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ABSTRACT
Background: The extent to which positive surgical margins (PSM) affect the risk of subsequent salvage
radiation therapy (sRT) or androgen depletion therapy (ADT) following radical prostatectomy (RP) is
not well described. Initiation of additional therapies after RP depend on patient preference, individual
factors, local guidelines, and life expectancy. The aim of this study was to analyze differences between
margin status in risk of subsequent treatment for PCa following RP in a retrospective population-based
cohort from Denmark.
Methods: Patients who underwent RP were identified in The Danish Prostate Cancer Registry
(DaPCaR). Subsequent sRT and ADT were assessed in uni- and multivariate settings and validated with
receiver operating characteristic (ROC).
Results: PSM was associated with an increased risk of sRT (HR ¼ 1.85, p< .001) and receiving ADT
(HR:1.39, p¼ .007). Margin status only had a minor impact on the predictive ability for sRT (area under
the curve (AUC): p< .001) and no significant impact for subsequent ADT (AUC: p¼ 1). Significant inter-
institutional difference in the association between PSM with sRT or ADT was observed.
Conclusion: PSM is associated with the risk of sRT and initiation of ADT, however this association is
weak. Our results underline that factors beyond tumor characteristics play a major role for initiation of
sRT and ADT.
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Introduction

The definition of a positive surgical margin (PSM) and its
effect on outcome after radical prostatectomy (RP) for pros-
tate cancer (PCa) has been discussed over the years. A PSM
is a microscopic diagnosis and many definitions have been
proposed. Today, the most widely recognized definition is
proposed by The International Society of Urological
Pathology (ISUP) defining a PSM as any cancer cell(s) touch-
ing the inked margin of the prostate specimen [1].

The risk of a PSM depends on several cancer related fac-
tors as clinical stage, pre-operative PSA, tumor burden, and
biopsy Gleason score, but also surgical factors such as surgi-
cal experience, volume, and technique [2–4]. Furthermore,
studies have demonstrated interobserver variation among
pathologists when assessing margin status [5,6].

Many regard a PSM as a marker of surgical quality, espe-
cially in localized pT2 tumors where a PSM may be the result
of resection too close to the prostate. However, due to the
disparity in definitions of PSM and differences in patient
populations, caution should be made when comparing PSM
rates across institutions or surgeons. Nevertheless, meta-anal-
yses have demonstrated PSM to be a significant independent

risk factor for biochemical recurrence (BR) in multivariate
analysis. Overall, a PSM doubles the risk of BR compared to a
negative surgical margin (NSM) [7–9]. However, it is import-
ant to recognize that the individual absolute risk of BR may
be low and is affected by the length of follow-up without
recurrence, and dynamic prediction models should be used
to assess the risk of BR for the individual patient, including
for men with PSM [10,11]. Furthermore, BR is a surrogate
marker for prognosis after RP and the long-term impact is
less understood. The Scandinavian Prostate Cancer Group-4
study (watchful waiting vs. RP) did not find PSM to be associ-
ated with neither metastasis-free- nor PCa-survival [12].
Conversely, a meta-analysis of 32 database suggests that
PSM have an impact on cause-specific mortality (HR ¼ 1.23,
95%CI: 1.16–1.30) compared to NSM [13].

To what extent margin status affects the risk of subse-
quent therapy following RP and how this differs per institu-
tion is not well described. Salvage radiotherapy remains a
secondary curative option for men with BR after RP, while
androgen deprivation therapy (ADT) is the primary option for
men with distant failure. As initiation of such additional
therapies after RP depends on patient preference, individual
factors, local guidelines, and life expectancy, it is important
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to address whether PSM affects the chance of receiving add-
itional therapy when considering tumor-related factors and
whether this differs per institution.

The aim of this study was to analyze risk of subsequent
treatment following RP in a retrospective population-based
cohort from Denmark and study the impact of PSM, tumor
characteristics and institutional differences in treat-
ment patterns.

