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Abstract

Purpose—MRI targeted prostate biopsy has been shown to find many high-grade prostate 

cancers in men with concurrent negative transrectal ultrasound (TRUS) systematic biopsy. The 

oncologic risk of such tumors can be explored by looking at long-term outcomes of men with 

negative TRUS-biopsy followed without MRI. The aim was to analyze the mortality after initial 

and second negative TRUS-biopsy.

Materials and methods—All men who underwent initial TRUS-biopsies between January 

1st, 1995 and December 31st, 2016 in Denmark were included. A total of 37,214 men had a 

negative initial TRUS-biopsy and 6,389 underwent a re-biopsy. Risk of cause-specific mortality 

was analyzed with competing risks. Diagnosis of Gleason score ≥7 prostate cancer following 

negative biopsies was analyzed with multivariable logistic regression including time to re-biopsy, 

PSA, age and digital rectal examination.

Results—The 15-year prostate cancer-specific mortality was 1.9% (95% CI: 1.7 – 2.1). Prostate 

cancer-specific mortality was 1.3% (95% CI: 0.9–1.6) and 4.6% (95% CI: 3.4 – 5.8) for men with 

PSA < 10 ng/ml and > 20 ng/ml, respectively. 12% of the TRUS re-biopsies were Gleason score 

≥7 and risk of Gleason score ≥7 increased with longer time to re-biopsy (p<0.001). Mortality after 

re-biopsy was similar to after initial biopsy.
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Conclusions—Men with negative TRUS-biopsies have a very low prostate cancer-specific 

mortality, especially with PSA <10. This raises serious questions about the routine use of MRI-

targeting for initial prostate biopsy and suggests that MRI-targeting should only be recommended 

for men with PSA >10 ng/ml after negative biopsy.
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Introduction

For many years, standard management for a man with elevated prostate-specific antigen 

(PSA) involved systematic transrectal ultrasound-guided (TRUS) biopsy. Systematic 

sampling is not 100% sensitive and TRUS re-biopsy diagnoses an additional 10–12% of 

cancers1–3. These observations led to the development of targeted biopsy, where several 

biopsy cores are directed towards lesions mostly identified by magnetic resonance imaging 

(MRI). Numerous studies have shown that significant proportions of men with negative 

TRUS biopsy have prostate cancer detected on MRI-targeted biopsy4. For instance, the Trio 

study included 999 men with negative TRUS biopsy of whom 208 (21%) had cancer on 

MRI-targeted biopsy, with 134 Gleason score ≥ 7 cancers and 37 Gleason score 8 – 10 

cancers5.

There are reasons to believe that Gleason grading will be higher in MRI targeted biopsies 

compared to systematic TRUS biopsies6. In brief, taking multiple cores at an MRI lesion 

and selecting the core with the highest grade will, on average, lead to a higher grading than 

a single needle placed at a location that is systematic for the prostate, yet random with 

respect to the tumor6. Thus, it is important to understand which patients with negative TRUS 

biopsy are at high risk of a missed lethal prostate cancer and, moreover, determine how 

TRUS re-biopsy performs in a population-based setting7–9. Here, we build on our previously 

published result, including additional analysis of men with re-biopsies and extended follow-

up8. We are particularly interested in mortality at 10 – 15 years as it seems unlikely, even 

given the prolonged lead time of prostate cancer, that failing to identify a cancer on TRUS 

biopsy would mean a missed opportunity for cure, if mortality occurred more than 10 – 15 

years subsequently. As a second aim, we assessed the risk of a cancer diagnosis following a 

negative initial biopsy and mortality in men with a later re-biopsy for suspicion of prostate 

cancer.

