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General introduction

The prostate is a small organ which surrounds the urethra just below the urinary blad-

der. [figure 1] The name of this organ is derived from the Greek word prostates, which 

means “guardian” or “one who stands before”. A normal prostate has approximately 

the size of a walnut, with a normal weight in adult males of 11 grams (range: 7-16 

grams). The size of the prostate increases with age. [1] The function of the prostate 

is to produce a slightly alkaline fluid to the ejaculate, which is about 30% of the total 

volume of the semen. This alkaline fluid contributes to the neutralization of the acidic 

environment in the vagina, which extends the lifespan of sperm cells. Also, the prostate 

contains muscular tissue that thrusts out semen during ejaculation. [2]

Figure 1. Anatomy of the prostate (adapted from [3])

Due to rising age of the population in developed countries, prostatic diseases are an 

increasing medical problem in the western world. Prostate cancer is the most prevalent 

noncutaneous malignancy in men of 50 years and older [Figure 2], with 10,497 newly 

diagnosed cases in the Netherlands in 2015. [Figure 3] In this specific Dutch age group, 
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prostate cancer is the second cause of cancer related death behind lung cancer, with 

a death toll of 2,535 men in 2013. [4] In patients with prostate cancer, 49,8% of 

the patients eventually die due to the cancer itself. Contrary to popular belief, these 

numbers make prostate cancer an important cause of death. [5]

Type of cancer incidence (%)
Prostate 19,2
Intestinal 17,9
Skin (without basal cell carcinoma) 14,2
Lung 13,4
Lymphoma and leukemia 8,9
Bladder 5,3
Oesophagus and cardia 3,7
Head and neck 3,5
Kidney 2,7
Pancreas 2,1
Other 9,1

Figure 2. Incidence of cancer in male patients in 2015 in the Netherlands in percentages of 
total amount of cancer.
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Figure 3: Incidence of prostate cancer in the Netherlands in the years 1990-2015

Benign prostatic hyperplasia (BPH) is the most common benign tumor in men. When 

investigated under a microscope, BPH is found in half of the men of 50 years and older 

and in ninety per cent of men above the age of 80 years. Synchronously, lower urinary 

tract symptoms (LUTS) rise with age and are present in 30% of men of 50 years in up to 

90% of men aged 90 and older. [6,7]

The prostate is continuously under the influence of steroid androgens during life, from 

early childhood to death. Androgens play an important role in the normal growth, 

maintenance and secretory function of the prostate, but also in the development and 

progression of prostate cancer and BPH. Testosterone is the most abundant androgen 

in the male species and is mainly synthesized in the Leydig cells of the testes from 

pregnenolone. The synthesis of testosterone is controlled by the hypothalamic-pituitary-

gonadal axis. The hypothalamus produces luteinizing hormone-releasing hormone 

(LHRH). This LHRH stimulates the anterior portion of the pituitary gland to produce 

luteinizing hormone (LH) and follicle stimulating hormone (FSH). In men, LH stimulates 

the testes to produce testosterone. Increased levels of testosterone cause a negative 

feedback on the pituitary and hypothalamus, which decreases the production of LH. 

[Figure 4] [8]

In men, a relatively small amount of testosterone (i.e. 5% of the circulating concentra-

tion) is assumed to be produced by the adrenal glands. Like most hormones, testosterone 
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is supplied to target tissues through circulating blood, where ~44% of it is transported 

bound to sex-hormone binding globulin (SHBG). In prostatic tissue, testosterone is 

converted into dihydrotestosterone (DHT) by the enzyme 5-alpha-reductase (5AR). DHT 

is considered to be the most powerful intraprostatic androgen due to its high binding 

affinity for the androgen receptor (AR). [9,10]

Because of the lifelong influence of androgens on the prostate, interference with the 

androgen metabolism is a key therapeutic target in prostatic disease. [11,12] In men 

with BPH, inhibition of 5AR by administration of a 5-alpha-reductase-inhibitor (5ARI) 

Figure 4. The hypothalamic-pituitary-gonadal axis (adapted from [8])
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leads to a reduction of prostatic volume of 20-30% and diminish lower urinary tract 

symptoms (LUTS) within 3-6 months after the start of therapy. [13-16] In patients with 

advanced and/or metastatic prostate cancer, androgen deprivation therapy (ADT) is the 

therapeutic mainstay, either by medical castration using a luteinizing hormone-releasing 

hormone (LHRH) agonist, LHRH antagonists or by surgical castration. Surgical castration 

can be performed by total bilateral orchiectomy or by using a subcapsular technique as 

described by Riba. [17]. LHRH-agonists accomplish their effect by interfering with the 

pulsatile release of LHRH from the hypothalamus, thereby diminishing the secretion 

of luteinizing hormone (LH) in the pars anterior of the pituitary. [18,19] Due to this 

agonistic action, serum testosterone may peak to more than 2 times above baseline 

concentrations during the first week of treatment, therefore concomitant therapy with 

an anti-androgen is recommended in current advanced prostate cancer guidelines to 

decrease the incidence of clinical flare. LHRH antagonists immediately bind to LHRH 

receptors, leading to a rapid decrease in serum testosterone levels without any flare. 

However, there is a lack of a long-acting depot formulation, therefore this treatment 

requires monthly injections. [20]

Both surgical and medical castration aim to reduce serum testosterone concentrations 

to a castrate level which is currently defined as less than 1,7 nmol/L (or 50 ng/dL) 

[18-21] This particular cut-off point has been elected because this used to be the lowest 

detection level of available assays for testosterone measurement (i.e. immunoassays). 

Although these immunoassays have been proven to be accurate in measuring serum 

testosterone levels at normal male physiological concentrations, they lack accuracy at 

castrate concentrations. [22] As a result of this methodological limitation, the interpre-

tation of past studies about serum testosterone and castration is difficult and leaves 

room for uncertainty. Our research group recently developed and validated a method 

of serum testosterone determination using isotope dilution-liquid chromatography-tan-

dem mass spectrometry (ID-LC-MS/MS), which is far more accurate in low testosterone 

ranges compared to commonly used immunoassays. [23] This highly accurate method 

of measurement has given us the opportunity to investigate the male testosterone 

metabolism in surgically and medically castrated patients with much more precision 

than past studies about this topic. More accurate methods of measurement will lead to 
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increased knowledge of androgenic steroid hormonal pathways and could potentially 

lead to better treatment of prostatic diseases in the future.

Today’s reality is that the effect of ADT on prostatic carcinoma is temporary and prostate 

cancer will inevitably turn into a state called castration resistant prostate cancer (CRPC), 

with a median time to progression of 18-36 months after the start of this therapy. [24] 

CRPC is defined as three consecutive rises of prostate specific antigen (PSA), resulting in 

two 50% increases over the nadir, with a PSA over 2 ng/mL or radiological progression 

(i.e. two or more new bone lesions on bone scan or progression using the RECIST 

criteria) under castration levels of serum testosterone (below 1.7 nmol/l). [20] Different 

research groups have recently shown that despite castration levels of serum testos-

terone, substantial levels of intraprostatic androgens remain, sufficient to stimulate 

androgen-regulated processes. These processes result in cell proliferation and probably 

will lead to clinical progression. [25-28] Knowledge about the underlying mechanisms 

of the development of CRPC is increasing but still remains incomplete. [29]

Aim and outlines of this thesis

The aim of the research described in this thesis is to investigate male steroid hormone 

metabolism at castration levels in prostatic carcinoma using ID-LC-MS/MS, in order to 

gain more insight in the process of prostate cancer progression, and to improve and to 

personalize (hormonal) treatment of prostate cancer. Furthermore, this study is a critical 

appraisal of current clinical methods for analysing serum testosterone and advocates 

the use of more accurate techniques in basic science as well as in clinical research.

In chapter 2 we describe the current literature about intraprostatic concentrations of 

testosterone and dihydrotestosterone and the currently available analytical methods for 

measuring androgen levels. In chapter 3 we describe the current literature about intra-

prostatic testosterone and DHT after androgen hormonal manipulation in patients with 

benign prostatic hyperplasia or prostate cancer. In chapter 4 we evaluate the serum 

testosterone concentrations in men on androgen deprivation therapy using ID-LC-MS/
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MS, an ultrasensitive method of serum testosterone measurement. We compare the 

concentrations in subjects that underwent surgical castration with men that received 

luteinizing hormone-releasing hormone agonist therapy for prostate cancer. This is 

followed by an evaluation of serum testosterone concentrations in men that received 

treatment with a luteinizing hormone-releasing hormone antagonist in chapter 5.

In the 6th chapter we describe the effect of obesity/body mass index on the efficacy of 

LHRH-agonist therapy in patients with prostate cancer. In chapter 7 we describe the 

role of serum testosterone in the progression and process of formation of metastases 

in CRPC.

LHRH-agonists are known to cause a peak in serum testosterone levels in the first weeks 

after the start of the treatment, and prevention of the clinical effects of this testosterone 

flare by anti-androgen therapy is recommended. Chapter 8 describes the absence of 

evidence for the need of flare prevention.

This thesis is concluded in chapter 9 where we discuss the presented data and describe 

future perspectives of these subjects.
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Abstract

Owing to inconsistencies and methodological differences, the present peer-reviewed 

literature lacks conclusive data on the intraprostatic levels of androgens, in particular 

dihydrotestosterone (DHT), in untreated benign prostatic hyperplasia (BPH) and prostate 

cancer. To date, no difference has been shown between DHT concentrations in normal 

prostatic tissue and BPH, and nor has a difference been shown in DHT concentrations 

between the histologically distinct regions of the prostate. Recent literature has also 

failed to show a consistent difference in androgen level between BPH and prostate 

cancer. The role of intraprostatic DHT in the pathogenesis of BPH and in the initiation 

and progression of prostate cancer thus remains to be established. Increased knowledge 

of the mechanisms of the androgenic steroid pathways in prostatic diseases, with a 

special focus on intraprostatic androgen levels may lead to more optimized and more 

personalized forms of treatment, and probably new therapeutic targets as well.

What’s known on the subject? What does the study add?

The male steroid hormone metabolism is an important target in the treatment of pros-

tatic diseases. However, present literature is inconsistent about intraprostatic concentra-

tions of steroid hormones and the role of intraprostatic steroid hormones in the arise 

and the course of prostatic disease is yet to be determined.

Part I of this two-piece reviews the different methods of steroid hormone measure-

ment and gives an overview of steroid hormone concentrations in normal and diseased 

prostatic tissue. More accurate methods of measurement and increased knowledge of 

androgenic steroid hormonal pathways of the prostate could lead to better treatment 

of prostatic diseases.
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Introduction

During a man’s lifetime, the prostate is continuously affected by steroid androgens, 

derived from both the testes and adrenal cortex. While dihydrotestosterone (DHT) is the 

principal androgen in the prostate gland, testosterone is the abundant androgen in the 

blood, when adrenal androgens are not taken into account. Both androgens competi-

tively bind the androgen receptor (AR). The androgen-AR complex, in turn, stimulates 

androgen-regulated processes, e.g. cell proliferation, cell differentiation and transcrip-

tion of androgen-regulated genes [1]. DHT is formed by conversion of testosterone by 

the enzyme 5-alpha-reductase (5AR) [2,3].

In recognizing the central role of DHT in the growth of the prostate, interference with 

androgen metabolism, e.g. by 5AR inhibition, became one of the cornerstones of medi-

cal management in men with BPH. The role of DHT accumulation as a causative factor in 

the aetiology of BPH, however, remains speculative. Previously reported increased levels 

of androgens in BPH tissue and in prostate cancer were not confirmed by later studies. 

Much of the debate came from the finding that substantial methodological differences 

and inconsistencies were found between research groups reporting on intraprostatic 

androgen levels, and that earlier studies from the 1970s and 1980s were hampered 

by methodological flaws. Validated tools for appropriate tissue handling and for tis-

sue androgen steroid level assessment are now available but no consensus has been 

reached about which method is best.

In the present review (Part I), we provide an overview of the methods currently used for 

androgen assessment, the conditions for appropriate tissue processing, and reported 

levels of intraprostatic androgens (DHT and testosterone) in normal adult prostate, in 

untreated BPH and in prostate cancer. In Part II, we highlight the levels of androgens in 

medically treated BPH and prostate cancer.
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Methods for androgen analysis

Androgen concentrations can be measured using various techniques, all of which have 

advantages and disadvantages [Table 1]. Generally, two types of techniques for mea-

suring androgens exist: immunoassay (IA) and mass spectrometry (MS).

Table 1. Advantages and disadvantages of methods for testosterone and DHT measure-
ment

IA = immuno assay
ID-GC-MS = isotope dilution gas chromatography – mass spectrometry
ID-LC-MS (/MS) = isotope dilution liquid chromatography – (tandem) mass spectrometry

Immunoassay methods

The IA is the most widely used assay for determination of testosterone concentrations. 

IAs are based on the principle that a labelled analogue of the hormone competes with 

the hormone in the sample for a limited number of binding sites, usually provided by 

antibodies. In these so-called competitive hormone assays, the proportion of labelled 

analogue bound to the binding sites is inversely proportional to the concentration of 

androgen in the sample. Depending on the characteristics of the label, IA is known as 

either radioactive IA (RIA) or chemiluminescence IA. Some IAs are fully automated and, 

consequently, it is possible to process many samples in a short amount of time, which 

makes it relatively inexpensive.

The disadvantage of IA is its low specificity owing to cross-reactivity with related steroid 

hormones. These disadvantages can be overcome by performing extraction and/or 

chromatography before the IA. During extraction, testosterone is released from (testos-

terone-binding) proteins, whereas in chromatography, testosterone is separated from 
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related steroid hormones. The free-testosterone thus released, enters the competition 

reaction with the labelled analogue. Despite an increased specificity, extraction and/or 

chromatography before IA lead to a prolonged processing time and increased costs. 

Although automated DHT assays are not available, the advantages and disadvantages 

of DHT measurement are the same as for testosterone measurement [4].

Mass spectrometry methods

A mass spectrometer detects molecules according to their mass. A combination of two 

serially linked mass spectrometers (‘MS/MS’ or ‘tandem-MS’) may be used to enhance 

specificity. Testosterone travelling through the first MS is selected based on its molecu-

lar mass. The testosterone molecules are subsequently fragmented and their specific 

fragmentation pattern is detected by the second mass spectrometer. MS(/MS) detection 

of testosterone is typically preceded by chromatography – either gas chromatography 

(GC) or liquid chromatography (LC) – and requires some form of sample preparation, 

such as extraction. In the case of LC, MS/MS is highly preferred over a one-detector 

system in order to compensate for the more rudimentary separation as compared with 

GC. The use of an isotope-labelled internal standard to correct for losses during sample 

preparation is indicated by the ‘ID’ (isotope dilution) prefix. At the moment, ID-GC-MS 

is the reference method for measuring testosterone concentrations [Table 1] [5,6].

Its main advantage is its high specificity and accuracy. Disadvantages are the need for 

large sample volumes and meticulous sample preparation. As a consequence, ID-GC-MS 

is not preferentially used in clinical practice. ID-LC-MS/MS, however, could be more 

attractive to use in clinical settings, as it tolerates smaller sample volumes without nec-

essarily losing specificity and accuracy, while the process of sample evaluation appears 

to be less laborious than with ID-GC-MS.

There are pitfalls that hamper the specificity of the ID-LC-MS/MS method [7]. Rigorous 

chromatography is needed to separate the isomers of testosterone and DHT. Derivatiza-

tion strategies sometimes need to be employed to increase the performance of used 

assays [8–11]. Even though derivatization might improve the fragmentation pattern 

of DHT, transitions should still be chosen carefully. Kalhorn et al. [8] measured a loss 
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of an acetonitrile-adduct as the transition for the oximederivative of DHT. This transi-

tion is non-specific and might hamper the specificity of the DHT measurements. Also, 

standardization of measurements using ID-LC-MS/MS or ID-GC-MS needs attention 

[12]. Thorough analytical validation of MS methods should include calibration against a 

reference method to ensure accuracy [13].

In a comparative study of 10 different IAs and ID-GC-MS, it was shown that IAs deviated 

200 – 500% compared with ID-GC-MS in the low (<8 ng/dL) testosterone ranges [14]. 

None of the IAs tested was sufficiently reliable for investigation of sera in those with low 

testosterone concentrations. Triggered by this study, Herold and Fitzgerald [15], created 

a random number generator that ‘measured’ female testosterone concentrations, and 

showed that guessing was nearly as good as most IAs, and even superior to some. The 

Endocrine Society and other endorsing organizations (including the AUA), stated that 

direct IA methods jeopardize the health of those patients whose medical care relies 

upon accurate measurement of testosterone levels [16].

Intraprostatic Androgen Measurement

Tissue Processing

In recent years, serum measurement of testosterone has become a routine procedure in 

most clinical laboratories. Whereas serum androgen concentrations can be determined 

relatively easily, paraffin-embedded tissue is less accessible for androgen measurement. 

The chemical properties (e.g. the hydrophobic character) of most steroid hormones 

may lead to loss of androgens during embedding and hence lead to erroneous results. 

Consequently, an off-the-shelf assay for tissue androgen assessment is not routinely 

available. Moreover, the process of tissue homogenization, resuspension, and extraction 

of steroid hormones is timeconsuming, and early enzymatic decay of androgens calls for 

fast tissue storage and appropriate tissue handling techniques.

Walsh et al .[17] determined the influence of enzymatic decay on DHT content in pros-

tatic tissue. In a cadaver study (n = 7), they showed that DHT levels were reasonably 
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low (five-to-sixfold lower) compared with those in freshly obtained prostate specimens. 

Subsequent in vitro studies of fresh prostate tissue incubated at 37 ° C showed that 

more than half of the DHT content is lost within 2 hours of tissue harvesting. The extent 

of this enzymatic decay in prostate tissue after ‘disconnection’ from the blood circula-

tion is not quantified in studies with larger numbers of cases. So, for proper assessment 

of tissue androgen concentrations utmost care must be taken to preserve the in vivo 

androgen concentration.

Because the conversion of testosterone to DHT mainly takes place intracellularly, tissue 

should be disintegrated to destroy cell membranes and subsequently be homogenized. 

Dismembranated tissue can be obtained by exposure to ultrasound waves, physical 

tissue grinding or exposure to very low temperatures. After tissue homogenization, 

soluble androgens are extracted using chemical compounds [18,19].

Androgen levels in normale prostate and BPH tissue

Until the 1980s, it was widely believed that prostatic concentrations of DHT might be 

increased in men with BPH [20–26]. In the reporting of physiological levels of androgens 

in the normal prostate and in BPH, data were initially obtained from autopsy studies and 

from studies assessing surgically removed prostates, respectively. Overall, intraprostatic 

androgen levels fell within wide ranges, between 0.7 and 2.1 ng/g tissue for DHT in nor-

mal prostatic tissue [17,24], and between 1.0 and 8.15 ng/g tissue for DHT in BPH tissue 

[Table 2], [17–48]. In paraffin-embedded tissue obtained from four healthy volunteers 

undergoing prostate needle biopsy, concentrations of 9.3 ng/g tissue for DHT and 1.8 

ng/g tissue for testosterone were reported [45].

Contrary to previous assumptions, it was shown that, if freshly obtained, testosterone 

and DHT levels in normal prostatic tissue obtained from 21 men at the time of radical 

prostatectomy or cystoprostatectomy were not statistically different from corresponding 

androgen levels in BPH tissue removed from 20 patients at open surgical procedures 

[Table 2] [17].
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Table 2. Testosterone and DHT-concentrations in normal prostatic tissue, BPH tissue and 
prostate cancer tissueprostate cancer tissue

Controversy also remains about the androgen concentrations in the different regions of 

the prostate. In 1977, Hammond et al .[20] found similar levels of DHT in the peripheral 

prostatic zone and BPH tissue. Di Silverio et al .[35,36] reported that, by contrast to 

this, DHT levels were highest in the periurethral zone (7.32 ng/g tissue), the region 

responsible for urinary obstruction, and lowest in the subcapsular region (4.22 ng/g tis-
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sue [P< 0.01]). Again however, DHT levels in three men < 45 years old were reported not 

to differ significantly from those of 18 patients > 45 years old with established BPH [17].

Androgen levels in prostate cancer

There is still no consensus on the true prostatic steroid concentrations in men within dif-

ferent stages and grades of prostate cancer. In a study by Geller et al .[49], 21 patients 

with previously untreated stage D prostate cancer underwent palliative TURP. In the 

resected tissue, a mean value of 3.9 ng/g tissue DHT was reported, significantly less ( 

P < 0.05) as compared with those with BPH (i.e. 5.1 ng/g tissue). Nishiyama et al .[18] 

reported no difference in DHT concentrations between prostate cancer and untreated 

BPH tissue. Conflicting outcomes were reported by Heracek et al .[50] who compared 

intraprostatic concentrations of testosterone and DHT in 57 men who underwent trans-

vesical prostatectomy for BPH with those in 121 men undergoing radical prostatectomy 

for prostate cancer. DHT levels in radical prostatectomy specimens (2.55 ng/g tissue) 

were significantly higher (P<0.01) than those in BPH tissue (1.86 ng/g tissue). Similar 

results were found for intraprostatic testosterone (1.34 ng/g tissue vs 0.99 ng/g tissue, 

P<0.05). In line with this, Ji et al .[51] reported a 42% higher DHT level in eight prostate 

tumours compared with their paired benign tissue samples (6.98 ng/g tissue vs 4.96 

ng/g tissue [P < 0.05]).

Nishiyama et al .[44] investigated androgen levels in prostate cancer tissue of different 

Gleason scores in 47 patients with clinically localized prostate cancer. Prostatic tissue 

was obtained by prostate needle biopsy, and after snap-freezing and homogenization 

of tissue, testosterone and DHT levels were measured using the LC-MS technique. The 

mean concentration of intraprostatic DHT in prostate cancer was 5.41 ng/g tissue. In 

those with a biopsy Gleason score ≤ 6, mean tissue DHT (5.94 ng/g tissue) was signifi-

cantly higher than those with a Gleason score 7 – 10 (4.29 ng/g tissue; P =0.025) [44]. 

