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Abstract

Objective: To characterize patterns of failure using prostate-specific membrane antigen positron 

emission tomography (PSMA PET) after radical prostatectomy (RP) and salvage radiotherapy 

(SRT).

Methods: Patients with rising PSA post-RP+SRT underwent 68Ga-HBED-iPSMA PET/CT on 

a single-arm, prospective imaging trial (NCT03204123). Scans were centrally reviewed with 

pattern-of-failure analysis by involved site. Positive scans were classified using three failure 

categories: pelvic nodal, extra-pelvic nodal or distant non-nodal. Associations with failure 

categories were analyzed using cumulative incidence and generalized logits regression.

Results: We included 133 men who received SRT a median of 20 months post-RP; 56% received 

SRT to the prostatic fossa alone, while 44% received pelvic SRT. PSMA PET/CT was performed 
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a median of 48 months post-SRT. Overall, 31% of PSMA PET/CT scans were negative, 2% 

equivocal and 67% had at least one positive site. Scan detection was significantly associated with 

PSA level prior to PSMA PET/CT. Analysis of 89 positive scans demonstrated pelvic nodal (53%) 

was the most common relapse and fossa relapse was low (9%). Overall, positive scans were pelvic 

(n=35, 26%), extra-pelvic nodal (n=26, 20%) or distant non-nodal failure (n=28, 21%), and 70% 

of positive scans were oligorecurrent. We observed similar cumulative incidence for all failure 

categories and relatively few clinicodemographic associations. Men treated with pelvic SRT had 

reduced odds of pelvic failure versus exclusive fossa treatment.

Conclusion: Pelvic, extra-pelvic nodal and distant non-nodal failures occur with similar 

incidence post-SRT. Regional nodal relapse is relatively common, especially with fossa-only 

SRT. A high oligorecurrence rate suggests a potentially important role for PSMA-guided focal 

therapies.
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Introduction

Up to one third with localized prostate cancer (PC) will develop detectable prostate specific 

antigen (PSA) levels after a radical prostatectomy (RP) [1]. Adjuvant radiation improves 

biochemical relapse-free survival by 20–25% [2–4] and early salvage radiotherapy (SRT) 

is a suitable alterative with comparable outcomes and improved toxicity [5,6]. However, 10-

year incidence of further biochemical recurrence (BCR) post-SRT remains as high as 60% 

[7]. Understanding patterns of failure post-SRT is critical to optimizing treatment options. 

Given the significant heterogeneity in the SRT patient population and their treatment 

characteristics, patterns of failure remain poorly defined.

Advanced imaging, notably positron emission tomography (PET) utilizing tracers targeting 

prostate-specific membrane antigen (PSMA), are revolutionizing the diagnostic capabilities 

for biochemically-recurrent prostate cancer [8,9]. With superior specificity and sensitivity 

to other available imaging modalities, PSMA PET is now recommended to evaluate BCR 

by several guidelines, including the National Comprehensive Cancer Network [10–12]. 

Importantly, PSMA PET can meaningfully change management in over half of patients 

with BCR [13]. While the diagnostic performance of PSMA PET has been prospectively 

confirmed for BCR post-SRT, the reported patterns of detection were blended across 

populations including BCR post-RP or definitive RT alone [14]. There has been limited 

characterization of patterns of failure solely for BCR post-RP+SRT using modern imaging.

Patients and Methods

Patient Population

Patients were participants of an IRB-approved, single-arm, single-institution, prospective 

imaging trial. Per protocol, patients with PSA >0.2 ng/mL on at least two consecutive 

tests were eligible to undergo 68Ga-HBED-iPSMA PET/CT imaging. We focused on 

patients scanned post-RP+SRT to the prostate fossa and/or pelvis. Additional androgen 
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deprivation therapy (ADT) for subsequent BCR post-SRT was permissible; however, none 

had documented evidence of any prior metastatic disease. Patients receiving ADT were 

eligible if they met PSA criteria.

