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Abstract

IMPORTANCE Fostamatinib, a spleen tyrosine kinase inhibitor, has been reported to improve
outcomes of COVID-19.

OBJECTIVE To evaluate the efficacy and safety of fostamatinib in adults hospitalized with COVID-19
and hypoxemia.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, phase 3, placebo-controlled, double-
blinded randomized clinical trial was conducted at 41 US sites and 21 international sites between
November 17, 2021, and September 27, 2023; the last follow-up visit was December 31, 2023.
Participants were adults aged 18 years or older hospitalized with acute SARS-CoV-2 infection and
hypoxemia. Data were analyzed between January 10 and March 8, 2024.

INTERVENTIONS Fostamatinib, 150 mg orally twice daily for 14 days, or placebo.

MAIN OUTCOMES AND MEASURES The primary outcome was oxygen-free days, an ordinal
outcome classifying a participant's status at day 28 based on mortality and duration of supplemental
oxygen use. An adjusted odds ratio (AOR) greater than 1.0 was considered to indicate superiority of
fostamatinib over placebo. A key secondary outcome was 28-day all-cause mortality. Safety
outcomes included elevated transaminase values, neutropenia, and hypertension.

RESULTS Of the 400 participants randomized (median age, 67 years [IQR, 58-76 years]; 210
[52.5%] men), 199 received fostamatinib and 201 received placebo. The mean (SD) number of
oxygen-free days was 13.4 (12.4) in the fostamatinib group and 14.2 (12.1) in the placebo group
(unadjusted mean difference, -1.26 days [95% Cl, -3.52 to 1.00 days]; AOR, 0.82 [95% credible
interval (Crl), 0.58-1.17]). Mortality at 28 days occurred in 22 of 195 patients (11.3%) in the
fostamatinib group and 16 of 197 (8.1%) in the placebo group (AOR, 1.44; 95% Crl, 0.72-2.90).
Aspartate aminotransferase elevation occurred more commonly in the fostamatinib group (23
[11.6%]) than in the placebo group (11 [5.5%]; AOR, 2.28; 95% Crl, 1.07-4.84). Other safety outcomes
were similar between groups.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial of adults hospitalized with
COVID-19 and hypoxemia, fostamatinib did not increase the number of oxygen-free days compared
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Abstract (continued)

with placebo. These results do not support the hypothesis that fostamatinib improves outcomes
among adults hospitalized with hypoxemia during the Omicron era.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04924660

JAMA Network Open. 2024;7(12):€2448215. doi:10.1001/jamanetworkopen.2024.48215

Introduction

Despite advances in the treatment of COVID-19, mortality among patients admitted to the hospital
with COVID-19 and hypoxemia remains high.! Whether agents targeting circulating immune cells
linked to thromboinflammation can improve outcomes of COVID-19 remains unknown.

Fostamatinib is an oral spleen tyrosine kinase inhibitor approved by the US Food and Drug
Administration for the treatment of adult patients with chronic immune thrombocytopenia.
Fostamatinib blocks the activation of neutrophils, macrophages, and platelets,? each of which
contribute to thromboinflammation in COVID-19. In vitro data have demonstrated the ability of
fostamatinib to inhibit the release of neutrophil extracellular traps (NETs) in healthy neutrophils
stimulated with COVID-19 plasma.3 NETs are weblike structures comprising DNA-histone complexes
and immunomodulatory proteins that can cause epithelial and endothelial injury and promote
thrombosis.*® In vitro data have also demonstrated that fostamatinib inhibits spike antigen-
antibody complex-mediated activation of macrophages and platelets.®"" In addition, analysis of
cellular and soluble mediators in serum samples from patients with COVID-19 enrolled in a phase 2
randomized clinical trial demonstrated that fostamatinib was associated with decreased myeloid
activation.'? Through these mechanisms, fostamatinib may dampen inflammatory pathways
associated with thromboinflammation and mitigate acute lung injury, hastening recovery from
COVID-19.

In a previous phase 2 study,'® fostamatinib was safe and resulted in a greater mean change in an
8-point COVID-19 ordinal scale of patient clinical status in adults hospitalized with COVID-19. A
preliminary report from an unpublished phase 3 trial found that fostamatinib increased the number
of days free of supplemental oxygen in adults hospitalized with COVID-19."" To test the hypothesis
that fostamatinib improves outcomes for patients with COVID-19, we performed a phase 3,
placebo-controlled, randomized clinical trial examining the effects of fostamatinib on oxygen-free
days in adults hospitalized with COVID-19 and hypoxemia.

Methods

Trial Oversight

The US National Institutes of Health (NIH) established the fourth Accelerating COVID-19 Therapeutic
Interventions and Vaccines (ACTIV-4) program to rapidly evaluate therapies targeting the host
response for the treatment of COVID-19."® A description of the platform and the results of the first 2
trials have been published previously."”® In this randomized clinical trial, the ACTIV-4 Host Tissue
platform was coordinated by Vanderbilt University Medical Center. The trial was overseen by 2
bodies: a data safety and monitoring board (DSMB) appointed by the National Heart, Lung, and
Blood Institute of the NIH and the Vanderbilt University institutional review board. The platform was
registered at ClinicalTrials.gov prior to enrollment (NCT04924660). Agents were investigated on
the platform under a US Food and Drug Administration Investigational New Drug application.
Written informed consent was obtained from all participants or surrogates prior to trial procedures.
This manuscript was written in accordance with the Consolidated Standards of Reporting Trials
(CONSORT)."®