These findings were not confirmed in a later study from the same group [52] . Geller et 

al .[53] showed that men with prostate cancer and a DHT level > 2.5 ng/g tissue had 

a significantly longer disease-free survival than those with DHT levels < 2.0 ng/g tissue 

(P<0.001). Only one study has so far reported on the concentration of androgens within 

prostate cancer lymph node (LN) metastases. LNs from 22 patients undergoing pelvic 
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LN dissection for prostate cancer were assessed for androgen levels using RIA. Prostate 

tumour tissue from 20 different patients with prostate cancer was collected simultane-

ously during surgery. A mean DHT concentration of 2.23 ng/g tissue was found in LN 

metastases, compared with 4.80 ng/g tissue in primary cancer (P<0.001). Apparently, 

in LN metastases of prostate cancer, DHT levels are found to be > 50% lower than in 

primary prostate cancer [54].

Discussion

Prostatic diseases are highly prevalent in the aging male population owing to an in-

creased life expectancy and PSA-based screening for prostate cancer. During a man’s 

lifetime, the prostate is continuously affected by androgens, with DHT being the prin-

ciple androgen within the prostate gland. Historically, accumulation of tissue androgens, 

DHT in particular, was assumed to play a causative role in the aetiology of BPH and in 

the initiation and progression of prostate cancer [20–26]. Consequently, the androgenic 

pathway has become an important target for treatment.

Reproducible data on the true intraprostatic levels of androgens within the normal adult 

prostate are currently lacking [Table 2]. Published data on intraprostatic androgen levels 

differ widely because of patient selection, methods of tissue retrieval, methods of tissue 

processing, and assays of androgen determination used. Older studies mostly do not 

describe coefficient of variation, standard deviation or statistical tests. A standardized 

technique to process prostatic tissue with the purpose of androgen level determination 

is needed. In the coming years, further confirmation of intraprostatic androgen levels 

can be expected when using techniques with high specificity, accuracy and sensitivity, 

e.g. ID-LC-MS/MS.

Cadaver studies have evaluated androgen levels in the normal prostate, but most of 

these studies are hampered by substantial methodological flaws attributable to andro-

gen decay in the time between tissue harvesting and androgen level measurements. 

Mean tissue testosterone levels in normal prostatic tissue ranged between 0.26 and 1.8 
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ng/g tissue and mean tissue DHT levels ranged between 0.7 and 9.3 ng/g tissue [Table 

2]. As BPH tissue is much easier to obtain and process, research efforts have focused 

on intraprostatic androgen levels in BPH tissue obtained at the time of TURP. In these 

studies, no consensus was reached on the absolute concentrations of androgens. Values 

found in untreated BPH tissue ranged from 0.092 to 2.0 ng/g tissue for testosterone, 

and from 1.0 to 8.15 ng/g tissue for DHT. These figures indicate that when prostatic 

tissue is harvested appropriately, testosterone and DHT content of the normal prostate 

is similar to that in BPH tissue. Also, recent findings fail to show any major difference in 

the steroid composition between the histologically distinct regions of the prostate. More 

detailed measurement in epithelial and stromal prostatic compartments might provide 

further understanding of the processes that lead to the initiation and progression of 

BPH and prostate cancer.

In general, levels of steroids have been studied in greater detail in BPH than in prostate 

cancer. To date, there has been no consensus on testosterone and DHT concentrations 

in men diagnosed with prostate cancer. Similarly to BPH, the reported testosterone 

and DHT levels differ widely between study groups [Table 2]. The measured concen-

trations of tissue DHT in (untreated) prostate cancer varied from 0.66 to 6.98 ng/g 

tissue. Intriguingly, reported values of intraprostatic androgens for BPH and prostate 

cancer have a similar distribution, both with respect to testosterone and to DHT levels. 

Further confirmation with more robust techniques is required to elucidate differences in 

androgen concentrations between tumour grade and/or histological site.

In conclusion, the current literature lacks conclusive data on intraprostatic androgen 

levels, DHT in particular, as the most important mediator of AR-regulated processes. 

To date, no difference has been shown between DHT concentrations in normal adult 

prostate and BPH tissue, nor is there a proven difference in androgen level between 

histologically distinct regions of the prostate. Also, recent literature does not reveal 

major differences in steroid composition between BPH and prostate cancer. The role of 

intraprostatic DHT in the pathogenesis of BPH and in the initiation and progression of 

prostate cancer thus remains to be elucidated.
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Increased knowledge of the mechanisms of androgenic steroid pathways in prostatic 

diseases, with a special interest in intraprostatic androgen level determination, may 

lead to more optimized and more personalized forms of treatment, and probably new 

therapeutic targets as well. Recent advances in the methods for the assessment of 

androgens, such as ID-LC-MS/MS, will allow resolving some, if not all, of these issues.
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Abstract

Androgen deprivation therapy (ADT) and 5-alpha-reductase (5AR) inhibition are used in 

the treatment of men with advanced or metastatic prostate cancer and benign prostatic 

hyperplasia (BPH), respectively. These drugs exert their effect by lowering androgen 

levels in the serum and allegedly, the prostate gland. It is, however, unknown whether 

(increased) intraprostatic androgen levels are associated with the pathogenesis of BPH 

and with the initiation and progression of prostate cancer. Also, it is unclear whether 

intraprostatic dihydrotestosterone (DHT) levels correlate with a response to initial hor-

monal therapy or with patient outcome. These uncertainties have resulted from the 

finding that serum testosterone levels do not necessarily reflect those in the prostate 

gland. Intraprostatic DHT levels of men being treated with 5AR inhibition, of those 

treated with ADT for hormone-naive prostate cancer, and of those with castration-

resistant prostate cancer are all altered in an equivalent manner because of hormonal 

manipulation. Increased knowledge of the mechanisms of the androgenic steroid path-

ways in prostatic diseases, with a special focus on intraprostatic androgen levels, may 

lead to treatment that is tailored to the needs of the individual patient, and probably to 

new therapeutic targets as well.

What’s known on the subject? What does the study add?

The male steroid hormone metabolism is an important target in the treatment of 

prostatic diseases. However, present literature is inconsistent about intraprostatic 

concentrations of steroid hormones and the role of intraprostatic steroid hormones 

in the arise and the course of prostatic diseases is yet to be determined. Part II of this 

two-piece mini-review reviews the effect of medication that alters the male steroid hor-

mone metabolism (i.e. 5-alpha reductase inhibitors, androgen deprivation therapy) on 

intraprostatic steroid hormone concentrations. Better knowledge of the intraprostatic 

steroid hormone concentrations might lead to more individualized treatment and even 

to new medical targets.
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Introduction

It has long been recognized that androgenic activity is a major mediator of biological 

processes in the prostate. Early studies from the 1940s onwards reported that androgen 

deprivation therapy (ADT), by oestrogens (diethylstilbestrol [DES]) or by surgical castra-

tion, was able to lower serum testosterone levels resulting in a marked biochemical 

and clinical response in men with metastasized prostate cancer. Currently, ADT by 

LHRH-agonist treatment or by bilateral orchidectomy is the standard treatment in those 

with advanced or disseminated disease [1,2]. The finding that dihydrotestosterone 

(DHT) is the major androgen in the prostate led to the development of drugs that block 

the enzyme that is known to convert testosterone to DHT, 5-alpha-reductase (5AR). 

Multiple randomized studies initiated in the 1980s on 5AR inhibition in men with BPH 

showed a reduction of prostate volume, improvement in symptoms and peak urinary 

flow, and a reduction of the risk of acute urinary retention and BPH-related surgery. In 

these men, clinical benefits were obtained without lowering testosterone levels in the 

systemic circulation.

In Part I of the present review on intraprostatic testosterone and DHT assessment, the 

levels of the most powerful biologically active androgens are outlined in the normal 

adult prostate, in untreated BPH, and in prostate cancer.

Part II of the present review gives an overview of intraprostatic androgen levels in men 

who receive treatment that is known to interfere with the hypothalamic-pituitary-

gonadal axis, e.g. ADT and 5AR-inhibition. Knowledge of the levels of intraprostatic 

androgens before and after hormonal manipulation might give more insight into the 

bio-availability of intraprostatic androgens, and into the cellular mechanisms that lead 

to the success of or the resistance to drug-initiated treatments.



40 Chapter 3

5-alpha-reductase inhibition

Androgen levels and 5-alpha reductase inhibition in BPH

McConnell et al .[3] reported on 69 men with BPH, who were scheduled for TURP, to 

determine the effect of finasteride, a 5AR-type-2 inhibitor, on clinical outcome, side-

effects and (intraprostatic) androgen levels. Patients were treated with placebo or 1, 5, 

10, 50 or 100 mg finasteride for 7 days before surgery. In the placebo group, the mean 

prostatic DHT level was 2.97 ng/g tissue, and the mean tissue testosterone level was 

0.2 ng/g tissue [Table 1] [3–13]. There was an incremental increase of intraprostatic 

testosterone level and a reciprocal decrease of intraprostatic DHT level with higher dos-

ages of finasteride. All treatment groups were significantly different from the placebo 

group, but not different from each other.

Norman et al .[4] studied 27 men who were scheduled for TURP for BPH and who 

were randomized between placebo (n=10), and 6–8 weeks pretreatment with 1 mg 

finasteride (n=9), or 5 mg finasteride (n=8). Tissue DHT levels in the placebo group 

were 5.39 ng/g tissue, and decreased to 1.1 ng/g tissue for 1 mg finasteride, and 0.49 

ng/g tissue for 5 mg finasteride (P=0.049 between doses). Intraprostatic testosterone 

levels in the placebo group increased from 0.32 ng/g tissue to 2.2 ng/g tissue with 1 mg 

finasteride and 2.4 ng/g tissue with 5 mg finasteride (P= nonsignificant between doses).

Similar decreases in intraprostatic DHT levels, and reciprocal rises of prostatic testoster-

one levels after finasteride treatment up to 100 mg/day have been reported by other 

study groups [5–8]; however, Habib et al .[9], in their randomized study on intrapros-

tatic androgen levels on 5AR treatment, were unable to show a significant difference in 

testosterone and DHT levels between the finasteride and placebo-treated group.

Rittmaster et al .[10] published a study on intraprostatic androgen levels in men with 

BPH who were scheduled for TURP [10–12]. Patients were randomized between surgery 

alone and placebo or neoadjuvant dutasteride, a dual 5AR-type-1 and -2 inhibitor, 0.5 

mg or 3.5 mg. After 4 months of drug treatment, the mean intraprostatic DHT level 

was suppressed by 93.1% for 0.5 mg dutasteride and by 98.9% for 3.5 mg dutasteride 
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(both P < 0.001 versus placebo). For testosterone, intraprostatic values were significantly 

greater in subjects who received dutasteride 0.5 mg or 3.5 mg versus the surgery-alone 

group (P<0.001).

Table 1 

Androgen levels and 5-alpha-reductase inhibition in prostate cancer

Gleave et al .[13] performed a randomized study enrolling 75 men with clinically localized 

prostate cancer. Men enrolled in this study had biopsy-proven, clinically organ-confined 

prostate cancer with a Gleason score ≤ 7. Patients underwent radical prostatectomy and 

received either placebo, dutasteride 0.5 mg or 3.5 mg during a 4-month period before 

surgery. In the resected tissue, intraprostatic concentrations of DHT were 3.3 ng/g tissue 

for placebo, 0.23 ng/g tissue for 0.5 mg dutasteride and 0.039 ng/g tissue for 3.5 
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mg dutasteride (P<0.001). Intraprostatic testosterone levels were significantly higher in 

subjects who received dutasteride 0.5 mg (3.4 ng/g tissue) and dutasteride 3.5 mg (2.8 

ng/g tissue) versus the surgery-only group (0.07 ng/g tissue; P<0.001 [Table 1]).

Androgen levels and saw palmetto in BPH

Saw palmetto (Serenoa repens) is widely used in the treatment of men with a variety 

of urinary tract problems. The mechanism of action is unknown, but it has been sug-

gested that the herb functions as a 5AR inhibitor. Forty-four men with symptomatic 

BPH were entered into a 6-month randomized trial of saw palmetto versus placebo [8]. 

Intraprostatic DHT levels were assessed in prostate biopsy cores at baseline as well as 

after 6 months of treatment. Within 20 evaluable patients on saw palmetto, there was 

a 32% modest but significant decline in intraprostatic DHT level from 6.49 ng/g tissue 

at baseline to 4.40 ng/g tissue at 6 months of treatment (P<0.005). These results are 

compatible with, but not proof of the claimed 5AR inhibitory function of saw palmetto. 

Similar observations were made by Di Silverio et al.[14].

Androgen Deprivation Therapy

Androgen levels and ADT in BPH

Various types of ADT, alone or in combination, were compared for their effect on in-

traprostatic DHT concentration in patients with BPH. In studies by Geller et al .[15] and 

Geller and Albert [16] , patients with BPH undergoing TURP were pretreated with vari-

ous placebo-controlled androgen deprivation regimens consisting of the anti-oestrogen 

tamoxifen (n=7), the AR-antagonist flutamide (n=12), the progestogen megestrol-

acetate (n=23), DES, ketoconazole, or combinations thereof. Within the untreated 

group, the reference intraprostatic DHT concentration was 6.0 ng/g tissue. For the 

androgen deprivational regimens, mean values for tissue DHT were 5.83 ng/g tissue for 

tamoxifen, 3.89 ng/g tissue for flutamide, and 1.37 ng/g tissue for megestrol-acetate 

[Table 2] [15–24]. Megestrol-acetate combined with tamoxifen showed a tissue DHT 

concentration of 1.77 ng/g tissue (n=6), the combination of megestrol-acetate and DES 

0.81 ng/g tissue (n=10), and the combination of megestrol-acetate and ketoconazole 
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(n=4) 0.74 ng/g tissue. All groups, except for tamoxifen, showed a significantly lower 

intraprostatic DHT level compared with placebo (P< 0.01).

Table 2 

Forti et al .[17] found that intraprostatic DHT levels in men treated with an LHRH agonist 

before open prostatectomy for BPH were about 10% of those who were untreated, 

i.e. 0.48 ng/g tissue versus 4.49 ng/g tissue, respectively (P<0.01). Intraprostatic tes-

tosterone levels in the treated men (0.106 ng/g tissue) was about 25% of those in the 

untreated group (0.404 ng/g tissue; 0.10>P> 0.05). In tissues with low 5AR activity 

(renal and uterine tissue), tissue testosterone concentrations were significantly higher 

than in the prostatic tissue of LHRH agonist-treated men. Interestingly, even if only one 

tenth of the level of untreated men, DHT levels in LHRH-treated men were still higher 

than those in renal and uterine tissue.
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Page et al .[18] showed that prostate tissue DHT levels in healthy volunteers decreased 

by 80% after 1 month of LHRH antagonist treatment and that intraprostatic androgen 

levels were not suppressed to the same degree as serum androgen levels.

Androgen levels and ADT in prostate cancer

Multiple studies have shown that relatively large amounts of DHT exist in prostate 

cancer tissue after (surgical) castration in humans [19,20]. To assess the effect of ADT 

on intraprostatic concentrations of androgens in prostate cancer, Nishiyama et al .[21] 

performed an analysis of 30 patients with biopsy-proven, clinically localized prostate 

cancer. These patients were given an LHRH agonist (or underwent bilateral orchiectomy) 

in a neoadjuvant settting for 6 months before radical prostatectomy. Intraprostatic DHT 

levels before treatment were 5.44 ng/g tissue and declined to 1.35 ng/g tissue after 6 

months of ADT (i.e. 25% of baseline [P<0.001]). Serum testosterone, serum DHT and 

tissue DHT levels showed no significant difference between patients with Gleason score 

7–10 and Gleason score 6 prostate cancer before and after ADT [22].

Androgen levens and ADT in castration-resistant prostate cancer

Mohler et al. reported on tissue androgen levels in 15 men with castration-resistant 

prostate cancer (CRPC; Gleason scores 8 – 10) [23]. For comparison, benign prostate 

tissue samples were obtained from 16 patients treated for LUTS by TURP. None of these 

men received androgen treatment before surgery. Tissue levels of testosterone were 

similar in recurrent prostate cancer (0.80 ng/g tissue) and benign prostate tissue (0.95 

ng/g tissue; P=0.21), whereas tissue levels of DHT were 82% lower in CRPC (0.42 ng/g 

tissue) than in the benign prostate (2.36 ng/g tissue; P<0.01 [Table 2]).

Similar observations were made by Titus et al. [24] comparing tissue testosterone and 

DHT levels in 18 men with CRPC to those in 18 men with BPH and no previous hormonal 

treatment. Testosterone levels were similar in recurrent prostate cancer (1.09 ng/g tis-

sue) and BPH (0.80 ng/g tissue), whereas DHT levels decreased by 91% in recurrent 

prostate cancer (0.36 ng/g tissue) compared with BPH (3.98 ng/g tissue; P<0.001).
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Androgen levels in patients with late onset hypogonadism

Serum levels of testosterone are known to decline with age, and in many aging men 

with low levels of testosterone a constellation of symptoms develops that is referred 

to as late onset hypogonadism (LOH). If the severity of these complaints is very great, 

testosterone replacement therapy (TRT) is considered. A primary concern in aging men 

who receive TRT is ‘ prostate safety ’, the possibility of initiating or stimulating growth 

of prostate cancer (or BPH).

Marks et al. [25] published a study on 40 men with LOH, who were randomized between 

150 mg testosterone i.m. for 6 months or placebo. After 6 months of treatment, con-

centrations of androgens in serum and prostatic tissue were assessed. Prostate biopsy 

was performed in all to see if TRT caused histological changes in the prostate. In the 

treated group, serum testosterone levels increased from 282 ng/dL to 640 ng/dL with 

no significant change in testosterone levels in the placebo-treated group. The reported 

intraprostatic testosterone levels were 0.91 ng/g tissue at baseline and 1.55 ng/g tissue 

at 6 months of TRT, whereas intraprostatic DHT levels were 6.79 ng/g at baseline and 

6.82 ng/g after treatment (both nonsignificant). Also, no treatment-related change was 

observed in prostate histology (i.e. occurrence of prostate cancer) after 6 months of 

TRT. These data suggest that testosterone treatment appears to have little effect on 

intraprostatic androgen levels and does not cause any major biological change (such as 

carcinogeneity) in the prostate in men with LOH, although it should be noted that this 

trial involved a small number of participants and had a relatively short follow-up.

Discussion

It is widely recognized that the prostate is an androgen-dependent organ. Normal 

prostatic development requires not only testosterone, but also the activity of 5AR, an 

enzyme that converts testosterone to the more biologically active androgen DHT. ADT 

by surgical castration, or by drugs that block the hypothalamic-pitituary-gonadal axis 

lowers serum testosterone to ~10% of that of baseline, and consequently, androgen 

ablation has become the first-line treatment in patients with advanced or disseminated 
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prostate cancer. The relationship between serum testosterone and prostate cancer 

(aggressiveness), however, is poorly understood. The conflicting findings about the as-

sociation between serum testosterone levels and features of prostate cancer (or, clinical 

BPH) suggest that local factors within the prostate may be involved.

The prostate expresses high levels of steroid-converting enzymes such as 5AR type 2, 

and therefore endocrine activity in the prostate gland may differ substantially from 

that in serum and other organs. It should be kept in mind that methodological differ-

ences exist that make comparisons of intraprostatic androgen levels between research 

groups difficult [26]. Serum and intraprostatic testosterone levels have been reported 

to substantially increase after 5AR- inhibitory treatment [10–13], with a reciprocal and 

more pronounced decrease in intraprostatic DHT levels [Table 1]. In men treated for 

BPH, intraprostatic DHT levels after 5AR inhibitory treatment (finasteride 1–100 mg or 

dutasteride 0.5–3.5 mg) decreased > 80% overall, with a more substantial reduction 

(>90%) of intraprostatic DHT level for 0.5 mg dutasteride [3–13]. Near complete reduc-

tions in DHT levels (> 95%) have been observed in prostate cancer tissue in men treated 

with dutasteride 0.5 mg and dutasteride 3.5 mg before radical prostatectomy [11,13].

Despite the demonstration of castration levels of testosterone in serum, different studies 

have shown that treatment of prostatic disease with ADT does not reduce intraprostatic 

androgen concentrations to undetectable levels [15–24]. Intraprostatic DHT concentra-

tions in men who have been surgically or medically castrated are maintained at a level 

~10–40% of the level in benign prostatic tissue. Intriguingly, intraprostatic DHT levels 

in men being treated with 5AR inhibition for signs and symptoms related to BPH do 

not differ substantially from those of men being treated with ADT for hormone-naive 

(advanced or metastatic) prostate cancer or men with recurrent prostate cancer treated 

by ADT [Tables 1,2]. The reported DHT levels in all three patient groups described 

are well above the levels required to activate the androgen receptor based on stud-

ies in prostate cancer cell lines [27,28]. Levels above the minimal activation threshold 

do not appear to contribute to additional gene expression activity [25]. Apparently, 

the androgen-regulated biological functions in the prostate are buffered against wide 

fluctuations in circulating androgens [Figure 1]. In addition, testosterone administra-
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tion (even in extreme dosages) has not led to malignant neoplasia in primate or canine 

studies. Suppletion of testosterone in men with LOH has not been shown to increase 

androgen levels in the prostate. While serum levels of testosterone and DHT (and oes-

tradiol) increase after TRT, no evidence of an increased incidence of BOO attributable to 

prostate enlargement or an increased incidence of prostate cancer have been reported 

[25].

Figure 1. Buffering of prostate tissue against wide fluctuations in serum testosterone levels
Chart depicting buffering of prostate tissue against wide fluctuations in serum testosterone levels. 
The internal environment of the prostate appears to be ´protected´ against broad range of circulating 
testosterone levels. Numbers on axes are hypothetical.