Scan parameters

Participants were injected with 100–300 Mbq of 68Ga-HBED-iPSMA tracer, followed by 

PET/CT imaging of the skull vertex to mid-thigh for a median of 68 minutes (range: 55–

130 min) post injection per standard institutional practice (see Supplemental Materials for 

detailed scan parameters). Patients also underwent an additional spot view of the pelvis after 

the torso scan and bladder emptying.

Scan Interpretation

Each PSMA PET/CT underwent a centralized review by a single dual-trained body and 

nuclear medicine radiologist. Areas with increased radiotracer uptake were classified by site, 

which included prostate bed, nodal and osseous/other. Nodal sites were further classified by 

laterality, station (e.g., external iliac) and number of avid nodes within the involved station. 

If a patient had several areas of increased nodal uptake, each station was classified as a 

separate site. Within each involved nodal station, the largest unidirectional short axis of 

an affected node (measured on CT) was recorded. Involved nodal stations were classified 

as “pelvic” or “non-pelvic” where pelvic was defined as obturator, internal/external iliac, 

common iliac or mesorectal. Osseous and other sites were classified by location and number 

of lesions with increased uptake.

For sites with increased radiotracer uptake, the radiologist assigned a level of certainty that 

the avidity was attributable to recurrent/metastatic prostate cancer using a 5-point Likert 

scale: 5 (“consistent with”) was >90% confidence, 4 (“suspicious for”) was 75% confidence, 

3 (“possibly”) was 50% confidence, 2 (“less likely”) was 25% confidence and 1 (“unlikely”) 

was <10% confidence.

We then performed a detailed pattern-of-failure analysis by patient and by involved site. 

At the patient level, scans were “positive” if at least one site scored 4 or greater. To be 

conservative, any lesions with <75% certainty were considered negative. Positive scans 

were also classified as one of three broad categories: pelvic, extra-pelvic nodal or distant 

non-nodal. The PSMA PET/CT scans were defined as “pelvic” if positive findings were 

limited only to the prostate bed or pelvic nodes. They were defined as “extra-pelvic nodal” 

if positive findings were limited to non-pelvic adenopathy alone or pelvic and non-pelvic 

adenopathy. Scans were classified as “distant non-nodal” if they included at least one 

osseous or visceral metastatic site, with or without extra-pelvic adenopathy or pelvic disease. 

Scans were considered oligorecurrent if they had five or fewer discrete lesions.

Statistical Analysis

Descriptive statistics were utilized to characterize the cohort and scan positivity rates. 

Associations between PSMA PET/CT failure patterns (“pelvic” versus “extra-pelvic” versus 

“distant non-nodal” failure) and baseline clinicodemographic variables of interest were 
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analyzed using two approaches: treating failure as a time-to-event outcome, and as a 

multinomial outcome.

We first examined cumulative incidence of each failure pattern considering the other patterns 

as competing events. There were no deaths without failure. Patients with “equivocal” 

or “negative” results were censored. This approach used univariable (UVA) Fine-Gray 

competing risk regression and baseline time was defined as the end of SRT. The second 

approach used UVA generalized logits regression to examine associations with failure type 

as a multinomial outcome (“pelvic” versus “extra-pelvic” versus “distant non-nodal” versus 

“no failure”). The “no failure” group included patients with “equivocal” or “negative” 

PET/CT results. The incremental utility of logits regression over cumulative incidence 

enabled analysis of time-dependent, non-baseline factors (i.e., time from SRT to PSMA) 

and quantification of differences between the four patterns using odds ratios. Statistical 

computations were performed using SAS V.9.4 (The SAS Institute, Cary, NC) and R V.4.1.2.

