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Background. Despite improvements in prevention and treatment, severe coronavirus disease 2019 (COVID-19) is associated
with high mortality. Phosphoinositide 3-kinase (PI3K) pathways contribute to cytokine and cell-mediated lung inflammation. We
conducted a randomized, placebo-controlled, double-blind pilot trial to determine the feasibility, safety, and preliminary activity of
duvelisib, a PI3K9dy inhibitor, for the treatment of COVID-19 critical illness.

Methods. We enrolled adults aged >18 years with a primary diagnosis of COVID-19 with hypoxic respiratory failure, shock,
and/or new cardiac disease, without improvement after at least 48 hours of corticosteroid. Participants received duvelisib (25 mg) or
placebo for up to 10 days. Participants had daily semi-quantitative viral load measurements performed. Dose modifications were
protocol driven due to adverse events (AEs) or logarithmic change in viral load. The primary endpoint was 28-day overall survival
(OS). Secondary endpoints included hospital and intensive care unit length of stay, 60-day OS, and duration of critical care
interventions. Safety endpoints included viral kinetics and AEs. Exploratory endpoints included serial cytokine measurements
and cytometric analysis.

Results.  Fifteen patients were treated in the duvelisib cohort, and 13 in the placebo cohort. OS at 28 days was 67% (95%
confidence interval [CI], 38%-88%) compared to 62% (95% CI, 32%-86%) for placebo (P = .544). Sixty-day OS was 60% versus
46%, respectively (hazard ratio, 0.66 [95% CI, .22-1.96]; P = .454). Other secondary outcomes were comparable. Duvelisib was
associated with lower inflammatory cytokines.

Conclusions. In this pilot study, duvelisib did not significantly improve 28-day OS compared to placebo for severe COVID-19.
Duvelisib appeared safe in this critically ill population and was associated with reduction in cytokines implicated in COVID-19 and
acute respiratory distress syndrome, supporting further investigation.

Clinical Trials Registration. NCT04372602.
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Over the course of the coronavirus disease 2019 (COVID-19)
pandemic, treatment strategies have evolved significantly
[1-4]. With the advent of highly effective vaccines, the incidence
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of severe disease has dramatically improved [5]. Nevertheless,
those who develop severe and critical illness as a result of
poor response to vaccination or vaccine hesitancy still suffer
from excessive morbidity and mortality [6-8].
Dexamethasone became the first intervention to yield a sig-
nificant survival benefit in such patients, highlighting the role
of immunosuppression in curbing disease and preventing death
[9]. Acute inflammation was hypothesized and demonstrated to
underlie acute respiratory distress syndrome (ARDS) and “cyto-
kine storm” [10, 11]. As such, several other immunosuppressive
interventions were examined in clinical trials, some of which
have achieved regulatory approval based on metrics such as de-
creased duration of ventilation or hospitalization [12-15].
Duvelisib is a potent inhibitor of phosphoinositide 3-kinase
delta and gamma (PI3K3y) and used for treatment of chronic
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lymphocytic leukemia, follicular lymphoma, and peripheral
T-cell lymphomas [16, 17]. Disruption of many PI3K-dependent
pathways, including those involved in cellular metabolism, cell
cycling, and DNA repair, leads to both potent anti-neoplastic
and anti-inflammatory effects. Preclinical research evaluating
the anti-inflammatory effects of duvelisib demonstrated its ability
to significantly downregulate expression of inflammatory cyto-
kines and chemokines such as granulocyte and granulocyte/mac-
rophage colony-stimulating factors, macrophage inflammatory
protein-la and -1f, and several chemotactic factors [18]. These
same inflammatory molecules are upregulated in ARDS and
COVID-19 [19-21]. Several murine models of acute lung inflam-
mation and sepsis have demonstrated improved markers of in-
flammation and survival of mice treated with PI3K inhibitors
[22]. The original severe acute respiratory syndrome coronavirus
(SARS-CoV) had demonstrated the ability to hijack the PI3K sig-
naling machinery to persist within human airway cells [23-26].
Additionally, in the context of neoplasia, duvelisib polarizes mac-
rophages to the M1 phenotype, which have effector functions in
contrast to the proinflammatory M2 phenotype [17]. Moreover,
the PI3K cascade can be triggered by JAK-dependent and in-
dependent mechanisms, with interleukin (IL)-2 directly in-
ducing a physical interaction between JAK2 and PI3K to
mediate these cascades, with significant implications for mit-
igating inflammation given the role of JAK inhibitors and
IL-2 disruption in COVID-19 and other hyperinflammatory
states [27].

