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Abstract
Purpose—The aim of the study was to evaluate the prognostic value of prostate specific antigen
(PSA) response to neoadjuvant androgen deprivation therapy (ADT) prior to dose-escalated
radiation therapy (RT) and long-term ADT in high-risk prostate cancer.

Methods and Materials—We reviewed the charts of all patients diagnosed with high-risk
prostate cancer and treated with a combination of long-term ADT (median, 24 months) and dose-
escalated (median, 75.6 Gy) RT between 1990 and 2007. The association of patient, tumor and
treatment characteristics with biochemical response to neoadjuvant ADT, and their effect on
failure-free survival (FFS), time to distant metastasis (TDM), prostate cancer-specific mortality
(PCSM) and overall survival (OS) were examined.

Results—A total of 196 patients met the criteria for inclusion. Median follow up time for
patients alive at last contact was 7.0 years (range, 0.5–18.1 years). Multivariate analysis identified
the pre-radiation therapy PSA level (pre-RT PSA; <0.5 vs. ≥0.5 ng/ml) as a significant
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independent predictor of FFS (p=0.021), TDM (p=0.009), PCSM (p=0.039) and OS (p=0.037). On
multivariate analysis, pre-treatment PSA (iPSA) and African-American race were significantly
associated with failure to achieve a pre-RT PSA <0.5 ng/ml.

Conclusions—For high-risk prostate cancer patients treated with long-term ADT and dose-
escalated RT, a pre-RT PSA level ≥0.5 ng/ml after neoadjuvant ADT predicts for worse survival
measures. Both elevated iPSA and Afrian-American race are associated with increased risk of
having a pre-RT PSA level ≥0.5 ng/ml. These patients should be considered for clinical trials
testing newer more potent androgen depleting therapies such as abiraterone and MDV3100 in
combination with radiation.
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INTRODUCTION
Multiple randomized trials have established the benefit of combined modality therapy with
androgen deprivation therapy (ADT) and radiation therapy (RT) for men with clinically
localized, high-risk prostate cancer (1–5). Randomized data also support the benefit of dose-
escalated (≥74 Gy) RT in the treatment of intermediate- and high-risk prostate cancer (6,7),
and the current standard of care in the treatment of high-risk prostate cancer is long-term (≥2
years) ADT combined with dose-escalated RT. ADT is commonly initiated in the
neoadjuvant setting, administered concurrently with RT and continued in an adjuvant setting
after RT completion.

Amidst the growing appreciation of cardiovascular and metabolic risks associated with ADT
(8), defining the appropriate length and intensity of ADT to maximize the therapeutic
benefit and yet minimize toxicities is of great interest. One approach to individually tailor an
optimal ADT regimen is to identify surrogate markers of ADT effectiveness. A recent
Canadian randomized phase III trial comparing the effect of 3 vs. 8 months of neoadjuvant
ADT preceding conventional-dose (66 Gy) RT in clinically localized prostate cancer
patients demonstrated no difference in 5-year failure-free survival (FFS) between the two
arms overall, but did show a benefit of 8 months for 5-year disease-free survival in the high-
risk sub-group (9). However, a subsequent re-analysis examining biochemical response to
neoadjuvant ADT prior to initiating RT found that patients who achieved a pre-RT PSA
≤0.1 ng/ml, had improved biochemical disease-free survival (BDFS) at a median follow up
of 6.4 years (10). These findings suggest that biochemical response to neoadjuvant ADT
rather than duration may be the critical factor. The importance of pre-RT PSA level after
neoadjuvant ADT in patients with clinically localized prostate cancer has been similarly
demonstrated in other studies, albeit primarily in the conventional-dose era (≤ 70 Gy; 11–
14).

