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Abstract
Purpose  To study the association between time from diagnosis to radical prostatectomy (RP-interval) and prostate cancer-
specific mortality (PCSM), histological findings in the RP-specimen and failure after RP (RP-failure).
Methods  Patients diagnosed with non-metastatic prostate cancer (PCa) in 2001–2010 and prostatectomized within 180 days 
of biopsy were identified in the Cancer Registry of Norway and the Norwegian Prostate Cancer Registry. Patients were strati-
fied according to risk groups and RP-intervals of 0–60, 61–90, 91–120 and 121–180 days. Aalen-Johansen and Kaplan–Meier 
methods estimated curves for PCSM, RP-failure and overall mortality. Multivariable Cox regressions and Chi-square tests 
were used to evaluate the impact of RP-interval on outcomes.
Results  In 5163 eligible patients, the median time from diagnosis to RP was 93 days (range 1–180). Risk group distribution 
was similar in all RP-interval groups. With almost eight years of observation, no association was found between RP-interval 
and PCSM in the intermediate-or high-risk groups. Increasing RP-interval did not increase the rate of adverse histological 
outcomes or incidence of RP-failure.
Conclusions  Increasing RP-interval up to 180 days was not associated with adverse oncological outcomes at eight years 
follow-up. These findings should be considered when planning for prostatectomy.

Keywords  Mortality · Outcomes · Prostate cancer · Radical prostatectomy · Timing

Introduction

More than 90% of men diagnosed with prostate cancer 
(PCa) today have no distant metastases [1]. Patients with 
a life expectancy of 10 or more years are considered can-
didates for curative treatment with radical prostatectomy 
(RP) or high-dose radiotherapy (RAD) [2]. Treatment is Electronic supplementary material  The online version of this 

article (https​://doi.org/10.1007/s0034​5-018-2570-6) contains 
supplementary material, which is available to authorized users.
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generally provided as soon as possible after diagnosis, or 
in selected low-risk patients preceded by a period of active 
surveillance (AS).

It is a common perception among patients, physi-
cians and decision-makers that delay in cancer treatment 
adversely affects oncological outcomes. Reports docu-
menting analyzes of the association between time-to-
treatment and clinical outcomes, however, show equivocal 
findings among different cancer types [3–7]. The length 
of time from diagnosis to RP (‘RP-interval’) has not been 
shown to impact long-term oncological outcomes, even 
when months and years have elapsed since diagnosis 
[8–11]. In contrast, other studies have shown unfavorable 
effects on pathological outcomes [8, 12] and biochemical 
recurrence (BCR) rates [8, 13].

For cancer patients, delays in diagnosis and treatment 
may aggravate psychological distress [14]. In line with 
other European countries, the Norwegian health authori-
ties implemented in 2015 a fast track cancer patient path-
way (CPP) for patients with suspected PCa, providing 
upper limits for time intervals from referral to diagnosis 
and start of treatment (Online Appendix 1).Such stand-
ardized CPPs may possibly meet the emotionalneeds and 
expectations of the patients. However, currently there is 
little scientific evidence to support that RP beyond a cer-
tain time will adversely affect oncological outcomes in 
PCa patients.

With this background, our observational study primar-
ily investigates the relation between the length of the RP-
interval and PCa-specific mortality (PCSM). Secondar-
ily, we evaluated the association between RP-intervals 
and adverse histological findings in the RP specimen and 
incidence of failure after RP (‘RP-failure’).

Material and methods

Data sources

Data were extracted from the Cancer Registry of Nor-
way (CRN) and the Norwegian prostate cancer registry 
(NoPCR). For prostatectomized patients, these registries 
contain demographic data and basic diagnostic variables, 
including the date of the first cancer-positive biopsy and 
RP, along with histopathological findings in the RP speci-
men [15]. The referral and treatment decision dates are 
not recorded in the CRN. Data on radiotherapy and death 
statistics can be extracted, but information on disease pro-
gression or post-RP systemic therapy is not available. The 
study was approved by the Regional Committee for Medi-
cal and Health Research Ethics (2011/1746).

