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Abstract

Background: Androgen deprivation therapy (ADT) for prostate cancer with lutei-
nizing hormone-releasing hormone (LHRH) agonists can be improved.
Objective: To assess safety, the frequency and severity of hot flushes (HFs), bone
health, and antitumor effects of high-dose estetrol (HDE4) when combined with
ADT.
Design, setting and participants: A phase II, double-blind, randomized, placebo-
controlled study was conducted in advanced prostate cancer patients requiring
ADT (the PCombi study).
Intervention: Patients receiving LHRH agonist treatment were randomized 2:1 to
40 mg HDE4 (n = 41) or placebo (n = 21) cotreatment for 24 wk.
Outcome measurements and statistical analysis: Coprimary endpoints were fre-
quency/severity of HFs and levels of total and free testosterone (T). Secondary
endpoints included assessments of bone metabolism (osteocalcin and type I
collagen telopeptide [CTX1]), prostate-specific antigen (PSA), and follicle-stimu-
lating hormone (FSH). Efficacy analysis was based on the selected per-protocol (PP)
population.
Results and limitations: Of 62 patients included in the study, 57 were suitable for a
PP analysis (37 HDE4; 20 placebo). No E4-related serious cardiovascular adverse
events occurred at 24 wk. Weekly HFs were reported by 13.5% of patients with
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Bone turnover parameters decreased significantly with HDE4 (p < 0.0001).
Total and free T decreased earlier (p < 0.05), and free T was suppressed further
(p < 0.05). PSA suppression was more profound and earlier (p < 0.005). FSH
levels were suppressed by 98% versus 57% (p < 0.0001). Estrogenic side effects
were nipple sensitivity (34%) and gynecomastia (17%).
Conclusions: HDE4 cotreatment of ADT patients with advanced prostate cancer
was well tolerated, and no treatment-related cardiovascular adverse events
were observed at 24 wk. HFs and bone turnover were substantially reduced.
Suppression of free T, PSA, and FSH was more rapid and profound, suggesting
enhanced disease control by HDE4 cotreatment. Larger and longer-lasting
studies are needed to confirm the results of the study reported here.
Patient summary: Cotreatment of androgen deprivation therapy with high-
dose estetrol in advanced prostate cancer patients results in fewer occurrences
of hot flushes, bone protection, and other antitumor benefits. Nipple sensitivity
and gynecomastia may occur as side effects.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association of

Urology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In 1941, Huggins and Hodges [1] were the first to
demonstrate that metastatic prostate cancer is positively
affected by castration. Since then, estrogens were used
effectively for 30 yr to reduce testosterone (T) levels to
inhibit the growth of androgen-sensitive adenocarcinoma
of the prostate [2,3]. However, estrogens had serious
cardiovascular (CV) side effects [3]. The discovery of
gonadotrophin-releasing hormone (GnRH) by the group
of Schally [4], controlling the release of the gonadotrophins
luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) by the pituitary, made the development of GnRH
analogs possible. Replacement of estrogens by GnRH
analogs may decrease the CV risk of androgen deprivation
therapy (ADT), but causes serious estrogen deficiency, since
the reduction of T also suppresses its metabolite estradiol
(E2). Hot flushes (HFs) occur frequently, interfering with
quality of life (QoL), and increased bone turnover predis-
poses to bone loss and fractures. Relevant other effects of
estrogens are the following: (1) an increase of the hepatic
protein sex hormone–binding globulin (SHBG), thereby
decreasing free T [5], and (2) suppression of FSH, an
independent prostate cancer growth inhibitor that is also
associated with a lower risk of CV side effects during ADT
[6].

Estetrol (E4) 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. Oral administration of E4 has a low impact
on coagulation and hemostatic liver factors, alone or at
doses up to 15 mg in combination with the progestin
drospirenone for contraception [7–13]. E4 has a different
mechanism of action from those of other estrogens, since it
does not stimulate the membrane estrogen receptor alpha
(ERa), and in the presence of E2, E4 antagonizes the
stimulatory membrane effects of E2 [14,15].

