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BACKGROUND: Severity of illness in COVID-19 is consistently lower in women. A focus on sex
as a biological factor may suggest a potential therapeutic intervention for this disease. We
assessed whether adding progesterone to standard of care (SOC) would improve clinical
outcomes of hospitalized men with moderate to severe COVID-19.

RESEARCH QUESTION: Does short-term subcutaneous administration of progesterone safely
improve clinical outcome in hypoxemic men hospitalized with COVID-19?

STUDY DESIGN AND METHODS: We conducted a pilot, randomized, open-label, controlled trial
of subcutaneous progesterone in men hospitalized with confirmed moderate to severe
COVID-19. Patients were randomly assigned to receive SOC plus progesterone (100 mg
subcutaneously twice daily for up to 5 days) or SOC alone. In addition to assessment of
safety, the primary outcome was change in clinical status on day 7. Length of hospital stay
and number of days on supplemental oxygen were key secondary outcomes.

RESULTS: Forty-two patients were enrolled from April 2020 to August 2020; 22 were ran-
domized to the control group and 20 to the progesterone group. Two patients from the
progesterone group withdrew from the study before receiving progesterone. There was a 1.5-
point overall improvement in median clinical status score on a seven-point ordinal scale from
baseline to day 7 in patients in the progesterone group as compared with control subjects
(95% CI, 0.0-2.0; P ¼ .024). There were no serious adverse events attributable to proges-
terone. Patients treated with progesterone required three fewer days of supplemental oxygen
(median, 4.5 vs 7.5 days) and were hospitalized for 2.5 fewer days (median, 7.0 vs 9.5 days) as
compared with control subjects.

INTERPRETATION: Progesterone at a dose of 100 mg, twice daily by subcutaneous injection in
addition to SOC, may represent a safe and effective approach for treatment in hypoxemic
men with moderate to severe COVID-19.

TRIAL REGISTRY: ClinicalTrials.gov; No.: NCT04365127; URL: www.clinicaltrials.gov.
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Take-home Points

Study Question: Does the addition of subcutaneous
progesterone in hypoxemic men with COVID-19
improve clinical outcomes?
Results: This study demonstrates that in men with
COVID-19, the addition of progesterone for 5 days
improves clinical status on day 7, reduces the need
for supplemental oxygen, and reduces hospital length
of stay with no significant adverse effects.
Interpretation: Addition of subcutaneous progesterone
may represent a safe and novel approach to the treatment
of hypoxemic men hospitalized with COVID-19.
As of January 2021, more than 96million cases of COVID-
19with 2million deaths1 have been reported; of these, men
with severe illness appear to be disproportionately
overrepresented, with some data suggesting that for every
10 women who are hospitalized, admitted to the ICU, or
die of COVID-19, 12 men are hospitalized, 19 men are
admitted to ICU, and 15 men die.2-7

This sex disparity is attributable in part to the higher
prevalence of preexisting comorbidities associated with
worse COVID-19 outcomes among men.8,9 Men are
more likely to engage in smoking and alcohol use, with
greater reluctance to seek health care, which may
promote poorly controlled chronic conditions.10 At a
biological level, differences in gene expression and
hormonal influences may favor the female sex as it
relates to the course of this disease.11,12 Intriguingly,
when women with COVID-19 were stratified by
menstrual status, premenopausal women had lower rates
of hospitalization, less requirement for respiratory
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support, and shorter duration of hospitalization
compared with postmenopausal women.13

In light of these observations, progesterone, a steroid
hormone produced by the ovaries during reproductive
cycles, is postulated to play a role in immunomodulation
of COVID-19.11,12,14 Progesterone receptors are
expressed on both innate and adaptive immune cells,
regulating local and systemic inflammation in
premenopausal women.15 These effects include
inhibition of neutrophil degranulation and free radical
generation, suppression of proinflammatory cytokine
production, and skewing of T-cell signaling toward the
production of antiinflammatory cytokines.14-24 With
increased mortality in COVID-19 associated with the
development of ARDS, higher levels of endogenous
progesterone in women may confer a protective factor
by dampening the exaggerated inflammatory immune
cascade, or “cytokine storm,” that leads to severe lung
injury.25-27 In fact, in a mouse model of influenza A,
exogenous progesterone administration has been shown
to decrease pulmonary inflammation, reduce protein
leakage into airways, and promote faster recovery by
enhancing repair of pulmonary epithelial cells.28

