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Summary

Aim: To explore the practice and attitudes of uro-oncologists in the UK regarding monitoring
testosterone levels and the use of testosterone replacement therapy (TRT) in their prostate
cancer patients treated with androgen deprivation therapy (ADT).

Methods: An expert-devised online questionnaire was completed by members of the British
Uro-oncology Group (BUG).

Results: Of 160 uro-oncologists invited, 84 completed the questionnaire. Before initiating
ADT in patients with non-metastatic prostate cancer, only 45% of respondents measured
testosterone levels and 61% did not measure testosterone at all during ADT in the adjuvant or
neoadjuvant setting. However, in men with metastatic prostate cancer, 71% of the uro-
oncologists measured testosterone before starting ADT and the majority continued testing
during treatment. Approximately two-thirds of respondents did not prescribe TRT for their
patients who were in remission following neo(adjuvant) ADT and who had castration levels
of testosterone.

Discussion: Among UK uro-oncologists, measurement of testosterone levels before and
during ADT was not typically part of routine practice in the management of patients with
prostate cancer. However, testosterone levels were checked more frequently for patients with
metastatic disease than disease at an earlier stage. Testing could be conducted in parallel with
PSA measurement as testosterone levels are linked to biochemical failure. The majority of
specialists participating in the survey did not prescribe TRT for their patients in remission
following ADT.

Conclusion: Uro-oncologists in the UK do not generally measure testosterone as part of their
patient management and they remain cautious about the possible benefits of TRT in men with

prostate cancer.



What’s known?

Androgen deprivation therapy (ADT) is widely used in men with localised or metastatic
prostate cancer. However, castration levels of testosterone may be associated with adverse
effects on bone, muscle, metabolism and sexual function. Testosterone replacement therapy
(TRT) has been used successfully in men with hypogonadism due to other causes. However,
its use in patients with prostate cancer remains controversial, even though studies have shown

its benefits and acceptable safety.

What’s new?

The results of this survey suggest that many uro-oncologists in the UK do not measure
testosterone levels routinely, before, during or after ADT in their patients with prostate
cancer, in either the metastatic or non-metastatic disease setting. Prescribing of TRT remains
infrequent even for prostate cancer patients in remission with castration levels of testosterone

following ADT.



1 INTRODUCTION

The value of testosterone in maintaining wellbeing in men is often underestimated. Indeed,
clinically significant testosterone deficiency (hypogonadism) can be associated with erectile
dysfunction (ED), decreased lean mass and muscle strength, abnormal bone mineralisation,
deleterious metabolic changes, atherosclerosis, cognitive impairment and mood changes.'® In
some men the nature and severity of symptoms requires consideration of testosterone
replacement therapy (TRT),” and this treatment can have positive benefits on symptoms such
as ED,® body composition,® and mood.*° It has also been proposed that TRT can improve

quality of life in men with hypogonadism. % 11

Testosterone depletion with androgen deprivation therapy (ADT) is the mainstay of therapy
in men with metastatic prostate cancer and is widely used in the neo(adjuvant) setting in
combination with radiotherapy.'? ** The most commonly used types of ADT include
luteinising hormone releasing hormone (LHRH) agonists, gonadotropin releasing hormone
(GnRH) agonists and GnRH antagonists. Antiandrogens (e.g. bicalutamide) may be necessary
to manage the tumour flare associated with the initial testosterone surge caused by LHRH and

GnRH agonist therapy; GnRH antagonist therapy is not associated with this phenomenon.*31°

Achievement of castration levels of testosterone during androgen deprivation therapy (ADT)
is associated with clinical outcomes. Indeed, a study of patients with non-metastatic prostate
cancer who had rising prostate specific antigen (PSA) levels after completion of definitive
radiotherapy evaluated the effect of testosterone levels on outcomes.*® Results showed that
those patients achieving a testosterone level <0.7 nmol/L (<20 ng/dL) had a significantly
reduced risk of developing castration-resistance prostate cancer relative to those not

achieving this level during ADT. Cancer-specific survival was also associated with



testosterone levels during treatment. In a separate study of men with metastatic prostate
cancer or biochemical failure after radiotherapy, when a threshold value of <50 ng/dL
testosterone was considered as adequate suppression with 6 months of LHRH agonist
therapy, there was no correlation with mortality.}” However, when the lower threshold of <20
ng/dL was used there was a significant reduction in risk of mortality. Notably, only a small
proportion of patients (16%) achieved a testosterone nadir of <20 ng/dL. Breakthrough rises
in testosterone can also occur during ADT following initial achievement of castration levels

and this has been linked to disease progression.*®

Routine and frequent measurement of testosterone levels during ADT should therefore be
considered in order to ensure that a castration threshold has been met and maintained.
However, there is little evidence to suggest that this occurs in oncologists’ clinical practice.

