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Background and purpose: To identify early biochemical predictors of survival in intermediate- and high-
risk prostate cancer patients with a pre-treatment PSA <20 ng/mL following definitive radiation therapy
(RT) and androgen deprivation therapy (ADT).
Materials and methods: A single-institution review of 2566 intermediate and high-risk prostate cancer
patients treated with definitive RT and neoadjuvant and concurrent ADT from 1990 to 2012 was per-
formed. The first prostate-specific antigen (PSA) value within three months of ADT initiation (post-ADT
PSA) and the first PSA within three months after RT completion (post-RT PSA) were recorded. 1275
had baseline PSA <20 ng/mL and either post-ADT or post-RT PSA available. Median follow-up was
7.6 years. The relationship between post-treatment PSA kinetics and biochemical relapse (BR), distant
metastasis (DM), prostate cancer specific death (PCSD) and overall survival (OS) was modeled using
Cox regression univariate and multivariate analysis (MVA).
Results: MVA demonstrated a strong association between a post-RT PSA >0.09 ng/mL and a significantly
higher risk of BR (HR: 1.93; 95% Cl: 1.45-2.57; p < 0.001), DM (HR: 2.97; 95% CI: 2.01-4.39; p < 0.001),
PCSD (HR: 2.99; 95% CI: 1.73-5.15; p <0.001) and OS (HR: 1.49; 95% CI: 1.18-1.86; p < 0.001). Post-RT
PSA reduction of >95% relative to the baseline PSA was associated with a significantly lower risk of BR
(MVA HR: 0.58; 95% CI: 0.41-0.83; p = 0.003) and DM (MVA HR: 0.47; 95% CI: 0.30-0.76; p = 0.002).
Conclusion: A PSA value >0.09 ng/mL early after RT completion is associated with significantly worse
prognosis across all clinical outcomes, and an early PSA reduction of >95% is associated with reduced risk
of BR and DM. These findings may identify patients who require early aggressive systemic management
for high-risk disease.
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The National Comprehensive Cancer Network (NCCN) has out-
lined pre-treatment risk stratification paradigms for localized pros-
tate cancer that broadly predict clinical outcomes and directly
inform clinical management, reflected by the low-, intermediate-,
and high-risk groupings [1-3]. Long-term, randomized clinical tri-
als have demonstrated that combination androgen deprivation
therapy (ADT) and external beam radiation therapy (EBRT)
improves progression-free and overall survival outcomes for
intermediate- and high-risk prostate cancer patients [4-8]. Due
to this evidence, ADT in conjunction with high-dose radiotherapy
is recognized as a standard of care treatment for prostate cancer.
However, in recent years several groups have sought to further
refine risk stratification based on MRI disease characteristics,
molecular imaging findings and genomic data to better predict sur-

* Corresponding author at: 1275 York Ave., New York, NY 10065, USA.
E-mail address: zelefskm@mskcc.org (M.]. Zelefsky).

https://doi.org/10.1016/j.radonc.2019.04.003
0167-8140/© 2019 Published by Elsevier B.V.

vival outcomes and guide more precise and effective treatment
strategies [9-12].

Here, we aimed to identify biochemical predictors of clinical
response early following treatment completion in intermediate-
and high-risk prostate cancer patients. We show that, in a cohort
of over 1000 patients treated with combination ADT and radiation
therapy (RT), biochemical responses within three months following
ADT initiation and RT completion predict long-term disease-free and
overall survival outcomes. Additionally, these data provide guidance
about how to identify patients early on during the treatment process
who may benefit from more aggressive systemic treatments.

Methods and materials

A retrospective review was conducted in prostate cancer
patients who underwent radiotherapy treatment in conjunction
with ADT between 1990 and 2012 at our institution. Patients had
a histologic diagnosis of prostate adenocarcinoma based on tran-
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srectal ultrasound-guided biopsy specimens, which were reviewed
by urologic pathologists at our institution, and were diagnosed and
evaluated as described previously [13,14]. Information was col-
lected regarding NCCN risk grouping [9], Gleason score, tumor
stage, baseline prostate specific antigen (PSA) pre-treatment, radi-
ation treatment type and dose, duration of ADT treatment, and the
first recorded PSA within three months following ADT initiation
and within three months following RT completion.

All patients were treated with a five-to-seven-field conformal
radiation treatment plan with 15 MV photons and/or interstitial
low- or high-dose rate brachytherapy with a palladium, iodine,
or iridium radioactive source. Patients received ADT at the discre-
tion of the treating physician. ADT was administered through at
least thirty days of bicalutamide (50 mg daily) followed by a one-
to-three-month injection of leuprolide or monthly injections of
degarelix alone. Patients generally received a six-month total
course of neoadjuvant and concurrent ADT followed by adjuvant
ADT, with 747 patients receiving a three- to six-month course of
neoadjuvant ADT, 289 patients receiving less than three months
of neoadjuvant ADT, and 218 patients receiving more than six
months of neoadjuvant ADT (Table 1). While it was common prac-
tice at our institution during this time period to administer shorter
course ADT, today the practice is at least 18-24 months of ADT for
high-risk prostate cancer.