In view of this different mode of action and its limited
liver and hemostatic effects, oral E4 was considered to offer
a new opportunity for estrogen treatment of advanced
prostate cancer. An E4 dose-finding study resulted in the
selection of a dose of 40 mg E4 for further development
[5]. The phase II PCombi study was performed in patients
with advanced prostate cancer who started ADT treatment
with luteinizing hormone-releasing hormone (LHRH) ago-
nists. In this study, safety, estrogen replacement effects on
HFs and bone, and potential antitumor effects on total and
free T, prostate-specific antigen (PSA) and FSH of high-dose
estetrol (HDE4) were investigated and are reported here.

2. Patients and methods

2.1. Patients

The present study was performed in patients with regionally advanced
infiltrating, nonmetastatic, or metastatic castration-sensitive prostate
cancer that required ADT. Patients aged �18 yr were eligible if they
qualified for ADT by LHRH agonist treatment (Supplementary material).
In addition, patients had to have a body mass index (BMI) of 18.0–35.0
kg/m2, an Eastern Cooperative Oncology Group (ECOG) performance
status of 0–1 [16], and life expectancy of at least 2 yr. The concomitant
use of antiandrogens to prevent symptoms of a T flare was allowed
during the first 14 d of the study. Patients with a history of venous
thromboembolism or defect in the blood coagulation system could not
participate. Patients were treated with standard doses and regimen of
leuprolide (88%) or goserelin (12%) chosen by the investigator.

The study was approved by the Independent Ethics Committee of the
Foundation “Evaluation of Ethics in Biomedical Research,” Assen, the
Netherlands, and conducted in accordance with the provisions of the
Declaration of Helsinki and the Good Clinical Practice guidelines of the
International Council for Harmonisation. All patients provided written
informed consent.

2.2. Study design and treatments

PCombi was a phase 2, double-blind, randomized, placebo-controlled
study, conducted at four sites in the Netherlands from March 2018 to
May 2020 (ClinicalTrials.gov identifier: NCT03361969. EudraCT 2017-
003708-34). Patients were randomized in a 2:1 ratio to once daily oral
treatment with 40 mg E4 (HDE4) or placebo, in addition to ADT using an
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LHRH agonist. Blinded study treatment was initiated on the day of the
first LHRH agonist injection and was continued for 24 wk.

2.3. Outcomes

The PCombi study had two primary efficacy endpoints: (1) the frequency
and intensity of HFs, and (2) the levels of total T and free T. Occurrences of
HFs were recorded in a diary (number and intensity) and in a
nonvalidated Q-Man questionnaire (Supplementary material) register-
ing hormonal side effects at every visit. The diary was completed during
three 7-d periods in weeks 5, 13, and 23 of treatment. Secondary efficacy
endpoints were the effect of HDE4 on PSA, LH, FSH, E2, SHBG, osteocalcin,
type I collagen telopeptide (CTX1), and dehydroepiandrosterone-sulfate
(DHEA-S). Special emphasis was paid to CV adverse events (AEs). Safety
was further assessed through reporting of other AEs, clinical laboratory
tests, vital signs, and physical examinations.

2.4. Statistical analysis

No formal sample size calculation was performed for this explorative
phase II study. The number of patients to be recruited was based on a
reduction of at least 50% of the frequency of HFs, known to occur in 55–
60% of patients treated with ADT [17–19]. The per-protocol (PP)
population was considered the primary population for the efficacy
analysis. For all efficacy variables, the 24-wk visit was the primary
endpoint. The proportion of patients experiencing at least one HF during
the 7 d before the last visit was compared using Fisher’s exact test.
Differences between treatment groups over time for total T, free T, and
PSA were analyzed using a repeated-measure mixed model on
Table 1 – Patient demographics and baseline characteristics (per-proto