Methods

All patients who underwent RP in Denmark from 1 January
1998 to 31 December 2011 were identified in the Danish
prostate cancer registry (DaPCaR) [14]. The database and
study are approved by the Danish Health and Medicines
Authority (file number: 3-3013-858/1/) and the ethical com-
mittee of The Capital Region of Denmark (protocol number:
H4-2014-FSP). Data on subsequent therapies, salvage radi-
ation and/or ADT was extracted from the National Patient
Registry as approved by the Danish Data Protection Agency
(file number: 2012-41-0390).

Patients without PCa in the specimen (pT0), missing infor-
mation on hospital of care, margin status, age, Gleason grade
or pathological tumor stage (pT-category) were excluded.
Furthermore, we excluded men who received radiation or
endocrine therapy within 3months of RP, most of which par-
ticipated in the RADICALS trial [15]. Specifically, for multivari-
ate analysis, all men with missing pre-operative PSA were
excluded for the analysis (n¼ 2699).

All men have been treated according to national guide-
lines in one of five hospitals [16]. According to guidelines,
adjuvant radiation is not recommended in Denmark. If BR,
defined as a rising PSA �0.2 ng/mL is confirmed, a patient
should be assessed for additional therapy, sRT (33 fractions
of 2 Gy with or without lymph node field) has been recom-
mended for patients with BR, in whom local recurrence was
suspected based on RP specimen characteristics, absolute
PSA �0.7 ng/mL, and PSA kinetics (PSA doubling time
(PSAdt) > 12months). Adjuvant hormone therapy to sRT was
at the treating physicians’ discretion. For the patients
included in this study, guidelines proposed adjuvant ADT for
up to 6 months; if a patient received ADT after 6 months, it
was classified as permanent ADT from that moment onwards.
None of the patients received 2 years of adjuvant
Bicalutamide, as per RTOG 9601 study [17]. Permanent ADT
was recommended for men suspected for distant failure
based on PSA kinetics (PSAdt <9 months), adverse prostate
histopathology, level of PSA (>0.7 ng/mL) or men with
metastasis on imaging.

Statistics

Descriptive analyses of continuous variables were reported
as medians with interquartile ranges (IQR), categorical varia-
bles as numbers and percentages of total (%), and differen-
ces were assessed by Kruskal-Wallis Rank Sum Test or
Analysis of Variance (ANOVA). Cumulative incidence of sRT
and ADT was described using competing risk assessment

with death before salvage treatment as a competing event
and time from RP to either event or end of follow-up as
underlining timescale. The risk of any event is presented as
cumulative incidence curves stratified by margin status, with
difference tested by Gray’s test. Median follow-up time was
calculated by reverse Kaplan-Meier estimate. Multivariate
modeling containing age, pre-operative PSA, GS, pT-category,
lymph node status (N-category) and margin status was per-
formed with cause-specific Cox proportional hazard model
(CSC). Firstly, sRT, other first line treatment and death before
treatment were competing events, secondly, ADT and death
before treatment were treated as a competing event. The
associations are reported as hazard ratios (HR) with corre-
sponding 95% confidence intervals (CI). Sub-analysis was per-
formed for pT2 and pT3 tumors. Proportional hazard
assumptions of CSC were visually checked with Schoenfeld
residual plots for proportionality. Model validation was per-
formed by assessing the area under the curve (AUC) of the
receiver operating characteristic (ROC) curve and prediction
error (Brier score) [18,19]. The changes in the model for pre-
dicted risk of additional treatment by adding margin status
to the multiple regression models were further assessed by
reclassification diagrams and calibration plots for selected
prediction horizons [18]. Predicted events for sRT and mortal-
ity were calculated based on the CSC model [20]. R v3.4.1 (R
Development Core Team, Vienna, Austria) running on the
Rstudio v1.0153 software (# 2009–2017 RStudio, Inc) was
used for statistical analysis. Statistical significance was
defined as a p-value of less than 0.05.