Based on these potential mechanisms of anti-inflammatory
and antiviral activity, along with the continued excessive mor-
tality for this critically ill population, we conducted an
investigator-initiated, randomized, double-blind pilot trial of
duvelisib versus placebo in patients with COVID-19-related
critical illness in order to assess the impact of duvelisib on
28-day mortality and other critical illness outcomes.

METHODS

Patient Consent Statement

Between November 2020 and January 2022, we enrolled partic-
ipants at 2 hospitals within the BJC HealthCare system. The
protocol was approved by their respective institutional review
boards and conducted in compliance with the principles of
the Declaration of Helsinki. All participants or their legally au-
thorized representatives provided written informed consent.

Trial Design and Patients

Eligible participants were 18 years or older who were hospital-
ized with a primary diagnosis of severe COVID-19, which re-
quired (1) a positive reverse-transcription polymerase chain
reaction (RT-PCR) test for SARS-CoV-2 RNA collected from
either the upper or lower respiratory tract; and (2) severe dis-
ease considered attributable to COVID-19 as manifested by

any of the following: (i) pulmonary infiltrates with >50%
lung involvement; (ii) respiratory failure requiring invasive me-
chanical ventilation, noninvasive mechanical ventilation, sup-
plementary oxygen with >6 L/minute, or extracorporeal
membrane oxygenation (ECMO); (iii) shock, defined as mean
arterial pressure <65 mm Hg unresponsive to 25 mL/kg iso-
tonic intravenous fluid resuscitation and/or requiring vaso-
pressor support; and (iv) cardiac dysfunction defined by new
global systolic dysfunction with ejection fraction <40% or
Takotsubo cardiomyopathy. Participants were required to
have absolute neutrophil count >1000/pL and platelet count
>50 000/uL without growth factor or transfusion support for
7 days prior to screening, have a creatinine clearance
>15 mL/minute or be receiving renal replacement therapy
(RRT), and have aminotransferase levels <3 times the upper
limit of normal. Additionally, participants were required to
have enteral access for study drug administration. Given the
proposed anti-inflammatory mechanism of action of duvelisib
and the potential for delayed or subacute inflammatory mani-
festations (eg, ARDS in chronically immunosuppressed pa-
tients), patients with critical illness definitively attributable to
COVID-19 could be enrolled without limit as to the timing
of their initial COVID-19 diagnosis. Patients were excluded if
they had a known allergy or intolerance to duvelisib or another
PI3K inhibitor, were pregnant or breastfeeding, or had a known
or suspected active viral, bacterial, or fungal infection at the
time of screening. Cytomegalovirus (CMV) seroconversion
was assessed at screening and those who were seropositive re-
quired a negative plasma CMV PCR test in order to be eligible.

Procedures

Eligible patients underwent 1:1 randomization to receive either
duvelisib or placebo. Investigators and participants were blind-
ed to allocation. Participants were allocated to study cohort in
blocks of 10. Computerized random sequence generation as-
signed participants to matching study drug kits, and the master
list was held by third-party individuals uninvolved in the direct
conduct of the study. Participants were not stratified by base-
line characteristics. Verastem Oncology provided the duvelisib
and placebo capsules and funding for the study. Starting on day 1,
participants received either duvelisib 25 mg or placebo, orally
or per tube.

Participants were monitored and evaluated at least daily
for safety and toxicity according to Common Terminology
Criteria for Adverse Events of the National Cancer Institute
version 5.0. Adverse events (AEs) that were considered at
least possibly related to the study drug resulted in protocol-
driven dose holds and modifications. All participants re-
ceived Pneumocystis jirovecii pneumonia (PJP) prophylaxis
(trimethoprim-sulfamethoxazole or atovaquone) until post-
treatment absolute CD4" T-cell count was >200 cells/uL or
30 days after study drug discontinuation.
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All participants received therapy that was deemed standard
of care (SOC) at the time of their respective enrollment.
Participants were required to have completed at least a
10-day course of corticosteroid (dexamethasone 6 mg or equiv-
alent) or were required to start corticosteroids at screening and
receive corticosteroids for at least 48 hours prior to first study
drug administration, unless contraindicated. As the SOC
evolved throughout the pandemic, we included patients who
had SOC therapies prior to enrollment, and permitted the con-
tinuation of remdesivir and corticosteroids to complete their
prescribed courses. We discouraged the initiation of other anti-
inflammatory medications once subjects initiated the study
treatment and required principal investigator approval. Prior
investigational therapy was permitted but prohibited after
study enrollment. Critical care practices were conducted per in-
stitutional guidelines.