Methods

Data acquisition

The Danish Prostate Cancer Registry (DaPCaR) is a population-based database including 

information on all men who underwent histopathological assessment of prostate tissue 

merged with national registries on patient-level10. The inclusion period was January 1st, 

1995 to December 31st, 2016. The registry is approved by the Danish Data Protection 

Agency (file number: 2012–41-0390), the Research Ethics Committee of the Capital 

Region of Denmark (local journal number: VD-2019–38), and the Danish Patient Safety 
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Authority with reference 3–3013-2814/1. Data included the clinical assessment at initial 

TRUS-biopsies, findings at the initial TRUS-biopsies and the first TRUS re-biopsy, age 

at biopsy, PSA-values, histopathological assessments, method of sampling, and causes of 

death (prostate cancer or other causes). Danish guidelines recommended six biopsies cores 

taken until early 2000 and since have recommended 10–12 biopsy cores. Cause of death 

was obtained from the Danish Cause of Death Registry, and vital status from the Central 

Personal Registry. For all men with an initial negative biopsy and registered prostate cancer-

specific death the medical records were reviewed from time of cancer suspicion until death, 

by two experienced urologists. The latest PSA-values were included if taken within two 

years before the TRUS-biopsies. In DaPCaR all digital rectal examinations (DRE) have 

been classified according to the TNM definition. Here we define cT1 and a negative biopsy 

as “normal DRE”. Non-unique personal identification numbers (e.g. non-Danish residents), 

men with MRI of the prostate prior to TRUS and men who emigrated were excluded. The 

histological assessment followed the guidelines from the International Society of Urological 

Pathology (ISUP) at the time of biopsy. Benign findings were defined as negative biopsies. 

Follow-up was from time of initial biopsy until death or censoring date (e.g. last known 

date of vital status, 31–12-2019). As a population-based registry, there was no standardized 

follow-up subsequent to a negative biopsy.

Statistical analysis

Median follow-up was calculated as the time from negative biopsy until censoring by 

reverse Kaplan Meier estimate. Overall mortality was estimated using cumulative incidence. 

For mortality analysis, a competing risk model, with prostate cancer-specific and other 

cause death as competing events, was used, including univariate analysis with PSA as 

stratification. To determine the relation of PSA with mortality in conjunction with cT-

category, a non-parametric regression model with locally estimated scatterplot smoothing 

(LOESS) on PSA for men with normal DRE was used. The risk of detecting Gleason score 

≥7 in re-biopsy was estimated using a multivariable logistic regression model including time 

between the initial biopsy and the first re-biopsy, with restricted cubic splines, PSA, DRE, 

and age at the time of initial biopsy. Statistical analyses were performed with R version 4.0.4 

and p-values < 0.05 were considered significant11. The dataset is available upon request to 

the authors and the Danish Data Protection authorities.

Results

A flow-chart is depicted in Figure 1, a total of 86,989 men with an initial TRUS-biopsy set 

were eligible for analysis. The median follow-up was 10 years [IQR: 7 – 13] and 6040 men 

were followed longer than 15 years. Clinical characteristics of each specific cohort is shown 

in Table 1.

Men with initial TRUS-biopsy

Prostate cancer was diagnosed in 47,801 men at initial biopsy, of which 34,784 with Gleason 

score ≥ 7 (Table 1). The 15-year prostate cancer-specific and other-cause mortality following 

initial TRUS-biopsies was 20.6% (95% confidence interval (95% CI): 20.2 – 20.9) and 35% 

(95% CI: 34.6 – 35.5), respectively (Supplementary Figure A & Supplementary Table 2). An 
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association between the PSA-level, at the time of biopsy, and mortality was found (p<0.001, 

by cause-specific Cox regression), with increased other-cause and prostate cancer-specific 

mortality for men with a higher PSA (Supplementary Figure B).

Men with negative initial TRUS-biopsy

37,214 men had a benign histopathological evaluation of the initial TRUS-biopsy. During 

follow-up, 10,076 men died following an initial negative TRUS-biopsy, with 428 prostate 

cancer deaths. The 15-year prostate cancer-specific and other cause mortality was 1.9% 

(95% CI: 1.7 – 2.1) and 37.6% (95% CI: 36.8 – 38.3), respectively (Supplementary Figure 

C & Supplementary Table 3). The median age at prostate cancer-specific death was 80 years 

[IQR: 74 – 85] (Table 1).

