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Abstract

Introduction: Prostate biopsies following localized radiation ther-
apy for prostate cancer often demonstrate residual prostatic carci-
noma with treatment effect (CTE). The final oncological outcome 
of prostatic CTE is currently uncertain. We studied the pathological 
and oncological outcomes for a large cohort of patients who had 
CTE on post-radiation therapy biopsy and subsequently underwent 
salvage radical prostatectomy (SRP).
Methods: A single-centre retrospective review of all SRPs per-
formed from 1995‒2014 was performed. Cases were selected for 
this analysis if they had had a post-radiation “for-cause” biopsy. 
Biopsy results were compared to final pathology results following 
SRP. Pathological and clinical outcomes were compared by extent 
of treatment effect seen on the post-radiation biopsy.
Results: A total of 70 patients who had salvage prostatectomy at 
MD Anderson Cancer Centre from 2007‒2015 met study criteria. 
CTE was found on biopsy in the absence of other adenocarcinoma 
in 16 patients. Among them, one (7%) patient had no evidence of 
carcinoma at the time of salvage prostatectomy, four (27%) had 
CTE, three (20%) had adenocarcinoma with minimal or partial 
treatment effect (PTE), and seven (47%) had adenocarcinoma with 
no treatment effect (NTE). For those with CTE on biopsy, 69% 
had biochemical recurrence at a median time of 0.4 years (inter-
quartile range [IQR] 0.22‒1.52) vs. 52% for all patients (median 
0.44 years, IQR 0.11‒1.70) and 47% for those with no treatment 
effect (median 0.62 years, IQR 0.05‒1.90). Metastasis developed 
after salvage prostatectomy in 11.8% of the whole cohort (8/68, 
median time to metastasis was 3.03 years, IQR 2.45‒4.47), 26.7% 
of patients with CTE (median 3.2 years, IQR 1.96‒4.44), and 6.7% 
of patients with NTE (median 2.45 years, IQR 0.98‒2.86). Median 
recurrence-free survival was 2.78 years (95% confidence interval 
[CI] 0.84‒5.43) for all patients, 0.51 years (95% CI 0.22‒2.35) for 
those with CTE, and 4.95 years (95% CI 0.95‒7.08) for those with 
NTE; the difference was not significant (p=0.13). On multivariate 
analysis, pre-SRP biopsy Gleason grade <7 (hazard ratio [HR] 0.38; 
95% CI 0.14‒1.02) and number of biopsy cores positive for carci-
noma (HR 1.11; 95% CI 1.00‒1.22) were significant for prediction 
of cancer recurrence.

Conclusions: Patients undergoing salvage prostatectomy for CTE 
or PTE demonstrated in a for-cause biopsy after radiation therapy 
had pathological evidence of viable, untreated cancer in more than 
50% of cases and were at significant risk of adverse pathological 
features. Patients with CTE may therefore benefit from salvage radi-
cal prostatectomy. Our study is limited by its retrospective nature 
and sample size. More studies are required to further validate our 
findings and assess the benefit of SRP in this population.

Introduction

Although radiation therapy (RT) remains a popular treatment 
for prostate cancer, biochemical relapse occurs in up to 
25‒60% of patients, depending on disease stage. Prostate 
biopsy remains the gold standard means of assessment of 
local control, and a positive biopsy is required before salvage 
local therapy is considered. Assessment of prostate biop-
sies after RT can be challenging for pathologists because 
radiation-induced changes and histological atypia in benign 
glands may mimic carcinoma. Post-radiation prostate biop-
sies can be classified by the presence or absence of malig-
nant cells and the presence or absence of treatment effect.1-5

Patients with obvious malignant cells and no evidence 
of radiation effect on biopsy have indisputable local recur-
rence and are obvious candidates for salvage local ther-
apies. However, it is controversial whether patients with 
biochemical relapse who are demonstrated to have cancer 
cells with radiation treatment effect (CTE) on biopsy should 
be considered to have local recurrence. These patients may 
be considerably different from those who are shown to have 
CTE on routine biopsies obtained after radiation. There is a 
paucity of data evaluating whether CTE seen on “for-cause” 
biopsies is biologically active and a threat to the patient. At 
MD Anderson, we have considered these patients to have 
local recurrence and have offered them salvage local thera-
pies. The objective of our study was to evaluate the patho-
logical and oncological outcomes for patients with CTE on 
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post-RT biopsy who subsequently underwent salvage radical 
prostatectomy (SRP).

