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Haploidentical hematopoietic cell transplantation (haplo-HCT) is an increasingly used
treatment for hematologic malignancies. Although posttransplant cyclophosphamide
(PtCy) has improved graft-versus-host disease (GVHD) prophylaxis in haplo-HCT, patients
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continue to experience life-threatening complications. Interferon gamma and interleukin-6
are central in the pathophysiology of GVHD and cytokine release syndrome (CRS), and
both cytokines signal through Janus kinase 1 (JAK-1). We tested the effect of adding the
JAK-1 selective inhibitor, itacitinib, to PtCy-haplo-HCT to mitigate these complications
and improve overall survival (OS). This open-label, single-arm study evaluated the safety
and efficacy of itacitinib combined with standard GVHD prophylaxis after haplo-HCT. A
total of 42 patients were treated with itacitinib 200 mg daily from day -3 through +100
or +180, followed by a taper. Itacitinib resulted in low CRS grades, all patients had grade
0 (22%) or grade 1 (78%) CRS and there were no cases of grade 2 to 5 CRS. There were no
cases of primary graft failure. No patients developed grade 3 to 4 acute GVHD (aGVHD)
through day +180. The cumulative incidence of grade 2 aGVHD at day +100 was 21.9%.
The 1-year cumulative incidence of moderate or severe chronic GVHD was 5%. The

cumulative incidence of relapse at 2 years was 14%. OS at 1 year was 80%. The cumulative incidence of nonrelapse
mortality (NRM) at day 180 was 8%. Itacitinib, when added to standard GVHD prophylaxis, was well tolerated and
resulted in low rates of CRS, acute and chronic GVHD, and NRM, and encouraging rates of GVHD-free relapse-free
survival and OS after haplo-HCT. This trial was registered at www.ClinicalTrials.gov as #NCT03755414.

Introduction

Allogeneic hematopoietic cell transplantation (allo-HCT) is a
cornerstone of therapy for hematologic malignancies. Many
patients lack an available HLA-matched donor, but most have a
readily available haploidentical donor.'® T-cell replete,
peripheral blood (PB) grafts are widely used in haploidentical
HCT (haplo-HCT), but graft-versus-host disease (GVHD) and
cytokine release syndrome (CRS) remain challenges.®”

Acute GVHD (aGVHD) after PB haplo-HCT affects 40% to 50%
of patients and 10% to 15% experience life-threatening
aGVHD.®7'° The interferon gamma and interleukin-6 (IL-6)
cytokine pathways, which signal through Janus kinase 1 and 2
(JAK1/2), mediate aGVHD.!""® Severe (grade 3-5) CRS after
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haplo-HCT is associated with poor outcomes, with long-term
survival of ~25%, driven by excessive nonrelapse mortality
(NRM).8-2:14-17 Conversely, minor (grade 1-2) CRS is associated
with improved overall survival (OS), driven by lower relapse
rates.” As with aGVHD, IFN gamma and IL-6 play a central role
in the pathophysiology of CRS, and anti-IL-6 and anti-IL-6
receptor therapies such as tocilizumab and siltuximab have
been used to treat severe CRS.%'%17

Preclinical models suggest that the JAK/STAT pathway is central in
both aGVHD and CRS, and that JAK inhibition can prevent and
treat aGVHD.'8292? Clinically, ruxolitinib, a JAK1/2 inhibitor, is
effective in the treatment of aGVHD and chronic GVHD
(cGVHD).?*** Early studies currently underway using JAK inhibitors
for prevention of GVHD have encouraging preliminary results.*>2



We hypothesized that itacitinib, a JAK1-specific inhibitor, would
be effective in preventing both aGVHD and CRS, without
impairing engraftment after PB haplo-HCT. In this study,
patients undergoing haplo-HCT for hematologic malignancy
received itacitinib combined with standard tacrolimus (Tac),
mycophenolate mofetil (MMF), and posttransplant cyclophos-
phamide (PtCy) as GVHD prophylaxis.

Methods
Trial design

This open-label, single-arm, pilot and expansion study was con-
ducted at the Siteman Cancer Center at Washington University
School of Medicine in St Louis (ClinicalTrials.gov identifier:
NCT03755414;  https://clinicaltrials.gov/study/NCT03755414).
The protocol was approved by the institutional review board of
Washington University in St. Louis and written informed consent
was obtained from all patients before screening.

