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Abstract
Introduction: Prostate-specific antigen (PSA) kinetic patterns during neoadjuvant androgen deprivation therapy have been shown
to predict unfavorable long-term outcomes.
Objective: To investigate the effect of testosterone escape (TE) on these kinetic patterns, as this had not been previously reported.
Methods: There were 50 consecutive prostate cancer patients who received 6months of triptorelin prior to definitive radiotherapy
(RT). Testosterone and PSA levels weremeasured at baseline and every 6weeks. Clinical factors were tested for their ability to predict
for TE and unfavorable PSA kinetic patterns. The effects of TE, at both 1.7 and 0.7nmol/L levels, were analyzed.
Results: TE occurred in at least one reading for 14% and 34% of the patients at the 1.7 and 0.7nmol/L levels, respectively. No
baseline factors predicted TE. The median PSA halving time was 25days and the median pre-RT PSA level was 0.55ng/mL. The only
factor significantly associated with a higher pre-RT PSA level was a higher baseline PSA level. The only factor that significantly
predicted a longer PSA halving time was TE at the 1.7nmol/L level.
Conclusions: TE and higher baseline PSA levels may adversely affect PSA kinetics and other outcomes for patients undergoing
neoadjuvant hormone therapy prior to radiotherapy. Studies investigating the tailoring of neoadjuvant therapy by extending the
duration in those patients with a higher baseline PSA level or by the addition of anti-androgens in those demonstrating TE, should be
considered.
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1. Introduction

After the initiation of androgen deprivation therapy (ADT) for
prostate cancer, the serum testosterone level may briefly flare but
then falls to levels that are similar to, or below, that achieved by
castration.[1] Despite ongoing treatment with ADT, temporary
rises in the level of testosterone may occur, a phenomenon known
as testosterone escape (TE). TE was recently identified as a factor
affecting the outcome of ADT for patients with metastatic
disease, but the significance of it remains controversial.[2] The
incidence of TE is generally low, at less than 5%; however,
the methods for identifying and measuring it are yet to be
standardized. The probability of detecting it for a patient
receiving ADT is likely to depend on the number of testosterone
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measurements taken, the duration of the ADT and the
effectiveness of it. A review of the incidence of TE with the
available ADT agents was recently published.[1] The significance
of the TE has not been investigated in the setting of neoadjuvant
ADT (NADT) prior to radiotherapy, so the implications of it are
currently unknown.
Most of the previous studies of the testosterone response to

ADT have not been intended primarily for the purpose of
identifying TE and have been either retrospective or have
involved significant heterogeneity.[3] This includes heterogeneity
in the stage of the cancer, in other treatments given in addition to
ADT (such as surgery and/or radiotherapy), the variety of ADT
agents, combinations with antiandrogens, irregular assessments
of prostate-specific antigen (PSA) and testosterone levels, and the
use of significantly different assays.[4] Not surprisingly the
conclusions about the significance of the TE have varied widely.
Some have argued that, because the complete (and intentional)
TE that occurs during the off-treatment phase when ADT is used
intermittently shows minimal effect on long-term cancer control
rates, the effect of TE during active treatment must also be
minimal, while others have shown TE to be a significant predictor
for biochemical failure among patients with metastatic dis-
ease.[3,5] Testosterone levels above threshold values of either 0.7
and 1.7nmol/L (20 and 50ng/dL) have been associated with the
development of castrate-resistant prostate cancer.[6,7] In the
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largest study to address the impact of testosterone levels on the
outcome of ADT, minimum, median, and maximum levels over a
1-year period were measured in patients suffering biochemical
recurrence after definitive treatment, rather than TE, but it was
shown that lower levels were associated with longer durations of
response.[5] A recent consensus statement from Canada indicated
that, although 1.7nmol/L was the traditional castrate level
based on historical assays, newer assay methods and more
recent clinical data suggest that 0.7nmol/L is a more suitable
definition.[8]

After initiating ADT, the serum PSA level also usually declines.
The response of the PSA level to NADT prior to definitive
radiotherapy (the pre-RT PSA) has been investigated and the
decline of the PSA to levels below various pre-RT cut-off levels
between 0.1 and 1.0ng/mL has been identified as a favorable
prognostic factor.[9] As the duration of NADT has varied and
could influence the pre-RT PSA level regardless of the intensity of
the response, the response of the PSA has also been measured in
terms of the halving time with varying results.[10,11] In a small
proportion of patients receiving ADT in this setting, rises in PSA
have been observed. This indicates the onset of castration
resistance and carries a poor prognosis.[12]