Participants continued study therapy for up to 10 days.
Those with rapid improvement allowing for hospital discharge
could discontinue therapy early. Additionally, discontinuation
could occur in the event of withdrawal of consent, AE, or chan-
ge in participants’ conditions that, in the judgment of the inves-
tigator or provider, prohibited further continuation. An
unblinded, independent data and safety monitoring committee
reviewed the patient outcomes data on a quarterly basis.

Viral Load Monitoring and Dose Modifications

Due to concerns the Washington University COVID-19 study
oversight board had over the administration of an immunosup-
pressant to participants with a viral infection, the study proto-
col included daily nasopharyngeal or oropharyngeal sampling
in order to quantitate SARS-CoV-2 viral load and make study
drug dose modifications in response to viral load elevations. At
study inception, only nasopharyngeal samples were utilized for
viral kinetics, although oropharyngeal samples were permitted
following internal validation of that sample site on the RT-PCR
machinery. Lower respiratory tract sampling was not utilized
for viral load monitoring due to the inability to repeatedly
sample this site. We used the same sample site repeatedly
for intrapatient comparisons and trends. We permitted
switching samples sites only in situations where the primary
sample site was no longer feasible (eg, nasopharyngeal bleed-
ing), although this occurred infrequently. Samples were run
on US Food and Drug Administration-approved, Clinical
Laboratory Improvement Amendments—certified RT-PCR
equipment and, while different platforms were used through-
out the study, individual participants’ samples were run on
the same platform to ensure comparability. In the rare situation
in which a platform became unavailable, a participant’s subse-
quent samples would be run on the alternate platform. Viral
loads were compared only in an intrapatient fashion to estab-
lish trends and were calculated based on the known cycle limit
of the assay and assumed efficiency of the reaction.

All participants had 3 consecutive pretreatment samples at
screening, day —1, and day 1, prior to the first-dose administra-
tion, in order to establish a baseline trajectory of viral kinetics.
After subjects initiated study therapy, they had daily sampling
performed. Viral load increases of >0.5 log on 2 consecutive
days or >1 log increase in 1 day could potentially trigger
dose holds, if deemed at least potentially attributable to study
treatment. If viral load elevations were suspected to be at least
potentially related to study treatment, treatment was held until
it returned to baseline, and reduced 1 dose level when reinitiat-
ed. Principal investigator approval was required for reinitiation
of study treatment. The starting dose of duvelisib/placebo was
25 mg twice daily. One dose reduction was to 15 mg twice daily,
after which the drug would be discontinued in the event of a
subsequent AE or viral load shift requiring dose modification.
Viral load increases that occurred below the accurate level of
detection (cycle threshold >34) were not acted upon. On occa-
sion, viral load testing or reporting was delayed in which case
participants could continue to receive treatment if deemed
safe by the investigators. If 2 viral load values were reported si-
multaneously, the one most recently sampled guided treatment
decisions.

Outcomes

The primary endpoint was 28-day overall survival (OS), defined
as the proportion of participants alive on day 29. Secondary ef-
ficacy endpoints included hospital length of stay (LOS), inten-
sive care unit LOS, duration on mechanical ventilation,
duration on vasopressors, duration on RRT, and 60-day OS.
Safety and tolerability of duvelisib in this population was the
secondary objective, assessed through endpoints of viral kinet-
ics and incidence of adverse events. Exploratory endpoints
included serial cytokine measurements and flow cytometry—
based measurements of immunocompetence and effector cell
activation.