Patients

Eligible patients were aged >18 years and diagnosed with
hematologic malignancies. Patients with acute myeloid leukemia
(AML) or acute lymphoblastic leukemia (ALL) in morphologic
complete remission, myelodysplastic syndrome with <10% blasts,
and non-Hodgkin lymphoma or Hodgkin lymphoma in complete
or partial remission were eligible. Both myeloablative (MA) and

reduced intensity conditioning (RIC) were allowed. Exclusion
criteria included prior allo-HCT and the presence of donor-
specific antibodies with mean fluorescence intensity of >2000.

Treatment

In the pilot study, patients received itacitinib 200 mg daily from
day -3 through +100, followed by a taper (Figure 1A). In the
expansion study, patients received itacitinib 200 mg daily from
day -3 through +180, followed by a taper. The taper period
consisted of itacitinib 100 mg daily for 1 month then 100 mg
every other day for 1 month. If patients developed new GVHD
or worsening of existing GVHD during the itacitinib taper
period, itacitinib could be increased by 1 dose level. Dose
modifications and guidance for growth factor support are
described in supplemental Material, available on the Blood
website. Patients received MA or RIC, followed by infusion of
filgrastim-mobilized PB stem and progenitor cells on day 0. All
patients received standard GVHD prophylaxis with Tac (begin-
ning on day +5), MMF (beginning on day +5), and PtCy (50
mg/kg on days +3 and +4). In the absence of GVHD or toxicity,
Tac was tapered at day +100 and MMF was tapered by
day +35.

End points
The primary end points were the incidence of primary graft
failure, and the incidence of grade 3 to 4 aGVHD. Secondary
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outcomes were incidence and severity of CRS, and NRM by
day +180. Exploratory outcomes included cGVHD, OS, and first
event among grade 3 to 4 aGVHD, severe cGVHD, relapse, and
death (GVHD-free relapse-free survival [GRFS).?? CRS was
graded using Lee criteria,®® aGVHD using the Mount Sinai
Acute GVHD International Consortium criteria,®’ and ¢GVHD
using the National Institutes of Health consensus criteria.*?

Correlative studies

PB and serum samples were collected from patients on study
and banked at multiple time points. Control samples were
collected from patients undergoing standard-of-care PB haplo-
HCT during the same time period; these patients all received
the same Tac/MMF/PtCy GVHD prophylaxis except did not
receive itacitinib (supplemental Table 4). Correlative studies
include flow cytometry (flow) with 5 28-color panels for cellular
subsets (supplemental Table 2) and single-cell RNA sequencing
(scRNAseq). Additional methods are included in supplemental
Materials.

Statistical analysis

As a pilot study, the sample sizes in both pilot phase and
expansion cohort were determined primarily based on clinical
considerations rather than statistical power. Based on extensive
simulation studies, however, Piantadosi recommended that a
sample size of 15 to 20 participants would estimate the pre-
liminary information with reasonable precision.>* For example,
there would be 88% chance to observe at least 1 event out of
20 patients if the “true” incidence of primary graft failure was
>10%. Exact binomial method was used to calculate the inci-
dences of primary graft failure, CRS, and their 95% confidence
intervals (Cls). The Gray subdistribution method was used to
estimate the cumulative incidences of grade 3 to 4 aGVHD,
cGVHD, platelet and neutrophil engraftment, and relapse, while
treating death as a competing event. Kaplan-Meier product
limit estimator was used to describe the distribution of the
GRFS and OS. The statistical analysis was performed using SAS
9.2 (SAS Institute, Cary, NC).

Results

Patient characteristics

Forty-two patients (20 in pilot phase, 22 in extension phase)
received HCT on study between November 2019 and
December 2022 (Figure 1B). Baseline characteristics of the
patients are shown in Table 1. Median follow-up was 453 days
(range, 142-1259), and median age was 60 years (range, 20-73),
with most patients having AML (60%), ALL (21%) or myelodys-
plastic syndrome (10%). All patients with AML and ALL were in a
complete morphologic remission, although 45% had disease by
either cytogenetics, next-generation sequencing, or measur-
able residual disease assay (flow cytometry for AML; next-
generation sequencing for ALL). Most patients received MA
conditioning (79%). Forty-seven percent of patients had an
HCT-specific comorbidity index score of >3.