Patients with NCCN low-risk disease were excluded and in add-
tion those with baseline PSA >20 ng/mL were excluded to limit the
potentially confounding variable of patients who present with very
high baseline PSA values and possible subclinical metastatic dis-
ease, since we focus our analysis on those with localized disease.
Patients without a recorded PSA value within seven days to three
months following ADT initiation and within three months after
completion of RT were excluded.

Biochemical failure was defined per the Phoenix definition of a
PSA at least 2 ng/mL above the nadir PSA. Metastasis was diag-
nosed radiographically and cause of death was recorded. The 30-
day linear rate of change between baseline PSA and the first PSA
within three months after ADT initiation (post-ADT) PSA was cal-
culated, as well as the 30-day linear rate of change between the
baseline PSA and the first PSA after completion of RT (post-RT) PSA.

Time to event was calculated from the end of RT for post-ADT PSA
analysis and from post-RT lab date for post-RT PSA analysis in Cox
regression models. Five- and 10-year incidence estimates for all-
cause mortality, cause-specific mortality, incidence of biochemical
recurrence, and incidence of distant metastasis, as well as five- and
10-year overall survival rates were calculated. All-cause mortality
was modeled using Cox regression, and the hazard ratio was reported
for each covariate of interest in both the univariate and multivariate
models. Other outcomes were modeled using Cox regression for com-
peting risks and cause-specific sub-distribution hazard ratios for the
event. Post-ADT and post-RT PSA were determined to be significantly
associated with the outcomes in univariate Cox models and, subse-
quently, maximal cut-off values of post-ADT and post-RT PSA were
found using the maximal chi-square method in the univariate overall
survival model [15,16]. Results of six multivariate models were
shown as follows: post-ADT PSA reduction, rate of change, and max-
imal cut-off and post-RT PSA reduction, rate of change, and maximal
cut-off as the predictors of interest and each model with NCCN risk
group, Gleason score, T stage, radiation treatment type and duration,
ADT treatment, and baseline PSA as covariates.

Results

Baseline characteristics

Two thousand, five hundred sixty-six intermediate- and high-
risk prostate cancer patients received RT between 1990 and 2012

Table 1
Baseline characteristics (n=1275).
N Frequency (%) or median
(range)

NCCN risk group 1275

Intermediate risk 707 (55%)

High risk 568 (45%)
Gleason score 1274

<5 29 (2%)

6 172 (14%)

7 644 (51%)

8 254 (20%)

9 159 (12%)

10 16 (1%)
T stage 1269

Tlc 464 (37%)

T2a 234 (18%)

T2b 200 (16%)

T2c 145 (11%)

T3a 103 (8%)

T3b 74 (6%)

T3c 41 (3%)

T4 2 (<1%)
Treatment category 1275

EBRT alone 1067 (84%)

Brachytherapy alone 137 (11%)

Combination therapy 71 (5%)
EBRT dose (cGy) 1138

Median (range) 8100 (3250, 8640)
Brachytherapy dose (cGy) 208

Median (range) 100 (16.5, 144)
Brachytherapy dose rate 208

LDR 152 (73%)

HDR 56 (27%)
Neoadjuvant treatment duration 1254

<3 months 289 (23%)

3-6 months 747 (60%)

>6 months 218 (17%)
Baseline PSA 1275

Median (range), ng/mL 8.2 (0.2, 20.0)
Post-ADT PSA 1058

Median (range), ng/mL 1.7 (0.0, 36.5)
Reduction from baseline (%)

<50% 263 (25%)

50-90% 480 (45%)

>90% 315 (30%)
30-day rate of change from baseline (ng/

mL/30 days)

<3.5 decrease 427 (40%)

3.5-10 decrease 445 (42%)

>10 decrease 186 (18%)
Post-RT PSA (ng/mL) 931

Median (range) 0.1 (0, 18.8)
% reduction from baseline

<95% 133 (14%)

>95% 798 (86%)
30-day rate of change from baseline (ng/

mL/30 days)

<1 decrease
1-2 decrease
>2 decrease

420 (45%)
367 (40%)
144 (15%)

ADT: androgen deprivation therapy; EBRT: external beam radiation therapy; HDR:
high dose rate; LDR: low dose rate; NCCN: National Comprehensive Cancer Net-
work; PSA: prostate specific antigen; RT: radiation therapy.

at a single institution. Of those patients, 1275 had baseline PSA
<20 ng/mL and either post-ADT PSA (n=1058) or post-RT PSA
(n=931) information available and were included in the analysis.
Median follow-up time was 7.6 years (range: 16 days to 25 years).

Over half (n =707, 55%) of the patients had intermediate-risk
disease, with Gleason >7 (n = 1073, 84%) and clinical T1-to-T2 dis-
ease (n=1043, 82%; Table 1). The majority received EBRT alone
(n=1067, 84%; median dose: 81 Gy). The median baseline PSA
was 8.2 ng/mL and the median post-ADT and post-RT PSA values
were 1.7 and 0.1 ng/mL, respectively (Table 1).
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Eighty-two percent of patients had a <10 ng/mL 30-day decline
in post-ADT PSA relative to baseline PSA and 85% of patients had a
<2 ng/mL 30-day decline in post-RT PSA relative to baseline PSA
(Table 1). Patients whose PSA declined more rapidly following
ADT initiation had a higher baseline PSA; however, these patients
did not have a significantly different NCCN risk profile or Gleason
score distribution compared to patients whose PSA declined more
slowly after the start of neoadjuvant ADT (Supplemental Table 1).

