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Abstract
Introduction  Prostate cancer (PC) most of the time presents with an indolent course. Thus, delays in treatment due to any 
causes might not affect long-term survival and may not affect cancer cure rates.
Purpose  In this study, we evaluated the effect of delay-time between PC diagnosis and radical prostatectomy regarding 
oncological outcomes: Gleason score upgrade on  surgical specimen, pathologic extracapsular extension (ECE) on surgical 
specimen, and postoperative biochemical recurrence (BCR) on follow-up.
Methods  We evaluated PC patients who underwent radical prostatectomy (RP) regarding clinical and pathological findings 
and theirs respective interval between diagnosis  and surgical treatment measured in days and months. We used univariate 
and multivariate logistic regression to evaluate the impact of interval-time.
Results  A total of 908 PC patients underwent RP between 2006 and 2014. Mean age was 61.5 years, the mean time-to-
surgery was 191 days (> 6 months) and 187 (20.5%) patients had BCR, with a mean follow-up of 44 months. According 
to our analysis, no statistically significant maximum cut-off time interval between diagnostic biopsy and surgery could be 
established (p = 0.215). Regardless  of interval-time: ≤ 6 months (56.5%), 6–12 months (38.5%), and > 12 months (5.1%) 
after biopsy, we found no time interval correlated with poor oncological outcomes. This study has several limitations. It was 
retrospective and had a mean follow-up of 4 years. Additional follow-up is necessary to determine whether these findings 
will be maintained over time.
Conclusions  We showed that the time between diagnosis and surgical treatment did not affect the oncological outcomes in 
our study.
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Introduction

Prostate cancer (PC) is the most common non-cutaneous 
malignancy of the male adult and a very heterogeneous dis-
ease. Many of them present with an indolent course [1]. 
Thus, delays such as those caused by lack of health insur-
ance coverage, personal reasons, or physician or operating 
room availability [2, 3] might not affect long-term survival.

Among cancer in general, the effect of treatment delays 
has diverse results in studies published in the literature. In 
some reports, treatment delays varied according to type of 

cancer, and delays in treatment did not affect the survival 
of patients with breast or colon cancer, for example [4, 5]. 
Specifically with PC, the effect of treatment delay on long-
term survival is unclear [3, 6–10]. In the last decades, lack 
of conclusive evidence on the detrimental effects of delay-
ing PC treatment prompted clinicians to voluntarily delay 
initial management of low-risk PC cases in reported active 
surveillance (AS) cohorts with favorable long-term results 
[11]. Thus, the timing of surgical treatment for localized PC, 
whether early or relatively late (up to a certain threshold), 
may not affect cancer cure rates [12].

Treatment delay studies about PC in developing countries 
are still lacking, which has racially diverse population and 
where PC screening is not widespread [13, 14]. In this study, 
we evaluated the effect of PC treatment delay as measured 
by the time between PC diagnosis and radical prostatectomy 
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on pathologic staging and risk of biochemical recurrence in 
a large tertiary care cancer hospital in Brazil.

Methods and patients

We reviewed medical records of PC patients who under-
went radical prostatectomy (RP) from 2006 to 2014. Patients 
with incomplete clinical data or who underwent neoadju-
vant hormone therapy were excluded. We evaluated the 
following clinical and pathological variables: age, clinical 
stage, biopsy and specimen Gleason score (GS), D’Amico 
risk categories, pathologic findings of the surgical speci-
men, and PSA kinetics. All pathology slides from others 
localities were reviewed at our institution by experienced 
uropathologists who used the 2005 Gleason grading system 
[15]. The interval between diagnosis and surgical treatment 
was measured in months by subtracting the date of the diag-
nostic biopsy from the date of the RP procedure.