Engraftment There were no cases of primary graft failure
(95% Cl, 0-6.9). The median time to neutrophil engraftment was
15 days (range, 12-35; Figure 2A), and the median time to
platelet engraftment was 22 days (range, 13-54). All patients
had complete donor chimerism by short tandem repeats on
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Table 1. Patient characteristics

Characteristic Value
Female, n (%) 18 (43)
Age at transplantation, median (range), y 59 (19-72)
HCT-CI score, n (%)
0-1 11 (26)
2 11 (26)
3 6 (14)
4 3(7)
>5 11 (26)
Diagnosis, n (%)
ALL 9 (21)
AML 25 (60)
MDS 4 (10)
Myelofibrosis 2 (5)
Diffuse large B-cell lymphoma 1(2)
Mycosis fungoides 1(2)
Measurable disease at transplantation
(AML/MDS/ALL only), n (%)
None 21 (55)
Cytogenetics only positive 4 (11)
NGS only positive 6 (16)
DAT mutation 1Q3)
Non-DAT mutation 5(13)
MRD only positive 3(8)
Cytogenetics and NGS (non-DAT) positive 3(8)
NGS (non-DAT) and flow MRD positive 13)
MA conditioning, n (%) 33(79)
Conditioning regimen, n (%)
Flu-Cy-SD TBI 2 (5)
Flu-Bu2 7 (17)
Flu-Bu4 20 (48)
Flu-Fx TBI 13 (31)

Flu-Cy-SD TBI had 200 cGy of TBI; Flu-Fx TBI had 1200 cGY of TBI.

Bu, busulfan; Cy, cyclophosphamide; DAT, DNMT3A, ASXL1, and TETZ2; Flu, fludarabine;
Fx, fractionated; HCT-CI, HCT-specific comorbidity index; MDS, myelodysplastic syn-
drome; MRD, measurable residual disease by fluorescence-activated cell sorting (AML,
MDS) or NGS (ALL); NGS, next-generation sequencing; SD, single dose; TBI, total-body
iradiation.

bone marrow at day +30, +100, and +180. PB counts at
days +28, +60, and +100 after haplo-HCT revealed similar
white blood cell count, absolute neutrophil count (ANC),
hemoglobin, and platelet count for patients on itacitinib and
control patients (Figure 3A-D). ltacitinib was well tolerated, and
28 patients (67%) remained on study drug at the time of plan-
ned taper. Dose modifications for neutropenia or thrombocy-
topenia occurred in 23 (55%) patients, most cases were
transient, and itacitinib was restarted in 15 of 23 patients (65%).
The median duration of hold in these patients was 10 days.
Other reasons for discontinuing study drug included patient
choice (n = 1), elevated aspartate aminotransferase/alanine
aminotransferase (n = 2), and relapsed disease (n = 3). CD34"
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Figure 2. Kaplan-Meier plots of outcomes. (A) Neutrophil engraftment. (B) Acute grade 2 GVHD. (C) Relapse. (D) NRM. (E) GRFS. (F) OS.

selected cell boosts were given at the discretion of treating
physicians and 4 patients (10%) received boosts. All 4 patients
were subsequently transfusion independent.

aGVHD and ¢cGVHD No patients developed grade 3 to 4
aGVHD through day +100 or day +180. The cumulative inci-
dence of grade 2 aGVHD at day +100 was 21.9% (95% Cl, 10.7-
35.7; Figure 2B). Two cases of grade 2 skin aGVHD developed
during the pilot when itacitinib and Tac were both tapered at
day +100. Both patients responded completely to reinstating
the previous dose of itacitinib and topical steroids, and neither
restarted Tac. In the expansion phase, the duration of itacitinib
was extended to day +180 and we observed no increased
toxicity and no cases of aGVHD during the taper period. Inci-
dence of aGVHD was similar in all analyzed subgroups,
including disease type, conditioning intensity, donor relation-
ship, donor age, and cell dose. In patients who survived without
relapse to day +100, the 1-year cumulative incidence of mod-
erate or severe cGVHD was 5% (95% Cl, 1-17). At day +365, 36
patients (89%) had no cGVHD, 3 patients had mild cGVHD (7%),
and 2 had moderate or severe cGVHD (5%). At day +365,
treatments for cGVHD included ruxolitinib alone (n = 2), Tac
alone (n = 2), and ruxolitinib with Tac (n = 2).