Methods

Following institutional review board approval (RCR03-
0847), we reviewed the Department of Urology database to 
identify all patients who underwent a radical prostatectomy 
at MD Anderson Cancer Centre from 1995‒2015. Patients 
who underwent localized RT, had biochemical or biopsy-
proven failure, and then underwent SRP were included in 
the study. All patients had to have had a “for-cause” biopsy 
(as opposed to a routine post-RT biopsy) within six months 
of SRP. Only patients whose biopsy pathology report men-
tioned the presence of treatment effect at any point in the 
report were included in the study. Although workup was not 
standardized, all patients who underwent a SRP had had 
a full history, physical exam, lab work, and imaging. The 
assessment included performance status, prostate-specific 
antigen (PSA) test, and axial imaging of the chest and abdo-
men (most commonly via computed tomography [CT] with 
contrast), as well as a bone scan. Patients were excluded 
from the study if their final pathology showed histology other 
than adenocarcinoma of the prostate or if they had distant 
metastasis. All patients had been reviewed by a multidisci-
plinary clinic prior to the decision to perform surgery. 

Patient demographic, clinical, and pathological informa-
tion was collected from chart review and the online electronic 
medical records (EMR). Followup information was gathered 
from the online EMR. For patients who did not follow up at 
MD Anderson, an institutional annual mail-in survey was 
sent to patients to gather followup information, specifically 
disease recurrence, adjunctive therapies, and details of death. 

All patients had a pathology review done at MD Anderson. 
For partial treatment effect (PTE), patients’ biopsy results were 
classified as: 1) benign gland with treatment effect (Fig. 1A); 
2) CTE, where all cancerous glands had to show treatment 
effect (Fig. 1B); 3) adenocarcinoma with minimal or PTE in 
which some cancerous glands showed treatment effect, while 
others did not (Fig. 1C); and 4) adenocarcinoma with no treat-
ment effect (NTE) (Fig. 1D). Non-neoplastic or benign pros-
tatic glands with treatment effect were characterized by small 
atrophic glands with irregular lumens and marked reactive 
nuclear atypia (Fig. 1A). In contrast, prostatic CTE presented 
as small bland glands or single cells with relatively uniform 
pyknotic nuclei and abundant cytoplasm (Fig. 1B). A Gleason 
score was given only to the prostatic adenocarcinomas that 
did not show any treatment effect (Fig. 1D). The final pathol-
ogy from the SRP specimen was compared to the pathology 
from the biopsy using the same four categories.

The primary outcome of interest was the proportion of 
patients with viable disease on final pathology, as defined 
by adenocarcinoma without treatment effect. Secondary 

outcomes included post-SRP PSA nadir, biochemical recur-
rence (BCR), use of hormonal therapy after SRP, development 
of androgen independence, metastasis-free survival, overall 
survival (OS), and cancer-specific survival (CSS). 

Patient characteristics were tabulated by the treatment 
effect in the highest-risk location at the time of pre-SRP 
biopsy. The differences in patient characteristics were com-
pared using Kruskal-Wallis tests, Fisher exact tests, or chi-
square tests, as appropriate. OS was defined as the time 
interval between salvage prostatectomy and death and was 
censored at the last followup date for patients who were 
alive. Recurrence-free survival (RFS) was defined as the time 
interval between surgery date and BCR date or death date, 
whichever came first, and was censored at last followup date 
for patients who were alive without recurrence. BCR was 
defined using the ASTRO definition: a rise by 2 ng/mL or 
more above the PSA nadir.6 The probabilities of OS and RFS 
were estimated using the Kaplan-Meier method.7 Univariate 
and multivariate Cox proportional hazards regression models 
were used to assess the association between patient charac-
teristics and OS or RFS. Statistical analyses were performed 
using SAS 9.3 (The SAS Institute, Cary, NC, U.S.) and S-PLUS 
(TIBCO Corporation, Palo Alto, CA, U.S.).8

Results

Baseline characteristics

A total of 88 patients underwent salvage prostatectomy at 
MD Anderson between 1995 and 2015 because of failure of 

Fig. 1. Effect of radiation treatment on the prostate from a patient in our 
cohort. (A) Non-neoplastic glands with treatment effect showed glandular 
atrophy and marked reactive nuclear atypia; (B) adenocarcinoma with 
treatment effect showed small glands or single cells with pyknotic nuclei and 
abundant cytoplasm; (C) adenocarcinoma with partial treatment effect; and (D) 
adenocarcinoma with no treatment effect.
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disease control following local radiotherapy. We excluded 18 
patients from the study: four patients who underwent prosta-
tectomy for a cause other than local control, five who did not 
have a biopsy pathology re-review done at MD Anderson, 
two who had squamous cell carcinoma, and seven whose 
biopsy pathology reports did not mention treatment effect 
or stated that there was a lack of treatment effect. A total of 
70 patients who underwent salvage prostatectomy between 
June 2007 and March 2015 were included in this study. 