Results

A total of 5859 patients were included in the study, for
detailed information see Figure 1. Patient characteristics at
RP are demonstrated in Table 1. The overall rate of PSM was
26.6%. The frequency of PSM varied significantly between
institutions ranging from 20% to 53%. Furthermore, signifi-
cant variations in baseline characteristics in biopsy Gleason
grade and cT-category was found between institutions.
Median follow up time was 8.12 years (IQR: 6.6–10.3). After
15 years, the cumulative incidence of PCa specific death was
7.9% (95CI: 6.1–9.8) and other causes of death 18.3% (95CI:
15.6–21.1). Univariate analysis demonstrated a significant dif-
ference (p< 0.001) in the cumulative incidence of PCa mor-
tality for men with PSM (12.0%, 95CI: 8.4–15.6%) and NSM
(6.0%, 95CI: 3.9–8.1%) after 15 years. This difference was not
present among men who died from other causes
(PSM:18.0%, 95CI: 14.7–21.3% vs. NSM 18.8%, 95CI:
14.1–23.5%, p¼ 0.38, respectively).

Salvage radiotherapy

Overall, the cumulative incidence of sRT was 13.1% (95CI:
12.2–13.9), 17.1% (95CI: 16.1–18.2), and 19.0% (95CI:
17.5–20.5) after 5, 10 and 15 years, respectively (Figure 2(A)).
When stratified by margin status, the incidence of sRT was
significantly higher in men with PSM compared to men with
NSM status (p< 0.001), e.g., 28.9% (95CI: 26.6–31.3) and
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12.9% (95CI: 11.7–14.0) after 10 years, respectively (Figure
2(C)). In multivariate modeling, PSM increased the risk of sRT
with HR ¼ 1.85 (95CI: 1.56–2.20, Table 2). As preoperative
PSA was frequently missing, risk of sRT was analyzed without
PSA in the model as comparison, and the predictive value of

the model did not change in a clinical meaningful extend
(Supplementary Table S1). As most patients received sRT
within 5 years of RP, we analyzed risk prediction modeling at
year 5. Model validation showed that margin status at RP
only had a minor, but statistically significant impact of the
predictive ability of the model with AUC of 78.2% without
margin status and 80.7% with margin status (p< 0.001),
respectively (Figure 3(A)). Brier score decreased from 10.3%
to 10.2% after addition of margin status to the model
(p¼ 0.05). Both the reclassification diagram and the calibra-
tion plot showed marginally increased benefit when adding
margin status to the model (data not shown).

The overall incidence of sRT in men with pT2 tumors was
7.5% (95CI: 6.7–8.3), 10.7% (95CI: 9.6–11.7), and 12.7% (95CI:
11.0–14.45) after 5, 10 and 15 years, respectively. When strati-
fied by margin status, incidence of sRT was 21.5% (95CI:
18.7–24.4) and 7.8% (95%CI: 6.8–8.9) at 10 years for men with
PSM and NSM, respectively (Supplementary Figure S1(A)). In
multivariate analysis, PSM was associated with a three-fold
increased risk of sRT compared to men with NSM (HR ¼
2.93; 95%CI: 2.28–3.78, p< 0.001), Supplementary Table S2).
Among pT2 tumors, margin status significantly increased
AUC from 71.6% to 78.0% if included in the model
(p< 0.001, Supplementary Figure S1(B)) and the Brier score
decreased significantly from 7.1% to 6.9% after addition of
margin status (p¼ 0.008) in 5-year prediction modeling.

In men with pT3 tumors the incidence of sRT was 27.9%
(95CI: 25.7–30.1), 34.3% (95CI: 31.8–36.9), and 35.5% (95CI:
32.6–38.4) after 5, 10 and 15 years respectively. In multivari-
ate analysis, PSM had a significant, but lower impact on risk
of sRT compared to pT2 tumors (HR 1.37, 95%CI: 1.09–1.72,
p¼ 0.006), Supplementary Table S3. In 5-year prediction
modeling of sRT for pT3 patients, adding margin status to

Figure 1. Flow chart of included patients. Abbreviations: RP: Radical prostatec-
tomy; DaPCaR: Danish prostate cancer registry; N: number of subjects; PCa:
Prostate cancer; pT-category: Pathological tumor category; PSA: Prostate-spe-
cific antigen.

Table 1. Baseline characteristics of patients at radical prostatectomy (RP) in total and stratified per hospital of care.