In a single-centre retrospective review of patients with early disease receiving LHRH
agonists, at a median follow-up of 4.7 years, the median number of testosterone
measurements was only 6 per patient.® However, for each course of treatment there was a
significant minority of patients who experienced a rise in testosterone to above castration
levels. In a previous UK-based survey regarding guidelines for the management of men with
ED following ADT, 28 specialists were asked about measurement of testosterone. A total of 8
stated that they measured testosterone before and after ADT, with another 11 stating that they

sometimes did this.?°

Following ADT, by its very nature, testosterone levels are depleted. Studies have shown that
after cycles of intermittent ADT, achievement of pre-treatment levels can take between 3
months to 2 years or even longer, depending on the type and duration of ADT and on-

treatment testosterone levels.?:* Numerous systematic reviews and meta-analyses of



observational studies have therefore suggested that men who have received this treatment are
at risk of the complications of testosterone deficiency. These are comparable to men with
hypogonadism due to other causes and include ED,?* depression,? type 2 diabetes,? adverse
changes in body composition,?” increased risk of fractures and decreased bone mineral
density,?® 2° and cardiovascular disease.>® There are numerous interventions available to
manage these adverse effects of ADT. For example, resistance and weight training has been
shown to increase lean muscle mass and reduce fat mass,*! reduced bone mineral density and
risk of fractures can be improved with bisphosphonates and denosumab,®? ** and ED
managed with phosphodiesterase-5 inhibitors.?% 2 Lifestyle interventions such as physical

exercise may also be beneficial for ameliorating ADT-related fatigue.®!

In theory, TRT would seem logical to compensate for the testosterone deficiency following
adjuvant ADT in non-metastatic prostate cancer. However, concerns remain among
healthcare professionals regarding cancer recurrence or rapid progression with the use of
TRT in men with prostate cancer following completion of ADT. A recent meta-analysis and a
large registry study have shown that there is no direct causal effect between TRT and the
incidence of prostate cancer or changes in PSA.3* 3% Moreover, a small number of
retrospective studies in men with localised disease have shown minimal increased risk of

disease recurrence or cancer-specific mortality with TRT.364

This report presents the results of a survey of uro-oncologists in the UK conducted by the
British Uro-oncology Group (BUG) to understand their views on testosterone measurement

and TRT in men with prostate cancer.



2 METHODS
Members of the British Uro-oncology Group (BUG) were contacted via email, and provided
with a link to the questionnaire, which was conducted online, using SurveyMonkey. The

questionnaire was constructed by the Executive Committee of BUG.

No formal statistical testing was performed on the data collected; number of respondents and

percentages are presented.

3 RESULTS
The questionnaire was distributed to 160 uro-oncologist members of BUG. A total of 84
(52.5%) members completed the survey, with the majority (76%) being consultant clinical

uro-oncologists.

Non-metastatic prostate cancer
When asked to consider their definition of castration levels of testosterone, 54% stated that
they regarded <20 ng/dL as the threshold, while another 40% used <50 ng/dL as their cut-off

value.

A total of 75 respondents (92%) stated that they manage patients with non-metastatic prostate
cancer, and that measuring testosterone levels was not routine practice for men in this setting.
Indeed, 55% of the sample said that they did not typically measure testosterone at baseline
prior to initiation of treatment for this group of patients, while another 20% stated that they

sometimes conducted these tests.