After the neoadjuvant portion of the treatment is completed,
patients may discontinue their ADT while having radiotherapy
and may opt to not resume ADT afterwards in the hope of
achieving a cure without exposure to ongoing ADT side effects.
For patients with higher risk disease, ongoing adjuvant ADT after
radiotherapy is indicated for periods up to 3years.[13] However,
the duration of the neoadjuvant portion of their ADT treatment,
and the agents used, are generally determined by institutional
protocols rather than clinical factors and no clear method for
individualizing NADT has been established. Significant attempts
to individualize NADT have been investigated, including
adjustment in the duration of it and the addition of an anti-
androgen.[9,14] A better understanding of the effect of ADT on
testosterone and PSA levels could contribute to that individuali-
zation. It is possible that early identification of either TE or a slow
PSA halving time during NADT could predict a less effective
contribution from NADT to control of the cancer, in which
case adding other agents such as an anti-androgen or an
androgen pathway inhibitor might be beneficial. Alternatively,
those patients that achieve low testosterone levels, well below
castration level and have not yet reached their PSA nadir at
6months, should perhaps continue to receive NADT for a longer
period before proceeding to radiotherapy.
Insights from studies in patients with metastatic disease have

shown that the achievement of a lower PSA nadir and a longer
time to nadir were found to have a positive effect on progression-
free survival.[15] For these patients, the duration of ADT is not
limited to 6months and the nadir may take up to 12months to be
reached. In these cases, no definitive therapy is possible, so the
effect of TE can be expressed in terms of the time to biochemical
failure. For a patient with localized disease; however, the longer-
term outcome is heavily dependent on the definitive radiotherapy
component of the treatment, so the effects of TE might be more
difficult to identify.
Our aim was to rigorously control all these factors to obtain

more reliable information about the response of testosterone to
ADT by including patients with intermediate- to high-risk
localized disease only, fully staged using standard methods,
treated using one ADT agent only, with frequent and regular
blood testing, and using one assay method for testosterone and
PSA levels over a standard duration (6months). We hypothesized
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that we could then determine whether the TE has any significant
impact on the rate of decline in PSA levels and the pre-RT PSA
levels, and may thus have a longer-term prognostic effect.
2. Materials and methods

Ethics approval for this study was provided by the Uniting Care
Health Human Research Ethics Committee (Registration number
2013.14.85). The study was initiated at GenesisCare sites on the
Gold Coast in Tugun and Southport, Australia. ICON cancer
care services at the Gold Coast University Hospital were also
invited to enter patients into the study.
The present study included 50 consecutive patients presenting

between August 2013 and December 2016 with intermediate-
and high-risk localized prostate cancer. Eligible patients were
previously untreated, biopsy-proven, intermediate-, or high-risk
patients with localized disease confirmed by staging bone and CT
scans. Eligible patients were stage T2–4N0M0. A baseline MRI
scan was done on all patients and the volume of the prostate was
measured using a planimetric calculation. Written informed
consent and baseline data were obtained. Patients recruited to the
study received 6months of standard NADT with two 3-monthly
depot injections of DipherelineTM (triptorelin embonate, hereaf-
ter triptorelin) prior to definitive treatment by radiotherapy. Any
unexpected or serious toxicity was recorded.
Serum testosterone levels were measured at baseline and every

6weeks for 6months subsequently using a chemiluminescent
assay. Thus, there were 5 readings per patient and 250 readings
altogether. Of these, 50 were baseline levels and 200 were taken
after initiation ofNADT. The capacity for theNADT to provide a
sustained reduction in testosterone levels was analyzed by
calculating the frequency of TE. TE was defined at 2 levels: first,
levels above 1.7nmol/L (50ng/dL, TE1.7), and secondly, at
levels above 0.7nmol/L (20ng/dL, TE0.7) occurring within these
200 measurements. The number of patients with any TE1.7 or
TE0.7 readings, and the average number of TE1.7 and TE0.7
readings per patient were determined. Baseline factors were tested
for association with TE1.7 and TE0.7, including age, prognostic
risk category (intermediate- vs. High- risk), tumor grade (Gleason
scores between 6 and 10), initial PSA and initial testosterone
levels.
PSA levels were measured at the same times as the testosterone

levels, also using a chemiluminescent assay. The response of the
PSA level to NADT was assessed by calculating the PSA halving
time and the pre-RT PSA level. The PSA halving times were
measured using the formula described by Foo et al.[11] The 5th
(and final) PSA level was considered to be the pre-RT PSA level.
The same baseline factors were tested for association with the
PSA halving time and the pre-RT PSA level, but also the prostate
gland volume and frequency of TE were tested. The prostate
gland volume was measured by a planimetric calculation from a
baseline MRI scan, which was indicated to be the method that
provides the most accurate correlation with postprostatectomy
volume measurements in a recent systematic review.[16]

After their ADT, the patients proceeded to definitive
radiotherapy. The doses, techniques, and the use of subsequent
adjuvant hormonal therapies were at the discretion of the treating
radiation oncologist. Longer-term outcome data are not yet
available.