Parameter 40 mg e

(N = 

Age (yr), median (range) 74 (59–85
Weight (kg) 82.9 (12.2
BMI (kg/m2) 26.1 (3.4)
Duration since PC diagnosis
0–3 mo 21 (56.8)
3–6 mo 3 (8.1) 

6 mo–1 yr 2 (5.4) 

>1 yr 11 (29.7) 

Distant metastasis
M0 25 (67.6) 

M1 7 (18.9) 

M1a 2 (5.4) 

M1b 3 (8.1) 

M1c – 

Gleason score, n (%)
6 2 (5.4) 

7 15 (40.5)
�8 20 (54.1) 

ECOG performance status, n (%)
0 33 (89.2)
1 4 (10.8) 

Previous prostatectomy, n (%) 9 (24.3) 

Radiotherapy for primary tumor, n (%) 7 (18.9) 

Previous hormone therapy, n (%) – 

Use of bicalutamide during baseline efficacy lab test, n (%) 16 (43.2)

BMI = body mass index; ECOG = Eastern Cooperative Oncology Group; LHRH = lu
Results are expressed in mean (standard deviation) or otherwise specified.
All patients were male patients with prostate cancer qualifying for treatment wi
chemotherapy.
a For categorical variables, chi-square exact test p value was reported; for continuo
significant).
log-transformed values. Endocrine and biochemical parameters at the
24-wk visit were compared using Kruskal-Wallis testing (Supplementary
material).

The safety evaluation was based on all patients who received at least
one dose of study medication.

3. Results

Five patients withdrew informed consent during the
screening. In total, 63 patients were randomized and
62 received study medication (41 HDE4 and 21 placebo).
Five patients discontinued treatment early. The PP popula-
tion consisted of 57 patients: 37 on HDE4 and 20 on placebo
(see Supplementary Fig. 1 for the CONSORT diagram).
Baseline patient characteristics did not differ between the
treatment groups, except for BMI and ECOG performance
status (Table 1). Concomitant hormonal medication was not
allowed, except for bicalutamide during the first 2 wk of
treatment, used by 43% and 50% of patients on HDE4 and
placebo, respectively.

The mean daily frequency and intensity HF score were
lower with HDE4 at all time points (Fig. 1A). During week
23, 14.3% of patients in the HDE4 group reported mild,
moderate, or severe HFs in a diary compared with 60.0%
in the placebo group (p < 0.001; Fig. 1B). At the week
24 visit, the Q-Man questionnaire (Supplementary material)
revealed daily HFs in 5.9% of patients with HDE4 and in
col population)

stetrol Placebo Total p valuea

37) (N = 20) (N = 57)

) 75 (49–84) 74 (49–85) 0.650
) 90.0 (14.8) 85.4 (13.5) 0.057

 28.2 (3.7) 26.8 (3.6) 0.045

 12 (60.0) 33 (57.9) 0.458
3 (15.0) 6 (10.5)
1 (5.0) 3 (5.3)
4 (20.0) 15 (26.3)

14 (70.0) 39 (68.4) 0.382
2 (10.0) 9 (15.8)
– 2 (3.5)
3 (15.0) 6 (10.5)
1 (5.0) 1 (1.8)

1 (5.0) 3 (5.3) 0.996
 8 (40.0) 23 (40.4)

11 (55.0) 31 (54.4)

 12 (60.0) 45 (78.9) 0.010
8 (40.0) 12 (21.1)
3 (15.0) 12 (21.1) 0.410
2 (10.0) 9 (15.8) 0.378
1 (5.0) 1 (1.8) 0.170

 10 (50.0) 26 (45.6) 0.625

teinizing hormone-releasing hormone; PC = prostate cancer.

th an LHRH agonist with no history of radiotherapy to bone or no history of

us variables, t test p value was reported (p value is printed in bold if statistically