In univariate Cox models, post-RT PSA is significantly associated
with overall survival (p = 0.01), cause-specific mortality, biochem-
ical recurrence and distant metastasis (all p < 0.001). From univari-
ate Cox regression using the overall survival outcome, the maximal
cut-off value for determining high versus low post-RT PSA values
was determined to be 0.09 ng/mL. Post-ADT PSA is not significantly
associated with overall survival (p = 0.37) or cause-specific mortal-
ity (p = 0.18) but is significantly associated with biochemical recur-
rence (p=0.04) and distant metastasis (p = 0.003). The maximal
cut-off value for determining high versus low post-ADT PSA values
was determined to be 4.55 ng/mL.

Biochemical recurrence
The incidence of biochemical recurrence at five and ten years
was 16.8 (95% CI 14.7-19.0) and 25.9 (95% CI 23.2-28.6), respec-

Table 2
Biochemical recurrence.

tively (Supplemental Table 2). High-risk disease, higher Gleason
score, and higher clinical T stage were associated with a signifi-
cantly greater risk of biochemical recurrence (Table 2).

Based on univariate and multivariate analyses, patients whose
PSA fell 3.5-10 ng/mL over 30 days following ADT initiation had
a significantly higher risk of biochemical recurrence (multivariate
HR: 1.43; 95% CI: 1.02-2.00; p = 0.04; Table 2). However, those
whose PSA fell >10 ng/mL after ADT initiation did not have statis-
tically significant increased risk of biochemical recurrence in mul-
tivariate analysis.

Regarding post-RT PSA, patients whose PSA fell >95% following
completion of RT relative to baseline PSA had a 42% lower risk of
biochemical recurrence based on multivariate analysis (HR: 0.58;
95% CI: 0.41-0.83; p = 0.003; Table 2, Fig. 1a). A post-RT PSA value
of >0.09 ng/mL was associated with a significantly greater risk of
biochemical recurrence relative to patients with a post-RT PSA of
<0.09 ng/mL (Fig. 1b, HR: 1.93; 95% CI: 1.45-2.57; p <0.001).

Distant metastasis

The five- and ten-year incidence of distant metastasis was 7.7
(95% CI: 6.3-9.3) and 13.7 (95% CI: 11.6-15.9), respectively (Sup-
plemental Table 2). Patients with high-risk disease, higher Gleason

Univariate Multivariate
SDHR (95% CI) P SDHR (95% CI) p

NCCN High risk 1.86 (1.48, 2.34) <0.001

Reference: Intermediate risk
Gleason score 1.24 (1.10, 1.40) <0.001

Per 1-point increase
T stage 1.22 (1.15, 1.30) <0.001

Per 1-stage increase
Treatment

Reference: EBRT alone

Brachytherapy alone 1.19 (0.72, 1.97) 0.50

Combination therapy 0.78 (0.52, 1.19) 0.25
Neoadjuvant treatment duration

Reference: <3 months

3-6 months 1.32 (0.98, 1.77) 0.07

>6 months 1.22 (0.83, 1.77) 0.31
Post-ADT PSA reduction’

Reference: <50%

50-90% 1.02 (0.74, 1.40) 0.90 0.99 (0.72, 1.38) 0.97

>90% 0.91 (0.63, 1.31) 0.61 0.87 (0.60, 1.26) 0.46
Post-ADT PSA 30-day rate of change

Reference: <3.5 decrease

3.5-10 decrease 1.61 (1.20, 2.15) 0.001 1.43 (1.02, 2.00) 0.04

>10 decrease 1.84 (1.29, 2.62) <0.001 1.34 (0.81, 2.22) 0.26
Post-ADT maximal cutoff’

Reference: <4.55 ng/mL

>4.55 ng/mL 1.35 (1.01, 1.80) 0.05 1.27 (0.93, 1.73) 0.13
Post-RT PSA reduction’

Reference: <95%

>95% 0.67 (0.48, 0.93) 0.02 0.58 (0.41, 0.83) 0.003
Post-RT PSA 30-day rate of change'

Reference: <1 decrease

1-2 decrease 1.39 (1.04, 1.85) 0.03 1.03 (0.66, 1.62) 0.88

>2 decrease 1.16 (0.77, 1.75) 0.46 0.51 (0.23, 1.14) 0.10
Post-RT maximal cutoff’

Reference: <0.09 ng/mL

>0.09 ng/mL 1.77 (1.35, 2.31) <0.001 1.93 (1.45, 2.57) <0.001

End of radiotherapy is used as baseline date for all time-to-event models except those including post-RT PSA values where the post-RT PSA lab date is used.
Post-ADT and post-RT maximal cutoff values were determined using the maximal Chi-square method in the univariate overall survival model.