Statistical Analysis

The characteristics of both cohorts were described and bivari-
ate analysis was performed comparing the outcomes using the
Fisher exact test. At the time of trial design, outcome data of
COVID-19 were still developing, but observational studies sug-
gested that 28-day OS was poor, ranging from approximately
10% to 40% [4, 28]. Sample size considerations were largely
based on feasibility and detecting hypothesis-generating, clini-
cally meaningful effect. For duvelisib to have meaningful effica-
cy, we estimated that 28-day OS would need to be >60%. Based
on this assumption, a priori sample size calculations suggested
that a sample of 28 participants, approximately 14 in each arm,
would allow us to detect an improvement in 28-day OS from
approximately 20% to 60% with >80% power, with a 1-sided
P value <.20 being considered statistically significant for the
primary endpoint. OS was compared using Fisher exact test
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and Cox regression analysis. Analyses were conducted using
IBM SPSS version 24 (Armonk, New York).

Correlative Studies

Serum cytokines were analyzed as we previously described (see
Supplementary Methods) [29]. Flow cytometry of cryopre-
served peripheral blood mononuclear cells (PBMCs) was per-
formed as previously described (Supplementary Methods)
[30]. The fluorochrome-labeled antibodies used for flow cy-
tometry are listed in Supplementary Table 1. Statistical analyses
for correlative studies are described in the Supplementary
Methods.

RESULTS

Between November 2020 and January 2022, 42 patients provid-
ed informed consent, and 13 were ineligible. Twenty-nine par-
ticipants were randomized to either duvelisib or placebo. One
patient randomized to placebo withdrew consent prior to initi-
ation of therapy. Due to this and blocked allocation, 15 partic-
ipants received duvelisib whereas 13 received placebo. Baseline
characteristics were well-balanced, although a numerically
higher percentage of patients who received placebo had ad-
vanced renal dysfunction, which may have reflected a lower
rate of remdesivir usage (Table 1). Two patients (1 on each
arm) were receiving remdesivir at study enrollment and com-
pleted their courses shortly after starting study treatment.
Fourteen patients (6 on duvelisib and 8 on placebo) had re-
ceived an adequate course of corticosteroids prior to enroll-
ment and did not restart corticosteroids. Fourteen patients (8
in the duvelisib arm and 6 in the placebo arm) received corti-
costeroids while on study treatment, with 10 continuing a
course started prior to enrollment, 2 restarting a course due
to the prior course being considered suboptimal, and 2 starting
dexamethasone de novo 48 hours prior to study treatment

initiation.

Efficacy

At day 29, 67% of those in the duvelisib arm and 62% of those in
the placebo arm were alive (P =.544). The estimated 28-day
survival when treated with duvelisib is 38%-88% compared
to 32%-86% receiving placebo. There was a trend toward im-
proved 60-day OS in the duvelisib arm (Figure 1); at day 60,
60% of those in the duvelisib arm and 46% of those in the pla-
cebo arm were alive (P =.362). In comparison to placebo, the
60-day hazard ratio for death of those on duvelisib was 0.66
(95% confidence interval [CI], .22-1.96; P = .454). Secondary
efficacy endpoints were comparable between the 2 cohorts
(Table 2).

Safety
Three patients withdrew from the study prematurely due to
worsening clinical status. AEs occurred at similar rates between

Table 1. Baseline Demographic, Disease, and Treatment Characteristics
of Patients Randomized to Duvelisib or Placebo

Duvelisib Placebo

Characteristic (n=15) (n=13)
Age, y, median (range) 63 (26-79) 64 (45-74)
Race/Ethnicity

Black 6 (40) 5 (38)

White 9 (60) 8 (62)
Sex

Female 6 (40) 5 (38)

Male 9 (60) 8 (62)
Time from diagnosis to enroliment, d, median 14 (2-60) 14 (2-36)

(range)
Predominant local circulating variant at enrollment

No predominant variant (Nov 2020-Mar 2021) 6 (40) 6 (46)

Alpha (Apr—Jun 2021) 4(27) 4 (31)

Delta (Jul-Nov 2021) 5 (33) 1(8)

Omicron (Dec 2021 to Jan 2022) 0 (0) 2 (15)
Status at enrollment

Mechanical ventilation 9 (60) 9 (69)

Vasopressors 3(20) 5 (38)

Renal replacement therapy 1(7) 4 (31)
Prior therapy

Vaccination 6 (40) 3 (23)

Corticosteroid 15 (100) 11 (85)

Remdesivir 13 (87) 9 (69)

Tocilizumab 4 (27) 4 (31)

Baricitinib 1(7) 1(8)

Convalescent plasma 5 (33) 4 (31)

