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Abstract: Background: Co-treatment of the fetal estrogen estetrol (E4) with androgen deprivation 
therapy (ADT) for advanced prostate cancer (PCa) may further inhibit endocrine PCa tumor 
stimulators including testosterone (T), prostate-specific antigen (PSA), follicle-stimulating hormone 
(FSH), and insulin-like growth factor-1 (IGF-1). Methods: A Phase II, double-blind, randomized, 
placebo-controlled study in advanced PCa patients requiring ADT (the PCombi study) was 
conducted to assess the effect of E4 co-treatment with LHRH agonist ADT on total T, free T, PSA, 
FSH, and IGF-1. Patients starting ADT were randomized 2:1 to 40 mg E4 (n=41) or placebo (n=21) 
for 24 weeks. Analyses were performed on the per-protocol population (PP), using the Wilcoxon-
rank sum and the Kruskal-Wallis test. Results: The PP population consisted of 57 patients (37 
ADT+E4; 20 ADT+placebo). All individual data of the four endocrine tumor stimulators are 
presented in figures in the paper and in supplementary tables, showing that E4 co-treatment almost 
completely suppressed FSH levels in all patients, on average by 98% versus 37% in the placebo 
group (p<0.0001). IGF-1 levels decreased on average by 41% with E4 versus an average increase of 
10% with placebo (p<0.001). On average, levels of total and free T (p<0.05) and PSA (p<0.005) were 
further and earlier suppressed significantly in most patients treated with ADT+E4. Conclusion: 
Estetrol co-treatment with ADT suppresses the tumor stimulator FSH almost completely and 
augments suppression of total and free T, PSA and IGF-1, suggesting enhanced anti-cancer 
treatment efficacy. 

Keywords: androgen deprivation therapy (ADT); anti-tumor efficacy of hormones; estetrol (E4); 
High-dose estetrol (HDE4); PCombi study; testosterone (T); prostate-specific antigen (PSA);  
follicle-stimulating hormone (FSH); insulin-like growth factor-1 (IGF-1) 

 

1. Introduction 

Locally advanced or metastatic prostate cancer (PCa) can be treated with surgery, radiotherapy, 
chemotherapy and hormonal therapy, depending on the stage of the tumor, the age, previous 
treatment and comorbidity. The seminal work of Huggins and Hodges in 1941 demonstrated that 
androgens are integral to the development of PCa and that decreasing the activity of androgens 
through castration with surgical orchidectomy or estrogenic injections inhibits PCa [1]. Treatments 
that suppress and inactivate the androgen testosterone (T) remain the cornerstone of PCa treatment, 
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although surgical orchidectomy and estrogens have been replaced with hormonal anti-androgen 
treatment by androgen deprivation therapy (ADT) and anti-androgenic drugs such as the androgen 
receptor signaling inhibitors (ARSI’s) [2]. 

Gonadotrophin-releasing hormone (GnRH) analogues are established ADT options that are 
continued lifelong, except when used with radiotherapy for locally advanced PCa. Before the GnRH 
analogues were available, estrogens had been an effective treatment option for 30 years, able to 
reduce T levels to inhibit the growth of androgen-sensitive PCa [3,4]. Although the efficacy of 
estrogen and ADT was comparable, estrogens had more major adverse cardiovascular events 
(MACE) and were replaced by GnRH analogues for safety reasons [4]. However, this treatment 
paradigm change from estrogen to GnRH analogues has created a consequential problem of estrogen 
deficiency. By suppressing T, its metabolite estradiol (E2) is also decreased by about 80% [5], causing 
serious estrogen deficiency side-effects affecting quality-of-life (QoL) including arthralgia, hot 
flushes, weight gain, muscle atrophy (sarcopenia), bone loss and fractures, the metabolic syndrome, 
an increased MACE risk, fatigue, sleeping problems, loss of energy, apathy, mood changes and 
depression, and cognition and memory problems (Table S1) [6,7]. 