[5 JAMA Network Open. 2024,7(12):e2448215. doi:10.1001/jamanetworkopen.2024.48215 December 3,2024 217

Downloaded from jamanetwork.com by guest on 01/15/2025


https://clinicaltrials.gov/study/NCT04924660
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.48215&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.48215
https://clinicaltrials.gov/study/NCT04924660
http://www.equator-network.org/reporting-guidelines/consort/

JAMA Network Open | Infectious Diseases Fostamatinib for Hospitalized Adults With COVID-19 and Hypoxemia

Trial Design

This report describes the third trial of the ACTIV-4 Host Tissue platform (trial protocol and statistical
analysis plan in Supplement 1). This trial ran from November 17, 2021, to September 27, 2023, at 62
hospitals, including 41 hospitals in the US and 21 hospitals outside the US (eTable 1in Supplement 2).
From November 17, 2021, to April 20, 2022, the fostamatinib trial was part of a platform including 3
total trials (eFigure 1in Supplement 2). The other 2 trials enrolling at that time studied TXA-127 and
TRV-027."7 Fostamatinib trial enroliment was from November 17, 2021, to September 27, 2023, with
the last follow-up visit on December 31, 2023.

During the period when all 3 trials were concurrently enrolling on the platform, participants
were randomized based on their eligibility to fostamatinib, TXA-127, TRV-027, or placebo. TXA-127
and TRV-027 had a matching intravenous placebo, while fostamatinib had a matching placebo pill.
The trials shared placebo participants, such that each trial included participants randomized to the
relevant active agent and all placebo participants eligible for that trial regardless of which type
(intravenous vs pill) of placebo they received. On April 21, 2022, the TRV-027 and TXA-127 trials
were stopped."”

Patient Population

The trial included patients aged 18 years or older hospitalized for SARS-CoV-2 infection, defined as a
positive SARS-CoV-2 molecular or antigen test result within 72 hours of randomization, and
new-onset hypoxemia, defined as an oxygen saturation (Spo,) measured by pulse oximetry of less
than 92% on room air, use of supplemental oxygen to maintain an Spo, greater than 92%, or an
increased oxygen requirement for patients who were receiving supplemental oxygen before their
COVID-19 diagnosis to maintain their baseline Spo,. A complete list of eligibility criteria is available in
eTable 2 in Supplement 2.

Race and ethnicity were collected by self-report using mutually exclusive categories provided
by the trial's case report form to report the demographic characteristics of the trial population. Race
categories were American Indian or Alaska Native, Asian, Black, Middle Eastern or Northern African,
Native Hawaiian or Other Pacific Islander, White, and other race or preferred not to answer. Ethnicity
categories were Hispanic, not Hispanic, and other ethnicity or preferred not to answer. Other
indicated that the listed categories did not apply.

Randomization

Eligibility criteria were entered into a centralized randomization system (REDCap).2° Patients were
randomized to ensure balance between the group receiving the active agent and the pooled placebo
group for each trial. If the patient was eligible for more than 1enrolling trial, the patient was
randomized in equal ratios to a specific trial. Participants were then assigned to the active agent or
placebo in an m:1ratio, with m representing the number of eligible trials. For example, if a patient was
eligible for all 3 trials, they were randomized in a 1:1:1 ratio to TXA-127, TRV-027, or fostamatinib and
in a 3:1ratio to active agent or placebo. If randomized to placebo, the patient received a placebo
mimic of the medication corresponding to the assigned trial—-TXA-127 or TRV-027 (both intravenous
infusions) or fostamatinib (pill)—but would contribute to the pooled placebo group for each of the

3 trials. Randomization was implemented using permuted blocks stratified by site and trial eligibility.
From April 20, 2022, through September 27, 2023, the fostamatinib trial was the only enrolling trial.
During this period, participants were randomized 1:1 to fostamatinib or placebo.

Blinding

While the 3 trials were enrolling concurrently, participants, treating clinicians, and trial personnel
were blinded to active agent or placebo assignment but not blinded to the specific trial. Participants
assigned to TXA-127 received 3-hour active agent or placebo infusion daily for 5 days, those assigned
to TRV-027 received continuous active agent or placebo infusion for 5 days, and those assigned to
fostamatinib received an active agent or placebo pill twice daily for 14 days. This design enabled
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blinded comparisons of active agent vs placebo for multiple trials on the same platform using agents
administered by different routes and dosages and avoided a double dummy placebo requirement.
Once the TRV-027 and TXA-127 trials were stopped, blinding was continued using an oral placebo
identical to the fostamatinib active compound. Blinding was maintained for each trial until all
follow-up was complete and the database was locked.

Trial Interventions

Fostamatinib was administered at a dosage of 150 mg by mouth twice daily for 14 days. This study
dose and duration was chosen based on the prior 2 fostamatinib trials suggesting efficacy.™ Study
medication was continued on an outpatient basis if the patient was discharged prior to completing
28 doses. Treatment days were not added to the 14-day course if the study drug was held and then
restarted, and the maximum treatment course was 28 pills. For participants unable to swallow,
tablets were crushed and administered through an enteral tube.

Study Drug Modification and Discontinuation for Safety

The trial protocol (Supplement 1) included criteria for both modifying the dose of the trial drug and
stopping the study drug. When the study drug was restarted at 100 mg, the study team and patient
remained blinded and the unblinded study pharmacist dispensed the corresponding 100-mg pill,
either placebo or fostamatinib, depending on treatment allocation.