Given the immune-modulatory properties of
progesterone, the purpose of this investigator-initiated
randomized study was to assess clinical efficacy and
safety of subcutaneous progesterone in hypoxemic men
hospitalized with COVID-19. We hypothesized that the
antiinflammatory properties of progesterone could
dampen the systemic cytokine response, reducing
severity of illness, and shorten the need for supplemental
oxygen or hospitalization.
Methods
The protocol was approved by the Cedars-Sinai Institutional Review
Board. Furthermore, the study was reviewed by the Food and Drug
Administration (FDA) and was authorized to proceed under an
Intermediate-Sized Patient Population Expanded Access
Investigational New Drug (IND 149534) protocol. e-Appendix 1
outlines the trial protocol and statistical analysis plans. All patients
or legally authorized representatives provided written informed
consent. This study was registered as a National Institutes of Health-
sponsored randomized clinical trial.29

Patients

Eligible patients were men at least 18 years of age, hospitalized with a
single positive SARS-CoV-2 real-time reverse transcription-polymerase
chain reaction (rRT-PCR) test result from a nasopharyngeal swab
sample obtained within 72 h of randomization. Participants were
included only if they had evidence of lower respiratory tract
involvement based on imaging or the presence of crackles on chest
physical examination. Eligible patients had an oxygen saturation
of # 94% on room air, and were receiving supplemental oxygen by
regular nasal cannula, face mask, or high-flow nasal cannula (HFNC)
at an FIO2 of # 50%. Patients were excluded if they were receiving
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TABLE 1 ] Concomitant Therapeutic Interventions

Intervention Progesterone Group (n ¼ 18) [No. (%)] Control Group (n ¼ 22) [No. (%)]

Azithromycin 10 (55.6) 10 (45.5)

Remdesivir 9 (50.0) 15 (68.2)

Systemic glucocorticoids 9 (50.0) 15 (68.2)

Dexamethasone 7 (38.9) 10 (45.5)

Tocilizumab 1 (5.6) 4 (18.2)

Convalescent plasma 0 (0.0) 2 (9.1)

Hydroxychloroquine 0 (0.0) 1 (4.5)
invasive or noninvasive mechanical ventilation. All participants, while
hospitalized, were required to be receiving thromboembolism
chemoprophylaxis (subcutaneous unfractionated heparin [5,000 units
twice daily] or enoxaparin [40 mg daily]). Contraindications to
anticoagulants precluded study enrollment. Patients were excluded if
they had a history of thromboembolic disease, breast cancer, or liver
transaminases greater than five times the upper limit of normal. e-
Table 1 lists the full eligibility criteria.

Study Design

This was a pilot study to assess the feasibility, safety, and potential
efficacy of using progesterone in hypoxemic men with COVID-19.
Patients were enrolled at a single center, a large academic hospital in
Los Angeles, California, between April 27 and August 5, 2020 and
randomly assigned to receive institutional standard of care (SOC)
with or without progesterone. Randomization was performed in an
electronic case report form system (REDCap),30,31 1:1 with random
block sizes of four, six, or eight subjects using tables generated from
Stata (version 16.1; StataCorp). Block randomization was
implemented to ensure that patients were equally assigned to each
treatment group. Varying the block size reduced selection bias by
keeping the investigator blinded to the size of the block, thus
preventing predictability of the allocation of patients in a single-
center study. Patients, investigators, and treating providers were not
blinded to study drug assignment. The investigators were not
involved in decisions concerning initiation of SOC treatment
options, initiation or discontinuation of oxygen or mechanical
ventilation, type or amount of supplemental oxygen, or discharge
from the hospital. The clinical status assessment was made through
chart review.

