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Abstract

Background: TMPRSS2, a cell surface protease regulated by androgens and commonly upregulated in prostate cancer (PCa), is
a necessary component for SARS-CoV-2 viral entry into respiratory epithelial cells. Previous reports suggested a lower risk of
SARS-CoV-2 among PCa patients on androgen deprivation therapy (ADT). However, the impact of ADT on severe COVID-19 ill-
ness is poorly understood. Methods: We performed a multicenter study across 7 US medical centers and evaluated patients
with PCa and SARS-CoV-2 detected by polymerase-chain-reaction between March 1, 2020, and May 31, 2020. PCa patients
were considered on ADT if they had received appropriate ADT treatment within 6 months of COVID-19 diagnosis. We used
multivariable logistic and Cox proportional-hazard regression models for analysis. All statistical tests were 2-sided. Results:
We identified 465 PCa patients (median age ¼ 71 years) with a median follow-up of 60 days. Age, body mass index, cardiovas-
cular comorbidity, and PCa clinical disease state adjusted overall survival (hazard ratio [HR] ¼ 1.16, 95% confidence interval
[CI] ¼ 0.68 to 1.98, P¼ .59), hospitalization status (HR ¼ 0.96, 95% CI ¼ 0.52 to 1.77, P¼ .90), supplemental oxygenation (HR 1.14,
95% CI ¼ 0.66 to 1.99, P¼ .64), and use of mechanical ventilation (HR ¼ 0.81, 95% CI ¼ 0.25 to 2.66, P¼ .73) were similar between
ADT and non-ADT cohorts. Similarly, the addition of androgen receptor–directed therapy within 30 days of COVID-19 diagno-
sis to ADT vs ADT alone did not statistically significantly affect overall survival (androgen receptor–directed therapy: HR ¼
1.27, 95% CI ¼ 0.69 to 2.32, P¼ .44). Conclusions: In this retrospective cohort of PCa patients, the use of ADT was not
demonstrated to influence severe COVID-19 outcomes, as defined by hospitalization, supplemental oxygen use, or death. Age
70 years and older was statistically significantly associated with a higher risk of developing severe COVID-19 disease.

COVID-19, caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus, has accounted for more than
4.5 million deaths globally (1). Mass vaccination efforts are tak-
ing place worldwide to mitigate the incidence and mortality re-
lated to COVID-19. Despite these efforts, COVID-19–related
morbidity and mortality remain a global issue. Several new
therapies are now approved, including monoclonal antibodies,

dexamethasone, and remdesivir (2,3). Although this has led to
improved clinical outcomes, more effective treatment strategies
are still needed to reduce the complications and mortality of
this disease.

Over the past year, translational investigations have identi-
fied potential vulnerabilities of SARS-CoV-2. Of particular rele-
vance, SARS-CoV-2 relies on the host cell surface expression of
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angiotensin-converting enzyme 2 and transmembrane serine
proteases 2 (TMPRSS2) for cellular entry into the respiratory epi-
thelium (4). Influenza virus similarly uses TMPRSS2 for activation
and cellular access (5,6). TMPRSS2-deficient mice infected with
SARS-CoV or MERS-CoV displayed decreased viral levels and had
less related damage in respiratory cells (7). Furthermore,
TMPRSS2 inhibitors reduced infection of primary lung cells by
SARS-CoV-2 (4). These findings demonstrate the critical role of
TMPRSS2 in the pathogenesis of SARS-CoV-2 and its potential as
a therapeutic target.