Pre-SRP biopsy results for the 70 patients were as fol-
lows: 45 (64.3%) had adenocarcinoma with no evidence of 
treatment effect, nine (12.9%) had carcinoma with partial 
treatment effect, and 16 (22.9%) had carcinoma with treat-
ment effect as the highest-risk foci on biopsy.

Demographic and clinical data for all patients who under-
went salvage prostatectomy, characterized by pre-SRP biopsy 
treatment effect group, are listed in Table 1. The patients 
who had CTE on pre-SRP biopsy had similar demographic 
features and had similar distributions of PSA level, stage, 
and Gleason score at initial diagnosis of prostate cancer 
when compared with those in other treatment effect groups. 
The median age was 60.2 years (interquartile range [IQR] 
54.4‒64.6). The median PSA level at diagnosis was 5.9 ng/
ml (IQR 4.7‒11.9). The median time from treatment to PSA 
nadir was 1.9 years (IQR 0.9‒2.9), with a median PSA nadir 
of 0.5 ng/ml (IQR 0.2‒1.1). Of the 70 patients, 66 met had 
BCR following RT prior to the post-RT biopsy. At diagnosis, 
16 patients (22.8%) had had a Gleason grade of less than 7, 
39 (55%) had had a Gleason grade of 7, and 10 (14.2%) had 
had a Gleason grade of >7. For clinical stage, eight patients 
(11.4%) had cT3 disease and no patients had cT4 disease. 

 Forty-two patients (60%) received external beam radia-
tion therapy (EBRT), 14 (20%) received brachytherapy thera-
py, six (9%) received proton beam, and eight (11%) received 
EBRT with brachytherapy boost; there was no significant dif-
ference in amount of treatment effect for RT delivery method 
(p<0.05). Two patients (3%) received chemotherapy prior 
to their salvage biopsy; both of these demonstrated NTE. 
The majority of patients, 22 (31%), received prior androgen-
deprivation therapy through their initial treatment course of 
radiation (27% in NTE, 56% in PTE, and 31% in CTE). Only 
four patients had adjunct salvage therapies prior to SRP: one 
had cryotherapy, then EBRT; two had EBRT, then cryotherapy; 
and one had systemic chemotherapy.

Post-radiation biopsy findings 

The median number of biopsy cores was 11 (IQR 10‒12), with 
a median of four (IQR 3‒7) positive cores (Table 2). Similar 
post-radiation biopsy characteristics were seen regardless of 
extent of treatment effect in highest-risk location except for 
total number of cores (p=0.02) and number of cores with treat-
ment effect (p<0.001) prior to salvage prostatectomy.

At the time of the post-RT, pre-SRP biopsy, the majority of 
patients, 63 (90%), had a low PSA level (<10 ng/ml), with two 
patients (2.8%) with NTE having a PSA level between 10 and 
20 ng/ml and one patient with NTE having a PSA of 48 ng/ml. 
A Gleason score >7 was assigned in 38 (54%) patients: 28 
with NTE, six with PTE, and four with CTE on post-RT biopsy. 
Another 17 (30.9%) patients had a Gleason score of 7 (one 
CTE, one PTE, 15 NTE). In 15 patients, a Gleason score could 
not be assigned because of radiation-related changes (11 CTE, 
two PTE, two NTE). The median time between initiation of 
RT and SRP was 5.8 years (IQR 3.8‒8.3).  

Salvage radical prostatectomy findings

Final pathology results for the 70 patients, categorized by 
the post-radiation biopsy result, are described in Table 3. 
Evidence of treatment effect in the benign gland was seen 
in 96% (67/70) of patients, and the two patients who had no 
evidence of treatment effect had had carcinoma with NTE 
on biopsy. In the SRP specimen, 68% (47/70) of patients had 
adenocarcinoma with NTE, 16% (11/70) of patients had ade-
nocarcinoma with PTE, and 14% (10/70) had adenocarcinoma 
with CTE. Among 16 patients with an isolated finding of CTE 
on post-radiation biopsy, 44% (7/16) had carcinoma with NTE 
on final pathology, 18% (3/16) had PTE, 25% (4/16) had CTE, 
and 6.3% (1/16) had no tumour present. There were no signifi-
cant differences with respect to pathological features between 
the extent of treatment effect in the highest-risk location.

