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ABSTRACT
Aim  Substantial variation in Gleason grading (GG) of 
prostate cancer (PCa) exists between Dutch pathology 
laboratories. This study investigates its impact on 
treatment strategies.
Methods  Pathology reports of prostate needle biopsies 
and clinical data of patients with PCa diagnosed 
between 2017 and 2019 were retrieved from the Dutch 
nationwide network and registry of histopathology and 
cytopathology and The Netherlands Cancer Registry. 
We investigated the impact of grading variation on 
treatment strategy for patients whose grade was decisive 
in treatment choice. First, we evaluated the effect of 
grading practice (low, average or high grading) on active 
treatment (AT) versus active surveillance in patients with 
prostate-specific antigen (PSA) <10 ng/mL and cT1c/
cT2a disease. Second, we assessed the association of 
grading practice with performance of pelvic lymph node 
dissection (PLND) in patients with PSA 10–20 ng/mL or 
cT2b disease. We used multivariable logistic regression 
to analyse the relation between laboratories’ grading 
practices and AT or PLND.
Results  We included 30 509 patients. GG was decisive 
in treatment strategy for 11 925 patients (39%). AT was 
performed significantly less often in patients diagnosed 
by laboratories that graded lower than average 
(OR=0.77, 95% CI 0.68 to 0.88). Conversely, patients 
received AT significantly more often when diagnosed 
in high-grading laboratories versus average-grading 
laboratories (OR=1.21, 95% CI 1.03 to1.43). PLND was 
performed significantly less often in patients diagnosed 
by low-grading versus average-grading laboratories 
(OR=0.66, 95% CI 0.48 to 0.90).
Conclusion  Our study shows that the odds that a 
patient undergoes AT or PLND, depends on laboratories’ 
grading practices in a substantial number of patients. 
This likely influences patient prognosis and outcome, 
necessitating standardisation of GG to prevent 
suboptimal patient outcome.

INTRODUCTION
Prostate cancer (PCa) is the most common cancer in 
European men and incidence numbers have tripled 
in 30 years, peaking to over 13 000 newly diagnosed 
cases of PCa in 2019 in The Netherlands.1 2 PCa 
prognosis and treatment are based on histologic 
grading of PCa (Gleason grade (GG)).3–5 Interob-
server variation of GG has been reported multiple 

times, and genitourinary pathologists outperform 
general pathologists.6–10 Several efforts have been 
made to improve this system. For example, the 
GG system is updated regularly, which in 2014 
resulted in the introduction of grade groups that 
would better reflect clinical prognosis, according 
to the International Society of Urological Pathology 
(ISUP) conference.3 11 Nevertheless, since the 
implementation of the ISUP grade groups, interob-
server variation persists.12 We recently even showed 
that this variation exists in daily clinical practice on 
a nationwide level between and within pathology 
laboratories.13 Even though grade is crucial in treat-
ment strategy and prognosis, it is unclear how this 
variation affects patients.

Localised PCa (ie, tumour confined to the pros-
tate without any metastases) is subdivided into 
three risk groups, according to the European Asso-
ciation of Urology-European Society for Radio-
therapy and Oncology-International Society of 
Geriatric Oncology (EAU-ESTRO-SIOG) risk strat-
ification,14 which determines treatment strategies. 
Low-risk patients are eligible for active surveil-
lance (AS) (besides active treatment (AT)), whereas 
intermediate-risk and high-risk patients require 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Prostate cancer grading (the Gleason grade) is 
subjected to considerable observer variation, 
both between individual pathologists and 
different pathology laboratories. It is unknown 
how many patients are affected, and how this 
affects their treatment strategy.

WHAT THIS STUDY ADDS
	⇒ Gleason grade is decisive in treatment strategy 
for roughly 40% of all patients with prostate 
cancer in the Netherlands. Patients in higher 
grading laboratories are more likely to receive 
active treatment, than those in lower grading 
laboratories.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Research should focus on improving consistency 
in prostate cancer grading. Clinicians and 
pathologists should perform second readings 
more often for patients for whom grading is 
decisive in treatment strategy.
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immediate curative therapy, with or without pelvic lymph node 
dissection (PLND). Patients are assigned to a risk category 
based on a combination of GG, prostate-specific antigen (PSA) 
value(s), and tumour stage.14 For a substantial proportion of 
these patients, GG is the determining factor for risk stratification 
and choice of treatment.5

In order to investigate the impact of interlaboratory variation 
in GG on treatment choice, we analysed national data from the 
nationwide network and registry of histopathology and cyto-
pathology in the Netherlands (PALGA) and the Netherlands 
Cancer Registry (NCR) of over 30 000 patients with PCa.