Results

One hundred and thirty-three men were included with the initial clinicodemographic 

characteristics shown in Table 1. The cohort was distributed among risk groups with 42% 

having high-risk or very high-risk disease at diagnosis. At RP, a median of 8 nodes were 

sampled and 40% of the men had >10 removed. Overall, 20% of the men had pathologically 

confirmed pelvic nodal disease. These patients received SRT a median of 20 months post-RP 

to a median dose of 72Gy to the prostate fossa (range 58–81Gy) and 45Gy to the lymph 

nodes when pelvic treatment was delivered.

Just over half (56%) of the men received SRT to the fossa alone, while the remainder were 

treated to the fossa and pelvis. Concurrent ADT was given with the SRT in 57%. PSMA 

PET/CT was performed a median of 48 months (range 7–264 months) post-SRT.

PSMA PET/CT detection rate

Of the 133 PSMA PET/CT scans, 41 (31%) were negative, revealing no sites of recurrence. 

An additional 3 scans (2%) revealed only sites deemed to be equivocal for prostate cancer. 

Thus, 89 scans (67%) were positive for at least one site with increased PSMA radiotracer 

uptake, as shown in Supplemental Table 1. In total, we identified 151 sites of recurrence and 

the median number of positive sites per positive scan was 1 (range: 1–5).

Across the cohort, the median pre-PET PSA level was 0.75 ng/mL (interquartile range: 

0.40–2.7). There was a statistically significant association between scan detection (positive 

versus negative or equivocal) and pre-PET PSA strata (Figure 1a and Supplemental Table 1, 

Fisher’s exact test p=0.0003). A modest proportion with negative scans had PSA levels of 

<0.5 (n=45, 42% negative) or 0.5–1 (n=29, 45% negative), which declined to 8% for PSA 

level >2 (n=39). While the proportion of scan positivity was similar across PSA subgroups 

<2, the detection rate increased to 92% above that threshold.
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Granular patterns of failure

Figure 1b shows a granular pattern-of-failure breakdown. From the 89 positive scans, only 

8 (9%) had evidence of prostate bed recurrence. These fossa recurrences were detected long 

after SRT; PET/CT occurred a median of 98 months post-SRT (range 25–128 months). Of 

these 8 suspected local recurrences, 4 had undergone a recent prostate MRI and all were 

concordant. Six of 8 were biopsied, of which two were definitively positive, three were 

benign and one was non-diagnostic.

Nodal recurrence was more common as 66/89 total scans (74%) had at least one nodal 

region with increased tracer uptake. Of these, 36/66 scans (55%) had only pelvic nodal 

uptake, 19/66 (29%) only had non-pelvic nodes and the remaining 11/66 (17%) had at least 

one involved pelvic and non-pelvic nodal site. In total, we identified 112 positive nodal sites, 

with a median unidimensional diameter of a representative node of 6 mm.

In total, 28/89 scans (31%) had at least one osseous or non-nodal involved site with 

increased radiotracer uptake. Fifteen scans (17%) had at least one osseous lesion. Thirteen 

scans (15%) had a non-osseous, distant non-nodal site of disease, which included pulmonary 

nodules (n=6), pelvis/peritoneum (n=3), anal canal (n=2) and rectal wall, penile urethra, 

spermatic cord, liver nodules and urachal remnant (each n=1). Overall, 62/89 scans (70%) 

were classified as oligorecurrent with <6 suspected discrete lesions.

Cumulative incidence of specific failure patterns

Patterns of failure were then classified as pelvic (n=35, 26%), extra-pelvic (n=26, 20%), 

distant non-nodal (n=28, 21%) or no failure (n=44, 33%). For positive scans, we observed 

similar cumulative incidence for the three patterns of failure, as shown in Figure 2. Four-

year cumulative incidence of pelvic, extra-pelvic and distant non-nodal patterns were 10.3% 

(95% CI: 4.7–15.8), 10.7% (5.1–16.2) and 12.0% (6.0–18.0), respectively.