Clinical outcomes following salvage prostatectomy

Table 4 summarizes the primary clinical outcomes overall 
and by the extent of treatment effect in the highest-risk loca-
tion at the time of pre-salvage biopsy. At last followup, nine 
of the 70 patients (13%) had died and 61 (87%) were alive. 
The median followup time among survivors was 2.8 years 
(range 0.02‒7.8). Two of the nine deaths were caused by 
prostate cancer. The median OS was 7.7 years (95% confi-
dence interval [CI] 7.7 years‒N/A), and the five-year OS rate 
was 83% (95% CI 63‒92). Further analysis of OS and CSS 
could not be performed due to low event rate. 

Overall, at last followup, 39 (56%) of the 70 patients had 
died and/or experienced BCR, 30 (42%) were alive without 
BCR, and one (1%) was alive with unknown status of recur-
rence. Four patients were excluded from recurrence and 
survival outcome analysis: two whose dates of death were 
unknown, one who was lost to followup, and one whose 
status of recurrence was unknown. The median RFS was 
2.78 years (95% CI 0.81‒5.43) and the five-year RFS rate 
was 37% (95% CI 22‒52). Fig. 2 shows the Kaplan-Meier 
estimates for RFS by treatment effect extent at the highest-risk 
location at the time of pre-salvage biopsy (p=0.12). There 
was no significant difference between the groups.
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Table 1. Baseline demographics for all patients and by post-radiation, pre-SRP biopsy classification with regard to treatment 
effect

Characteristic
All patients

(n=70)
CTE

(n=16)
PTE
(n=9)

NTE
(n=45)

p

Age at diagnosis, median years (IQR) 61.06 (54.38–64.56) 62.38 (57.87–64.05) 60.12 (54.3–65.61) 60.98 (53.73–64.56) 0.64

BMI, median g/m2 (IQR) 29.66 (26.14–33.95) 31.78 (23.62–36.21) 28.63 (27.25–29.84) 29.67 (26.14–33.95) 0.96

Race/ethnicity, n (%) 0.33

White 46 (65.7) 9 (56.3) 6 (66.7) 31 (68.9)

Black 15 (21.4) 4 (25) 2 (22.2) 9 (20)

Hispanic 7 (10) 2 (12.5) 0 (0) 5 (11.1)

Asian 1 (1.4) 1 (6.3) 0 (0) 0 (0)

Arab/Middle Eastern 1 (1.4) 0 (0) 1 (11.1) 0 (0)

PSA at diagnosis, median ng/ml (IQR) (n=63) 5.95 (4.7–11.9) 5.88 (4.65–12.7) 9.95 (6.8–28) 5.9 (4.4–7.7) 0.07

PSA at diagnosis, n (%) 0.07

<10 47 (67) 11 (68.8) 4 (50) 32 (82.1)

10–20 8 (11.4) 4 (25) 2 (25) 2 (5.1)

≥20 8 (11.4) 1 (6.3) 2 (25) 5 (12.8)

Unknown 7 0 1 6

Gleason grade at diagnosis, n (%) 0.52

<7 16 (22.8) 5 (31.3) 1 (11.1) 10 (25)

7 39 (55) 7 (43.8) 7 (77.8) 25 (62.5)

>7 10 (14.2) 4 (25) 1 (11.1) 5 (12.5)

Unknown 5 (7.1) 0 (0) 0 (0) 5

Clinical T stage, n (%) 0.27

cT1 43 (61.4) 9 (64.3) 4 (44.4) 30 (66.7)

cT2 17 (24.2) 3 (21.4) 2 (22.2) 12 (26.7)

cT3 8 (11.4) 2 (14.3) 3 (33.3) 3 (6.7)

Unknown 2 2 0 0

Hormonal therapy with radiation, n (%) 0.24

Yes 22 (31.4) 5 (31.3) 5 (55.6) 12 (26.7)

No 48 (68.6) 11 (68.8) 4 (44.4) 33 (73.3)

Chemotherapy with or adjuvant to radiation, 
n (%)

1.00

Yes 2 (2.9) 0 (0) 0 (0) 2 (4.4)