METHODS
Study population
All pathology reports of prostate biopsies from patients with 
PCa between 1 January 2017 and 31 December 2019 were 
extracted from the PALGA database. Subsequently, these reports 
were matched to clinical data of patients diagnosed with PCa 
in 2017–2019, from the NCR, hosted by the Netherlands 
Comprehensive Cancer Organization (IKNL). As pathology 
reports also contained biopsies from patients primarily diag-
nosed before 2017, not all pathology reports could be linked 
to a patient. In the final stage of linking, 88% of all pathology 
reports could be linked to patients’ records in the NCR. All data 
were pseudonymised by a trusted third party (ZorgTTP, Houten, 
The Netherlands) and did not contain identifiable patient data. 
All laboratories gave consent for storage and scientific use of 
their data in the PALGA database and were anonymised to the 
researchers. The scientific and privacy committees of PALGA 
and NCR approved this study. All data were handled in compli-
ance with the General Data Protection Regulation Act.

Overall, we identified 33 072 unique patients with PCa 
after linking the PALGA and NCR databases. We excluded all 
patients with reports of biopsies taken outside the prostate 
(n=107). Furthermore, we excluded patients with second-
opinion pathology reports of the same biopsy, as it was unclear 
whether treatment was based on the original or the revised 
report (n=1270). Since we were only interested in prostate 
biopsy pathology report because of the diagnostic and curative 
intent, we excluded all T1a/T1b tumours (n=259). Patients with 
missing PSA on diagnosis and cTX stage or unknown Gleason 
score were excluded, as it would not be possible to select patients 
with localised PCa for our analyses (n=865).

Finally, we only included laboratories in the analyses that 
graded biopsies of patients with PCa during all 3 study years, 
thereby excluding one laboratory with 62 patients. Overall, 
this resulted in a total population of 30 509 patients with PCa 
(figure 1).

Main objectives
Our study focused on two main objectives. The first objec-
tive was to identify the proportion of patients for whom grade 
would be the determining factor in localised PCa manage-
ment. To identify these patients, we used both a strict and a 
lenient definition. Our strict definition follows current EAU 
guidelines. The EAU risk stratification identifies patients 
who are eligible for AS and patients who might benefit from 
AT (radical prostatectomy or radiotherapy with or without 
PLND).5 According to these guidelines, GG is decisive for two 
groups of patients:

	► Group 1 consists of patients with localised PCa and a PSA 
value <10 ng/mL and cT1c/cT2a stage. For these patients, 
GG differentiates low-risk from intermediate-risk PCa, as 
only patients with an ISUP grade 1 tumour are diagnosed 
with low-risk PCa.

	► Group 2 consists of patients with localised PCa and with 
either a PSA value 10–20 ng/mL and cT stage  <cT2 c or 
patients with a cT2b stage and a PSA value <20 ng/mL. For 
these patients, GG is decisive in distinguishing intermediate-
risk from high-risk PCa, as patients with an ISUP grade 4 or 
5 tumour are diagnosed with high-risk PCa.

However, clinical T2-substaging (ie, differentiating between 
T2a, T2b and T2c) is not always considered to be very accu-
rate.15 Urologists might also consider cT2b/cT2c patients for 
AS, leading to an underestimation of the number of patients 
for whom grade is decisive. Therefore, we also applied a more 
lenient definition, in which we did not distinguish between 
different cT2 stages. Figure 2 shows a flow diagram of how the 
different groups were composed, using NCR data.

The second main objective was to evaluate the association 
between laboratory-specific grading practice and different PCa 
treatment strategies, while controlling for several patient-related 
factors. For this analysis, we excluded patients for whom data 
were incomplete for number of (positive) biopsies (n=2145), 
or for patients for whom only MRI-guided biopsies were taken 
(n=4589). Maximum tumour volume percentage contained 
missing variables for 8881 patients. This is caused by the fact that 
part of the laboratories use millimetres tumour length, which 
is not entered into the NCR database. Percentages of missing 
data per laboratory varied from 2% to 98%. As excluding all 
cases with missing volume percentages would lead to significant 
selection bias, excluding half of the laboratories, we decided to 
include these patients in the model, using the category ‘missing’. 
This leads to a total of 25 920 patients at the basis of the second 
part of the analysis.