Statistical analysis

We developed a time-dependent receiver operating charac-
teristic (ROC) curve for the interval between biopsy and sur-
gery regarding oncological outcomes. We evaluated a cut-off 
time for delayed treatment [16]. Oncological outcomes were 
analyzed such as: Gleason score (GS) upgrade on surgical 
specimen [17], pathologic extracapsular extension (ECE) on 
surgical specimen, and postoperative biochemical recurrence 
(BCR) on follow-up. Postoperative biochemical relapse was 
considered as PSA ≥ 0.2 ng/mL in two consecutive measure-
ments [6, 7, 18, 19]. We used Chi-squared test, Fisher’s exact 
test, non-parametric Mann–Whitney test with variables. Uni-
variate and multivariate logistic regression were used for 
pathological and clinical outcomes. Variables with p ≤ 0.2 
in univariate analyses were included in the adjusted model. 
We considered in the multivariate analysis a significance 
level of 0.05. Data were analyzed using IBM SPSS version 
21 (Armonk, NY, USA). The Ethics Committee of our Insti-
tution approved this study. The researchers were waived of 
obtaining individual consent forms. We calculated the power 
of analysis for our study running analyses to cover all of the 
contingencies for independent proportions in oncological 
findings. We used the software G*Power to find the good-
ness of fit tests. This power of analysis in general must be 
higher than 0.7 [20, 21].

Results

A total of 987 PC patients who underwent RP between 2006 
and 2014 were evaluated. Of these, 77 were excluded due 
to missing data and another two were considered outliers 

and excluded because their surgery occurred over five years 
after diagnosis. A total of 908 men were analyzed. Mean 
age was 61.5 years and mean time-to-surgery was 191 days 
(> 6 months). Other demographic characteristics before sur-
gery are summarized in Table 1.

In Table 2, we reported the pathologic features of the sur-
gical specimen. Overall, the surgical specimen in 37.1% of 
patients was classified as an upgrade. Most patients had no 
positive surgical margins (n = 603, 66.3%), no ECE (n = 809, 
89.1%), or no seminal vesicle invasion (n = 865, 95.1%). 
Vascular infiltration was not observed in 878 patients 
(96.7%). Most patients had a pathological staging of pT2b.

Mean follow-up period was 44 months. In this study, 
187 (20.5%) patients had BCR, with a mean follow-up of 
44 months. A total of 224 (24.7%) patients received adju-
vant or salvage radiotherapy. Of all 908 patients, only four 
(0.4%) progressed to metastases. Additionally, 47.4, 40.8, 
and 11.9% of patients were classified into the low, intermedi-
ate and high D’Amico risk classification, respectively.

We evaluated the time interval between diagnostic 
biopsy and surgery for D’Amico risk groups regarding 
each clinical variable using an ROC curve, median, sim-
ple and multiple logistic regression, which was considered 
specimen upgrade, pathological ECE, and BCR as onco-
logical outcomes (Table 3). According to our analysis, 
no statistically significant maximum cut-off time interval 
between diagnostic biopsy and surgery could be established 
(p = 0.215). Therefore, we categorized the time interval 
in a similar modus to that found in the literature, [7, 18, 
19] i.e., patients underwent surgery within 6 months of the 
diagnosis date (56.5%), between 6 and 12 months (38.5%), 
and surgery higher than 12 months after biopsy (5.1%). 
Additionally, we also analyzed the clinical variables using 
other time intervals, dividing the group into quartiles, ter-
tiles, and quintiles. No time interval correlated with poor 
oncological outcomes. To analyze the outcome of BCR-
free survival, Kaplan–Meier curves were constructed for 
the D’Amico categories using temporal division (≤ 6, 6–12, 
and > 12 months). We observed that delays in performing RP 
did not affect BCR according to the D’Amico risk catego-
ries (Fig. 1a–c). Considering the goodness of tests: contin-
gency tables were found for oncological outcomes regarding 
our temporal division of time between biopsy and surgery: 
Upgrade (Effect size 0.105–Power 0.726), ECE (Effect size 
0.103–Power 0.714), BQR (Effect size 0.085–Power 0.699).

In addition, we calculated the PSA density (PSAd) at time 
of biopsy and at time of surgical treatment (0.141 ng/cm3). 
None of them was associated with unfavorable outcomes 
(specimen upgrade, pathological ECE, and BCR).

We have performed a correlation analysis using the num-
ber of positive cores on biopsy and oncological outcomes 
(specimen upgrade, pathological ECE, and BCR). Regard-
less of number of positive cores on biopsy the oncological 
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outcomes have no influence on considering different inter-
vals between diagnosis and surgery in our study.