Patients

Eligible patients had to meet the following criteria:

•	 Diagnosis of  non-metastatic PCa in the time 
period 2001–2010

•	 RP within 180 days of the first cancer-positive biopsy
•	 PSA ≤ 100 ng/mL
•	 Biopsy Gleason score (GS) ≥ 5
•	 Information on clinical (c) T-category, PSA and GS to 

allow risk group categorization

Patients whose diagnosis was based on cysto-prostatec-
tomy or who were treated abroad were ineligible.

Data management

Patients were divided into RP-interval groups according to 
the time from the first cancer-positive biopsy to RP (0–60, 
61–90, 91–120 and 121–180 days). Considering time from 
biopsy to treatment decision, the first RP-interval is in 
accordance with the maximum RP waiting time of 32 days 
depicted in the CPP.

Patients were stratified into low-, intermediate-or high-
risk groups according to the European Association of 
Urology Guidelines 2017 [2].

Low-risk: PSA < 10 ng/mL and GS < 7 and cT1–T2a
Intermediate-risk: PSA 10–20 ng/mL or GS 7 or cT2b
High-risk localised: PSA > 20 ng/mL or GS > 7 or cT2c
High-risk locally advanced: any PSA, any GS, cT3–4

In less than 10% of the cohort (n = 439) data for risk 
group categorization was missing, and imputation was 
deemed unnecessary.

If a patient was recorded with an unknown cT2 sub-
group (n  = 618), he was allocated to the localized high-
risk group if he had a GS >7 or PSA > 20 ng/mL, and to 
the low-risk group if he had a GS < 7 and PSA< 10 ng/mL. 
All other cT2x tumors were included in the intermediate-
risk group. Information on the node (N) category was not 
available, but performing RP in patients with known N+ 
disease was not common practice in this time period.

Based on the routinely recorded histopathology of the RP 
specimen, we considered tumors to be upstaged if the T-cat-
egory increased by ≥ 2 categories in cT1 patients (patho-
logical ≥ T3) and ≥ 1 category in ≥ cT2 patients. Patients 
were stratified into biopsy GS-categories (GS 5–6, GS7a, 
GS7b, GS8, GS9–10). Tumors were considered upgraded if 
the pathological GS increased by at least one category com-
pared to the biopsy GS. Patients were furthermore divided 
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into groups based on the time of diagnosis (2001–2007 and 
2008–2010) to account for the implementation of the 2005 
International Society of Urological Pathology (ISUP) GS 
modifications in Norway [16].

RP-failure, as available from the CRN, was defined as 
having received post-RP pelvic RAD (≥ 50 Gy) or mammil-
lary RAD, whatever occurred first, indicating BCR. In the 
time of this cohort, prophylactic mammillary RAD was com-
mon practice before initiation of anti-androgen treatment.

Statistical analyzes

Patients were followed from the date of RP until the date of 
study outcomes (death from PCa or RP-failure), death from 
other causes, emigration or end of follow-up (December 31st 
2015), whichever came first. Overall mortality was estimated 
using the Kaplan–Meier method. The Aalen–Johansen esti-
mator estimated PCSM, treating death from other causes as 
a competing risk, and RP-failure, treating death from any 

Table 1   Patient characteristics

a Eight patients had cT4 tumors
b Except basal cell carcinoma

Time from diagnosis to RP (days)  ≤ 60 61–90 91–120 121–180 Total
 Median (range) 50 (1–60) 76 (61–90) 105 (91–120) 145 (121–180) 93 (1–180)

No. of patients (%) 854 (16.5) 1584 (30.7) 1314 (25.5) 1411 (27.3) 5163 (100)
Year of diagnosis
 2001–2007 453 (53.0) 859 (54.2) 640 (48.7) 666 (47.2) 2618 (50.7)
 2008–2010 401 (47.0) 725 (45.8) 674 (51.3) 745 (52.8) 2545 (49.3)

Risk group
 Low 242 (28.3) 441 (27.8) 368 (28.0) 406 (28.8) 1457 (28.2)
 Intermediate 347 (40.6) 677 (42.7) 580 (44.1) 613 (43.4) 2217 (42.9)
 High localized 195 (22.8) 313 (19.8) 251 (19.1) 274 (19.4) 1033 (20.0)
 High locally advanced 70 (8.2) 153 (9.7) 115 (8.8) 118 (8.4) 456 (8.8)