Outcomes

The primary outcome was oxygen-free days, an ordinal outcome classifying a patient's status at day
28 based on mortality and duration of supplemental oxygen use. The rationale and design of this
outcome was previously published.' This outcome was chosen to characterize recovery from acute
lung injury using 2 patient-centered outcomes: mortality and hypoxia-related lung dysfunction.
These 2 outcomes have been the focus of therapeutic interventions during inpatient management of
patients with COVID-19 hypoxemia. Improvement in lung injury would be reflected by improvement
in oxygen-free days. Oxygen-free days were calculated as 28 days minus the number of days
between initiation of and final liberation from new supplemental oxygen use during the 28 days
following randomization. Participants receiving long-term supplemental oxygen before a COVID-19
diagnosis were classified as liberated from new supplemental oxygen when their oxygen flow rate
returned to their baseline level. Participants who died before day 28 were assigned a value of -1,
signifying an outcome worse than the O value due to ongoing oxygen need at day 28. Participants
who started the trial with new supplemental oxygen and continued to receive it through day 28 were
coded as having O oxygen-free days. Hence, oxygen-free days was an ordinal outcome with 30 levels,
ranging from -1to 28. Patients were followed up daily in the hospital to document oxygen use and
had telephone follow-up through day 28 if discharged. If the participant used supplemental oxygen
for any part of a day, that day was counted as “on oxygen." For patients who were intermittently
receiving supplemental oxygen during the weaning process, we counted all days as being “on
oxygen" until the last day of oxygen use.

The 3 key secondary efficacy outcomes included 28-day all-cause mortality, alive and free of
respiratory failure at day 28 (defined as alive and not receiving high-flow nasal oxygen, noninvasive
ventilation, or invasive mechanical ventilation at day 28), and status on the 8-level World Health
Organization (WHO) COVID-19 clinical progression ordinal scale at day 28.2' The scale consisted of
ambulatory (levels 1and 2), hospitalized without use of supplemental oxygen (level 3), hospitalized
with increasingly invasive lung and other organ support (simple supplemental oxygen by nasal
prongs or mask [level 4], high-flow nasal oxygen or noninvasive ventilation [level 5], invasive
mechanical ventilation [level 6], or invasive mechanical ventilation plus other organ support [level
71). and death (level 8). The trial protocol (Supplement 1) specified 3 key safety outcomes: elevation
in transaminase values through day 28, neutropenia through day 28, and hypertension through day
28. We defined elevated transaminase values to be 4 times a conservative upper limit of normal
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(ULN).22 At the request of the DSMB after a July 20, 2022, meeting, we proposed a definition and
plan to collect adverse events of special interest (AESIs) for the DSMB on September 21, 2022, and
this was accepted. We systematically collected AESIs from that point forward. These events were
defined as the occurrence of an aspartate aminotransferase (AST) or alanine aminotransferase (ALT)
value more than 5 times the local laboratory's ULN or the baseline value (if above the ULN) at the
time of randomization through day 28. A complete list of trial outcomes is available in eTable 3 in
Supplement 2, and a complete list of protocol-specified exempt serious events (PSESES) is available
in eTable 4 in Supplement 2.

Halting Enrollment

At the first interim analysis (200 participants enrolled), the efficacy probability for the primary
outcome was 0.152, and enrollment was continued. At the request of the DSMB, we provided
conditional power after enrollment of and outcome collection for 364 participants. The conditional
power was the probability of concluding efficacy regarding the primary outcome if the trial
completed enrollment (600 participants), conditional on the outcome data for the first 364
participants. The DSMB recommended halting enrollment on September 27, 2023, based on low
conditional power.

Statistical Analysis

Details of the statistical approach are available in the statistical analysis plan (Supplement 1). The
modified intention-to-treat (mITT) primary analysis population included all eligible, randomized
participants who received any amount of the assigned study drug.

The primary outcome, oxygen-free days, was analyzed using a bayesian multivariable
proportional odds logistic regression (POLR) model with active vs placebo study drug as the primary
independent variable, adjusted for age group (18-30, 31-64, and =65 years), sex at birth, and
baseline level of oxygen support on the WHO COVID-19 ordinal scale (level 3 or 4 was no oxygen or
oxygen receipt via standard nasal cannula or mask; level 5, high-flow nasal cannula or noninvasive
ventilation; and level 6 or 7, invasive mechanical ventilation). A noninformative flat prior was used for
all model parameters. The effect of treatment on oxygen-free days was quantified using an adjusted
odds ratio (AOR) and 95% equal-tailed credible interval (Crl). An AOR greater than 1.0 indicated
superiority (more oxygen-free days in the active agent group vs placebo group), and an AOR less than
1.0 indicated inferiority. The efficacy probability was the posterior probability that the adjusted AOR
exceeded 1.0. Regression diagnostics included assessment of the proportional odds assumption and
sensitivity analyses as described in the statistical analysis plan (Supplement 1). No evidence was
found that the proportional odds assumption was violated (eFigure 2 in Supplement 2). Due to the
irregular distribution of oxygen-free days, POLR was selected in favor of less flexible methods, such
as Poisson or negative binomial regression.

All trials in the ACTIV-4 Host Tissue platform were powered based on the primary outcome of
oxygen-free days and its distribution in a prior COVID-19 trial.?® Prior to enrollment, using statistical
simulation, we calculated that 600 participants would provide 85% power to detect an AOR of 1.65,
corresponding to an increase of 3.1 oxygen-free days and an absolute mortality reduction of 7.8% in
the active agent group compared with the placebo group. This difference in oxygen-free days aligned
with prior trials and was a clinically important difference to patients.'®242 Details of the simulations
used for sample size calculations are available in the statistical analysis plan (Supplement 1).