Except where noted, the sample size is 1275, with 295 recurrences and 255 competing death events.

ADT: androgen deprivation therapy; CI: confidence interval; EBRT: external beam radiation therapy.

NCCN: National Comprehensive Cancer Network; PSA: prostate specific antigen; RT: radiation therapy.

SDHR: subdistribution hazard ratio.

" Sample size: 1058; number of events: 245 recurrences and 207 competing death events.
f Sample size: 931; number of events: 217 recurrences and 210 competing death events.
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Fig. 1. Cumulative incidence of biochemical recurrence and distant metastasis in patients with a post-radiation therapy (RT) prostate specific antigen (PSA) reduction of >95%
and <95% within three months after completing RT (A) and of biochemical recurrence, distant metastasis, prostate cancer specific death, and overall mortality in patients with
a first post-radiation therapy (RT) prostate specific antigen (PSA) >0.09 ng/mL or <0.09 ng/mL within three months after completing RT (B).

Table 3
Distant metastasis.
Univariate Multivariate
SDHR (95% CI) P SDHR (95% CI) P
NCCN High risk 3.18 (2.30, 4.39) <0.001
Reference: Intermediate risk
Gleason score 1.65 (1.43, 1.92) <0.001
Per 1-point increase
T stage 1.33 (1.22, 1.44) <0.001
Per 1-stage increase
Treatment
Reference: EBRT alone
Brachytherapy alone 1.54 (0.80, 2.97) 0.19
Combination therapy 1.10 (0.67, 1.81) 0.70
Neoadjuvant treatment duration
Reference: <3 months
3-6 months 1.55 (1.00, 2.38) 0.05
>6 months 1.86 (1.12, 3.08) 0.02
Post-ADT PSA reduction’
Reference: <50%
50-90% 1.05 (0.70, 1.60) 0.80 1.02 (0.66, 1.56) 0.94
>90% 0.94 (0.59, 1.51) 0.80 0.91 (0.56, 1.48) 0.71
Post-ADT PSA 30-day rate of change
Reference: <3.5 decrease
3.5-10 decrease 1.68 (1.15, 2.46) 0.007 1.35 (0.86, 2.14) 0.20
>10 decrease 1.94 (1.22, 3.07) 0.005 1.34 (0.68, 2.61) 0.40

Post-ADT maximal cutoff

Reference: <4.55 ng/mL

>4.55 ng/mL 1.41 (0.99, 2.02) 0.06 1.36 (0.93, 1.98) 0.11
Post-RT PSA reduction’

Reference: <95%

>95% 0.66 (0.43, 1.01) 0.06 0.47 (0.30, 0.76) 0.002
Post-RT PSA 30-day rate of change'

Reference: <1 decrease

1-2 decrease 1.23 (0.84, 1.80) 0.28 0.84 (0.47, 1.51) 0.56

>2 decrease 1.06 (0.63, 1.79) 0.83 0.41 (0.15, 1.15) 0.09
Post-RT maximal cutoff’

Reference: <0.09 ng/mL

>0.09 ng/mL 2.28 (1.59, 3.28) <0.001 2.97 (2.01, 4.39) <0.001

End of radiotherapy is used as baseline date for all time-to-event models except those including post-RT PSA value where the post-RT PSA lab date is used.
Post-ADT and post-RT maximal cutoff values were determined using the maximal Chi-square method in the univariate overall survival model.
Except where noted, the sample size is 1275, with 169 metastases and 296 competing death events.
ADT: androgen deprivation therapy; ClI: confidence interval; EBRT: external beam radiation therapy.
NCCN: National Comprehensive Cancer Network; PSA: prostate specific antigen; RT: radiation therapy.
SDHR: subdistribution hazard ratio.
" Sample size: 1058; number of events: 147 metastases and 238 competing death events.
* Sample size: 931; number of events: 126 metastases and 238 competing death events.
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score, and higher clinical T stage were significantly more likely to
have distant metastasis (p < 0.001; Table 3).

A PSA reduction of >95% relative to baseline PSA following RT
was associated with a significantly lower likelihood of distant
metastasis based on multivariate analysis (HR: 0.47; 95% CI:
0.30-0.76; p=0.002; Table 3, Fig. 1a); a post-RT PSA value
>0.09 ng/mL was associated with a nearly three-fold greater risk
of distant metastasis relative to a PSA <0.09 ng/mL (HR: 2.97;
95% CI: 2.01-4.39; p <0.001; Fig. 1b).

Prostate cancer-specific death

The five- and 10-year incidence of prostate cancer-specific
death (PCSD) was 2.6 (95% CI: 1.8-3.6) and 7.3 (95% CI: 5.7-9.1),
respectively (Supplemental Table 2). High-risk disease, higher
Gleason score, and higher clinical T stage were associated with a
greater risk of PCSD (Table 4).

The degree of post-RT reduction in PSA value relative to base-
line was not significantly associated with PCSD; however, those
who had a post-RT PSA value >0.09 ng/mL had a nearly three-
fold greater risk of PCSD relative to those with a post-RT PSA value
<0.09 ng/mL based on multivariate analysis (HR: 2.99; 95% CI:
1.73-5.15; p < 0.001; Table 4, Fig. 1b).