In conclusion, ADT and 5AR inhibition are now used in the treatment of men with 

advanced or metastatic prostate cancer and BPH, respectively. These drugs are aimed 

at lowering androgen levels in the serum and prostate gland; however, it is not known 

whether (increased) intraprostatic androgen levels are associated with the pathogen-

esis of BPH and with the initiation and progression of prostate cancer. It is unclear 

whether intraprostatic DHT levels correlate with clinical responsiveness to firstly initiated 

hormonal therapy or with patient outcome. These uncertainties have resulted from 

the finding that serum testosterone levels do not reflect those in the prostate gland. 

Different hormonal manipulations in men with either BPH or prostate cancer alter intra-

prostatic DHT levels equally. Increased knowledge of the mechanisms of the androgenic 

steroid pathways in prostatic diseases, with a special focus on intraprostatic androgen 

levels, may lead to treatment that is tailored to the needs of the individualized patient, 

and probably to new therapeutic targets as well. New agents such as CYP17-inhibitors 

and the antiandrogen MDV3100 indeed aim at altering the intraprostatic androgen 
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metabolism. At last, the availability of more reliable and accurate means to measure 

serum- and intraprostatic androgen levels (reviewed in Part I) may give more insight 

into the pathomechanism of BPH and prostate cancer, and in the sequelae of medical 

interference as well.
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Abstract

Purpose

Androgen deprivation therapy by bilateral orchiectomy (surgical castration) or lutein-

izing hormone-releasing hormone agonist therapy (medical castration) is recommended 

for advanced or metastatic prostate cancer. Both methods aim to reduce serum testos-

terone concentrations to a castrate level which is currently defined as less than 50 ng/

dl. The results of previous studies are based on testosterone immunoassays that have 

insufficient accuracy in the low range. In this study we reevaluated serum testosterone 

concentrations in men on androgen deprivation therapy using isotope dilution-liquid 

chromatography-tandem mass spectrometry, an accurate method of measuring testos-

terone in the castrate range.

Materials and Methods

Subjects underwent surgical castration (34) or received a luteinizing hormone-releasing 

hormone agonist (32). Serum samples were obtained more than 3 months after surgery 

or initiation of luteinizing hormone-releasing hormone agonist therapy. Testosterone 

levels were determined using isotope dilution-liquid chromatography-tandem mass 

spectrometry. Dihydroepiandrosterone sulfate, androstenedione, sex hormone-binding 

globulin and inhibin B levels were determined.

Results

All subjects had serum testosterone values less than 50 ng/dl and 97% had testoster-

one concentrations less than 20 ng/dl. Medically castrated men had significantly lower 

testosterone levels (median 4.0 ng/dl, range less than 2.9 to 20.2) than those surgically 

castrated (median 9.2 ng/dl, range less than 2.9 to 28.8, p<0.001). No difference was 

found in dehydroepiandrosterone sulfate, androstenedione and sex hormone-binding 

globulin levels between the groups, whereas inhibin B levels were significantly higher in 

the luteinizing hormone-releasing hormone agonist treated group.
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Conclusions

Using an accurate technique for testosterone measurement, subjects on luteinizing 

hormone-releasing hormone agonist therapy had significantly lower testosterone con-

centrations than men who underwent surgical castration. The clinical relevance of these 

findings remains to be determined.



54 Chapter 4

Introduction

The hormone dependency of prostate cancer was first demonstrated by Huggins and 

Hodges in 1941. [1] The authors demonstrated that testosterone is the thriving force for 

prostate cancer, and that surgical castration or administration of oral estrogens such as 

diethylstilbestrol causes a major decrease in prostatic tumor activity. After this discovery 

the standard treatment for advanced and metastasized prostate cancer was androgen 

deprivation therapy by bilateral orchiectomy (surgical castration) or administration of 

estrogens (medical castration). Surgical castration was performed by total bilateral 

orchiectomy or a subcapsular technique as described by Riba. [2]

Based on the interpretation of trials that have been conducted since the 1980s, it is 

usually assumed that LHRH agonist therapy is equivalent to estrogen administration or 

surgical castration in patients with advanced prostate cancer. [3–6] LHRH agonists are 

preferred compared to estrogens because of the less severe side effects. [7] In recent 

clinical guidelines medical castration using a LHRH agonist is recommended in advanced 

or metastatic prostate cancer, [8] whereas surgical castration is optional and assumed 

to be equally effective.

Monitoring of serum testosterone is warranted to evaluate treatment efficacy in men on 

ADT for advanced or metastatic prostate cancer. Generally, fully automated immunoas-

says are used for testosterone determination in serum. Although this technique has 

been proven to be reasonably accurate to estimate serum testosterone levels at male 

physiological ranges, it is notoriously inaccurate at castrate concentrations. [9] Ironically 

Herold and Fitzgerald characterized the performance of automated immunoassays for 

testosterone measurement in the castrate ranges as an educated guess. [10] This and 

other findings led to the statement from the Endocrine Society and endorsing organi-

zations that direct automated immunoassay jeopardizes the health of those patients 

whose medical care depends on accurate measurement of testosterone levels. [11]

We recently reported on a method of serum testosterone determination using ID-LC-

MS/MS in female patients after bilateral oophorectomy. [12] In these women with a low 
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testosterone level the measurements were proven to be precise. Therefore, IDLC-MS/MS 

is preferred compared to commonly used automated immunoassays in low testosterone 

ranges because of improved accuracy. [13,14]

In this study we describe the results of serum testosterone measurement in men with 

advanced or metastatic prostate cancer on ADT and who are expected to have castrate 

levels of testosterone. We reevaluated testosterone levels in castrated men using a 

highly sensitive and specific ID-LC-MS/MS method, and studied whether differences 

exist between the study groups.

Materials and methods

Study Population

In this retrospective study 66 subjects were included. In total, 34 subjects underwent 

surgical castration, 24 of whom because of advanced or metastatic prostate cancer. 

Ten patients with a gender identity disorder underwent radical orchiectomy as part 

of the gender transition. There were 32 men who received LHRH agonist by goserelin 

(21), leuprorelin (10) or buserelin (1) [Figure 1]. Eight medically castrated and 5 surgi-

cally castrated patients received concomitant docetaxel based chemotherapy. None 

of the subjects were administered other hormonal therapies or any other medication 

that could interfere with the gonadal axis. Patients who participated in prostate cancer 

related drug trials were excluded from study. The patients receiving LHRH agonists were 

treated for at least 3 months before entering this study. Samples from castrated subjects 

were drawn at least 3 months after surgery.
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Serum Testosterone Determination

A single venous blood sample was collected randomly during the day from each subject. 

Serum was aliquoted and stored at -20°C until assayed. Measurements were performed 

at the Endocrine Laboratory, VU University Medical Center (CCKL accredited). Serum 

total testosterone was determined by the Coat-a-Count® total testosterone radioim-

munoassay. The assay has a LOQ of 28.8 ng/dl. The intra-assay CV at 57.6 ng/dl is 

8%, and the interassay CVs at 17.3 and 57.6 ng/dl are 20% and 10%, respectively. In 

addition, serum total testosterone was measured by ID-LC-MS/MS. Sample preparations 

were performed as described by Bui et al. [12] A stable deuterated internal standard 

(testosterone-2,2,4,6,6-D5; obtained from CDN Isotopes, Pointe-Claire, Quebec, 

Canada) was added to every specimen. Testosterone was extracted (hexane/ether) and 

derivatized with methoxylamine hydrochloride. Samples were cleaned up and injected 

on LC-MS/MS (Quattro Premier™ XE) (LOQ 2.9 ng/dl, intra-assay and inter-assay CV 

at levels less than 28.8 ng/dl were less than 5% and less than 13%, respectively). The 

ID-LC-MS/MS method was compared to the reference method isotope dilution gas 

chromatography-mass spectrometry [14] using 40 serum samples ranging from 5.7 to 

703 ng/dl. Deming regression analysis showed a slope of 1.00, intercept of -0.05 nmol/l 

and R2 of 1.000.

Figure 1. Patient treatment modality
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Other Parameters

Androstenedione was measured by a radioimmunoassay (DSL, Webster, Texas) which 

featured a LOQ of 0.5 nmol/l. Intra-assay and inter-assay CV for levels greater than 6 

nmol/l were 6% and 9%, respectively, and for levels less than 6 nmol/l were 8% and 

12%, respectively. RIA was also used for DHEAS. The LOQ was 0.2 µmol/l. Intra-assay 

and inter-assay variation at 3 µmol/l was 6% and 10%, respectively, and at 10 µmol/l 

was 4% and 9%, respectively. Inhibin B was measured by an immunometric assay (Se-

rotec Limited, Oxford, United Kingdom). LOQ was 15 ng/l; intra-assay CV at 3 levels (15, 

50 and 100 ng/l) was 30%, 11% and 5%, respectively; and inter-assay CV at 3 levels 

(35, 65 and 165 ng/l) was 15%, 11% and 9%, respectively. An immunometric assay on 

an Immulite® 2500 was used to determine the SHBG concentration. The LOQ for SHBG 

was 2 nmol/l, and the intra-assay and inter-assay CV for the whole range was less than 

3% and 4%, respectively.

Statistics

Statistical analysis was done using SPSS® 15.0. Statistical analysis of groups was per-

formed using the Mann-Whitney U test. The median and 95% confidence intervals for 

testosterone, other steroid hormones and SHBG in this study population were calculated.

Results

Patient characteristics are listed in the table. There were no significant differences 

between the groups in terms of clinical and tumor characteristics, nor were there dif-

ferences between the groups in PSA level or hormonal status of the tumor. For all 

evaluated patients testosterone values determined using RIA were less than 50 ng/dl. 

Using ID-LC-MS/MS, patients treated with a LHRH agonist showed a median serum 

testosterone concentration of 4.0 ng/dl (range less than 2.9 to 20.2) vs 9.2 ng/dl (range 

less than 2.9 to 28.8) for those surgically castrated (p<0.001, fig.2). All surgically and 

medically castrated men had serum testosterone levels less than 50 ng/dl, and 31 (97%) 

and 33 (97%) had levels less than 20 ng/dl, respectively. There were no significant 

differences between the groups in SHBG, DHEAS and androstenedione levels. Patients 
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who underwent surgical castration had inhibin B levels below the limit of quantifi cation 

compared to normal levels in the subjects who underwent medical castration (see table).

Figure 2. Box plot showing serum testosterone levels in patients after orchiectomy (34) 
and after LHRH agonist therapy (32) using ID-LC-MS/MS. Upper and lower quartiles are 
represented by rectangle, and maximum and minimum observed values are represented by 
whiskers. Median value for surgical castration was 9.2 ng/dl and median value for LHRH 
agonist was 4.0 ng/dl (p<0.001).

Table 2. Patient characteristics and serum hormone levels
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Discussion

ADT by bilateral orchiectomy or LHRH agonist therapy aims to decrease serum testos-

terone to a castrate level to halt prostate cancer growth and progression, reduce signs 

and symptoms of advanced or disseminated disease, and lengthen the lives of those 

affected. Although all forms of ADT decrease serum androgen levels, the mechanism 

of action differs substantially. Bilateral orchiectomy surgically eliminates the primary 

testosterone producing organs (the testes), whereas LHRH agonist therapy acts by sup-

pressing production of gonadotropins such as luteinizing hormone, resulting in hypo-

gonadotropic hypogonadism. Thus, the testosterone producing (Leydig) cells within the 

testes are deprived of their stimulating hormones.

In the present study we assessed testosterone levels in men on ADT by bilateral or-

chiectomy or LHRH agonist therapy. Our data show that all men in both groups had 

castrate levels of testosterone using a cutoff of 50 ng/dl as measured by immunoassay. 

These observations corroborate previous studies. [15–17] When measuring testoster-

one using ID-LC-MS/MS, testosterone levels were even less than 20 ng/dl in 97% of 

cases. Remarkably testosterone levels were significantly lower in men on LHRH agonist 

therapy than in those treated with bilateral orchiectomy. Analysis after the exclusion of 

transgender patients and/or subcapsular orchiectomy still demonstrated a significant 

difference (p<0.004, data not shown). This difference could not be detected using the 

immunoassay because of the known inadequate sensitivity and specificity in this range. 

For testosterone measurements in patients undergoing ADT, the ID-LC-MS/MS method 

is superior to analysis by immunoassays, and this finding (including our recommenda-

tions) has also been extensively reviewed by our research group. [14]

There are several possible explanations for this finding. Testosterone may be produced 

by remaining Leydig cells in the residual testes after subcapsular orchiectomy. Indeed 

in 1959 McDonald and Calams cast doubt on the efficacy of subcapsular orchiectomy 

to remove all testicular parenchyma. [18] Using an immunoassay they showed that tes-

tosterone concentrations in subjects after radical orchiectomy were equal to the levels 

in men after subcapsular orchiectomy. [18] The finding in our study that the inhibin B 
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level, as a marker of functional testicular tissue, was below the limit of quantification in 

all surgically treated patients confirms the improbability of Leydig cells remaining.

Furthermore, it is unlikely that LHRH agonist therapy or surgical castration influences the 

hypothalamic-pituitary-adrenal axis and, thus, influences the adrenal production of tes-

tosterone or its precursors. Levels of androstenedione and DHEAS were not significantly 

different between the treatment groups in our study. This finding also indicates that the 

difference in testosterone levels is not explained by extratesticular conversion of adrenal 

androgens into testosterone.

In the surgical castration group it is expected that the concentration of LH is increased 

due to the feedback mechanisms in the pituitary-testicular axis. One may argue that 

prostate cancer tissue might be stimulated by circulating LH. LH and LHRH receptors 

have indeed been identified in prostate cancer cells, and it has been reported that LH 

mediated activation of the LH receptor significantly up-regulates the expression of genes 

and enzymes required for steroidogenesis and increases steroid production. [19,20] 

Thus, this process might result in higher testosterone levels in surgically castrated men.

It remains to be established whether the reported difference in testosterone concentra-

tion between those surgically versus medically castrated is clinically relevant, and if it 

could translate into a biochemical and clinical benefit. Previous studies comparing the 

outcomes among the various forms of ADT reported no survival advantage when surgi-

cal castration and LHRH agonist therapy were compared. [3,4] However, the outcome of 

these comparative studies should be interpreted with caution as the British and United 

States prostate study groups were statistically underpowered to show a relatively small 

difference in survival. Furthermore, our study on testosterone levels in the castrate 

testosterone ranges raises questions regarding the equality and interchangeability of 

different forms of ADT. [21] It might be assumed that differences in testosterone levels 

in the castrate range exist among different LHRH agonists, or among the different 

monthly depots of LHRH agonists. These questions will be addressed in further research 

efforts from our group.
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Despite the importance of the gonadal axis in the natural history and the treatment of 

patients with prostate cancer, current European and United States guidelines provide 

few recommendations on the indications for and the timing of testosterone measure-

ment. [8] In a survey of practices of oncologists and urologists, only 71% indicated that 

they monitor the testosterone level in their patients with prostate cancer. [22] This is 

striking because decreasing serum testosterone is the main goal of ADT, whereas serum 

PSA and alkalic phosphatase only act as surrogates for treatment efficacy. [23] It has 

been suggested that the testosterone level achieved with ADT is directly related to the 

risk of death in men with metastatic prostate cancer. [24]

Recently an expert panel refocused on the testosterone issue and formulated practical 

recommendations for testosterone measurement during ADT. Testosterone should be 

monitored every 3 months in patients starting on ADT to verify the efficacy of treat-

ment. Preferably the determination should be timed just before an injection of a LHRH 

agonist. [25] After the target level of testosterone has been reached on 3 consecutive 

measurements, the frequency of testosterone monitoring may be ceased or reduced. In 

addition, if PSA increases while on ADT, castration levels of testosterone must be dem-

onstrated before castration resistant disease can be assumed. Finally, future prospective 

studies should further evaluate the potential relevance of testosterone measurement as 

an independent assessment of prognosis and treatment decision in different stages of 

the disease.

Despite these recommendations, the target castrate testosterone level in patients on 

ADT remains to be properly defined. In fact, several different definitions of the castrate 

level of testosterone have been proposed based on detection limits of available assays. 

[26–29] Whereas previously established testosterone castrate levels were based on com-

monly used assays of testosterone measurement (less than 50 ng/dl), it has recently been 

suggested to decrease the castration level to less than 20 ng/dl. [29] The recommenda-

tion to decrease the castrate testosterone level to less than 20 ng/dl was prompted by 

the availability of more accurate assays of serum testosterone determination and the 

fact that a substantial percentage of men on ADT appeared to have testosterone levels 

greater than 20 ng/dl. [30] Despite the advantages in methodology, the recommended 



62 Chapter 4

target level during ADT has not been adopted in the current guidelines of the European 

Association of Urology and the American Urological Association. [8]

Conclusions

We observed that all men on ADT had castration levels of serum testosterone (less 

than 50 ng/dl), and concentrations reached less than 20 ng/dl in 97%. Therefore, the 

target testosterone value in patients on ADT could be adjusted to less than 20 ng/dl. 

However, the interpretation of testosterone levels should be approached with caution 

if less accurate methods are used. Using ID-LC-MS/MS a difference in testosterone 

concentrations between surgically and medically castrated patients could be detected 

which would have gone unnoticed by immunoassay alone. Patients on LHRH agonist 

therapy had significantly lower testosterone concentrations than men who underwent 

surgical castration (p<0.001). Differences could not be explained by residual testicular 

tissue in surgically treated patients or by differences in the levels of circulating adrenal 

androgens.
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Abstract

Introduction/Purpose

Androgen deprivation therapy (ADT) by surgical or medical castration is recommended 

for advanced or metastatic prostate cancer. Recent literature suggests that medical 

castration by luteinizing hormone receptor hormone (LHRH) antagonists might have 

advantages over treatment with LHRH agonists in patients with metastatic prostate 

cancer when prostate specific antigen (PSA) progression free survival and overall sur-

vival are concerned. Using a state-of-the-art method to assess levels of testosterone, 

we investigated whether a potential difference in clinical outcome between different 

forms of ADT might be related to differences in serum testosterone concentrations. We 

further searched for evidence in literature for other biochemical pathways explaining a 

potential benefit of LHRH antagonists over LHRH agonists.

Materials and methods

Patients underwent surgical castration (n=34) or received an LHRH antagonist (n=25). 

Serum samples were obtained more that 3 months after initiation of ADT. Testoster-

one levels were determined using isotope dilution-liquid chromatography tandem 

mass spectrometry. Dehydroepiandrosterone sulphate (DHEAS), androstenedione, sex 

hormone-binding globulin (SHBG) and inhibin B levels were determined.

Results

All surgically castrated subjects and all but one subject in the LHRH antagonist group 

had serum testosterone values less than 50 ng/dL. No difference was found between 

groups in serum testosterone, DHEAS, androstenedione and SHBG. Patients who under-

went surgical castration had significantly lower levels of inhibin B compared to patients 

treated with degarelix

Conclusions

Using a highly sensitive and specific technique of testosterone determination, no dif-

ference was found between patients after surgical castration and patients on LHRH 

antagonists. Thus, differences in clinical outcome between different forms of ADT are 

accounted for by testosterone independent pathways or mechanisms.
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Introduction

Androgen deprivation therapy (ADT) by either bilateral orchiectomy (surgical castration) 

or medical castration (luteinizing hormone-releasing hormone (LHRH) agonists, LHRH 

antagonists or estrogens) is recommended for advanced or metastatic prostate cancer. 

[1] The aim of ADT is to reduce serum testosterone concentrations to a castrate level 

which is currently defined as <50 ng/dL, although recent developments advocate for 

lowering this threshold to <20 ng/dL. [2,3]

LHRH agonist therapy results in an initial increase in serum testosterone concentration, 

also known as flare or flare-up. Anti-androgens can be administered to counteract the 

symptoms of this initial rise in serum testosterone, but at present, there is a lack of solid 

evidence for its clinical necessity. [4] The LHRH antagonist degarelix (Firmagon®) has 

shown to be non-inferior to LHRH agonist treatment at maintaining low testosterone 

levels in patients with metastatic prostate cancer. [5] A recent study has pooled the 

results of five randomized trials comparing LHRH antagonists with LHRH agonists. The 

authors concluded that degarelix was associated with prostate-specific antigen (PSA) 

progression-free and overall survival compared with LHRH agonists. [6]

Other studies showed that treatment with degarelix leads to greater reductions in 

serum alkaline phosphatase levels in patients with metastatic prostate cancer compared 

to leuprolide over a 1-year treatment period. [7] Also, it was shown that degarelix 

might improve lower urinary tract symptoms (LUTS) and achieves a greater reduction 

in prostate volume in prostate cancer patients compared to goserelin combined with 

bicalutamide. [8-10] In men with preexisting cardiovascular disease, LHRH antagonists 

appear to reduce the number of cardiac events during the first year of treatment com-

pared to LHRH agonists. [11]

Recent evidence suggests that an association is present between levels of serum testos-

terone in men on ADT and clinical outcome. Progression-free survival and cancer–spe-

cific survival are reported to be higher in those on ADT with sustained low testosterone 

levels compared to those on ADT who experience testosterone breakthroughs of 32-50 



68 Chapter 5

ng/dL. [12,13] In five different studies that compared the activity of degarelix to a 

LHRH agonist (i.e. leuprolide or goserelin) in patients with metastatic prostate cancer, 

those receiving degarelix showed a significant lower risk of PSA progression or death 

in the first year of treatment. [6]. For now, the exact explanation for this difference is 

unknown, but it might well be that more thorough and sustained suppression of serum 

testosterone levels might be one of underlying mechanisms. [7]

In previous comparative studies, measurements of serum testosterone levels were done 

by poorly performing immunoassays, making definite conclusions on the timing to 

achieve a castrate level of serum testosterone and the levels of serum testosterone 

themselves hardly possible. [14] In this study, we describe the results of serum tes-

tosterone measurements in patients with advanced or metastatic prostate cancer on 

LHRH antagonist therapy using a highly sensitive and specific isotope dilution-liquid 

chromatography-tandem mass spectrometry (ID-LC-MS/MS) method. [15] We com-

pared the testosterone concentrations in patients on degarelix to those in surgically 

castrated men. Using a state-of-the-art method to assess levels of testosterone, we 

investigated whether a potential difference in clinical outcome between different forms 

of ADT might be related to differences in serum testosterone concentrations. We fur-

ther searched for evidence in literature for other biochemical pathways and mechanisms 

explaining a potential difference between LHRH antagonists and LHRH agonists.