Planned interim analyses were scheduled after one-third (200 participants) and two-thirds
(400 participants) of the total planned sample size had reached primary outcome ascertainment.
The DSMB was instructed to halt enroliment if the efficacy probability at an interim analysis was less
than 5%. At the final analysis, if enrollment was not previously halted, a conclusion of superiority
was indicated if the efficacy probability exceeded 0.976, a threshold selected to ensure a type | error
rate of less than 2.5%. Inferiority was concluded if the efficacy probability was less than 0.05 at the
final analysis.
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In separate analyses, differential treatment effect was evaluated by adding an interaction term
between prespecified baseline characteristics and trial group assignment to the primary analysis
model for oxygen-free days.?” Baseline characteristics evaluated included age, COVID-19 vaccination
status, respiratory support (classified with the WHO COVID-19 clinical progression ordinal scale), and
use of an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker at baseline. The
rationale for evaluating differential treatment effect by patients’ severity of illness at enrollment was
the findings of 2 previous trials™1"°
with more severe disease. An additional post hoc analysis was performed to examine the effect of
trial group assignment on outcomes by comparing patients enrolled earlier in the pandemic (year 1)
with patients enrolled later, when vaccination was more common, other concomitant COVID-19
therapies were being used, and the most common variant was Omicron (year 2).

Secondary efficacy and safety outcomes were analyzed with regression models using the same
covariables as the primary model. A gatekeeping method was used to ensure a type | error rate of
less than 2.5% across the family of primary and key secondary outcomes but not the safety
outcomes; the key secondary outcomes were tested, in the specified order, only if the active drug

suggesting fostamatinib might have greater efficacy in patients

was superior to placebo for the preceding outcome. For key secondary outcomes, the posterior

efficacy probability was the probability of an AOR in the direction corresponding to a better outcome:

Figure 1. Patient Screening, Randomization, and Participation in the Fostamatinib Trial

5441 Patients hospitalized for COVID-19
and screened for enrollment

4978 Excluded
3565 Ineligible
1914 Met exclusion criteria?
415 Symptoms >14 d
310 Trial-specific exclusions
269 Clinician decision
250 Kidney replacement therapy
210 Hospitalized >72 h
156 Not pursuing full careP
104 Sensitivity to study medication
89 Pregnancy
81 Severe renal artery stenosis
67 Breastfeeding
43 Incarcerated
18 Hemodynamic instability
9 LV obstruction
5 Enrolled in another RAAS trial
1651 Did not meet inclusion criteria
(not hypoxemic)
703 Declined to participate
339 Not approached
371 Other¢

/ 463 Randomizedd )

413 Randomized to fostamatinib trial 50 Randomized to active
J TXA-127 or TRV-027

26 TXA-127
~ S 24 TRV-027

(" 413 Randomized )

206 Randomized to placebo
201 Received placebo
2 Did not receive placebo
3 Did not meet criteria

207 Randomized to active
fostamatinib
199 Received fostamatinib
5 Did not receive fostamatinib
3 Did not meet criteria

!

‘ 199 Included in mITT analysis ‘

‘ 201 Included in mITT analysis

LV indicates left ventricular; mITT, modified intention-
to-treat; RAAS, renin angiotensin aldosterone system.

2 The criteria were not mutually exclusive; some
potential participants met multiple criteria for
ineligibility.

b The patient, clinical team, or both was not pursuing
full medical management (eg, a
do-not-intubate order).

€ The patient was to be discharged from the hospital
before the study procedures could be initiated, the
patient was enrolled in another trial, or the patient’s
situation presented logistical challenges for trial
enrollment.

d Patients eligible for more than 1trial were
randomized with equal probability to a specific trial.
The Randomization subsection of the Methods
section gives more details on randomization.
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Table 1. Patient Characteristics at Baseline

Characteristic

Patients®

Fostamatinib (n = 199)

Placebo (n = 201)

Age, y
18-30
31-64
265
Sex at birth
Female
Male
Race®
American Indian or Alaska Native
Asian
Black
Middle Eastern or Northern African
Native Hawaiian or Other Pacific Islander
White
Other or preferred not to answer
Ethnicity®
Hispanic
Not Hispanic
Other or preferred not to answer
Country
us
Spain
South Africa
Brazil
Italy
Germany

Long-term supplemental oxygen use prior
to COVID-19 diagnosis

Patient-reported chronic medical conditions
Hypertension
Obesity*
Diabetes (with or without end-organ damage)
Chronic pulmonary disease
Chronic heart failure

Chronic kidney disease (not receiving renal
replacement therapy)

Active cancer
Cirrhosis
Dementia
Long-term medication use
ACE inhibitor
ARB

Predominant SARS-CoV-2 variant in US at time
of enrollment

Delta (before December 26, 2021)
Omicron (after December 26, 2021)
Receipt of 21 COVID-19 vaccine

7(3.5)
80 (40.2)
112 (56.3)

99 (49.7)
100 (50.3)

2(1.0)
6(3.0)

24 (12.1)
1(0.5)
3(1.5)
142 (71.4)
21(10.6)

27 (13.6)
167 (83.9)
5(2.5)

186 (93.5)
9(4.5)
2(1.0)
1(0.5)
1(0.5)

0
23(11.6)

