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Abstract

Androgen-deprivation therapy (ADT) is a standard of care in the
treatment of advanced prostate cancer; however, testosterone mon-
itoring practices for men undergoing ADT vary across Canada.
Although a testosterone level of 1.7 nmol/L or lower has historic-
ally been defined as the accepted castrate level, newer assays with
improved sensitivity have shown that both medical and surgical
castration can suppress testosterone levels to below 0.7 nmol/L.
This review explores the evidence supporting a redefinition of the
castrate testosterone level as 0.7 nmol/L or lower, and presents
results of a survey of testosterone monitoring practices among
153 Canadian urologists, uro-oncologists, and radiation oncolo-
gists who manage the treatment of men with hormone-sensitive
prostate cancer.

Introduction

Since the report by Huggins and Hodges in 1941 show-
ing that prostate cancer cells rely on androgens to grow
and survive, castration has been the standard therapeut-
ic approach for patients with advanced prostate cancer.'
Surgical castration, or bilateral orchiectomy, was the gold
standard for androgen deprivation in patients with prostate
cancer for several decades, until the 1980s, when luteinizing
hormone-releasing hormone (LHRH) agonists became avail-
able. Conventional LHRH agonists currently available on the
market include leuprolide acetate, buserelin, goserelin, and
triptorelin, each available in depot formulations requiring
monthly, three-monthly, four-monthly, or longer-duration
injections. More recently, the LHRH antagonist degarelix
became available with a monthly depot.

Historically, the efficacy of androgen-deprivation ther-
apies (ADT) has been assessed by measuring levels of circu-
lating testosterone, with castration defined as a testosterone

level below 1.7 nmol/L. This level was determined based on
methodological considerations and the sensitivity of assays
that were available during the early 2000s.? Early serum
testosterone assays used double-isotope-derivative dilution
with a thin-layer chromatography modification and were
limited in their accuracy and sensitivity.>* The limits of
measurement imposed by these assays led to the target tes-
tosterone suppression definition of less than 1.7 nmol/L;*®
however, more recent studies measuring serum testosterone
levels after surgical castration with the use of more modern
techniques, using improved radioimmunoassay (RIA) and
chemiluminescent immunoassay (CLIA) and mass spectrom-
etry (MS) methods, have reported mean testosterone levels
as low as 0.003 nmol/L.*”"" Several studies since the early
1990s have therefore challenged the outdated benchmark
of 1.7 nmol/L and recommended revisiting the definition,
with many suggesting a new benchmark of 0.7 nmol/L.4>"4

In light of conflicting opinion on the ideal goal for sup-
pression of serum testosterone in men with advanced cancer,
we conducted a survey of Canadian urologists, uro-oncolo-
gists, and radiation oncologists to gain a better understanding
of their testosterone monitoring practices when managing
men with hormone-sensitive prostate cancer. Survey par-
ticipants were selected from a private database of Canadian
healthcare providers who have participated in educational,
advisory, and editorial activities related to the treatment of
prostate cancer. Of the 619 physicians who were sent the
survey via email, 153 physicians completed the online sur-
vey, which included questions about frequency of testoster-
one monitoring, how castrate testosterone levels are defined
in their centre, and response to testosterone levels that rise
above this threshold. They were also questioned about the
type and sensitivity of testosterone assay used by their centre.
The majority of respondents were urologists (63%), followed
by radiation oncologists (23%) and uro-oncologists (14%).
It should be noted that comparisons of response rates are
purely descriptive, as no statistical analysis of the results
was performed.
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In our survey of Canadian specialists, 42.5% of the survey
respondents indicated that they monitor testosterone “regu-
larly,” while 28.8% responded that they “always” monitor
testosterone and 5.2% indicated that they “never” moni-
tor testosterone at the initiation of continuous ADT in their
patients with advanced prostate cancer. Practices with respect
to testosterone monitoring were generally similar among the
three specialties; however, radiation oncologists and uro-
oncologists were more likely to “always” monitor testosterone
(45.5% and 40%, respectively) than urologists (20%), while
urologists were more likely to monitor “regularly” (50%) (Fig.
1A). Following initiation of ADT, for men with expected pros-
tate-specific antigen (PSA) levels, 40.5% of all respondents
would monitor testosterone before each LHRH injection and
35.3% would monitor once a year; the remaining respondents
would rarely (17%) or never (6.5%) monitor. Given this situ-
ation, urologists would be slightly more inclined than their
radiation oncologist and uro-oncologist colleagues to monitor
testosterone once a year (39%, 27%, and 25%, respectively)
and less inclined to monitor prior to each LHRH injection
(36%, 55%, and 55%, respectively) (Fig. 1B).