ITACITINIB WITH HAPLOIDENTICAL TRANSPLANTATION

Relapse, GRFS, and OS Five patients had relapse at a
median of 101 days (range, 78-498). The cumulative incidence
of relapse at 1 year was 10% (95% Cl, 3-22) and at 2 years was
14% (95% Cl, 5-29; Figure 2C). No relapses occurred in patients
with grade 0 CRS. The GRFS at day +180 was 85% (95% Cl, 69-
93) and at day +365 was 79% (95% Cl, 62-89; Figure 2E), which
exceeded historical rates for PB haplo-HCT of 36% to 43%.”~*
The high GRFS observed on study was driven by low rates of
severe aGVHD, extensive cGVHD, and relapse. OS at 180 days
87% (95% Cl, 72-94) and at 1 year was 80% (95% Cl, 63-90;
Figure 2F).

NRM, toxicity, and infectious complications The
cumulative incidence of NRM at day 180 was 8% (95% Cl, 2-19)
and at day 365 was 11% (95% Cl, 3-24; Figure 2D). Adverse
events were as expected for patients undergoing haplo-HCT
(Table 2). There were 3 deaths on trial attributable to infec-
tion and all were viral pneumonias; 2 were COVID-19 and 1 was
rhinovirus/enterovirus. There were no cases Epstein-Barr virus
reactivation or posttransplant lymphoproliferative disorder.
Regarding cytomegalovirus (CMV), 34 patients never had
detectable CMV in the blood and had no CMV disease. Another
7 patients had detectable CMV levels in the blood as early as
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Figure 3. Peripheral blood cell counts at days 28, 60, and 100 after haplo-HCT. (A-D) PB cell counts in study patients (blue) and controls (red) collected on days 28, 40, and
100. White blood cell count (WBC; A), ANC (B), hemoglobin (Hgb; C), and platelet (Plt; D) count were similar at all time points (P > .05). (E-G) Percent of peripheral blood
mononuclear cells (PBMCs) that are monocyte subsets in itacitinib-treated patients (blue) vs controls (red) at days 28, 60, and 100. There are significantly higher percentages of
classical monocytes (CD14"CD16~CD33"; E) at day 28 (P = .018), intermediate monocytes (CD14*/9™CD16*/9MCD33"; F) at day 100 (P = .029), and nonclassical monocytes
(CD14°CD16CD33"; G) at day 28 (P = .00011) and 100 (P = .000029) in itacitinib-treated patients compared with controls.

day 130 and serum DNA levels as high as 6833 IU/mL, but none
developed CMV disease. In all cases the CMV viremia resolved
with no intervention or restarting letermovir. In the pilot study, 1
patient developed CMV pneumonia at day 145 and serum CMV
levels peaked at 72 286 IU/mL on day +157. This patient was
treated with ganciclovir, valganciclovir, and CYTOGAM. CMV
DNA became undetectable in the blood at day +168 and
remained undetectable and the pneumonia resolved. One
patient was diagnosed with COVID-19 pneumonia on day +6
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after transplant and died of respiratory failure on day +16. One
patient had itacitinib held on day +35 per protocol because of
thrombocytopenia and experienced prolonged secondary poor
graft function evidenced by persistent thrombocytopenia. On
day +86 the patient developed COVID-19 and persistent
thrombocytopenia and lymphopenia with a normal ANC. On
day +133 the patient developed acute hypoxemic respiratory
failure and died of progressive respiratory failure on day +143.
One patient was taken off itacitinib on day +75 because of drop
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Table 2. Grade 3 to 5 adverse events for pilot and expansions phases combined

Adverse event Grade 3, n (%) Grade 4, n (%) Grade 5, n (%)
Acute kidney injury 3(7) 1(2) 0 (0)
Alanine aminotransferase increased 3(7) 2 (5) 0 (0)
Alkaline phosphatase increased 2 (5) 0 (0) 0 (0)
Anorexia 1) 0 (0) 0 (0)
Aspartate aminotransferase increased 2 (5) 1(2) 0 (0)
Colitis 1(2) 0 (0) 0(0)
Creatinine increased 1(2) 0 (0) 0 (0)
Cystitis noninfective 2 (5) 0 (0) 0 (0)
Diarrhea 3(7) 0(0 0 (0)
Dysphagia 1(2) 0 (0) 0 (0)
Dyspnea 1(2) 0(0) 0(0)
Electrocardiogram QT corrected interval prolonged 2 (5) 0(0) 0 (0)
Enterocolitis infectious 6 (14) 0 (0) 0 (0)
Esophagitis 1(2) 0 (0) 0 (0)
Febrile neutropenia 35 (83) 0(0) 0 (0)
Flank pain 12 0(0) 0 (0)
Generalized muscle weakness 1(2) 0 (0) 0 (0)
Headache 2 (5 0 (0) 0 (0)
Hematuria 1) 0 (0) 0 (0)
Hyperglycemia 1(2) 0 (0) 0 (0)
Hyperkalemia 2 (5) 0 (0) 0 (0)
Hypernatremia 0(0) 1) 00
Hyperphosphatemia 12 0 (0) 0 (0)
Hypertension 1(2) 0 (0) 0 (0)
Hypertriglyceridemia 6 (14) 0 (0) 0 (0)
Hypocalcemia 1(2) 0(0) 0 (0)
Hypokalemia 2 (5) 0 (0) 0 (0)
Hypomagnesemia 2 (5) 0 (0) 0 (0)
Hyponatremia 1) 0 (0) 0 (0)
Hypotension 2 (5) 0 (0) 0 (0)
Hypoxia 2 (5) 0 (0) 1)
Infections and infestations-other, specify 9 (21) 0(0) 0 (0)
Insomnia 1) 0 (0) 0 (0)
Lung infection 7(17) 3(7) 0 (0)
Mucositis oral 12 (29) 0 (0) 0 (0)