TMPRSS2 is commonly expressed in prostate cancer (PCa)
cells and is regulated by androgens (8,9). In addition to the pros-
tate, TMPRSS2 is also expressed in respiratory tissues.
Androgen receptor (AR) expression is frequently observed in hu-
man lung cancer tissues (10). In fact, TMPRSS2 levels are de-
creased in pulmonary tissues of castrated C57BL/6 mice and
upregulated by testosterone exposure, suggesting that TMPRSS2
expression in lung tissues may be driven by AR signaling.
Hence, androgen deprivation therapy (ADT) may hypothetically
reduce TMPRSS2 expression, limiting SARS-CoV-2 cellular entry
and preventing severe complications from COVID-19. A recent
report from Alimonti et al. (11) demonstrated a lower infection
rate in PCa patients on ADT than those not on ADT. A recent
study by Schmidt et al. (12) noted no association between ADT
and 30-day mortality among patients with PCa and COVID-19.
Given that, there is conflicting evidence on whether ADT use is
protective against severe COVID-19 illness (13-15).

Herein, we report on our observational study of all patients
with COVID-19 and PCa at 7 US medical centers to determine
the impact of ADT on COVID-19–related clinical outcomes. To
our best knowledge, this is one of the larger studies to report
the severity of COVID-19 in patients with PCa and evaluate the
association of ADT use with their clinical course associated
with COVID-19 infection.

Methods

Data Acquisition

In this multi-institutional, retrospective, observational study
across 7 US academic medical centers, we identified patients
with a known diagnosis of PCa and SARS-CoV-2 viral detection
by reverse-transcriptase-polymerase-chain-reaction from
March 1, 2020, to May 31, 2020. The follow-up period was until
last data cutoff, which was August 31, 2021. The patients were
identified from both inpatient and outpatient settings. We col-
lected clinical data, including medical comorbidities, medica-
tions, PCa diagnosis and therapy, and COVID-19–related clinical
outcomes. Specifically, we collected data on hospital admission,
oxygen requirements, the maximal amount of oxygen require-
ments (if applicable), mechanical ventilation, maximal score on
the World Health Organization (WHO) COVID-19 ordinal scale
for clinical improvement (WHO Ordinal scale) (16,17), and death
status, at last follow-up on or before May 31, 2020. An institu-
tional review board approval was obtained (#20-1263 ISMMS) for
the study.

Statistical Analysis

We summarized the descriptive statistics of all the demo-
graphic-, disease-, and treatment-related variables for patients
who did or did not receive ADT, separately, by median (range)
for continuous variables (eg, age) and frequencies (percentage)

for categorical variables (eg, self-reported race from electronic
health records). We then compared the distributions of these
variables between the groups with vs without ADT using a t test
for continuous variables and a v2 test for categorical variables.

For the primary outcome of overall survival (OS), we used
the Kaplan-Meier (KM) method to estimate the survival proba-
bilities for patients with and without ADT. The OS was calcu-
lated from date of COVID-19 diagnosis to death or last follow-up
date. The univariate analysis and multivariable analysis were
conducted by using Cox proportional hazard regression models.
We first built a series of Cox regression models between each
potential risk factor and the outcome of OS in univariate analy-
sis. These models were followed by a multivariable model that
included all the predictors of interest. Of note, race and ethnic-
ity were not statistically significantly associated with OS out-
comes on univariate analysis (Supplementary Table 1, available
online) and thus were not included in the adjusted models. The
proportional hazard assumption was evaluated by observing
the KM curves and testing the scaled Schoenfeld residuals.

We used logistic regression models to detect the associa-
tions between the predictors and each outcome in the analysis
for secondary outcomes, including oxygen use, need for hospi-
talization, mechanical ventilation use, and severe illness. The
WHO ordinal scale rates severe COVID-19 illness on a scale of 0–
8: 0, uninfected; 1, ambulatory with no limitation of activities; 2,
ambulatory with limitation of activities; 3, hospitalized, no oxy-
gen therapy; 4, hospitalized and required oxygen by mask or na-
sal prongs; 5, hospitalized and required noninvasive ventilation
or high-flow oxygen; 6, hospitalized, requires intubation and
mechanical ventilation; 7, ventilation plus organ support, press-
ors, renal replacement therapy, extracorporeal membrane oxy-
genation; and 8, death. We defined severe COVID-19 illness as a
WHO ordinal score of 5-8.