There was a strong association between PSA and prostate cancer-specific mortality (p<0.001 

by Gray’s test; Figure 2 & Supplementary Table 1). Prostate cancer-specific mortality at 

year 15 was 1.3% (95% CI: 0.9 – 1.6), 2.3% (95% CI: 1.6 – 3.0) and 4.6% (95% CI: 3.4 – 

5.8) for men with PSA < 10 ng/ml, PSA 10 – 20 ng/ml and PSA > 20 ng/ml, respectively. 

An association between PSA and mortality of both prostate cancer-specific and other-cause 

was found in men with normal DRE, e.g. men with higher PSA had higher mortality 

(p<0.001, by cause-specific Cox regression; Figure 3).

Men with TRUS re-biopsy

A total of 6,389 men with an initial negative biopsy and PSA-values underwent TRUS 

re-biopsies more than 30 days after their initial TRUS-biopsy (Table 1). The median time 

from the initial biopsy to the re-biopsy was 392 days [IQR: 151 – 1,121]. The number 

of re-biopsies was 3,527 out of 8,731 and 2,862 out of 10,363 for men below and above 

70 years of age, respectively. The median PSA-level before re-biopsies was higher than 

before the initial negative biopsy (Table 1). More than 75% of the re-biopsies were negative 

and only 12% of the re-biopsies were found to have Gleason score ≥7 (Table 1). The risk 

of subsequently being diagnosed with Gleason score ≥7 increased with the time between 

biopsies (p<0.001, Figure 4). The relation between PSA and prostate cancer-specific and 

other-cause mortality after negative secondary biopsy closely resembled that of the relation 

shown after initial negative biopsy in men with normal DRE (Supplementary Figure D).

Discussion

Here we confirm the previously reported low prostate cancer-specific mortality after initial 

negative TRUS-biopsy with extended follow-up. We show that PSA has a strong relation 

with prostate cancer-specific mortality, with a much higher mortality in men with PSA 

above 10 ng/ml. This casts doubt on efforts to improve the sensitivity of prostate biopsy 

for lethal disease. Hence, while our data raises serious questions as to the value of routine 

MRI-targeting at initial biopsy, they also suggest a natural role for MRI-targeting as a reflex 

option in men with negative systematic biopsy and high PSA. We should also emphasize that 

our results pertain specifically to MRI-targeting, not to MRI in general. It remains plausible, 

for instance, that avoiding biopsy in men with negative MRI could reduce overdiagnosis and 

overtreatment.
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Our findings indicate that systematic biopsies, in men at average risk undergoing 

initial biopsy, are sufficiently sensitive for lethal cancer, challenging recent guideline 

recommendations12. MRI-targeting finds many Gleason score ≥7 cancers in men with 

negative systematic biopsy. Our results suggest that few of these lesions will develop into 

significant disease in terms of cancer-specific mortality. Accordingly, our findings support 

the contention that MRI-targeting leads to a high risk of overdiagnosis and overtreatment.

Several other studies have found similarly low prostate cancer-specific mortality following 

negative biopsy. In the Gothenburg PSA Screening Trial, there were five deaths by 20 years 

in 452 men with initial negative biopsy, of which three occurred in men with high PSA 

(12.5, 33.5, 73.1 ng/ml). Both of the men with PSA < 10 ng/ml who died ceased followed-up 

at 70 due to the study protocol, an approach that would not be taken in contemporary 

practice; even including these men, 20-year mortality for PSA < 10 ng/ml was 0.6%9. The 

Rotterdam arm of the ERSPC reported a mortality of 0.2%, 11 years after initial negative 

biopsy, but results did not specify PSA-levels13. Our estimates are modestly higher, and the 

most plausible explanation is the lack of standardized follow-up in our population-based 

data and that many men in this historic cohort also only underwent sextant biopsies. During 

the study period, there were no Danish clinical guidelines for men with previous negative 

biopsies, with the decision to perform new biopsies or other investigations following the 

initial negative biopsy in the hands of the treating physician. In contrast, patients with 

negative biopsy in the screening trials had regular repeat PSAs, with follow-up biopsy if 

PSA remained elevated. It seems likely that some of the deaths in our study would have been 

prevented by more careful monitoring following negative biopsy.