Table 4
Prostate cancer-specific death.

Overall survival

The five- and 10-year overall survival rates were 90% (95% Cl:
88.2-91.7) and 70.3% (95% Cl: 67.1-73.3), respectively. Patients
with high-risk disease, higher Gleason score, and higher T stage
were more likely to have reduced overall survival (0S) relative to
those with more favorable clinical and pathologic characteristics
(Table 5).

Patients with a post-RT PSA >0.09 ng/mL had a 49% greater risk
of all-cause mortality relative to those with a post-RT PSA
<0.09 ng/mL based on multivariate analysis (HR: 1.49; 95% CI:
1.18-1.86; p < 0.001; Table 5, Fig. 1b).

Discussion

To our knowledge, this is the largest retrospective study of PSA
kinetics immediately prior to and following RT in patients with
intermediate- and high-risk prostate cancer receiving ADT. This
study provides evidence for the prognostic value of PSA measure-
ments as early as three months following RT completion. These
findings also indicate a strong association between early post-RT
PSA levels >0.09 ng/mL and a significantly higher risk of biochem-
ical failure, distant metastasis, PCSD, and death from all causes.
Moreover, we found that patients who experienced a >95% reduc-

Univariate Multivariate
SDHR (95% CI) P SDHR (95% CI) p

NCCN High risk 3.43 (2.13, 5.52) <0.001

Reference: Intermediate risk
Gleason score 1.48 (1.18, 1.85) <0.001

Per 1-point increase
T stage 1.34 (1.19, 1.50) <0.001

Per 1-stage increase
Treatment

Reference: EBRT alone

Brachytherapy alone 0.33 (0.05, 2.35) 0.27

Combination therapy 0.61 (0.25, 1.51) 0.29
Neoadjuvant treatment duration

Reference: <3 months

3-6 months 1.15 (0.67, 2.00) 0.61

>6 months 1.05 (0.52, 2.14) 0.88
Post-ADT PSA reduction’

Reference: <50%

50-90% 1.02 (0.59, 1.77) 0.94 0.96 (0.55, 1.70) 0.90

>90% 0.70 (0.36, 1.36) 0.29 0.66 (0.34, 1.28) 0.22
Post-ADT PSA 30-day rate of change

Reference: <3.5 decrease

3.5-10 decrease 0.90 (0.52, 1.56) 0.71 0.86 (0.46, 1.59) 0.62

>10 decrease 1.74 (0.97, 3.13) 0.06 1.41 (0.60, 3.29) 0.43
Post-ADT maximal cutoff’

Reference: <4.55 ng/mL

>4.55 ng/mL 1.42 (0.85, 2.35) 0.18 1.42 (0.83, 2.42) 0.21
Post-RT PSA reduction’

Reference: <95%

>95% 0.66 (0.37, 1.19) 0.17 0.58 (0.31, 1.09) 0.09
Post-RT PSA 30-day rate of change'

Reference: <1 decrease

1-2 decrease 1.09 (0.65, 1.83) 0.75 1.32 (0.61, 2.84) 0.48

>2 decrease 1.10 (0.55, 2.21) 0.79 1.35 (0.38, 4.76) 0.64
Post-RT maximal cutoff’

Reference: <0.09 ng/mL

>0.09 ng/mL 2.40 (1.45, 3.99) <0.001 2.99 (1.73, 5.15) <0.001

End of radiotherapy is used as baseline date for all time-to-event models except those including post-RT PSA value where the post-RT PSA lab date is used.
Post-ADT and post-RT maximal cutoff values were determined using the maximal Chi-square method in the univariate overall survival model.

Except where noted, the sample size is 1275, with 84 dead of disease (DOD) and 320 competing dead of other causes (DOC)/dead of unknown causes (DUC) events.
ADT: androgen deprivation therapy; CI: confidence interval; EBRT: external beam radiation therapy.

NCCN: National Comprehensive Cancer Network; PSA: prostate specific antigen; RT: radiation therapy.

SDHR: subdistribution hazard ratio.

" Sample size: 1058; number of events: 71 DOD and 261 competing DOC/DUC events.

f Sample size: 931; number of events: 67 DOD and 259 competing DOC/DUC events.
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Table 5
Overall survival.