This analysis revealed the relationship with GS or staging 
but no differences in the odds ratios considering the time 
interval. Regardless of delays in surgery, no statistically sig-
nificant relationship was observed between the time until 
surgery and the oncological outcomes (Table 4).

Discussion

In this study, no significant differences were found regarding 
short and intermediate-term oncological outcomes among 
low-risk, intermediate-risk, and high-risk PC patients con-
sidering time interval between diagnosis and surgery. Delays 
in surgery can occur for various reasons, such as socio-eco-
nomic or public health problems, delayed decision of the 
patient who may be unsure of the type of treatment that best 
suits him or other ones.

Many cases of PC has typically slow-growing behavior. 
The long natural history of PC was recently demonstrated 
in two randomized studies that investigated the efficacy 
of RP. In the last publication of PIVOT trial, which rand-
omized 731 men with localized prostate cancer to radical 
prostatectomy or observation. During 19.5 years of follow-
up (median, 12.7 years), death occurred in 223 of 364 men 
(61.3%) assigned to surgery and in 245 of 367 (66.8%) 

assigned to observation. They concluded that after nearly 
20 years of follow-up, surgery was not associated with sig-
nificantly lower all-cause or prostate-cancer mortality than 
observation [22]. Another randomized (PROTECT trial) 
study compared active monitoring, radical prostatectomy, 
and external-beam radiotherapy for the treatment of clini-
cally localized prostate cancer. Total of 1643 agreed to 
undergo randomization. They observed 17 prostate cancer-
specific deaths overall: 8 in the active-monitoring group, 5 
in the surgery group, and 4 in the radiotherapy group; the 
difference among the groups was not significant (p = 0.48 
for the overall comparison). At a median of 10 years, pros-
tate cancer-specific mortality was low irrespective of the 
treatment assigned, with no significant difference among 
treatments [23].

A question that may be addressed is whether younger 
patients could be exposed to a greater risk of disease pro-
gression. O’Brien et  al. [19] evaluated a sample of PC 
patients with a mean age of approximately 60 years and 
found that a higher risk of unfavorable pathological out-
comes and BCR was associated with a delay in treatment, 
even in low-risk patients. However, our study did not find 
differences between delays in treatment and pathological 
outcomes and BCR, even in younger patients (mean age of 
61.5 years), regardless of the D’Amico risk category. Similar 
to the results of our study, other studies found no differences 
in the oncological results for patients with a mean age of 

Table 1   Clinical characteristics of overall study population and by selected time-to-surgery

PSA prostate-specific antigen, SD standard deviation

Total (n = 908) ≤ 6 months (n = 514) 6–12 months (n = 346) > 12 months (n = 48)

Mean age at surgery, years (SD) range 61.5 (6.3) 39.8–79.5 61.50 (6.53) 39.8–74.6 61.0 (6.06) 43.6–79.5 61.1 (6.2) 46.7–69.3
Mean PSA at diagnosis, ng/ml (SD) range 7.88 (6.09) 0.02–53.55 7.57 (5.69) 0.02–53.5 8.27 (6.55) 0.05–52.08 8.71 (6.79) 0.62–34.03
Mean time-to-surgery, days (SD) range 191.0 (95.0) 30.0–941.0 131 (32) 30–180 233 (44) 181–357 472 (128) 361–941
Ethnicity, no. (%)
 Caucasian 627 (70.0) 364 (71.7) 238 (70.2) 24 (51.1)
 Non-caucasian 269 (30.0) 144 (28.3) 101 (29.8) 23 (48.9)
 Illiteracy, no. (%) 58 (6.5) 36 (7.1) 18 (5.4) 4 (8.3)
 Mean follow-up, months (SD) range 44 (21) 3–132 47 (21) 3–132 42 (20) 6–90 39 (20) 6–78

Biopsy Gleason score, no. (%)
 6 546 (60) 171 (60.9) 127 (58.5) 19 (63.3)
 7 311 (34.2) 92 (32.7) 80 (36.9) 11 (36.7)
 8–10 53 (5.8) 18 (6.4) 10 (4.6) 0 (0)

Clinical stage, no. (%)
 T1 596 (65.5) 333 (64.8) 228 (65.9) 34 (70.8)
 T2 285 (31.3) 165 (32.1) 106 (30.6) 13 (27.1)
 T3 29 (3.2) 16 (3.1) 12 (3.5) 1 (2.1)

D’Amico risk groups, no. (%)
 Low-risk 431 (47.4) 251 (48.8) 157 (45.4) 22 (45.8)
 Intermediate-risk 371 (40.8) 201 (39.1) 148 (42.8) 21 (43.8)
 High-risk 108 (11.9) 62 (12.1) 41 (11.8) 5 (10.4)
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approximately 60 years who experienced delayed surgical 
treatment [7, 18].