Estrogen treatment using diethylstilbestrol (DES), ethinylestradiol or oral E2 has been associated 
with an increased risk of MACE [4,7,8]. However, new safer estrogen therapies including transdermal 
E2 (tE2) [9], and the oral fetal estrogen estetrol (E4) [5–7,10] have shown promising anti-tumor effects, 
either combined with ADT (E4) or without ADT (tE2), and a reconsideration of the use of these 
estrogens is warranted, especially as these compounds may prevent/treat estrogen deficiency signs 
and symptoms. 

Estetrol is a natural human estrogen, produced by the fetal liver during pregnancy only. Its 
physiological function is unknown, and it has no active or toxic metabolites [11]. Oral administration 
of E4 has a low impact on coagulation and hemostatic liver factors, at doses up to 20 mg for hormone 
replacement therapy (HRT) [12], or at a dose of 15 mg in combination with the progestin drospirenone 
for contraception [13]. An E4 dose-finding study in healthy older males to estimate the optimal dose 
of E4 for the treatment of advanced PCa resulted in the selection of a dose of 40 mg E4 for further 
development [14]. The phase II PCombi study (Co-treatment of PCa with ADT and oral E4) was 
conducted to assess the efficacy and safety of 40 mg E4 in patients with advanced PCa who started 
ADT treatment with an LHRH agonist (LHRHa) [5,6]. We have previously reported that E4 
cotreatment was well tolerated, and associated with improvements in estrogen-deficiency symptoms 
compared to placebo, while also demonstrating more potent suppression of endocrine parameters 
consistent with enhanced anti-tumor effects [5,6]. In the present paper, we further evaluate the anti-
tumor effects of oral E4 co-treatment on the tumor stimulators total and free T, prostate-specific 
antigen (PSA), follicle-stimulating hormone (FSH) and insulin-like growth factor-1 (IGF-1). In 
particular, special emphasis has been put on FSH and IGF-1 since the important role of these tumor 
stimulators is generally underestimated. 

2. Patients and Methods 

2.1. Patients 

Male patients with a body mass index of 18.0–35.0 kg/m2, recently diagnosed with locally 
advanced or metastatic PCa and qualifying for treatment with an LHRHa as ADT were eligible. In 
addition, patients had to have an Eastern Cooperative Oncology Group (ECOG) performance status 
of 0–1 [15] and a life expectancy of at least 2 years. The supplementary information provides a full 
list of the inclusion and exclusion criteria. 

2.1. Study Design and Treatments 

A randomized, double-blind, placebo-controlled, phase II, proof-of concept study in patients 
with advanced PCa (PCombi) was conducted at four sites in the Netherlands (ClinicalTrials.gov 
NCT03361969; EudraCT 2017-003708-34) [5]. Eligible patients were randomized at baseline at a 2:1 
ratio to receive once-daily oral co-treatment of ADT with 40 mg E4 or matching placebo for a 
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treatment duration of 24 weeks (wks). Blinded study medication was packed per subject number 
according to a computer-generated randomization list that was only known to an independent 
biostatistician. 

The study was approved by an independent ethics committee (Evaluation of Ethics in 
Biomedical Research, Assen, The Netherlands) and was conducted in accordance with the 
Declaration of Helsinki and the Good Clinical Practice guidelines of the International Council for 
Harmonization. All patients provided written informed consent. 

2.3. Endpoints and Assessments 

Prior papers have reported on the favorable effects of oral E4 on hot flushes, arthralgia, 
endocrine and bone parameters, and QoL in patients with PCa [5,6]. The present paper is focusing in 
more detail on the analysis of the effects on endocrinological tumor stimulators. For these analyses, 
blood was withdrawn before treatment (baseline), and at 2, 4, 6, 8, 12, 18 and 24 wks for total T, free 
T and PSA, and at baseline, 12 and 24 wks for FSH and IGF-1. Total T levels were determined by LC-
MS/MS at Ardena Bioanalysis, Assen, The Netherlands. Free T was assessed using an enzyme 
immunoassay at IBL, Hamburg, Germany. PSA, FSH and IGF-1 levels were assessed by 
electrochemiluminescence immunoassay at BARC Central Laboratory, Ghent, Belgium. 