We analysed two different outcome measures for group 1 and 
group 2. For group 1, we used AT (yes vs no) as outcome measure 
(ie, radical prostatectomy, radiotherapy or other treatment). As 
data recorded in the NCR are based on data retrieved by data 
managers from medical files, in which the distinction between 
watchful waiting and active surveillance is not consistently 
used, we could not discriminate between these two entities. We, 
therefore, assumed that patients with a low-risk or intermediate-
risk PCa with no AT were managed by AS. For group 2, we 
used PLND (yes vs no) as outcome measure. All analyses were 
performed again using the lenient definition. We presented the 

Figure 1  Flowchart with patient inclusion and exclusion criteria. NCR, 
Netherlands Cancer Registry; PSA, prostate-specific antigen.
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results of the analyses using the lenient definition in the Supple-
mentary Materials, as results were comparable.

We evaluated the impact of grading practice on AT, by cate-
gorising pathology laboratories as low-grading, average-grading 
or high-grading laboratories. To this end, we calculated the 
median percentage of ISUP grade 1 and interquartile ranges 
of ISUP grade 1 (Q1–Q3) of the ISUP grade 1 percentages per 
laboratory, as described in our previous paper.13 Low-grading 
laboratories were defined as laboratories assigning a percentage 
of ISUP grade 1 higher than the third quartile (Q3). High-
grading laboratories were categorised as laboratories assigning 
a percentage of ISUP grade 1 lower than the first quartile (Q1). 
Laboratories grading between Q1 and Q3 were categorised as 
average-grading laboratories. We followed a similar strategy for 
evaluating the impact on performance of PLND, but we used the 
percentages of ISUP grades 4 or 5 per laboratory, as grade 4 or 
higher defines high-risk PCa qualifying for PLND.5

Statistical analyses
We summarised patient, tumour and treatment characteristics 
using counts and proportions, means and SD as appropriate. We 
tested for differences between the different treatment groups in 
patient and tumour characteristics, using Mann-Whitney U test 
and χ2 test as appropriate.

For evaluating the impact of interlaboratory variation on 
treatment strategy, we performed a multivariable logistic regres-
sion. We corrected for a priori-selected case-mix variables age, 
PSA, cT-stage, maximum tumour volume percentage, number 
of negative biopsies and number of positive biopsies. Adjusted 
ORs (aORs) and 95% CIs were calculated for AT versus no AT 
and PLND versus no PLND. The average-grading laboratories 
were used as a reference. P values <0.05 were considered statis-
tically significant. All statistical analyses were performed using 
R V.4.0.3.16

RESULTS
Characteristics
Characteristics of the 30 509 included patients with PCa are 
shown in table 1. The overall mean age was 70 years and the 
largest group of patients had a cT1c tumour (31.9%). 19 239 
patients were diagnosed with localised PCa, representing the 
large majority (63.1%). Lymph node metastases and distant 
metastases were present in 17.4%, respectively. Almost half of 
the patients had PSA values on diagnosis lower than 10 ng/mL 
(48.1%). AT was applied in roughly three quarters of all patients 
(76.1%), which mostly consisted of a radical prostatectomy 
(23.1%), hormonal and radiotherapy (20.3%) or hormonal 
therapy with or without additional chemotherapy (19.4%). 
PLND was performed in 4577 patients, representing 15% of all 
patients.

Risk group stratification
We identified 8325 (27.3%) and 12 387 (40.6%) patients for 
whom GG was determining in distinguishing low-risk from 
intermediate-risk PCa, according to our strict and lenient defi-
nitions, respectively (figure  2 and online supplemental table 
1). For differentiating between intermediate-risk and high-risk 
PCa, we identified 3358 (11.0%) and 4694 (15.4%) patients for 
whom grade was the determining factor according to the strict 
and lenient definitions, respectively.

Active therapy versus no active therapy
For our multivariable logistic regression, we included 6818 
patients in group 1 and 2907 patients in group 2. Roughly half 
of the patients in group 1 did not receive AT (50.9%) (table 2).