Current guidelines have not reached a consensus regarding
the ideal testosterone suppression goal for men with prostate
cancer. The National Comprehensive Cancer Network (NCCN)
and the European Association of Urology (EAU) guidelines
use a cutoff of 1.7 nmol/L,'>'® while the American Society
of Clinical Oncology (ASCO)'” and the Canadian Urological
Association (CUA)™ have yet to specify a testosterone suppres-
sion goal. Our survey of Canadian urologists, uro-oncologists,
and radiation oncologists revealed that a testosterone threshold
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of 0.7 nmol/L is most commonly used (73.2%), while a lower
percentage use a threshold of 1.7 nmol/L (21.6%) and 5.2%
do not have a specific testosterone target at all.

Even using the standard definition for castration testoster-
one level of 1.7 nmol/L, a significant proportion of patients
on LHRH agonists (2-12.5%) do not achieve this level,'*?
and an even greater proportion (13— 37.5%) fail to achieve
the more stringent testosterone level of 0.7 nmol/L.19:20-22:23
In a population-based series of 1442 men in Quebec under-
going LHRH agonist therapy with curative radiation therapy,
the risk of any breakthrough during 2334 person-years of fol-
lowup was 4.5% when using a cutoff of 1.7 nmol/L and 25%
when using a cutoff of 0.7 nmol/L.>* Using clinical data from
chart reviews or existing databases, Pickles et al analyzed
breakthrough rates above castrate levels of testosterone in
men undergoing adjuvant LHRH agonist therapy with cura-
tive radiation therapy in British Columbia.?® Among 2196
patients treated with one of four LHRH agonists (goserelin,
leuprolide IM, buserelin, and leuprolide SC), the risk of a
testosterone breakthrough per LHRH injection was 3.2%
using a cutoff of 1.1 nmol/L and 2.2% for a cutoff of 1.7
nmol/L. The breakthrough rates reported in this study were
lower than those in other studies, as Pickles et al restricted
their analysis to data that were obtained from testosterone
assays that have been shown to be more accurate at low lev-
els; other series have not done this and may therefore have
overestimated the true rate of testosterone breakthrough.?

Clinical significance of testosterone suppression

Whether breakthroughs in clinical testosterone impact dis-
ease progression has been evaluated in several studies. In
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Fig. 1. Approach to testosterone monitoring among Canadian urologists, radiation oncologists, and uro-oncologists A) at the initiation of continuous androgen-
deprivation therapy (ADT); and B)with ongoing treatment, assuming that prostate-specific antigen (PSA) levels are as expected. LHRH: luteinizing hormone-
releasing hormone.
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the Quebec population-based series of men undergoing
LHRH agonist therapy with curative radiation therapy,?*
multivariate analysis adjusting for clinical stage, pretreat-
ment PSA, Gleason score, age, and smoking did not reveal
an association between testosterone breakthrough and either
biochemical failure or survival; however, subgroup analysis
showed a trend toward inferior five-year biochemical fail-
ure in those with testosterone breakthroughs of greater than
1.7 nmol/L vs. those without (adjusted hazard ratio [HR]
1.74 [0.98-3.101).** In the study by Pickles et al, of 2290
patients in British Columbia with localized prostate cancer
treated with curative radiation therapy, the overall five-year
rate of PSA failure-free survival was 82%, but fell to 72%
in those with testosterone breakthrough levels of 1.1-1.74
nmol/L (p = 0.03).2%?” Taken together, these data suggest
that inadequate early testosterone suppression negatively
impacts downstream biochemical control;2#2¢%” however,
only breakthrough levels above 1.7 nmol/L appear to be
associated with higher rates of biochemical failure.?*

