, than patients with a bGS over 7 and patients with a bGS over 7 are more often 
subject to GS downgrading, than patients with a bGS under 7.
 Naturally, the pGS is a much more accurate measure than the bGS, since more of  the prostate 
is available for study after the prostate has been removed surgically. But for obvious reasons one 
strives to, if  possible, improve patient care by avoiding such invasive methods when appropriate. 
Being able to predict an upgrading or downgrading between bGS and pGS is therefore crucial in 
evaluating the prognosis of  the patient. The objective of  this study is consequently to successfully 
identify factors which significantly affect the upgrading or downgrading possibility and thus provide 
physicians with better prediction techniques. The factors considered here include Age, Prostate 
volume, Surgical margin status, Number of  biopsies taken, etc. Another factor taken into account is 
whether the drugs Finasteride or Dutasteride were administered to the patient (factor: Medication). 
Also considered is whether the patient was treated at a university hospital or not (factor: Facility).
 This study is based on coded patient data retrieved from the National prostate cancer register 
(NPCR) in Sweden and PCBaSe (a register-based resource for prostate cancer research).[4] A total of  
47,310 Swedish men diagnosed with PCa from 2007 up to and including 2011, were part of  the initial 
study population.
 Analyses were performed by building regression models upon the study population. The 
results indicated that many factors including Age, Prostate volume, PSA, Surgical margin status and 
Number of  biopsies taken have significant effects on the odds of  GS upgrading or downgrading. 
Plotting receiver operating characteristic (ROC) curves, the accuracy of  the models were evaluated. 
One of  the models in the analyses successfully predicted GS downgrading in over 80% of  the cases.



4

Acknowledgements

The work of  H. Garmo, PhD, and P. Stattin, MD, PhD, at the Regional Cancer Centre, Uppsala 
Örebro (RCC) was instrumental in the background research for this paper. Furthermore, H. Garmo 
offered up his time for a series of  meetings during the course of  writing the paper. It was also his 
experience which proved indispensable in working through the more intricate and subtle parts of  
the analysis during aforementioned meetings. S. E. Alm, PhD, at Uppsala university assisted with 
guidance, supervising and a wide berth of  contacts. L. Drevin, MSc, at the RCC helped with data 
collection and the vital case elimination procedure.

Special thanks are extended to the RCC and the people there, whose continuous work helps maintain 
the NPCR and PCBaSe databases, making studies like this possible.



5

Table of 
contents

1. Introduction 7

2. Materials and methods 9
 2.1. The Gleason scale, grades, scores, upgrading and downgrading 9
 2.2. Data collection 9
 2.3. Stratification 11
 2.4. Serum prostate-specific antigen 11
 2.5. TNM 11
 2.6. Comorbidity 12
 2.7. Surgical margin status 13
 2.8. 5-alpha-reductase inhibitors 13
 2.9. Facilities and regions 13
2.10. Statistical methods and graphical design 14
2.11. Requirements 17

3. Results 18
 3.1. Analysis 1 18
 3.1.1. Simple model 18
 3.1.2. Multiple models 21
 3.2. Analysis 2 22
 3.2.1. Simple model 22
 3.2.2. Multiple models 25

4. Discussion 27
 4.1. Age 27
 4.2. Prostate volume 27
 4.3. PSA 28
 4.4. T stage 29
 4.5. N stage 29
 4.6. Comorbidity 29



6

 4.7. Surgical margin status 30
 4.8. Medication 30
 4.9. Facility 30
4.10. Region 30
4.11. Number of  biopsies taken and ratio of  biopsies with cancer 31
4.12. Total biopsy length and ratio of  cancer length 31

5. Conclusions 33
 5.1. General conclusions 33
 5.2. Quality of  care 33
 5.3. Statistical queries and independence 34
 5.4. Lingering questions 34
 5.5. Final notes 35



7

1. Introduction
Prostate cancer (PCa) is a world-wide concern for men of  a certain age. It is also the most 

commonly diagnosed malignancy in Swedish men.[5], [6] One of  the main motivations for this 
study is the difficulty faced by physicians upon evaluating the prognosis of  patients diagnosed with 
PCa. Extensive research is devoted to this subject and (although they’re not given as much publicity 
as, say, breast cancer) many important results are published yearly.
 One important tool used when evaluating the prognosis of  PCa patients is the Gleason 
grading system.[7] The Gleason score (GS) is usually given by the urologist after having studied 
samples taken from the prostate. The higher the GS, the worse the prognosis is. Since the biopsy 
Gleason score (bGS) is based on relatively small samples – the needles used in the biopsy are only 
between 1.3 and 2.5 millimeters in diameter – there is a considerable risk of  a tumor being given an 
“incorrect” GS. Upon invasive surgery such as a radical prostatectomy (RP), the cancerous prostate 
is removed entirely. Afterwards, the removed prostate is sliced for microscopic study where more 
complete samples are studied, giving the prostatectomy Gleason score (pGS). The pGS is of  course 
more reliable than the bGS, but can obviously not be attained until after surgery. As often as possible, 
one seeks to avoid such invasive procedures, for apparent reasons.
 Most often, the bGS and pGS will coincide and the latter will simply confirm the former. In a 
not entirely inconsiderable number of  cases, however, the bGS and pGS differ. Such an upgrading or 
downgrading is not without consequence for the patient since the bGS, although not alone, remains a 
crucial tool in evaluating the prognosis of  the patient. A bGS which is lower or higher than the pGS 
may thus contribute in a choice treatment plan which has adverse long-term effects for the patient. 
In the more extreme cases, an “incorrect” bGS will influence the vital decision of  whether or not 
the patient should undergo treatment or simply remain under observation. The adverse effects of  
GS upgrading may perhaps be easier to fathom. There are however many complications associated 
with RP, including urinary incontinence and erectile dysfunction. GS downgrading could therefore 
potentially lead to a PCa patient undergoing an RP when it might have been in their best interest to 
remain under observation.[8]

 In recent studies, certain factors such as age, prostate volume, surgical margin status etc. have 
been found to be influential in GS upgrading or downgrading.[2] These factors are taken into account 
in this study as well. Also factors such as the prescription (prior to biopsy) of  drugs known as 
5-alpha-reductase inhibitors (5-ARI), number of  biopsies taken, amount of  cancer found (measured 
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in millimeters), the Charlson comorbidity index[9] (CCI) and several other factors are added to the 
consideration. A complete account of  the factors (known as predictors in the actual statistical 
analyses) considered in the study are given in tab. 1. Since some data was only available for patients 
diagnosed after certain dates, two sets of  analyses were undertaken.
 A not uncommon problem which often arises when studies such as this one are undertaken, 
is to assemble enough patient data. The rather indeterminate term “enough data” applies to all 
factors having been recorded for a large enough number of  patients to build a cohort, upon which 
certain statistical models can be constructed. The study undertaken here was made possible by the 
fairly complete Swedish register of  NPCR, in which an estimated 98% of  all men diagnosed with 
PCa in Sweden are registered. The aim of  this study is to investigate whether factors which are 
primarily observable prior to surgery, some of  which are mentioned above, affect the possibility of  
GS upgrading or downgrading in PCa patients. By identifying such factors, among those considered, 
and the manner in which they affect the probability of  GS upgrading or downgrading, one seeks 
to improve the techniques currently available to physicians when evaluating the prognosis of  PCa 
patients. The study population consisted of  47,310 Swedish men diagnosed with PCa between 
January 1, 2007 and December 31, 2011. A total of  11,453 of  these had also undergone an RP. All 
patient data was retrieved from the Swedish NPCR and PCBaSe databases.[10]
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2. Materials
and methods