The possible correlation between the outcomes of patients
in the same hospital was handled by a generalized estimation
equation. Similar to the primary outcome analysis, we first con-
ducted univariate analysis by a series of univariate logistic re-
gression models between each predictor and a particular
outcome. We then built the multivariable model by including all
the predictors of interest. All the tests were 2-sided under the
statistical significance level of .05. We used statistical software
SAS (SAS Institute, Cary, NC, USA) for data analysis.

Results

Patient Characteristics

We identified 465 patients with PCa, including 31.8% (N ¼ 148)
actively receiving ADT at the time of COVID-19 diagnosis. The
baseline characteristics are listed in Table 1. The mean ages of
patients on active ADT treatment (ADT) and those who did not
receive ADT (noADT) were 73 years and 72 years, respectively.
Compared with the noADT group, the ADT cohort had higher
rates of body mass index (BMI) � 30 (ADT, 32.4% vs noADT,
25.2%, P¼ .009) and lower rates of cardiovascular comorbidity
(ADT, 73.0% vs noADT, 86.1%, P< .001), defined as having 1 or
more risk factors, including hypertension, diabetes mellitus, or
coronary artery disease. In terms of PCa characteristics, the
ADT cohort, compared with the noADT cohort, had higher fre-
quency of high-risk Gleason score at diagnosis (43.2% vs 15.1%,
P< .001) and higher rates of metastatic disease (68.9% vs 5.0%,
P< .001) (8-10). Among the ADT group, the most common site of
metastasis was bone (n ¼ 93, 62.8%), followed by lymph nodes
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(n¼ 47, 31.8%) and lung (n ¼ 7, 4.8%). The other commonly used
PCa-directed systemic therapies among the ADT cohort were
AR-directed therapy (n¼ 63, 42.6%), chemotherapy (n ¼ 16,
10.8%), and immune checkpoint inhibitors (n ¼ 6, 4.1%).

COVID-19–Related Clinical Outcomes

Entire Cohort
The median follow-up period for the entire cohort was 60 (12-
114) days. In the study population, 111 patients (24%) died due to
COVID-19 illness. Table 2 describes the adjusted hazard ratio
(HR) for each variable of interest, including ADT use, age, BMI,
clinical disease state, and cardiovascular comorbidity. Gleason
score was not included in adjusted analysis given 30% missing
data. Compared with the noADT cohort, the ADT cohort had
worse OS (HR 1.48, 95% CI ¼ 1.01 to 2.17, P¼ .04). However, when
adjusted for other variables of interest, OS was similar between
the 2 groups (HR ¼ 1.16, 95% CI ¼ 0.68 to 1.98, P¼ .59) (Figure 1).
Age was the only variable of interest that was statistically signif-
icantly associated with shorter OS. Specifically, older adults with
age �70 years had shorter OS compared with younger men (HR ¼

3.45, 95% CI ¼ 2.05 to 5.80, P< .001) when adjusted for the other
variables. Furthermore, the presence of metastatic disease or
cardiovascular comorbidities was not statistically significantly
associated with worse OS (HR ¼ 1.60, 95% CI ¼ 0.93 to 2.75,
P¼ .09; HR ¼ 1.76, 95% CI ¼ 0.91 to 3.38, P¼ .09, respectively).