No 67 (95.7) 16 (100) 8 (100) 43 (95.6)

Unknown 1 0 1 0

Primary local therapy, n (%) 0.81

EBRT 42 (60) 11 (68.8) 6 (66.7) 25 (55.6)

Brachy 14 (20) 4 (25) 1 (11.1) 9 (20)

Proton 6 (8.6) 0 (0) 1 (11.1) 5 (11.1)

EBRT + brachy 8 (11.4) 1 (6.3) 1 (11.1) 6 (13.3)

Prior salvage therapy, n (%) 0.71

No 66 (94.3) 16 (100) 8 (88.9) 42 (93.3)

EBRT 1 (1.4) 0 (0) 0 (0) 1 (2.2)

Cryo 2 (2.9) 0 (0) 1 (11.1) 1 (2.2)

Chemo 1 (1.4) 0 (0) 0 (0) 1 (2.2)

Time from treatment to PSA nadir, median 
years (IQR) (n=59)

1.92 (0.92–2.92) 0.92 (0.08–2.92) 1.92 (0.92–2.42) 1.92 (0.92–1.92) 0.16

PSA nadir after treatment, median (IQR) 
(n=55)

0.46 (0.23–1.1) 0.4 (0.32–1.4) 0.5 (0.18–0.9) 0.5 (0.23–1.2) 0.83

BMI: body mass index; CTE: carcinoma with treatment effect; EBRT: external beam radiation therapy; IQR: interquartile range; NTE: no treatment effect; PSA: prostate-specific antigen; PTE: 
partial treatment effect; SRP: salvage radical prostatectomy.
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Table 5 presents the results of Cox proportional hazards 
models for RFS. On univariate analysis, the number of posi-
tive cores (p=0.01) and the Gleason grade (p=0.03) for the 
pre-SRP biopsy were significantly associated with RFS. Both 
covariates were included in the multivariate analysis and 
remained significant; patients with more positive cores and 
those with higher Gleason grade for the pre-SRP biopsy were 
at higher risk of death or BCR. 

Discussion 

Our study is the first to our knowledge to assess SRP speci-
men pathology in patients who were found to have CTE or 
PTE in post-radiation biopsies performed for cause. More 
than 50% of these patients had viable cancer showing no 
treatment effect in the SRP specimen. Advanced pathological 
features were common in these patients, including Gleason 
grade 8 or higher (60%), seminal vesicle involvement (44%), 
positive surgical margins (28%), and positive lymph nodes 
(20%). Furthermore, the presence or absence of treatment 
effect did not predict RFS or time to metastasis. We found 
that treatment effect was not predictive of final pathological 
outcome at radical prostatectomy. There was no statistical 
association between the pre-SRP biopsy when classified by 
CTE, PTE, or NTE and the final pathology in terms of stage 
(p=0.29), margin status (p=0.13), Gleason grade (p=0.11), 
presence of treatment effect in highest-risk location (p=0.22), 
or presence of treatment effect in benign glands (p=1.0). 

Most of the information previously available on the sig-
nificance of post-radiation biopsies comes from studies of 
patients undergoing routine biopsies after radiation. Patients 
with viable cancer (NTE) on a routine biopsy 24‒38 months 
after radiation have between 3 and 7.5 times the risk of 
death from prostate cancer as do patients with negative 
biopsies (with a higher risk of death if the biopsy is positive 
after combined hormonal therapy and radiation).1-3 Given 
the established biological threat of this histological pattern 
of prostate cancer, the finding of viable cancer (NTE) in 
more than 50% of SRP specimens whose for-cause biopsy 
showed CTE or PTE is significant. The patients in our study 
underwent for-cause biopsies and therefore may be different 
from patients undergoing routine biopsies after radiation. 
In particular, our patients may be enriched for NTE cancers 
because of their biochemical relapse. 