122 (61.3)
84 (42.2)
73 (36.7)
72 (36.2)
45 (22.6)
35(17.6)

20(10.1)
10 (5.0)
9 (4.5)

10 (5.0)
11 (5.5)

12 (6.0)
187 (94.0)
144 (72.4)

5(2.5)
74 (36.8)
122 (60.7)

91 (45.3)
110 (54.7)

4(2.0)
6(3.0)

23 (11.4)
0

0

156 (77.6)
12 (6.0)

29 (14.4)
162 (80.6)
10(5.0)

188 (93.5)
9 (4.5)
3(1.5)

0

0

1(0.5)
23(11.4)

135 (67.2)
94 (46.8)
79 (39.3)
71(35.3)
50 (24.9)
41 (20.4)

23 (11.4)
8 (4.0)
8 (4.0)

12 (6.0)
13 (6.5)

11(5.5)
190 (94.5)
145 (72.1)

(continued)
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Table 1. Patient Characteristics at Baseline (continued)

Patients®
o Fostamatinib Abbreviations: ACE, angiotensin converting enzyme;
Characteristic (n =199) Placebo (n = 201) ARB, angiotensin receptor blocker; WHO, World
WHO COVID-19 clinical progression scale at randomization® Health Organizations.
3 1(0.5) 1(0.5) 2 Data are presented as number (percentage) of
4 147 (73.9) 148 (73.6) patients unless otherwise indicated.
5 41 (20.6) 44 (21.9) b Race and ethnicity were self-reported using mutually
exclusive categories. "Other” was selected when the
6 10 (5.0) 8(4.0) - o
remaining categories did not apply.
Z 0 0 ¢ Defined as body mass index of 30 or greater,
Time from hospitalization to randomization, median (IQR), d 1(1-2) 1(1-2) calculated as weight in kilograms divided by height
Vasopressor use on day of randomization® 7(3.5) 7 (3.5) in meters squared.
d - . .
Acute in-hospital treatments for COVID-19 prior to randomization The WHO COVID-19 clinical progression scale is
Cortl id 1671859 e described in the Outcomes subsection of the
Cteceteols E2gy 1) Methods section, with additional details in eTable 3
Anticoagulants 172 (86.4) 172 (85.6) in Supplement 2.
Remdesivir 160 (80.4) 161 (80.1) ¢ Includes any use of vasopressors or inotropes,
Baricitinib 18(9.1) 22(10.9) including but not limited to dobutamine, dopamine,
epinephrine, milrinone, norepinephrine,
Tocilizumab 8 (4.0) 9 (4.5) pinep pinep

phenylephrine, and vasopressin.

AOR less than 1.0 for 28-day all-cause mortality, AOR greater than 1.0 for alive and free of respiratory
failure at day 28, and AOR less than 1.0 for WHO COVID-19 clinical progression status at day 28.
Superiority was indicated if the posterior efficacy probability exceeded 0.975. Systematically
collected safety events, PSESEs, and adverse events were reported with frequency counts and
proportions.

Notwithstanding the aforementioned formal superiority and inferiority assessments, estimates
with a 95% Crl excluding the null were considered statistically significant. The widths of the 95% Crl
were not adjusted for multiplicity. Missing and partially observed outcomes were analyzed using a
likelihood-based method without imputation, as detailed in the statistical analysis plan
(Supplement 1). Outcome summaries excluded participants who withdrew consent or were lost to
follow-up prior to the outcome assessment. Data were analyzed between January 10 and March 8,
2024. Statistical analyses were conducted using R, version 4.2.0 (R Project for Statistical Computing)
with packages rms, rmsb, and ordinal. Analyses of the primary and key secondary outcomes used a
custom, validated implementation of the POLR model to account for partially observed outcomes.

Results

Participants

Of the 5441 patients screened for the ACTIV-4 Host Tissue platform trials, 463 were eligible for the
fostamatinib trial and randomized (Figure 1). Among those, 26 were assigned to active TXA-127 and
24 to active TRV-027 and excluded from the fostamatinib trial. The final number of patients enrolled
in the fostamatinib trial, including those whose outcome data were not yet available at the time that
enrollment was halted, was 413, with 7 patients identified as ineligible after randomization and 6
patients receiving no doses of study drug. Thus, 400 participants were analyzed in the mITT
population (199 in the fostamatinib group and 201 in the placebo group) (Table 1). Median patient
age was 67 years (IQR, 58-76 years); 210 (52.5%) were men, and 190 (47.5%) were women. A total of
6 patients (1.5%) were American Indian or Alaska Native; 12 (3.0%), Asian; 47 (11.8%), Black; 1(0.2%),
Middle Eastern or Northern African; 3 (0.8%), Native Hawaiian or Other Pacific Islander; 298
(74.5%), White; and 33 (8.3%), other race or preferred not to answer. Fifty-six patients (14.0%) were
Hispanic; 329 (82.2%), not Hispanic; and 15 (3.8%), other ethnicity or preferred not to answer.
Altogether, 289 patients (72.2%) had been vaccinated against COVID-19, 46 (11.5%) used
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supplemental oxygen at home prior to admission, and 103 (25.8%) were receiving high-flow oxygen
therapy or noninvasive or invasive mechanical ventilation at enrollment (Table 1). Patients in both
groups received similar concomitant therapies at the time of randomization and during the time of
study drug administration: 344 (86.0%) were receiving concomitant corticosteroids, and 321
(80.3%) were receiving remdesivir. By study day 28, 6 participants (1.5%) were lost to follow-up (3
[1.5%] in each group) (eFigure 3 in Supplement 2).