2.1. The Gleason scale, grades, scores, upgrading and downgrading

The Gleason scale, Donald Gleason (1920–2008), is used by pathologists to assess the 
aggressiveness of  the cancer in patients with PCa. This assessment is done by microscopic study 

of  samples from the prostate. These samples consist of  either biopsies, taken from the cancerous 
prostate, or, in cases where an RP has been performed, slices from the entire prostate. The samples 
are removed by a urologist, or a radiologist, and prepared for study by a pathologist who then assigns 
the Gleason grades.
 The pathologist assigns a primary Gleason grade to the most common tumor pattern, as 
described by the appearance of  the cells in the cancerous prostate, and a secondary Gleason grade to 
the second most common pattern observed (a tertiary grade may also be added during this process). 
These grades then add up to a Gleason score. Two different Gleason scores are given to the patient.
 The first Gleason score is given to the patient after having studied biopsies taken from the 
prostate, this is the bGS. The bGS is one of  the main tools available to the urologist when evaluating 
the prognosis of  the patient. 
 After an RP is performed, wherein the cancerous prostate is removed surgically by a 
urologist, slices from the prostate are studied. Once again, the pathologist assigns Gleason grades 
based on microscopic study of  the cells of  the prostate. This gives rise to the pGS. The pGS is of  
course a more reliable value since more of  the prostate is available for study. The term “Gleason 
score upgrading” refers to the case when the pGS is greater than the bGS and conversely, the term 
“Gleason score downgrading” refers to the case where the pGS is less than the bGS. The varying 
degrees of  upgrading or downgrading, lie outside the scope of  this study.[11]

2.2. Data collection

Out of  the 11,453 patients in the reduced population, any cases where the bGS or pGS was 
missing, or data had been entered incorrectly (or inconsistently) were removed from the study 

in order to prevent these cases from contaminating any results. Patients who had been given an M 



10

stage of  M1 were also removed from the study due to the nature of  the care given to these patients, 
c.f. section 2.5 below. Including these patients in the analyses could potentially have adverse effects 
on the validity of  any results. These initial steps, which were taken to allow for analyses where any 
results would be applicable to a wider range of  patients, resulted in a total of  1,187 patients being 
removed from the study. The final study cohort consisted of  10,265 patients.
 A number of  different treatment plans had been employed for the remaining patients. The 
main criterion for being in this study was having undergone a core needle biopsy (CNB), since the 
bGS of  these patients are attained with comparable methods and can therefore be considered equally 
reliable in some sense. Although the digital rectal examination is a vital tool in the initial prognosis,[12] 
the biopsy is what gives rise to a bGS. Patients who had undergone a CNB were suitable to be in the 
first analysis.
 Another criterion which was relevant to this study was having been diagnosed no earlier 
than January 1, 2010. The reason for this date is more administrative than anything else. Ever since 
2010, more data has successively been entered into NPCR and PCBaSe for patients diagnosed with 
PCa. More information regarding these patients was therefore likely to be available. The type of  
new information entered during these years, relevant to this study, is the number of  biopsies taken, 
number of  biopsies with cancer, total biopsy length etc. – these factors could potentially influence the 
probability of  GS upgrading. Patients, who had undergone a RP and a CNB, and who furthermore 
had been diagnosed January 1, 2010 and later, were suitable for the second analysis. The steps of  
the elimination process, as explained above, are illustrated in fig. 1. The number of  patients in each 
analysis is shown in tab. 1.
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2.3. Stratification

One rather pressing concern, not entirely a priori, was that the bGS would have a considerable 
impact on the probability of  GS upgrading. Not adjusting for such effects could greatly lessen 

the validity of  any results. Stratification was employed in an attempt to remove (or at least reduce) 
any such effects. Based on experience and general practice, the stratification was done according to 
the listings below, dividing the cohort into three groups, or “strata”, in each analysis, c.f. fig. 1.

 Analysis 1    Analysis 2
Biopsy GS 2-6 (3,587)   Biopsy GS 2-6 (1,071)
Biopsy GS 7 (5,717)   Biopsy GS 7 (2,083)
Biopsy GS 8-10 (903)   Biopsy GS 8-10 (292)

2.4. Serum prostate-specific antigen

Tests measuring the serum level of  prostate-specific antigen (PSA), which is present in the serum 
of  all men, is one way of  detecting PCa.[13] Some caveat exists regarding the accuracy of  such 

examinations and questions about overtreatment etc. have been raised in the past.[14], [15]

 Elevated levels of  PSA are often indicative of  the presence of  prostate cancer. Healthy men 
have been found to frequently have PSA-levels quite a bit below 3 ng/ml. What exactly “quite a bit” 
is to be taken to imply, is a question no doubt better left to a qualified urologist. The PSA-levels in 
recorded NPCR are measured either prior to a CNB being performed, or within ten days after such 
a procedure.

2.5. TNM

The TNM classification[16] is a standard staging system utilized by the major bodies world-wide, 
including the International Union Against Cancer (UICC). It’s also recorded for most of  the 

patients in NPCR. The acronym refers to the three mandatory parameters given to each patient.
 T describes the size and extent of  the tumor, in its immediate surroundings. N describes the 
degree to which the tumor has spread to regional lymph nodes (this is usually examined clinically 
or by performing a CAT-scan or an MRI). M describes the presence of  metastasis other than to 
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the lymph nodes, e.g. to the skeleton, liver or lungs (this is usually examined by performing a bone 
scintigraphy, also known as a bone scan). The different stages of  each parameter are:

 T
TX – the tumor cannot be evaluated.
T0 – there are no signs of  the tumor.
T1a/T1b – the tumor was detected by transurethral resection prostate, the letter depends on 
how much of  the resection sample was cancerous.
T1c – detected with a CNB.
T2/T3/T4 – the tumor is palpable, the number then specifies the degree to which the tumor 
has spread in the vicinity of  the prostate.

 N
NX – only clinical examination was performed.
N0 – metastasis in the regional lymph nodes were not found.
N1 – metastasis in the regional lymph nodes were found.

 M
MX – either no bone scan was performed or a bone scan was performed and no distant 
metastases were found.
M0 – a bone scan was performed, no distant metastases were found (the overlap between 
these stages are due to changes in classifications being introduced between 2007 and 2011).
M1 – a bone scan was performed and distant metastases were found.

Note: For patients with an M stage of  M1 the care given (and any procedure performed, e.g. RP) is, 
more often than not, not curative but palliative, i.e. meant to improve the quality of  life.