UVA competing risk regression (Table 2) identified relatively few clinical-demographic 

factors associated with patterns of failure. Higher Gleason score was associated with greater 

cumulative incidence of distant non-nodal failure (HR 1.6, 95% CI: 1.1–2.3, p=0.008) 

as was T4 surgical stage (HR 4.2, 95% CI: 1.3–14.3, p=0.004). Extracapsular extension 

(ECE) had lower hazard of pelvic failure (HR 0.5, 95% CI: 0.3–0.99, p=0.045). Pathologic 

nodal positivity and the percentage of positive nodes were associated with increased risk of 

extra-pelvic nodal failure (HR 2.6, 95% CI: 1.2–5.8, p=0.02). Greater duration of time from 

RP to SRT was non-significantly protective against distant non-nodal failure (HR 0.98, 95% 

CI: 0.96–1.0, p=0.06). Patients whose SRT included the pelvis had borderline significantly 

reduced risk of pelvic failure (HR 0.5, 95% CI: 0.24–1.00, p=0.05). Other factors including 

initial risk group, SRT dose and usage of concurrent ADT were not associated with a 

particular failure pattern. Multivariable risk regression was not performed given limited 

events.

We further explored potential associations using generalized logits regression modeling 

(Supplemental Table 2) using the pelvic failure pattern as the reference state given these 

men remained theoretically curable. When a distant failure was compared to a pelvic failure, 

patients with ECE had far higher odds of distant non-nodal failure than patients without 
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ECE (odds ratio, OR: 16.0; 95% CI: 1.9–131.7, overall p=0.08). Again, patients who were 

pathologically node positive had greater odds of extra-pelvic nodal failure (OR: 5.7, 95% 

CI: 1.4–23.7, overall p=0.11) when an extra-pelvic failure was compared to a pelvic failure. 

Compared to pelvic patterns of failure, men whose SRT included the pelvic nodes had 

greater odds of both extra-pelvic (OR: 3.2, 95% CI: 1.1–9.4) and distant non-nodal failures 

(OR=2.9, 95% CI: 1.0–8.2, overall p=0.13) compared to men treated just to the prostate bed. 

In this analysis, the PSA level prior to the PSMA PET/CT and the duration from SRT to 

PSMA PET/CT were not clearly associated with any recurrence pattern.

Comments

PSMA PET/CT is rapidly emerging as the standard-of-care imaging modality for recurrent 

prostate cancer given excellent sensitivity at lower PSA levels [14]. It is increasingly vital 

to understand and anticipate likely patterns of failure appreciated with this modality after 

common treatments. Overall, 67% of scans in our study revealed recurrence; when stratified 

by pre-PET/CT PSA level, diagnostic performance was largely similar to other prospective 

reports [14,15]. Compared to these studies, we found a higher detection rate for the lowest 

PSA stratum (<0.5), which is likely due to a relatively small sample size. Likely reflective 

of cohort heterogeneity, we did not observe a dominant or temporally-associated pattern of 

failure with similar incidence of pelvic, extra-pelvic nodal and distant non-nodal relapses. 

Despite consideration of numerous clinicodemographic factors, relatively few associations 

surfaced including the pre-scan PSA level.

Nevertheless, two important observations emerged. First, these data generally support the 

early effectiveness of SRT given our observation of very few prostatic fossa recurrences. 

The relative infrequency of local failures was also reported in a large multicenter analysis 

of anatomic patterns of recurrence post-SRT utilizing conventional imaging [16]. It is 

important to contextualize that our population had median PSA level at PSMA PET of 0.75 

ng/mL, which is relatively high and might be enriched for patients less likely to have local 

failure. However, for our population, fossa failure did not seem to be a significant pattern of 

relapse. Durable local control after SRT may be due to fact that the median SRT dose was a 

relatively “dose-intensified” 72Gy. In light of the SAKK 09/10 study demonstrating no clear 

control benefits with SRT dose intensification, we suspect our findings may also be relevant 

for lower SRT doses [17]. This study is not designed to identify men who may have been 

able to forego prostate bed SRT given propensity for different failure patterns since the full 

cohort received fossa radiation.