Given the potential prognostic and therapeutic implications of stratifying patients based on
serum PSA response after neoadjuvant ADT, we sought to evaluate the role of pre-RT PSA
in predicting survival measures in patients with clinically localized high-risk prostate cancer
treated in the current era of long-term ADT and dose-escalated RT. We additionally sought
to investigate the patient, tumor and treatment characteristics that influence biochemical
response to neoadjuvant ADT.
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MATERIALS AND METHODS
Study population

We reviewed the charts of all patients diagnosed with clinically localized high-risk prostate
cancer treated with a combination of ADT (neoadjuvant, concurrent and adjuvant setting)
and RT at XXXX between 1990 and 2007. High-risk disease was defined in accordance with
the D’Amico risk group stratification, i.e. having at least one of the following criteria: pre-
treatment PSA (iPSA) >20 ng/ml, or Gleason score ≥8, or Clinical T Stage ≥T2c (15).
Additional inclusion criteria were (a) no evidence of metastatic disease, (b) 45 to 365 days
of neoadjuvant ADT at the treating physician’s discretion, (c) a pre-RT PSA level
determined between 45 days and 365 days after start of neoadjuvant ADT. A total of 196
patients met the criteria for inclusion. The study protocol was approved by the Institutional
Review Board of the XXXX with a waiver of consent.

Hormone therapy
The hormonal ablative therapies were chosen at the treating physician’s discretion and
included luteinizing hormone-releasing hormone (LH-RH) agonist monotherapy,
orchiectomy, or total androgen blockade (androgen receptor antagonist combined with LH-
RH agonist). Total duration of hormone therapy (median duration, 24 months) included
hormone therapy in the neoadjuvant period (median duration, 2.9 months), concurrent with
RT, and in the adjuvant period (median duration, 20.7 months).

Radiation therapy
RT techniques used included four-field box, 3-dimensional conformal RT or intensity-
modulated RT. The minimal target volume was the prostate and seminal vesicles. Radiation
was delivered with 6–18 MV photons in 180–200 cGy per fraction to a median dose of 75.6
Gy (range, 63.0–79.2 Gy).

Statistical Analysis
We applied the methods of Williams and colleagues (16) to identify an optimal cut-point of
pre-RT PSA for discriminating FFS in this population. This pre-RT PSA cut-point was also
used to subsequently investigate time to distant metastasis (TDM), prostate cancer-specific
mortality (PCSM) and overall survival (OS).

Summary statistics were used to describe patient (age, race), tumor (iPSA, clinical T stage,
Gleason score) and treatment (duration of neoadjuvant ADT, pre-RT PSA, total duration of
ADT) characteristics. We used Fisher’s exact test to test for differences between pre-RT
PSA groups for categorical variables and the Wilcoxon rank-sum test to compare medians
between pre-RT PSA groups for continuous variables.

Estimates of FFS and OS were calculated using the Kaplan-Meier method. For OS, an event
was death from any cause. For FFS, an event was any of the following: biochemical failure
(defined as nadir PSA + 2 ng/ml), local relapse, nodal relapse, distant metastasis, salvage
therapy or death from any cause. Because death was included as an event in the definition of
FFS, Cox proportional hazards regression was performed to model the impact of patient,
tumor and treatment characteristics on the FFS and OS outcomes. The cumulative incidence
of TDM and PCSM were calculated using the methods of Marubini and Valsecchi (17).
Confidence intervals for the cumulative incidence at event times were estimated using the
method of Choudhury (18). For TDM, an event was distant metastasis. For PCSM, an event
was death from prostate cancer. For TDM and PCSM, death from any cause and death from
causes other than prostate cancer, respectively, were considered competing events. A Fine
and Gray competing risk multivariable regression model was used to asses the impact of
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patient, tumor and treatment characteristics on the TDM and PCSM outcomes (19). For each
of the outcomes, time was measured from the start of RT until the date of the event or last
follow-up. To identify factors associated with pre-RT PSA dichotomized on the cut-point,
we used logistic regression methods.

All analyses were performed with S-PLUS 7.0 for Windows (Insightful Corp., Seattle,
Washington), SAS 9.1 for Windows (SAS Institute Inc., Cary, North Carolina) and
STATA™ 11.0 for Windows (StataCorp LP, College Station, Texas).