ITACITINIB WITH HAPLOIDENTICAL TRANSPLANTATION
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Table 2 (continued)

Adverse event

Grade 3, n (%)

Grade 4, n (%) Grade 5, n (%)

Nausea 4 (10) 0 (0) 0 (0)
Paronychia 12 0 (0) 0 (0)
Rectal pain 1) 0 00
Renal calculi 1) 0 (0) 0 (0)
Renal colic 12 0(0) 0(0)
Respiratory failure 0 (0) 12 0 (0)
Reversible posterior leukoencephalopathy syndrome 0 (0) 1(2) 0 (0)
Sepsis 3(7) 2 (5) 12
Skin infection 2 (5) 0(0) 0(0)
Supraventricular tachycardia 1) 0 (0) 0 (0)
Urinary tract infection 12 0(0) 0(0)
Weight loss 12 0 (0) 0 (0)
Wound infection 12 0 (0) 0 (0)

in platelet count under 100x10°%/uL in the context of 100%
donor chimerism and preserved hemoglobin and ANC. The
patient developed rhinovirus/enterovirus pneumonia on
day +86, which progressed to acute hypoxemic respiratory
failure resulting in death on day +147. One developed prerenal
azotemia because of poor oral intake, resulting in end stage
renal disease requiring hemodialysis on day +221. Three
months after initiation of hemodialysis, the patient chose to
stop renal replacement therapy and died in remission 313 days
after transplant. One patient developed severe Clostridium
difficile colitis on day +221, 61 days after completion of study
drug period. The patient underwent emergent colectomy,
recovered well and remains alive, in remission, and free of
GVHD 1262 days after transplantation.

CRS Itacitinib therapy resulted in low incidence and grade of
CRS compared with published haplo-HCT rates”'*'¢
(supplemental Table 1). There were no cases of severe (grade
3-5) CRS, compared with an expected 17% incidence in PB
haplo-HCT. There were no cases of grade 2 CRS, compared
with expected rate of 28%.” All patients on itacitinib had either
grade 1 CRS (78% on trial vs 45% expected) or no CRS (22% on
trial vs 10% expected).” No patients received steroids or anti-IL-
6 therapy such as tocilizumab or siltuximab. The median day of
onset of CRS was day +2 (range, 1-5).

Correlative study of immune reconstitution

Itacitinib is associated with increased monocyte acti-
vation and numbers after haplo-HCT We performed
hematopoietic cell identification by flow, identifying 16 distinct
populations of cells from the PB (Figure 4A-D, supplemental
Methods). Itacitinib patients had a significantly higher propor-
tion of classical monocytes, intermediate monocytes, nonclas-
sical monocytes, basophils, myeloid cells, myeloid dendritic
cells (DCs), and plasmacytoid DCs at day +28 (Figures 3E-G and
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4E-F; supplemental Figure 1A-D). Although these subsets were
not significantly different at day +60 (supplemental Figure 1A-
B), we observed greater proportions of circulating intermediate
monocytes, nonclassical monocytes, myeloid DCs and plasma-
cytoid DCs at day +100 (supplemental Figure 1C-D). We further
examined monocyte subsets and phenotype by flow and found
greater expression of HLA-DR, major histocompatibility com-
plex I, CD38, CD40, CD80, and CD86, all antigens associated
with monocyte activation, in bulk monocytes and monocyte
subsets from itacitinib-treated patients than control patients
(Figure 5A-B). Likewise, scRNAseq revealed increased RNA
expression of genes associated with activation in monocytes
(Figure 5C).