Study Drug Delivery

Among the 201 participants randomized to placebo, 12 (6.0%) received a placebo mimic of TXA-127
or TRV-027 by intravenous infusion and 189 (94.0%) received oral placebo. Participants received a
median of 27 (IQR, 10.0-28.0) of 28 possible doses overall, 26 (IQR, 10.0-28.0) doses in the
fostamatinib group, and 27 (IQR, 10.0-28.0) doses in the placebo group. In the fostamatinib group,

Table 2. Summary of Primary, Key Secondary, and Safety Outcomes

Patients, No./total No. (%)

Fostamatinib Placebo Unadjusted absolute
Outcome (n=199) (n=201) difference (95% CI)? AOR (95% Crl)®
Primary outcome: oxygen-free 13.4(12.4) 14.2(12.1) -0.8(-3.3t01.7) 0.82(0.58t01.17)
days to day 28, mean (SD)©
Key secondary outcomes®
Mortality at day 28 22/195(11.3) 16/197 (8.1) 3.2(-2.7t09.1) 1.44 (0.72 to 2.90)
Alive and respiratory failure 159/186 169/190(88.9) -3.5(-10.3t03.2) 0.71(0.37 to 1.36)
free at day 28¢ (85.5)
WHO COVID-19 clinical
progression ordinal scale level
at day 28f
1 65/182 (35.7) 74/189(39.2) -3.4(-13.2t06.4)
2 76/182 (41.8) 88/189 (46.6) -4.8(-14.8t05.3)
3 6/182(3.3) 3/189(1.6) 1.7(-1.3t05.1)
4 8/182 (4.4) 3/189 (1.6) 2.8(-0.5t06.5)
1.39(0.95t0 2.04)
5 1/182 (0.5) 2/189 (1.1) -0.5(-2.5t01.3)
6 1/182(0.5) 1/189(0.5) 0.02 (-1.6t0 1.6)
7 3/182(1.7) 2/189(1.1) 0.6 (-1.7t03.1)
8 22/182(12.1) 16/189(8.5) 3.6(-2.5t09.9)
Prespecified safety outcomes
through day 289
Hypertension 24/199 (12.1) 19/201 (9.5) 2.6(-3.4t08.7) 0.75(0.39t0 1.43)
ANC <500 cells/pL 17/199(8.5)  9/201 (4.5) 4.1(-0.7t09.0) 2.01(0.86t0 4.67)
ALT >136 U/L for men or >96 14/199(7.0)  14/201(7.0) 0.1(-4.9t05.1) 0.98 (0.45t0 2.14)
U/L for women
AST >128 U/L for menor >104  23/199 (11.6) 11/201(5.5) 6.1(0.7to 11.6) 2.28(1.07 to 4.84)

U/L for women

Abbreviations: ALT, alanine aminotransferase; ANC, absolute neutrophil count; AOR, adjusted odds ratio; AST, aspartate
aminotransferase; Crl, credible interval; WHO, World Health Organization.

Sl conversion: To convert ALT and AST to pkat/L, multiply by 0.0167.
@ Binomial distribution with improper {3 prior was used for each binary outcome.
b Calculated using the regression techniques described in the Statistical Analysis subsection of the Methods section.

< Oxygen-free days were calculated as 28 minus the number of days between initiation and final liberation from new
supplemental oxygen use during the 28 days following randomization. Participants who died before day 28 were coded
as having -1 oxygen-free days (worst possible outcome). The primary analysis of oxygen-free days included all
participants, including those with partially observed data (participants for whom the number of oxygen-free days was
not known precisely but was known to be within a certain range) (eFigure 3 in Supplement 2). The number of participants
with partially observed data included 33 in the fostamatinib active group and 20 in the placebo group. The mean (SD)
estimates exclude participants with partially observed oxygen-free days.

d Additional secondary outcomes are presented in eFigure 4 and safety outcomes in eTable 7 in Supplement 2.
¢ Defined as alive and not receiving high-flow nasal oxygen, noninvasive ventilation, or invasive ventilation.

f The WHO COVID-19 clinical progression scale is described in the Outcomes subsection of the Methods section, with
additional details in eTable 3 in Supplement 2.

& All safety outcomes were based on clinician assessment during routine follow-up.

[5 JAMA Network Open. 2024,7(12):e2448215. doi:10.1001/jamanetworkopen.2024.48215 December 3,2024 9Nn7

Downloaded from jamanetwork.com by guest on 01/15/2025


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.48215&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.48215
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.48215&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.48215
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.48215&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.48215
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.48215&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.48215

JAMA Network Open | Infectious Diseases

Fostamatinib for Hospitalized Adults With COVID-19 and Hypoxemia

participants received 7867 of 10 864 possible oral doses (72.4%). Among the 2997 doses not

received (27.6%), the most common reasons were study drug discontinuation due to adverse events
(714 doses [23.8%]) and death prior to the time the dose was scheduled (199 doses [6.6%]) (eTable 5
in Supplement 2). The proportion of patients who experienced any study drug discontinuation due

to adverse events was 39 (19.6%) in the fostamatinib arm and 32 (15.9%) in the placebo arm,
including temporary (24 [12.1%] in the fostamatinib arm and 15 [7.5%] in the placebo arm) or
permanent (23 [11.6%] in the fostamatinib arm and 19 [9.5%] in the placebo arm) study drug
discontinuation.