Materials and Methods

Study Population

In this retrospective study, a total of 59 subjects were included. Thirty-four patients 

underwent surgical castration, 24 because of advanced or metastatic prostate cancer 

and 10 patients as part of a gender transition. There were 25 patients who received 

degarelix for metastatic prostate cancer at a starting dose of 240 mg subcutaneously 

(s.c) for 1 month, followed by s.c. maintenance doses of 80 mg monthly. None of the 

patients received other hormonal therapies such as anti-androgens, abiraterone, enzalu-
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tamide, ketoconazol or any other medication that could interfere with the gonadal axis. 

All patients were treated for at least three months before blood samples were drawn.

Serum Testosterone Determination

Venous blood was collected at a random time during the day from each subject. The 

day of venous blood sampling was at least one week after the last degarelix injection 

and at least one week before the next scheduled LHRH antagonist injection. Serum was 

aliquoted and stored at -20° Celcius until assayed.

Serum total testosterone was measured using the ID-LC-MS/MS as described in detail 

before. [15] The lower limit of quantification (LOQ) was 0.1 nmol/L (or 2.9 ng/dL), 

intra-assay and inter-assay coefficient of variation (CV) at levels less than 1,0 nmol/L 

were less than 5% and less than 13%, respectively.

Other Parameters

Androstenedione was measured by a radio immuno assay (RIA) (DSL, Webster, Texas) 

which featured a LOQ of 0.5 nmol/l. Intra-assay and inter-assay CV for levels greater 

than 6 nmol/L were 6% and 9%, respectively, and for levels less than 6 nmol/L were 

8% and 12%, respectively. RIA was also used for dehydroepiandrosterone sulphate 

(DHEAS). The LOQ was 0.2 µmol/L. Intra-assay and inter-assay variation at 3 µmol/l was 

6% and 10%, respectively, and at 10 µmol/l was 4% and 9%, respectively. An immu-

nometric assay on an Immulite® 2500 (Siemens Diagnostics) was used to determine the 

sex hormone-binding globulin (SHBG) concentration. The LOQ for SHBG was 2 nmol/l, 

and the intra-assay and inter-assay CV for the whole range was less than 3% and 4%, 

respectively. Inhibin B was measured using a immunoassay (Beckman Coulter). The LOQ 

was 15 ng/L. Intra-assay and inter-assay CV for the whole range was less than 3% and 

4%, respectively.

Statistics

Statistical analysis was done using SPSS® 20.0. Statistical analysis of differences be-

tween groups was performed using the Mann-Whitney U test. The median value and 



70 Chapter 5

95% confidence intervals for testosterone, androstenedione, DHEAS and SHBG were 

calculated.

Results

Patient characteristics are displayed in Table 1. There were no significant differences 

between groups in clinical and tumor characteristics. Also, no differences were found 

between groups in PSA levels and hormonal status (i.e. castration naïve or castration 

resistant prostate cancer).

Table 1. Patient characteristics and serum hormone levels after treatment with LHRH ago-
nist therapy.

Bilateral orchiectomy Degarelix p-value *

Subjects (n) 34 25

Mean age (years)[range] 71.6 [58.0-86.8] 74.1 [59.0-81.3] ns

Hormone naive cancer (%)* 10/24 (41.7%) 10/25 (40.0%) ns

CRPC* 14/24 (58.3%) 15/25 (60.0%) ns

Metastatic disease (%)* 4/24 (16.7%) 7/25 (28.0%) ns

Median PSA-level (ng/mL)
[range]

6.4 (0.6-67) 22 (0.1-988) ns

Median serum testosterone 
level (ng/dL);(ID-LC-MS/MS)
[range]

8.1 [2.6 – 25.1] 7.8 [3.5 – 242.5] 0.664

Median SHBG level (nmol/L) 43.6 [17.7 – 121.2] 44.9 [16.0 – 89.6] 0.903

Median androstenedion level 
(nmol/L) [range]

2.1 [0.6 – 8.4] 2.9 [1.2 – 8.5] 0.218

Median DHEAS level (µmol/L) 
[range]

1.1 [0.3 – 5.5] 1.8 [0.3 – 6.7] 0.429

Median Inhibin B level (ng/L) 
[range]

<15 [<15] 37.5 [<15 – 123] <0.001

*cancer specific characteristics in the bilateral orchiectomy group only apply to 24 subject who un-
derwent castration because of prostate cancer
LHRH luteinizing hormone-releasing hormone
BMI body mass index
CRPC castration resistant prostate cancer
ID-LC-MS/MS isotope dilution-liquid chromatography-tandem mass spectrometry
SHBG sex hormone-binding globulin
DHEAS dehydroepiandrosterone sulfate
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All evaluated patients had serum testosterone levels less than 50 ng/dl, and 31 (91%) 

and 23 (96%) had levels less than 20 ng/dL in the surgical castration and degarelix 

group respectively. Serum castrate levels of testosterone levels were not statistically 

significant between those treated with degarelix and those surgically castrated. [Figure]

There were no significant differences between the groups in levels of SHBG, DHEAS and 

androstenedione. Patients who underwent surgical castration had inhibin B levels below 

the limit of quantification, which is significantly lower compared to the levels of inhibin 

B in patients treated with degarelix.

Figure 1. Box plot showing serum testosterone levels in patients after orchiectomy and 
after LHRH antagonist therapy (degarelix) using ID-LC-MS/MS.
Upper and lower quartiles are represented by rectangle and maximum and minimum observed values 
are represented by whiskers (outlier not shown). Median value for surgical castration was 8.1 ng/dL 
and median value for degarelix therapy was 7.8 ng/dL (p = 0.664)
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Discussion

Bilateral orchidectomy, LHRH agonist and LHRH antagonist therapy aim at lowering 

serum testosterone to a castrate level. With this, prostate cancer growth and progres-

sion cease, signs and symptoms of advanced or disseminated disease diminish and the 

lives of prostate cancer patients may be extended. Bilateral orchiectomy achieves these 

goals by surgical removal of the testes which are the primary testosterone produc-

ing organs. LHRH antagonists primarily have their action by binding LHRH receptors 

(LHRH-R) in the pituitary gland, thereby blocking the downstream sequelae of hormone 

production in the hypothalamo-pitituary-gonadal axis. Eventually, this leads to cessation 

of testosterone production by the Leydig cells in the testes.

In the present study, we measured testosterone levels in men on ADT after bilateral 

orchiectomy or LHRH antagonist therapy. Our data showed that all men in the surgical 

castration group and all but one man in the degarelix group achieved castrate levels 

of testosterone (i.e. below 50 ng/dL). No significant difference with respect to serum 

testosterone level was found between surgically castrated men and men on LHRH 

antagonist therapy. This indicates that in the end, treatment with degarelix might be 

as effective as surgical castration in achieving a castration level of serum testosterone. 

Data on the time to achieve castration level of serum testosterone could not be retrieved 

from this study. Also, no difference was found between the two groups in levels of 

SHBG, androstenedion and DHEAS. Serum levels of inhibin B were below the limit of 

quantification in the surgical castration group, which implicates that the surgical castra-

tion was complete and remaining presence of Leydig cells is unlikely.

In an earlier study from our group, it was shown that men on LHRH agonist therapy 

have significant lower concentrations of serum testosterone than men after surgical 

castration. [3] It might well be extrapolated that men on LHRH agonist therapy have 

lower serum castrate levels of testosterone than those on LHRH antagonist therapy.

In literature, there is some evidence that patients with advanced prostate cancer have 

improved disease control with degarelix versus LHRH agonists and that PSA progression 
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free survival and overall survival increase. Urinary tract events and joint and muscu-

loskeletal events decrease with degarelix compared with LHRH agonists. [6] Primary 

endpoints of these trials were change in testosterone level, change in International 

Prostate Symptom Score or prostate volume instead of survival. Also, these studies have 

a short follow-up of only one year, while the median survival of patients with newly 

diagnosed metastases of prostate cancer is 42 months, which makes it difficult to draw 

conclusions about survival. [1] The results of our current study suggests that these 

effects, if present, might not be explained by differences in testosterone levels or by the 

suppression of testosterone levels.

The differences in disease-related outcome in patients with advanced disease treated 

with LHRH antagonists and LHRH agonists may be explained by the distinct modes of 

action of both treatments. Most evident, LHRH agonists stimulate the LHRH-R and LHRH 

antagonist block the LHRH-R. Besides presence in the pituitary gland, the LHRH-R is rela-

tively highly expressed in in (benign) basal epithelial cells as well in luminal cells of the 

prostate but not in the prostate stroma cells. [16] The expression is also high in breast, 

kidney, thymus and in lymphocytes. [16,17] The LHRH-R can also be found in lower 

concentrations in the hippocampus, the olfactory system, cerebral cortex, cerebellum, 

heart, adrenal glands and the bladder. [18]

In prostate cancer, the LHRH-R has been identified and the LHRH-R expression persists 

despite prolonged exposure to LHRH agonists. These receptors were also moderately 

to highly expressed in lymph node metastases of prostate cancer. [19] Also, LHRH-Rs 

are expressed with high prevalence in hormone naïve prostate cancer cells as well as in 

castration resistant prostate cancer cells. [19] Other studies have shown that prostate 

cancer cells have a higher expression of LHRH-Rs compared to normal prostatic tis-

sue. [17] The exact downstream sequelae of the stimulation of the LHRH-R are not 

completely understood, but both for LHRH antagonists and LHRH agonists it has been 

described in in vitro studies that they exert a direct antiproliferative effect on human 

prostate cancer cells. [20-22] It has even been suggested that the presence of LHRH-Rs 

in prostate cancer leads to better clinical status and outcome of the disease. [23] These 
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findings imply that there could be an effect of LHRH-R targeted therapy on prostate 

cancer besides the castrating effect.

Patients who underwent surgical castration had lower inhibin B levels compared to the 

levels of inhibin B in patients treated with degarelix. In an in vivo model, it was shown 

that inhibin suppresses prostate cancer growth rate by almost 3-fold. [24] The role 

of inhibin in prostate cancer pathogenesis and its effect on the course of the disease 

remain to be clarified, but inhibin may act as a tumor suppressor in prostate cancer. [25]

Besides suppression of luteinizing hormone (LH), LHRH agonists and LHRH antagonists 

also suppress follicle stimulating hormone (FSH) levels. [5] The FSH receptor is expressed 

in normal human prostatic tissue and in benign prostatic hyperplasia. Interestingly, it 

has been shown that the FSH receptor is expressed more intensely in prostate cancer 

tissue, particularly in metastatic disease. [26,27] In tumor blood vessels, FSH receptors 

are present whereas FSH receptor expression was not found in the blood vessels of non-

malignant tissues. Suppression of the levels of FSH may thus be associated with tumor 

growth and tumor cell proliferation. [28] Indeed, in an in vitro model, FSH was found 

to increase proliferation in the human castration resistant prostate cancer cell lines PC3 

and Du145. [29] Different studies showed that LHRH antagonists suppress FSH levels 

more profoundly than LHRH agonist [5,30]. Klotz et al. showed that FSH concentrations 

decreased with 89% after administration of degarelix compared to 54.8% patients 

receiving leuprolide. [5] A more robust suppression of the FSH mediated proliferative 

pathway by LHRH antagonists as compared to LHRH agonists might potentially be an 

alternative mechanism by which LHRH antagonists interfere in the tumor cell biology, 

thereby improving disease outcome. However, the exact molecular mechanisms and the 

clinical relevance of more robust FSH suppression by LHRH antagonists have not been 

fully elucidated.

There is evidence of a possible link between the LHRH-R and the epidermal growth 

factor pathway (EGF). EGF is a growth factor which is known to stimulate cell growth, 

proliferation and differentiation by binding the epidermal growth factor receptor (EGFR). 

This binding initiates a variety of biochemical changes in the cell (increased glycolysis 
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and protein synthesis amongst other things) which ultimately leads to increased DNA 

synthesis and cell proliferation. Overexpression of the EGFR is associated with disease 

progression and poor prognosis in prostate cancer and it has also been linked to the 

transition of prostate cancer to castration resistant prostate cancer. [31-33] In other 

studies, it was shown that therapy targeting the EGFR leads to inhibition of human 

prostate cancer growth, possibly due to anti-angiogenic activity. [34,36]. In an in vivo 

model, it was shown that treatment with a LHRH antagonist decreased the level and 

mRNA expression of EGFR in prostate cancer. [36] Therefore, LHRH antagonist therapy 

could also decelerate prostate cancer progression through the EGFR pathway.

As mentioned before, in a large, pooled patient population comparing degarelix 

with LHRH agonists, patients on degarelix had a lower risk of death after adjusting 

for prognostic factors. [6] As the number of prostate cancer deaths in this study was 

relatively small, differences in disease outcome might probably be explained by a lower 

incidence of cardiovascular events in the degarelix group. [11] Patients with preexisting 

cardiovascular disease who were treated with degarelix had a lower risk of experiencing 

a cardiovascular event (or even death) compared to patients receiving LHRH agonist 

treatment with an absolute risk reduction of 8,2% in the first year of treatment. [11] 

Mechanisms other than the mere suppression of serum testosterone might well be 

responsible for this difference in disease outcome between LHRH antagonists and LHRH 

agonists. This is particularly as the LHRH-R is expressed in the human heart. [37] Treat-

ment with LHRH agonists causes the lean body mass to fall 3% with a rise in fat mass 

of 10% causing a 2% increase in body weight. This change in body composition could 

probably alter the risk of cardiovascular events as is the observed rise in triglycerides 

level (26%) total cholesterol level (approximately 10%), and the lower body insulin 

sensitivity. [38] Though, the stimulation of these LHRH-R by LHRH agonists or otherwise, 

the blockage of this receptor by LHRH antagonists has yet unknown effects on heart 

condition, cardiac vascularity, and the occurrence of atherovascular disease.

Prostate cancer is considered to be a form of cancer which is highly heterogeneic, which 

provides a challenging problem for clinical disease management. Improved and detailed 

understanding of all genetic alterations and variations in prostate cancer might also lead 
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to better understanding of clinical effects of different forms of androgen deprivation 

therapy. [39] One could hypothesize that due to tumor heterogeneity, different path-

ways other than the ones including androgens could determine disease outcome. This 

would correspond with the findings of this current study that the possible difference in 

outcome between patients treated with LHRH agonists and LHRH antagonists cannot be 

explained by a difference in serum testosterone concentrations only.

Conclusions

By using a state-of-the-art method of determination, serum testosterone concentra-

tions are equally reduced by treatment with a LHRH antagonist compared to surgical 

castration. As there are suggestions that disease outcome of men treated by LHRH 

antagonists improves as compared to other forms of ADT such as LHRH agonists, our 

study showed that mere suppression of serum testosterone level does not seems to be 

the biochemical explanation for this difference. LHRH antagonists might interfere in 

other hormonal and molecular pathways or otherwise directly suppress the downstream 

sequelae of ligand to LHRH-R binding.
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Abstract

Objective

To evaluate the relationship between the body mass index (BMI) and serum testosterone 

concentrations in men receiving luteinizing hormone-releasing hormone (LHRH) agonist 

therapy for prostate cancer.

Materials and Methods

A total of 66 white men were included in the present study. All subjects had received 

LHRH agonist therapy for at least 3 months. The BMI was calculated, and the subjects 

were classified as normal weight (i.e. BMI <25 kg/m2), overweight (BMI 25-30 kg/m2), 

or obese (BMI >30 kg/m2). The serum testosterone concentration was determined using 

the highly sensitive isotope dilution liquid chromatography-tandem mass spectrometry 

technique. The sex hormone-binding globulin level was determined using an immuno-

metric assay, and the free serum testosterone concentration was calculated.

Results

The median serum testosterone concentration of the patients with a BMI <25 kg/m2 was 

5.5 ng/dL. The patients with a BMI of 25-30 kg/m2 had a median serum testosterone 

concentration of 3.8 ng/dL. Those patients with a BMI >30 kg/m2 had a median concen-

tration of 5.7 ng/dL. No significant difference in the serum testosterone concentrations 

among the 3 groups was found. The sex hormone-binding globulin levels declined with 

an increasing BMI. The concentration of free testosterone was significantly greater in 

the obese men.

Conclusion

Using an ultrasensitive technique of serum testosterone measurement, the present data 

have shown that no difference exists in the serum testosterone concentration in the 

castrate range among normal weight, overweight, and obese patients receiving LHRH 

agonist therapy for prostate cancer. From our findings and current knowledge, more 

stringent follow-up or changes in dosage or dosage intervals of LHRH agonist therapy 

in those with a greater or high BMI is not warranted.
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Introduction

Obesity is an increasing problem worldwide and has been formally recognized by the 

World Health Organization as a global epidemic since 1997. [1] Obesity has been impli-

cated in the pathogenesis of many disease states, most notably cardiovascular disease, 

but also in many forms of cancer. [2] For prostate cancer, the recent published data have 

been inconclusive about the effect of obesity on the development and incidence rates 

of the disease. Although some studies have reported that a greater body mass index 

(BMI) was associated with an increased prostate cancer risk, [3] other studies did not 

find such an association. [4] In a large meta-analysis, a weak positive association was 

found between BMI and the risk of prostate cancer, with a moderately increased risk of 

advanced disease in those with a greater BMI. [5] Furthermore, obesity has been linked 

to worse patient outcomes in those diagnosed with the disease and treated for localized 

prostate cancer, especially radical prostatectomy. [6]

The exact mechanism by which obesity and a greater BMI lead to increased aggres-

siveness of the disease remains largely unknown. It has been hypothesized that men 

with obesity have a different sex steroid hormonal status, in particular, lower serum 

testosterone levels compared with those with a normal body composition. [7] The 

serum testosterone concentrations are decreased in obese men in proportion to the 

degree of obesity, implying an inverse correlation between the BMI and serum testos-

terone level. [8] Alterations in other sex steroids such as sex hormone-binding globulin 

(SHBG), inhibin B, and estradiol have also been described. [9] Although some studies 

have reported a negative correlation between the BMI and luteinizing hormone, [10,11] 

this finding has been contradicted by more recent studies. [12,13]

To our knowledge, only 1 study has described the effects of obesity on the testosterone 

levels during treatment with luteinizing hormone-releasing hormone (LHRH) agonists. 

[14] That study, and a study by Oefelein and Cornum, [15] suggested that failure to 

achieve a castration level of serum testosterone occurs more often in obese men than 

in men with a normal BMI. This is worrisome, because it has been reported that greater 

testosterone levels and the failure to achieve constant testosterone suppression during 

LHRH agonist therapy is associated with worse prostate cancer outcomes. [16]
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In the present study, we report the results of serum testosterone measurement in men 

with advanced or metastatic prostate cancer treated with LHRH agonist therapy. Using 

the highly sensitive isotope dilution-liquid chromatography-tandem mass spectrometry 

(ID-LC-MS/MS) technique for testosterone measurement, serum testosterone concen-

trations in the castrate range were compared in normal weight men (BMI <25 kg/m2), 

overweight men (BMI 25-30 kg/m2), and obese men (BMI >30 kg/m2).

Materials and Methods

Study Population

In the present retrospective study, 64 men who had received LHRH agonist therapy for ad-

vanced and/or metastatic prostate cancer were included. The patients received gosereline 

(3-month depot) or leuproreline (6-month depot). The patient characteristics are listed in 

Table 1. The patients’ weight and height were obtained from each case within a maximum 

of 7 days before or after the day of venous blood collection. The BMI was calculated 

as the weight in kilograms divided by the height in meters squared. Overweight was 

defined as a BMI of 25-30 kg/m2 and obesity as a BMI >30 kg/m2, as defined by the World 

Health Organization. All patients had been treated with a LHRH agonist for at least 90 

days before entering the present study, as recommended previously. [15] Those subjects 

who had used any other medication that could interfere with the gonadal axis, such as 

degarelix, bicalutamide, ketoconazole, and/or abiraterone, were excluded. Patients with a 

known endocrine disease or a concomitant malignancy were also excluded.

A single venous blood sample was collected from each subject. The day of venous blood 

sampling was at least 1 week after the last LHRH agonist injection and at least 1 week 

before the next scheduled LHRH agonist injection. The serum samples were separated 

into aliquots and stored at -20°C until assayed.

Serum Testosterone

The serum total testosterone was measured using ID-LC-MS/MS, as previously described, 

with the specificity concordant with a reference method. [17,18] The lower limit of 
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quantification was 2.9 ng/dL, and the intra-assay and inter-assay coefficient of variation 

at levels <28.8 ng/dL was <5% and <13%, respectively.

Table 1. Patient characteristics and serum hormone levels after luteinizing hormone-releas-
ing hormone agonist therapy

Sex Hormone-binding Globulin

An immunometric assay on an Architect system (Abbott Diagnostics, Abbott Park, IL) 

was used to determine the SHBG concentration. The lower limit of quantification for 

SHBG was 2 nmol/L, and the intra-assay and inter-assay coefficient of variation for the 

whole range was <5% and 6%, respectively.

Bioavailable Testosterone

The concentration of bioavailable (or free) testosterone was calculated using the algo-

rithm described by Vermeulen et al [19] using a fixed albumin concentration of 43 g/L.

Statistical Analysis

Statistical analysis was done using SPSS, version 20.0. Statistical analysis of the differ-

ences between groups was performed using the Mann-Whitney U test. The median 

value and 95% confidence intervals for testosterone and SHBG were calculated. The dif-

ference between groups in the presence of lymph node metastases, bone metastases, 

and castration-resistant prostate cancer was assessed using the chi-square test.
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Results

The patient characteristics are listed in Table 1. A total of 22 subjects were classified as 

normal weight (BMI <25 kg/m2), 30 subjects as overweight (BMI 25-30 kg/m2), and 12 

patients as obese (BMI >30 kg/m2). All patients were white men. No significant differ-

ences were found among the 3 study groups in patient and tumor characteristics, nor 

were significant differences found among the groups in prostate-specific antigen level.