The significance of CTE or PTE in routine biopsies has 
been inconsistent. Crook et al looked at post-biopsy results 
in 205 men and demonstrated that a positive biopsy was pre-
dictive of subsequent metastasis and prostate cancer-specific 
death.9 At seven years’ followup, only 66% of the 33 patients 
with severe treatment effect were biochemically disease-
free, which was not statistically different from the rate for 
patients with a negative biopsy. Zelefsky et al demonstrated 
that 10-year PSA relapse-free survival was 59% for patients 
with negative biopsies, compared to 49% for those with 
severe treatment effect and only 3% for those with NTE on 
biopsy.10 Although the patients with severe treatment effect 

Table 2. Clinical and pathological results at the time of post-radiation, pre-SRP biopsy

Characteristic
All patients

(n=70)
CTE

(n=16)
PTE
(n=9)

NTE
(n=45)

p

PSA level, median ng/ml (IQR) (n=66) 3.35 (2.1–6) 3.3 (2.2–6) 1.7 (1.3–5.2) 3.4 (2.4–6.8) 0.27

PSA level, n (%)  1.00

<10 63 (90) 15 (100) 9 (100) 39 (92.9)

10–20 2 (2.8) 0 (0) 0 (0) 2 (4.8)

≥20 1 (1.4) 0 (0) 0 (0) 1 (2.4)

Unknown 4

Gleason grade, n (%) 0.51

7 17 (24.2) 1 (6.3) 1 (14.3) 15 (34.9)

>7 38 (54) 5 (31.3) 6 (85.7) 28 (65.1)

Unknown 15 10 3 2

Time from treatment to SRP, median (IQR) 5.76 (3.79–8.25 4.85 (2.39–5.88) 6.04 (5.66–8.06 6.84 (4.23–9.18) 0.11

Number of cores total, median (IQR) 11 (10–12) 12 (11–15) 10 (8–11) 11 (9–12) 0.02
Number of positive cores, median (IQR) 4 (3–7) 4 (2.5–10) 5 (3–6) 5 (3–7) 0.95

Number of cores with CTE, median (IQR) 6 (2–11) 12 (10.5–13) 9 (4–10) 4 (0–7) <0.001
Number of cores with no tumour present, median (IQR) 4 (0–7) 7 (5–10) 4 (1–6) 3 (0–6)

Number of cores with tumour present with CTE, median 
(IQR)

0 (0–2) 3 (1.5–6) 0 (0–3) 0 (0–0)

Number of cores with tumour present with PTE, median 
(IQR)

0 (0–0) 0 (0–0) 3 (0–5) 0 (0–0)

Number of cores with tumour present with NTE, median 
(IQR)

1 (0–5) 0 (0–0) 0 (0–0) 4 (1–6)

CTE: carcinoma with treatment effect; IQR: interquartile range; NTE: no treatment effect; PTE: partial treatment effect; PSA: prostate-specific antigen; SRP: salvage radical prostatectomy.
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had lower 10-year PSA survival rates, this was not statisti-
cally significant and did not correlate with metastasis-free 
survival or CSS. Vance et al looked at the clinical outcome 
of patients based on routine biopsy at two years as strati-
fied by those with negative (no cancer), atypical/suspicious 
cells (not diagnostic of carcinoma), CTE, and NTE.11 Patients 
with atypical cells or CTE had intermediate risk for BCR that 
was higher than that for patients with negative biopsies, 
but not as high as the risk for patients with NTE.11 When 
taken together, the slightly lower biochemical disease-free 
survival for patients with CTE in some studies suggests that 
a subset of these patients harbor significant disease. Our 
results support this hypothesis in that over 50% of patients 
with CTE on for-cause biopsy had viable cancer (NTE). It is 
also important to note that all of the studies of CTE in routine 
biopsies after radiation have followup of 10 years or less. 

Localized prostate cancer has a 20-year natural history, and 
it is conceivable that with longer followup, more patients 
with CTE on routine post-radiation biopsy may develop BCR. 

Our study had stringent entry criteria. All patients had for-
cause biopsies. The majority of patients (94%) met ASTRO 
criteria for PSA failure following radiation. Only those with 
adequate descriptions of treatment effect in post-radiation 
prostate adenocarcinoma were included. Between the three 
categories into which we divided the post-radiation biopsies 
(CTE, PTE, and NTE), the baseline patient demographics 
were homogeneous. The majority of patients had D’Amico 
classification low- or intermediate-risk disease, which was 
localized to the prostate prior to radiation. Following radia-
tion, the majority still had PSA <10 ng/ml (90%); however, 
more patients had high-risk disease by Gleason score (54% 
had a Gleason grade >7 after RT, vs. 14% at initial diagno-

Table 3. Final pathological characteristics at time of salvage radical prostatectomy for all patients by biopsy treatment-
effect group at time of biopsy

Characteristic
All patients

(n=70)
CTE

(n=16)
PTE
(n=9)