Patients diagnosed in low-grading laboratories received AT 
significantly less often compared with patients diagnosed in 
average-grading laboratories (tables 2 and 3). Patients in high-
grading laboratories received AT significantly more often than 

According to EAU guidelines, the pathology report is decisive in the following conditions:
PSA <10 ng/mL AND cT1‐cT2a

PSA 10-20 and T-stage < cT2c OR T-stage cT2b and PSA <10
Our lenient conditions include:
PSA <10 AND cT1c‐all cT2 stages

PSA <20 ng/mL AND cT1c‐all cT2‐stages

Patients with complete information on all relevant variables 
(age, Gleason grade, PSA, cTNM‐stage)

(n = 30,509)

Localized Pca
(n = 19,239)

cT3+ 
N+ or M1‐disease

(n = 11,270)

PSA < 10 ng/mL
(n = 12,387)

PSA 10‐20 ng/mL
(n = 4,717)

cT2c
(n = 1,937) 

cT2b
(n = 503)

cT1c/cT2a/cT2b
(n = 3,097)

cT2c
(n = 946)

cT1c or cT2a
(n = 8,325)

ISUP Grade 1 (Gleason score 6)
(n = 4,877)

ISUP Grade 2 or higher (Gleason score 7 or higher)
(n = 3,448)

ISUP Grade 1‐3 (Gleason 7 or lower)
(n = 3,113)

ISUP Grade 4‐5 (Gleason sum score 8 
or higher)
(n = 487)

Low‐risk localized prostate cancer
Active surveillance

Intermediate‐ or high‐risk localized prostate cancer:
Active treatment

Intermediate‐risk localized prostate cancer:
No pelvic lymph node dissection

High‐risk localized prostate cancer:
Pelvic lymph node dissection

PSA > 20 ng/mL
(n = 2,135)

Figure 2  Flowchart with patients whose grade might impact on treatment strategy. The green full-coloured blocks indicate the groups of patients 
for whom grade is decisive in the EAU risk stratification. The blue horizontally striped blocks indicate the groups of patients for whom grade is 
decisive according to our lenient definition. The red diagonally striped blocks indicate the groups of patients for whom grade is not decisive. EAU, 
European Association of Urology; ISUP, International Society of Urological Pathology; PCa, prostate cancer; PSA, prostate-specific antigen.
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those in average-grading laboratories. Over half of the patients 
were graded in either low-grading or high-grading laborato-
ries (37.6% and 17.1%, respectively). Adjusted ORs for AT of 
low-grading and high-grading laboratories were 0.77 (95% CI 
0.68 to 0.88) and 1.21 (95% CI 1.03 to 1.43), respectively, as 
compared with the reference of average-grading laboratories 
(table 3). The results for the lenient models were comparable to 
the strict model. These results are presented in the online supple-
mental table 1 and online supplemental table 2.

PLND versus no PLND
For PLND, the aORs showed a significant association for 
low-grading laboratories versus average-grading laborato-
ries (tables  2 and 3). Patients from low-grading laborato-
ries underwent significantly less often PLNDs than patients 
from average-grading laboratories (aORs 0.66 (95% CI 0.48 

to 0.90) and 0.72 (95% CI 0.56 to 0.91) for the strict and 
lenient definitions, respectively). The frequency of PLNDs in 
high-grading laboratories was not statistically different from 
average-grading laboratories (aOR 0.92 (95% CI 0.68 to 1.25) 
(figure 3).

DISCUSSION
This nationwide study evaluated the impact of interlaboratory 
variation in grading of PCa on treatment in over 30 000 patients, 
among 40 Dutch laboratories.13 It shows the importance of 
consistency in GG for clinical decision-making, as the chance 
that a patient undergoes AT or PLND, depends on laboratory 
grading practice in a substantial number of patients. As this likely 
influences patient prognosis and outcome, standardisation of 
GG is necessary to prevent suboptimal patient outcome.

We hypothesised that patients whose biopsies were assessed 
in higher grading laboratories were more likely to receive more 
aggressive treatment than those assessed in lower grading labo-
ratories. We focused on patients for whom grade would be deci-
sive in the EAU risk stratification.5 We also provided a lenient 
model (including all cT2 stadia rather than just cT2a or cT2b) 
to describe patients whose treatment could alter by a different 
grade. Both models found a significant and clinically relevant 
association between receiving active therapy and higher grading 
laboratories for patients with low-risk or intermediate-risk PCa. 
For patients with intermediate-risk or high-risk PCa, however, 
only a significant association between PLND and low versus 
average grading practice existed.