Several studies have shown a correlation between adequate
testosterone suppression and freedom from progression to cas-
trate-resistant disease.'**® Among 73 patients with non-meta-
static prostate cancer receiving three-month depots of LHRH
agonist, 41 patients had progressed to castrate-resistant pros-
tate cancer (CRPC) after a median followup of 51 months."
Testosterone breakthroughs above 1.7 nmol/L and 1.1 nmol/L
were found to be predictors of progression to CRPC. Mean
survival free of androgen-independent progression was 88
months in patients with testosterone breakthroughs above
1.1 nmol/L, compared with 137 months in those without
breakthrough increases (p<0.03).” In a prospective cohort
series of 32 patients undergoing ADT with LHRH agonist
or antagonist at a tertiary centre from 2006-2011, patients
with a nine-month serum testosterone level of less than 1.1
nmol/L had a significantly increased time to CRPC compared
with patients with testosterone levels between 1.1 and 1.7
nmol/L (p=0.001; median progression-free survival [PFS] 33.1
months).? Patients with first-year mean testosterone levels
below 1.1 nmol/L also had a significantly longer time to CRPC
than those with levels between 1.1 and 1.7 nmol/L (p=0.05,
median PFS 33.1 months).8

The NCIC-PR7 trial of 1386 men with non-metastatic
prostate cancer and PSA biochemical failure following radio-
therapy (primary or salvage post-prostatectomy) showed that
intermittent ADT is a viable option for men with non-meta-
static prostate cancer.? The continuous therapy arm of the
NCIC-PR7 trial comprised 626 evaluable patients receiving
ADT for a median of eight years, which provided an oppor-
tunity for Klotz and colleagues to assess the relation between
nadir testosterone level and disease progression.*® This analy-
sis included patients from the continuous arm of the NCIC-
PR7 trial who had at least three testosterone levels recorded
during the first year of the study. Patients were classified into

one of three groups according to their testosterone level: 0.7
nmol/L or lower (53%), 0.7-1.7 nmol/L (42%), or higher than
1.7 nmol/L (5%). Time to CRPC differed significantly among
the three testosterone groups. Patients who did not achieve a
testosterone level below 0.7 nmol/L had a significantly higher
risk of developing CRPC than those who achieved a testoster-
one level below 0.7 nmol/L (HR 1.62 for testosterone 0.7-1.7
nmol/L; HR 1.90 for testosterone 1.7 nmol/L or higher) (Fig.
2). Patients with a minimum testosterone level higher than 0.7
nmol/L also had a significantly higher risk of dying as a result
of their disease (HR 2.08 for testosterone 0.7-1.7 nmol/L;
HR 2.93 for testosterone 1.7 nmol/L or higher). A post-hoc
analysis was also recently conducted of the ICELAND study
— a large, multicentre, European study demonstrating similar
efficacy and tolerability between continuous and intermit-
tent ADT with leuprolide acetate (Eligard) in non-metastatic
prostate cancer.’' Neither time to PSA progression nor cause-
specific survival was influenced by testosterone levels during
the first year of treatment. In contrast to the NCIC-PR?7 trial,
which allowed treatment with orchiectomy or any LHRH
analogue, the ICELAND study only allowed treatment with
leuprolide acetate, which may account for the disparity in
results.’! It is noteworthy that median followup was half that
of the NCIC-PR7Y trial, which could explain the differences
observed between the two studies.

Another trial of 206 patients with metastatic prostate can-
cer randomly assigned patients to a monthly or three-month
depot of LHRH agonist along with an androgen receptor
antagonist.’> A testosterone level of 0.9 nmol/L or less one
month after initiating ADT, was associated with a longer
time to CRPC than testosterone levels higher than 0.9 nmol/L
(19.1 vs. 14.6 months; p=0.0004). Likewise, six months after
initiating ADT, a testosterone level of 0.7 nmol/L or lower
was associated with a longer time to CRPC than testosterone
levels of 0.7 nmol/L or higher.*?