We also evaluated other clinical outcomes, including illness
severity, oxygen use, need for hospitalization, and requirement
for mechanical ventilation (Table 3). When adjusted for age,
BMI, PCa clinical disease state, and cardiovascular comorbidity,
there were no statistically significant differences in these out-
comes between patients receiving ADT and those not on ADT
for hospitalization status (HR ¼ 0.96, 95% CI ¼ 0.52 to 1.77,
P¼ .90), supplemental oxygenation (HR ¼ 1.14, 95% CI ¼ 0.66 to
1.99, P¼ .64), and use of mechanical ventilation (HR ¼ 0.81, 95%
CI ¼ 0.25 to 2.66, P¼ .73), respectively. Of note, only age pre-
dicted severe illness, oxygen use, and hospitalization.
Specifically, men aged 70 and older had more severe illness (HR
¼ 1.64, 95% CI ¼ 1.15 to 2.34, P¼ .006) and a higher likelihood of
oxygen use (HR ¼ 1.75, 95% CI ¼ 1.21 to 2.54, P¼ .003) and hospi-
talization (HR ¼ 2.18, 95% CI ¼ 1.68 to 2.82, P< .001). However,
there was no statistically significant difference in mechanical
ventilation use (HR ¼ 1.05, 95% CI ¼ 0.76 to 1.46, P¼ .75).

ADT-Only Cohort
In a subgroup analysis within the ADT cohort, we examined
whether the addition of AR-directed therapy or chemotherapy,
compared with ADT alone, affected COVID-19–related clinical
outcomes. Again, these outcomes were adjusted for age. Of the
148 patients receiving ADT, 42.6% (n¼ 63) received concurrent
AR-directed therapy and 10.8% (n¼ 16) received concurrent che-
motherapy. Compared with patients on ADT alone, those re-
ceiving AR-directed treatment had similar OS (AR therapy: HR ¼
1.27, 95% CI ¼ 0.69 to 2.32, P¼ .44). Similarly, other variables, in-
cluding severe illness, oxygen use, hospitalization, and me-
chanical ventilation requirement, were not statistically
significant (Table 4). Similarly, there were no statistically signifi-
cant differences in COVID-19–related clinical outcomes between
patients receiving ADT alone and those on ADT plus concurrent
chemotherapy.

Discussion

Over the past year, rapid innovation in vaccine and therapeutic
development has reduced the morbidity and mortality related

Table 1. Baseline characteristic of prostate cancer patients diag-
nosed with COVID-19

Baseline characteristics
ADT,

No. (%)
No ADT,
No. (%) Pa

Total No. 148 317
Age, y

Median 73 72
�70 93 (62.8) 187 (59.0) .43
<70 55 (37.1) 130 (41.0)

Race .96
Black 39 (26.4) 88 (27.8)
Othersb/unknown 45 (30.4) 91 (28.7)
White 64 (43.2) 138 (43.5)

Ethnicity .89
Hispanic 37 (25.0) 73 (23)
Non-Hispanic 102 (68.9) 227 (71.6)
Unknown 9 (6.1) 20 (6.3)

BMI .009
<30 kg/m2 100 (67.6) 237 (74.8)
�30 kg/m2 41 (28) 80 (25.2)
Unknown 7 (4.7) 55 (17.4)

Cardiovascular comorbidityc 108 (73.0) 273 (86.1) <.001
Gleason grade at diagnosis <.001

Low risk (6) 6 (4.1) 78 (24.6)
Intermediate (7) 30 (20.3) 110 (34.7)
High risk (8-10) 64 (43.2) 48 (15.1)
Unknown 48 (32.4) 81 (25.6)

Prostate cancer disease state <.001
Nonmetastaticd 46 (31.1) 301 (95.0)
Metastatic 102 (68.9) 16 (5.0)

Non-ADT systemic anticancer therapies
AR-directed therapy 63 (42.6) 7 (2.2) <.001
Chemotherapy 16 (10.8) 0 (0.0) <.001
Immune checkpoint inhibitor 6 (5) 0 (0.0) <.001

aP values using 2-sided v2 test of statistical significance. ADT ¼ androgen-depri-

vation therapy; AR ¼ androgen receptor; BMI ¼ body mass index.
bAsian, American Indian or Alaska Native, Native Hawaiian or Other Pacific

Islander.
cPresence of 1 or more cardiovascular risk factors, including hypertension, dia-

betes, and coronary artery disease.
dLocalized, locally advanced, biochemical recurrent, or unknown.