GG would be decisive in a patient’s risk stratification and 
subsequently their treatment strategy for 39.1% of all patients 
with PCa between 2017 and 2019 when applying a strict defi-
nition and for 56.1% of all patients when applying a lenient 
definition. The association of grading variation with treatment 
choice was most profound in patients whose grade would differ-
entiate between low-risk or intermediate-risk PCa and subse-
quently their eligibility for either AS or AT. For patients with 
intermediate-risk or high-risk PCa, the impact of the grading 
practice was limited and not consistent. Only laboratories with 
a low proportion of ISUP grade 4 or grade 5 PCa had patients 
undergoing PLND significantly less often than average-grading 
laboratories, whereas we found no significant difference for 
high-grading versus average-grading laboratories nor between 
high-grading and low-grading laboratories.

Several possible explanations exist for this ambiguous result 
for PLND performance. First, it is possible that guideline 
adherence of PLND performance varies between hospitals. For 
example, a previous Dutch PCa cohort study (ProZIB; Dutch 
Acronym for Insight into Prostate Cancer Care) showed varia-
tion in guideline adherence between hospitals for appliance of 
radiotherapy and hormone therapy for both intermediate-risk 
and high-risk patients between hospitals, and to a lesser extent 
also for appliance of AS for low-risk patients with PCa.17 18 It is 
possible that some surgeons, and, therefore, some centres, use 
lower or higher thresholds for performing PLND’s. However, 
the vast majority of patients are discussed in multidisciplinary 
tumorboard meetings. Therefore, the influence of individual 
clinicians is probably limited. Also, the number of patients in the 
intermediate-risk or high-risk group is relatively low, potentially 
influencing the results.

Second, due to the retrospective nature of the data, we did 
not have information on of the specific type of imaging devices, 
which might have been a contributing factor in the decision to 
perform a PLND or not.

Table 1  Patient characteristics of a Dutch nationwide cohort of 
prostate cancer patients diagnosed with prostate biopsy between 2017 
and 2019

Characteristics N, (%)

Total

(N=30 509) (%)

Age (years), median (Q1–Q3) 70 (65–75)

Localised prostate cancer 19 239 (63,1)

T-stage

 � cT1c 9737 (31.9)

 � cT2 unspecified 3179 (10.4)

 � cT2a 3228 (10.6)

 � cT2b 994 (3.3)

 � cT2c 4539 (14.9)

 � cT3a or higher 8835 (20.5)

Lymph node status

 � cN0/Nx 25 194 (82.6)

 � cN1 5315 (17.4)

Metastases, N (%)

 � cM0 25 189 (82.6)

 � cM1 5320 (17.4)

PSA (ng/mL)

 � <10 14 668 (48.1)

 � 10–20 6656 (21.8)

 � >20 9185 (30.1)

ISUP grade group (Gleason Score)

 � 1 (3+3) 9235 (30.3)

 � 2 (3+4) 7017 (23.0)

 � 3 (4+3) 4387 (14.4)

 � 4 (8) 4335 (14.2)

 � 5 (9–10) 5535 (18.1)

Primary treatment

 � No active treatment 7298 (23.9)

 � Radical prostatectomy 6999 (23.0)

 � EBRT or brachytherapy 4003 (13.2)

 � EBRT and ADT* 6144 (20.2)

 � ADT alone or combined with chemotherapy 5894 (19.3)

 � Other 41 (0.1)

Pelvic lymph node dissection

 � Yes 4577 (15.0)

 � No 25 932 (85.0)

*This group also contains patients with M1-disease.
ADT, androgen deprivation therapy; EBRT, external beam radiotherapy; ISUP, 
International Society of Urological Pathology; PSA, prostate-specific antigen.
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Moreover, many centres use the Memorial Sloan Kettering 
Cancer Center (MSKCC) or extent Briganti models for the 
decision to perform a PLND. We considered using the Briganti 
and MSKCC models as well for our analysis on PLND, as these 
models calculate the risk of lymph node involvement. Unfor-
tunately, relevant variables (number of biopsies and volume 
percentage) were not consistently reported in our data set, 
hence, strictly applying these definitions was not possible.19 20 It 
is possible that patient groups based on these models would have 
been slightly different from the patient groups formed by the 

EAU-risk stratification, which might also attribute to the ambig-
uous results for PLND versus no PLND. However, our results 
are robust in the AS versus AT group in both the strict model 
and the lenient model, and we expect any impact to be relatively 
small.