Fig. 1 – (A) Mean daily hot flushes and (B) percentage of patients experiencing at least one hot flush measured during treatment weeks 5, 13, and
23 with 40 mg estetrol (E4) or placebo in patients with prostate cancer treated with an LHRH agonist (per-protocol population). Mean daily hot flush
score is a calculated score based on the number and severity of hot flushes per day, averaged over the 1-wk period. Severity was recorded as mild (1),
moderate (2), severe (3), and very severe (4). LHRH = luteinizing hormone-releasing hormone.
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55.0% with placebo. Temporary nipple sensitivity (34%) and
gynecomastia (17%) occurred in the HDE4 group only.

Patients using HDE4 showed earlier suppression of total
T during the first 2–6 wk of treatment (treatment � visit
interaction p < 0.05; Fig. 2A), which was also reflected in
total T nadir levels being reached earlier with HDE4 (90 vs
101 d). Final total T and nadir levels were similar. Sustained
suppression of total T below castrate levels of 1.7 nmol/l
(50 ng/dl) from week 4 through week 24 was achieved in all
patients in both treatment groups. Free T was lower in
patients using HDE4 throughout the 24 wk (treatment �
visit interaction p < 0.05; Fig. 2B and Table 2).

No differences between the two treatment groups were
observed for LH levels (Fig. 3A and Table 2). Mean FSH levels
decreased by 98% with HDE4 at 24 wk and by 57% with
placebo (p < 0.0001; Fig. 3B and Table 2). The levels of E2
were suppressed equally in both groups by 82% at 24 wk of
treatment (Fig. 3C and Table 2). At week 24, SHBG levels
were increased by 185% in the HDE4 group, but no change
occurred with placebo (p < 0.0001; Fig. 3D and Table 2).
DHEA-S decreased by 27% in both treatment groups (Fig. 3E
and Table 2). Bone metabolism markers increased in the
placebo group by 48% for osteocalcin and by 151% for CTX1
at 24 wk. In the HDE4 group, osteocalcin decreased by 22%
and CTX1 by 25% at 24 wk compared with baseline
(p < 0.0001; Fig. 3F and G, and Table 2). PSA levels were
significantly lower with HDE4 at all seven time points
(p < 0.005; Fig. 2C and Table 2). PSA decreased earlier with
a median PSA level of 5.7 ng/ml with HDE4 at 2-wk
treatment compared with 10.5 ng/ml with placebo. After
24 wk, the median PSA with HDE4 was 0.05 ng/ml,
compared with 0.56 ng/ml with placebo (p < 0.005). At
24 wk, the PSA level was <0.5 ng/ml in 31/37 HDE4 users
(84%) versus in 9/20 placebo users (45%).

No deaths occurred during the study. There were seven
CV AEs, all considered not related to study treatment by the



Fig. 2 – Median levels of (A) total testosterone, (B) free testosterone,
and (C) prostate-specific antigen (PSA) after 2, 4, 6, 8, 12, 18, and
24 wk of treatment with 40 mg estetrol (E4) or placebo in patients
with prostate cancer treated with an LHRH agonist (per-protocol
population). LHRH = luteinizing hormone-releasing hormone;
T = testosterone.
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investigators and the independent safety officer (Table 3):
five of 41 (12.2%) patients on HDE4 and two of 21 (9.5%)
patients on placebo. Four CV AEs were reported as serious:
two (5%) with HDE4 (arrhythmia and atrioventricular block)
and two (10%) with placebo (coronary artery disease and
anemia with cardiac failure). Three AEs in the HDE4 group
led to discontinuation of treatment (hypersensitivity
reaction, depression, and peripheral edema), all considered
not related to E4. No general safety problems or clinically
relevant changes of lipids and hemostasis parameters were
observed (Supplementary Table 1).

4. Discussion

Reintroduction of the use of estrogens for the treatment of
advanced prostate cancer, certainly when applied at high
doses, raises CV safety concerns. However, not all estrogens
are the same (Supplementary Fig. 2).