Variable
Total

(n¼ 5859)
Hospital 1
(n¼ 1561)

Hospital 2
(n¼ 1462)

Hospital 3
(n¼ 1435)

Hospital 4
(n¼ 794)

Hospital 5
(n¼ 607)

Age at radical prostatectomy
(Median [IQR])

64.3 [60.4–67.7] 64.4 [60.5–67.8] 65.4 [61.4–68.8] 63.5 [59.7–66.9] 63.7 [60.1–66.8] 64.1 [60.5–67.4]

PSA (ng/mL) (Median [IQR]) 8.5 [6.2–12.1] 9.0 [6.3–13.4] 8.2 [6.0–12.0] 8.2 [6.1–12.0] 9.3 [6.7–13.2] 7.8 [6.1–10.9]
Missing (n) 2433 654 392 492 457 438
Pathological T category (%)

T2 359 (6.1) 120 (7.7) 46 (3.1) 171 (11.9) 15 (1.9) 7 (1.2)
T2a 406 (6.9) 123 (7.9) 95 (6.5) 99 (6.9) 56 (7.1) 33 (5.4)
T2b 155 (2.6) 13(0.8) 50 (3.4) 17 (1.2) 68 (8.6) 7 (1.2)
T2c 3,341 (57.0) 954 (61.1) 771 (52.7) 822 (57.3) 445 (56.0) 349 (57.5)
T3a 1040 (17.8) 202 (12.9) 376 (25.7) 194 (13.5) 104 (13.1) 164 (27.0)
T3bþ c 558 (9.5) 149 (9.5) 124 (8.5) 132 (9.2) 106 (13.4) 47 (7.7)

Gleason grade (%)
1 1767 (30.2) 572 (36.6) 408 (27.9) 413 (28.8) 237 (29.8) 137 (22.6)
2 2567 (43.8) 712 (45.6) 492 (33.7) 695 (48.4) 324 (40.8) 344 (56.7)
3 1033 (17.6) 183 (11.7) 360 (24.6) 248 (17.3) 154 (19.4) 88 (14.5)
4 301 (5.1) 58 (3.7) 124 (8.5) 51 (3.6) 45 (5.7) 23 (3.8)
5 191 (3.3) 36 (2.3) 78 (5.3) 28 (2.0) 34 (4.3) 15 (2.5)

N category (%)
N0/Nx 5744 (98.0) 1538 (98.5) 1418 (97.0) 1414 (98.5) 778(98.0) 596 (98.2)
N1 191 (3.3) 23 (1.5) 44 (3.0) 21 (1.5) 16 (2.0) 11 (1.8)

Margin status (%)
Negative 4303 (73.4) 1176 (75.3) 1163 (79.5) 921 (64.2) 633 (79.7) 410 (67.5)
Positive 1556 (26.6) 385 (24.7) 299 (20.5) 514 (35.8) 161 (20.3) 197 (32.5)

Cause of death (%)
Alive 5204 (88.8) 1396 (89.4) 1294 (88.5) 1273 (88.7) 679 (85.5) 562 (92.6)
Prostate cancer death 169 (2.9) 43 (2.8) 29 (2.0) 41 (2.9) 48 (6.0) 8 (1.3)
Other cause death 486 (8.3) 122 (7.8) 139 (9.5) 121 (8.4) 67 (8.4) 37 (6.1)

PSA: Prostate-specific antigen; N category: Lymph node category.
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the model did not significantly change the AUC of 67.9%
compared to 69.1% with addition of margin status (p¼ 0.08,
Supplementary Figure S1(D)). Brier score did not change
(19.3% with NSM status vs 19.1% with PSM) after addition of
margin status to the model (p¼ 0.1).