Extracorporeal membrane oxygenation 4 (27) 4 (31)

Data are presented as No. (%) unless otherwise indicated.

arms (Supplementary Table 2). Among AEs of special interest,
1 patient developed colitis deemed to be stercoral colitis and
unrelated to treatment. All respiratory failure was secondary
to COVID-19, no pneumonitis. No CMV reactivation or PJP
occurred. Dose modifications occurred in response to increasing
viral loads (n = 7), nasopharyngeal bleeding (n = 1), worsening
respiratory status (n= 1), hyperkalemia (n= 1), alkaline phos-
phatase (n=1), and hypotension (n=1). Eighty percent of
deaths were due to respiratory failure. In the placebo arm, 1 pa-
tient died of Pseudomonas pneumonia and 1 died of cholecystitis.

Immune Repertoire and Cytokine Analysis

Serum Cytokine Levels

A multiplexed bead assay was used to measure the serum con-
centrations of 30 cytokines or chemokines immediately before
(day 0) and 2, 4, 8, 10, 15, and 28 days after initiation of placebo
or duvelisib treatment. Five analytes exhibited a significant de-
crease at a single timepoint upon treatment with duvelisib;
IL-5, IL-6, CCL3, and interferon-a2 were all decreased on
day 4 whereas macrophage colony-stimulating factor was re-
duced on day 15 (Figure 2A). Furthermore, 5 analytes (CCL2,
CXCL9, IL-1Ro, IL-8, and tumor necrosis factor alpha
[TNF-0]) were significantly decreased upon treatment with du-
velisib in a groupwise comparison (Figure 2B). There were no
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Kaplan-Meier curve comparing overall survival between the duvelisib and placebo cohorts (with 95% confidence intervals).

Table 2. Primary and Secondary Efficacy Endpoints at Day 29

Duvelisib Placebo P Value (1-Sided

Endpoint (n=15) (n=13) Exact)
Alive 10/15 (67)  7/13 (62) .554
Weaned from ventilator 5/9 (56) 5/9 (56) .362
Median time on ventilator 25d 20d 919
Weaned from vasopressors 1/3 (33) 2/5 (40) .681
Median time on vasopressors 8d 18d 910
Weaned from RRT 0/1 (0) 1/4 (25) 714
Median time on RRT 28d 19d uTQ
Transferred from ICU 5/15 (33) 4/12 (33) 1.00

Median time in ICU 20d 15d .894
Discharged from hospital 5/15 (33) 4/13 (31) .885
Median time in hospital 18d 23d .834

Data are presented as no./No. (%) unless otherwise indicated.

Abbreviations: ICU, intensive care unit; RRT, renal replacement therapy; UTQ, unable to
quantify.

significant differences between placebo versus duvelisib treat-
ment groups with the remaining 20 analytes (Supplementary
Figure 1).

PBMC Subsets After Duvelisib Treatment

To explore whether duvelisib treatment was associated with
modulation of a particular cell subset or phenotype, flow cytom-
etry was performed on peripheral blood samples collected at
baseline (day 0) and 2, 4, 8, 10, 15, and 28 days after initiation
of placebo or duvelisib treatment. Although similar percentages

of circulating monocytes, basophils, dendritic, natural killer
(NK), natural killer T (NKT), and T cells were observed, partic-
ipants treated with duvelisib exhibited significantly reduced per-
centages of B cells compared to the placebo-treated controls
(Figure 3A). This decreased percentage of B cells in the duvelisib-
treated cohort was primarily within the IgD*CD27 ™ naive B-cell
subset (Figure 3B), existed at baseline (day 0, pre-duvelisib), and
remained throughout the 28-day observation period (Figure 34
and 3B). However, no significant differences in the absolute num-
bers of circulating B cells, monocytes, basophils, dendritic, NK,
NKT, and T cells were observed upon treatment with duvelisib
(Supplementary Figure 2). Extended immunophenotyping of
the CD4 and CD8 T-cell subsets revealed no significant differenc-
es in the relative percentages or absolute numbers of naive (Tn),
central memory (Tcm), effector memory (Tem), and effector
memory CD45RA" (Temra) T cells (Supplementary Figure 3)
nor CD4 regulatory T-cell or helper T-cell subsets after duvelisib
treatment (Supplementary Figure 4). Likewise, although the rela-
tive percentage of CD141"CX3CR1~ classical monocytes was de-
creased 4 and 8 days after starting duvelisib administration
(Supplementary Figure 5A), the absolute numbers of this circulat-
ing subset, as well as other classical and intermediate monocyte
subsets, were not significantly altered (Supplementary Figure 5B).