2.6. Comorbidity

The Charlson Comorbidity Index was used to assess the burden of  concomitant disease for each 
patient with PCa. The CCI consists of  18 groups of  diseases with a specific weight assigned 

to each disease category (1, 2, 3 and 6). The weights were then summed to obtain an overall score, 
resulting in the three comorbidity levels of  CCI; no comorbidity (CCI 0), mild comorbidity (CCI 1) 
and severe comorbidity (CCI 2+).[17]
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2.7. Surgical margin status

During an RP, the surgeon will attempt to remove any tissue from which cancer could potentially 
develop – including a margin of  healthy tissue around the tumor. This surgical removal of  

cancerous tissue is known as radical extirpation. A pathologist will then, postoperatively, assess what 
is known as the Surgical margin status. If  there are no cancerous cells in the rim of  the removed tissue, 
the margin is said to be Negative – this is also known as the surgical margin being “clean”. If  there 
are cancerous cells present in the rim of  the removed tissue, the margin is said to be Positive. If  there 
are cancerous cells close to the rim of  the removed tissue, but not right at the edge, the margin is said 
to be too close to call – this is indicated as “close” in this study. It has been observed that the margin 
status might have an impact on the mortality of  PCa patients.[18] There is no standard definition of  
how much healthy tissue is required for the margin to be considered clean. This question is left up to 
the discretion of  the pathologist making the assessment.

2.8. 5-alpha-reductase inhibitors

During a CNB, the biopsies are usually taken from regions of  the prostate which are prone 
to house cancerous growths. Despite this, the chance of  failing to “hit” any present tumors 

is palpable. In an effort to alleviate issues such as trouble urinating, drugs of  the class 5-alpha-
reductase inhibitors are sometimes administered to PCa patients.[19] Finasteride and Dutasteride are 
two examples of  5-ARI which have been shown to reduce the size of  the prostate considerably when 
administered for periods longer than six months. Reducing the size of  the prostate prior to biopsy 
has the obvious advantage of  increasing the chance of  the biopsies actually “hitting” any present 
tumors – burning the haystack, so to speak. Patients who had been given 5-ARI for periods longer 
than six months (182 days) prior to the diagnosis were considered to have benefited from the effects 
of  the medication in this study, this is indicated as “being given 5-ARI” or “not being given 5-ARI”.

2.9. Facilities and regions

One of  the factors recorded in PCBaSe is which region in Sweden the patient received treatment 
in and the nature of  the establishment, meaning whether or not it was a university hospital. 

This could potentially affect possibility of  GS upgrading or downgrading if  there are substantial 
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differences in the quality of  care between these types of  hospitals or the different regions. The 
reason for singling out Skåne, Stockholm and V Götaland was simply that the numbers of  patients 
treated in these regions were large enough to perform analyses on and not because of  any pre-
existing notions of  the quality of  care given to PCa patients in hospitals located within these regions.

2.10. Statistical methods and graphical design

The statistical methods employed in this study were all implemented in R. All calculations were 
done therein and also all of  the preliminary tables and graphs were constructed directly in R. 

Cosmetic changes were then applied with Adobe CS5. With a disregard for the graphical capabilities, 
or lack thereof, of  “TeX”, the report too was written using the aforementioned Adobe package.
 The main statistical model used to analyze the data is known as logistic regression. Unlike the 
more common linear regression models, logistic regression (although not uncommon in biostatistics) 
is part of  the family known as generalized linear models. The logistic regression model uses a logit 
link function to attain the standard linear form, and the model itself  is written as:

The logit function is defined as:

where Y is the outcome and X1, ..., Xk, are the explanatory variables. The quantities βi represent 
the odds ratio associated with Xi , i=1,...,k. The conspicuous coefficient β0 represents the odds ratio 
associated with the intercept, i.e. the null model (the model without any predictors). The graph of  
the logit function is depicted in fig. 2. 
 As p ranges from 0 to 1, the logit function can take any value on the entire real axis. It is 
therefore suitable for modeling as a linear function of  the explanatory variables. In this way, it is 
possible to measure the relationship between a categorical dependent variable Y (the dichotomous 
variable which takes the value 1 if  the sought after change in GS has occurred and 0 otherwise) and 
a number of  independent variables X1, ..., Xk (which can be either continuous or categorical – these 
are the predictors used in the study). Because logistic regression predicts Bernoulli trials, one uses the 
log-odds (natural logarithm of  the odds) instead of  the odds themselves. One then transforms these 
back to the odds using the exponential function.[20]

   (                 )  
                 

                      

 

     ( )    (  
   )                     

 

   (                 )  
                 

                      

 

     ( )    (  
   )                     

 



15

 An important quantity in the logistic regression model, is the odds ratio (OR) mentioned 
above. For categorical predictors, the OR is simply the odds of  the sought after change in GS for 
the group in question compared to (divided by) the odds of  the sought after change in GS for the 
reference group. Having an OR of  one then indicates that the odds of  the sought after change in 
GS for the group in question and the reference group are equally likely. Having an OR of, say, 0.90 
indicates that being in the group in question reduces the odds of  the sought after change in GS by 
10% in comparison with the reference group. For the continuous predictors, the calculations are 
more subtle and the interpretation differs slightly. For instance, take the continuous predictor Ratio 
of  number of  biopsies with cancer. These ratios of  course lie in the unit interval (the number of  
biopsies with cancer cannot exceed the total number of  biopsies). They are then standardized by 
division with the standard deviation of  the observed ratios. An OR of  one would then indicate 
that even if  the ratio of  number of  biopsies with cancer increases by one standard deviation, the 
odds of  the sought after change in GS remain unchanged. An OR of, say, 1.15 would indicate that 
if  the ratio of  number of  biopsies with cancer increases by one standard deviation, the odds of  GS 
upgrading increases by 15% – likewise for the other continuous predictor, ratio of  cancer length. 
For a binary categorical predictor (one with only two categories) a confidence interval (CI) for the 
OR can easily be constructed using the standard deviation. However, since the predictors used were 
either continuous or had more than two categories (at least most of  them), another method – where 
the asymptotic Wald standard errors which were calculated with the statistical software – were used 
to construct CIs (thus all CIs were attained similarly). Since the ORs are actually exponentiated, 
the exponential of  the interval limits were used and because of  the asymmetric nature of  the logit 
function, the estimated ORs do not lie in the center of  the intervals. Significant ORs are indicated by 
CIs not containing the (perhaps loneliest) number one.
 In simple logistic regression models, c.f. tab. 2.1a through c and tab. 2.2a through c, one 
predictor is used at a time. Such models were built for each predictor, in both analyses. For categorical 
predictors, the odds were calculated by dividing the number of  cases where an upgrade had taken 
place with the number of  cases where no upgrade had occurred. The OR was then calculated 
by dividing the odds for the category in question with the odds for the reference category. For 
continuous predictors, the OR was found by building a simple logistic regression model in R and 
taking the exponential of  the estimate.
 When building models with multiple predictors, henceforth known as “multiple models”, 
statistical software was used to find both ORs and CIs. Three types of  such models were built for 
each strata; additive, full and reduced.
 The additive models use all predictors and do not adjust for possible confounding between 
predictors. This is because these models include only main effects and no interaction effects (e.g. the 
possible and probable interaction of  “age” and “CCI”).
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 The full models use all predictors and also many of  the interaction terms, thus adjusting for 
possible confounding between predictors – although some confounding may still be overlooked.
 The reduced models were built with three criteria in mind; model deviance, Akaike’s 
information criterion (AIC) and simplicity. These are explained below.
 The AIC takes a number of  factors into account and is a measure of  the relative “goodness 
of  fit” of  the model – the lesser the AIC, the better the fit. One important quality is that it doesn’t 
necessarily decrease as the number of  predictors in the model increases – i.e. a model with many 
predictors which do not improve the fit gets a higher AIC than one without “false” predictors. In this 
regard the AIC is somewhat analogous to the adjusted R2 of  linear regression, but only somewhat.
 The model deviance is a measure of  lack of  fit to the data in the model. This is used much 
like the sums of  squares in linear regression. To illustrate how model deviance was used in the model 
selection process, let there be two models; A with n predictors and B with n-m of  those predictors. Let 
dev(A) and dev(B) denote the model deviances of  A and B, respectively. If  dev(A)>dev(B), an indication 
of  B fitting the data better, one refers dev(A)-dev(B) to the chi-square distribution with m degrees of  
freedom, since m predictors were dropped from A. If  this difference is significant, then dropping the 
m predictors has improved the model fit and B is preferable to A. Model deviance was used during 
model selection in this manner, but does not convey much information about the final model – there 
is however some debate as to whether or not one can extrapolate some useful information regarding 
the fit of  the final model from the difference between model and null deviance.[20]