The present study was performed in patients with
regionally advanced nonmetastatic or metastatic castra-
tion-sensitive prostate cancer that required ADT. Of note,
this is an aging population with often multiple concomi-
tant diseases and an increased risk of CV AEs anyhow
[20]. In our relatively small study, no severe drug-related
CV side effects occurred in 41 patients cotreated with a
high oral dose of 40 mg estetrol (HDE4) for 24 wk. Mild
estrogenic side effects (nipple sensitivity and gyneco-
mastia) occurred occasionally without causing study
discontinuation. The 40 mg dose of E4 is considered to
be high because in preclinical and clinical studies the
potency of E4 is known to be ten times lower than
that of E2 (so 40 mg E4 equals 4 mg E2), whereas in
women the standard dose of postmenopausal E2 treat-
ment is 1–2 mg [21]. Transdermal estrogens have also
been studied in advanced prostate cancer as a replace-
ment of LHRH agonists in a head-to-head study design
(thus not as a cotreatment) and have appeared to have
comparable efficacy with the LHRH agonists [22,23]. The
effect on HFs seems to be less than that of HDE4 in the
present study.

Increasing evidence supports the view that FSH levels
are also related to CV risk in males with advanced
prostate cancer by a direct effect of elevated FSH on
arteriosclerotic plaques [6]. In a study comparing the
LHRH agonist leuprolide with the oral GnRH antagonist
relugolix, FSH suppression was significantly higher with
relugolix (89%) than with leuprolide (64%) and considered
to be responsible for the significantly better CV risk
profile of relugolix [17]. We found that the combination of
an LHRH agonist with HDE4 suppressed FSH almost
completely (98%), whereas FSH levels were reduced only
by 57% with LHRH agonists alone. This provides a
mechanistic explanation for an anticipated better CV
safety profile of HDE4 compared with the older estrogens
used in the past [12]. In addition, the profound suppres-
sion of FSH may have an independent inhibitory effect on
prostate cancer tumor growth [24,25].



Table 2 – Laboratory parameters at baseline and after 24 wk of treatment with 40mg estetrol or placebo daily coadministration in patients
with prostate cancer treated with an LHRH agonist (per-protocol population)

Laboratory parameter 40 mg Estetrol Placebo

(N = 37) (N = 20)

Baseline End of treatment
(week 24)

Percentage change
from baseline

Baseline End of treatment
(week 24)

Percentage change
from baseline

p valuea

PSA (ng/ml) 18.4 (22.10) 0.6 (2.12) –96.4 (5.3) 33.5 (56.98) 4.0 (9.54) –83.1 (30.2) 0.0033
Testosterone, total (nmol/l) 19.4 (8.54) 0.5 (0.22) –97.1 (1.6) 19.1 (6.55) 0.5 (0.21) –97.4 (1.5) 0.2819
Testosterone, free (pmol/l) 42.0 (17.36) 2.4 (0.97) –93.2 (4.0) 37.7 (15.62) 3.2 (1.57) –89.7 (6.9) 0.0389
LH level (IU/l) 10.2 (9.34) 0.2 (0.17) –97.6 (1.8) 11.9 (11.49) 0.17 (0.09) –97.6 (2.8) 0.6805
FSH level (IU/l) 11.3 (11.29) 0.2 (0.09) –97.8 (1.7) 12.7 (9.48) 5.5 (3.20) –56.7 (44.8) <0.0001
Estradiol (pmol/l) 98.5 (39.72) 17.4 (12.40) –81.6 (10.5) 113.4 (47.71) 17.1 (13.46) –82.3 (14.9) 0.7639
SHBG (nmol/l) 61.3 (26.80) 166.6 (78.13) +185.0 (111.4) 69.1 (29.89) 66.4 (28.25) –2.5 (15.8) <0.0001
DHEA-S (mmol/l) 3.5 (2.05) 2.5 (1.35) –26.8 (18.9) 3.8 (1.97) 2.8 (1.70) –26.8 (18.8) 0.5875
Osteocalcin (ng/ml) 18.2 (7.29) 14.0 (6.63) –22.0 (19.7) 17.6 (5.19) 25.0 (8.28) +47.6 (47.2) <0.0001
CTX1 (ng/ml) 309.5 (168.1) 219.9 (117.9) –24.8 (34.6) 300.3 (124.7) 678.6 (267.0) +151.1 (109.1) <0.0001