In total, 10% of tumours were labelled with an unspecified 
cT2 stage. Historically, clinical T stage by digital rectal examina-
tion (DRE) and transrectal ultrasound is known to be relatively 
inaccurate and inconsistent in up to 35.4%.15 21 Unfortunately, 
it is largely unknown whether MRI or DRE was performed for 

Table 2  Characteristics of group 1 and group 2—patients whose risk stratification depends on Gleason Grade

Group 1 strict definition*

 �  Total, N=6818 (%) AT, N=3,345 (49.1) no AT, N=3,473 (50.9) P value¶

 � Age, years (median (Q1–Q3)) 68 (63–72) 68 (63–72) 68 (63–73) 0.01

 � PSA (ng/mL), median (Q1–Q3) 6.7 (5.3–8.1) 6,7 (5.4–8.2) 6.6 (5.2–8.0) 0.002

Clinical T-stage, N (%) <0.001

 � cT1c 5283 (77.5) 2363 (70.6) 2920 (84.1)

 � cT2a 1535 (22.5) (982 (29.4) 553 (15.9)

 � Number of negative biopsies, median (Q1–Q3) 7 (5–9) 6 (4–8) 8 (7–10) <0.001

 � Number of positive biopsies, median (Q1–Q3) 2 (1–4) 4 (2–5) 2 (1–2) <0.001

Maximum tumour volume percentage, N (%) <0.001

 � <5% or less 1315 (19.3) 235 (7.0) 1080 (31.1)

 � 6%–25% 1697 (24.9) 782 (23.4) 915 (26.3)

 � 26%–50% 971 (14.2) 698 (20.9) 273 (7.9)

 � 51% or more 731 (10.7) 607 (18.1) 124 (3.6)

 � Missing 2104 (30.9) 1023 (30.6) 1081 (31.1)

Grading practice laboratory†, N (%) <0.001

 � 20 average-grading labs 3088 (45.3) 1541 (46.1) 1547 (44.5)

 � 10 low-grading labs 2562 (37.6) 1158 (34.6) 1404 (40.4)

 � 10 high-grading labs 1168 (17.1) 646 (19.3) 522 (15.0)

Group 2 strict definition‡

 �  Total, N=2907 PLND, N=412 No PLND, N=2495

 � Age, years (median (Q1–Q3)) 71 (66–75) 69 (64–72) 71 (66–76) <0.001

 � PSA (ng/mL), median (Q1–Q3) 12.0 (10.9–14.7) 12.0 (10.0–15.0) 12.1 (11.0–14.7) 0.01

Clinical T-stage, N (%) <0.001

 � cT1c 1810 (62.3) 165 (40.0) 1645 (65.9)

 � cT2a 505 (17.4) 85 (20.6) 420 (16.8)

 � cT2b 592 (20.4) 162 (39.3) 430 (17.2)

 � Number of negative biopsies, median (Q1–Q3) 7 (5–9) 5 (4–7) 7 (5–9) <0.001

 � Number of positive biopsies, median (Q1–Q3) 3 (2–5) 4 (3–6) 3 (1–4) <0.001

Maximum tumour volume percentage, N (%) <0.001

 � <5% or less 406 (14.0) 20 (4.8) 386 (15.5)

 � 6%–25% 609 (20.9) 51 (12.4) 558 (22.4)

 � 26%–50% 452 (15.5) 79 (19.2) 373 (14.9)

 � 51% or more 521 (17.9) 155 (37.6) 366 (14.7)

 � Missing 919 (31.6) 107 (26.0) 812 (32.5)

Grading practice laboratory§, N (%) 0.03

 � 20 average-grading labs 1795 (61.7) 275 (66.7) 1520 (60.9)

 � 10 low-grading labs 597 (20.5) 66 (16.0) 531 (21.3)

 � 10 high-grading labs 515 (17.7) 71 (17.2) 444 (17.8)

