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prostate cancer. In doing so, we aim to inform future
management strategies for this group of men for whom
decision-making is more nuanced and long-term outcomes
tend to be considerably better than for men presenting with
metastatic disease.
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Treatment of Serious COVID-19 with Testosterone Suppression
and High-dose Estrogen Therapy
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SARS-CoV-2; Androgen Deprivation and Estrogen Treatment (ADET)
In comparison to females, males more frequently experi-
ence severe acute respiratory syndrome (SARS) caused by
SARS-CoV-2 and also die more frequently from COVID-19,
especially for the cohort older than 50 yr (Fig. 1) [1]. At this
age, the most important endocrine difference by sex is the
10–20-fold higher testosterone levels among males, ranging
from 12 to 35 ng/ml, while levels among females range from
1 to 3 ng/ml. Estrogen levels do not differ between men and
women after the age of 50 yr.

Testosterone has inhibitory effects on the immune
system in terms of both cytokine production and lympho-
cyte proliferation. Apart from these general effects, there
are two specific testosterone-dependent host cellular
proteins related to viral cell entry and to serious COVID-
19 disease. First, the SARS-CoV-2 virus uses ACE2 to enter
the host cell. Second, the viral spike protein is primed by
TMPRSS2, which is an androgen-regulated protease, and
inhibition of TMPRSS2 using a protease inhibitor blocks
viral cell entry. Serious COVID-19 is characterized by
deterioration of lung function, and testosterone-stimulated
TMPRSS2 expression in the lung may explain the greater
susceptibility to serious COVID-19 lung infections among
men [2]. Suppression of ACE2 and TMPRSS2 by inhibition of
testosterone synthesis may be an effective treatment for
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Fig. 1 – Incidence of male and female deaths per 100 000 population by age group in years reported in England during the period May 6, 2020–May 16,
2021 (Global Health 50/50 [1]).
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COVID-19, by interfering with viral cell entry or activation. It
has been shown that suppression of testosterone via
androgen deprivation therapy (ADT) for the treatment of
advanced prostate cancer also partly protects against
serious COVID-19 infection [3].

Estrogens can blunt innate immune inflammatory
responses and cytokine storms and can stimulate B-cell
responses and antibody production, all expected to have a
favorable effect on the course of COVID-19. In contrast to
testosterone, estradiol reduces ACE2 expression and
TMPRSS2 activity, thereby inhibiting viral cell entry and
increasing viral clearance in females. These considerations
have led to two ongoing clinical studies with the estrogens
estradiol and estetrol in patients with COVID-19, focusing
on clinical improvement in the acute stage of the disease
(ClinicalTrials.gov NCT04359329 and NCT04801836). Re-
cently, in a population of 1 863 478 women, significantly
lower likelihood of all-cause mortality from COVID-19 has
been reported for postmenopausal women using estrogen
replacement therapy (adjusted odds ratio 0.22, 95% confi-
dence interval 0.05–0.94) [4].

On the basis of these data, we propose to investigate the
efficacy of ADT and high-dose estrogen (ADET) for the
treatment of serious COVID-19 disease. We recently
investigated this combination therapy for the treatment
of advanced castration-sensitive prostate cancer, and
observed strong antitestosterone and positive estrogenic
effects [5]. The proposed ADET combined treatment will use
gonadotropin-releasing hormone (GnRH) antagonists rath-
er than luteinising hormone–releasing hormone agonists to
avoid the initial testosterone increase that occurs with the
latter [5].

To test the ADET hypothesis, we propose a clinical study
in male and female patients admitted to an intensive care
unit (ICU) because of SARS-CoV-2 infection. Patients would
be randomized to no additional treatment or combined
treatment with the GnRH antagonist degarelix and trans-
dermal estradiol patches. All patients in the study would
receive anticoagulant treatment. The primary endpoints
would be death and duration of ICU stay.
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