Patients randomized to the progesterone group received 100 mg of
progesterone subcutaneously twice daily for 5 days while
hospitalized. Patients who had sufficiently improved, in the
judgment of the treating providers, could be discharged from the
hospital before completing their assigned courses of treatment. The
protocol permitted use of other agents with presumptive activity
against SARS-CoV-2 if such use was part of institutional SOC. With
rapidly evolving therapeutic approaches for COVID-19 during the
course of this trial, the SOC may have differed for patients enrolled
at different time points into the trial; concomitant therapeutic
interventions are outlined in Table 1 and e-Table 2.

Control patients with significant clinical deterioration (requiring
higher supplemental oxygen through high-flow devices or
mechanical ventilation at any point during the study), or those on
day 7 without clinical improvement, were permitted to cross over to
receive progesterone therapy. These patients remained in their
intention-to-treat group for purpose of analysis.

The protocol was amended on May 15, 2020, to include patients
with chronic kidney disease, based on an FDA general
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recommendation to COVID-19 clinical trials to consider inclusion
of at-risk populations for severe illness. The study period was
shortened to 15 days from the initial 29 days to allow enrolled
patients with progressive illness to participate in other
investigational trials without the need to withdraw from this
study. Because of a shortage of SARS-CoV-2 PCR testing supplies,
an amendment was added to allow enrollment of patients with a
positive PCR test result before 72 h from the time of screening
and clinical evidence of progressive disease. All subjects enrolled
met the initial enrollment condition with a positive PCR test
result within 72 h of screening. Protocol amendments were
authorized and approved by the institutional review board and FDA.

Study patients were assessed daily for 15 days or until discharge,
whichever came first. Discharged patients participated in phone or
video study visits on days 7 and 15. Clinical assessment performed
daily during hospitalization included evaluation of clinical status with
daily vital signs, oxygen supplementation type and amount, need for
mechanical ventilation, adverse events, and concomitant medications.
WBCs, hemoglobin, platelets, electrolytes, BUN, creatinine, liver
transaminases, and inflammatory markers, if obtained as part of SOC,
were monitored on days 1 through 5, 7, and 15 while patients were
hospitalized. Serum free and total progesterone levels were also
measured on days 1 through 5. Self-reported race and ethnicity,
obtained from medical records, were collected as demographic
information to assess possible differences in disease severity or
treatment response. Serious adverse events and grade 3 and 4 adverse
events as described in the Division of AIDS Table for Grading the
Severity of Adult and Pediatric Adverse Events were recorded.

Clinical status was assessed on a seven-point ordinal scale, similarly used
by Goldman et al,32 as follows: 1, death; 2, hospitalized, on invasive
mechanical ventilation or extracorporeal membrane oxygenation
(ECMO); 3, hospitalized, on high-flow oxygen devices; 4, hospitalized,
requiring supplemental oxygen; 5, hospitalized, not requiring
supplemental oxygen; 6, not hospitalized, limitation on activities; and
7, not hospitalized, no limitations on activities. If the clinical status of
a hospitalized patient changed on any given study day, the patient’s
worst clinical assessment score on the ordinal scale was documented.

End Point

In addition to safety and tolerability, the primary efficacy end point
was change in patients’ clinical status, assessed on a seven-point
ordinal scale, from baseline to day 7. Secondary end points were
hospital length of stay (LOS), days of supplemental oxygen use, and
need for mechanical ventilation.