P=significant at<0.05.
*Group 1—PSA <10 AND cT1c or cT2a
†Group 1 grading practice: average grading=laboratories’ percentage of ISUP 1 falls within Q1–Q3 of national median, low-grading: laboratories’ percentage of ISUP 1>Q3 of 
national median, high-grading=laboratories’ percentage of ISUP 1<Q1 of national median.
‡Group 2 PSA 10–20 and T-stage <cT2 c OR T-stage cT2b and PSA <10.
§Group 2 grading practice: average grading: laboratories’ percentage of ISUP 4/5 falls within Q1–Q3 of national median, low-grading: laboratories’ percentage of ISUP 4/5<Q1 
of national median, high grading: laboratories’ percentage of ISUP 4/5>Q3 of national median.
¶Mann-Whitney U-test and χ2 test as appropriate.
AT, active therapy; ISUP, International Society of Urological Pathology; PLND, pelvic lymph node dissection; PSA, prostate-specific antigen.
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clinical staging. Uptake varies per centre, and using MRI prebi-
opsy can lead to less lower GG cases, as these would probably 
not be biopsied.22 The strong positive association between a 
more advanced clinical T2 stage and AT is in line with the advice 
of the national and EAU guidelines or MSKCC model, making a 
distinction between cT2a and cT2b.5 19 Interestingly, the differ-
ence in ORs between cT2c and cT2a was smaller than for cT2b 
and cT2a but could potentially be attributed to the relatively 

small group of cT2b tumours. Yet, the 10% of cT2-unknown 
understaged patients might signal a different practice, or be due 
to suboptimal reporting.

Our study shows comparable or higher uptake of AS, as 
compared with previous nationwide studies in AS uptake. Uptake 
of AS was slightly higher than in the 2015–2016 ProZIB-cohort, 
where up to 70% of the patients were treated with AS. Our 
results are comparable to the 74% uptake of AS in a Swedish 
cohort study.18 23

Our results implicate that during our study period, at least 
one out of five patients (3730 of 19 239) with localised PCa 
might have received a different treatment strategy if their 
sample had been graded in an average-grading laboratory, when 
focusing on AS vs AT. Within this group of patients, 2562 (13%) 
patients would have been more likely to have received AT, and 
1168(6%) might have been eligible for AS. We used the average-
grading laboratories, which may be considered arbitrary, as 
these laboratories are no gold standard, but it was considered 
the best reference. It is not possible to say which laboratory 
grades erroneously, and, therefore, which patients would have 
received undertreatment or overtreatment. However, the differ-
ence in grading practice that leads to a difference in treatment 
strategies is evident. In theory, it is possible that socioeconomic 
factors affect the grading practice in the Netherlands, but due 
to the high hospital density (in some regions up to 15 different 
hospitals in a 20 km radius), this is unlikely.24 Unfortunately, 
we cannot indicate on individual patient level whose treatment 
was affected by grading variation, as we could not perform revi-
sions of the needle biopsies, due to feasibility reasons. However, 
the nationwide design offered the possibility to analyse a more 
general trend. An important benefit of our approach is that these 
results apply to daily clinical practice.

Our results show that interlaboratory grading variation leads 
to variation in treatment. While undertreatment generally 
leads to poorer cancer survival, overtreatment induces treat-
ment toxicity. The ProtecT study group measured both patient-
reported outcome and patient survival and morbidity for AT 
modalities and AS. They showed that patient-reported outcome 
measures on bowel, sexual and urinary function were much 
better for patients with AS than with AT.25 26 Conversely, AT 
seemed to be associated with lower PCa mortality than AS, but 
numbers of deaths were very low in both groups.27 However, 
when the ProtecT study was performed, diagnostics of pros-
tate cancer did not yet involve transrectal ultrasound (TRUS) 
or MRI-aimed biopsies, which aid in reducing sampling error 
and subsequently under diagnosis of the prostate biopsies. Also, 
the ProtecT-study randomised patients with PSA up to 20 ng/
mL, which is not common practice according to the current 
guidelines. The current AS programmes might, therefore, have 
even better survival outcomes than those in the ProtecT-study. 
It is, therefore, important to correctly select patients for whom 
AS might be an option in order to reduce treatment-specific 
morbidity. Whether current grading variation practices also 
influence patient survival and morbidity may only be concluded 
after a longer period of follow-up, but it is not unlikely.