To explore a possible effect of local treatment policies we
investigated the incidence of sRT on an institutional level.
The cumulative incidence of sRT at 10 years varied signifi-
cantly among institutions with cumulative incidence of
19.6% (95CI: 17.5–21.8), 19.9% (95CI: 17.6–22.2), 14.2% (95CI:
12.3–16.2), 13.6% (95CI: 11.0–16.2), and 15.3% (95CI:
12.3–18.3), for hospital 1 to 5, respectively. In multivariate
analysis using our own institution as reference we found sig-
nificant increased risk of sRT at hospital 1, HR ¼ 1.96 (95%CI:
1.56–2.48, p< 0.001) and at hospital 2, HR ¼ 1.29 (95%CI:
1.02–1.64, p¼ 0.04, Supplementary Table S4(A)). When separ-
ately analyzing the effect of margin status for hospital 1 and
hospital 3, a PSM was associated with increased risk of
receiving sRT, HR ¼ 2.26 (95%CI: 1.66–3.07, p< 0.001) at hos-
pital 1 but not at hospital 3, HR ¼ 1.14 (95% CI: 0.78–1.67,
p¼ 0.51, Supplementary Table S5(A,B)). To further explore
the impact of margin status on sRT between institutions, we
performed a prediction model for a man of age 70, with pT2,
N0 tumor at RP, preoperative PSA of 10 and specimen GS of
3þ 4. Comparing hospital 3 with hospital 1, we found that a
PSM had no impact on sRT at hospital 3, whereas PSM
doubled the risk of sRT after 10 years at hospital 1
(Supplementary Figure 2(A,B)).

Androgen deprivation therapy

The overall incidence of ADT following RP was 6.2% (95CI:
5.5–6.8), 9.4% (95CI: 8.6–10.3), and 11.3% (95CI: 10.0–12.7)

after 5, 10, and 15 years, respectively. When stratified by mar-
gin status, the incidence of ADT was significantly higher in
men with PSM compared to NSM (p< 0.001), e.g., 13.7%
(95CI: 11.8–15.7) and 7.8% (95CI: 6.8–8.7) after 10 years,
respectively (Figure 2(C)). In multivariate analysis, PSM was
associated with an increased risk of receiving ADT compared
to NSM (HR:1.39, 95CI: 1.09–1.76, p¼ 0.007, Supplementary
Table 2(A)). Removing PSA from the model did not change
the result in a clinical meaningful extend (Supplementary
Table S1). As most patients received ADT within 10 years of
RP we analyzed risk prediction modeling and validation at

Figure 2. Cumulative incidence of salvage radiation (sRT) and subsequent androgen deprivation therapy (ADT) after curatively intended radical prostatectomy (RP).
(A) sRT incidence of the whole cohort, (B) subsequent ADT incidence of the whole cohort, (C) sRT incidence of the whole cohort stratified for margin status, (D) sub-
sequent ADT incidence of the whole cohort stratified for margin status.

Table 2. Multivariate competing risk analysis of receiving salvage radiation
therapy (sRT) and subsequent androgen deprivation therapy (ADT).

Variable

Salvage radiation Androgen deprivation therapy

Hazard [IQR] p-Value Hazard [IQR] p-Value

Age 1.00 [0.98–1.02] 0.90 1.02 [0.99–1.04] 0.21
PSA (Log2) 1.23 [1.12–1.36] <0.001 1.36 [1.19–1.55] <0.001
pT category

pT2 Reference Reference
pT3a 1.92 [1.56–2.37] <0.001 1.86 [1.38–2.51] <0.001
pT3bþ c 3.20 [2.56–3.99] <0.001 3.56 [2.65–4.79] <0.001

N category
N0 Reference Reference
N1 1.92 [1.33–2.76] <0.001 2.46 [1.65–3.67] <0.001

Gleason grade
1 Reference Reference
2 1.59 [1.21–2.08] 0.001 1.75 [1.14–2.69] 0.01
3 2.55 [1.92–3.38] <0.001 3.42 [2.23–5.30] <0.001
4 3.26 [2.28–4.66] <0.001 4.38 [2.64–7.25] <0.001
5 4.74 [3.29–6.83] <0.001 6.76 [4.09–11.17] <0.001

Margin status
Negative Reference Reference
Positive 1.85 [1.56–2.20] <0.001 1.39 [1.09–1.76] 0.007

IQR: Inter quartile range; PSA: Prostate-specific antigen; pT category: patho-
logical T category; N category: Lymph node category.
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year 10 which showed that margin status at RP had no sig-
nificant impact on the predictive ability of the model (AUC
of 83.2% without margin status and 83.1% with margin sta-
tus (p¼ 1), respectively). Brier score was unchanged after
addition of margin status to the model (p¼ 0.50).