 The AIC and model deviances were combined to find the model which improved both of  
these simultaneously. When the change in AIC was deemed negligible (this was taken to mean that 
the difference was less than 0.5% of  the total AIC), the difference in model deviance was used.
 Finally, some consideration was given to the simplicity of  the model; in lessening the number 
of  predictors and preferring “simple” ones. For instance, the age of  the patient upon diagnosis is 
generally simpler to ascertain than the T stage and therefore age would be prioritized over T stage if  
the decrease in AIC was negligible or the difference in deviance was barely significant.
 Another important tool used in building multiple models, is the study of  receiver operating 
characteristic (ROC) curves. This is commonplace when evaluating models in biostatistics, as the 
ROC curve illustrates the performance of  the model’s predicting capabilities.[1] The curve is attained 
by plotting the rate of  true positives (“sensitivity”) against false positives (the complement in the 
specificity to the true negatives – also known as “1-specificity”). The area under the curve (AUC) 
then measures how well the model predicts the sought-after event (GS upgrading or downgrading). 
If  the AUC is 0.5, this would indicate that the model is equivalent to an uneducated guess. The closer 
the AUC is to one, the better the predicting capabilities of  the model are. Note that the AUC was not 
used in model selection, as the AUC might increase exponentially for a particular model but if  that 
model is improbable, then the AUC cannot be interpreted as a measure of  the aptness of  the model.
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2.11. Requirements

One possible issue was detected upon stratification of  the cohort, i.e. prior to any statistical 
models actually being built. This issue pertained to the number of  patients in certain strata 

being low, especially for patients with bGS 8–10. This could and was indeed likely to cause problems 
when building logistic regression models. As a general guideline or rule of  thumb, one requires at 
least ten cases of  each sort per cell,[21] meaning that one would require at least ten patients with the 
sought after change in GS and ten patients without it, in each of  the categories of  each of  the factors.
 Results derived from groups which did not adhere to this rule of  thumb should therefore 
be considered highly questionable. For partly aesthetic reasons, however, ORs and CIs were still 
calculated for any group which was a reference group or had at least three cases of  each sort per 
cell in the simple models. Factors containing groups which did not adhere to the rule of  thumb 
mentioned above were simply excluded from the multiple models to avoid contamination of  the 
validity of  any results.
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3. Results
Def.    ‘Between’ only includes lower bounds from now on, e.g. the term ‘between 0 and 1’
 means from 0 to 0.99... . Note that ‘0–1’ always includes both bounds, 0 and 1.

3.1. Analysis 1

In the final cohort, the first analysis involved 10,207 patients. The stratification divided these 
patients into three strata based on their bGS; 35.1% had bGS 2–6, 56.0% had bGS 7 and 8.8% 

had bGS 8–10. The bGS was 7 or less for a majority of  the cases (9,304 patients).

3.1.1. Simple model

The number of  patients in the different categories is shown in tab. 2.1a through c. Also visible in 
the tables are the results of  the simple logistic regression; odds of  GS upgrading, ORs and their 

respective CIs. Significant results are also summarized below.

 bGS 2–6
An age (years) of  65–69 upon diagnosis increased the odds of  GS upgrading by 41% (OR, 
1.41; 95% CI, 1.15–1.73) and an age of  70 and above increased them by 56% (OR, 1.56; 95% 
CI, 1.13–2.15), compared to an age below 60.

A prostate volume (ml) of  45 and above decreased the odds of  GS upgrading by 22% (OR, 
0.78; 95% CI, 0.63–0.96), compared to a prostate volume below 30.

PSA-levels (ng/ml) under 3.0 decreased the odds of  GS upgrading by 45% (OR, 0.55; 95% 
CI, 0.33–0.93), compared to PSA-levels between 3.0 and 6.5.
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A Surgical margin status which was close decreased the odds of  GS upgrading by 33% (OR, 
0.67; 95% CI, 0.46–0.96), compared to a negative Surgical margin status.

Being treated in Stockholm increased the odds of  GS upgrading by 46% (OR, 1.46; 95% 
CI, 1.16–1.83) and being treated in V Götaland increased them by 39% (OR, 1.39; 95% CI, 
1.15–1.69), compared to being treated in other parts of  Sweden.

 bGS 8–10
An age (years) of  65–69 upon diagnosis decreased the odds of  GS downgrading by 38% 
(OR, 0.62; 95% CI, 0.41–0.94), compared to an age below 60.

A prostate volume (ml) of  45 and above decreased the odds of  GS downgrading by 30% 
(OR, 0.70; 95% CI, 0.49–0.99), compared to a prostate volume below 30.

Being treated in Stockholm increased the odds of  GS downgrading by 107% (OR, 2.07; 95% 
CI, 1.40–3.04), compared to being treated in other parts of  Sweden.

 bGS 7 (GS upgrading)
An age (years) of  60 and over upon diagnosis increased the odds of  GS upgrading, compared 
to an age below 60. Specifically, an age of  60–64 increased the odds of  GS upgrading by 
52% (OR, 1.52; 95% CI, 1.08–2.13), an age of  65–69 increased them by 94% (OR, 1.94; 
95% CI, 1.40–2.70) and an age of  70 and above increased them by 136% (OR, 2.36; 95% 
CI, 1.59–3.51).