2.1. Statistical analysis

The sample size was calculated by GPower 3.1, as guided by the
primary endpoint, and indicated that a sample of 48 patients was
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Table 1

Baseline data.

Variable Number/median value Range

Patients’ ages, y 76 58–89
Risk group, n N/A
Intermediate 17
High 33

Gleason score, n N/A
6 1
7 22
8 9
9 18
10 0

Prostate volume, mL 38.6 17.3–93.5
Baseline PSA levels, ng/mL 10.4 1.6–57.0
Baseline testosterone levels, nmol/L 10.3 1.3–54.1

N/A = not applicable.

Figure 2. Individual patient testosterone levels (ng/mL).

Table 2
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sufficient to detect a large effect size in ANOVA. The significance
of factors associated with TE and pre-RT PSA levels were tested
by repeated measures ANOVA and linear regression.

3. Results

The study closed to registration when the sample size was
achieved. Patients were entered from both GenesisCare (n=44)
and ICON cancer care (n=6) centers. There were no serious or
unexpected toxicities from theNADT. Baseline data are shown in
Table 1. Progressive changes in testosterone and PSA levels are
shown in Figures 1 and 2. Figure 1 shows that the largest drop in
PSA levels occurred between the first and second reading, but
further decreases occurred between that and the final reading.
Figure 2 shows that the testosterone level dropped profoundly
after the first reading, that TE was uncommon and was evenly
spread across the remaining readings.
The response of testosterone and PSA levels to the NADT is

summarized inTable 2.Testosterone levels dropped fromamedian
baseline value of 10.3 to 0.5nmol/L at the first assessment, 6weeks
after treatment began. Thereafter, they generally stayed low at
Figure 1. Individual patient PSA levels (nmol/L).
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levels considered below or close to castrate levels. TE1.7 occurred
in 9 out of 200 readings, and in 7 of 50 patients. TE0.7 occurred in
28 of 200 readings and 17 of 50 patients. All patients achieved
levels below 0.7nmol/L on at least one reading. Neither age, nor
baseline testosterone level significantly predicted either TE1.7 or
TE0.7, as shown in Table 3.
PSA levels progressively dropped from an initial median value

of 10.4ng/mL to a median pre-RT PSA level of 0.55. The median
PSA halving time was 25days. Correlations between baseline
factors and PSA kinetic outcomes are shown in Table 4. The only
significant finding was the baseline PSA level predicted for a
lower pre-RT PSA level. The effects of TE0.7 and TE1.7 on PSA
Testosterone and PSA response to treatment data.

Variable Median value (range)

Testosterone, nmol/L
Baseline 10.3 (1.3–54.1)
6 wk 0.5 (0.1–3.6)
12 wk 0.5 (0.1–8.8)
18 wk 0.5 (0.1–6.0)
24 wk 0.5 (0.1–7.2)
Overall reduction 10.1 (0.4–50.8)

TE, n
TE1.7 7
TE0.7 17

TE (readings per patient)
TE1.7 0.19
TE0.7 0.5

PSA, ng/mL
Baseline 10.4 (1.6–57.0)
6 wk 2.1 (0.56–20.0)
12 wk 0.93 (0.1–27.0)
18 wk 0.65 (0.05–20.0)
24 wk (pre-RT) 0.55 (0.03–14.0)
Overall reduction 9.8 (1.3–49.0)

PSA halving time, d 25 (9–153)
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Table 3

Analysis of baseline factors predicting for TE measured at 1.7
and 0.7nmol/L levels.

Median (range) Correlation p

For TE 1.7
Age, y 73 (67–75) �0.113 0.458
Baseline testosterone, nmol/L 9.4 (1.3–54.1) 0.091 0.546

For TE 0.7
Age, y 73 (58–81) �0.180 0.241
Baseline testosterone, nmol/L 9.0 (1.3–54.1) �0.084 0.583

Table 4

Analysis of factors predicting for PSA response.