NTE
(n=45)

p

Pathological stage at SRP, n (%) 0.29

pT0 1 (1.4) 1 (6.3) 0 (0) 0 (0)

pT2 26 (37.1) 7 (43.8) 2 (22.2) 17 (37.8)

pT3 41 (58.6) 7 (43.8) 7 (77.8) 27 (60)

pT4 1 (1.4) 0 (0) 0 (0) 1 (2.2)

pIN 1 (1.4) 1 (6.3) 0 (0) 0 (0)

Positive margins, n (%) 0.13

Yes 14 (20) 3 (18.8) 4 (44.4) 7 (15.6)

No 56 (80) 13 (81.3) 5 (55.6) 38 (84.4)

Seminal vesicle involvement, n (%) 0.93

None 38 (54.3) 10 (62.5) 4 (44.4) 24 (53.3)

Unilateral 9 (12.9) 2 (12.5) 1 (11.1) 6 (13.3)

Bilateral 23 (32.9) 4 (25) 4 (44.4) 15 (33.3)

Gleason grade for SRP specimen, n (%) 0.11

7 18 (25.7) 1 (11.1) 1 (12.5) 16 (43.2)

8–10 36 (67) 8 (88.9) 7 (87.5) 21 (56.8)

Unknown 16 7 1 8

Treatment effect in highest-risk foci at SRP, n (%) 0.22

No 1 (1.4) 1 (6.7) 0 (0) 0 (0)

CTE 10 (14.5) 4 (26.7) 1 (11.1) 5 (11.1)

PTE 11 (15.9) 3 (20) 2 (22.2) 6 (13.3)

NTE 47 (68.1) 7 (43.7) 6 (66.7) 34 (75.6)

Unknown 1 1 0 0

Treatment effect in benign gland at SRP, n (%) 1.00

Yes 67 (97.1) 15 (100) 9 (100) 43 (95.6)

No 2 (2.9) 0 (0) 0 (0) 2 (4.4)

Unknown 1 1 0 0

Positive nodes, n (%) 0.96

No 56 (80) 13 (71) 7 (78) 36 (80)

Yes 14 (20) 3 (19) 2 (22) 9 (20)

Total number of nodes removed, median (IQR) 12 (9–16) 11 (8.5–16) 10 (10–15) 12 (9–16) 0.85
CTE: carcinoma with treatment effect; IQR: interquartile range; NTE: no treatment effect; PTE: partial treatment effect; SRP: salvage radical prostatectomy.
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salvage prostatectomy for post-rT carcinoma with treatment effect

sis). These clinical features are typical for a post-radiation 
salvage prostatectomy cohort. 

There are inherent weaknesses in this retrospective review. 
All of our patients were treated with SRP. We are lacking a 

comparative group of patients who 
had CTE who did not undergo SRP. 
Such a comparison group would 
help establish the natural history of 
BCR with CTE on a for-cause biopsy 
without salvage local therapy. Future 
research should include evaluating 
the long-term clinical outcome of 
CTE in terms of biochemical, pro-
gression-free, and overall survival.  
Also, molecular and immunohisto-
chemical studies may reveal markers 
of progression in CTE patients.

Conclusion

Patients undergoing SRP for CTE 
or PTE demonstrated in a for-cause 
biopsy after RT had pathological evi-
dence of viable, untreated cancer in 
more than 50% of cases and were at 
significant risk of adverse pathologi-
cal features. Patients with CTE may 
therefore benefit from SRP. 

Table 4. Clinical outcomes by biopsy treatment-effect group

Characteristic
All patients

(n=70)
CTE

(n=16)
PTE
(n=9)

NTE
(n=45)

Post-SRP PSA, median (IQR) 0.01 (0.01,0.1) 0.01 (0.01,0.45) 0.01 (0.01,1.6) 0.01 (0.01,0.1)

Biochemical recurrence, n (%) 35 (51.5) 11 (68.8) 3 / 7 (42.9) 21 (46.7)

Time to biochemical recurrence, median years (IQR) 0.44 (0.11,1.70) 0.40 (0.22,1.52) 0.09 (0.07,2.78) 0.62 (0.05,1.90)

Hormonal therapy, n (%)
Pre-SRP
Post-SRP for biochemical recurrence

18 (26)
13 (18.8)

6 (37.5)
4 (25)

2 (22.2)
1 (11.1)

10 (22) 
8 (17.8)

Development of androgen independence, n (%) 11 (16.2) 5 / 15 (33.3) 2 / 8 (25) 4 (8.9)