Statistical Analysis

Parameter estimates from this study will be used to power a definitive
study. A sample size of 20 per group (total sample size, 40) was deemed
adequate to provide this estimation.
[ 1 6 0 # 1 CHE S T J U L Y 2 0 2 1 ]



Differences between groups in primary end points were tested
with an exact Wilcoxon rank-sum test with exact Hodges-
Lehmann confidence limits calculated for the median shift
between groups. The cumulative probability of improvement in
clinical status (an increase of at least one point on a seven-
point scale or live discharge) over the first 7 days was
estimated by the Kaplan-Meier method, and differences across
the study groups were assessed by a log-rank test. To compare
LOS and duration of supplemental oxygen between groups, a
separate competing-risk analysis was performed with death as a
competing outcome, and data were censored when time
exceeded the study end point at 15 days.33,34 Other measures
were tested by Student t-test (parametric data) or Fisher exact
test (categorical data) where appropriate. Inferential tests were
considered significant when the two-tailed P value was < .05,
136 patients scree
eligibility

42 enrolled

42 randomiz

22 assigned control group
standard of care (SOC) alone

3 received
progesterone due to
lack of improvement

on/after day 7

6 received progesterone
due to significant

clinical deterioration
prior to Day 7

22 included in
intention-to-treat

analysis

13 did not receive
progesterone

Figure 1 – Participant flow in a randomized clinical trial of progesterone vs
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although adjustments for multiplicity were not made because of
the exploratory nature of this pilot study. Analysis was
performed on an intent-to-treat basis, using SAS version 9.4
software (SAS Institute).
Post Hoc Analyses

Because several patients in both groups experienced clinical
deterioration over days 2 through 6 a sensitivity analysis was
performed, considering the patients’ worst status before day 7 as
their baseline to capture the illness severity while assessing the
change in clinical status score between the two groups. In another
sensitivity analysis, for control patients who crossed over before day
7, their last clinical assessment before receiving progesterone was
imputed as the day 7 assessment.
Results
Between April 27 and August 5, 2020, 136 patients were
screened and assessed for eligibility; 94 were deemed
ineligible for the study. Of the 42 enrolled patients, 20
were randomized to the progesterone group and 22 to
the control group. The trial completed enrollment, and
the final follow-up for the last enrollee was on August
20, 2020. Two patients in the progesterone group
withdrew from the study before receiving progesterone
and were excluded from analysis (Fig 1). Nine control
patients were treated with progesterone because of
clinical deterioration before day 7 (n ¼ 6, 27%) or
absence of clinical improvement by day 7 (n ¼ 3, 14%).
One patient assigned to the progesterone group was
repeatedly protocol-noncompliant and was transferred
to another hospital on day 5 for insurance coverage
reasons. For the purpose of safety evaluation, follow-up
revealed that this patient died on day 7 of complications
ned for

94 ineligible due to:
• Enrolled in another clinical trial (60%)
• Unable to tolerate prophylactic
   anticoagulation (10%)
• History of thromboembolic disease (10%)
• Not interested to participate in a clinical
   trial (20%)

ed

18 received
progesterone

2 withdrew consent prior to
treatment due to participation in

another study

1 discontinued
treatment due to

subject non-
compliance

18 included in
intention-to-treat

analysis

20 assigned treatment group
progesterone + SOC

standard of care in men with moderate to severe COVID-19.
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from disseminated cryptococcal infection in the setting
of untreated HIV infection. All available data on this
patient as obtained on days 1 through 5 of the study and
clinical status on day 7 have been included in the
analysis.

Because enrollment was faster than anticipated, the trial
terminated recruitment soon after the interim safety
analysis. After discussion with the data safety
monitoring committee, further interim analyses were
deemed unnecessary.

Demographics and baseline characteristics of the study
population were balanced in the two study groups
(Table 2 and e-Table 3). The patient population had an
overall mean age of 55.3 � 16.4 years and a mean BMI
of a 31.6 � 9.5 kg/m2. Self-reported race and ethnicity
indicated that most were white (78%) and Hispanic
(60%). Most patients had comorbid conditions including
hypertension, diabetes, obesity, or a combination of
these. At baseline, there was no statistically significant
difference in clinical status between the two groups with
85% of all patients requiring supplemental oxygen.