T-Cell Phenotype After Duvelisib Treatment
We also included antibodies in our flow cytometric analyses to
evaluate T-cell activation (HLA-DR, CD38, CD69, CD25, K167,
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Figure 2. Multiplex bead assay on patient serum at baseline and several timepoints after treatment with either duvelisib or placebo measuring the concentration of 30
cytokines or chemokines. A, Analytes with a significant decrease at a single timepoint from duvelisib. B, Analytes that were significantly decreased upon duvelisib treatment
in a groupwise comparison. Supplementary Figure 1 displays the remaining 20 analytes with no significant differences. *P< .05, **P < .001. Abbreviations: IFN, interferon;
IL, interleukin; M-CSF, macrophage colony-stimulating factor; TNF, tumor necrosis factor.

perforin, granzyme A and B), exhaustion (PD1, Tim3, Lag3,
TIGIT, CTLA-4), and/or senescence (KLRG1, CD57) in all of
the major T-cell subsets. No significant differences were detect-
ed in the percentage of CD4 (Supplementary Figure 6) or CD8
(Supplementary Figure 7) T cells expressing the 15 different ac-
tivation, exhaustion, and/or senescence markers. We next eval-
uated these phenotypic markers on the Tn, Tcm, Tem, and
Temra CD4 (Supplementary Figures 8-11) and CD8
(Supplementary Figures 12-15) T-cell subsets. CD4 Tem
and Temra cells exhibited slightly decreased expression of
Tim3 and KI67, respectively, at baseline and during the
first 10 days of duvelisib treatment (Supplementary Figures
10-11). Likewise, fewer activated (HLA-DR*CD38") and
Lag3-expressing CD8 Tem were observed in the duvelisib-
treated cohort (Supplementary Figure 14). Although they rep-
resent <1% of the total CD45" circulating cells (Figure 3A), the
greatest phenotypic differences were observed within the T-cell
receptor (TCR)-y0 T-cell subset. Specifically, the percentage of
activated TCR-yd T cells, as determined by KI67 or HLA-DR/
CD38 coexpression, decreased from >40% in the placebo co-
hort to <1% in the duvelisib-treated participants at 15 days af-
ter initiation of drug treatment (Supplementary Figure 16). No
significant phenotypic changes were observed within the CD4
or CD8 NKT subsets (Supplementary Figures 17-18).

Viral Kinetics

Monitoring viral load kinetics proved feasible and actionable.
Dose modifications occurred in 7 participants in response to
uptrending viral load. However, there were no trends or signif-
icant differences in the trajectory between treatment arms and

no observed influence of duvelisib on viral load kinetics
(Supplementary Figure 19).

DISCUSSION

In this investigator-initiated, randomized, double-blind pilot
trial in patients with COVID-19-related critical illness, duveli-
sib was not associated with improved 28-day OS compared to
placebo. This study has inherent limitations that are important
for contextualization of any conclusions. As this was an
investigator-initiated pilot study, the main objectives were to
demonstrate the safety and feasibility of duvelisib therapy for
severe COVID-19, and to perform robust correlatives and ex-
ploratory analysis on efficacy in order to potentially support
larger studies. Sample size was calculated based on the only
available data at study inception, which was survival rate, and
influenced by feasibility and fiscal constraints. To maintain
clinical equipoise, regulatory bodies required the trial be
double-blinded and placebo-controlled, which further limited
sample size as often such pilot studies are single-armed and un-
controlled. We acknowledge that the population size for both
arms is too small to draw conclusions relating to efficacy.
The population examined represented a highly refractory co-
hort of patients, many of whom were excluded from other on-
going clinical trials due to exceedingly high levels of support
(eg,. ECMO, vasopressors, continuous RRT). Additionally, sev-
eral participants had an earlier diagnosis of COVID-19 with
prolonged ARDS, which introduced confounders such as prior
therapies and additional comorbidities. Based on the putative
effects of PI3K inhibition on inflammatory cells and cytokines
relating to ARDS more so than an antiviral effect, we thought it
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Figure 3. A, Flow cytometric analysis of peripheral blood mononuclear cells (PBMCs) demonstrated that B-cell populations were fewer among those treated with duvelisib
but had preceded initiation of treatment. There were no significant differences in proportion of other immune effector cells. B, Differences in B cells were predominantly
among the IgD*CD27~ naive B-cell subset. *P < .05. Abbreviations: mDC, myeloid dendritic cells; NK, natural killer cell; NKT, natural killer T cell; pDC, plasmacytoid dendritic

cells; TCR, T-cell receptor.