A prostate volume (ml) of  45 and above increased the odds of  GS upgrading by 42% (OR, 
1.42; 95% CI, 1.06–1.88), compared to a prostate volume below 30.

PSA-levels (ng/ml) of  10.0 and above increased the odds of  GS upgrading by 44% (OR, 
1.44; 95% CI, 1.11–1.86), compared to PSA-levels between 3.0 and 6.5.

An N stage of  N1 increased the odds of  GS upgrading by 558% (OR, 6.58; 95% CI, 3.02–
14.34), compared to an N stage of  NX, N0 or none at all.

Being treated at a university hospital increased the odds of  GS upgrading by 49% (OR, 1.49; 
95% CI, 1.16–1.92), compared to being treated at a regular hospital.
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Being treated in Stockholm decreased the odds of  GS upgrading by 50% (OR, 0.50; 95% 
CI, 0.34–0.72) and being treated in V Götaland increased them by 33% (OR, 0.67; 95% CI, 
0.48–0.95), compared to being treated in other parts of  Sweden.

 bGS 7 (GS downgrading)
An age (years) of  60 and over upon diagnosis decreased the odds of  GS downgrading, 
compared to an age below 60. Specifically, an age of  60–64 decreased the odds of  GS 
downgrading by 14% (OR, 0.86; 95% CI, 0.75–0.99), an age of  65–69 decreased them by 
28% (OR, 0.72; 95% CI, 0.62–0.83) and an age of  70 and above decreased them by 48% 
(OR, 0.52; 95% CI, 0.43–0.65).

An N stage of  N1 decreased the odds of  GS downgrading by 71% (OR, 0.19; 95% CI, 
0.06–0.62), compared to an N stage of  NX, N0 or none at all.

A CCI of  1 decreased the odds of  GS downgrading by 16% (OR, 0.84; 95% CI, 0.70–0.99), 
compared to a CCI of  0.

Being treated at a university hospital decreased the odds of  GS downgrading by 18% (OR, 
0.82; 95% CI, 0.71–0.94), compared to being treated at a regular hospital.

Being treated in Skåne decreased the odds of  GS downgrading by 32% (OR, 0.68; 95% CI, 
0.58–0.80), compared to being treated in other parts of  Sweden.
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3.1.2. Multiple models

The odds, ORs and CIs for the different categories in each model, are given in tab. 2.2a through 
c. The ROC curves for the models are depicted in fig. 3a through d. The multiple models built 

in the first analysis are summarized below.

 bGS 2–6
The AIC for the additive model was 3,576.61 and the AUC was 60.44%.
The AIC for the full model was 3,569.96 and the AUC was 61.56%.
Reducing the full model did not improve the AIC.

 bGS 8–10
The AIC for the additive model was 1,205.22 and the AUC was 61.42%.
The AIC for the full model was 1,203.77 and the AUC was 62.19%.
The AIC for the reduced model was 1,199.19 and the AUC was 61.82%.

The reduced model used the following predictors:
Age, Prostate volume, Surgical margin status, Medication, Facility and Region.
Adjustments were made for confounding between the following predictors in the model:
Surgical margin status/Medication.

 bGS 7 (GS upgrading)
The AIC for the additive model was 2,464.79 and the AUC was 63.72%.
The AIC for the full model was 2,414.06 and the AUC was 64.55%.
The AIC for the reduced model was 2,425.05 and the AUC was 63.75%.

The reduced model used the following predictors:
Age, Prostate volume, N stage, Facility and Region.
Adjustments were made for confounding between the following predictors in the model:
Age/Prostate volume.

 bGS 7 (GS downgrading)
The AIC for the additive model was 7,357.09 and the AUC was 58.02%.
The AIC for the full model was 7,344.93 and the AUC was 59.85%.
The AIC for the reduced model was 7,341.65 and the AUC was 59.77%.
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The reduced model used the following predictors:
Age, Prostate volume, PSA, Medication, Facility and Region.
Adjustments were made for confounding between the following predictors in the model:
Age/Prostate volume, Age/PSA, Prostate volume/PSA and Facility/Region.

3.2. Analysis 2

The second analysis encompassed 3,446 patients. Out of  these, 31.1% had bGS 2–6, 60.4% had 
bGS 7 and 8.5% had bGS 8–10. A vast majority of  the patients in the analysis had bGS 7 or 

less (3,154 patients). The new predictors introduced in this analysis are “number of  biopsies taken”, 
“ratio of  biopsies with cancer”, “total biopsy length” and “ratio of  cancer length”.

3.2.1. Simple model

An overview of  the patients in the second analysis is visible in tab. 3.1a through c, along with the 
results of  the simple logistic regression; the odds of  GS upgrading and ORs alongside their 

respective CIs. The new predictors introduced in the second analysis are located at the bottom of  
these tables. Significant results are summarized below.
 
 bGS 2–6

An age (years) of  65–69 upon diagnosis increased the odds of  GS upgrading by 51% (OR, 
1.51; 95% CI, 1.06–2.13), compared to an age below 60.

A prostate volume (ml) of  45 and above decreased the odds of  GS upgrading by 39% (OR, 
0.61; 95% CI, 0.42–0.88),compared to a prostate volume below 30.

Being treated in Stockholm increased the odds of  GS upgrading by 107% (OR, 2.07; 95% 
CI, 1.40–3.07) and being treated in V Götaland also increased them by 107% (OR, 2.07; 95% 
CI, 1.46–2.94), compared to being treated in other parts of  Sweden.

Having 11 or more biopsy cores taken decreased the odds of  GS upgrading by 35% (OR, 
0.65; 95% CI, 0.43–0.97), compared to having less than 10 cores taken.
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Each increase of  one standard deviation in the ratio of  biopsies with cancer increased the 
odds of  GS upgrading by 40% (OR, 1.40; 95% CI, 1.20–1.63).

Each increase of  one standard deviation in the ratio of  cancer length increased the odds of  
GS upgrading by 45% (OR, 1.45; 95% CI, 1.18–1.78).

 bGS 8–10
Being treated in Stockholm increased the odds of  GS downgrading by 115% (OR, 2.15; 95% 
CI, 1.13–4.08), compared to being treated in other parts of  Sweden.

Each increase of  one standard deviation in the ratio of  biopsies with cancer decreased the 
odds of  GS upgrading by 26% (OR, 0.74; 95% CI, 0.60–0.93).

Each increase of  one standard deviation in the ratio of  cancer length decreased the odds of  
GS upgrading by 24% (OR, 0.76; 95% CI, 0.63–0.91).

 bGS 7 (GS upgrading)
A prostate volume (ml) of  30–44 increased the odds of  GS upgrading by 67% (OR, 1.67; 
95% CI, 1.03–2.68), compared to a prostate volume below 30.

Being treated at a university hospital increased the odds of  GS upgrading by 76% (OR, 1.76; 
95% CI, 1.16–2.68), compared to being treated at a regular hospital.