Primary End Point

The primary outcome, ascertained as the overall change
in clinical score status from baseline to day 7 on a seven-
point ordinal scale, was a median of 1.5 points better for
the progesterone group than the control group (95% CI,
0.0-2.0; P ¼ .024) (Table 3). During the first seven study
days, the cumulative probability of clinical improvement
(an increase of at least one point on a seven-point scale
or live discharge) was significantly higher in the
TABLE 2 ] Baseline Characteristics

Characteristic All Subjects (N ¼ 40)

Age, mean � SD, y 55.3 � 16.4

Baseline BMI, mean � SD, kg/m2 31.6 � 9.5

Race, No. (%)

White 31 (77.5)

Black/African American 4 (10.0)

Asian/Pacific Islander 2 (5.0)

Other 3 (7.5)

Ethnicities, No. (%)

Hispanic or Latino 24 (60.0)

Not Hispanic or Latino 16 (40.0)

Comorbidities, No. (%)

Hypertension 19 (47.5)

Diabetes 10 (25.0)

Obesity 18 (45.0)
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progesterone group, 0.76 (95% CI, 0.55-0.93) vs 0.55
(95% CI, 0.28-0.68) in the control group (log-rank P ¼
.014), by Kaplan-Meier estimation. One patient in the
progesterone group showed improvement on day 2 but
was subsequently noncompliant with study protocols
and was transferred to another facility. For the purpose
of this Kaplan-Meier estimation, this subject was
excluded (Fig 2).

Post Hoc Analyses

In a sensitivity analysis comparing worst clinical status
before day 7 with clinical status on day 7, the
progesterone group improved a median of two points
more than the control group (95% CI, 1.0-2.0; P ¼ .006)
(e-Table 4). This analysis captures the illness severity
while assessing the change in clinical status score
between the two groups; again favoring the progesterone
group.

In a sensitivity analysis in which the last clinical
assessment on the seven-point ordinal scale before
crossing over was imputed as the day 7 score, overall
change in score from baseline to day 7 was a median of
1.5 points better for the progesterone group than the
control group (95% CI, 0.0-2.0; P ¼ .010) (e-Table 5).

Secondary End Points and Adverse Events

Among patients assigned to the progesterone group, the
median number of days on supplemental oxygen was 4.5
(IQR, 2.0-6.0) compared with 7.5 (IQR, 6.0-11.0) in the
control group, for a median difference of 3 days. By day
7, nine of 18 patients (50%) in the progesterone group
Progesterone Group (n ¼ 18) Control Group (n ¼ 22)

56.0 � 17.3 54.6 � 16.0

31.9 � 11.1 31.4 � 8.3

12 (66.7) 19 (86.4)

2 (11.1) 2 (9.1)

1 (5.6) 1 (4.5)

3 (16.7) 0 (0.0)

10 (55.6) 14 (63.6)

8 (44.4) 8 (36.4)

7 (38.9) 12 (54.5)

4 (22.2) 6 (27.3)

6 (33.3) 12 (54.5)
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TABLE 3 ] Clinical Status Based on Seven-Point Ordinal Scale

Clinical Status
Progesterone Group (n ¼ 18) [No.

(%)]
Control Group (n ¼ 22) [No.

(%)] P Valuea

Status at baseline, No. (%)

3: Hospitalized; on high-flow nasal cannula 3 (16.7) 0 (0.0)

4: Hospitalized; requiring supplemental oxygen (not
HFNC)

11 (61.1) 20 (90.9)

5: Hospitalized; not requiring supplemental oxygen 4 (22.2) 2 (9.1)

Status on day 7, No. (%)

1: Death 1 (5.6) 0 (0.0)

2: Hospitalized; on invasive mechanical ventilation
or ECMO

0 (0.0) 3 (13.6)

3: Hospitalized; on high-flow nasal cannula 2 (11.1) 3 (13.6)

4: Hospitalized; requiring supplemental oxygen (not
HFNC)

2 (11.1) 8 (36.4)

5: Hospitalized; not requiring supplemental oxygen 4 (22.2) 4 (18.2)

6: Not hospitalized; limitations on activities 7 (38.9) 4 (18.2)

7: Not hospitalized; no limitations on activities 2 (11.1) 0 (0.0)

Change in status on day 7, No. (%)

þ3 2 (11.1) 0 (0.0)