In our cohort, SRT field design was influential. Only 44% of patients’ SRT included the 

pelvis, and these patients had reduced risk of pelvic failure. This is further supported by the 

fact that N1 patients (all but three received pelvic SRT) had increased risk of extra-pelvic 

nodal failure, suggesting a propensity for further nodal disease with control of irradiated 

sites.

Second, regional nodal failure was the most common relapse site with one third of positive 

scans showing just pelvic disease. This contrasts with the aforementioned Jackson et al. 
multi-center analysis [16], which observed significantly higher rates of distant nodal and 
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non-nodal failure compared to regional nodal disease and questioned the necessity of 

elective pelvic coverage. While our cohort is smaller, our findings suggest pelvic failure 

risk may have been underrecognized. The difference is likely reflective of PSMA sensitivity; 

the previous multi-center effort used predominantly CT and considered a node positive if >8 

mm in the pelvis, >1 cm in the retroperitoneum or if atypical features. The median size of 

a positive node in our study was 6 mm, thus PSMA is likely detecting pelvic recurrences 

earlier. Overall, our findings offer support for pelvic inclusion when considering SRT, as 

suggested by RTOG 0534 [18]. Integration of PSMA PET to guide SRT fields is also 

sensible [19–21].

Prospective series have previously studied PSMA PET/CT for this population, but typically 

combined with other treatment histories including definitive RT or RP alone. A large single-

arm diagnostic study found that pelvic nodal relapse was most common at the lowest PSA 

echelon, while positivity in multiple compartments increased with PSA above 1 ng/mL [14]. 

This analysis included 204 men with previous RP+SRT, which reflected about one third of 

their participants. Similarly, the CONDOR study using 18F-DCFPyL PET tracer included 74 

(36%) men with prior RP+SRT but reported nonstratified patterns of anatomic localization 

[15].

Given that patterns of failure using conventional imaging suggest predominantly 

locoregional recurrence after RP or definitive RT, it is imperative to consider localization 

results specifically for the post-SRT population. To date, these studies are limited, with 

fewer patients than the current study. Byrne et al. reported 81 patients who received PSMA 

PET after RP+SRT with negative conventional imaging [22]. They likewise found very 

infrequent local failure (4–6%), a relatively high rate of pelvic nodal positivity in patients 

whose SRT included just the fossa, and enrichment of distant relapses when SRT included 

the pelvis. Similar to our findings, they also endorsed prophylactic pelvic coverage. A 

small study of 34 patients imaged using 18F-PSMA PET/CT (18F-DCFBC or 18F-DCFPyl 

PET tracers) with concurrently performed multiparametric MRI post-SRT found 17/32 

(53%) participants had metastatic disease, 8/32 (25%) had locoregional recurrences and 

7/32 (22%) had local prostate fossa failure. Nearly all local relapses fell within the prior 

SRT field; the unexpectedly high local failure rate was attributed to the advantages of 

MRI localization over CT and/or superior performance of fluorinated tracers [23]. Superior 

diagnostic performance of PSMA PET/MRI versus MRI alone has been demonstrated [24].

There is growing evidence that PSMA PET/CT can strongly influence and often modify 

treatment plans [15,25,26]. We found that oligorecurrence was relatively frequent, with 

over two thirds of positive scans showing <6 lesions. This finding suggests that PSMA-

guided integration of stereotactic body radiotherapy (SBRT) may be an important treatment 

option [27,28]. SBRT has been associated with improved outcomes for oligometastatic 

prostate cancer [29,30] and potentially as a strategy to delay ADT [28,29]. Furthermore, 

comprehensive SBRT to PSMA-detected disease is superior to SBRT guided by 

conventional imaging [30]. Although PSMA PET might improve restaging, SBRT alone is 

unlikely to be curative given occult microscopic disease. To address this limitation, it may be 

sensible to combine SBRT with rationally-selected systemic therapies for oligorecurrence. 