Age (years)
 Median (range) 62 (39–75) 62 (39–76) 62 (42–77) 62 (42–76) 62 (39–77)
   60 400 (46.8) 721 (45.5) 619 (47.1) 606 (42.9) 2346 (45.4)
  61–65 261 (30.6) 506 (31.9) 456 (34.7) 497 (35.2) 1720 (33.3)
  66–70 177 (20.7) 322 (20.3) 216 (16.4) 267 (18.9) 982 (19.0)
   71 16 (1.9) 35 (2.2) 23 (1.8) 41 (2.9) 115 (2.2)

cT-category
 T1 383 (44.8) 718 (45.3) 614 (46.7) 712 (50.5) 2427 (47.0)
 T2 401 (47.0) 713 (45.0) 585 (44.5) 581 (41.2) 2280 (44.2)
 T3–4a 70 (8.2) 153 (9.7) 115 (8.7) 118 (8.4) 448 (8.7)

PSA level
 < 10 594 (69.6) 1102 (69.6) 942 (71.7) 943 (66.8) 3581 (69.4)
 10–20 219 (25.6) 408 (25.8) 309 (23.5) 389 (27.6) 1325 (25.7)
 > 20 41 (4.8) 74 (4.7) 63 (4.8) 79 (5.6) 257 (5.0)

Gleason score
 5–6 385 (45.1) 741 (46.8) 591 (45.0) 717 (50.8) 2434 (47.1)
 7a 243 (28.5) 502 (31.7) 448 (34.1) 430 (30.5) 1623 (31.4)
 7b 116 (13.6) 188 (11.9) 157 (11.9) 167 (11.8) 628 (12.2)
 8 92 (10.8) 114 (7.2) 89 (6.8) 75 (5.3) 370 (7.2)
 9–10 18 (2.1) 39 (2.5) 29 (2.2) 22 (1.6) 108 (2.1)

Other cancer at the time of diagnosisb

 0 816 (95.6) 1517 (95.8) 1251 (95.2) 1353 (95.9) 4937 (95.6)
 ≥ 1 38 (4.4) 67 (4.2) 63 (4.8) 58 (4.1) 226 (4.4)

Dead all causes 73 (8.5) 141 (8.9) 98 (7.4) 92 (6.5) 404 (7.8)
Cause of death
 PCa 18 (2.1) 42 (2.7) 20 (1.5) 19 (1.3) 99 (1.9)
 Other 53 (6.2) 97 (6.1) 75 (5.7) 72 (5.1) 297 (5.8)
 Unknown 2 (0.2) 2 (0.1) 3 (0.2) 1 (0.1) 8 (0.2)
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cause as a competing risk. To compare PCSM- and RP-
failure development across patient groups we estimated a 
univariable Fine-Gray regression and performed a Wald test 
of equality of coefficients. Multivariable Cox-regressions 
documented the impact of RP-interval on the cause-specific 
hazard of PCa death, as well as the cause-specific hazard 
of RP-failure, adjusting for potential confounding factors. 
Standard chi-square tested the association between the RP-
interval groups and the rates of upstaging, upgrading and 
surgical margin status. A p value of < 0.05 was considered 
statistically significant. Data were analyzed using the IBM 
Statistical Package for the Social Sciences (SPSS) version 
23 and Stata version 14.2.

Results

In the 5163 evaluable patients, 17%, 31%, 26% and 27% 
of patients underwent RP 0–60, 61–90, 91–120 and 
121–180 days from diagnosis (Table 1). The median time 
from diagnosis to RP was 93 days (range 1–180). The age 
and risk group distribution were similar in all RP-interval 

groups. Of all patients included in this cohort, 29% had 
high-risk disease. Among these, 18% were treated with RP 
within 60 days compared to 26% between 121–180 days 
from diagnosis.

After a median follow-up of 7.9 years (range 0–15), 99 
patients (1.9%) had died from PCa (Table 1). For all patients, 
the 5-year and 10-year PCSM rates were 0.7% and 2.5%, 
respectively, without any significant difference between time 
periods (Supplementary Table 5, Supplementary Fig. 3). 
In the intermediate-risk, high-risk localized and high-risk 
locally advanced groups, there were no significant differ-
ences in PCSM according to RP-interval (Fig. 1). A sta-
tistically significant difference emerged for patients in the 
low-risk group (p < 0.001), but this analysis was regarded 
as invalid due to event paucity. On multivariate analysis cT-
category, biopsy GS and risk group were associated with 
PCSM, but not RP-interval, PSA, age group or year of diag-
nosis (Table 2a, b).  