þ2 7 (38.9) 3 (13.6)

þ1 3 (16.7) 4 (18.2)

0 3 (16.7) 9 (40.9)

–1 2 (11.1) 3 (13.6)

–2 0 (0.0) 3 (13.6)

–3 1 (5.6) 0 (0.0)

Change in status on day 7, median (IQR) 1.5 (0.0 to 2.0) 0.0 (–1.0 to 1.0) .024

Status on day 15, No. (%)

1: Death 1 (5.6) 1 (4.5)

2: Hospitalized; on invasive mechanical ventilation
or ECMO

0 (0.0) 2 (9.1)

3: Hospitalized; on high-flow nasal cannula 0 (0.0) 2 (9.1)

4: Hospitalized; requiring supplemental oxygen (not
HFNC)

1 (5.6) 0 (0.0)

5: Hospitalized; not requiring supplemental oxygen 1 (5.6) 1 (4.5)

6: Not hospitalized; limitations on activities 8 (44.4) 12 (54.5)

7: Not hospitalized; no limitations on activities 7 (38.9) 4 (18.2)

Change in status on day 15, No. (%)

þ4 1 (5.6) 0 (0.0)

þ3 7 (38.9) 2 (9.1)

þ2 4 (22.2) 14 (63.6)

þ1 4 (22.2) 1 (4.5)

0 1 (5.6) 0 (0.0)

–1 0 (0.0) 2 (9.1)

–2 0 (0.0) 2 (9.1)

–3 1 (5.6) 1 (4.5)

Change in status on day 15, median (IQR) 2.0 (1.0 to 3.0) 2.0 (1.0 to 2.0) .150

ECMO ¼ extracorporeal membrane oxygenation; HFNC ¼ high-flow nasal cannula; IQR ¼ interquartile range.
aExact Wilcoxon rank-sum test.
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Figure 2 – Cumulative probability of improvement or
discharge on day 7. During the first seven study days,
the cumulative probability of clinical improvement
(an increase of at least one point on the seven-point
scale or live discharge) was significantly higher in the
progesterone group, 0.76 (95% CI, 0.55-0.93) vs 0.55
(95% CI, 0.28-0.68) in the control group (log-rank P ¼
.014), by Kaplan-Meier estimation. One patient in the
progesterone group showed improvement on day 2 but
was subsequently noncompliant with study protocols
and was transferred to another facility. For the pur-
pose of this analysis, this patient was excluded.
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remained hospitalized, compared with 19 of 22 patients
(86%) in the control group. Patients in the progesterone
group had a median LOS of 7.0 days (IQR, 4.0-9.0)
whereas the control group had a median LOS of 9.5 days
(IQR, 7.0-14.0). At study completion, one patient in the
progesterone group remained hospitalized compared
with five in the control group. Mechanical ventilation
was initiated in four of 22 control patients (18%), three
before day 7, compared with none in the progesterone
group. Although we see evidence of improved clinical
outcomes in patients receiving progesterone, with fewer
days of hospitalization, and less need for supplemental
oxygen or mechanical ventilation, differences between
groups did not meet conventional levels of statistical
significance.

Although the patients were analyzed on an intent-to-
treat basis, notably one-half of the six control patients
who crossed over because of clinical deterioration before
day 7 progressed to require mechanical ventilation. Of
those, one was successfully liberated from the ventilator
before completion of the study. The remaining one-half
of crossed-over patients (n ¼ 3), despite a clear
trajectory of decline, did not require mechanical
ventilation and improved to discharge before
completion of the study.

Administration of expanded-use access and other
medications was allowed for both the control and
intervention groups (Table 1 and e-Table 2). A larger
percentage of the control group received remdesivir,
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systemic glucocorticoids, tocilizumab, and convalescent
plasma, but these differences were not significant. A
greater proportion but equal number of patients in the
intervention arm received azithromycin, although this
was also not significant.