One approach is integration of SBRT with targeted PSMA radioligands; for example, we are 
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conducting a pilot study of a PSMA-based theranostic strategy, combining SBRT with two 

cycles of 177Lu-PSMA-617 (NCT05079698). We anticipate further PSMA-guided strategies 

to emerge.

We acknowledge several limitations including the inherent limitation to any pattern of 

failure study in that results are most applicable to the specific patient group analyzed. 

Our institutional prospective imaging trial only had PSA inclusion criteria, therefore it 

enrolled a heterogeneous population with post-SRT PSA recurrence. Thus, the cohort 

analyzed is heterogeneous with variability in the duration from the end of SRT to PSMA 

imaging and in the duration and types of ADT utilized, which could influence patterns of 

failure. Furthermore, some patients received additional ADT post-SRT (though none had 

documented metastatic disease). We suspect these factors likely affected our ability to detect 

anatomic associations with ADT usage during SRT which has been shown to influence 

post-SRT outcomes. We did not routinely assess the validity of positive findings given 

non-standardized availability of comparison to conventional imaging and/or biopsies. Thus, 

assessment of PSMA PET positivity was based principally on expert radiologist judgement 

with available clinical information, which is inherently subjective.

Conclusion

PSMA PET imaging is an important component of the management of patients after 

RP+SRT. Pelvic, extra-pelvic nodal and distant non-nodal patterns of failure occurred with 

similar incidence post-SRT. Regional nodal relapse was relatively common, especially for 

patients whose SRT did not include the pelvis. Many positive PSMA PET scans revealed 

relatively few lesions with increased radiotracer uptake, suggesting a potential important role 

for PSMA-guided focal therapies such as SBRT following SRT failure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
A) Stacked bar chart showing the detection rates across different pre-scan PSA strata. The 

numbers in the bars reflect the total number of scans which were classified as positive, 

equivocal or negative. The distributions were significantly different by Fisher’s exact test, 

p=0.0003 B) Venn diagram showing granular anatomic breakdown of the PSMA PET 

pattern of failure at the individual patient level for scans that contain at least one positive 

scan finding (n=89)
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Figure 2. 
Cumulative incidence function of different PSMA PET patterns of failure from date of 

completion of SRT considering the other patterns as competing events.
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Table 1:

Patient clinicodemographic characteristics (n=133).

Characteristic n*

Median age at PSMA scan (range) 69 (49–91)

Initial Gleason Grade Group

Group 1 (3+3=6) 4 (3%)

Group 2 (3+4=7) 36 (27%)

Group 3 (4+3=7) 47 (35%)

Group 4 (Gleason 8) 19 (14%)

Group 5 (Gleason 9–10) 27 (20%)

Pathologic T stage

T2 33 (25%)

T3 95 (71%)

T4 5 (4%)

Lymph nodal sampling at time of prostatectomy

Median nodes sampled (range) 8 (0–128)

No sampled nodes 12 (9%)

1–5 nodes 36 (28%)

6–10 nodes 31 (24%)

11–20 nodes 31 (24%)

>20 nodes 21 (16%)

Unknown number 2

Pathologic N stage

N0 97 (78%)

N1 27 (22%)

Unknown 9

Presence of ECE 99 (74%)

Presence of seminal vesicle invasion 46 (35%)

Presence of PNI 115 (87%)

Presence of LVSI 52 (39%)

Positive surgical margin at prostatectomy 44 (33%)

Initial risk level

Low 9 (7%)

Favorable intermediate 31 (24%)

Unfavorable intermediate 34 (27%)

High or very high 54 (42%)

Unknown 5

Median months from prostatectomy to SRT (range) 20.3 (3.7–235.2)

Median SRT dose in Gy (range)  72 (57.6–81)

Patient received ADT+SRT 76 (57%)

SRT treatment fields

Prostate bed alone 74 (56%)
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Characteristic n*

Prostate bed plus pelvic nodes 58 (44%)

Unknown field 1

Median months from SRT to PSMA scan (range)  49.0 (7.2–264)

*
Note: Data are presented as number (%) unless indicated otherwise.