Regarding patients undergoing management with ADT in the (neo)adjuvant setting, 61% of
the uro-oncologists never measured testosterone levels, while only one-quarter performed
these tests in both settings. Around 5% of respondents questioned why they needed to do it.
When asked how often they measured testosterone levels during neoadjuvant or adjuvant
treatment, a total of just 10.4% stated that tests were performed either every month, every 3
months or every 6 months (Figure 1). Once ADT has been stopped in these patients, 51% of
the uro-oncologists did not measure testosterone, although 42% did at this stage of
management. A total of 19.7%, 7.9% and 1.3% of respondents stated that they measured
testosterone monthly, every 3 months, and every 6 months, respectively; 29% never tested

after completion of ADT.

Almost three-quarters of the uro-oncologists did not recommend regular testosterone
measurement in primary care. However, this was mostly due to the fact that most of these

specialists did not recommend the monitoring of patients in primary care.

Metastatic prostate cancer

A total of 94% of the uro-oncologists managed men with metastatic prostate cancer. Before
initiation of ADT in these patients, 71% of respondents measured testosterone levels.
However, during ADT, none of the uro-oncologists conducted monthly testing, and only
17.5% tested on a 3- or 6-monthly basis; 15% stated that they never measured testosterone
levels, and 12.5% tested every time that PSA levels were tested (Figure 2). Perhaps
surprisingly, around 70% of respondents stated that they would measure testosterone levels

once the patients had progressed to castration-resistant prostate cancer.



When comparing treatment with LHRH agonists and GnRH antagonists, around one-third felt
that there was a difference between types of treatment in terms of the speed at which
testosterone control is achieved; another 37% felt that this was not the case. However, 24% of
respondents had used only an LHRH agonist. Additionally, only 11% of the uro-oncologists
stated that they had noticed a difference between these types of treatments for maintenance of
testosterone suppression; 56% felt that there was no difference. Again, these results are
impacted by the small but significant proportion of uro-oncologists who only prescribed

LHRH agonists.

Similar to patients with non-metastatic prostate cancer, 83% of the uro-oncologists would not
recommend that primary care professionals monitor testosterone regularly. This was mainly
because they did not believe that patients with metastatic disease should be managed in

primary care.

Prescribing TRT

The specialists were asked for their views on prescribing TRT for their prostate cancer
patients. For men with non-metastatic prostate cancer who have completed (neo)adjuvant
ADT and were in remission with castration levels of testosterone, approximately two-thirds
stated that they had not prescribed TRT. If they were to prescribe TRT, the uro-oncologists
would mostly recommended initiation at 2 years after ADT cessation. Thirty-three (56%) of
the specialists who were not already prescribing TRT felt that they would consider

prescribing it for men is this setting in the future, whereas 21 (36%) would not consider it.
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If prescribing TRT, the majority of respondents (71%) favoured a transdermal gel
formulation. Once a patient had started on TRT, 58% of the uro-oncologists would monitor
testosterone levels on a 3-monthly basis (Figure 3). Approximately two-thirds would also

measure PSA at this frequency.

4 DISCUSSION

The importance of measuring testosterone levels in the context of prostate cancer is
unequivocal. In the present survey, however, more than one-half of respondents stated that
they do not measure testosterone in non-metastatic disease, and only 10% monitored
testosterone during (neo)adjuvant ADT. At the completion of ADT, almost one-third never
tested testosterone, even though they offer routine follow-up, and it has been shown that
testosterone recovery following intermittent ADT is associated with rises in PSA*? (the
Phoenix definition of biochemical failure following radiotherapy without hormonal therapy is
PSA >2 ng/ml*®). Knowledge of a patient’s testosterone levels may therefore help to interpret
PSA findings. Notably, there are no recommendations in current guidelines regarding

testosterone measurement in patients with localised prostate cancer.? 44

However, European guidelines make clear recommendations regarding the measurement of
testosterone during ADT in men with advanced prostate cancer.'® In the advanced disease
setting, after initiation of ADT testosterone should be measured every 3—6 months, at the
same time as PSA measurement (which would be the most convenient schedule); in patients
receiving intermittent ADT, testosterone should be measured at 3-month intervals. In patients
with stage M1 prostate cancer and a good response to treatment, it is recommended that
testosterone is measured as part of routine follow-up, every 3—6 months. Finally, castration-

resistant prostate cancer should be confirmed by a testosterone level <50 ng/dL and suspected