Being treated in Skåne increased the odds of  GS upgrading by 132% (OR, 2.32; 95% CI, 
1.46–3.69), compared to being treated in other parts of  Sweden.

Each increase of  one standard deviation in the ratio of  cancer length increased the odds of  
GS upgrading by 19% (OR, 1.19; 95% CI, 1.01–1.40).

 bGS 7 (GS downgrading)
An age (years) of  65–69 upon diagnosis decreased the odds of  GS downgrading by 33% 
(OR, 0.67; 95% CI, 0.53–0.86) and an age of  70 and above decreased them by 47% (OR, 
0.53; 95% CI, 0.38–0.75), compared to an age below 60.

PSA-levels (ng/ml) below 3.0 increased the odds of  GS downgrading by 96% (OR, 1.96; 
95% CI, 1.12–3.42), compared to PSA-levels between 3.0 and 6.5.
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Being given 5-ARI increased the odds of  GS downgrading by 83% (OR, 1.83; 95% CI, 
1.20–2.80), compared to not being given 5-ARI.

Being treated in Skåne decreased the odds of  GS downgrading by 32% (OR, 0.68; 95% CI, 
0.52–0.90), compared to being treated in other parts of  Sweden.
Each increase of  one standard deviation in the ratio of  biopsies with cancer decreased the 
odds of  GS downgrading by 33% (OR, 0.67; 95% CI, 0.60–0.74).

Each increase of  one standard deviation in the ratio of  cancer length decreased the odds of  
GS downgrading by 51% (OR, 0.49; 95% CI, 0.42–0.57).
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3.2.2. Multiple models

The odds, ORs and CIs for the different categories in each model, are given in tab. 3.2a through c. 
The ROC curves for the models are depicted in fig. 4a through d. The models built in the second 

analysis are summarized below.

 bGS 2–6
The AIC for the additive model was 1,139.24 and the AUC was 68.32%.
The AIC for the full model was 1,136.21 and the AUC was 68.73%.
The AIC for the reduced model was 1,131.01 and the AUC was 68.82%.

The reduced model used the following predictors:
Age, Prostate volume, PSA, Surgical margin status, Facility, Region, Number of  biopsies 
taken, Ratio of  biopsies with cancer, Total biopsy length and Ratio of  cancer length.
Adjustments were made for confounding between the following predictors in the model:
Prostate volume/Ratio of  cancer length, Facility/Ratio of  biopsies with cancer, Number of  
biopsies taken/Ratio of  biopsies with cancer.

 bGS 8–10
The AIC for the additive model was 399.90 and the AUC was 68.65%.
The AIC for the full model was 370.87 and the AUC was 80.32%.
The AIC for the reduced model was 364.11 and the AUC was 79.88%.

The reduced model used the following predictors:
Age, Prostate volume, CCI, Medication, Facility, Region, Ratio of  biopsies with cancer, Total 
biopsy length and Ratio of  cancer length.
Adjustments were made for confounding between the following predictors in the model:
Age/Ratio of  cancer length, Prostate volume/CCI, Prostate volume/Medication, Prostate 
volume/Ratio of  biopsies with cancer, CCI/Total biopsy length, Facility/Ratio of  biopsies 
with cancer.

 bGS 7 (GS upgrading)
The AIC for the additive model was 830.11 and the AUC was 69.65%.
The AIC for the full model was 811.08 and the AUC was 75.07%.
The AIC for the reduced model was 800.85 and the AUC was 74.53%.
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The reduced model used the following predictors:
Prostate volume, CCI, Facility, Region, Number of  biopsies taken, Ratio of  biopsies with 
cancer and Ratio of  cancer length.
Adjustments were made for confounding between the following predictors in the model:
CCI/Facility, CCI/Ratio of  biopsies with cancer, Facility/Number of  biopsies taken, 
Facility/Ratio of  cancer length, Region/Ratio of  cancer length and Ratio of  biopsies with 
cancer/Ratio of  cancer length.

 bGS 7 (GS downgrading)
The AIC for the additive model was 2,464.59 and the AUC was 68.56%.
The AIC for the full model was 2,430.22 and the AUC was 70.67%.
The AIC for the reduced model was 2,427.23 and the AUC was 70.65%.

The reduced model used the following predictors:
Age, Prostate volume, PSA, CCI, Surgical margin status, Medication, Facility, Region, Ratio 
of  biopsies with cancer, Total biopsy length and Ratio of  cancer length.
Adjustments were made for confounding between the following predictors in the model:
Prostate volume/PSA, Prostate volume/Total biopsy length, CCI/Ratio of  cancer length, 
Surgical margin status/Ratio of  cancer length, Facility/Region, Region/Ratio of  cancer 
length and Ratio of  biopsies with cancer/Ratio of  cancer length.
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4. Discussion
4.1. Age

Analysis 1
The simple logistic regression model indicated that patients with bGS 2–6 and ages 65 and above had 
a significant increase in the odds of  GS upgrading. These findings were supported by both multiple 
models – no reduced model was constructed for these patients since the AIC of  the full model 
could not be reduced further by dropping any factors or interactions.
 For patients with bGS 7 and ages 60 and above, the simple models showed quite significant 
increases in the odds of  GS upgrading and also significant decreases in the odds of  GS downgrading. 
The significant increase in the odds of  GS upgrading were only supported by the additive model, 
but the significant decreases in the odds of  GS downgrading were found in all multiple models.
 Patients with GS 8–10 and ages 65–69 had a significant decrease in the odds of  GS 
downgrading. None of  the multiple models showed such significance, although it was close – the 
CIs for this group coincided in all of  the multiple models (0.42–1.00).

Analysis 2
The simple model indicated that patients with bGS 2–6 and ages 65–69 showed a significant increase 
in the odds of  GS upgrading. This was corroborated by all multiple models.
 Significant decreases in the odds of  GS downgrading were found in the simple model for 
patients with bGS 7 and ages 65 and above. This was true in all multiple models.

4.2. Prostate volume

Analysis 1
The simple logistic regression model showed that patients with bGS 2–6 and a prostate volume of  
45 and above had a significant decrease in the odds of  GS upgrading. This was true in both of  the 
multiple models which were constructed.
 For patients with bGS 7 and a prostate volume of  45 and above, the simple model instead 



28

showed a significant increase in the odds of  GS upgrading. This was not the case in any of  the 
multiple models. The additive model analyzing GS downgrading did show a significant increase 
in the odds of  GS downgrading for patients with a prostate volume of  45 or above and bGS 7, 
although the CI in the simple model for this group was barely insignificant (0.99–1.31).
 There was a significant decrease in the odds of  GS downgrading for patients with a prostate 
volume of  45 or above and bGS 8–10, in the simple model. This was however not the case in any 
multiple models.

Analysis 2
The simple model showed that having bGS 2–6 and a prostate volume of  45 and above, was indicative 
of  a significant decrease in the odds of  GS upgrading. These CIs were also significant in the additive 
model, but not in either of  the other multiple models.
 In the simple model, patients with bGS 7 and a prostate volume of  30–44, showed a significant 
increase in the odds of  GS upgrading. The full and reduced models agreed with this result, but the 
additive model did not.