RESULTS
Using the methods of Williams and colleagues (15) we identified a pre-RT PSA cut-point of
0.5 ng/ml as optimally discriminating FFS, TDM, PCSM, and OS in this population. Patient,
tumor, and treatment characteristics for the entire cohort and according to pre-RT PSA level
(<0.5 vs. ≥0.5 ng/ml) are summarized in Table 1. Median age at diagnosis was 67 years
(range, 49–86 years). Median follow-up for patients alive at last contact was 7.0 years
(range, 0.5–18.1 years). The median duration of neoadjuvant ADT was 2.9 months in both
groups. The median dose of radiation was 75.6 Gy for both groups. The median iPSA was
significantly higher in the pre-RT PSA ≥0.5 ng/ml compared with pre-RT PSA <0.5 ng/ml
group (25.7 ng/ml vs. 9.8 ng/ml, p<0.001). The proportion of men with a pre-RT PSA ≥0.5
ng/ml compared with pre-RT PSA <0.5 ng/ml was significantly higher for African-
American men (85.2% vs. 14.8%) than other men (54.4% vs. 45.6%, p=0.003). No
differences were observed between the two groups with respect to other characteristics,
including age, clinical T Stage, Gleason score, radiation dose, duration of neoadjuvant ADT,
type of neoadjuvant ADT, total duration of ADT, time from pre-RT PSA measurement to
start of RT and follow-up time (p>0.05).

Table 2 summarizes the impact of patient, tumor, and treatment characteristics on FFS.
Univariate analysis indicated that pre-RT PSA ≥0.5 ng/ml (hazard ratio [HR] 1.92, 95%
confidence interval [CI] 1.21–3.05, p=0.006, Figure 1), iPSA >20 ng/ml (HR 2.18, 95% CI
1.22–3.89, p=0.008) and total duration of ADT (1–2 years: HR 2.37, 95% CI 1.17–4.78,
p=0.016) were associated with increased risk of failure. In a multivariate model, pre-RT
PSA ≥0.5 (HR=1.84, 95% CI 1.09–3.08, p=0.021) and total duration of ADT (1–2 years:
HR 2.51, 95% CI 1.21–5.20, p=0.013) remained significantly associated with increased risk
of failure. Importantly, the duration of neoadjuvant ADT did not predict for FFS, indicating
that the biochemical response, rather than the duration of neoadjuvant ADT, was the critical
determinant.

Table 3 summarizes the impact of patient, tumor, and treatment characteristics on OS. Only
pre-RT PSA ≥0.5 ng/ml was found to be significantly associated with increased risk of all-
cause mortality on both univariate and multivariate analysis (HR 1.95, 95% CI 1.04–3.64,
p=0.037, Figure 2). While on univariate analysis African-American men were found to have
a worse OS (HR 1.95, 95% CI 1.01–3.79, p=0.048), this factor was not found to be
statistically significant when included in a multivariate model. Importantly, the duration of
neoadjuvant ADT did not predict for OS, again indicating that the biochemical response,
rather than the duration of neoadjuvant ADT, was the critical determinant. In addition to
FFS and OS, the relationship of pre-RT PSA level and TDM (HR 4.82, 95% CI 1.48–15.8,
p=0.009) and PCSM (HR 4.52, 95% CI 1.08–18.9, p=0.039) were also found to be
statistically significant on Fine and Gray multivariate competing risk analyses.