2.4. Statistical Analysis 

The per-protocol (PP) population was considered the primary population for the analysis of all 
the secondary endpoints involving endocrine parameters. Patient demographic data were compared 
using a chi-square exact test or t test. Differences between treatment groups over time for total T, free 
T, and PSA were analyzed using a repeated-measure mixed model on log-transformed values 
(Wilcoxon rank-sum test). All endocrine parameters at the 24-wk visit were compared using Kruskal-
Wallis testing. Individual data, recorded at wks 2, 6, 12 and 24 were used to visualize changes versus 
baseline in every patient. 

3. Results 

In total, 63 patients were randomized and 62 received study medication (41 ADT+E4 and 21 
ADT+placebo). The PP population consisted of 57 patients: 37 on E4 and 20 on placebo (Figure S1 
CONSORT diagram). Five patients discontinued treatment early, three due to adverse events (Figure 
S1). Baseline patient characteristics did not differ between the treatment groups, except for BMI and 
ECOG performance status (Table S2) [5]. 

Circulating levels of total T to castrate levels of less than 0.6 nmol/l (20 ng/dl) were achieved in 
almost all patients in both treatment groups from wk 4 onwards (Figure S2A, Tables S3 and S4). 
Compared to placebo, patients using E4 showed significantly earlier suppression of total T during 
the first 2–6 wks of treatment (p<0.05; Figure S2A), and were similar thereafter. Apart from one case 
of increased total T at 2 wks, suggesting a flare, individual maximal total T suppression was achieved 
earlier with E4 (Figures 1 and S2A, Table S4). 

Measured free T levels were significantly lower with E4 at all time points during the study (all 
p<0.05; Figure S2B, Tables 1, S3 and S5). At the end of the study at 24 wks, the mean level of free T 
had decreased from 42.0 pmol/l at baseline to 2.4 pmol/l (-93.2%) with E4, and significantly less with 
placebo, from 37.7 pmol/l to 3.2 pmol/l (-89.7%) (p<0.05; Tables 1 and S5). Across all the individuals, 
free T levels decreased faster and better with E4, with adequate suppression from wk 2 onwards 
(Figure 2). 
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2024                   doi:10.20944/preprints202406.0646.v1

https://doi.org/10.20944/preprints202406.0646.v1


 4 

 

Table 1. Suppression of endocrine tumor stimulators after 24 wks treatment with 40 mg estetrol or 
placebo ADT co-administration (per-protocol population). 

Parameter (unit) ADT + 40 mg estetrol 
(n = 37) 

 
ADT + Placebo 

(n = 20) 
 p value * 

Total T (nmol/l) -97.1 (1.6)  -83.1 (30.2)  0.2819 
Free T (pmol/l) -93.2 (4.0)  -89.7 (6.9)  0.0389 

PSA (ng/ml) -96.4 (5.3)  -83.1 (30.2)  0.0033 
FSH (IU/l) -97.8 (1.7)  -36.7 (44.8)  <0.0001 

IGF-1 (ng/ml) -41.4 (15.3)  +10.2 (30.4)  <0.0001 
Values are presented as the percentage change of the mean with standard deviation in brackets 

ADT: androgen deprivation therapy; T: testosterone; PSA: prostate-specific antigen; FSH: follicle-
stimulating hormone; IGF-1: insulin-like growth factor-1 

* Kruskall-Wallis test comparing Wk 24 laboratory levels of 40 mg estetrol wth placebo (P value 
printed in bold if statistically significant) 

The decrease of PSA with E4 occurred earlier than with placebo in the majority of patients, with 
mean levels of 13.4 ng/ml with E4 (-27.2%) and 27.4 ng/ml with placebo (-18.2%) after 2 wks (Figure 
S2C, Tables S3 and S6). At 24 wks, the mean level of PSA had decreased from 18.4 ng/ml at baseline 
to 0.6 ng/ml with E4 (-96.4%), and significantly less with placebo, from 33.5 ng/ml to 4.0 ng/ml (-
83.1%) (p<0.005; Tables S3 and S6). The differences between treatment groups were significant at all 
time points (p<0.05; Figure S2C). Figure 3 shows the enhanced and consistent PSA suppression from 
6-12 wks onwards in all individuals. 