There were no serious adverse events, including life-
threatening events, attributable to progesterone. There
were two thromboembolic events in one patient (5.6%)
in the progesterone group and two thromboembolic
events in two patients (9.1%) in the control group
(Table 4). Overall, there was no meaningful difference in
the incidence of serious adverse events between the two
groups. There were two deaths, one in each group,
during the total 15-day surveillance period, neither
attributable to progesterone administration. There were
no events requiring discontinuation of progesterone. For
the control patients who crossed over, significant
adverse events after progesterone administration are also
listed in Table 4. Nonserious grade 3 and 4 adverse
events are listed in e-Table 6.

Serum progesterone levels were obtained at baseline
and, as anticipated, were less than 1 ng/mL in all
patients. After administration of two doses of
subcutaneous progesterone, goal serum levels were
achieved and maintained between 11.1 and 288 ng/mL
on subsequent samples. Levels as high as 288 ng/mL,
which can be seen during the third trimester of
pregnancy,35 were tolerated well and not associated
with any adverse events.
[ 1 6 0 # 1 CHE S T J U L Y 2 0 2 1 ]



TABLE 4 ] Serious Adverse Events by System Organ Class and Preferred Term

SAE
Progesterone Group (n ¼ 18)

[No. (%)]
Control Group (n ¼ 22)

[No. (%)]
Control Group After Progesteronea (n ¼ 9)

[No. (%)]

Any SAE or death 2 (11.1) 5 (22.7) 3 (33.3)

Blood and lymphatic system disorders

Lymphocyte count decreased 0 (0.0) 1 (4.5) 0 (0.0)

Cardiac disorders

Cardiac arrest 0 (0.0) 1 (4.5) 0 (0.0)

Hypoperfusion 0 (0.0) 3 (13.6) 2 (22.2)

Renal and urinary disorders

Creatinine increased 0 (0.0) 1 (4.5) 0 (0.0)

Respiratory, thoracic, and mediastinal
disorders

Hypoxia 0 (0.0) 4 (18.2) 3 (33.3)

Vascular disorders

DVT 1 (5.6) 2 (9.1) 1 (11.1)

Pulmonary embolism 1 (5.6) 0 (0.0) 0 (0.0)

Death 1 (5.6) 1 (4.5) 0 (0.0)

SAE ¼ serious adverse event.
aFor control patients who received progesterone due to clinical deterioration, this column represents SAEs that occurred after receiving progesterone.
Discussion
The current pilot study results suggest that the use of
progesterone, in addition to SOC treatment measures in
hospitalized men with COVID-19 who are hypoxemic,
could lead to improved clinical outcomes with minimal
safety concerns. We noted that addition of progesterone
to SOC treatment was associated with improved clinical
status assessed on a seven-point ordinal scale, a trend
toward fewer days on supplemental oxygen, reduced
need for mechanical ventilation, and reduced length of
hospital stay.

The sex difference in illness severity and mortality
outcomes in COVID-19, as well as in prior coronavirus
outbreaks, has been demonstrated in multiple
populations.2-7 The concept of a less effective immune
response to viral infections as a consequence of
differences in sex hormones between men and women
has been described previously and may be related to
unequal endogenous progesterone levels, a steroid
hormone with well-described antiinflammatory
properties.11,17,19,21-24 The corpus luteum produces
progesterone in women with peak levels (10-20 ng/mL)
during the luteal phase of the menstrual cycle.36 Adrenal
glands and testes produce progesterone in men, but at
much lower concentrations (0.13-0.97 ng/mL), similar
to those of postmenopausal women.36-38 The role of
progesterone extends beyond fertility and menstruation.
chestjournal.org
It binds to glucocorticoid receptors, and indeed most
immune cells express progesterone receptors.17 It is
possible that higher endogenous levels of progesterone
protect women from progressing to severe illness in
COVID-19.