Table 4 summarizes the patient, tumor and treatment characteristics associated with
achieving a pre-RT PSA <0.5 ng/ml. Multivariate analysis revealed that patients with higher
iPSA (10.1–20 ng/ml: OR=0.39, 95% CI 0.17–0.90, p=0.027; >20 ng/ml: OR=0.13, 95% CI
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0.06–0.27, p<0.001) and of African-American race (OR 0.25, 95% CI 0.08–0.82, p=0.022)
were significantly less likely to reach a pre-RT PSA <0.5 ng/ml after neoadjuvant ADT. The
iPSA was significantly higher in African-American men compared with other men,
however, there was no interaction found between iPSA and race with respect to pre-RT PSA
(iPSA 10.1–20 ng/ml and African-American race: pinteraction=0.991; iPSA >20 ng/ml and
African-American race: pinteraction=0.466; iPSA as a continuous variable and African-
American race: pinteraction=0.173). Importantly, the duration of neoadjuvant ADT did not
predict for having a pre-RT PSA <0.5 ng/ml, suggesting the existence of populations of
responders and non-responders to the neoadjuvant portion of ADT, independent of its
duration.

In a subset, multivariate analysis restricted to only those patients who received ≥73.8 Gy of
RT and patients who had pre-RT PSA measured within 60 days before the start of RT
(N=133), pre-RT PSA ≥0.5 ng/ml was significantly associated with increased risk of failure
(HR 2.26, 95% CI 1.22–4.19, p=0.010), worse OS (HR 2.35, 95% CI 1.02–5.45, p=0.046)
and shorter TDM (HR 8.03, 95% CI 1.04–61.95, p=0.046). We could not fit the regression
model to estimate the risk of death from prostate cancer, since there were no deaths from
prostate cancer among patients with pre-RT PSA <0.5 ng/ml.

DISCUSSION
The importance of long-term ADT in conjunction with conventional-dose RT for high-risk
prostate cancer patients has been well documented (1–5). The mechanistic basis for the
observed benefit of combined modality treatment however is not well understood at present.
Animal studies have shown that RT is most effective when tumor reduction in response to
neoadjuvant ADT is maximal (20). This would agree with the increasing clinical evidence
that biochemical response to neoadjuvant ADT, as measured by PSA immediately before
RT, rather than duration, is the critical factor determining the benefit of combined treatment
(10–14). However, it is difficult to exclude the possibility that ADT is also having an impact
on micrometastatic disease and the pre-RT PSA is a biomarker of the effectiveness of this
mechanism.

The present study demonstrates improved FFS, TDM, PCSM and importantly OS in patients
who achieve a pre-RT PSA <0.5 ng/ml, compared with those with pre-RT PSA ≥0.5 ng/ml.
This observation provides strong clinical evidence that, independent of the duration of
neoadjuvant ADT or the iPSA, a critical factor responsible for predicting FFS, TDM,
PCSM, and OS in response to RT and ADT is the biological effectiveness of neoadjuvant
ADT as measured by pre-RT PSA level. A data driven cut-point analysis identified a PSA
level of 0.5 ng/ml as the optimal discriminator of FFS, TDM, PCSM, and OS. One
interpretation is that achieving a pre-RT PSA <0.5 ng/ml represents the degree of androgen
signaling suppression that is both necessary and sufficient to achieve optimal local response
to dose-escalated RT as well as maximal effect on micrometastatic disease.

Of note, the majority of prior studies investigating the prognostic value of pre-RT PSA
response to neoadjuvant ADT were conducted during an era when neoadjuvant ADT was
typically followed by conventional-dose (≤70 Gy) RT. Since then, several randomized trials
have demonstrated that dose escalation (≥74 Gy) provides significant improvement in both
local control and freedom from biochemical relapse, particularly in intermediate- and high-
risk prostate cancer patients (6,7). Therefore, the earlier studies cannot be directly
extrapolated to the contemporary era of dose-escalated RT combined with long-term ADT.
Our study is the first to demonstrate that pre-RT PSA has a strong prognostic impact on
FFS, TDM, PCSM, and OS in men with high-risk prostate cancer treated in the
contemporary dose-escalated RT era with long-term ADT. Our data suggests that patients
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failing to achieve a pre-RT PSA <0.5 ng/ml are good candidates for clinical trials testing
more potent androgen depleting agents such as abiraterone or MDV3100 in combination
with radiation. These hypotheses remain to be tested in the setting of prospective
randomized trials.