Table 2. Overall survival outcome among prostate cancer patients
diagnosed with COVID-19

Patient characteristics Adjusteda HR (95% CI) Pb

ADT vs no ADT 1.16 (0.68 to 1.98) .59
Age �70 vs <70 y 3.45 (2.05 to 5.80) <.001
BMI �30 vs <30 0.93 (0.59 to 1.46) .74
mPCa vs nmPCa 1.60 (0.93 to 2.75) .09
CV risk factorsc vs none 1.76 (0.91 to 3.38) .09

aAdjusted variable includes age, BMI, clinical disease state (localized vs meta-

static) and cardiovascular risk factors. ADT ¼ androgen-deprivation therapy;

BMI ¼ body mass index; CI ¼ confidence interval; CV ¼ cardiovascular; HR ¼
hazard ratio; mPCa ¼metastatic prostate cancer; nmPCa ¼ nonmetastatic pros-

tate cancer (localized, locally advanced, or biochemically recurrent).
bWald v2 statistic (2-sided).
cOne or more of the following cardiovascular risk factors: hypertension, diabe-

tes, coronary artery disease.
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to COVID-19. However, the burden of the disease remains high
worldwide. Discovering novel therapies remains a critical chal-
lenge. Understanding the virulence mechanisms of SARS-CoV-2
may provide implications for therapeutic and preventative
methods to minimize the severity of this illness. Based on re-
cent evidence, ADT could be a plausible effective strategy in
men with COVID-19 (4,6). Yet, to date, robust retrospective and
prospective clinical data are lacking regarding the clinical sever-
ity of COVID-19 in men receiving ADT. Because ADT is also the
backbone of systemic therapy in PCa, we sought to study its po-
tential effects on the clinical course of COVID-19 infection
within a large, multi-institutional cohort of patients with PCa
who tested positive for COVID-19 during the pandemic.

Preliminary studies focused on whether ADT could prevent
the risk of acquiring COVID-19 infection. Montopoli et al. (11)
were the first to report that infection rates were much lower in
PCa patients receiving ADT than those not taking ADT.
Furthermore, Caffo et al. (13), focusing only on patients with
metastatic PCa on ADT, found that the risk of infection was
higher than previously reported by Montopoli et al. (11). This
may be related to men with advanced PCa being more vulnera-
ble than patients with earlier stage PCa.

Here, we provide a more in-depth analysis of ADT use and
the clinical severity of COVID-19 illness. First, our study

suggests that ADT use did not influence survival, in line with
findings from previous studies (12-15,17,18). Koskinen et al. (14),
Kwon et al. (18), and Patel et al. (15) had further reported no sta-
tistically significant difference in the rate of infection and the
need for mechanical ventilation between patients receiving
ADT and those not receiving ADT (14,15). Similarly, Schmidt
et al. (12) did not find any association between ADT and 30-day
mortality among men with PCa. Our study complements these
findings in a much larger and robust dataset. In addition, we
noted similar hospitalization and oxygen use rates among PCa
patients on active ADT vs noADT treatment.

We also sought to determine whether adding AR-directed
therapy to ADT could have a protective effect against severe
complications from COVID-19. In a preclinical PCa mouse model
treated with enzalutamide, a novel antiandrogen, Gao et al. (19)
noted distinct patterns of AR binding between prostate and lung
epithelial cells. In addition, enzalutamide showed no antiviral
activity against SARS-CoV-2 in mouse and human lung epithe-
lial cells. Similarly, we did not find any statistically significant
differences in patients receiving AR-directed therapy in con-
junction with ADT compared with ADT alone. Currently, the on-
going COVIDENZA study (NCT04456049) is evaluating the
efficacy of enzalutamide in high-risk men with COVID-19.