CTX1 = type I collagen telopeptide; DHEA-S = dehydroepiandrosterone-sulfate; FSH = follicle-stimulating hormone; PSA = prostate-specific antigen; LH
= luteinizing hormone, LHRH = luteinizing hormone-releasing hormone; SHBG = sex hormone–binding globulin.
Results reported as mean (standard deviation).
a Kruskall-Wallis test comparing week 24 laboratory levels of 40 mg estetrol with placebo (p values are printed in bold if statistically significant).
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Both primary efficacy endpoints of the study were met
with (1) a substantial and >50% reduction of HFs aimed at,
and (2) significantly earlier suppression of total T and
earlier and larger suppression of free T at all time points.
The effects on T levels are due to E4 and not due to the
LHRH agonists, since the suppression of LH was equal in
both groups (98%).

Although the size and treatment duration of this phase II
study do not allow final conclusions on the safety and the
antitumor effects of HDE4, the data on important clinical
parameters of estrogen deficiency were robust. First of all,
the hypoestrogenicity caused by ADT was similar with 82%
decreases of E2 in both treatment groups. Second, by
cotreatment with a high dose of E4, two major problems
caused by this LHRH agonist–induced estrogen deficiency
were prevented: (1) HFs were substantially reduced and (2)
the study generated significant data on a strong bone-
sparing estrogenic effect of HDE4, with a decrease of bone
turnover with HDE4 compared with an increase with LHRH
agonists only. This suggests prevention of bone loss and the
potential to decrease the risk of fractures.

HFs interfering with QoL are known to occur in 55–60% of
ADT users, with both LHRH agonists and GnRH antagonists
[17–19]. The number of patients suffering from HFs
according to the diary was substantially reduced with
HDE4, that is, to 14.3% versus 60.0% per week with placebo,
and to 5.9% versus 55% per day. In addition, compared with
placebo, the frequency of HFs per day per patient was
reduced, and the intensity was less severe with HDE4. Side
effects of HDE4 were temporary nipple tenderness and
gynecomastia, but both events were no reason for study
discontinuations.

The importance of suppressing biologically active free T
is increasingly recognized as essential for effective prostate
cancer treatment [26,27]. The expected further lowering of
free T, due to the 185% increase of SHBG [5], was confirmed
by significantly lower free T levels observed at all time
points. In addition, the suppression of total T and free T was
earlier and greater with HDE4 after 2 wk of treatment. In
men, 95% of T is produced by the testicular Leydig cells in
response to LH. The remaining 5% is of adrenal origin as the
metabolite of dehydroepiandrosterone (DHEA) and its
sulfate DHEA-S [28,29]. We found the same 27% decrease
of DHEA-S in both groups, so HDE4 does not appear to affect
adrenal androgens.

With ADT, there is a relationship between the efficacy
of treatment and the suppression of PSA, with levels
below 0.1, 0.2, or 0.5 ng/ml across studies being related to
better prognosis and longer overall survival [30–32]. In
the present study, suppression of PSA was effective in
both groups, but PSA levels decreased earlier and
suppression was significantly more profound with
HDE4, whereas significantly more patients on HDE4 than
on placebo were suppressed below the limit of 0.5 ng/ml
(84% vs 45%).