The current EAU guidelines state no recommendations 
regarding the use of re-evaluations of biopsies. In Dutch PCa 
practice, re-evaluations are rarely performed, as only 1262 
reports (<4% of all reports, data not shown) were marked as a 
re-evaluation report. This has not improved after 2015–2016, 
as in the ProZIB cohort, 3% of all patients with PCa received a 
re-evaluation.28 Especially for patients for whom grade could be 
the determining factor, a re-evaluation could have implications 
for both treatment strategy and patient outcome. Both Kuijpers 

Table 3  Results of the multivariable logistic regression models for 
active treatment and pelvic lymph node dissection

Active treatment* OR (CI) P value

Grading practice laboratory†

 � Average grading ref ref

 � Low grading 0.77 (0.68 to 0.88) <0.001

 � High grading 1.21 (1.03 to 1.43) 0.02

 � Age 0.97 (0.96 to 0.98) <0.001

 � PSA (ng/mL) 1.06 (1.02 to 1.09) <0.001

Clinical T-stage

 � cT1c ref ref

 � cT2a 2.33 (2.02 to 2.68) <0.001

 � Number of negative biopsies 0.93 (0.90 to 0.95) <0.001

 � Number of positive biopsies 1.79 (1.71 to 1.88) <0.001

Maximum tumour volume percentage

 � <5% or less ref

 � 6%–25% 2.18 (1.81 to 2.63) <0.001

 � 26%–50% 3.98 (3.19 to 4.98) <0.001

 � 51% or more 5.25 (4.00 to 6.91) <0.001

 � Missing 2.37 (1.97 to 2.86) <0.001

 � Pelvic lymph node dissection‡ OR (CI) P-value

Grading practice laboratory§

 � Average grading ref ref

 � Low grading 0.66 (0.48 to 0.90) 0.01

 � High grading 0.92 (0.68 to 1.25) 0.6

 � Age 0.93 (0.92 to 0.95) <0.001

 � PSA (ng/mL) 1.07 (1.03 to 1.11) <0.001

Clinical T-stage

 � cT1c ref ref

 � cT2a 2.12 (1.57 to 2.86) <0.001

 � cT2b 3.48 (2.55 to 4.76) <0.001

 � Number of negative biopsies 0.96 (0.92 to 1.01) 0.1

 � Number of positive biopsies 1.15 (1.08 to 1.23) 0.001

Maximum tumour volume percentage

 � <5% or less ref

 � 6%–25% 1.37 (0.80 to 2.41) 0.3

 � 26%–50% 2.29 (1.35 to 4.03) 0.003

 � 51% or more 3.51 (2.09 to 6.16) <0.001

 � Missing 1.73 (1.05 to 2.98) 0.04

p=significant at<0.05
*Group 1—PSA <10 AND cT1c or cT2a.
†Group 1 grading practice: average grading=laboratories’ percentage of ISUP grade 
1 falls within Q1–Q3 of national median, low grading: laboratories’ percentage of 
ISUP grade 1>Q3 of national median, high grading=laboratories’ percentage of 
ISUP grade 1<Q1 of national median.
‡Group 2 - PSA 10–20 and cT1c, cT2a or cT2b stadium.
§Group 2 grading practice: average grading: laboratories’ percentage of ISUP grade 
4/5 falls within Q1–Q3 of national median, low-grading: laboratories’ percentage 
of ISUP grade 4/5<Q1 of national median, high grading: laboratories’ percentage of 
ISUP grade 4/5>Q3 of national median.
ISUP, International Society of Urological Pathology; PSA, prostate-specific antigen; 
ref, reference category.
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et al and Van Santvoort et al hypothesised that 4%–8% of 
patients in the Netherlands might receive a different treatment 
strategy after re-evaluation.28 29

Other interventions to reduce variation in GG should be 
investigated as well. Feedback reports and e-learning modules 
were successfully introduced for reducing grading variation for 
invasive breast cancer, ductal carcinoma in situ of the breast and 
colorectal adenomas.30–32 Furthermore, artificial intelligence 
systems seem promising in reducing grading variation between 
pathologists, but currently lack sufficient validation or imple-
mentation in daily pathology practice.33–35

In conclusion, this study is, to our knowledge, the first to 
signal clinical implications of interlaboratory variation in PCa 
grading. The effect is most profound for patients whose GG 
will determine whether low-risk or intermediate-risk prostate 
cancer is diagnosed. This affects the choice between AT and 
AS. It is, therefore, likely that patient outcome is affected by 
inter-laboratory grading variation. Future work should focus on 
reducing this variation.

Take home messages

	⇒ Interlaboratory variation in GG affects clinical decision-
making for 39.1% of all patients with prostate cancer.

	⇒ Patients in different institutions are more or less likely to 
undergo AT or PLND based on the laboratories’ grading 
practice.

	⇒ This likely affects patient outcome.
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