4.3. PSA

Analysis 1
In the simple logistic regression model, patients with bGS 2–6 and PSA-levels below 3.0 showed a 
significant decrease in the odds of  GS upgrading. Both multiple models corroborated this.
 For patients with bGS of  7, PSA-levels of  10.0 and above were indicative of  a significant 
increase in the odds of  GS upgrading in the simple model. The additive and full models agreed with 
this result – the predictor PSA was absent in the reduced model.

Analysis 2
The simple model showed a significant increase in the odds of  GS downgrading for patients with 
bGS 7 and PSA-levels below 3.0. Only the additive model supported this.
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4.4. T stage

The T stage was not indicative of  any significant change in the odds of  GS upgrading or 
downgrading. One should however take note of  the fact that all cases that had been classified 

as having a “missing” T stage were removed from the study population. Also, there were relatively 
few cases with T0, T1a or T1b. Because these stages together formed the reference category for this 
factor, the T stage could often not be considered a viable predictor, c.f. section 2.11 and tab. 1. It is 
perhaps not surprising then, that no significant results were attained from this predictor.

4.5. N stage

The N stage can be clinically determined as NX. If  the N stage is different than NX, this means 
that a CAT-scan or surgery (perhaps only exploratory) has been performed. The N stage can 

then be given as N0 or N1 depending on whether or not the cancer has spread to the lymph nodes. 
This is in contrast to the T stage, which is always given clinically – c.f. section 2.5. Because of  this, 
using the N stage as a predictor is at least subject to further debate (as it is not always attained prior 
to surgery). Furthermore, one should note that because of  how the N stage is determined as N1 
(often with exploratory surgery), few patients who are staged as N1 undergo an RP, c.f. section 2.11 
and tab. 1. With these reservations in mind, modest interpretations of  the results pertaining to this 
predictor are presented below.
 The simple logistic regression model in the first analysis indicated a significant increase in 
the odds of  GS upgrading for patients with bGS 7, who were deemed to have an N stage of  N1 
(OR, 6.58; 95% CI, 3.02–14.34). The multiple models all showed significant increases for the same 
patients. These results supported the findings of  the simple model and gave strength to the validity 
of  the results.

4.6. Comorbidity

The simple model in the first analysis showed that for patients with bGS 7, a CCI of  2 and above 
was indicative of  a significant increase in the odds of  GS upgrading.

 For patients with bGS 8–10, a CCI of  1 significantly decreased the odds of  GS downgrading. 
The full and reduced multiple models agreed with this.
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4.7. Surgical margin status

The simple logistic regression model in the first analysis showed a significant decrease in the odds 
of  GS upgrading for patients with bGS 2–6, who had been deemed to have a Surgical margin 

status which was too close to call. Both multiple models corroborated this.

4.8. Medication

The simple logistic regression model in the second analysis indicated that being given 5-ARI 
significantly increased the odds of  GS upgrading for patients with bGS 7. Which is to be 

expected if  the size of  the prostate has decreased. However, no multiple models agreed with this.

4.9. Facility

Analysis 1
The simple model showed that having bGS 7 and being treated at a university hospital, significantly 
increased the odds of  GS upgrading and decreased the odds of  GS downgrading. Only the reduced 
model agreed with the findings regarding GS upgrading and all of  the multiple models refuted the 
findings regarding GS downgrading.

Analysis 2
Patients with bGS 7 who were treated at a university hospital showed a significant increase in the 
odds of  GS upgrading. No multiple models supported this result.

4.10. Region

Analysis 1
The simple model showed that, for patients with bGS 2–6, being treated in Stockholm or V Götaland 
significantly increased the odds of  GS upgrading. The CIs in both multiple models were significant 
for Stockholm. Only the additive model showed a significant interval for V Götaland.
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 For patients with bGS 7, being treated in Stockholm or V Götaland significantly decreased 
the odds of  GS upgrading in the simple model. All of  the multiple models agreed with these results. 
For the same patients, being treated in Skåne significantly decreased the odds of  GS downgrading. 
Once again, all of  the multiple models agreed with this.
 Patients who received treatment in Stockholm and had bGS 8–10, showed a significant 
increase in the odds of  GS downgrading. The additive, full and reduced models all supported this.

Analysis 2
Patients with bGS 2–6 who were treated in Stockholm or V Götaland showed a significant increase 
in the odds of  GS upgrading. All of  the multiple models supported these results.

4.11. Number of biopsies taken and ratio of biopsies with cancer

This predictor was only available in the second analysis. A biopsy containing cancer simply means 
that after the core was examined by a pathologist, the sought after malignancy (i.e. cancer) was 

indeed found therein. One would thus not be baffled upon finding that a greater number of  cores 
taken would lead to a more reliable bGS and thus decrease the odds of  GS upgrading or downgrading.
 The simple logistic regression model indicated that for patients from whom 11 or more 
cores were taken, who had bGS 2–6, there was a significant decrease in the odds of  GS upgrading. 
Furthermore, there was a significant increase in the odds of  GS upgrading with every increase of  one 
standard deviation in the ratio of  positive biopsies. None of  the multiple models agreed with this.
 For patients with bGS 7, the simple model showed that there was a significant decrease in 
the odds of  GS downgrading with every increase of  one standard deviation in the ratio of  positive 
biopsies. No multiple models showed such significance.
 The simple model showed that for patients with bGS 8–10, there was a significant decrease 
in the odds of  GS downgrading with every increase of  one standard deviation in the ratio of  positive 
biopsies. Once again, no multiple models supported this.

4.12. Total biopsy length and ratio of cancer length

This predictor was only available in the second analysis. The total amount of  cancer found in the 
biopsies is measured in millimeters (mm). Comparing the ratio between the combined length of  
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all samples taken and the length of  the cancerous regions found gives rise to the second of  the two 
continuous predictors; ratio of  cancer length.
 The total biopsy length was not significant in any category. The simple logistic regression 
model did however show a significant increase in the odds of  GS upgrading with each increase of  
one standard deviation in the ratio of  cancer length, both for patients with bGS 2–6 and those with 
bGS 7. Only the additive models for these groups of  patients showed such significance.
 The simple model showed a significant decrease in the odds of  GS downgrading with each 
increase of  one standard deviation in the ratio of  cancer length, for patients with bGS 7. All multiple 
models agreed with this result.
 The simple model indicated that for patients with bGS 8–10, there was a significant decrease 
in the odds of  GS downgrading with each increase of  one standard deviation in the ratio of  cancer 
length. While the additive model contradicted this result, the full and reduced models supported it.
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5. Conclusions
5.1. General conclusions