Abbreviations: PSMA = prostate specific membrane antigen; ECE = extracapsular extension; PNI = perineural invasion; LVI = lymphovascular 
invasion; SRT = salvage radiotherapy; ADT = androgen deprivation therapy
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Table 2:

Clinicodemographic associations with each PSMA failure pattern using univariable Fine-Gray competing risks 

regression.

PELVIC failure EXTRA-PELVIC failure DISTANT NON-NODAL failure

Variable N (#Events)
HR (95% 
CI)

p-
value1 N (#Events)

HR (95% 
CI)

p-
value1 N (#Events)

HR (95% 
CI)

p-
value1

Age at surgery 133 (35) 1.01 (0.98, 
1.05)

0.44 133 (26) 1.01 (0.96, 
1.06)

0.77 133 (28) 1.04 (0.99, 
1.09)

0.14

Pre-op PSA 129 (34) 0.98 (0.94, 
1.01)

0.17 129 (26) 1.01 (0.99, 
1.04)

0.28 129 (28) 0.99 (0.94, 
1.04)

0.60

Initial risk 
level

128 (33) 0.65 128 (26) 0.51 128 (27)

High + 54 (14) Ref. 54 (12) Ref. 54 (13) Ref.

Fav Int 31 (10) 1.16 (0.52, 
2.58)

31 (4) 0.53 (0.17, 
1.66)

31 (5) Not 
reported

Low risk 9 (3) 1.09 (0.39, 
3.03)

9 (3) 1.63 (0.48, 
5.51)

9 (0) Not 
reported

Unf Int 34 (6) 0.62 (0.24, 
1.60)

34 (7) 0.92 (0.37, 
2.30)

34 (9) Not 
reported

Gleason Score 129 (34) 0.99 (0.74, 
1.32)

0.95 129 (26) 1.18 (0.84, 
1.65)

0.34 129 (27) 1.61 (1.13, 
2.28)

0.008

Surgical T 
Stage

133 (35) 133 (26) 133 (28) 0.004

T3 95 (23) Ref. 95 (19) Ref. 95 (23) Ref.

T2 33 (12) Not 
reported

33 (6) Not 
reported

33 (2) 0.21 (0.05, 
0.87)

T4 5 (0) Not 
reported

5 (1) Not 
reported

5 (3) 4.24 (1.25, 
14.32)

Presence of 
ECE

133 (35) 0.045 133 (26) 0.73 133 (28)

No 34 (13) Ref. 34 (7) Ref. 34 (1) Ref.

Yes 99 (22) 0.51 (0.27, 
0.98)

99 (19) 0.86 (0.35, 
2.07)

99 (27) Not 
reported

Presence of 
SVI

133 (35) 0.49 133 (26) 0.58 133 (28) 0.47

No 87 (25) Ref. 87 (16) Ref. 87 (17) Ref.

Yes 46 (10) 0.77 (0.37, 
1.62)

46 (10) 1.24 (0.57, 
2.73)

46 (11) 1.32 (0.62, 
2.80)

Presence of 
PNI

133 (35) 0.78 133 (26) 0.38 133 (28) 0.93

No 18 (5) Ref. 18 (2) Ref. 18 (4) Ref.

Yes 115 (30) 0.87 (0.32, 
2.34)

115 (24) 1.94 (0.45, 
8.49)

115 (24) 0.96 (0.35, 
2.64)

Presence of 
LVSI

133 (35) 0.37 133 (26) 0.95 133 (28) 0.79

No 81 (20) Ref. 81 (16) Ref. 81 (17) Ref.