Primary Outcome

The mean (SD) number of oxygen-free days was 13.4 (12.4) in the fostamatinib group and 14.2 (12.1)

in the placebo group (unadjusted mean difference, -1.26 days [95% Cl, -3.52 to 1.00 days]; AOR,
0.82[95% Crl, 0.58-1.17]; posterior probability of superiority, 0.14) (Table 2 and Figure 2). In the
analyses to assess differential treatment effect, the point estimates were similar across all groups
(Figure 3).

Secondary Outcomes

Among the 392 participants with complete data at day 28 (98.0%), mortality occurred in 22 of 195
in the fostamatinib group (11.3%) and 16 of 197 in the placebo group (8.1%; AOR, 1.44; 95% Crl, 0.72-
2.90) (Table 2 and eFigure 4 in Supplement 2). At day 28, 159 of 186 participants in the fostamatinib

Figure 2. Primary Outcome of Oxygen-Free Days Between Randomization and Day 28

E Oxygen-free days between randomization and day 28

100+
75+
EN
£
2 504
S
<
o
Fostamatinib liberation
25 from supplemental oxygen
— Fostamatinib survival
Placebo liberation from
supplemental oxygen
- - Placebo survival
0+ T T T 1
0 7 14 21 28
) Time since randomization, d
No. at risk
Fostamatinib 195 188 178 172 165
Placebo 200 187 181 178 173

Proportion of participants in each level of the oxygen-free days ordinal scale

e _ ‘ -
T T T T T T T 1

Placebo
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Proportion of patients

Treatment group

o

Oxygen-free days [l Death [] 0-7 []8-14 [ 15-21 [ 22-28

The day of randomization was study day O. The total
sample size was 400 participants in the fostamatinib
trial. Participants were followed up until the earlier of
death or day 28. A, The proportion of participants who
were deceased or liberated from supplemental oxygen
was calculated using the number of patients for whom
information was available for that day. Incomplete
follow-up, especially pertaining to oxygenation status,
meant that some participants were not included in the
calculation for that day, which along with allowing for
patients to resume supplemental oxygen after a period
of liberation, led to nonmonotonicity in the figure. B,
The oxygen-free days outcome demonstrated null
results for fostamatinib vs placebo, with point
estimates in the direction of inferiority (adjusted odds
ratio [AOR], 0.82; 95% credible interval, 0.58-1.17).
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group (85.5%) and 169 of 190 in the placebo group (88.9%) were alive and free of respiratory failure
(AOR, 0.71; 95% Crl, 0.37-1.36). Participants'’ status on the 8-level WHO COVID-19 clinical progression
ordinal scale at day 28 was a 1or 2 in 141 of 182 participants in the fostamatinib group (77.5%) and
162 of 189 in the placebo group (85.7%; AOR, 1.39; 95% Crl, 0.95-2.04).

Safety Outcomes and Adverse Events

The proportion of participants who experienced an AST value greater than 128 U/L (men) or 104 U/L
(women) was greater in the fostamatinib group (23 [11.6%]) than in the placebo group (11 [5.5%];
AOR, 2.28; 95% Crl, 1.07-4.84) (to convert AST to pkat/L, multiply by 0.0167). The proportion of
patients in each group who experienced an ALT value greater than 136 U/L for men or 96 U/L for
women was similar (14 [7.0%] vs 14 [7.0%]; AOR, 0.98; 95% Crl, 0.45-2.14) (to convert ALT to pkat/L,
multiply by 0.0167). The frequency of other safety outcomes, PSESEs (eTable 7 in Supplement 2),
and serious adverse events (eTable 6 in Supplement 2) was similar between groups.

Discussion

In this randomized clinical trial involving 400 adults hospitalized with COVID-19 and hypoxemia,
fostamatinib did not increase the number of days alive and free from supplemental oxygen therapy

Figure 3. Differential Treatment Effect

Participants, No. (%) Fostamatinib | Fostamatinib

Subgroup Fostamatinib Placebo AOR (95% CI) inferior : superior
All 199 201 0.82(0.58-1.17) —-—
Sex assigned at birth?
Female 99 (49.7) 91(45.3) 0.98(0.58-1.66) —
Male 100(50.3) 110(54.7) 0.70(0.43-1.14) ——
Age group, y
18-30 7(3.5) 5(2.5) 0.25(0.03-2.31)
31-64 80 (40.2) 74(36.8)  0.94(0.54-1.64) —
265 112(56.3) 122(60.7) 0.79(0.49-1.26) —a——
WHO ordinal scale level?
4: Standard supplemental O, 148 (74.4) 149 (74.1) 0.81(0.54-1.22) ——
5: HFNC or NIV 41(20.6) 44(21.9) 0.85(0.40-1.81) —_—

6-7: Invasive mechanical ventilation 10 (5.0) 8(4.0) 0.91 (0.14-5.95)
COVID-19 vaccination status®

Unvaccinated 34(17.1) 33(16.4) 0.93(0.39-2.25) EE—
At least 1 vaccine dose 144 (72.4) 14(72.1) 0.80(0.53-1.22) ——
Pre-COVID-19 ACE inhibitor or ARB use
No 160 (80.4) 157 (78.1) 0.94(0.63-1.41) ——
Yes 36(18.1) 43(21.4) 0.52(0.24-1.13) -
Randomization year
1 105 (52.8) 110(54.7) 0.76 (0.46-1.23) ———
2 94(47.2)  91(45.3) 0.87 (0.52-1.46) — .
025 050 1 2 4

AOR (95% CI)

Odds ratios were adjusted for sex, age group, and baseline World Health Organization (WHO) ordinal scale level. No formal test of heterogeneity of treatment effect was implemented. An
oxygen-free day was calculated as 28 minus the number of days between randomization (day O) and liberation from new supplemental oxygen use during the 28 days. Participants who died
before day 28 were coded as having -1 oxygen-free days (worst possible outcome). The subgroup analyses of oxygen-free days included participants with partially observed data (only
known to be within a certain range). Additional information appears in eFigure 3 in Supplement 2, including the number of participants with partially observed oxygen-free days. ACE
indicates angiotensin-converting enzyme; AOR, adjusted odds ratio; ARB, angiotensin receptor blocker; HFNC, high-flow nasal cannula; NIV, noninvasive.