CRPC-free survival as a function of median year-1
testosterone levels
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Fig. 2. Time to castrate-resistant prostate cancer (CRPC) by nadir testosterone
(T) within the first year of androgen-deprivation therapy in a secondary
analysis of the PR-7 trial.® Cl: confidence interval; HR: hazard ratio.
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These studies suggest that a nadir serum testosterone level
of less than 0.7 nmol/L while on continuous ADT therapy
correlates with improved prognosis. It is therefore reasonable
to recommend assaying serum testosterone levels regularly
in these patients, with ADT modified accordingly to ensure
that testosterone levels of less than 0.7 nmol/L are achieved.
It should be noted, however, that there is currently a lack
of evidence that switching therapies improves survival. For
the majority of respondents to our survey, a testosterone
level above the threshold value, assuming PSA levels were
as expected, would prompt a duplicate testosterone assay
in three months (48.4%). Others would re-assay the tes-
tosterone levels immediately (10.5%), immediately switch
the patient to another LHRH agonist (7.2%), immediately
switch the patient to an LHRH antagonist (5.2%), or have
the patient undergo surgical orchiectomy (0.7%); 18.3%
would do nothing.

Consistently lower testosterone levels have also been
associated with a survival advantage in prostate cancer. In a
prospective evaluation of 153 patients treated with an LHRH
agonist for six months, multivariate analysis did not reveal an
association between serum testosterone levels and either time
to progression or overall survival;.** however, serum testoster-
one levels less than 0.7 nmol/L were significantly associated
with a lower risk of death (p=0.02). Because only 25 patients
achieved a testosterone level below 0.7 nmol/L, a receiver-
operating characteristic (ROC) curve was used to determine a
cutoff and distinguish between patients who would ultimately
die and those who would not. A testosterone value of 1.0
nmol/L was determined to offer the best overall sensitivity
and specificity, and the 56 patients who attained testosterone
levels of 1.0 nmol/L or less after six months of LHRH treat-
ment had improved survival compared with the 97 patients
who did not (p=0.03).>* The phase 3 COU-AA-301 study of
patients with metastatic CRPC experiencing disease progres-
sion after chemotherapy showed increased rates of survival
with the combination of abiraterone acetate and prednisone
compared with prednisone alone.** Retrospective analysis
of the COU-AA-301 showed an increase in median survival
from the lowest to the highest quartile of testosterone level,
regardless of treatment arm.*

In a single-centre analysis of data from 96 men with
locally advanced or metastatic prostate cancer treated with
surgical castration, LHRH agonist, or anti-androgen, the low-
est quartile of serum testosterone levels during ADT signifi-
cantly predicted better overall survival and survival from
castration resistance.?®

Measurement of serum testosterone

Despite recent diagnostic advances and a call for improved
diagnostic performance, uncertainty exists regarding meas-
urement accuracy at very low testosterone levels using com-
mercial assay techniques. The ability to provide increased
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analytical performance is typically at odds with the require-
ment to offer a high-throughput routine diagnostic test.
Immunoassays and mass spectrometry are the two main
methods used in measuring testosterone today. The latter
is not routinely used in clinical practice due to higher cost,
decreased throughput, and limited availability.

Immunoassays

The vast majority of total testosterone assays used in diagnos-
tic laboratories are immunoassays. In general, these assays
are very good with respect to analytical performance. They
are robust, easily automated, and relatively easy to imple-
ment and operate in virtually any laboratory.