For FSH, Figure 4 shows that with E4 FSH was almost completely suppressed in all patients. In 
the placebo group, FSH decreased in 16 of 20 patients and to a much lower extent than with E4 
(p<0.001) (Figure 4, Table 1). The mean level of FSH decreased from 11.3 IU/l at baseline to 0.2 IU/l 
both at 12 wks and at 24 wks with E4 (-97.8%), and from 12.7 IU/l to 5.5 IU/l at 24 wks with placebo 
(-36.7%) (p<0.001; Figures 4 and S3; Tables 1 and S7). 

For IGF-1, the suppressive effect of E4 in all except one patient at 24 wks is shown in Figure 5. 
With placebo, IGF-1 levels showed a more variable effect with both increases and decreases. With E4, 
the mean level of IGF-1 decreased from 174.0 ng/ml at baseline to 110.2 ng/ml (-35.8%) and to 100.4 
ng/ml (-41.4%) at 12 wks and 24 wks, respectively (Figures 5 and S3, Tables 1 and S8). In contrast, the 
mean levels of IGF-1 increased slightly in the placebo group, from 153.1 ng/ml at baseline to 161.3 
ng/ml (+2.1%) and 171.2 ng/ml (+10.2%), respectively (Figure S3 and Table S3) The differences 
between treatment groups were significant (p<0.0001). 
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Figure 1. Individual change (%) from baseline of total testosterone levels at Weeks 2, 6, 12 and 24 of 
treatment with 40 mg estetrol or placebo ADT co-administration (per-protocol population). ADT 
androgen deprivation therapy; E4: estetrol; Source: Supplementary Table S4. 

 

Figure 2. Individual change (%) from baseline of free testosterone levels at Weeks 2, 6, 12 and 24 of 
treatment with 40 mg estetrol or placebo ADT co-administration (per-protocol population). ADT 
androgen deprivation therapy; E4: estetrol; Source: Supplementary Table S5. 
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Figure 3. Individual change (%) from baseline of prostate-specific antigen levels at Weeks 2, 6, 12 and 
24 of treatment with 40 mg estetrol or placebo ADT co-administration (per-protocol population). ADT 
androgen deprivation therapy; E4: estetrol; Source: Supplementary Table S6. 

 
Figure 4. Individual change (%) from baseline of follicle-stimulating hormone levels at Weeks 12 and 
24 of treatment with 40 mg estetrol or placebo ADT co-administration (per-protocol population). ADT 
androgen deprivation therapy; E4: estetrol; Source: Supplementary Table S7. 
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Figure 5. Individual change (%) from baseline of insulin-like growth factor-1 levels at Weeks 12 and 
24 of treatment with 40 mg estetrol or placebo ADT co-administration (per-protocol population). ADT 
androgen deprivation therapy; E4: estetrol; Source: Supplementary Table S8. 

4. Discussion 

Publications reporting clinical trials generally do not include individual effects. The size of the 
study reported in this paper, with 37 PCa patients treated by ADT+E4 and 20 patients treated by 
ADT+placebo, allows us to show all individual assessments of the four endocrine tumor stimulators, 
i.e testosterone (T), PSA, FSH and IGF-1, during the 24 wks treatment period. Figures 1, 2 and S2 
show that total T and free T both respond faster with E4 during the first 2-6 wks of treatment, and 
free T is better suppressed at all time points thereafter. From wk 6 onwards, PSA nadirs are more 
profound and sustained with E4 (Figures 3 and S2C). FSH and IGF-1, both measured at 12 and 24 
wks show a striking difference with almost complete suppression of FSH in all patients (Figure 4) 
and a decrease in IGF-1 in all but one patient (Figure 5). In the placebo group, 6 of 20 patients even 
showed an increase of FSH and 10 of 20 patients showed an increase of IGF-1. This confirms that all 
E4 treated patients demonstrated a favorable effect of E4 on endocrine tumor stimulators. 