In the “National Prostate Cancer Register of Sweden,” 
Holmström et al. assessed outcomes in terms of adverse 

pathology and prostate cancer-specific mortality in men 
who underwent primary or deferred radical prostatectomy. 
They assessed 2344 men who underwent primary radical 
prostatectomy and 222 who underwent deferred radical 

Table 2   Pathologic 
characteristics of surgical 
specimen of overall study 
population and by selected 
time-to-surgery categories

Total population (n = 908) ≤ 6 months (n = 514) 6–12 months (n = 346) > 12 months (n = 48)

Gleason Score, no. (%)
 6 299 (32.9) 179 (34.8) 101 (29.2) 19 (39.6)
 7 539 (59.4) 298 (58) 213 (61.6) 28 (58.3)
 8–10 70 (7.7) 37 (7.2) 32 (9.2) 1 (2.1)

Positive surgical margins, no. (%) 
 Yes 306 (33.7) 175 (34.1) 116 (33.5) 15 (31.2)
 No 603 (66.3) 338 (65.9) 230 (66.5) 33 (68.8)

Extracapsular extension, no. (%) 
 Yes 99 (10.9) 51 (9.9) 42 (12.1) 5 (10.6)
 No 809 (89.1) 462 (90.1) 304 (87.9) 42 43(89.4)

Seminal vesicle invasion, no. (%) 
 Yes 45 (4.9) 31 (6.0) 13 (3.8) 1 (2.1)
 No 865 (95.1) 483 (94.0) 333 (96.2) 47 (97.9)

Perineural invasion, n. (%) 
 Yes 455 (50.1) 254 (49.6) 177 (51.2) 23 (47.9)
 No 453 (49.9) 258 (50.4) 169 (48.8) 25 (52.1)

Vascular invasion, n. (%) 
 Yes 30 (3.3) 14 (2.7) 15 (4.3) 1 (2.1)
 No 878 (96.7) 498 (97.3) 331 (95.7) 47 (97.9)

Lymph node stage (N), n. (%) 
 pN0 665 (73.1) 511 (99,4) 346 (100) 48 (100)
 pN1 236 (25.9) 3 (0,6) 0 (0) 0 (0)
 pN2 9 (1.0) 0 (0) 0 (0) 0 (0)

Pathological stage (T), n. (%)
 T2a 60 (6.5) 37 (7.2) 22 (6.4) 5 (10.4)
 T2b 138 (15.2) 73 (14;2) 56 (16.2) 8 (16.7)
 T2c 472 (51.9) 267 (51.9) 182 (52.6) 22 (45.8)
 T3a 189 (20.8) 104 (20.2) 73 (21.1) 12 (25.0)
 T3b 47 (5.2) 33(6.4) 13 (3.8) 1 (2.1)
 T4 4 (0.4) 3 (75) 1 (25) 0 (0)

Table 3   Predictors of Gleason 
Score upgrade and extracapsular 
extension in surgical specimen 
and biochemical recurrence 
according to time-to-surgery

PSA prostatic specific antigen, BQR biochemical recurrence (PSA ≥ 0.2 ng/mL), ECE extracapsular exten-
sion, Upgrade higher Gleason score on surgical specimen

Outcomes Total (%) ≤ 6 months (%) 6–12 months (%) > 12 months (%) p value (%)