This study is an updated version of a previous Danish study by Klemann et al. criticized 

for a short follow-up and a low number of men included8,14. Additionally, the historic 

nature of the cohort has been criticized for not resembling the contemporary management 

of men referred for biopsy. Recently, two prospective MRI studies including systematic 

TRUS-biopsy have reported diagnostic hit rates for the initial biopsies comparable to the 

current study. In the BIDOC-study, the detection rate was 34% in a cohort with median age 

of 67 years (IQR: 61–71) and median PSA of 8 ng/ml (IQR: 5.7 – 13.0)15. The PRECISION 

trial, A selected cohort of younger men with lower PSA and fewer clinical suspicious 

findings compared to our study, reported a 26% detection rate by TRUS-biopsies16. If we 

approximated the same inclusion criteria in our cohort, the diagnostic hit rate for Gleason 

score ≥7 prostate cancer is 22 – 30%.

There are some differences in estimates reported here in comparison with our former 

publication. In the first analysis in men with PSA < 10 ng/ml, Klemann et al. reported 

prostate cancer-specific mortality of 0.7% compared to 1.3% in here at 15 years. This 

difference could reflect a chance finding, but also reflect the fact that we identified more 

PSAs from the first cohort from 1995–2011 now included here and added significantly more 

men and follow-up. Secondly we did a more in-depth analysis of cause of death due to 

changes in our cause of death registry8 and assessed medical history from time of cancer 

suspicion of all prostate cancer-specific deaths Therefore, we also find that a higher prostate 

cancer-specific mortality in patients with PSA > 20 ng/ml.
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In our study, the low, 12% rate of Gleason score ≥7 is comparable to the finding in Drost 

et al.17. The median PSA in the re-biopsy setting was higher than at the initial biopsy, 

indicating a selection towards men with persistent elevated or rising PSA. The probability of 

finding a Gleason score ≥7 in the TRUS re-biopsies was low for the first five years and about 

30% after 15 years. Prostate cancer-specific mortality was only twice as high compared to 

the initial negative biopsy. This reflects that lethal lesions are difficult to diagnose early and 

perhaps lethal cancers are newly emerging, fast-growing tumors that occur by chance late 

in life because the patient has survived long enough18. This is substantiated by the median 

age of 80 years at death from prostate cancer. If not all prostate cancer-specific deaths 

after negative TRUS biopsy could have been prevented, had the initial biopsy involved 

MRI-targeting, then the effects of MRI-targeting of mortality would be weakened.

A relationship between PSA and other-cause mortality was observed. Only a few studies 

have investigated this relationship, but results of other population-based analyses lead 

to speculate that rising PSA is also associated with other cause mortality8,9,19–22. The 

explanation for this relationship is unclear, but there are several potential explanations. The 

most plausible explanation is a referral artifact: there is a lower propensity to PSA testing 

and taking of a biopsy in men who have comorbidities; such men are only likely to undergo 

a PSA test or biopsy if they represent themselves with clear clinical symptoms. Another 

explanation is that a high PSA could be associated with other medical conditions, such as 

inflammatory diseases, independently related to an increased mortality. Further research is 

warranted to explore the association between PSA and other-cause mortality.

The main strength of this study is related to the large population-based cohort including 

all men referred for TRUS-biopsies and re-biopsy in Denmark, and the long follow-up. 

The study is based on national registries ensuring complete follow-up. A major limitation 

is the lack of information regarding PSA-values for many men as well as information on 

reasons for referral. Future studies must address if other markers, such as prostate volume, 

PSA density, PSA kinetics, or serum/urine biomarkers, can further aid in defining who 

needs additional follow-up in the presence of initial negative biopsies. We excluded men 

with a re-biopsy within 30 days of the initial biopsies to avoid the likelihood of the second 

assessment to be either a revision of the initial biopsy or re-biopsies in men with overt 

prostate cancer undergoing biopsies immediately following false negative examination. This 

is rare in practice, and so is unlikely to importantly affect our results.

Conclusion

In men with negative biopsies, later prostate cancer-specific mortality is low, especially 

in men with PSA < 10 ng/ml. Prognosis was similar for men who undergo re-biopsies 

for persistently elevated PSA after previous negative biopsies. Our findings raise serious 

questions about the routine use of MRI-targeting for initial prostate biopsy compared 

to reflex use for men with high PSA after negative biopsy. Further investigation of the 

association between PSA and other cause mortality is planned to determine the mechanism.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Flow chart for the cohort.