@ Not prespecified as a subgrouping variable; thus, differential treatment effect by sex was a post hoc analysis.

b The WHO COVID-19 clinical progression scale is described in the Outcomes subsection of the Methods section. There were 2 participants (1in the placebo arm, 1in the fostamatinib
arm) with baseline WHO level of 3 who were hypoxemic and thus qualified for the trial and none with a WHO level of 7 at baseline.

¢ Participants with unknown vaccination status were excluded (23 receiving placebo and 21 receiving fostamatinib).
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or decrease mortality. These results suggest that fostamatinib did not improve recovery from
COVID-19 in a population of largely vaccinated patients during the Omicron era.

The 2 previous fostamatinib trials™" suggested benefit in patients hospitalized with COVID-19,
particularly patients with increased severity of lung injury, and this was the rationale for the design
of the current trial. Our trial, however, did not find fostamatinib effective for increasing the number of
oxygen-free days in hospitalized adults with COVID-19 despite enrolling a trial population in which
25.8% of participants were receiving high-flow nasal cannula, noninvasive ventilation, or invasive
mechanical ventilation at the time of randomization. Our differential treatment effect analysis
evaluating differences in oxygen-free days stratified by WHO COVID-19 severity status at
randomization also did not suggest efficacy.

At least 5 potential explanations exist for the difference in findings between the current trial and
the previous trials."*" First, the large sample size in this phase 3 trial may have provided more precise
estimates of treatment effect and a lower risk of type | error than prior, earlier-phase studies lacking
familywise type I error control.™®® As often happens with confirmatory trials, a larger sample size in
our trial allowed a better estimation of differences in efficacy not favoring treatment with
fostamatinib. Second, the 2 previous trials were conducted earlier in the pandemic, when most
participants were unvaccinated.”" In our trial, 72.3% of participants (n = 289) were vaccinated, and
vaccination possibly diminished participants’ inflammatory response, decreasing the opportunity for
benefit from a drug targeting immune dysregulation.?82° However, in our differential treatment
effect analysis, there was no evidence of a significant difference in efficacy between vaccinated and
unvaccinated participants. Third, differences in the predominant SARS-CoV-2 virus variant between
the previous trials and our trial may have led to differences in vaccine response, pathogenesis of
disease, and clinical manifestations and response to treatment with fostamatinib. Fourth, compared
with the trials conducted earlier in the pandemic,3°3' the participants in our trial were older and had
a greater number of underlying chronic medical conditions, including chronic lung disease and long-
term receipt of supplemental oxygen. This may have resulted in a lower proportion of hypoxemia
cases being attributable to lung injury from COVID-19 and, therefore, more cases potentially less
amenable to a drug targeting altered immune responses. Fifth, administration of antivirals was
infrequent in the prior large fostamatinib trial.'*' In contrast, these treatments were commonly
administered in our trial, possibly diminishing any additive effect of fostamatinib.

Recent research has highlighted heterogeneity in the development and repair of lung injury.2
Whether the effect of fostamatinib on outcomes differs for participants with vs without biomarkers
of proinflammatory cellular response, including NET formation, may help inform whether

fostamatinib should be evaluated in other thromboinflammatory processes.

Limitations

Our trial has limitations. Fostamatinib was studied in addition to usual COVID-19 treatments,
including corticosteroids and remdesivir for most participants. Thus, the effect of fostamatinib
independent of other COVID-19 treatments could not be evaluated. Second, halting enrollment
resulted in even lower power for our key secondary outcomes. Third, we do not yet have mechanistic
data to inform whether receipt of fostamatinib affected soluble mediators of immune dysregulation
associated with thromboinflammation, the mechanism by which fostamatinib is hypothesized to
improve clinical outcomes. Mechanistic analyses are underway to investigate the differential effect
of fostamatinib on soluble mediators associated with immune dysregulation relative to placebo (Jeff
Stritch, MD, MHS; written communication; August 15, 2024). While differences in dose and type of
anticoagulant could have a theoretical impact on microthrombosis, similar proportions of patients in
each arm were receiving anticoagulants. However, we did not assess whether this dosage was
prophylactic or therapeutic. There could have been imbalances in the amount of anticoagulation,
potentially impacting the degree of lung injury via microthrombosis. In addition, while SARS-CoV-2
variants can be contextualized by the year of the pandemic in different countries, this may be a poor
surrogate for the variant at a participant level when comparing data across countries.
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Conclusions

In this randomized clinical trial of adults hospitalized with COVID-19 and hypoxemia, fostamatinib did
not increase the number of oxygen-free days compared with placebo. Our results do not suggest that
using fostamatinib to alter dysregulated immune responses improved outcomes for a population of
participants hospitalized with hypoxemia during the Omicron era.
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