necessary to include participants who had COVID-19-related
ARDS that persisted even for an extended duration, and an-
ecdotally saw radiographic and clinical improvement in sev-
eral such participants who ended up receiving duvelisib
(Supplementary Figure 20). However, the heterogeneity in
prior therapies and disease specifics confounds the interpre-
tation of correlative and survival outcomes, and we acknowl-
edge that anecdotal evidence does not translate to actual drug
activity.

Despite these limitations, we demonstrated, in a placebo-
controlled, double-blind fashion, the feasibility and safety of
duvelisib for the treatment of severe COVID-19. Adverse
events occurred at a similar frequency and severity between

duvelisib and placebo without any AEs of special interest oc-
curring with which duvelisib has been associated in the onco-
logic setting. We did not observe a positive or negative
impact of duvelisib on 28-day or 60-day OS.

Duvelisib was not posited to directly contribute to decreased
viral replication, although there was concern that immunosup-
pression could escalate viral replication. We demonstrated the
feasibility of utilizing semi-quantitative viral kinetic monitor-
ing with protocol-driven dose adjustments in response to po-
tentially consequential changes. We encountered several
challenges including supply rationing and hemorrhagic com-
plications from naso- and oropharyngeal sampling in critically
ill participants. Nevertheless, we carried this out with high
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fidelity. Ultimately, the viral kinetics and dose modifications re-
lating to up-trending viral loads were comparable between du-
velisib and placebo, providing reassurance that our
intervention did not significantly impair the immune response
to viral replication.

Our exploratory correlatives suggest that duvelisib is associat-
ed with downregulation of these ARDS-associated cytokines in
participants with SARS-CoV-2 acute lung injury, in addition
to those classically associated with “cytokine storm” such as
IL-6 and TNF-q, as seen in the oncologic setting. CXCL9 is de-
tected in lavage samples from participants with ARDS, and
Callahan et al demonstrated SARS-CoV-2-mediated transcrip-
tional induction of this proinflammatory cytokine which
is mitigated by PI3K/Akt inhibition [31, 32]. CCL2 and IL-8
have long been implicated in neutrophilic chemotaxis
contributing to the hyperinflammatory pathogenesis of both
COVID and non-COVID ARDS [33, 34]. A larger study
examining duvelisib therapy at an earlier disease stage would
provide purer results on its impact on inflammation, since there
was heterogeneity in prior therapies and corticosteroid timing.

The impact of duvelisib on PBMCs within this study is less
conclusive. Those treated with duvelisib had lower B-cell per-
centages including IgD*CD27"~ B cells, although this included
the pretreatment samples, which may be related to prior
B-cell-depleting therapies for other diseases (eg, rituximab).
While the difference was predominantly seen among naive B
cells, future study of duvelisib in COVID-19 ARDS should ex-
amine the impact on memory B cells and antiviral titers among
those previously vaccinated. Duvelisib appears to potentially
modulate the activation and exhaustion states of CD8" Tem,
which have been implicated in the severity and resolution of
COVID-19, although studies on bronchioalveolar lavage fluid
could provide more insight [35, 36].

In conclusion, we conducted an investigator-initiated,
COVID-19 clinical trial in critically ill participants with highly
granular and informative correlative data encompassing viral
kinetics and immune activity. We demonstrated the safety of
duvelisib in comparison to placebo. While we did not observe
any impact of duvelisib on survival, a larger clinical trial in par-
ticipants with COVID-19 at an earlier stage may see such bene-
fits, and the safety and correlative data from our trial would
support such an investigation. Given that the mechanism of
duvelisib-mediated attenuation of the inflammatory response
is not virus-specific, and preclinical data support PI3K inhibition
in models of sepsis and ARDS, duvelisib could also be investigat-
ed in realms of critical care medicine beyond COVID-19.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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