Univariate Multivariate
HR (95% CI) P HR (95% CI) P

NCCN High risk 1.34(1.10, 1.63) 0.003

Reference: Intermediate risk
Gleason score 1.14 (1.04, 1.25) 0.004

Per 1-point increase
T stage 1.09 (1.03, 1.15) 0.003

Per 1-stage increase
Treatment

Reference: EBRT alone

Brachytherapy alone 0.39 (0.16, 0.95) 0.04

Combination therapy 0.76 (0.52, 1.13) 0.18
Neoadjuvant treatment duration

Reference: <3 months

3-6 months 0.95 (0.74, 1.21) 0.67

>6 months 0.98 (0.71, 1.34) 0.88
Post-ADT PSA reduction

Reference: <50%

50-90% 0.84 (0.65, 1.10) 0.21 0.84 (0.65, 1.10) 0.21

>90% 1.00 (0.75, 1.33) 0.99 1.03 (0.77, 1.37) 0.86
Post-ADT PSA 30-day rate of change

Reference: <3.5 decrease

3.5-10 decrease 0.98 (0.76, 1.24) 0.84 0.92 (0.70, 1.22) 0.58

>10 decrease 1.30 (0.97, 1.74) 0.07 1.12 (0.76, 1.67) 0.57
Post-ADT maximal cutoff

Reference: <4.55 ng/mL

>4.55 ng/mL 1.26 (0.99, 1.61) 0.06 1.22 (0.95, 1.58) 0.12
Post-RT PSA reduction’

Reference: <95%

>95% 0.96 (0.72, 1.27) 0.76 0.87 (0.65, 1.16) 0.34
Post-RT PSA 30-day rate of change'

Reference: <1 decrease

1-2 decrease 1.21 (0.95, 1.54) 0.12 1.13 (0.80, 1.59) 0.49

>2 decrease 1.31(0.97, 1.78) 0.08 1.00 (0.56, 1.78) 0.99
Post-RT maximal cutoff’

Reference: <0.09 ng/mL

>0.09 ng/mL 1.39(1.11, 1.72) 0.003 1.49 (1.18, 1.86) <0.001

End of radiotherapy is used as baseline date for all time-to-event models except those including post-RT PSA value where the post-RT PSA lab date is used.
Post-ADT and post-RT maximal cutoff values were determined using the maximal Chi-square method in the univariate overall survival model.

Except where noted, the sample size is 1275 patients, with 404 deaths.

ADT: androgen deprivation therapy; CI: confidence interval; EBRT: external beam radiation therapy; HR: hazard ratio; NCCN: National Comprehensive Cancer Network; PSA:

prostate specific antigen; RT: radiation therapy.
" Sample size: 1058; number of events: 332 deaths.
 Sample size: 931; number of events: 326 deaths.

tion in post-RT PSA relative to baseline PSA within the first three
months following RT had a significantly lower risk of biochemical
failure as well as distant metastasis. This study demonstrates that
the first PSA level after neoadjuvant ADT and RT is an important
indicator of the success of definitive treatment, and that the first
post-RT PSA value is not purely a marker of RT alone, but a very
early biomarker for the subsequent clinical outcome after com-
bined ADT and RT. Overall, this study identified very early predic-
tors of potentially more aggressive disease subtypes, and,
therefore, may help patients who would benefit from earlier inter-
vention with more potent androgen deprivation agents.

Several studies have demonstrated that, in the setting of defini-
tive RT for intermediate- and high-risk disease, a low PSA nadir
below a particular threshold during neoadjuvant ADT or a low
PSA value just prior to RT initiation is strongly predictive of
improved clinical outcomes [3,17-21]. However, there is little
insight into early predictors of clinical outcomes after definitive
RT. Studies have indicated that a short PSA doubling-time (PSADT)
following RT may represent a surrogate for PCSD [22], and a PSA
nadir greater than 0.5 ng/mL following RT and ADT has a higher
likelihood of biochemical failure [23], particularly in high-risk pop-
ulations. We found that, if patients do not respond significantly
within three months after radiation treatment (as demonstrated

by a decline in PSA below a particular threshold), they might be
at significant risk of local and distant recurrence as well as death.

The current standard definition for biochemical recurrence after
EBRT with or without ADT is a 2-ng/mL rise in PSA above nadir
[24,25]. Our data demonstrate that a PSA value as low as or greater
than 0.09 ng/mL early after RT completion may be an early sign of
greater likelihood of local and distant relapse, and it could be an
indication for use of more aggressive treatment approaches.
Managing a patient until their PSA has increased 2 ng/mL above
the nadir point may markedly delay intervention that could other-
wise reduce their risk of death. With the approval of more aggres-
sive androgen blockade agents for very high-risk disease, such as
CYP17A1 inhibitor abiraterone acetate [26], early identification of
patients who may fail therapy provides an opportunity for proac-
tive management of high-risk phenotypes.

Unexpectedly, in the subgroup of patients whose PSA fell 3.5-
10 ng/mL per 30-day period, there was an increased risk of bio-
chemical recurrence in multivariate analysis relative to those
whose PSA fell <3.5 ng/mL per 30 days (Table 2). However, these
findings are not significant in multivariate analysis for any other
clinical outcome or for those whose PSA fell >10 ng/mL per 30-
day period. While other groups have observed poor clinical out-
comes in patients whose PSA fell more rapidly after ADT initiation,
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these studies either involved patients with metastatic disease [27],
or involved more dated forms of external beam radiation [28].
These findings should be interpreted with caution, and further
study must be performed to determine the relationship between
the pace of the PSA decline following treatment and clinical out-
come. One limitation of our analysis is that post-ADT and post-
RT PSA cut-off values were determined a posteriori and their per-
formance will need to be assessed in another dataset for validation
and to determine the generalizability of the results.