The points noted in the discussion above, regarding prostate volume and region, are depicted 
in tab. 4.2a & b and tab. 4.3a & b. These tables illustrate the tendencies towards GS upgrading 

and downgrading for the groups who had some of  the most significant results in the analyses. 
The intensity of  the color in each cell is in direct proportion to the percentage of  cases in that 
cell; showing whether the GS is downgraded (green), unchanged (deep purple) or upgraded (red). 
Tendencies for the entire cohort are illustrated in tab. 4.1, in the same manner.
 In conclusion, relationships between GS upgrading and downgrading, and other predictors 
were found in many of  the categories. Age seemed to be a major factor and, perhaps not entirely 
unexpectedly, patients with high ages (60 and above) frequently underwent GS upgrading. To some 
extent, this corroborated results found in previous studies. In the first analysis, patients with bGS 7 
and ages above 60 showed significant decreases in the odds of  GS downgrading in the simple model 
and also all of  the multiple models, which is a very strong result indicating that higher age decreases 
the odds of  GS downgrading for these patients.
 Results similar to those mentioned above had been investigated in previous studies.[2] PSA 
and prostate volume, along with certain other factors, are sometimes grouped together to form 
what is known as “stage groups”,[3] c.f. tab. 5 (the division into “In analysis 1” and “In analysis 2” 
are strictly theoretical since no actual statistical analyses were performed using these stage groups, 
because the grouping is based on factors which are already present).

5.2. Quality of care

Findings that could be said to have been rather unexpected, but were evidently significant in the 
first analysis (which included a greater number of  patients), were the effects of  having been 

treated at a university hospital – as opposed to a regular hospital – for patients with bGS 7. For these 
patients, being treated at a university hospital significantly increased the odds of  GS upgrading and 
significantly decreased the odds of  GS downgrading. The simple model and all multiple models 
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supported these findings; the p-value was <0.005 for both simple models. The only multiple model 
which supported such findings was the reduced model for GS downgrading.
 One explanation as to the reason for the tendency towards GS upgrading and downgrading in 
these facilities, could be better equipment or even more thorough examination of  surgical specimens 
– which would ensure a more reliable pGS. Although, one might question the validity of  such a 
theory as both the assumption regarding state-of-the-art equipment and the one regarding thorough 
examination techniques and procedures ought to refute the evidently incorrect bGS the patients were 
initially given at the same health care institutions.

5.3. Statistical queries and independence

Upon using logistic regression to analyze the data, a number of  obstacles were encountered. As 
explained in more detail below, most of  these impediments were overcome – often through 

rigorous study of  texts and articles pertaining to logistic regression and issues associated with it – and 
were thus prevented from hindering the actual analyses. Another irreproachable source of  guidance, 
enabling the successful completion of  the analyses, was, of  course, the expertise and experience of  
H. Garmo, PhD.
 Without question, the first issue encountered upon undertaking the analysis was indeed the 
practice of  regression modeling according to what is generally known as “generalized linear models”. 
Being a vast, modern and continuously growing area, there are many publications concerning the 
subject – although no more of  these will be referenced here – but few of  the courses given at Uppsala 
university actually delve into the actual dos and don’ts of  this method. The process of  completing 
the study then became an exercise in independent learning – this term could of  course be rather 
misleading, as the learning was not entirely independent as a handful of  experts or experienced users 
of  the statistical methods employed in the study were occasionally sourced for tips and suggestions 
along the way. Still, much of  the process took place in camera – i.e. without much assistance other than 
that which was offered in the different texts and articles suggested by aforementioned individuals.
 The final problem to be solved would of  course be the analysis of  the results of  the analysis, 
i.e. understanding the results and extracting sensible conclusions. But before this problem could 
be – or indeed would need to be – dealt with, there was the penultimate main concern of  actually 
categorizing the discrete factors to enable for logistical regression. This concern was, almost in its 
entirety, left up to the discretion and experience of  H. Garmo. Having worked on numerous similar 
studies in the past,[22], [23] he arguably possessed the knowledge required to deal with the categorizing 
in a way which would not only allow for sensible analyses, but simultaneously remain acceptable in 



35

the medical research community. Once the categorizing was complete and the actual analysis could 
be performed, the results were interpreted via the study of  and comparison with texts and articles 
dealing with PCa, GS upgrading or downgrading and logistic regression in biostatistics.[2], [3], [11]

5.4. Lingering questions

As stated in previous sections, the original study population consisted of  47,310 patients diagnosed 
with PCa. Even after selecting only patients who had undergone an RP, a total of  11,453 cases 

remained. This is by no means a trivial number. Still, after the elimination of  ineligible cases due to 
missing data etc., many of  the factors were lacking in the number of  cases in each category – one 
glaring example being T stage – and therefore certain precautions had to be taken. This meant, for 
instance, that most of  the models – particularly in the second analysis – did not include T stage as 
a predictor, as the reference group here lacked the number of  cases necessary for comprehensible 
analyses, c.f. section 2.11 and tab. 2.1a & 2.2a. One cannot help but wonder what results – akin to or 
contradicting the ones attained – might have been uncovered, had there been a greater percentage of  
patients who had undergone an RP, in the vast original study population.
 Furthermore, one would usually adjust for confounding in studies such as this one by 
employing what is known as a Directed acyclic graph (DAG).[24], [25] Although not much more intricate 
than any other part of  the analysis, such a graph is best constructed by an experienced urologist. No 
such graphs were therefore constructed for the purpose of  this paper.

5.5. Final notes

The findings of  this study are not cause for any concern. The study was undertaken with caution 
and care, and the results were still quite comprehensible and not simply a reprise of  earlier 

studies. For instance, the AUC measured for GS downgrading in patients with bGS 8–10 in the full 
and reduced models, was 80.3% and 79.9%, respectively – values which are quite a bit higher than 
most of  the values frequently encountered in studies with somewhat similar premises.[1]
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Fig. 3a – ROC curves for the different multiple models predicting GS upgrading
in patients with bGS 2–6 in Analysis 1; additive (black) and full (blue).

Fig. 3b – ROC curves for the different multiple models predicting GS downgrading in
patients with bGS 8–10 in Analysis 1; additive (black), full (blue) and reduced (purple).

Fig. 3c – ROC curves for the different multiple models predicting GS upgrading in
patients with bGS 7 in Analysis 1; additive (black), full (blue) and reduced (purple).

Fig. 3d – ROC curves for the different multiple models predicting GS downgrading
in patients with bGS 7 in Analysis 1; additive (black), full (blue) and reduced (purple).
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Fig. 3c – ROC curves for the different multiple models predicting GS upgrading in
patients with bGS 7 in Analysis 1; additive (black), full (blue) and reduced (purple).

Fig. 4a – ROC curves for the different multiple models predicting GS upgrading in
patients with bGS 2–6 in Analysis 2; additive (black), full (blue) and reduced (purple).

Fig. 4b – ROC curves for the different multiple models predicting GS downgrading in
patients with bGS 8–10 in Analysis 2; additive (black), full (blue) and reduced (purple).

Fig. 4c – ROC curves for the different multiple models predicting GS upgrading in
patients with bGS 7 in Analysis 2; additive (black), full (blue) and reduced (purple).

Fig. 4d – ROC curves for the different multiple models predicting GS downgrading
in patients with bGS 7 in Analysis 2; additive (black), full (blue) and reduced (purple).
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