All subjects had a serum testosterone level <50 ng/dL, and all but 2 subjects had lev-

els<20 ng/dL. These 2 subjects with levels of 20-50 ng/dL were both in the group with 

a BMI of 25-30 kg/m2.

The median serum testosterone concentration for the total group of patients was 4.7 

ng/dL. Patients with a BMI <25 kg/m2 had a median serum testosterone concentration 

of 5.5 ng/dL (range<2.9-15.9). Patients with a BMI of 25-30 kg/m2 had a median serum 

testosterone concentration of 3.8 ng/dL (range <2.9-23.5). Finally, patients with a BMI 

>30 kg/m2 had a median serum testosterone concentration of 5.7 ng/dL (range <2.9-

13.1). No significant difference in the serum testosterone concentrations among the 3 

groups was observed (Fig. 1). The concentration of serum SHBG decreased significantly 

with an increasing BMI (P <0.04; Fig. 2). In patients with a BMI >30 kg/m2, the calcu-

lated concentration of free testosterone was greater than in patients with a BMI <30 

kg/m2 (P=0.049; Fig. 3).
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Figure 1. Box plot showing serum total testosterone levels in patients after luteinizing hormone-
releasing hormone agonist therapy measured using isotope dilution-liquid chromatography-tandem 
mass spectrometry as function of body mass index (BMI). Patient groups classified as normal weight 
(BMI <25 kg/m2), overweight (BMI 25-30 kg/m2), or obese (BMI >30 kg/m2). Upper and lower quar-
tiles represented by rectangle; 95% confidence interval by whiskers. Differences between groups 
were not statistically significant.

Figure 2. Box plot showing serum sex hormone-binding globulin levels in patients after luteinizing 
hormone-releasing hormone agonist therapy as function of body mass index (BMI). Upper and lower 
quartiles represented by rectangle; 95% confidence interval by whiskers.
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Figure 3. Box plot showing serum free testosterone levels in patients after luteinizing hormone-
releasing hormone agonist therapy, calculated using algorithm reported by Vermeulen et al [19] with 
fixed albumin concentration of 43 g/L (P <0.05 only for obese vs normal weight and overweight).

Comment

Obesity is an increasing and emerging global health problem, no longer limited to the 

Western world. [20] Obesity has also been associated with the incidence and pathogen-

esis of different types of cancer, such as prostate malignancy. A greater BMI and obesity 

have also been related to the aggressiveness of prostate cancer such as greater Gleason 

scores and greater clinical stages and, not surprisingly, to the outcome of the disease. 

[5,6] The precise mechanism by which a greater BMI and obesity lead to a worse prog-

nostic profile and worse outcome is unknown; however, an association with the male 

gonadal axis is likely. In a population without prostate cancer, it has repeatedly been 

reported that an increase in the BMI leads to a decrease in the serum testosterone level. 

To date, little is known about the serum testosterone concentrations in obese patients 

diagnosed with advanced or metastatic prostate cancer and treated with LHRH agonists. 

This is crucial, because it has been shown previously that those with flares or “escapes” 

of the testosterone level during medical castration therapy might be at increased risk 

of prostate cancer progression and poorer survival. [16] Thus, it might be argued that 

obese men receiving LHRH agonist therapy for prostate cancer are candidates for an 
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increased surveillance protocol of their testosterone levels or even more rigorous sup-

pression of their sex steroid axis.

Published data on the influence of BMI on the outcome of androgen deprivation 

therapy are scarce. In 2007, Smith [14] noted that an increasing BMI might influence 

the effectiveness of LHRH agonist treatment. That study was performed using an immu-

noassay, a commonly used method for the measurement of testosterone in serum. This 

technique is reasonably accurate in measuring testosterone when the concentrations 

are within the normal male physiologic range but has insufficient specificity and sensitiv-

ity at castrate concentrations. [21-23] In the present study, we assessed the relationship 

between the serum testosterone levels in men receiving LHRH agonist therapy and BMI 

using the ultrasensitive ID-LC-MS/MS method, which has been proved to be superior 

to common immunoassays for testosterone determination in the castrate range. [24] 

We have demonstrated that serum testosterone concentrations during LHRH agonist 

therapy in patients with a normal BMI are similar to those with a greater BMI.

In the present study, we used the BMI to define normal weight, overweight, and obesity 

in our patient population. The BMI is the most commonly used method of measure-

ment for obesity in the current data. In men with a very muscular physique with a 

small amount of body fat, the BMI can lead to an overestimation of obesity. However, 

these men represent only a very small number of the population, especially in the older 

population. Also, because of the different body composition, Asians will be classified 

as overweight when the BMI is >23 kg/m2. [25] In our study, only white men were 

included; therefore, the BMI remained an acceptable method to measure obesity in the 

present study.

Androgen deprivation therapy by treatment with a LHRH agonist leads to hypogonado-

tropic hypogonadism by inhibition of production of gonadotropins (i.e., luteinizing hor-

mone). The Leydig cells in the testes are deprived of their driving stimulant, which leads 

to discontinued testicular production of testosterone. The normal secretion of luteinizing 

hormone is pulsatile. This pulsatility remains similar in obese men and men with normal 

weight; however, the magnitude of the pulse is significantly diminished in obese men. 
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This could be an explanation for the difference in the serum testosterone concentrations 

between normal weight men and obese men. [26] Also, this phenomenon might be 

the explanation for the lack of a difference in the serum testosterone concentrations 

between obese and nonobese men during androgen deprivation therapy, because the 

difference in luteinizing hormone is counteracted by the LHRH agonist therapy.

Incomplete testosterone suppression in patients receiving LHRH agonist therapy occurs 

occasionally. [27] If patients have breakthrough increases in serum testosterone through 

the castration limit, their survival is significantly shorter. [16] From our study results, we 

can conclude that the relationship between obesity and prostate cancer-specific mortal-

ity, if any exists, is not influenced by a difference in the efficacy of LHRH agonist therapy. 

Definite answers to questions about the influence of the BMI on prostate cancer might 

be answered by measurement of the intraprostatic steroid hormone concentrations. 

However, current studies lack conclusive data on the intraprostatic androgen levels 

because of methodologic inconsistencies. [28]

In our study population, the concentration of serum SHBG decreased significantly with 

an increasing BMI, a well-known correlation in normal men. [9] We used the serum 

SHBG concentration to calculate the concentration of free testosterone using the 

algorithm described by Vermeulen et al. [19] Thus, the statistically significant differ-

ences also show that the number of patients included in each group of our study was 

sufficient to measure a potential effect of BMI on the hormonal parameters.

There appears to be a correlation between a greater BMI and greater concentrations 

of free testosterone. The role of free testosterone in prostate cancer has not yet been 

determined and remains unclear. A potential relationship between the BMI and the 

development and/or progression of prostate cancer might be caused by elevated free 

testosterone levels. Free testosterone concentrations could be an interesting topic for 

future research, especially with the increased possibilities of testosterone measurement 

in the castrate range using ID-LC-MS/MS.
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Androgens act through binding to the androgen receptor. The expression of the an-

drogen receptor in prostate cancer is increased during androgen-deprived conditions. 

[29] A possible relationship between BMI and the progression of prostate cancer 

might therefore be caused by a potential difference in androgen receptor expression 

among normal weight, overweight, and obese patients receiving LHRH agonist therapy 

for prostate cancer. However, measurement of the androgen receptor expression was 

beyond the scope of our report and would be an interesting subject for future studies.

The present study had several caveats. Men who are treated with LHRH agonist therapy 

have the tendency to gain weight as a result of their medication. After 48 weeks of 

treatment, a weight gain of 2.4% was measured. [30] The absence of a pretreatment 

body weight for our patients was a drawback of our study; however, because of the 

low percentage of weight gain resulting from LHRH agonist therapy, the change in BMI 

from androgen deprivation therapy was also relatively low. If we deducted 2.4% of the 

BMI from all subjects, only 3 of the 64 patients would have moved to a different weight 

category. Another study limitation was the lack of pretreatment serum testosterone 

concentrations. However, it is has been extensively documented that the testosterone 

levels are decreased in obese men in proportion to the degree of obesity; thus, we 

have no reason to assume that this would have been different in our present study 

population. [8]

Conclusion

Using an ultrasensitive technique of serum testosterone measurement, the present data 

have indicated that no difference exists in the serum total testosterone concentration 

in the castrate range among normal weight, overweight, and obese patients receiv-

ing LHRH agonist therapy for prostate cancer. However, the serum free testosterone 

concentrations were greater in the obese patients than in the normal and overweight 

patients. The relevance of this finding needs to be elucidated in future studies. From our 

study findings, more stringent follow-up or changes in the dosage or dosage intervals of 

LHRH agonist therapy for those with a greater or high BMI is not warranted.
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Abstract

Purpose

Prostate cells are dependent on androgens for growth and proliferation. Androgen 

deprivation therapy is the recommended treatment for advanced/metastatic prostate 

cancer. Under this therapy, prostate cancer will inevitably progress to castration resistant 

prostate cancer (CRPC). Despite putative castration resistance, testosterone might still 

play a crucial role in the progression of CRPC. The goal of this study was to determine 

the role of testosterone in the formation of metastases of CRPC in both in vitro and in 

vivo settings.

Methods

In vitro, the effect of testosterone and the non-aromatizable androgen methyltrienolone 

on migration, invasion and proliferation of a castration-resistant prostate cancer rat cell 

line (Dunning R3327-MATLyLu) was assessed using a transwell assay and a sulforhoda-

mine B assay and immunohistochemical detection of ki67. Androgen receptor status 

was determined using Western blot. In vivo, Copenhagen rats were divided in four 

groups (males, females, castrated males and females with testosterone suppletion) and 

inoculated with MATLyLu cells. Tumor size was assessed daily.

Results

Testosterone increased cell migration and invasion in a concentration-dependent man-

ner in vitro. Testosterone did not affect in vitro cell proliferation. No difference was 

shown between the effect of testosterone and methyltrienolone. In vivo, in groups with 

higher levels of circulating testosterone, more rats had (micro)metastases compared 

with groups with low levels of testosterone. No effect was observed on primary tumor 

size/growth.

Conclusions

Despite assumed castration resistance, progression of prostate cancer is still influenced 

by androgens. Therefore, continuous suppression of serum testosterone in patients who 

show disease progression during castration therapy is still warranted.



7

Serum testosterone and metastatic ability of CRPC 97

Introduction

With a total of over 900,000 newly diagnosed patients in 2008, prostate cancer is 

the second most occurring type of cancer worldwide, accounting for approximately 

6% of total global cancer deaths in males [1]. The incidence has increased since the 

introduction of prostate-specific antigen (PSA) as a marker for prostate carcinoma in 

1987 [2]. As of today, a substantial number of patients still present with advanced and/

or metastatic prostate cancer for whom no curative therapy is available.

Androgen deprivation therapy (ADT) is recommended for advanced or metastatic pros-

tate carcinoma [3]. The goal of ADT is to reduce the concentration of serum testosterone 

to a castration level. However, a limitation of ADT is that prostate cancer will inevitably 

become castration resistant with a median time to progression of 18–36 months after 

the start of ADT [4]. Knowledge of the mechanisms underlying castration resistant 

prostate cancer (CRPC) is increasing, but remains scarce [5,6].

Prostate cells are physiologically dependent on androgens for function and proliferation. 

Upon castration resistance, prostate cancer cells gain the capacity to grow, independent 

from serum testosterone. Evidence is increasing that androgens might still play a crucial 

role in the progression of CRPC. Recently developed drugs that target the androgen 

receptor (i.e., MDV3100) [7] or the androgen synthesis axis (i.e., abiraterone acetate) 

[8] were beneficial in patients with CRPC. These clinical data indicate that these cancer 

cells preserve their susceptibility for androgens. Increased insight into the underlying 

mechanisms that lead to progression of prostate cancer to CRPC will lead to better 

therapeutic options for patients with (castration resistant)prostate cancer.

Retrospective studies have shown contradictive results about the need for continuation 

of ADT in CRPC. Some have shown a modest effect of continuation of ADT in CRPC on 

survival [9], while others fail to show an obvious advantage of continued ADT on survival 

[10]. A prospective randomized trial is suggested, but until then European guidelines 

on prostate cancer advise for continuation of ADT in CRPC due to the minimal risk of 

this treatment [3].
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In this study, we investigated the role of increasing levels of testosterone in an in vitro 

castration-resistant prostate cancer rat cell model and assessed levels of proliferation, 

cell migration and invasion. Second, we studied the role of serum testosterone in vivo 

on the growth and metastatic potential in rats inoculated with this putative castration-

resistant prostate cancer rat cell line. We show evidence for the necessity to continuously 

suppress serum testosterone despite the putative state of castration resistance in CRPC.

Materials and Methods

Dunning R3327-MATLyLu cell line

The Dunning R3327-MATLyLu syngeneic prostate carcinoma rat cell line was used, 

which has been reported to grow independent of androgens, and has a tendency to 

metastasize to lymph nodes and lungs. This cell line has been described thoroughly and 

has characteristics similar to human advanced prostate cancer [11]. R3327-MATLyLu 

cells were cultured in RPMI medium (Gibco, Paisly, Scotland), supplemented with 10 

% fetal calf serum, 100U/mL penicillin/streptomycin and 1 mM sodiumpyruvate in a 

humidified atmosphere of 5 % CO2/95 % air.

The Copenhagen rat model

For in vivo experiments, approval of the local Animal Experiments Committee was ob-

tained before the start of the experiment (DEC-URO-11-01). A total of 450,000 R3327-

MATLyLu cells in 0.3 ml Hank’s solution were injected subcutaneously in Copenhagen 

rats (bred and housed in the animal facilities of the VU University Medical Center) at t = 

0. Tumor size was measured using a caliper and calculated as length x width x height x 

0.52. Tumor size and rat weight were assessed daily. Rats were divided into four groups: 

normal male rats (group I, n = 20), normal female rats (group II, n = 30), surgically 

castrated male rats (group III, n = 22) and female rats receiving testosterone suppletion 

(group IV, n = 20). Rats in group III underwent surgical castration 7 days before tumor 

injection (t = -7). Rats in group IV received a daily subcutaneous injection with 4 mg 

testosterone in 1 ml sunflower oil from day 0.
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Follow-up Copenhagen rat model

Tumor size and rat weight were assessed daily. Five rats in each group were euthanized 

at t = 10 days, another 5 in each group at t = 17 days, and the remaining rats in each 

group were euthanized at the ‘humane endpoint’ (HEP), defined as either a local tumor 

size of 20 cm3 or higher, or a loss of body weight of 20 % or more. After euthanization 

at each separate time point, both primary tumor and lungs were excised and fixated 

directly in formaldehyde. The lungs were macroscopically and microscopically assessed 

for presence of prostate cancer metastases. From each specimen, four cross sections 

were made of the lungs, embedded in paraffin and stained using a standard hema-

toxylin and eosin staining. Presence of metastases was assessed by two independent 

observers. Tissues were stained using an anti-ki67 antibody, and immunohistochemistry 

was performed to determine the percentage of proliferating cells. Venous blood was 

collected by tail vein puncture at the moment of tumor injection (t = 0) or at the mo-

ment of surgical castration for rats in group III (t = -7) and at euthanization in order to 

determine the serum testosterone concentration. Serum testosterone was measured 

using the highly accurate isotope-dilution liquid chromatography–tandem mass spec-

trometry (ID-LC–MS/MS) as described before [12, 13].

Migration and Invasion assay

Cell migration and invasion were determined by the transwell assay, as described previ-

ously [14]. Transwell chambers were inserted with fluorescence blocking 8 µm pore 

polycarbonate filter inserts (Becton–Dickinson Labware, Bedford, USA) in 24-well plates. 

For the invasion assay, the insert was coated overnight at room temperature with 100 µl 

matrigel (50 ng/ml; Sigma-Aldrich Chemicals, Zwijndrecht, the Netherlands). MATLyLu 

cells were seeded (150,000 cells/insert) in serum-free medium or serum-free medium 

containing 0.1, 1 or 10 nM testosterone. In the lower compartment, serum-containing 

medium with matching concentrations of testosterone were used, or without testoster-

one (control). Cells were allowed to migrate/invade for 18 hours. Thirty minutes before 

analysis, 5 µM Calcein-AM was added to the lower compartments and fluorescently 

labeled cells were counted.
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The same in vitro experiments were conducted using methyltrienolone (R1881, Roussel-

Uclaf, Paris, France), which is a non-metabolizable synthetic androgen with high af-

finity for the androgen receptor (AR) [15]. These parallel experiments are necessary to 

determine whether a found effect is accountable to a direct effect of testosterone or to 

one of the numerous metabolites of testosterone.

Sulforhodamine B assay

The sulforhodamine B (SRB) assay is used for cell density determination and thus indica-

tive for cell proliferation. The effect of testosterone and R1881 on cell proliferation was 

determined using the SRB assay, as previously described [16]. In brief, cells were seeded 

in 96-well plates (Greiner Bio-one, Frickenhausen, Germany) at 2,000 cells/well. After 

24 hours enabling attachment, the medium was refreshed and cells were exposed to 

increasing concentrations of testosterone or R1881 for 72 hours. Thereafter, cells were 

fixed with trichloroacetic acid (TCA) for 1 h at 4 °C and stained with SRB dye. The 

optical density (OD) was measured at 540 nm. For calculation of the growth stimulation 

curves, OD values were corrected for the readings at the day of drug addition. The level 

of migration, invasion and proliferation was set relative to the control, where the control 

group is displayed as 100%.

Western blotting

Cells were exposed to 0.1, 1.0 or 10 nM testosterone or R1881 for 24 hours, and 

Western blotting was performed to determine the expression of the AR as described 

previously [17].

Statistical analysis

Statistical analysis was done using SPSS 20.0. The difference between groups in presence 

of lung metastases was analyzed using the Fisher’s exact test. The difference between 

groups in serum testosterone concentration was analyzed by the Mann–Whitney U test. 

The median and 95 % confidence intervals (CI) for serum testosterone and the presence 

of lung metastases in this study population were calculated. Statistical analysis on in 

vitro experiments was performed using Student’s t test.
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Results

Cell migration, invasion and proliferation

The addition of testosterone to the in vitro cultures of R3327-MATLyLu cells increased 

both cell migration (to 149% for 10 nM testosterone) and invasion (to 175% for 10 nM 

testosterone) concentration dependently (p<0.0005) (Fig. 1a, b). A similar increase in both 

migration (to 151%) and invasion (to 164%) was found when 10 nM R1881 was used 

(p<0.0005) (Fig. 1a, b). The SRB assay showed no increase in cell proliferation due to the 

addition of testosterone or R1881 to the medium of the Dunning R3327-MATLyLu cell line.

Figure 1. In vitro migration and invasion experiments of Dunning R3327 MATLyLu cells, set 
as relative to the control group, where the control group is displayed as 100 %.
a) Migration after 18 hours of stimulation with increasing levels of medium testosterone and the 
non-metabolizable androgen R1881.
b) Invasion after 18 hours of stimulation with increasing levels of medium testosterone and the non-
metabolizable androgen R1881. All values represent means of at least 3 independent experiments ± 
standard error of the mean (SEM). Significant differences between stimulated and untreated controls 
are indicated in the graph p<0.0005 (*). Representative images of cell migration and invasion of 10 
nM testosterone and R1881 compared with the control group are depicted under the graphs.
c) Western blot analysis of androgen receptor expression in in vitro cultures of R3327 MATLyLu cells 
after stimulation with different concentrations of testosterone and the non-metabolizable androgen 
R1881. β-actin is depicted as loading control
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Expression of the AR

No difference was found in expression of the AR in in vitro cultured R3327-MATLyLu 

cells after exposure to testosterone and R1881 (Fig. 1c). The AR is similarly expressed at 

all testosterone and R1881 levels.

Concentrations of serum testosterone

Serum testosterone levels were measured at statistically significant lower levels in female 

rats compared with serum testosterone levels in male rats at t = 0. The median serum 

testosterone levels were higher in group I and group IV (high testosterone) than those 

in group II and group III (low testosterone) at euthanization (p<0.01, Mann–Whitney 

U test). The median concentration of serum testosterone was 8.2 nmol/l for group I 

(range 3.7–19.3 nmol/l) and 0.17 nmol/l for group II (range 0.11–0.82 nmol/l). When 

male rats were castrated the testosterone levels dropped to 0.12 nmol/l for group III 

(range<0.1–0.44 nmol/l). Testosterone suppletion in female rats resulted in increased 

levels of >50 nmol/l for all rats in group IV. This indicates that both castration and 

suppletion were successful (Table 1).

Table 1. Median concentrations of serum testosterone in different groups

Tumor growth and presence of metastases

In vivo, tumor size did not differ significantly between different treatment groups at dif-

ferent time points after inoculation, no difference in ki67 staining was found between 

different groups using immunohistochemistry (data not shown). An increase in the 

absolute number and the relative amount of lung metastases was found in groups with 

normal or increased serum testosterone levels relative to those with decreased serum 

testosterone levels (p<0.0001, Fisher’s exact test). All normal male rats had detectable 
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microscopic and macroscopic metastases at the humane endpoint compared with 9 % 

in castrated male rats (p<0.0001, Fisher’s exact test). In female rats with testosterone 

suppletion, 60 % showed detectable metastases at the humane endpoint compared 

with 15 % in normal female rats without testosterone suppletion (p = 0.03, Fisher’s 

exact test) (Table 2).

Table 2. Absolute number and relative amount of rats with lung metastases on different 
time points following inoculation with the prostate cancer cell line MATLyLu

Discussion

During life, the prostate is continuously under the influence of androgenic steroids such 

as testosterone. Interference with the male steroid hormone metabolism such as by 

surgical or medical castration has gained wide acceptance in the treatment of advanced 

and metastatic prostate cancer [3]. Whereas the effect of hormone altering medication 

on prostatic disease is undisputed, the exact role of androgens in the pathogenesis 

and progression of prostate cancer remains yet to be determined [18]. In the present 

study, we show the novel finding that although when prostate cancer cells growth 

independently of androgens, they are still dependent on hormones to migrate, invade 

and form metastases.