11



progression.t® Although 71% of the respondents in the current survey measure testosterone at
baseline in patients with metastatic prostate cancer, only 30% continue to monitor
testosterone during ADT. Current European guidelines define castration levels of testosterone
as <50 ng/dL (<1.7 mmol/L); therefore, almost all respondents to this survey aimed for this

target or lower (<20 ng/dL or <0.7 mmol/L).%3

Concerning the different types of ADT, it is difficult to arrive at definite conclusions, as
almost one-quarter of the uro-oncologists participating in this survey have experience with
LHRH agonists alone. However, numerous studies have reported that significant proportions
of patients may not achieve castration levels with LHRH agonist therapy;** - 1° only a small
number of patients fail to achieve castration testosterone levels with GnRH antagonist

treatment.®

There remains a reluctance to prescribe TRT to patents with non-metastatic disease, although
the results indicate that this may change in the future. This is despite the fact that numerous
retrospective studies in men with treated localised prostate cancer (radiotherapy or
prostatectomy) have shown minimal increased risk of biochemical or clinical cancer
recurrence or prostate cancer-specific mortality with TRT.%6-%° Additionally, a single-centre
study of men with localised disease treated with ADT reported no association between TRT

and biochemical recurrence of prostate cancer.*!

In conclusion, uro-oncologists in the UK do not typically measure testosterone as part of their

prostate cancer patient management, either in the early or advanced disease settings.

However, this could be easily conducted at the same time as PSA measurements. Specialists

12



remain cautious about the possible benefits of TRT in men with prostate cancer, even though

recent studies to date indicate no increased risk of recurrence.

Acknowledgements
The authors would like to thank Right Angle (BUG Secretariat) for their editorial assistance in
the preparation of this manuscript. Heather Payne’s work was supported by the UCLH/UCL

Comprehensive Biomedical Research Centre.

Author contributions

Heather Payne and Rhona McMenemin (Trustees of BUG) led the design of the questionnaire,
which was approved by the BUG Executive Committee; Right Angle (BUG Secretariat)
collated the data for analysis by Heather Payne. All authors reviewed and commented on the

manuscript.

Conflict of interests

None of the authors have received any financial compensation for writing this publication.

Funding

This is a BUG initiative, supported by an educational grant from Ferring Pharmaceuticals Ltd.
The educational grant financed the implementation of the survey and editorial assistance.
Ferring had no influence over the design of the survey, analysis of the data or resulting

publication.

13



References

1.

2.

Basaria S. Male hypogonadism. Lancet. 2014;383:1250-1263.

Wu FCW, Tajar A, Beynon JM, et al. Identification of late-onset hypogonadism in
middle-aged and elderly men. N Engl J Med. 2010;363:123-135.

Traish AM, Abdou A, Kypreos KE. Androgen deficiency and atherosclerosis: The
lipid link. Vascul Pharmacol. 2009;51:303-313.

Traish AM, Saad F, Guay A. The dark side of testosterone deficiency: Il. Type 2
diabetes and insulin resistance. J Androl. 2009;30:23-32.

Mouser JG, Loprinzi PD, Loenneke JP. The association between physiologic
testosterone levels, lean mass, and fat mass in a nationally representative sample of
men in the United States. Steroids. 2016;115:62-66.

Deijen JB, de Boer H, Blok GJ, van der Veen EA. Cognitive impairments and mood
disturbances in growth hormone deficient men. Psychoneuroendocrinology.
1996,21:313-322.

Dohle GR, Arver S, Bettocchi C, et al. Guidelines on male hypogonadism. Arnhem,
The Netherlands: European Association of Urology; 2015.

Ponce OJ, Spencer-Bonilla G, Alvarez-Villalobos B, et al. The efficacy and adverse
events of testosterone replacement therapy in hypogonadal men: A systematic review
and meta-analysis of randomized, placebo-controlled trials. J Clin Endocrinol Metab.
2018; Mar 17. doi: 10.1210/jc.2018-00404.

Guo C, Gu W, Liu M, et al. Efficacy and safety of testosterone replacement therapy in
men with hypogonadism: A meta-analysis study of placebo-controlled trials. Exp Ther

Med. 2016;11:853-863.

14



10.

11.

12.

13.

14.