Upgrade
No 571 (62.9) 333 (64.8) 207 (59.8) 31 (64.6) 0.326
Yes 337 (37.1) 181 (35.2) 139 (40.2) 17 (35.4)
ECE
No 808 (89.2) 462 (90.1) 304 (87.9) 42 (89.4) 0.594
Yes 98 (10.8) 51 (9.9) 42 (12.1) 5 (10.6)
BQR
No 721 (79.4) 401 (78) 281 (81.2) 39 (81.2) 0.497
Yes 187 (20.6) 113 (22.0) 65 (18.8) 9 (18.8)
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prostatectomy after an initial period of surveillance (less 
than 19 months). After a median follow-up of 8 years 0.7% 
of men in the primary radical prostatectomy group and 0.9% 
in the deferred radical prostatectomy group had died of pros-
tate cancer [22]. Considering deferred RP in AS protocol, in 
a retrospective cohort of 69 patients on AS for an average of 
29 months, van den Bergh et al. found no differences in the 
frequency of adverse pathological results between the early 
and late RP groups.

Regarding high-risk cases, the safety of delayed RP is 
not well established. Khan et al. [9] evaluated 55 men with 
intermediate- and high-risk PC as a subset of an RP cohort 
and found no association between delays in surgery greater 
than 150 days and the development of BCR. Filippou et al. 
[24] found no differences in BCR-free survival or additional 
treatment within 3 years (93 vs. 96%) between the immediate 
RP group and the surgical delay group. However, despite 
our study had smaller number of cases in high-risk group, 
we found no significant differences between the occurrence 
of BCR in patients at low, intermediate, and high risk of 
PC who experienced surgical delay, irrespective of time. In 
another study, Abern et al. performed a retrospective analy-
sis of 1561 low and intermediate-risk men treated with RP 
between 1988 and 2011. Patients were stratified by interval 
between diagnosis and RP (≤ 3, 3–6, 6–9, or > 9 months) and 
by risk using the D’Amico classification. For low-risk men, 
RP delays were unrelated to BCR, ECE, positive surgical 
margins (PSM), or upgrading (all p > 0.05). For intermedi-
ate-risk men, however, delays > 9 months were significantly 
related to BCR (HR: 2.10, p = 0.01) and PSM (OR: 4.08, 
p < 0.01). They found for men with intermediate-risk dis-
ease, delays > 9 months predicted greater BCR and PSM 
risk [25].

Vickers et al. [18] evaluated 3149 consecutive patients who 
underwent RP and the time between diagnosis and surgery 
was entered as a predictor in a multivariate logistic regression 

model predicting BCR. The authors found no clear evidence 
of a significant effect of delay to diagnosis on BCR and they 
concluded that the time between biopsy and surgery does not 
appear to have a large effect on the risk of disease recurrence 
[18]. Our cohort of low- and intermediate-risk patients was 
sufficiently large (n = 910) and our data suggest that men at 
low or intermediate-risk of PC did not have unfavorable clini-
cal or pathological outcomes when RP is performed even over 
15 months after diagnosis. We had in our study less number of 
patients in high-risk group in comparison with other ones and 
this can reduce the statistical power. However, considering the 
goodness of tests: contingency tables were found for oncologi-
cal outcomes regarding our groups power of tests around 0.7, 
and it is considered reasonable.

Our follow-up period was not long enough to include data 
from cases of metastasis or mortality data. We used BCR as 
a long-term oncological outcome because the literature has 
evidence of association between shorter time for develop-
ment of BCR after RP with higher cancer-specific mortality 
and overall mortality [26–28].

In our database, two outlier patients who underwent 
surgery for more than 5 years after a PC diagnosis were 
excluded from the analysis. Despite that both patients had 
a biopsy with a GS 6 but did not have an upgrade in the 
surgical specimen or BCR during follow-up, even with this 
increased time between diagnosis and surgery. This study 
has several limitations. It was retrospective and had a mean 
follow-up of 4 years. Another limitation is the high-risk 
group had fewer numbers of patients.

Conclusion

In this study, we have shown that the time between diagnosis 
and surgical treatment does not affect the oncological out-
comes of patients at low-, intermediate-risk group according 

Fig. 1   Kalpan–Meier curve for biochemical recurrence free survival considering time interval between diagnostic biopsy and radical prostatec-
tomy regarding D’Amico risk group
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to the D’Amico classification. The impact of delayed treat-
ment on high-risk group is still under debate. Additional 
follow-up is necessary to determine whether these findings 
will be maintained over time.
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