4.1. Limitations

The current findings are robust in terms of the prevention
and treatment of HFs, restoration of bone biochemistry, and
suppression of FSH. However, due to the limited number of
patients and the relatively short treatment period of 24 wk,
a further 52-wk phase III study is needed to confirm the
safety of HDE4, and to report QoL effects by validated
questionnaires and measure bone mass. Longer-lasting
studies with more patients will be necessary to investigate
bone fractures and the clinical antitumor effect of HDE4,
and future phase III studies with sufficient follow-up should
allow concomitant treatment with, for example, abirater-
one and/or docetaxel.



Fig. 3 – Mean levels of (A) LH, (B) FSH, (C) E2, (D) SHBG, (E) DHEA-S, and markers of bone turnover—(F) osteocalcin and (G) CTX1—after 12 and 24 wk of
treatment with 40 mg estetrol (E4) or placebo in patients with prostate cancer treated with an LHRH agonist (per-protocol population). CTX1 = type I
collagen telopeptide; DHEA-S = dehydroepiandrosterone sulfate; E2 = estradiol; E4 = estetrol; FSH = follicle-stimulating hormone; LH = luteinizing
hormone; SHBG = sex hormone–binding globulin.
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Table 3 – Overview of adverse events (all-patients-treated group)

40 mg Estetrol (N = 41) Placebo (N = 21)

No. of patients (%) No. of patients (%)

Any adverse events 38 (92.7) 18 (85.7)
Cardiovascular adverse eventsa 5 (12.2) 2 (9.5)
Serious adverse events
Arrhythmia 1 (2.4) –

Artery disease – 1 (4.8)
Hypersensitivity 1 (2.4) –

AV block 2nd degree 1 (2.4) –

Anemia with cardiac failure – 1 (4.8)
Toxicity to various agents (morphine) 1 (2.4) –

Adverse events with severe intensity 3 (7.3) 3 (14.3)
Drug-related adverse events 4 ( 9.8) 3 (14.3)
Adverse events leading to treatment discontinuation 3 (7.3) –

AE depression
AE peripheral edema (worsening of pre-existing condition)
SAE hypersensitivity

Adverse events that occurred in �5% of patients:
Hot flushes 12 (29.3) 11 (52.4)
Nipple pain 14 (34.1) –

Gynecomastia 7 (17.1) –

Fatigue 11 (26.8) 7 (33.3)
Edema, peripheral 5 (12.2) 1 (4.8)
Arthralgia 3 (7.3) 3 (14.3)
Back pain 3 (7.3) 1 (4.8)
Musculoskeletal stiffness – 2 (9.5)
Dysuria 3 (7.3) 1 (4.8)
Pollakiuria 3 (7.3) 2 (9.5)
Hematuria 1 (2.4) 2 (9.5)
Diarrhea 3 (7.3) 2 (9.5)
Dyspnea 2 (4.9) 2 (9.5)

AV = atrioventricular; E4 = estetrol; SAE = serious adverse events.
a Four out the seven cardiovascular (CV) adverse events (AEs) were reported as serious (arrhythmia [E4], AV block [E4], artery disease [placebo], anemia with
cardiac failure [placebo]); the remaining three reported as AEs (atrial fibrillation [E4], angina pectoris [E4], supraventricular tachycardia [E4]). All CV adverse
events were considered not related to study treatment by the investigators before the study code was broken.
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5. Conclusions

In patients with advanced prostate cancer treated with ADT,
cotreatment with high-dose estetrol (HDE4) was well
tolerated. Nipple tenderness and gynecomastia may occur
as estrogenic side effects. No treatment-related CV AEs were
observed at 24 wk. HFs and bone turnover were substan-
tially reduced. Suppression of free T, PSA, and FSH was more
rapid and profound, suggesting enhanced disease control by
HDE4 cotreatment. Larger and longer-lasting studies are
needed to confirm the results of the study reported here.

Treatment concept was presented at various congresses
(e.g. EAU, COGI, EMAS), but any results have not been
presented.
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