No associations between the length of the RP-interval 
and the rate of upstaging (22%) or upgrading (34%) were 
demonstrated (Tables 3, 4). The surgical margins were posi-
tive in 28% of the RP specimens (low-risk: 23%, high-risk: 
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35%). Increasing RP-interval was not associated with higher 
rates of positive surgical margins (PSM) in any risk group 
(Tables 3, 4).

After a median time of 1.9 years (range 0.1–12.5) after 
RP, 1273 patients (24.7%) experienced RP-failure. Of these, 
528 (41.5%) belonged to the high-risk group at the time of 
diagnosis. In all risk groups, increasing RP-interval was 
significantly associated with decreased probability of RP-
failure (Fig. 2). This finding was confirmed in multivariate 
analysis (Online Appendix 2). With low-risk group as refer-
ence increasing risk group was associated with significantly 
increasing hazard ratios of RP-failure (Online Appendix 2).

Discussion

In this population-based cohort with a follow-up time of 
almost eight years, increasing RP-interval up to 180 days 
was not associated with increased PCSM in intermediate-or 
high-risk patients, or with adverse histological outcomes or 
RP-failure in any risk group.

Our findings are in agreement with a systematic review by 
Van den Bergh et al. concluding that an association between 
the timing of RP and PCSM has not yet been documented 
[8]. The majority of reviewed studies included low and inter-
mediate-risk patients only. Importantly, as shown by Korets 
et al. and Redaniel et al., this finding confirmed by us, is also 
valid for high-risk patients [9, 17].

The documented PCSM rates in this cohort are com-
parable to other observational studies covering patients 
diagnosed in the same time period [ 18–22]. As expected 
with a large proportion of high-risk patients, the PCSM is 
higher than demonstrated in the Protect trial including only 
screening-detected patients with intra-capsular tumors [23]. 
Despite a shift towards a larger proportion of prostatecto-
mized patients having high-risk disease (2001–2007: 25.2%, 
2008–2010: 32.6%), we observed no difference in PCSM for 
patients diagnosed in the early versus late period, possibly 
explained by a decrease in the rate of PSM and intensified 
adjuvant and salvage treatment in the late period [24].

The observation that increasing RP-interval was not asso-
ciated with adverse pathological outcomes in our study is 
in agreement with Sun et al. who found that timing of RP 
did not affect the rate of upstaging [25]. Neither did Korets 
et al. find an impact of time from the last positive biopsy 
to RP on the rate of upgrading or pT-categorization [17]. 
On the contrary, Berg et al. observed, in patients from the 
same institution, a significant increase in the proportion of 
adverse pathological outcomes (upstaging, seminal vesicle 
invasion, positive lymph nodes, upgrading, PSM) with RP 
beyond 75 days, ranging from 30 to 150 days depending 
on the GS and PSA level at the time of diagnosis [12]. In 
terms of recurrence, Abern et al. found that a delay beyond 
9 months was significantly related to PSM and BCR in low- 
and intermediate risk patients [27], while Zanaty et al. found 
a positive association between increasing time to RP and 

Table 2   Multivariate analysis of PCa-specific mortality

HR (95% CI) p value

(a)
RP-interval
 1 1
 2 1.46 (0.83–2.54) 0.186
 3 0.94 (0.49–1.78) 0.840
 4 0.89 (0.46–1.71) 0.729

Age (year)
 < 60 1
 ≥ 60 1.44 (0.91–2.29) 0.118

cT-category
 T1 1
 T2 1.63 (1.00–2.65) 0.048
 T3 2.62 (1.46–4.71) 0.001
 T4 – –

PSA (ng/mL)
 <10 1
 10–20 1.46 (0.96–2.22) 0.076
 >20 1.03 (0.41–2-60) 0.953

GS
 5–6 1
 7a 1.80 (0.98–3.31) 0.055
 7b 4.79 (2.54–9.03) 0.000
 8 7.9 (4.15–15.14) 0.000
 9–10 18.60 (9.20–37.60) 0.000