Our data are in line with recently published clinical trials that implicate that patients 

with docetaxel-resistant CRPC might still benefit from continued suppression of the AR–

testosterone axis [7,8]. These and other findings indicate that the AR and androgens still 

play an important role in the progression of previously assumed ‘androgen independent’ 

disease [19]. Indeed, on a fundamental level, several mechanisms that could mediate 

tumor growth despite castration levels of serum testosterone have been postulated. 
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Some of these mechanisms are truly AR independent, such as deregulation of apoptosis 

and the expression of (proto)oncogenes [20], while the majority of mechanisms rely on 

a functional AR such as AR amplification, hypersensitivity, mutation and promiscuity [6].

Cell migration and invasion are cell properties that correlate with the degree of malig-

nancy [21]. In this, higher numbers of migrating and invading cells can potentially lead 

to a more aggressive tumor phenotype and to more aggressive clinical disease. In our 

in vitro experiments, increasing concentrations of testosterone and of the artificial an-

drogen R1881 in the medium resulted in an increase in cell migration and cell invasion 

properties (Fig. 1a,b). This is striking as the Dunning R3327-MATLyLu cell line is assumed 

to metastasize independent of available androgens such as testosterone [22]. The find-

ing that the presence of testosterone in the medium proportionally increases the migra-

tion and invasion ability of MATLyLu cells implicates that testosterone still remains at 

least partially responsible for the metastasizing potential of this ‘androgen-independent’ 

prostate cancer cell line, and probably of CRPC as well. Although migration, invasion 

and tumor metastasis were dependent on testosterone, in vitro and in vivo growth 

was not dependent on testosterone. The aspect that hormone independently growing 

prostate cancer cells are still influenced by testosterone in the formation of metastases, 

has to our knowledge never been described before and underlines the importance of 

ADT continuation after becoming castration resistant.

Our in vivo data further show that in Copenhagen rats inoculated with the Dunning 

R3327-MATLyLu cell line, the absolute number and the relative amount of rats with 

pulmonary metastases were directly related to the level of serum testosterone. In sur-

gically castrated male rats (median serum testosterone 0.12 nmol/l), only 9% of the 

cases had lung metastases compared with 100% in normal male rats (median serum 

testosterone 8.2 nmol/l). In female rats, testosterone suppletion led to the formation of 

lung metastases in 60% (median serum testosterone >50 nmol/l) compared with 15% 

in normal female rats without testosterone suppletion (median serum testosterone 0.17 

nmol/l) (p=0.03, Fisher’s exact test). To our knowledge, our study is the first to show a 

direct proportional effect of the level of serum testosterone on the metastatic ability of 

castration-resistant prostate cancer.
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Despite their relatively simple chemical structure, steroids are present in many different 

biologically active forms. Circulating steroids are extensively metabolized in the liver 

as well as in target tissue (i.e., the prostate), as numerous products can be formed 

out of testosterone. As the observed effect was also seen with the non-aromatizable, 

non-degradable, artificial androgen R1881 and with similar intensity as testosterone, 

modulation of the metastatic potential of the MATLyLu cell line seems a result of the 

physiological androgen testosterone itself and not of metabolic by-products.

Numerous articles have been published on the effect of androgens on the regulation 

and expression of genes in prostate cancer. Thousands of genes involved in cell growth 

and survival have been identified to be under the influence of androgens [23,24]. We 

have shown using Western blot analysis that the AR gene is expressed by MATLyLu cells, 

similar to human CRPC and its metastases [6]. It is therefore likely that the found effect 

of increasing levels of testosterone on the progression and the metastatic ability of 

MATLyLu cells is a truly AR-guided process. Whereas in the primary tumor, growth and 

survival run through not yet completely understood cellular and genetic mechanisms 

that are both AR dependent and AR independent, in the renewed presence of testoster-

one in the medium or serum, prostate cancer cells may activate the AR more easily and 

thus activate AR-activated processes that ultimately lead to early progression and the 

formation of metastases. More research is needed to determine the exact influence of 

androgens on gene regulation involved in the process of progression.

Our study yields a deeper insight into the effect of testosterone on progression and the 

metastatic ability of prostate cancer. Despite a disease state called castration-resistant 

prostate cancer, androgens are still involved in the aggressiveness and metastatic ability 

of prostate cancer cells. Continuous meticulous suppression of serum testosterone lev-

els of those progressing under castration levels of testosterone therefore is warranted.
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Abstract

Objectives

The traditional assumption of a linear relationship between serum testosterone and 

prostate cancer growth has been seriously challenged, as overwhelming evidence con-

tradicts its basic principles. Luteinizing hormone-releasing hormone (LHRH)-agonists are 

known to cause a peak in serum testosterone level in the first weeks of treatment, and 

prevention of the clinical sequelae of testosterone flare by concommitant use of anti-

androgens is recommended. Along the present biological concept that there appears to 

be a limit to the ability of androgens to stimulate prostate cancer growth, termed the 

saturation model, the use of anti-androgens to prevent this disease flare is questioned. 

The purpose of this review is to gain historical and modern evidence to provide an 

objective and up-to-date basis for clinical decision making.

Methods and Materials

We performed a comprehensive research of the electronic databases Pubmed and Em-

base until 1 April 2014. Studies with the subject of disease flare in men with prostate 

cancer on LHRH-agonist therapy were included as were studies who assessed the ef-

ficacy of anti-androgens to prevent this flare. Case reports were included as well.

Results

Twenty-five studies considering disease flare were included: 9 randomized clinical trials 

(RCT) with an LHRH-agonist and an LHRH-agonist/anti-androgen arm, 14 observational 

studies evaluating LHRH-agonists only, and two case reports. The incidence of disease 

flare was reported between 0 and 83%, due to a wide set of clinical, biochemical and 

radiological factors evaluated. In some of the RCTs, a statistically significant reduction 

of the incidence of disease flare by concomitant use of anti-androgens was reported. 

Most of these historical studies report on subjective worsening of disease symptoms 

as outcome measure. More objective outcome measures such as the prostate-specific 

antigen (PSA) level did not seem to increase above baseline values.
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Conclusions

At present, there is a lack of compelling data showing definite disease progression 

during the short period of testosterone flare after initiation of LHRH-agonist therapy. 

Based on the saturationmodel, presence of disease flare and the need to prevent this 

flare by concomitant use of anti-androgens might well be a misconception.
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Introduction

Testosterone lowering therapy is the mainstay of treatment in advanced and metastatic 

prostate cancer. [1] In the last three decades, luteinizing hormone-releasing hormone 

(LHRH) agonists have become the ‘standard of care’ in hormonal therapy because they 

avoid the physical and psychological discomfort associated with bilateral orchiectomy 

and lack the potential cardiotoxicity associated with diethylstilbestrol (DES). [1]

LHRH-agonists execute their effect by interfering with the pulsatile release of LHRH 

from the hypothalamus, thereby downregulating the secretion of luteinizing hormone 

in the anterior pituitary gland and reducing serum testosterone to castrate level. Due to 

the agonistic action of LHRH analogues, serum testosterone may peak to more than 2 

times above baseline during the first week of treatment, falling to its pre-treatment level 

by day seven. [2] This so-called testosterone ‘flare’, or ‘flare-up’ was first described by 

Faure et al. in 1983.[3] Ever since, concern has been raised that this flare may lead to a 

rapid progression of disease (‘clinical or disease flare’) with excruciating pain, increased 

voiding symptoms, ureteral obstruction, vertebral collapse with acute spinal cord com-

pression, cardiovascular thrombo-embolic or even sudden death.[4-8]

With this doom scenario in mind, every effort has been made to prevent a disease flare 

by combining LHRH-agonists at the initiation of therapy with a variety of anti-androgenic 

agents such as steroid anti-androgens, [9-11] non-steroid anti-androgens, [4,5,11-15], 

estrogens, [16,17] or ketoconazol.[18] Although ‘the guidelines on Prostate Cancer’ 

of the European Association of Urology (EAU) do not explicitly dictate the use of anti-

androgen treatment to prevent clinical flare, they state that ‘anti-androgens are to be 

started on the same day as the depot LHRH injection, and should be continued for a 

2-week period’. The EAU guidelines further state that combined anti-androgen therapy is 

especially indicated in the more advanced stages of metastatic disease. [1] The National 

Comprehensive Cancer network guidelines recommend that anti-androgen treatment 

‘precede or be co-administered with LHRH-agonists and be continued in combination 

for at least 7 days for patients with overt metastases who are at risk of developing 

symptoms associated with the flare in testosterone with initial LHRH-agonist alone’.[19]
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Inspired by the ‘saturation model’ postulated by Morgentaler et al[20] who demon-

strated a non-linear relationship between testosterone and prostate cancer growth 

and aggressiveness, we reviewed the literature searching for scientific evidence for the 

concept of clinical flare induced by LHRH-agonists, and question the need to prevent 

this flare by anti-androgens.

Patients and Methods

Evidence acquisition

A PubMed and Embase database search was conducted. Predefined search terms were 

used to identify articles concerning biochemical flare and clinical (disease) flare, and 

reporting on the incidence and prevention of flare in patients with advanced or meta-

static prostate cancer who start on LHRH-agonist therapy. The literature search included 

papers published until 1 April 2014. Figure1 presents the search strategy flowchart. 

Search terms were LHRH [All Fields] AND ‘agonist’ [All Fields] OR ‘gonadotropin-releasing 

hormone‘ [MeSH Terms] OR ‘gonadotropin-releasing’ [All Fields] AND ‘hormone’ [All 

Fields] OR ‘gonadotropin-releasing hormone’ [All Fields] AND prostate [All Fields] AND 

‘flare’ [MeSH Terms] OR ‘flare-up’ [All Fields]). Then, ‘LHRH agonist’ was replaced by bi-

calutamide [All Fields], flutamide [All Fields], nilutamide [All Fields] or cyproteron acetate 

(CPA) [All Fields] to investigate whether additional articles were found. References of all 

retrieved full-text articles were checked for additional cross-references.
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Figure 1. Literature search and selection of studies for analysis flowchart.
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Inclusion and exclusion criteria

We first limited our search to full-text original articles published in English and avail-

able for review. Articles were independently assessed for eligibility using the following 

predefined criteria:

– Study population: Patients diagnosed with prostate cancer who start on LHRH-

agonist therapy

– Intervention: The concomitant use of anti-androgen therapy during the initial phase 

of LHRH-agonist treatment

– Study outcomes: Studies reporting on clinical progression of disease, radiological 

progression of disease, a rise in tumor markers such as prostate-specific antigen 

(PSA) or phosphate acid phosphatase (PAP) or alkalic phosphatase (AP) during the 

initial phase of LHRH-agonist treatment were evaluated. These included studies that 

investigated the use of concomitant anti-androgen therapy such as bicalutamide, 

nilutamide, flutamide, or cyproterone acetate (CPA) to prevent disease flare.

Studies that only reported on progression or outcome of disease after the initial phase 

of LHRH-agonist treatment, i.e. after 4 weeks after the first LHRH agonist injection were 

excluded, as were studies reporting on progression of disease on maximum androgen 

blockade (LHRH-agonist therapy with anti-androgens), studies on LHRH-agonists report-

ing on testosterone flare only, studies on LHRH-antagonists or estrogens and studies not 

related to humans.

Data extraction

The following data were extracted from full-text articles by the first author: study 

design, selection and inclusion criteria, study outcome details (clinical progression of 

disease, radiological progression of disease, biochemical progression of disease), type 

and use of anti-androgens.
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Results

Search results and analysis

Our literature search identified 152 original articles of which 25 were included in 

the analysis. There were 9 randomized clinical trials directly comparing disease flare 

in patients on LHRH-agonist treatment with those on combined LHRH-agonist/anti-

androgen treatment, and 14 observational studies that reported on disease flare in 

men on LHRH-agonist therapy only. Two articles reported on two patients only, and are 

considered case reports. Differences in study design, type of LHRH-agonist and anti-

androgen, number of patients, and percentages of reported incidences of disease flare, 

and outcome measures of disease flare are depicted in Table 1.

Study evaluation

Faure et al. were the first to report on an elevation of serum testosterone after injection 

of the LHRH-agonist busereline. [3] They called this biochemical surge of testoster-

one accompanied by subjective signs a ‘tumour flare’. In 2 (25%) of 8 patients with 

symptomatic bone metastatic prostate cancer, a temporary increase in bone pain was 

noted. No patient complained of the new appearance of pain during the first week of 

treatment.

Case reports on disease flare

In the early 1980s, the phenomenon of disease flare was reported within case reports. 

Kahan et al. published on a patient with newly diagnosed advanced prostate cancer, 

in who disease flare induced by LHRH-agonist treatment would have been responsible 

for excruciating pain requiring major narcotic analgesia, a rapidly progressive deliri-

ous state, and finally death. [6] In a second case, a sudden paraplegia due to spinal 

cord compression even set up 5-6 hours after the injection. Unfortunately, this was a 

study from the pre-PSA era and no marker levels nor testosterone levels were reported. 

Whether the rapidly progression of disease was caused by rise of testosterone remains 

unclear.
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Thompson et al. reported on two patients with bone metastatic prostate cancer who 

received LHRH-agonist therapy without flare blockade, who died during the first month 

of therapy. [8] Both patients died as a result of acute respiratory failure. A clear progres-

sion of disease by bone scan or tumour markers was not reported by the authors.

Observational studies on disease flare

In a Letter to the Editor, Klign et al. reported on the levels of PAP and AP in 58 pa-

tients with metastatic prostate cancer treated with the LHRH-agonist buserelin alone 

compared to 13 patients who were treated with buserelin combined with a steroid anti-

androgen. [7] Despite a statistically significant difference in PAP and AP levels between 

the groups in the first week after start of treatment, the absolute AP levels remained 

stable in the busereline alone group. This might implicate that LHRH-agonist treatment 

did not have an impact on the bone marker that is thought to be most closely related 

to bone metastatic activity. Clinical progression of skeletal related events therefore is 

unlikely. In this study, PSA was not yet measured and an analysis of clinical symptoms 

was not performed.

Randomized clinical trials on disease flare

In a prospective, randomized study, Kuhn et al. reported on the frequency of bone pain 

in those with bone metastatic prostate cancer who started on LHRH-agonist (busereline) 

therapy alone compared to those who had concomitant therapy with the anti-androgen 

nilutamide.[4] The study groups were relatively small (n = 17 busereline/nilutamide, 

and n = 19 busereline alone) with PSA levels ranging from 6 to 7,534 ng/mL and 7 to 

7,132 ng/mL, respectively. A total of 12 (63%) patients experienced increased bone pain 

during the first week of treatment with busereline alone compared to 5 (29%) who 

were treated with busereline and nilutamide (p<0.05). Intriguingly, despite a statistically 

significant difference between the busereline/nilutamide group and the busereline alone 

group when PSA levels were compared, the overall serum PSA levels (and PAP levels) af-

ter LHRH-agonist alone therapy were equal or even lower than those at baseline [Figure 

2]. So, whether an increase in bone pain due to ameliorating metastatic disease could 

have occurred without a concomitant increase in PSA level is to be doubted. Moreover, 

pain reporting is subjective and the described pain assessments in this historical paper 

might not follow the patient reported outcomes (PRO) criteria as we know today.
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Figure 2. The association between time (in days) after the start of LHRH-agonist treatment 
and serum prostate-specifi c antigen (PSA) levels according to Kuhn et al. 4

The lower line depicts the PSA-levels in men who are treated for bone metastatic prostate cancer 
with the LHRH-agonist buserelin and concurrent anti-androgen medication (nilutamide). The upper 
line depicts the PSA-levels for men treated for prostate cancer with a LHRH-agonist alone. Despite 
a statistically signifi cant difference between groups for serum PSA-levels within the fi rst week of 
treatment, the serum PSA-levels in those in the LHRH-agonist group alone is even below baseline. 
This may state that testosterone fl are due to LHRH-agonist treatment did not result in an elevation of 
serum PSA-level [reprinted with permission from New Engl J Med].

In a publication from the same year 1989, Crawford et al. reported on a random-

ized controlled trial comparing the LHRH-agonist leuprolide with or without the anti-

androgen fl utamide. [5] In the fi rst week of LHRH-agonist treatment, 23 out of 211 

(11%) had worsening bone pain in the placebo arm, and 11 out of 223 (5%) suffered 

from increased bone pain in the combined leuprolide/fl utamide treatment arm. This 

difference disappeared after 12 weeks of treatment.

Ferrari et al in a randomized study of the LHRH-agonist busereline versus busereline with 

fl utamide described a transient bone pain worsening in 3 (6.5%) patients in the LHRH-

agonist only group and related this to ‘a fl are-up mechanism’. [15] Interestingly, in all 

patients in the busereline only group CPA was added to busereline therapy in the fi rst 
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three weeks of treatment to avoid ‘flare-up’ side effects. It is therefore to be doubted 

whether this study truly describes the incidence of disease flare.

In a well-performed prospective, randomized clinical trial on the long term outcome of 

maximum androgen blockade compared to LHRH-agonist therapy only, the study group 

of Kotake et al. reported a disease flare within 1 week of treatment in the gosereline 

acetate only group of 7.9% (7 out of 89 patients) compared to 2.9% (8 out of 274 

patients) in the maximum androgen blockade group. [21] In this, disease flare was 

defined as aggrevation of voiding problems, acute urinary retention, haematuria, and 

cancer-related pain.

In a similar study, Nogushi et al. examined serum PSA levels in 13 patients receiving 

an LHRH-agonist and 11 patients receiving an LHRH-agonist with flutamide beginning 

two weeks before the initial injection of the LHRH analogue. [22] Despite a statistically 

significant change in serum PSA level in the first weeks of treatment, in the group of 

patients on LHRH-agonists only, the PSA level did not seem to exceed baseline values 

[22]. Similar findings were done by Appu et al. [23] Schulze et al. reported on serum 

PAP levels in a small series of men treated with gosereline with and without an anti-

androgen (CPA or flutamide). [14] Despite an increase in PAP level of 68% on day 2 

after injection in the LHRH-agonist only group, no patient experienced an acute subjec-

tive worsening of the disease. In contrast, Tsushima et al. showed an increase in serum 

PSA level beyond the pretreatment level in 4 of 5 (80%) patients in the LHRH-agonist 

only group and in 5 of 20 (20%) patients in the LHRH-agonist plus flutamide group in 

the first week after initiation of LHRH-agonist therapy. [24]

In a large modern cohort of patients treated for metastatic prostate cancer in the VA 

hospital system, 80% of the patients received an anti-androgen before starting LHRH-

agonist treatment. In this patients series with mostly a low tumour burden, the incidence 

of disabling complications such as spinal cord compression, clinical bone fracture, blad-

der outlet obstruction or renewed presciption of painkillers was not different between 

the two groups. [25] Other studies did not report any clinical relevant flare reactions on 

initiation of LHRH-agonist therapy neither. [26,27]
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Discussion

From as early as 1941, it is generally accepted that prostate cells are physiologically depen-

dent on androgens for growth, function and proliferation. [28] This so-called androgen 

hypothesis further states that high testosterone levels contribute to the development of 

prostate cancer, that higher testosterone levels accelerate the growth of prostate cancer 

and that a low testosterone level is protective against the development of disease. [20] In 

short, the androgen hypothesis suggests a linear association between serum testosterone 

level and prostate cancer growth and aggressiveness [Figure 3]. This hypothesis seemed 

to be confirmed by the finding that castration led to a dramatic relief of symptoms in men 

who presented with painful skeletal metastases. Indeed, bilateral orchiectomy and the 

administration of estrogens have long been the gold standard in treatment in patients 

suffering from the devastating consequences of the disease. The advent of medical castra-

tion, i.e. LHRH-agonists, in the early and mid-1980s rapidly changed medical practice, and 

LHRH-agonists became the new gold standard. Though, directly after the introduction of 

these LHRH-agonists, much concern has been raised on the safety of these drugs. Several 

publications in the mid-1980s reported on catastrophic side effects of LHRH-agonists with 

patients succumbing of disease early after start of treatment. [4-8] Others reported on 

patients having an increase in bone pain, and having incremental voiding problems. These 

side effects were attributed to the surge of the serum testosterone level in the first two 

weeks of LHRH-agonist treatment, known as ‘flare’. [3] This sparked the concept of flare 

prevention by the co-administration of an anti-androgenic agent.

The first review on the incidence of clinical flare due to LHRH-agonist therapy appeared 

in 1990, when Thompson et al. described a flare in 84 out of 765 (11.0%) patients 

on LHRH-agonist therapy. [8] Other trials evaluating different hormonal therapies for 

advanced and metastatic prostate cancer reported flare in 0 to 83 percent of patients 

[Table1].[4,5,13-15,21-27,30-36] In reviewing these trials and reports, a comparison 

between study groups is difficult to make as some studies relate on clinical manifesta-

tions of flare alone, whereas others relate on a wide set of biochemical and radiological 

factors in addition to clinical manifestations. Moreover, clinical manifestations vary 

substantially and have also been found to occur after administration of estrogens or 
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after bilateral orchiectomy. Most importantly, it is hard to distinguish symptoms due 

to clinical fl are from symptoms due to the natural history of the disease itself. This is 

particularly diffi cult as the patients treated in the fi rst LHRH-agonist trials were mostly 

from the pre-PSA era, and had mostly high tumour (metastatic) burden.

Figure 3. The androgen synthesis (according to Charles Huggins28) and the saturation mod-
el (according to Abraham Morgentaler54):
The association between serum testosterone level and prostate cancer growth and aggressiveness. 
According to the androgen synthesis, a linear relationship between the serum testosterone level and 
prostate cancer growth is assumed (blue line a or black line b). According to the saturation model, 
the benign prostate and prostate cancer can be stimulated until a saturation point is reached (orange 
line c). This saturation point lies well below physiological values and near the castrate range. With 
testosterone levels that are in the low physiological or physiological ranges, all androgen receptors in 
prostate (cancer) cells are occupied. Therefore, symptoms and signs (clinical fl are) are not expected 
to occur when serum testosterone values further increase [reprinted with permission from European 
Urology].