Time to androgen independence, median years (IQR) 2.03 (0.89, 3.56) 0.91 (0.89,2.03) 3.51 (3.46,3.56) 1.72 (0.88,3.34)

Presence of mets after SRP, n (%) 8 (11.8) 4 /15 (26.7) 1/ 8 (12.5) 3 (6.7)

Time to mets, median years (IQR) 3.03 (2.45,4.47) 3.20 (1.96,4.44) 4.77 (4.47,5.07) 2.45 (0.98,2.86)

Followup time, median years (range) 2.79 (0.02,7.76) 2.98 (0.74,7.76) 2.45 (0.02,6.00) 2.67 (0.13,7.72)

Status at last followup, n (%)
Dead
Alive

9 (12.9)
61 (87.1)

2 (12.5)
14 (87.5)

2 (22.2)
7 (77.8)

5 (11.1)
40 (88.9)

Current status, n (%) 
NED
EDR 
ED

23 (33.3)
28 (40.5)
18 (40)

2 (12.5)
8 (50)

6 (37.5)

3 (33.3)
4 (44.4)
1 (11.1)

18 (40)
16 (35.6)
11 (24.4)

Prostate cancer-caused death, n (%)
Prostate
Other 
Unknown

2
4
3

0
1
1

1
0
1

1
3
1

RFS, median (95% CI) 2.78 (0.84, 5.43) 0.51 (0.22, 2.35) 2.78 (0.07, 2.78) 4.95 (0.95, 7.08)
CTE: carcinoma with treatment effect; CI: confidence interval; EDR: evidence of disease but in remission; ED: evidence of disease; IQR: interquartile range; NED: no evidence of disease; NTE: no 
treatment effect; PTE: partial treatment effect; RFS: recurrence-free survival; SRP: salvage radical prostatectomy.

Fig. 2. Kaplan-Meier estimates for recurrence-free survival by treatment effect in highest-risk location for 
patients with carcinoma with treatment effect, carcinoma with partial treatment effect and carcinoma with no 
treatment effect at the time of pre-salvage radical prostatectomy biopsy.
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Table 5. Univariate and multivariate Cox proportional 
hazards regression for RFS

Characteristic
Events/

total
HR (95% CI) p*

Univariate
Age at diagnosis 37/66 1.00 (0.95,1.05) 0.95

BMI 37/66 1.05 (0.99,1.11) 0.10

Race: non-White vs. White 37/66 1.19 (0.60,2.38) 0.62

Gleason grade at diagnosis 0.22

7 vs. >7 33/61 0.64 (0.25,1.62)

<7 vs. >7 0.36 (0.11,1.14)

Clinical T stage: cT1 vs. cT2/cT3 36/64 0.60 (0.31,1.17) 0.13

Hormonal therapy with 
radiation: yes vs. no

37/66 1.48 (0.75,2.92) 0.26

PSA at diagnosis (log) 32/60 1.11 (0.75,1.63) 0.61

Time from treatment to nadir 
(log)

30/55 0.95 (0.72,1.25) 0.71

PSA nadir after treatment (log) 27/51 0.98 (0.66,1.46) 0.91

Time from treatment to salvage 
(log)

37/66 1.42 (0.85,2.37) 0.18

PSA prior to salvage (log) 35/62 1.16 (0.71,1.88) 0.55

Pre-SRP biopsy, number of 
cores total

37/66 1.05 (0.93,1.18) 0.42

Pre-SRP biopsy, number of 
positive cores

37/66 1.12 (1.03,1.22) 0.01

Pre-SRP biopsy, number of 
cores with TE

37/66 1.02 (0.95,1.09) 0.57

Gleason grade prior to SRP: 7 
vs. >7

28/53 0.34 (0.13,0.92) 0.03

Treatment effect in highest-risk 
location

0.13

CTE vs. NTE 37/66 1.83 (0.88,3.82)

PTE vs. NTE 2.36 (0.80,6.97)

Multivariate
Pre-salvage biopsy, number of 
positive cores

28/53 1.11 (1.00,1.22) 0.05

Gleason grade prior to SRP: 7 
vs. >7

0.38 (0.14,1.02) 0.05

*p was calculated by excluding missing values. BMI: body mass index; CI: confidence 
interval; CTE: carcinoma with treatment effect; HR: hazard ratio; NTE: no treatment 
effect; PSA: prostate-specific antigen; PTE: partial treatment effect; SRP: salvage radical 
prostatectomy; TE: treatment effect.