Time of diagnosis
 2001–07 1
 2008–10 1.01 (0.62–1.65) 0.966

(b)
RP-interval
 1 1
 2 1.24 (0.71–2.15) 0.452
 3 0.78 (0.41–1.47) 0.441
 4 0.70 (0.37–1.35) 0.289

Risk group
 Low 1
 Intermediate 4.01 (1.78–9.02) 0.001
 High localized 8.14 (3.55–18.68) 0.000
 High locally advanced 13.98 (6.02–32.49) 0.000

Age (year)
 < 60 1
 ≥ 60 1.54 (0.98–2.43) 0.064

Time of diagnosis
 2001–2007 1
 2008–2010 1.15 (0.71–1.87) 0.575
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BCR in the high-risk group beyond 90 days [13]. The major-
ity of studies, however, do not show increased incidence of 
BCR with increasing RP-interval, and our findings support 
these data [8]. We were surprised to find that the risk of 
RP-failure decreased with increasing RP-interval. This find-
ing may indicate that patients with shorter RP-intervals had 
more aggressive disease than reflected by our co-variates 
(e.g., the number of biopsy cores involved with cancer, the 
percentage of cancer within each biopsy core, PSA doubling 
time).

We do not know the reasons for increasing RP-interval 
in this cohort. National guidelines were not implemented 
in Norway until 2009, and clinical decisions were mainly 
based on preferences of the treating physician. Increasing 
age, a co-existing cancer diagnosis or more favorable tumor 
characteristics did not explain increasing RP-intervals. AS 
was not formally recorded in the CRN at this time.

The implementation of CPPs in Norway is a political 
initiative based on the Danish model aiming to improve 
quality of PCa care [28]. By streamlining services, patients 
are provided with an efficient and predictable path in close 
dialog with the hospital, avoiding unnecessary delays. The 
CPP may facilitate better hospital organization and planning 

based on available resources and ensure equal cancer han-
dling across regions.

There are, however, challenges with the implementation 
of the CPP. The time limits for diagnosis and treatment of 
PCa have proven difficult to put in practice and are currently 
complied with in about half of the cases. Contrary to the 
intention of the CPP, patients may suffer additional distress 
from treatment delay as they anticipate worse prognosis 
with RP beyond 32 days [29]. The medical rationale behind 
the time limit for RP, being independent of individual risk 
assessment, is questioned by clinicians. Medically related 
delay, like health status optimization or extensive pre-opera-
tive planning, may be necessary in selected patients. Moreo-
ver, in a time with emerging therapeutic options, patients 
may wish to seek second opinions before deciding on treat-
ment. Patient preferences and expectations regarding treat-
ment are highly dependent on in-depth counseling by the 
treating physicians. In our opinion, these priorities, although 
time-consuming, better reflect quality of PCa care than strict 
adherence with time limits for RP.

There are several limitations to this study. Firstly, 
although the registration of new cases of PCa in the CRN is 
close to complete, the reporting of post-diagnosis outcomes 
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is less exhaustive [1]. Secondly, histological evaluation of 
prostate biopsies was performed by multiple pathologists 
without central review, and patients diagnosed before the 
implementation of the 2005 ISUP modifications were evalu-
ated according to the old Gleason grading system. Third, 
information on eventual re-biopsies or pre-RP changes in 
PSA or clinical stage was not available. Fourth, our data 
on RP-failure underestimates the true incidence of BCR, 
because the CRN and NoPCR provided no information on 
post-RP PSA or androgen-deprivation therapy for distant 
metastasis. Fifth, in older patients, the cause of death may 
be uncertain as shown in a previous report from the CRN 
[30]. Finally, this study did not investigate the associations 
between increasing RP-interval and functional or psycho-
logical outcomes. The strength of this study is the long-term 
follow-up of a large population-based cohort of patients with 
RP as initial treatment, of which almost one third of the 
patients had high-risk disease.

Conclusions

Based on the above, the time from diagnosis to RP per-
formed within 6 months of diagnosis is not associated with 
adverse oncological outcomes at eight years follow-up. 
These findings should be taken into consideration when 
counseling candidates for prostatectomy and planning sur-
gical resources at the hospitals. Our study warrants revision 
of the length of the RP-interval in the current Norwegian 
CPP for PCa.
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