It may be argued that the conclusions of these early trials and case reports on clinical 

fl are are oversimplifi ed and largely based on assumptions. Hard scientifi c evidence for 

the use of anti-androgens to prevent clinical fl are is lacking. Many authors of these clini-

cal studies and anecdotal reports blindly followed the historical androgen hypothesis as 

their proof of concept. As Morgentaler stated: ‘the androgen hypothesis was proposed 

and accepted before knowledge of hormone receptors, PSA and of reliable measures 

of testosterone.’ [20]
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There is a host of studies that show that the hypothesis of a linear relationship between 

testosterone level and prostate cancer activity no longer holds. Studies in cell lines and 

animals show that complete occupation of the androgen receptor in the prostate occurs 

at very low concentrations of circulating androgens.[37,38] No association has been 

shown between testosterone level, prostate size and PSA-level. [39-45] In hypogonadal 

men treated with testosterone, only a slight increase in PSA-level was noted, [46-53] 

and these men were not found to be at a higher risk to develop prostate cancer. [51,53] 

On the other side, it remains without doubt that castration of men with a normal 

testosterone level leads to a dramatic regression of prostate cancer. This led to the 

concept of the saturation model for prostate cancer as depicted in Figure 3. [54]

This model predicts that in the very low testosterone ranges, prostate cancer cells are 

extremely sensitive to testosterone. This sensitivity to serum testosterone will hold until 

the saturation point is reached. At this level of serum testosterone, all the androgen 

receptors in the prostate (cancer) cells are occupied. The exact level of the saturation 

point for prostate cancer is not well known but it is believed that it lies far below 

physiological and sub-physiological (hypogonadal) levels at about 3 nmol/l of serum 

testosterone. Above this saturation point, all androgen receptors in the prostate are 

occupied with testosterone and no clinical effect of a further increase in serum testos-

terone is expected. Indeed, no PSA increase was seen during the testosterone flare in 

patients with normal testosterone levels who started on LHRH-agonist therapy (Figure 

3). [4,22,23,55]

Retrospectively, the saturation hypothesis is supported by the study of Fowler et al[56] 

who reported on a series of men with bone metastatic prostate cancer diagnosed be-

tween 1949 and 1967 who were given testosterone supplemention. Four men did not 

have testosterone suppression therapy earlier, and 48 men had undergone orchiectomy 

and/or estrogen therapy before testosterone administration. Thirty of these latter men 

had symptomatic disease whereas 18 had not. Only 1 (25%) of the untreated patients 

with bone metastatic prostate cancer experienced an unfavourable response within 

the first 30 days of testosterone therapy, compared to 46 (94%) patients who were 

‘castrated’. In this latter group, after cessation of testosterone therapy, the clinical signs 
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decreased promptly. Apparently, the initial serum testosterone levels in these patients 

were below the saturation point, and a renewed exposure to testosterone caused a 

clinical flare.

Considering all these facts, it is unlikely that a short testosterone surge induced by a 

LHRH-agonist will lead to a clinical, biochemical or radiological deterioration of disease, 

disease flare. Prevention of testosterone flare by use of anti-androgens, therefore, seems 

not a logical medical exercise. Still, if a quick response of treatment is wanted due to 

severe complaints, or when patients are at high risk for (neurological) deterioration of 

disease, treatment with a LHRH-antagonist or by bilateral orchiectomy is recommended. 

These treatments lead to castration levels of testosterone immediately.

Finally, it has been argued that a testosterone flare may have a negative impact on car-

diovascular health and may lead to thrombo-embolic events. Indeed, the two patients 

reported by Thompson et al. died of acute respiratory arrest (pulmonary embolism) 

within the first month of treatment. [8] In the leuprolide study, no cardiovascular deaths 

of either diethylstilbestrol (DES) (n = 101) or LHRH-agonist therapy (n = 98) were re-

ported in the early months of treatment. [20] Even though cardiovascular events are 

quite common in the older age group, to our knowledge a true cause-and-effect relation 

between LHRH-agonist treatment and cardiovascular events have not been established.

Conclusion

After initiation of LHRH-agonist therapy, biochemical flare (i.e. an elevation of serum 

testosterone levels) should be distinguished from clinical or disease flare (i.e worsen-

ing of symptoms, radiological progression of disease and/or an elevation of tumour 

markers). According to present scientific evidence in cell lines, and from animal and 

human studies, the saturation model is the rational behind the association between 

testosterone level and prostate cancer. Most historical reports concerning disease flare 

have been either anecdotal or based on the widely spread misconception of a linear 

relationship between serum testosterone and prostate cancer aggressiveness. According 
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to the modern concept of the saturation model, the need for testosterone flare reduc-

tion by anti-androgens in eugonadal men is therefore doubted.
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Summary and General discussion

Prostate cancer is a disease with a high impact on society, it is the most prevalent non-

cutaneous malignancy in men of 50 years and older. Contrary to popular belief, almost 

half of all prostate cancer patients eventually die due to this disease, which makes 

prostate cancer the second cause of cancer related death behind lung cancer with over 

2,500 casualties in the Netherlands in 2013 and 2014. [1,2]

The prostate is under the influence of steroid androgens during the whole lifespan, 

from early childhood to death. Androgens play an important role in the normal growth, 

maintenance and secretory function of the prostate, but also in the development and 

progression of prostate cancer and benign prostatic hyperplasia (BPH). Because of their 

lifelong influence on the prostate, interference with the androgen metabolism is a key 

therapeutic target in prostatic disease. In men with BPH, inhibition of 5-alpha-reductase 

(5AR) by administration of a 5-alpha-reductase-inhibitor (5ARI) leads to a reduction of 

prostatic volume of 20-30% and improves lower urinary tract symptoms (LUTS) within 

3-6 months after the start of therapy. [3-6]

In patients with advanced and/or metastatic prostate cancer, androgen deprivation 

therapy (ADT) is the therapeutic mainstay. [7] Unfortunately, the effect of ADT on 

prostatic carcinoma is temporary and prostate cancer will inevitably turn into a state 

called castration resistant prostate cancer (CRPC). The median time to progression is 

estimated at 18-36 months after the start of ADT. [8] Knowledge about the underlying 

mechanisms that lead to the development of CRPC is increasing but remains incomplete.

Different research groups have recently shown that despite castration levels of serum 

testosterone, substantial levels of intraprostatic androgens remain sufficient to stimulate 

androgen-regulated processes. These processes result in cell proliferation and probably 

to clinical progression. In chapter 2, an overview is provided of the methods currently 

used for androgen assessment, the conditions for appropriate tissue processing, and 

reported levels of intraprostatic androgens (DHT and testosterone) in normal adult pros-

tate, in untreated BPH and in prostate cancer. Published data on intraprostatic androgen 
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levels differ widely because of patient selection, methods of tissue retrieval, methods 

of tissue processing and assays of androgen determination used. Older studies not only 

fail to describe coefficient of variation, the standard deviation and/or statistical tests 

that were used, but they also used analytical methods that are currently notorious for 

their low sensitivity and specificity in low concentrations of androgens with inter-assay 

variability up to 500%. At least partially due to these methodological flaws, the current 

literature lacks conclusive data on intraprostatic androgen levels, dihydrotestosterone 

(DHT) in particular. To date, no difference has been shown between DHT concentrations 

in normal adult prostate and BPH tissue, nor is there a proven difference in androgen 

level between histologically distinct regions of the prostate. Also, recent literature does 

not reveal major differences in steroid composition between BPH and prostate cancer. 

The role of intraprostatic DHT in the pathogenesis of BPH and in the initiation and 

progression of prostate cancer thus remains to be elucidated. Increased knowledge of 

the mechanisms of androgenic steroid pathways in prostatic diseases, with a special 

interest in intraprostatic androgen level determination, may lead to more optimized and 

more personalized forms of treatment, and probably new therapeutic targets as well.

Chapter 3 reviews the effect of medication that alters the male steroid hormone me-

tabolism (i.e. 5-alpha reductase inhibitors, androgen deprivation therapy) on intrapros-

tatic steroid hormone concentrations. Although it is well known that these drugs aim 

at lowering androgen levels in the serum and prostate gland; however, it is not known 

whether (increased) intraprostatic androgen levels are associated with the pathogenesis 

of BPH and with the initiation and progression of prostate cancer. Moreover, it is unclear 

whether intraprostatic DHT levels correlate with clinical responsiveness to androgen 

deprivation therapy or with patient outcome. However, despite the demonstration of 

castration levels of serum testosterone in men on ADT, the intraprostatic DHT con-

centrations in men who have been surgically or medically castrated are maintained 

at a level ~10–40% of the level in benign prostatic tissue. The reported DHT levels in 

all three patient groups described are well above the levels required to activate the 

androgen receptor based on studies in prostate cancer cell lines. However, due to the 

earlier mentioned methodological flaws, the available data on intraprostatic androgen 

concentrations before and after treatment with medication that alters the androgen 



9

Summarizing discussion and concluding remarks 135

metabolism is inconclusive and should be interpreted with caution. The availability of 

more reliable and accurate means to measure serum- and intraprostatic androgen levels 

may give more insight into the pathophysiology of BPH and prostate cancer.

Our research group developed a method of serum testosterone determination based 

on isotope dilution-liquid chromatography-tandem mass spectrometry (ID-LC-MS/

MS), which has a high sensitivity and specificity in low testosterone concentrations. 

[9] Because of superior specificity and accuracy, ID-LC-MS/MS is preferred compared 

to commonly used automated immunoassays in the measurement of serum testoster-

one, especially in the low ranges. We used this accurate method to reevaluate serum 

testosterone concentrations in men on androgen deprivation therapy in Chapter 4. 

Subjects on luteinizing hormone-releasing hormone agonist therapy had significantly 

lower testosterone concentrations than men who underwent surgical castration. This 

difference in serum testosterone concentration could not be detected using the RIA 

because of the known inadequate sensitivity and specificity in this range. Differences 

could not be explained by residual testicular tissue in surgically treated patients, levels 

of inhibin B were below the limit of detection in all surgically castrated patients. Also, 

no difference was found in the levels of circulating adrenal androgens. It remains to be 

seen whether the observed difference actually has a clinical impact on patient outcome. 

It does not necessarily follow that such a difference between the 2 groups, albeit statis-

tically significant, translates into a clinically meaningful one. Clinical studies comparing 

the outcomes among the various forms of ADT reported no survival advantage when 

surgical castration and LHRH agonist therapy were compared. [10,11] These compara-

tive studies might have been underpowered to show a (relatively) small difference in 

survival.

The same study design as in chapter 4 was used in Chapter 5 to perform a comparative 

study to evaluate the serum testosterone concentrations in men treated with a LHRH 

antagonist for prostate cancer. Intriguingly, no difference in serum testosterone con-

centration was found between patients after surgical castration and patients on LHRH 

antagonists. This is striking, as there is some evidence that patients with advanced 

prostate cancer have improved disease control with a LHRH antagonist versus a LHRH 
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agonist and a prolonged PSA progression free survival and overall survival. [12] Al-

though the studies that describe improved disease control are hampered by a short 

follow-up, our study suggests that these effects, if present, might not be explained by 

differences in testosterone levels or by the suppression of testosterone levels. It can be 

speculated that LHRH antagonists interfere with other hormonal and molecular path-

ways (i.e. follicle stimulating hormone, inhibin B, epidermal growth factor) or otherwise 

directly suppress the downstream sequelae of ligand to LHRH-R binding. Also, patients 

with preexisting cardiovascular disease who were treated with LHRH/antagonist had a 

lower risk of experiencing a cardiovascular event (or even death) compared to patients 

receiving LHRH agonist treatment. [13] This lower risk remains unexplained until now, 

but the absolute risk reduction of 8,2% is a substantial diminishment, and urologists 

should take cardiovascular status of their patients into account when the form of ADT 

is chosen.

Obesity is an increasing problem worldwide, with 39% of adults aged 18 years and 

older were overweight in 2014. The worldwide prevalence of obesity has more than 

doubled between 1980 and 2014. [14] In obese men, serum testosterone concentra-

tions and other sex steroids are decreased in proportion to the degree of obesity. In 

chapter 6, we used the earlier described and highly sensitive ID-LC-MS/MS technique 

for testosterone measurement to determine whether a difference exists in the serum 

total testosterone concentration in the castrate range among normal weight, over-

weight, and obese patients receiving LHRH agonist therapy for prostate cancer. Our 

study showed no difference in total serum testosterone in different weight groups, 

although the serum free testosterone concentrations were greater in obese patients 

than in normal and overweight patients. Based on these findings, it is not necessary to 

change the dosage, dosage-intervals or to intensify the follow-up for those that receive 

LHRH agonist therapy for prostate cancer with overweight.

Contradictive results have been published about the need for continuation of ADT when 

prostate cancer becomes castration resistant. European guidelines on prostate cancer 

describe that prospective research is needed on this topic, but advocate continuation 

of ADT because of the minimal risks of this treatment. Chapter 7 revolves around this 
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topic. We have used an in vitro castration-resistant prostate cancer rat cell model to 

assess the effect of increasing testosterone concentrations on proliferation, cell migra-

tion and invasion, which are properties that correlate with the degree of malignancy. 

We found that presence of testosterone in the medium increases the migration and 

invasion ability of the used cell line (Dunning R3327-MATLyLu). This effect was con-

firmed by performing an in vivo experiment in rats using this cell line, an increase in the 

absolute number and the relative amount of lung metastases was found in groups with 

normal or increased serum testosterone levels relative to those with decreased serum 

testosterone levels. Experiments were repeated using methyltrienolone (R1881), which 

is a non-aromatizable, non-degradable, artificial androgen. The results with R1881 are 

similar to the results with testosterone, which implicates that the found result is due 

to the physiological androgen testosterone itself and not of metabolic by-products or 

degradation products. Furthermore, we found expression of the androgen receptor 

(AR) in the Dunning R3327-MATLyLu cell line before and after exposure to increasing 

concentrations of testosterone and R1881, which suggests that the found effect is at 

least partially AR-guided. It can be concluded that, in spite of the putative castration 

resistance, androgens are still involved in the metastatic ability of prostate cancer cells 

and that therefore continuation of ADT in patients with CRPC is desirable.

Treatment with LHRH agonists causes a surge in serum testosterone level in the first 

week after initiation of therapy. Prevention of clinical consequences of this so called 

testosterone flare by simultaneous use of an anti-androgen is recommended by the Eu-

ropean Association of Urology. In chapter 8, the search for evidence for this statement 

is described. After thorough assessment of current literature, it was concluded that 

there is a lack of compelling data showing disease progression during the testosterone 

flare and that prevention of disease flare by using anti-androgens such as bicalutamide 

might not be necessary. A temporary elevation of serum testosterone levels should be 

distinguished from a clinical or disease flare.
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General discussion and future perspectives

Interference with the androgen metabolism is a key therapeutic target in prostatic 

disease due to the lifelong influence of androgens on the prostate. Knowledge of the 

male steroid hormone metabolism in prostate cancer is increasing, but remains scarce. 

The goal of the research described in this thesis was to gain more insight in the afore-

mentioned male steroid hormone metabolism in prostatic carcinoma.

Despite assumed castration resistance, progression of prostate cancer is still influenced 

by androgens. Recently developed drugs that target the androgen receptor (enzalu-

tamide) or the androgen synthesis axis (abiraterone acetate) are beneficial in patients 

with CRPC. [15,16] Serum testosterone levels do not necessarily reflect androgen levels 

in the prostate gland. At this moment, there are still some challenges to be overcome 

before we are able to measure intraprostatic concentrations of testosterone and 

dihydrotestosterone (DHT). The lack of data about intraprostatic androgens seems to 

be a large piece of the puzzle in obtaining comprehension about the mechanism of 

prostate cancer progression. Whereas we are now able to measure serum testosterone 

concentration in the castration range at a very detailed level, without knowledge about 

the relation between serum testosterone and intraprostatic androgens, determination 

of serum testosterone levels remain a surrogate and indirect marker.

A very interesting idea about androgens and prostate cancer is “the saturation model” 

as postulated by Morgentaler et al. This saturation model status that androgens have 

a limited ability to stimulate prostate cancer, and that above a certain concentration, 

prostatic tissue becomes “saturated”. The saturation point is far below normal physi-

ological concentrations of serum testosterone, which explains why manipulations of 

serum testosterone within the castration range has great effect on prostate cancer, 

but concentrations of serum testosterone beyond the saturation point is only excess. 

[17,18] Theory behind the saturation model seems conclusive, but the saturation model 

has to be proven yet by accurate measurement of intraprostatic steroid hormone con-

centrations.
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The lack of knowledge about intraprostatic androgen concentrations is not the only 

missing link in prostate cancer research. While numerous manuscripts have been pub-

lished on the effect of androgens on gene regulation and gene expression in prostate 

cancer, the exact cellular and genetic mechanisms behind prostate cancer progression 

remains yet to be elucidated. Recent discovery of the androgen receptor splice variant 

7 and its association with resistance to enzalutamide and abiraterone shows that a 

lot of insight can (and probably will) be gained from research on gene expression and 

regulation. [19,20]

The aim of ADT is to reduce serum testosterone concentrations to castration levels, 

currently defined as <50 ng/dL or <1,7 nmol/L. It has been shown that breakthrough 

levels greater than 32 ng/dL during LHRH agonist therapy are associated with faster pro-

gression to castration resistance. [21] In combination with other recent developments, 

these findings advocate for lowering the treshold to <20 ng/dL or 0,7 nmol/L. [22,23]

However, this is the total level of testosterone, i.e. bound and free testosterone together. 

Obesity has been linked to worse patient outcomes in those diagnosed with the disease 

and treated for localized prostate cancer. [24,25] Also, obesity comes with changes 

in a lot of different sex steroids such as testosterone, sex hormone-binding globulin 

(SHBG) and estradiol. [26] We found no difference between serum total testosterone 

concentrations in men with normal weight and obesity as a result of ADT, but the 

serum free testosterone concentrations were greater in the obese patients than in the 

normal and overweight patients. The exact role of serum free testosterone in relation to 

prostate cancer progression remains unclear and is an important and interesting topic 

for future research.

Recently, novel therapeutic agents (such as abiraterone acetate, enzalutamide, degare-

lix) have been shown to exert a potentially more beneficial effect on prostate cancer 

compared to the “standard” ADT (i.e. LHRH agonist therapy, surgical castration). Stud-

ies about these agents have not matured yet, but it is likely that within a few years, 

the therapeutic strategy for treatment of prostate cancer will change drastically. At this 

moment, uncertainty exists about the best sequence in which the available therapeutic 
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modalities should be engaged in advanced and/or metastastic prostatic carcinoma. Re-

cent studies show promising results about the combination of ADT and chemotherapy 

in metastatic hormone naive prostate cancer. [27,28]

I hope that this thesis, combined with future research, will lead to a better understand-

ing of the pathogenesis and mechanisms of prostate cancer and the development of 

castration resistance. More knowledge about the mechanisms behind prostate cancer 

will hopefully lead to the ability to predict which patients will benefit from different new 

therapeutic strategies and treatments. Moreover, this hopefully leads to the ability to 

differentiate between which of the multiple available therapies is most suitable for the 

specific patient.
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S

Prostaatkanker is de meest voorkomende vorm van kanker in Nederland (met uitzonde-

ring van de huid), in 2015 werd bij ruim 10.000 mannen de diagnose prostaatkanker 

gesteld. De prostaat staat gedurende het hele leven onder invloed van mannelijke 

geslachtshormonen, ook wel androgenen genoemd. Deze androgenen spelen een be-

langrijke rol in de normale groei en functie van de prostaat, maar ook in de ontwikkeling 

van goedaardige prostaatvergroting (BPH) en prostaatkanker. Het meest voorkomende 

androgeen in het serum is testosteron. In de prostaat wordt testosteron omgezet naar 

dihydrotestosteron (DHT) onder invloed van het enzym 5-alpha-reductase.

Vanwege de invloed van androgenen op de prostaat heeft ingrijpen in het androgeen 

metabolisme een belangrijke plaats ingenomen in behandeling van ziekten van de pros-

taat. Mannen met een gevorderde of uitgezaaide prostaatkanker komen in aanmerking 

voor androgeen deprivatie therapie. Dit kan chirurgisch plaats vinden (chirurgische 

castratie) of medicamenteus (chemische castratie). Studies uit het verleden hebben deze 

twee behandelingen vergeleken bij patiënten met prostaatkanker, er werd geen verschil 

gevonden in overleving. Met andere woorden: de behandelingen worden beschouwd 

als vergelijkbaar.

Het doel van androgeen deprivatie therapie is om de testosteron concentratie in het 

bloed te verlagen tot onder de castratiegrens van 1,7 nmol/liter. Deze grens is gekozen 

omdat het in het verleden niet mogelijk was om concentraties te meten die lager liggen 

dan dit specifieke punt. Collega’s van de afdeling klinische chemie van het VU medisch 

centrum hebben een methode ontwikkeld (isotoop dilutie vloeistof chromatografie 

tandem massaspectrometrie, ID-LC-MS/MS) die vele malen beter en nauwkeuriger in 

staat is om testosteron concentraties te meten, ook onder de eerder gestelde grens van 

1,7 nmol/liter. Deze ontwikkeling heeft onze onderzoeksgroep de mogelijkheid gegven 

om onderzoek te doen naar het mannelijk androgeen metabolisme in chirurgisch en 

chemisch gecastreerde patiënten met veel meer precisie dan eerdere studies over dit 

onderwerp.