15.

16.

17.

Elliott J, Kelly SE, Millar AC, et al. Testosterone therapy in hypogonadal men: a
systematic review and meta-analysis. BMJ Open. 2017 7:e015284.
doi:10.1136/bmjopen-2016-015284.

Nian Y, Ding M, Hu S, et al. Testosterone replacement therapy improves health-
related quality of life for patients with late-onset hypogonadism: a meta-analysis of
randomized controlled trials. Andrologia. 2017;49: doi: 10.1111/and.12630. Epub
2016 Jul 8.

Mottet N, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG guidelines on prostate
cancer. Part 1: screening, diagnosis, and local treatment with curative intent. Eur Urol.
2017;71:618-629.

Cornford P, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG guidelines on prostate
cancer. Part Il: Treatment of relapsing, metastatic, and castration-resistant prostate
cancer. Eur Urol. 2017;71:630-642.

Tombal B, Berges R. Optimal control of testosterone: A clinical case-based approach
of modern androgen-deprivation therapy. Eur Urol Suppl. 2008;7:15-21.

Klotz L, Boccon-Gibod L, Shore ND, et al. The efficacy and safety of degarelix, a 12-
month, comparative, randomized, open-label, parallel-group phase 111 study in patients
with prostate cancer. BJU Int. 2008;102:1531-1538.

Klotz L, et al. Nadir testosterone within first year of androgen-deprivation therapy
(ADT) predicts for time to castration-resistant progression: A secondary analysis of the
PR-7 trial of intermittent versus continuous ADT. J Clin Oncol. 2015;33:1151-1156.
Bertaglia V, Tucci M, Fiori C, et al. Effects of serum testosterone levels after 6 months
of androgen deprivation therapy on the outcome of patients with prostate cancer. Clin

Genitourin Cancer. 2013;11:325-330.

15



18.

19.

20.

21.

22.

23.

24,

25.

26.

Morote J, Orsola A, Planas J, et al. Redefining clinically significant castration levels in
patients with prostate cancer receiving continuous androgen deprivation therapy. J
Urol. 2007;178:1290-1295.

Wilke D, et al. Testosterone suppression with luteinizing hormone-releasing hormone
(LHRH) agonists in patients receiving radiotherapy for prostate cancer.
Pharmacotherapy. 2018;38:327-333.

White ID, Wilson J, Aslet P, et al. Development of UK guidance on the management
of erectile dysfunction resulting from radical radiotherapy and androgen deprivation
therapy for prostate cancer. Int J Clin Pract. 2015;69:106-123.

Crook JM, O’Callaghan CJ, Duncan G, et al. Intermittent androgen suppression
therapy for rising PSA level after radiotherapy. N Engl J Med. 2012;367:895-903.
Gulley JL, Aragon-Ching JB, Steinberg SM, et al. Kinetics of serum androgen
normalization and factors associated with testosterone reserve after limited androgen-
deprivation therapy in nonmetastatic prostate cancer. J Urol. 2008;180:1432-1437.
Pickles T, Agranovich A, Berthelet E, et al. Testosterone recovery following prolonged
adjuvant androgen ablation for prostate carcinoma. Cancer. 2002;94:362-367.
DiBlasio CJ, Malcolm JB, Derweesh IH, et al. Patterns of sexual and erectile
dysfunction and response to treatment in patients receiving androgen deprivation
therapy for prostate cancer. BJU Int. 2008;102:39-43.

Nead KT, Sinha S, Yang DD, Nguyen PL. Association of androgen deprivation
therapy and depression in the treatment of prostate cancer: A systematic review and
analysis. Urol Oncol. 2017;35:664.e1-664.€9.

Bosco C, Crawley D, Adolfsson J, et al. Quantifying the evidence for the risk of
metabolic syndrome and its components following androgen deprivation therapy for

prostate cancer: A meta-analysis. PLOS One. 2015;10(3):e0117344.

16



27.

28.

29.

30.

31.

32.

33.

34.

Haseen F, Murray LJ, Cardwell CR, et al. The effect of androgen deprivation therapy
on body composition in men with prostate cancer: Systematic review and meta-
analysis. J Cancer Surviv. 2010;4:128-139.