Immunoassays used for total testosterone measurement
include RIA and CLIA. Because of the decreased availability of
commercial diagnostic kits and the safety issues surrounding
the use of radioisotopes, significantly fewer laboratories use
RIA to measure total testosterone compared with CLIA. There
are currently at least eight major manufacturers of total testos-
terone immunoassays that are used worldwide. Although there
continues to be incremental improvements in the performance
of these assays, the sensitivity and specificity, in particular for
the low and high range of testosterone concentrations, remain
insufficient for a variety of clinical applications.*” In addition,
as is often the case for immunoassays, there is poor compar-
ability between total testosterone results obtained from differ-
ent commercial testosterone assays. The analytical difficulties,
particularly with determining low testosterone concentrations,
are in part due to interferences from serum proteins and cross-
reactivity with other steroid hormones.*”3¢

Mass spectrometry

As an analytical technique, MS has few rivals. It is often con-
sidered the gold standard or definitive method from which
all other analytical techniques are measured. The use of MS
in the clinical laboratory is ever-increasing, driven by the
clinical demand for improved sensitivity and specificity of
diagnostic tests. Industry had responded by developing MS
instruments that are increasingly amenable to diagnostic lab-
oratories rather than exclusively for research purposes. These
include design improvements that facilitate automation and
sample handling, ability to directly interface with laboratory
information systems, and software packages that allow the
instruments to be operated without significant training.

With respect to measuring low total testosterone lev-
els, MS is analytically superior to immunoassay platforms
because it can overcome the interferences and limitations
associated with antibody-based tests.** This is accomplished
by direct coupling of MS instruments to a chromatography
platform via an interface.

With the exception of the use of MS instruments in micro-
biology, MS platforms have yet to be developed to the point
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where they are considered “plug and play.” As such, the use
of MS for serum testosterone measurement is limited to rela-
tively few laboratories operating in support of large medical
centres or as a regional reference laboratory. Implementation
and routine operation of MS instruments require substantial
capital investment in instrumentation and infrastructure, as
well as significant technical expertise and experience.

In our survey of Canadian urologists, uro-oncologists,
and radiation oncologists, the majority of respondents (79%)
were unable to specify which method of testosterone assay
is used by their lab or centre (Fig. 3A). Of those who did
know which testosterone assay method was used in their
centre, 55% indicated that RIA is used, 32% indicated that
CLIA is used, and 13% indicated that MS is used. The lower
limit of testosterone detection varied among the various cen-
tres, with the most common limit being 0.7 nmol/L (27.7%),
followed by 0.3 nmol/L (22.3%) (Fig. 3B). More than one-
third of respondents (31.8%) did not know the lower limit
of testosterone detection of the assay used by their centre.

Conclusion

Lower testosterone levels have been shown to correlate with
better freedom from CRPC and subsequent death. Moreover,
breakthrough testosterone levels higher than 1.7 nmol/L dur-
ing therapy may be associated with higher rates of biochem-
ical failure. As such, prescribers of LHRH agonists should peri-
odically assess testosterone levels to ensure that an adequate
level of castration has been achieved. According to our survey
of Canadian urologists, uro-oncologists, and radiation oncolo-
gists, approximately two-thirds are monitoring testosterone

regularly — either yearly or prior to each LHRH injection.
We suggest that testosterone be measured at the same time as
PSA, every three to six months, preferably using electro-CLIA
or MS assays with detection limits well below 0.7 nmol/L. A
change in therapy may be considered if testosterone levels
remain above 0.7 nmol/L on two or more occasions within
a year; however, additional studies are needed to determine
whether switching therapies improves prognosis.

While immunoassays are reasonably accurate in detecting
“normal” male testosterone levels, they are less sensitive at
lower levels. MS may offer a more sensitive assay, albeit at
a higher cost. It is likely that technology will continue to
advance to ultimately provide a serum testosterone assay
with excellent sensitivity and specificity, as well ease of use
and high-throughput capacity. An example of such advan-
cements is the current generation of thyroid-stimulating
hormone assays, which offer excellent sensitivity and large
dynamic range and the common use free thyroxine in thy-
roid screening. In the interim, it is imperative for clinicians to
know and understand the specific serum testosterone assay
being used by their respective laboratory. Equally important
is the communication between the clinician and laboratory
staff to ensure the diagnostic requirements can be achieved
and maintained using the existing diagnostic instrument.

With newer methods of testosterone detection, 0.7 nmol/L
has been raised as a more appropriate benchmark for castrate
testosterone levels than the current benchmark of 1.7 nmol/L;
however, even with the higher benchmark, some patients on
LHRH agonists are not achieving castrate testosterone levels.
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