Abbreviations: MRI: magnetic resonance imaging, PCa: prostate cancer, PIN: prostatic 

intraepithelial neoplasia, PSA: prostate specific-antigen, TRUS: transrectal ultrasound-

guided.
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Figure 2: 
Cumulative incidence of prostate cancer-specific mortality after initial negative transrectal 

ultrasound-guided biopsies, stratified on prostate-specific antigen (PSA) values (N=19,094).
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Figure 3: 
Non-parametric regression model with locally estimated scatterplot smoothing (LOESS) for 

prostate-specific antigen (PSA) of men with cT1 at the time of initial biopsy for men with 

benign histopathological evaluation. Figures illustrate the risk of prostate cancer-specific 

death (Blue) and other cause death (Red) at 10 years (solid line) or 15 years (dashed line) 

following an initial negative transrectal ultrasound-guided biopsy (A) and a magnification 

for prostate cancer-specific death with 95% confidence interval of the fitted line (B). The 

density plot shows the distribution of the PSA-values for the cause of death (A). Note that 

there is a second y-axis in plot A on the right illustrating the scale of the density plot and 

that the y-axes between plot A and B are different.
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Figure 4: 
Risk of Gleason score 7 or above prostate cancer in transrectal ultrasound-guided (TRUS) 

re-biopsy depending on the time between initial biopsy and first re-biopsy modelled for 

mean age, median prostate-specific antigen (PSA) and a normal digital rectal examination. 

at time of initial TRUS-biopsies. The 95% confidence interval is depicted with dotted lines 

(N=6,389). The density plot shows the distribution of time between initial biopsy and first 

re-biopsy. Note that there is a second y-axis on the right illustrating the scale of the density 

plot.
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Table 1.

Clinical characteristics for the cohorts of men with an initial TRUS-biopsy

Initial TRUS-
biopsy (N=86,989)

Initial negative 
TRUS-biopsy, all 
men (N=37,214)

Initial negative 
TRUS-biopsy 

and PSA-values 
(N=19,094)

TRUS re-biopsy 
(N=6,389)

Age, years Median [IQR] 68.4 [62.8 – 74.3] 66.1 [60.8 – 71.4] 65.8 [60.7 – 70.9] 64.1 [59.7 – 68.4]

PSA before biopsies, ng/ml Median [IQR] 9.6 [6.1 – 23.3] 
(N=39,187) - 7.3 [5.4 – 11.0] 9.1 [6.6 – 13.9]

GS-score in biopsies, N (%) GS ≥ 7 34,784 (40%) - - 751 (12%)

GS < 7 13,017 (15%) - - 803 (13%)

Without 
malignancy 39,188 (45%) - - 4,835 (76 %)

DRE, N (%) T1 52,578 (60%) 33,826 (90.9 %) 17,353 (90.9 %) -

T2 12,651 (15%) 1,423 (3.8 %) 771 (4.0 %) -

T3+4 12,855 (15%) 693 (1.9 %) 358 (1.9 %) -

Unknown 8,905 (10%) 1,272 (3.4 %) 612 (3.2 %) -

Number of deaths in entire 
follow-up (%) 34,765 10,076 4,380 1,138

Number of PCa deaths in 
entire follow-up (%) 14,123 428 191 122

Number of PCa deaths (%) 10 years 12,895 238 111 69

15 years 13,949 380 176 114

20 years 14,110 420 190 122

Age at PCa death, years Median [IQR] 78.2 [71.6 – 84.0] 79.9 [74.4 – 85.3] 79.6 [73.6 – 84.4] 78.1 [72.7 – 83.7]

Days from initial TRUS-
biopsy to first re-biopsy Median [IQR] - - - 392 [151 – 1,121]

Abbreviations: DRE: digital rectal examination, GS: Gleason score, PCa: prostate cancer, PSA: prostate-specific antigen, TRUS: transrectal 
ultrasound-guided.
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