A major driver of morbidity and mortality in
COVID-19 is the exuberant inflammatory response,
sometimes termed a “cytokine storm,” mediated by
production of proinflammatory cytokines (IL-6, IL-
1b, tumor necrosis factor-a) and macrophage
hyperactivation.25,26 Previous preclinical and clinical
studies have demonstrated that the elevated
concentrations of estrogen and progesterone in
women are associated with inflammatory response
attenuation through IL-1b and IL-12 inhibition,
decreased T-cell IL-6 receptor expression, and a bias
toward helper T-cell type 2 production, which secrete
IL-4, IL-5, IL-10, and other antiinflammatory
cytokines.24,39-41 Exogenous progesterone
administration in mice infected with influenza A
showed enhanced repair of pulmonary epithelial cells,
supporting a role for this steroid hormone in
reducing inflammation and promoting faster
recovery.28 Although direct evidence of specific
cytokine modulation is lacking in our study, the
potential usefulness of progesterone in the treatment
of early COVID-19 in men is compelling.
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The progesterone dose of 100 mg injected
subcutaneously was based on the previously
demonstrated observation that a subcutaneous
formulation, commercially available for use in fertility
treatment outside the United States (FDA IND 102771),
achieves rapid, reliable progesterone serum
concentrations42,43 approximating the luteal phase of the
menstrual cycle. We aimed to target a progesterone level
between that of the luteal phase and pregnancy, the
latter of which can be as high as 290 ng/mL.35 Although
data on outcomes of pregnant women with COVID-19
remain inconclusive, some reports have suggested that
the pulmonary disease in pregnant women may be
comparable, if not milder, than in age-matched
nonpregnant female control subjects.44 This may be
partly due to decreased production of proinflammatory
factors inherent in pregnancy.45 To maintain our target
progesterone level, the dose was administered twice daily
for up to 5 days. Daily serum measurements confirmed
the rapid increase in and sustained levels of
progesterone; as expected, levels ranged between those
seen in the luteal phase of menstrual cycle and the third
trimester of pregnancy.

A major concern about exogenous sex hormone
administration is the development of thrombotic
disease; particularly when coupled with a disease already
known for its coagulopathic effects.46 This risk is most
prominent in women who receive estrogen-containing
contraceptives and appears to be most related to
estrogen dose. In fact, progesterone-only contraceptives
do not confer an increased risk of venous
thromboembolic disease.47 Even IV progesterone, as
used in phase 3 clinical trials of traumatic brain injury,
was not associated with increased risk of
thromboembolic disease.48 Nonetheless, all patients in
our study received prophylactic-dose anticoagulation, as
is recommended for hospitalized patients with COVID-
19.49 We similarly observed that use of progesterone was
safe overall and not associated with any significant
increase in the risk of thromboembolism.
82 Original Research
Limitations
This study was conducted at a large academic
quaternary care medical center in the racially and
ethnically diverse city of Los Angeles. Our study
population was predominantly white, Hispanic, and
obese, with a moderate burden of comorbidities
associated with worse outcomes in COVID-19.2 Thus,
the patients included in this analysis may represent
those at higher risk for worse outcomes from
COVID-19, which may limit the generalizability of
this trial to other populations. Other limitations
include the relatively small study population size, the
fact that the study was unblinded, and that it was
performed at a single site. Finally, with the rapidly
changing climate of COVID-19 treatment
approaches, patients’ receipt of other medications for
COVID-19 varied somewhat over the course of the
study (Table 1 and e-Table 2). These variations were
similar in both groups and were not statistically
significant; however, as progesterone is a steroid
hormone, discerning its beneficial effect on immune
modulation over that of systemic glucocorticoids is
limited in this study. A further study will need to
delineate the mechanism of action of progesterone
and compare its efficacy with that of glucocorticoids
in COVID-19.

Interpretation
This proof-of-concept pilot trial showed very
encouraging outcome data, suggesting that
administration of progesterone at a dose of 100 mg twice
daily by subcutaneous injection may represent a safe and
effective approach to the treatment of COVID-19 by
improving the clinical status among men with moderate
to severe illness. Further research is necessary in larger,
more heterogeneous populations, including
postmenopausal women and at other treatment centers,
to establish the degree of clinical efficacy and to assess
any other potential safety concerns of this treatment
approach.
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