A limitation of this study is its retrospective design. It is also
possible that treatment paradigms have evolved over the course
of 20 years at our institution; however, the majority of patients
in this study received EBRT alone with a median dose of 81 Gy.
While treatment type was included in multivariate models, the
heterogeneity of radiation treatment modality may be a potential
confounding variable. We also recognize that ADT administration
was at the discretion of the prescribing physician; however, the
majority of intermediate- and high-risk patients were treated
within three to six months of neoadjuvant ADT. While the practice
at the time these patients were treated was a six-month course of
ADT for high-risk disease, we recognize that it is our current prac-
tice to utilize ADT for 18-24 months for such patients.

Early biochemical response to RT as a surrogate for survival out-
comes should be validated prospectively, and, if corroborated, can
provide a facile and effective biomarker to guide personalized
treatment of high-risk prostate cancer.

Acknowledgement

There are no acknowledgements.

Financial support/funding statement

There are no sources of financial support or funding.

Conflicts of interest notification

There are no conflicts of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.radonc.2019.04.003.

References

[1] D’Amico AV, Moul ], Carroll PR, Sun L, Lubeck D, Chen MH. Cancer-specific
mortality after surgery or radiation for patients with clinically localized
prostate cancer managed during the prostate-specific antigen era. J Clin Oncol
2003;21:2163-72.

Kuban DA, el-Mahdi AM, Schellhammer PF. Prostate-specific antigen for
pretreatment prediction and posttreatment evaluation of outcome after
definitive irradiation for prostate cancer. Int ] Radiat Oncol Biol Phys
1995;32:307-16.

[3] Zelefsky M], Lyass O, Fuks Z, Wolfe T, Burman C, Ling CC, et al. Predictors of
improved outcome for patients with localized prostate cancer treated with
neoadjuvant androgen ablation therapy and three-dimensional conformal
radiotherapy. ] Clin Oncol 1998;16:3380-5.

Bolla M, Collette L, Blank L, Warde P, Dubois ]B, Mirimanoff RO, et al. Long-
term results with immediate androgen suppression and external irradiation in
patients with locally advanced prostate cancer (an EORTC study): a phase Il
randomised trial. Lancet (London, England) 2002;360:103-6.

Bolla M, Van Tienhoven G, Warde P, Dubois JB, Mirimanoff RO, Storme G, et al.
External irradiation with or without long-term androgen suppression for

[2

[4

[5

prostate cancer with high metastatic risk: 10-year results of an EORTC

randomised study. Lancet Oncol 2010;11:1066-73.

Horwitz EM, Bae K, Hanks GE, Porter A, Grignon DJ, Brereton HD, et al. Ten-year

follow-up of radiation therapy oncology group protocol 92-02: a phase Il trial

of the duration of elective androgen deprivation in locally advanced prostate
cancer. ] Clin Oncol 2008;26:2497-504.

Pilepich MV, Winter K, John M]J, Mesic ]JB, Sause W, Rubin P, et al. Phase III

radiation therapy oncology group (RTOG) trial 86-10 of androgen deprivation

adjuvant to definitive radiotherapy in locally advanced carcinoma of the
prostate. Int J Radiat Oncol Biol Phys 2001;50:1243-52.

Pilepich MV, Winter K, Lawton CA, Krisch RE, Wolkov HB, Movsas B, et al.

Androgen suppression adjuvant to definitive radiotherapy in prostate

carcinoma-long-term results of phase III RTOG 85-31. Int ] Radiat Oncol Biol

Phys 2005;61:1285-90.

[9] Network NCC. Prostate cancer (Version 4.2018).

[10] Spratt DE, Zhang ], Santiago-Jimenez M, Dess RT, Davis JW, Den RB, et al.
Development and validation of a novel integrated clinical-genomic risk group
classification for localized prostate cancer. ] Clin Oncol 2018;36:581-90.

[11] Sundi D, Wang VM, Pierorazio PM, Han M, Bivalacqua TJ, Ball MW, et al. Very-
high-risk localized prostate cancer: definition and outcomes. Prostate Cancer
Prostatic Dis 2014;17:57-63.

[12] Zumsteg ZS, Zelefsky M], Woo KM, Spratt DE, Kollmeier MA, McBride S, et al.
Unification of favourable intermediate-, unfavourable intermediate-, and very
high-risk stratification criteria for prostate cancer. BJU Int 2017;120:E87-95.

[13] Zelefsky M]J, Pei X, Chou ]JF, Schechter M, Kollmeier M, Cox B, et al. Dose
escalation for prostate cancer radiotherapy: predictors of long-term
biochemical tumor control and distant metastases-free survival outcomes.
Eur Urol 2011;60:1133-9.

[14] Zhang LM, Jiang HW, Tong SJ, Zhu HQ, Liu ], Ding Q. Prostate-specific antigen
kinetics under androgen deprivation therapy and prostate cancer prognosis.
Urol Int 2013;91:38-48.

[15] Hothorn T, Lausen B. Maximally selected rank statistics in R. R News 2002:3-5.

[16] Hothorn TL, Lausen B. On the exact distribution of maximally selected rank
statistics. Comput Stat Data Anal 2003;43:121-37.