The principle aim of ADT as treatment for advanced PCa is to reduce the circulating levels of 
testosterone to castrate levels of total T of less than 0.6 nmol/l (20 ng/dl) [16,17], which was achieved 
in all patients in both treatment groups from wk 4 through wk 24 in this study. GnRH analogues used 
for ADT act by suppression of (LHRH agonists) or by competition with (GnRH antagonist) the 
pituitary luteinizing hormone (LH). 

In the present PCombi study in both treatment groups LHRHa’s were used for ADT and in both 
groups the suppression of LH is 97.6% [5], and therefore the addition of E4 does not suppress LH 
further. Therefore, it is not surprising that the effect on total T is comparable in both groups, except 
for the earlier suppression with E4, which can be explained by the negative feedback of estrogens on 
the hypothalamus. The earlier suppression of free T can be explained by the same feedback 
mechanism. The significant further inhibition of free T, considered a better predictor than total T for 
castration resistance [18], can be explained by the increase of sex hormone-binding globulin (SHBG) 
by estrogens as also shown for E4 (Table S9), and the binding and thereby inactivation of testosterone 
by SHBG. 

The rather strong and significant effect of E4 on PSA is a new observation. PSA is kallikrein-3, a 
protease enzyme, that stimulates the growth of PCa [19] and the rise in PSA means higher production 
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of this tumor stimulator, which explains that a suppression of the tumor stimulator PSA by ADT is 
associated with clinical benefits [20] and also explains why PSA is a marker for PCa tumor 
progression. 

The mitogenic effect of FSH plays an important stimulating role in the development and 
progression of PCa [21,22]. The name of the hormone FSH is derived from its physiological mitogenic 
effect in women on ovarian follicular granulosa cells [23]. In the male, FSH is the prime inducer of 
proliferation of spermatogonia [24]. FSH levels are suppressed by ADT alone [21] and by ADT 
combined with an ARSI [25], or by tE2 only [26]. The almost complete suppression of FSH (97.8%) in 
all patients co-treated with E4 is therefore a significant anti-tumor effect just like the significantly 
enhanced suppression of the mitogen IGF-1. High levels of serum IGF-1 and activated IGF-1 receptor 
(IGF-1R) in the prostate are found in PCa [27]. Not only enhanced serum IGF-1 but also the activation 
of IGF-1R and its downstream signaling components has been increasingly recognized to play a vital 
role in driving the development of PCa [27]. Treatment modalities targeting IGF-1 are potential 
strategies for cancer therapy [27], and the observed effects of E4 in the PCombi study suggest a 
favorable effect on IGF-1. 

New endocrine treatments for advanced PCa are generally based on a novel mode of action to 
inhibit or antagonize testosterone, all at the expense of the concomitant loss of estrogens. This results 
in a loss of QoL by serious subjective side effects including hot flushes and arthralgia, and objective 
symptoms such as bone loss and fractures, arterial vascular disease and unfavorable brain effects. In 
the past, estrogens have been used very effectively for PCa treatment, but have been replaced by 
LHRHa’s because of an increased risk of MACE. So far, the risk of MACE when using tE2 or E4 is 
reassuring and seems to be lower than the risk of the older estrogens used in the past [5,8–10,28]. 

5. Limitations 

The current findings are robust for an enhanced suppression of total T, free T, PSA, FSH and 
IGF-1 during E4 cotreatment with ADT. However, larger and longer-duration studies are needed to 
confirm that these secondary tumor suppression endpoints are predictive and representative for a 
better progression-free survival and overall survival in men with advanced prostate cancer. 

6. Conclusion 

Estetrol co-treatment with ADT suppresses the tumor stimulator FSH almost completely and 
augments the suppression of total and free T, PSA and IGF-1, suggesting enhanced anti-cancer 
treatment efficacy. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. 
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