For pT2 patients the 5-, 10-, and 15-year incidence of ADT
was 3.1% (95CI: 2.5–3.6), 5.3% (95CI: 4.5–6.1), and 6.8% (95CI:
5.6–7.9), respectively. For pT3 patients the corresponding fig-
ures were 14.4% (95CI: 12.7–16.1), 20.4% (95CI: 18.2–22.7)
and 24.7% (95CI: 19.6–28.4), respectively. When stratified by
pathological stage, PSM significantly increased the cumula-
tive incidence of ADT (pT2, HR:1.32, 95CI: 0.87–2.00, p¼ 0.20,
and pT3, HR:1.50, 95CI: 1.12–2.01, p¼ 0.007). AUC at 10 years
for margin status did not significantly change in pT3
patients; 72.2 without margin status to 71.9 with margin sta-
tus (p¼ 0.8). Brier score was also not significantly
changed (p¼ 0.21).

In multivariate analysis, we found that hospital 4 (HR:0.60,
95CI: 0.37–0.97, p¼ 0.04) and hospital 5 (HR:0.36, 95CI:
0.18–0.73, p¼ 0.004) had a significantly lower risk of ADT
(Supplementary Table 4). The impact of margin status and
institution on subsequent ADT at 10 years was predicted for
a man of age 70, with pT3a, N0 tumor at RP, preoperative
PSA of 10 and specimen GS of 4þ 3 for hospital 3 and 5.
The model showed that PSM regardless of hospital increased
risk of receiving ADT (Supplementary Figure 2(C,D)).

Discussion

The purpose of this study was to address the use of sRT and
ADT during long-term follow-up, to analyze how pathological

factors affect the risk of subsequent therapies, and to assess
how these factors differs between institutions. For many
urologists, margin status after RP is translated to the tech-
nical quality of the procedure, although several studies point
to the fact that tumor-, anatomical- and patient-characteris-
tics play a large role for the risk of attaining a PSM after RP
[21]. Although both surgeon and patient may worry about
the risk of BR, a PSM after RP is not synonymous with BR
during follow-up. The risk of BR in men with PSM is modu-
lated by several factors such as location, Gleason score at
the margin, and length of the margin [8,22]. Furthermore, BR
is only a surrogate marker for disease severity as many
patients do not need further treatment despite rising PSA
after RP [23,24].

The indication for sRT likely depends on several factors
beyond the tumor characteristics, such as comorbidity, age,
urinary function after RP, and local guidelines. Overall, this
study demonstrated that one in five patients received sRT
following RP. The rate of sRT is in concordance with the
reported 29% use of sRT following RP shown by Cary et al.
[25]. Our study points out that PSM increased the risk of sRT
following RP, especially in men with pT2 tumors. However,
validation analysis demonstrated that adding margin status
to the prediction model for sRT on top of the other charac-
teristics only had modest effect on the AUC. Most import-
antly, our study demonstrates that PSM interplays with
treating institution as predictive value of the margin status
varied significantly between institutions, even in a stratified
competing risk prediction modeling for a patient at high risk
for undergoing sRT (Supplementary Figure S2(a + b)). This
implies that, despite national guidelines, local tradition and

Figure 3. Receiver operating characteristic (ROC) curves showing predictive value of different models for predicting occurrence of salvage radiation therapy (sRT)
after curatively intended radical prostatectomy (RP) at (A) 5, (B) 10, (C) 15 years. Abbreviations: Ncat: Lymph node status; AUC: Area under the curve; PSA: Prostate-
specific antigen; Tcat: Pathological tumor category; Margin: Margin status.
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other unknown factors have a large impact on decision mak-
ing for sRT.