Patients with an iPSA >10 ng/ml and African-American men were found to be significantly
less likely to reach pre-RT PSA <0.5 ng/ml after neoadjuvant ADT. The association of
higher iPSA and pre-RT PSA ≥0.5 ng/ml is straightforward and in agreement with previous
reports (10, 21). On the other hand, the association of African-American race with pre-RT
PSA ≥0.5 ng/ml has not been previously reported and may be one of the reasons why
African-American men tend to have worse outcomes and consistently higher mortality rates
for prostate cancer. In contrast to our results Fowler and colleagues reported no significant
racial difference in PSA nadir after gonadal androgen withdrawal (20). However, the
majority of the patients had clinically advanced or metastatic disease at the time of initiation
of androgen withdrawal. When focusing on the patients with early prostate cancer (T1b–T2),
PSA nadirs were significantly greater in African-American men than in white men prior to
adjustment for iPSA (20). In our study, iPSA was also significantly higher in African-
American men compared with other men, however, there was no interaction found between
these two factors and both proved to be jointly prognostic for pre-RT PSA ≥0.5 ng/ml in
multivariate analysis.

In addition to the inherent limitations of a retrospective design, several other potential
limitations to our study exist. Despite the fact that the duration of neoadjuvant ADT was not
shown to significantly predict for pre-RT PSA level or any of the outcome measures, the
patients in this study received neither a uniform duration nor type of ADT prior to
assessment of pre-RT PSA, potentially altering the true cut-point separating poor responders
from good responders. However, the median duration of neoadjuvant ADT in both groups
was 2.9 months and type of neoadjuvant ADT did not differ significantly between both
groups. We note at least one other report in the literature that has identified a PSA nadir
level of 0.5 ng/ml in response to three months of neoadjuvant ADT as a predictor of
outcome (11). An additional limitation is the lack of uniform testosterone measurements,
which might have shed light on a potential mechanistic basis underlying the differences in
pre-RT PSA observed in this study. It is possible that inadequate androgen suppression in a
subset of men accounted for elevated pre-RT PSA levels. Alternatively, other castrate-
resistant mechanisms of androgen receptor pathway activation may be at play. These
hypotheses remain to be tested in the prospective setting.

CONCLUSION
In conclusion, our results demonstrate that for men with clinically localized, non-metastatic
high-risk prostate cancer receiving long-term ADT and dose-escalated RT, attaining a pre-
RT PSA <0.5 ng/ml after neoadjuvant ADT predicts for improved FFS, TDM, PCSM, and
OS. This provides clinical evidence that the degree of suppression of the AR signaling axis
is a significant determinant of outcome in men treated with dose-escalated RT. The ability to
identify men at increased risk of death from prostate cancer based on pre-RT PSA levels
should spur the design of new clinical trials testing more potent novel anti-androgen
therapies in combination with radiation to improve outcome for men who are poor
responders to current standard of care androgen deprivation regimens.
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SUMMARY

PSA response to neoadjuvant androgen deprivation therapy (ADT) prior to radiotherapy
(pre-RT PSA) is a significant independent predictor of failure free survival, time to
distant metastases, prostate cancer-specific survival, and overall survival in men with
high-risk prostate cancer treated with dose-escalated RT and long-term ADT. The pre-RT
PSA level therefore potentially identifies men who are candidates for clinical trials
investigating novel therapies (e.g. abiraterone and MDV3100) in combination with RT.
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Figure 1.
Kaplan-Meier estimate of FFS based on pre-RT PSA.
pre-RT PSA = pre-radiotherapy prostate specific antigen, RT = radiation therapy.
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Figure 2.
Kaplan-Meier estimate of OS based on pre-RT PSA.
pre-RT PSA = pre-radiotherapy prostate specific antigen, RT = radiation therapy.
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