Wang A, Obertova Z, Brown C, et al. Risk of fracture in men with prostate cancer on
androgen deprivation therapy: a population-based cohort study in New Zealand, BMC
Cancer. 2015;15:837.

Wadhwa VK, Weston R, Mistry R, Parr NJ. Long-term changes in bone mineral
density and predicted fracture risk in patients receiving androgen-deprivation therapy
for prostate cancer, with stratification of treatment based on presenting values. BJU
Int. 2009;104:800-805.

Bosco C, Bosnyak Z, Malmberg A, et al. Quantifying observational evidence for risk
of fatal and nonfatal cardiovascular disease following androgen deprivation therapy for
prostate cancer: A meta-analysis. Eur Urol. 2015;68:386-396.

Gardner JR, Livingston PM, Fraser SF. Effects of exercise on treatment-related
adverse effects for patients with prostate cancer receiving androgen-deprivation
therapy: a systematic review. J Clin Oncol. 2014;32:335-346.

Smith MR, Edegerdie B, Hernandez-Toriz N, et al. Denosumab in men receiving
androgen-deprivation therapy for prostate cancer. N Engl J Med. 2009;361:745-755.
Poon Y, Pechlivanoglou P, Alibhai SMH, et al. Systematic review and network meta-
analysis on the relative efficacy of osteoporotic medications: men with prostate cancer
on continuous androgen-deprivation therapy to reduce risk of fragility fractures. BJU
Int. 2018;121:17-28.

Boyle P, Koechlin A, Bota M, et al. Endogenous and exogenous testosterone and the
risk of prostate cancer and increased prostate-specific antigen (PSA) level: a meta-

analysis. BJU Int. 2016;118:731-741.

17



35.

36.

37.

38.

39.

40.

41.

42.

43.

Debryune FMJ, Behre HM, Roehrborn CG, et al. Testosterone treatment is not
associated with increased risk of prostate cancer or worsening of lower urinary tract
symptoms: prostate health outcomes in the Registry of Hypogonadism in Men. BJU
Int. 2017;119:216-224.

Kuhn CM, Strasser H, Romming A, et al. Testosterone replacement therapy in
hypogonadal men following prostate cancer treatment: a questionnaire-based
retrospective study among urologists in Bavaria, Germany. Urol Int. 2015;95:153-159.
Kaplan AL, Lenis AT, Shah A, et al. Testosterone replacement therapy in men with
prostate cancer: a time-varying analysis. J Sex Med. 2015;12:374-380.

Pastuszak AW, Pearlman AM, Lai WS, et al. Testosterone replacement therapy in
patients with prostate cancer after radiotherapy. J Urol. 2013;190:639-644.

Khera M, Grober ED, Najari B, et al. Testosterone replacement therapy following
radical prostatectomy. J Sex Med. 2009;6:1165-1170.

Sarosdy MF. Testosterone replacement for hypogonadism after treatment of early
prostate cancer with brachytherapy. Cancer. 2007;109:536-541.

Leibowitz RL, Dorff TB, Tucker S, et al. Testosterone replacement in prostate cancer
survivors with hypogonadal symptoms. BJU Int. 2010;105:1397-1401.

Keizman D, Huang P, Antonarakis ES, et al. The change of PSA doubling time and its
association with disease progression in patients with biochemically relapsed prostate
cancer treated with intermittent androgen blockade. Prostate. 2011;71:1608-1615.
Roach M 111, Hanks G, Thames H Jr., 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 J Radiat Oncol Biol Phys. 2006;65:965-974.

18



44. National Institute for Health and Care Excellence. Prostate cancer: diagnosis and

management. Clinical Guideline 175. January 2014.

19



FIGURES

FIGURE 1 Frequency of testosterone measurement during neoadjuvant or adjuvant ADT in

patients with non-metastatic prostate cancer (N=77)
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ADT: androgen deprivation therapy; PSA: prostate-specific antigen
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FIGURE 2 Frequency of testosterone measurement during ADT in patients with metastatic

prostate cancer (N=80)
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ADT: androgen deprivation therapy; PSA: prostate-specific antigen
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FIGURE 3 Frequency of testosterone and PSA measurement following initiation of TRT in

men with non-metastatic prostate cancer (N=62)
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