[17] Alexander AS, Mydin A, Jones SO, Christie ], Lim JT, Truong PT, et al. Extreme-
risk prostate adenocarcinoma presenting with prostate-specific antigen (PSA)
>40 ng/ml: prognostic significance of the preradiation PSA nadir. Int J Radiat
Oncol Biol Phys 2011;81:e713-9.

[18] Cavanaugh SX, Kupelian PA, Fuller CD, Reddy C, Bradshaw P, Pollock BH, et al.
Early prostate-specific antigen (PSA) kinetics following prostate carcinoma
radiotherapy: prognostic value of a time-and-PSA threshold model. Cancer
2004;101:96-105.

[19] Foo M, Lavieri M, Pickles T. Impact of neoadjuvant prostate-specific antigen
kinetics on biochemical failure and prostate cancer mortality: results from a
prospective patient database. Int J Radiat Oncol Biol Phys 2013;85:385-92.

[20] Ludgate CM, Bishop DC, Pai H, Eldridge B, Lim ], Berthelet E, et al. Neoadjuvant
hormone therapy and external-beam radiation for localized high-risk prostate
cancer: the importance of PSA nadir before radiation. Int J Radiat Oncol Biol
Phys 2005;62:1309-15.

[21] Zelefsky MJ, Gomez DR, Polkinghorn WR, Pei X, Kollmeier M. Biochemical
response to androgen deprivation therapy before external beam radiation
therapy predicts long-term prostate cancer survival outcomes. Int ] Radiat
Oncol Biol Phys 2013;86:529-33.

[22] D’Amico AV, Cote K, Loffredo M, Renshaw AA, Schultz D. Determinants of
prostate cancer-specific survival after radiation therapy for patients with
clinically localized prostate cancer. ] Clin Oncol 2002;20:4567-73.

[23] Royce TJ, Chen MH, Wu ], Loffredo M, Renshaw AA, Kantoff PW, et al. Surrogate
end points for all-cause mortality in men with localized unfavorable-risk
prostate cancer treated with radiation therapy vs radiation therapy plus
androgen deprivation therapy: a secondary analysis of a randomized clinical
trial. JAMA Oncol 2017;3:652-8.

[24] Abramowitz MC, Li T, Buyyounouski MK, Ross E, Uzzo RG, Pollack A, et al. The
Phoenix definition of biochemical failure predicts for overall survival in
patients with prostate cancer. Cancer 2008;112:55-60.

[25] Roach 3rd M, Hanks G, Thames Jr H, Schellhammer P, Shipley WU, Sokol GH,
et al. Defining biochemical failure following radiotherapy with or without
hormonal therapy in men with clinically localized prostate cancer:
recommendations of the RTOG-ASTRO Phoenix Consensus Conference. Int ]
Radiat Oncol Biol Phys 2006;65:965-74.

[26] Fizazi K, Tran N, Fein L, Matsubara N, Rodriguez-Antolin A, Alekseev BY, et al.
Abiraterone plus prednisone in metastatic, castration-sensitive prostate
cancer. New Engl ] Med 2017;377:352-60.

[27] Choueiri TK, Xie W, D’Amico AV, Ross RW, Hu JC, Pomerantz M, et al. Time to
prostate-specific antigen nadir independently predicts overall survival in
patients who have metastatic hormone-sensitive prostate cancer treated with
androgen-deprivation therapy. Cancer 2009;115:981-7.

[28] Zagars GK, Pollack A. Kinetics of serum prostate-specific antigen after external
beam radiation for clinically localized prostate cancer. Radiother Oncol
1997;44:213-21.

(6

(7

(8


https://doi.org/10.1016/j.radonc.2019.04.003
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0005
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0005
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0005
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0005
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0010
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0010
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0010
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0010
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0015
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0015
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0015
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0015
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0020
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0020
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0020
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0020
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0025
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0025
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0025
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0025
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0030
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0030
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0030
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0030
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0035
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0035
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0035
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0035
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0040
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0040
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0040
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0040
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0050
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0050
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0050
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0055
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0055
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0055
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0060
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0060
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0060
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0065
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0065
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0065
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0065
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0070
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0070
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0070
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0075
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0080
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0080
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0085
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0085
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0085
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0085
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0090
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0090
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0090
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0090
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0095
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0095
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0095
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0100
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0100
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0100
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0100
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0105
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0105
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0105
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0105
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0110
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0110
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0110
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0115
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0115
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0115
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0115
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0115
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0120
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0120
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0120
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0125
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0125
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0125
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0125
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0125
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0130
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0130
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0130
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0135
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0135
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0135
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0135
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0140
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0140
http://refhub.elsevier.com/S0167-8140(19)30162-8/h0140

	Early biochemical predictors of survival in intermediate and high-risk prostate cancer treated with radiation and androgen deprivation therapy
	Methods and materials
	Results
	Baseline characteristics
	Biochemical recurrence
	Distant metastasis
	Prostate cancer-specific death
	Overall survival

	Discussion
	ack10
	Acknowledgement
	Financial support/funding statement
	Conflicts of interest notification
	Appendix A Supplementary data
	References