Pre-RT PSA level PSA halving time

Variable Correlation p Correlation p

Age �0.103 0.490 �0.157 0.287
Prognostic risk category 0.264 0.070 0.180 0.216
Gleason score 0.213 0.147 0.046 0.753
Prostate gland volume �0.069 0.659 �0.128 0.413
Baseline PSA 0.642 <0.001 0.143 0.382
Baseline testosterone �0.213 0.112 �0.265 0.069
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kinetic outcomes are shown in Table 5. The significant findings
were that the TE1.7 predicted both a longer PSA halving time and
a higher Pre-RT PSA level.
4. Discussion

This study has confirmed that NADT for intermediate- and high-
risk prostate cancer patients lowers testosterone to castrate levels
in a manner consistent with previous reports about ADT in
general.[3] A strength of this study was that the levels were
measured in a very frequent and consistent manner, perhaps
making TE more likely to be detected. However, the methods
for describing TE are not standardized, so comparison with
other studies is difficult. The most commonly used cut-off point is
50ng/dL (1.7nmol/L) but more modern assays have made more
accurate measurements possible and most patients on ADT
achieve levels below 20ng/dL (0.7nmol/L). In our study, 14% of
patients demonstrated TE1.7 and 34% showed TE0.7. There
were no factors that significantly predicted for TE, including
higher baseline testosterone levels. Although our study used
triptorelin, there has been no clear indication from the limited
data available that there were any differences in this regard
between triptorelin and other ADTmedications, or that they were
equivalent. Reviews have encountered difficulties in comparing
agents as they have been tested in different populations.[1,17]

There is at least one study suggesting that in the setting of patients
receiving radiotherapy, triptorelin was more effective than the
other agents that were tested.[18]

The decline in testosterone was followed by a prompt decline in
PSA, with a median halving time of 25days and leading to a
median pre-RT level of 0.55ng/mL, similar to levels seen in
previous reports of NADT, except that nearly all previous reports
have had only 3months of NADT, and one measurement of PSA
after the baseline reading.[9] In our study, all patients received
NADT for 6months and had 5 readings.
Relatively few factors have been identified in the literature

as having a significant influence on the response to NADT.
Table 5

Effect of TE on PSA parameters.

Mean PSA halving time, d Statistic (ANOVA) p

TE1.7 19.413 <0.00
Yes 59.14±52.81
No 20.08±10.55

TE0.7 0.838 0.36
Yes 30.35±25.41
No 23.10±26.22
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The initial PSA level, the suppression of testosterone, African-
American race and the use of combined androgen blockade have
been shown to affect the PSA response.[19,20] In our study, the only
baseline factor significantly associated with a lower pre-RT PSA
level was the baseline PSA level. There were no baseline factors
that significantly affected the PSAhalving time.However,TEat the
1.7nmol/L occurred in 7 patients after that initiation of treatment
and had powerful effects (59.14 vs. 10.01days, p<0.01).
Possibilities for further research in this area exist. Other factors

that might indicate the response to NADT include the decrease in
prostate gland and prostate cancer volumes, and improvements
in urinary symptoms. These factors could be compared with the
changes in biochemical findings that we have described. These
factors, combined with the biochemical factors we have described
in this report, indicate a potential to gain improved long-term
outcomesby the tailoringofNADTprior todefinitive radiotherapy
for intermediate and localized prostate cancer. The possibility of
tailoring NADT has also been raised in other reports.[21,22] For
patients with short PSA halving times, rapidly falling to a stable
pre-RT level, it may be beneficial to proceed directly to
radiotherapy. For those with a TE, the addition of an anti-
androgenor androgenpathway inhibitormay ameliorate the effect
on prognosis. For those with higher baseline PSA levels, or longer
PSA halving times, where a suitable pre-RT has not yet been
reached, prolongation of NADT prior to definitive radiotherapy
could be considered, taking into account the additional toxicities
and costs. When these individual variations in response to NADT
arewell understood, prospective trials that compare individualized
treatment with standard treatment could be undertaken.
Therewere some limitations to our study.With only 50patients,

it is a relatively small study, although the a priori sample size was
based upon commonly accepted guidelines. The NADT was
limited to a single agent and amore powerful effect on the PSA and
testosterone levels from a combination with anti-androgens could
not be excluded.[19] We did not assess testosterone flare which
occurs within a few weeks after initiation of ADT and would
require frequent testosterone measurement during that time.
Mean Pre-RT PSA, ng/mL Statistic (ANOVA) p

1 18.482 <0.001
4.32±4.39
0.77±0.96

9 0.623 0.434
1.67±2.05
1.09±2.57
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Digital rectal examination was not mandated to assess prostate
gland volume as it has been shown to be less accurate than imaging
methods.[23] The chemiluminescent assay has been considered less
accurate thanothermethods ofmeasuring testosterone for patients
receivingADT.[24]However, these limitations are unlikely to affect
the possible conclusions.
To summarize, this is the only existing report that addresses TE

in the setting of NADT prior to radiotherapy and one of the most
detailed studies of the pattern of decline in PSA levels in that
setting. TE at a level of 1.7nmol/L was associated with longer
PSA halving times, suggesting that it may predict an adverse
longer-term prostate cancer treatment outcome. Higher baseline
PSA levels were associated with higher pre-RT PSA levels.
Individualization of NADT, using these and other factors, should
be further investigated, as it may improve the effectiveness of the
treatment.
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