Yes 52 (15) 1.35 (0.70, 
2.61)

52 (10) 1.03 (0.47, 
2.24)

52 (11) 1.11 (0.52, 
2.36)

Surgical 
Margin Status

133 (35) 0.13 133 (26) 0.72 133 (28) 0.09
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PELVIC failure EXTRA-PELVIC failure DISTANT NON-NODAL failure

Variable N (#Events)
HR (95% 
CI)

p-
value1 N (#Events)

HR (95% 
CI)

p-
value1 N (#Events)

HR (95% 
CI)

p-
value1

Negative 89 (26) Ref. 89 (16) Ref. 89 (14) Ref.

Positive 44 (9) 0.56 (0.26, 
1.19)

44 (10) 1.16 (0.52, 
2.56)

44 (14) 1.88 (0.91, 
3.88)

Surgical N 
Stage

124 (31) 0.10 124 (25) 0.03 124 (26) 0.87

0 97 (28) Ref. 97 (16) Ref. 97 (21) Ref.

1 27 (3) 0.37 (0.11, 
1.22)

27 (9) 2.51 (1.12, 
5.62)

27 (5) 0.92 (0.34, 
2.51)

Total Number 
of Nodes 
Removed

131 (35) 0.45 131 (24) 0.07 131(28) 0.40

0 12 (4) Ref. 12 (2) Ref. 12 (2) Ref.

1-5 36 (11) 0.94 (0.31, 
2.81)

36 (7) 1.22 (0.24, 
6.20)

36 (9) 1.69 (0.39, 
7.29)

11-20 31 (4) 0.41 (0.11, 
1.52)

31 (4) 0.90 (0.16, 
5.17)

31 (9) 2.55 (0.59, 
11.07)

6-10 31 (11) 1.17 (0.39, 
3.48)

31 (3) 0.58 (0.09, 
3.61)

31 (5) 1.03 (0.21, 
4.95)

>20 21 (5) 0.75 (0.22, 
2.61)

21 (8) 2.98 (0.59, 
14.96)

21 (3) 1.02 (0.17, 
6.05)

Positive Nodes 133 (35) 0.09 133 (26) 0.02 133 (28) 0.91

No 106 (32) Ref. 106 (17) Ref. 106 (23) Ref.

Yes 27 (3) 0.36 (0.11, 
1.17)

27 (9) 2.60 (1.17, 
5.79)

27 (5) 0.94 (0.35, 
2.56)

Percent 
Positive Nodes

119 (31) 0.98 (0.93, 
1.03)

0.41 119 (22) 1.03 (1.01, 
1.06)

0.01 119 (26) 0.98 (0.94, 
1.02)

0.25

Time from 
prostatect 
omy to SRT 
(months)

133 (35) 1.01 (1.00, 
1.01)

0.15 133 (26) 1.00 (0.99, 
1.01)

0.79 133 (28) 0.98 (0.96, 
1.00)

0.06

SRT Dose 129 (35) 1.00 (1.00, 
1.00)

0.61 129 (25) 1.00 (1.00, 
1.00)

0.44 129 (28) 1.00 (1.00, 
1.00)

0.75

SRT 
Treatment 
Area

132 (35) 0.05 132 (25) 0.12 132 (28) 0.13

Pros tate 74 (25) Ref. 74 (11) Ref. 74 (13) Ref.

Pros tate+ 
nodes

58 (10) 0.49 (0.24, 
1.00)

58 (14) 1.86 (0.85, 
4.07)

58 (15) 1.75 (0.84, 
3.62)

ADT Given 
with SRT

133 (35) 0.85 133 (26) 0.10 133 (28) 0.93

No 57 (18) Ref. 57 (9) Ref. 57 (14) Ref.

Yes 76 (17) 0.94 (0.50, 
1.78)

76 (17) 1.92 (0.88, 
4.20)

76 (14) 0.97 (0.47, 
2.00)

1:
p-values are from UVA Fine-Gray competing risks regression

Abbreviations: PSA = prostate-specific antigen; ECE = extracapsular extension; SVI = seminal vesicle invasion; PNI = perineural invasion; LVSI = 
lymphovascular space invasion; SRT = salvage radiotherapy; ADT = androgen deprivation therapy.
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