The strength of this study is related to the size and homo-
geneity of the cohort, national scale, and validity of the infor-
mation included in the analysis originating from
comprehensive national public databases. Consistent national
guidelines throughout the study period and centralized treat-
ment to highly specialized institutions reduce the risk of
selection bias in terms of treatment choice. Yet, several fac-
tors can affect the generalizability of the results as the
patients included originate from a virtually non-screened
population and consequently, the patients could have more
advanced cancers. The overall incidence of PSM was 27%,
which could be interpreted as high; however, the patient
population may not be comparable to contemporary reports
[26]. Furthermore, surgery was mainly performed by open
retropubic approach, the surgical technique may, however,
be of less importance as PSM-rates between open and
robotic surgery have not been proven different in random-
ized trials [27]. The incidence of PSM varied between institu-
tions with a maximum 15% difference in the percentage of
patients with PSM (Table 1) unexplainable by patient charac-
teristics. Although volume and surgical experience could play
a role, we believe that other aspects, such as specimen han-
dling, interpretation and definition of PSM could be part of
the explanation [5,28,29]. This is supported by a recent meta-
analysis on pT2 PCa specimens, where Tan et al. demon-
strated that cancer-specific factors accounted for only 15% of
the variations in PSM rates, whereas other factors such as
facility could explain nearly 25% of the variation [30].

An overall increased risk of subsequent ADT in patients
with a PSM was found. Intriguingly, the risk of receiving ADT
was only significantly increased in pT3 patients and margin
status did not significantly alter the model’s predictability for
receiving ADT. Also, it was demonstrated that the predicted
risk of commencing subsequent ADT was higher at hospital
3, but that increased risk of ADT due to PSM did not mark-
edly differ per institution. The difference found raises con-
cerns about the defining criteria and subsequent
management of distant failure and initiation of subsequent
ADT between hospitals.

A major limitation of the study is lack of preoperative PSA
in a large proportion of men due to laboratorial policies of
erasing historical data. However, analyses of the entire popu-
lation including the ones without information on preopera-
tive PSA showed that PSA did not affect HR for PSM
significantly, indicating that factors beyond pre-operative
PSA had the major influence on the risk of PSM.
Furthermore, BR was not included as endpoint as PSA level
at time of salvage therapy was unavailable, not allowing us
to compare that endpoint to other previous studies.
However, according to national guidelines, salvage therapies
are not initiated prior to BR, and men receiving adjuvant
therapy within 3 months from surgery have been excluded
to avoid inclusion of patients participating in different clinical
trials. It would have been very valuable to have known the
PSA before sRT and ADT, as it would increase the under-
standing of the underlying decision-making between

institutions. Unfortunately, these data were not available. The
data in Table 1 also show apparent differences in patho-
logical factors between treating institutions and it is a con-
cern if these differences explain the findings found in our
analysis. Confounding factors and selection bias always limit
the interpretation of retrospective analyses, although the
statistical analysis, to a large extend, compensate for these
concerns. Another limitation is the potential multicollinearity
between the factors included in the multivariate analyses. To
address this the variance inflation factor was calculated,
which showed no major multicollinearity and considering the
size of the cohort there should be no major influence
(Supplementary Table S6). However, the conclusions of pre-
dictive value of each variable are therefore not overstated. A
further limitation is that we do not know the background for
the decision on subsequent therapy, and an interaction
between the patient’s personal choice and the recommenda-
tion by the treating physician clearly influences the results.
This may explain some of the wide inter-institutional varia-
tions in risk found despite similar patient groups and the
same guidelines for initiating salvage treatment.

Conclusion

This study has demonstrated that PSM is associated with the
risk of salvage radiation for local failure and initiation of ADT.
Yet, model validation showed that margin status only to a
small extent affects the risk for sRT and ADT. Most import-
antly, our results underline that an unknown factor at each
treating institution may play a major role for initiation of sRT
and ADT. Caution should be made when extrapolating the
risk of subsequent therapies after RP for a patient with PSM
given the lack of uniformity for reporting PSM, lack of clear
definition of PSM, the effect of local guidelines, patient pref-
erence, and comorbidity. Therefore, until margin status
assessment is uniform it will remain unclear if a patient
should be followed differently based on their margin status.
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