Het effect van androgeen deprivatie therapie op prostaatkanker is tijdelijk. Ongeveer 18 

tot 36 maanden na de start van androgeen deprivatie therapie ontwikkelt prostaatkan-
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ker zich tot een stadium waarin castratieniveau van serum testosteron de voortschrijding 

van de kanker niet meer remt. Dit staat bekend als castratie resistentie. Kennis over dit 

onderwerp neemt gestaag toe, maar er is nog veel onduidelijkheid over het ontstaan 

van castratie resistentie bij prostaatkanker. Meer kennis van het metabolisme en het 

achterliggende mechanisme zou kunnen leiden tot betere behandeling van prostaat-

kanker. Hoofdstuk 1 is de algemene introductie en een overzicht van de inhoud van 

dit proefschrift.

Veel studies over dit onderwerp richten zich op de serum testosteron concentratie. 

Over de daadwerkelijke concentraties van androgenen in de prostaat is echter weinig 

bekend. In hoofdstuk 2 en hoofdstuk 3 wordt een overzicht gegeven van de litera-

tuur over intraprostatische androgeen concentraties. Hierbij wordt met name gelet op 

testosteron en DHT omdat deze twee gezien worden al de belangrijkste androgenen 

in het serum (testosteron) en DHT (in de prostaat). In hoofdstuk 2 wordt beschreven 

welke meetmethodes beschikbaar zijn om intraprostatische androgeen concentraties 

te meten. Tevens wordt een overzicht gegeven van wat er bekend is over androgeen 

concentraties in normaal en ziek prostaatweefsel, waarbij gekeken wordt naar zowel 

goedaardige als kwaadaardige aandoeningen. Hoofdstuk 3 richt zich op studies die 

het effect van medicatie op het androgeenmetabolisme in de prostaat beschrijven. In 

navolging van hoofdstuk 2 wordt gekeken naar zowel goedaardige als kwaadaardige 

aandoeningen van de prostaat en de betreffende medicatie die daarvoor beschikbaar is. 

Het blijkt dat er geen conclusieve gegevens bestaan over intraprostatische androgeen 

concentraties, dit is een groot gemis omdat de prostaat het uiteindelijke doelorgaan is. 

Het gebrek aan conclusieve data wordt onder andere veroorzaakt door grote methodo-

logische verschillen tussen de studies en het gebruik van onnauwkeurige meetmethodes. 

Medicamenteuze hormonale manipulatie leidt tot lagere intraprostatische androgeen 

concentraties. Het is echter onduidelijk of er een relatie bestaat tussen intraprostatische 

DHT concentraties en klinische respons op medicamenteuze hormonale manipulatie. 

Belangrijke conclusie is dat serum testosteron concentraties niets zeggen over concen-

traties van androgenen in de prostaat. Meer kennis over androgeen metabolisme in 

de prostaat zou kunnen leiden tot beter begrip van castratie resistentie, maar ook tot 

ontwikkeling van betere medicatie.
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In hoofdstuk 4 worden chirurgisch gecastreerde patiënten vergeleken met patiënten die 

chemisch gecastreerd zijn door middel van een LHRH-agonist. Met zowel de “klassieke” 

methode (radio immuno assay, RIA) als onze eerder genoemde meer precieze methode 

(ID-LC-MS/MS) hebben we de concentratie van serum testosteron gemeten. Met de RIA 

wordt geen verschil gevonden tussen de twee groepen omdat alle patiënten een serum 

testosteron concentratie hadden die onder de detectiegrens ligt van de betreffende 

methode. Echter, als we onze meer nauwkeurige meetmethode gebruiken, blijkt er 

dat patiënten na chemische castratie een lagere concentratie van serum testosteron 

bereiken dan patiënten die een chirurgische castratie ondergaan. Omdat een deel van 

het androgeen metabolisme plaats vindt in de bijnier hebben we ook concentraties ge-

meten van de belangrijkste bijnierschorshormonen, deze bleken gelijk in beide groepen. 

Het is onduidelijk wat de klinische consequenties zijn van deze bevindingen.

In hoofdstuk 5 worden chirurgisch gecastreerde patiënten vergeleken met patiënten 

die chemisch gecastreerd zijn door middel van een LHRH antagonist. In tegenstelling tot 

in hoofdstuk 4 wordt er bij deze vergelijking geen verschil gevonden in serum testos-

teron concentraties. Er zijn klinische studies die laten zien dat er mogelijk bijkomende 

voordelen zijn van het gebruik van een LHRH antagonist. Onze studie toont aan dat deze 

mogelijke voordelen niet berusten op een verschil in serum testosteron concentraties. 

Aan de hand van beschikbare literatuur wordt er in dit hoofdstuk gefilosofeerd over 

mogelijke verklaringen en mechanismen voor deze eventuele voordelen.

Overgewicht is een wereldwijd probleem dat alleen maar toeneemt de laatste jaren. Het 

hebben van overgewicht heeft een groot aantal gevolgen, één van de vele gevolgen is 

dat mensen met overgewicht een lagere serum testosteron concentratie hebben dan 

mensen met een normaal gewicht. In hoofdstuk 6 hebben we de relatie geevalueerd 

tussen de ‘Body Mass Index’ (een index die de verhouding tussen lengte en gewicht bij 

een persoon weergeeft) en de serum testosteron concentratie bij mannen die vanwege 

prostaatkanker worden behandeld met een LHRH agonist. Met onze ultragevoelige 

techniek voor serum testosteron concentratie meting hebben we aangetoond dat er 

geen verschil bestaat in serum testosteron concentratie in de castratie range tussen 

mannen met normaal gewicht en mannen met overgewicht (onder behandeling met 
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een LHRH agonist). Dit leidt tot de conclusie dat de dosering van de medicatie of de 

follow-up bij mannen met overgewicht en prostaatkanker niet anders hoeft te zijn dan 

bij mannen met een normaal gewicht.

Het is onduidelijk of het zinvol is om bij castratie resistentie de androgeen deprivatie 

therapie voort te zetten. In hoofdstuk 7 bestuderen we het effect van castratie op de 

vermeende staat van castratie resistentie in een diermodel. Het blijkt dat er nog steeds 

invloed bestaat van androgenen op de progressie van castratie resistent prostaatcarci-

noom. Op basis van deze resultaten is het raadzaam om bij castratie resistentie toch 

door te gaan met androgeen deprivatie therapie.

In de eerste weken vanaf de start van LHRH agonisten is het bekend dat dit een piek in 

serum testosteron concentratie oplevert, de zogenaamde ‘flare up’. Derhalve is het ad-

vies om deze eventuele klinische gevolgen van deze testosteron piek op te vangen door 

het tijdelijk toevoegen van een anti-androgeen. Deze blokkeert de androgeenreceptor 

zodat hormonen niet meer via deze receptor werking kunnen uitoefenen. In hoofdstuk 

8 zetten we studies op een rijtje over dit onderwerp. Het blijkt dat er voldoende bewijs 

is voor een testosteron flare up, maar dat er een gebrek is aan sluitend bewijs dat 

deze testosteronpiek ook daadwerkelijk een opvlamming van prostaatkanker tot gevolg 

heeft. Het gebruik van een anti-androgeen bij de start van therapie middels een LHRH 

agonist zou daarom goed een misvatting kunnen zijn.

In hoofdstuk 9 wordt dit proefschrift afgesloten, waarbij de gepresenteerde data wor-

den bediscussieerd. Tevens wordt er hier nagedacht over toekomstige mogelijkheden 

qua onderzoek op dit betreffende gebied.
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diploma werd gehaald in 2001 aan het Alkwin Kollege te Uithoorn. Hij werd direct 

ingeloot voor de studie geneeskunde aan het VU medisch centrum te Amsterdam. Na 

een onderzoeksstage aan the University of Illinois at Chicago haalde hij zijn doctoraal in 

september 2006. Na onder andere een keuze co-schap urologie en kindernefrologie en 

een oudste co-schap urologie in het VU medisch centrum ontving hij in augustus 2008 

zijn artsendiploma. Aansluitend begon hij in september 2008 als Arts niet in opleiding 

tot specialist (ANIOS) urologie in het VU medisch centrum. In januari 2010 begon een 

traject van drie jaar fulltime onderzoek op de afdeling urologie in het VU medisch 

centrum en in januari 2013 werd begonnen met de opleiding tot uroloog. Delen van dit 

proefschrift werden gepresenteerd op nationale (Nederlandse Vereniging voor Urologie) 

en internationale (European Association of Urology, American Urological Association) 

urologische congressen. In 2011 won hij de Pfizer Young Urology Masterclass voor beste 

presentatie en onderzoeksvoorstel.

De vooropleiding chirurgie werd doorlopen in het westfries gasthuis te Hoorn onder 

leiding van dr. J.W.D. de Waard en later dr. D.J.A. Sonneveld. Het academische deel van 

de opleiding urologie wordt gevolgd in het VU medisch centrum onder leiding van prof.

dr. E.J.H. Meuleman, en later dr. J.A. Nieuwenhuijzen. Het perifere deel van de opleiding 

wordt gevolgd in het Onze Lieve Vrouwe Gasthuis onder leiding van dr. G. van Andel. 

Op dit moment zit Tim in zijn vijfde jaar van de opleiding,
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Last but not least: het dankwoord! Vrijwel zonder enige onderzoekservaring ben ik in 

2010 aan dit project begonnen, het moge duidelijk zijn dat ik hierbij flink veel hulp 

gehad heb. Zowel op professioneel vlak als persoonlijk heb ik het bijzonder getroffen 

met mijn familie, vrienden en collega’s, die er uiteindelijk direct of indirect voor hebben 

gezorgd dat mijn proefschrift voltooid is. Dit proefschrift was nooit tot stand gekomen 

zonder het bestaan van de volgende mensen. Sorry als ik iemand vergeten ben!

Prof. dr. E.J.H. Meuleman, beste Eric. Wij hebben elkaar voor het eerst ontmoet in 

2007 toen ik zenuwachtig bij jou op kantoor verscheen met de mededeling dat ik 

uroloog wilde worden, en dat ik graag als co-assistent onderzoek zou willen doen om 

mijn kansen uiteindelijk te vergroten. Ons project over LUTS en metabool syndroom 

heeft uiteindelijk niet geleid tot enige wetenschappelijke prestatie, hopelijk heb ik de 

teleurstelling daarover recht gezet met dit proefschrift. Behalve een fantastisch opleider 

vind ik je ook een fantastisch mens, ik zal de avonden voetbal kijken in de ArenA koeste-

ren. Met jouw aanstaande pensioen verliest het VUmc een waardig en vaardig opleider, 

ik verwacht je uiteraard wel ieder seizoen in Amsterdam voor de kraker Ajax-NEC.

Prof. dr. R.J.A. van Moorselaar, beste Jeroen. Op het moment dat wij elkaar ontmoet-

ten was je nog geen professor, maar het was duidelijk dat dat niet lang op zich zou laten 

wachten. Elke donderdag ochtend trok jij uit om uitgebreid over het lopende onder-

zoek te discussieren, dit heeft veel bijgedragen aan de voortgang van ons onderzoek. 

Daarnaast stond op andere momenten ook altijd de deur open en ben je ontzettend 

goed benaderbaar voor als ik weer ergens niet helemaal uit kwam. Ik ben vereerd om 

genoemd te zijn in je inaugurele rede, en regelmatig schiet de gevleugelde uitspraak 

“even dapper zijn” mij door het hoofd. Dank voor alle tijd, moeite en geduld.

Dr. A.N. Vis, beste André. Het is duidelijk dat zonder jou dit proefschrift er nooit 

geweest zou zijn. Termen als “drijvende kracht”, “aanjager” of “inspirator” schieten 

wellicht nog iets te kort, maar een betere omschrijving heb ik er ook niet voor. Al mijn 

manuscripten liet ik eerst 5-6 keer aan jou lezen alvorens ik het naar de andere auteurs 

durfde te sturen. Jouw sublieme manier van wetenschappelijk schrijven (en corrigeren) 

zorgde er voor dat er vanuit de overige co-auteurs weinig commentaar kwam. Als ik op 
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vrijdag een nieuw artikel ter revisie naar je opstuurde, dan had ik dit op zondag weer 

terug, volledig voorzien van gedegen en scherp commentaar. Daarnaast heb ik bewon-

dering voor wat je in korte tijd hebt bereikt in het VUmc met het opzetten van het robot 

urologie programma. Los van dit alles heb je een leuke partner en een paar prachtige 

kinderen. Ondanks al deze prestaties blijf je jezelf, en dat is positief: een fijne opleider 

en een vriend met humor en passie. Op meerdere vlakken ben je mijn voorbeeld, en dat 

is een van de grootste complimenten die ik iemand zou kunnen maken.

Mw. dr. A.C. Heijboer, beste Annemieke. Binnen mijn promotie commissie zorgde jij 

voor de broodnodige vrouwelijke touch, maar was jij ook de link tussen de afdelingen 

urologie en klinische chemie. Ondanks het feit dat het klinisch chemisch laboratorium 

bij vlagen flink onder vuur heeft gelegen met bezuinigingen, was er altijd tijd en ruimte 

voor het bespreken en uitvoeren van onze plannen. Hopelijk lukt het ons om in de 

toekomst nauwkeurig DHT te meten in weefsel, ik heb nog materiaal liggen voor een 

tweede proefschrift dat ik samen met je hoop te schrijven. Ook dank voor het geduld 

op de momenten dat ik als niet-chemicus weer eens domme vragen stelde over jouw 

complexe vakgebied.

De leden van de leescommissie, prof.dr. M. den Heijer, prof.dr. J.A. Schalken, prof.

dr. M.P. Laguna Pes, prof.dr. I.J. de Jong, prof.dr. C.H. Bangma, prof.dr. C.G.J. 

Sweep en dr G. van Andel wil ik bedanken voor hun tijd en bereidheid mijn proef-

schrift te lezen en te beoordelen.

Het onderzoeksbureau urologie op afdeling 4F, dr. A.A. Geldof, mw. dr. I.V. Bijnsdorp 

en dr. J.J.L. Jacobs. Jullie hebben het er maar zwaar mee gehad, een arts zonder enige 

onderzoekservaring en/of verstand van zaken, maar wel met een grote mond. Het is 

heel prettig om in een team te mogen aansluiten dat veel ervaring heeft, door jullie 

bemoeienis heb ik op heel veel momenten niet zelf het wiel hoeven uitvinden. Schrijven 

van aanvragen, DEC protocollen, bedenken en uitvoeren van nieuwe experimenten 

of het castreren van ratten: dit was allemaal niets geworden zonder jullie. Beste Ab, 

hopelijk kijk je met net zoveel plezier terug op onze tijd als ik. Hoe is het eigenlijk met 

de gitaarles?? Beste Irene, aan jou heeft de afdeling urologie echt een briljant onder-



Dankwoord 163

D

zoekster, voor de afdeling is het qua gezelligheid en wetenschappelijke activiteiten te 

hopen dat je er nog lang blijft werken. Beste John, het meedoen met radiospelletjes en 

luchtgitaar spelen bij rock-klassiekers op radio Veronica zorgde voor een luchtige noot 

tijdens het lastige begin van mijn onderzoekswerk. Ik hoop dat je je in de toekomst 

weer zult wenden tot de wetenschap.Tessa van Ginkel, fijn om een roomie te hebben 

die mijn rommel en hysterisch getrommel accepteert. Foie gras binnenkort? En niet van 

het onderzoeksbureau, maar wel een rots in de klinsch chemische branding dr H.N.Bui. 

Hong, bedankt voor alles!

Alle chirurgen en (oud)collega AIOS uit het Westfries Gasthuis in hoorn. Alle urologen 

en collega A(N)IOS (+Johan!)in het VU medisch centrum en het OLVG. Ik ben blij en trots 

mijn opleiding bij jullie te mogen volgen.

Speciale vermelding voor alle knallers van de JUS, elk jaar weer legendarisch. NORMAAL 

DOEN!

Mw dr. K. Nielsen, beste Karin. Mijn allerbeste vriend zonder Y chromosoom. Jij bent 

recht voor z’n raap, en zo heb ik je ook het liefst. Huilend op de bank met slappe thee 

of lachend met een biertje op het terras: altijd was je er voor me. Fijn ook dat je getuige 

was op mijn huwelijk. Ik ben blij dat je er bent, alleen eeuwig zonde dat je koffie en 

Holden niet kunt waarderen.

A special and well-deserved place in this acknowledgements-section of my thesis goes 

out to James Holden, the techno sorcerer. Your music has been the leitmotiv in my 

daily research activities. Whether it was playing on my earphones during long hours 

in the laboratory, or in the weekends playing at high volumes at different clubs or 

festivals: you never failed to impress and amaze me. Your music is best described as 

miscellaneous and utterly surprising, in hard times it gave me soothing comfort and in 

times of happiness it amplified my energy. Without your music, this thesis would never 

have come to a good end, therefore you have earned my genuine gratitude.
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Hoog die glazen, lang leve FC Amsterdamse Bos 7.  Wat er ook gebeurt: zaterdag zal 

altijd zaterdag blijven. Op zaterdag zijn we allemaal AJAX (ónze club), ik hoop dat we 

nog vele jaren ballen op de lat mogen blijven schieten. Ik vind die club wel goed, maar 

wie ben ik?

Mannen die aanwezig waren op mijn recente vrijgezellenfeest, jullie verdienen een 

speciale plek. In willekeurige volgorde: Maurice, Rick, Jeroen, Joran, Koen, Daniel, 

Wouter, Pieter, Mark, Mark, Paul, Donny en Oscar. Jullie zijn allemaal bijzonder, en 

hebben allemaal een belangrijke rol in mijn leven. Dank jullie wel dat jullie er waren, 

dank je wel dat jullie er zijn.

Mijn paranimfen dr O.R. Brouwer en drs M.A.P. Oudeman. Oscar, samen onderzoek 

gedaan, samen onze vooropleiding gedaan, samen onze opleiding gedaan. Het is dat 

ik niet op mannen val, anders had ik het zeker geweten. Je bent een held. Maurice, 

beste bedrijfsleider van kinderboerderij Henk. Hopelijk rijden we nog heel wat jaren lek 

samen.Katten shirt kerk, kuzuluuuuuuum!! Fijn dat jullie me willen bijstaan tijdens het 

verdedigen van dit proefschrift.

Mijn familie verdient ook aandacht. Als middelste van drie zonen (overigens wel de 

enige nog niet grijzende) was het altijd gezellig en viel er genoeg te beleven thuis. Ook 

al zien we elkaar niet elke dag vanwege het ziekenhuisleven, broers blijven altijd broers 

en daar ben ik ontzettend blij mee. Pieter, onder ons gezegd en gezwegen ben ik 

stiekem toch blij dat ik 7 jaar na de start van mijn onderzoek niet als laatste van de drie 

promoveer. Wouter, mijn boekje is niet zo dik geworden als dat van jou, maar het gaat 

niet om de grootte maar om wat je er mee doet. Broers, ik ben trots op jullie allebei.

Mijn ouders, Jan en Kitty. Mijn jeugd was fijn en onbezorgd, en dat besef komt pas 

op het moment dat dat achter je ligt. We hebben het er te weinig over, maar ik heb 

nooits iets hoeven missen en heb me altijd gesteund gevoeld in alles wat ik deed. Jullie 

zorgden voor de solide basis waardoor ik me nooit ergens zorgen heb hoeven maken. 

Dank jullie wel voor alles, ik hou van jullie.
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Als laatste uiteraard Merel van der Sluis – Gramberg. Sinds 2008 mijn vriendin, sinds 

2016 mijn echtgenote. Wat hebben we al veel mooie dingen meegemaakt samen! Dat 

belooft veel goeds voor de rest van ons leven. Ik kijk uit naar al onze nog volgende 

avonturen. Zonder jou was het überhaupt niks geworden, en dan heb ik het niet alleen 

over dit proefschrift. Dank je wel dat jij mijn vrouw wil zijn, het leven is stukken mooier 

en leuker dankzij jou. Ik heb je oneindig veel lief, misschien nog wel veel meer dan dat 

je ooit zult beseffen.
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The little owl (Athene noctua) is a bird that inhabits much of the temperate and warmer 

parts of Europe, Asia east to Korea and north Africa. Also, it was introduced into Britain 

and the South Island of New Zealand.

This owl is a member of the typical or true owl family, Strigidae, which contains most 

species of owl, the other grouping being the barn owls, Tytonidae. It is a small, crypti-

cally coloured, mainly nocturnal species and is found in a range of habitats including 

farmland, woodland fringes, steppes and semi-deserts. It feeds on insects, earthworms, 

other invertebrates and small vertebrates. Males hold territories which they defend 

against intruders. This owl is a cavity nester and a clutch of about four eggs is laid in 

spring. The female does the incubation and the male brings food to the nest, first for 

the female and later for the newly hatched young. As the chicks grow, both parents 

hunt and bring them food, and the chicks leave the nest at about seven weeks of age.

The little owl is territorial, the male normally remaining in one territory for life. However 

the boundaries may expand and contract, being largest in the courtship season in 

spring. The home range, in which the bird actually hunts for food, varies with the type 

of habitat and time of year. If a male intrudes into the territory of another, the occupier 

approaches and emits its territorial calls. If the intruder persists, the occupier flies at him 

aggressively. If this is unsuccessful, the occupier repeats the attack, this time trying to 

make contact with his claws. In retreat, an owl often drops to the ground and makes 

a low-level escape. The territory is more actively defended against a strange male as 

compared to a known male from a neighbouring territory; it has been shown that the 

little owl can recognise familiar birds by voice.

Before the euro was introduced, the note for 100 “Gulden” or guilder depicted a snipe. 

However, in a variation on that note designed by Jaap Drupsteen in 1992 there was a 

watermark in that note. That watermark was a little owl. Collectors pay up to 225 euros 

for one of these notes nowadays if the note is in perfect shape. Owls are the only type 

of birds which can discriminate the color blue from other colors. Traditionally, the owl is 

seen as a very wise animal. Owls have a cloaca which is used for reproduction, but they 
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do not have a prostate. The little owl has nothing to do with the contents of this thesis, 

the picture used on the cover of this thesis is purely selected because owls are awesome.

Special thanks goes out to Patricia du Pon for making this beautiful picture. More of 

her great work can be found at http://www.patricia-du-pon.nl or on facebook.
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