Another clinically valuable finding of our study was that age
70 years and older was statistically significantly associated with
worse COVID-19 outcomes, including increased mortality,
greater need for oxygen, and a higher chance of hospitalization.
This is consistent with previous observations and provides ad-
ditional evidence supporting the current public health strategy
to protect this specific population (20-22). Other clinical varia-
bles, including race, ethnicity, smoking status, cardiovascular
comorbidities, or concurrent medication, were not statistically
significantly associated with clinical outcomes from COVID-19
illness.

Our study has several limitations. First, use of COVID-19–di-
rected therapies may influence the severity of COVID-19 illness.
During the study period, COVID-19–directed treatments were
still evolving, rendering the recording of clinical information
difficult. Secondly, other factors, including fear of testing, ac-
cess to testing, access to a health-care facility, and local-

Figure 1. Overall survival (adjusted for age, body mass index, cardiovascular comorbidity, and clinical disease state) for prostate cancer patients diagnosed with

COVID-19 receiving androgen-deprivation therapy (ADT) vs no ADT. The numbers within parentheses after the hazard ratio represent the 95% confidence interval.

Table 3. Clinical outcomes of COVID-19 illness among prostate can-
cer patients receiving ADT compared with no ADT

COVID-19 clinical outcomes
Adjusteda

HR (95% CI) Pb

Overall survival 1.16 (0.68 to 1.98) .59
Severe illnessc 1.03 (0.57 to 1.87) .91
Oxygen use 1.14 (0.66 to 1.99) .64
Hospitalization 0.96 (0.52 to 1.77) .90
Mechanical ventilation requirement 0.81 (0.25 to 2.66) .73

aAdjusted for age, BMI, prostate cancer clinical disease state, cardiovascular co-

morbidity. ADT ¼ androgen-deprivation therapy; BMI ¼ body mass index; CI ¼
confidence interval; HR ¼ hazard ratio.
bWald chi-square statistic (2-sided).
cDefined by World Health Organization Ordinal Scale for Clinical Improvement

Score (5–8).
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regional prevalence of COVID-19, may have influenced the inci-
dence and severity of COVID-19 in our study population. Finally,
despite being a large study, our sample size was still limited, es-
pecially for the ADT plus chemotherapy cohort, and a larger
dataset and/or prospective data would be necessary to fully ad-
dress our question.

We report the largest study of COVID-19–related clinical out-
comes after COVID-19 infection in PCa patients. We did not ob-
serve a statistically significant association between treatment
with ADT and severity of COVID-19 illness in our study popula-
tion. However, age 70 years and older was statistically signifi-
cantly associated with a higher risk of developing severe
COVID-19 disease and mortality. Prospective clinical trials with
correlative science are warranted to answer this question more
definitively.
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Severe illnessc 1.51 (0.31 to 7.30) .61 1.77 (0.38 to 8.38) .47
Oxygen use 0.81 (0.35 to 1.88) .62 0.80 (0.26 to 2.51) .71
Hospitalization 1.27 (0.58 to 2.78) .55 1.33 (0.60 to 2.90) .48
Mechanical ventilation requirement 1.42 (0.30 to 6.79) .66 1.19 (0.23 to 6.07) .83

aAdjusted for age. ADT ¼ androgen-deprivation therapy; AR ¼ androgen receptor; ARDT ¼ androgen receptor–directed therapy; CI ¼ confidence interval; HR ¼ hazard

ratio.
bWald v2 statistic (2-sided).
cDefined by WHO Ordinal Scale for Clinical Improvement Score (5-8).
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Prior presentations: Poster presentation, American Society of
Clinical Oncology Genitourinary Cancers Symposium, February
11th, 2021, San Francisco, USA. J Clin Oncol 39, 2021 (suppl 6;
abstr 41).

Data Availability

The raw data used for this analysis are not publicly available
due to privacy or ethical restrictions. The deidentified data will
be made available to appropriate personal upon request to cor-
responding author.
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