Itacitinib treatment was associated with decreased
numbers of naive T cells and T cells with reduced
activation and exhaustion markers compared with
control haplo-HCT We examined T-cell subsets and activa-
tion/exhaustion marker expression at days +28, +60, and +100
after haplo-HCT by flow. T cells were identified as regulatory T
cells, y8 T-cell receptor T cells, or CD4" or CD8" central
memory T cells, effector memory T cells, effector T cells, or
naive T cells (supplemental Figure 5). Overall, numbers of
circulating T-cell subtypes were similar in patients on itacitinib
and controls at days +28, +60, and +100 (supplemental
Figure 5). However, there were significantly fewer naive CD4"
and CD8" T cells in itacitinib-treated patients at multiple time
points (Figure 6B-C), and there were more CD4" central and
effector memory T cells (supplemental Figure 5A-C) and a trend
toward increased CD8" effector memory T cells (supplemental
Figure 5D) in the itacitinib-treated patients. Both flow and
scRNAseq revealed that itacitinib-treated patients had lower
expression of T-cell activation and exhaustion markers LAG3,
TIM-3, KLRG1, PDCD1, CTLA4, HAVCR2, and CD69 at multiple
time points (supplemental Figure 2). There were no differences
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Figure 4. Hematopoietic cell identification by flow panel 1 performed on thawed PBMC samples collected on posttransplant day 28. Detailed methods included in
supplemental Materials. Itacitinib samples (n = 27) were from patients on the clinical trial. Control samples (n = 7) were from patients undergoing PB haplo-HCT as standard of
care, enrolled during the same time period as the clinical trial. (A) Heat map of median surface marker intensities of 17 lineage markers. Patient and control samples were well
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in granzyme A, granzyme B, perforin, or Ki67 expression (data
not shown).

Patients on itacitinib and control patients had similar numbers
of regulatory T cells and y8 T-cell receptor T cells (supplemental
Figure 5G-H). We examined natural killer (NK) cells overall and
NK cell subsets (Figure 4D, bottom island in the uniform
manifold approximation and projection plot), and found no
differences in NK cell numbers between itacitinib-treated
patients and controls and any time points (data not shown).
We further examined NK cell phenotype by flow and found no
differences in CD16, granzyme A, granzyme B, perforin, or Ki67
expression (data not shown).

Discussion

In this trial we assessed the safety of adding itacitinib to the PB
haplo-HCT Tac/MMF/PtCy platform in patients with hemato-
logic malignancies, while assessing its effect on severe aGVHD
and CRS. The rationale for targeting the JAK/STAT pathway
stemmed from preclinical models suggesting its central role in
both aGVHD and CRS and the potential of JAK inhibitors in
preventing these complications. ltacitinib was safe, with no
adverse effect on engraftment. Furthermore, itacitinib was
associated with extremely low rates of severe aGVHD, cGVHD,
relapse, NRM and CRS, resulting in high GRFS and OS.

Engraftment was not impaired or delayed with itacitinib treat-
ment beginning before allo-HCT, and we observed no cases of
primary graft failure. Per protocol design, itacitinib was not held
for cytopenias before day +35 and all patients engrafted while
on itacitinib. All patients had full donor chimerism at
days +30, +100, and +180. Lineage-specific PB chimerism was
done at treating physician discretion (supplemental Table 5).
This is in keeping with preliminary data using baricitinib pro-
phylaxis in the matched-donor setting.?” Ruxolitinib for GVHD
prophylaxis has been tested in the myelofibrosis setting by
multiple groups, with mixed results on engraftment.”’~*> Our
study demonstrates that itacitinib can be started before allo-
HCT and continued in the posttransplant period without inter-
fering with engraftment in this haplo-HCT platform.

ltacitinib was effective at eliminating grade 2 to 4 CRS.
Although the absence of CRS in haplo-HCT has been associ-
ated with increased incidence of relapse,”'” this was not seen
in the context of itacitinib in this trial.

We did not observe an increase in severe aGVHD or in mod-
erate/extensive cGVHD, suggesting itacitinib does not impair
the protective effect of PtCy. No patient developed grade 3 or

4 aGVHD. This is encouraging given that with the PB haplo-
HCT-PtCy platform, especially with MA conditioning, the
expected rate of grade 3 to 4 aGVHD is >15%.>” The incidence
of grade 2 to 4 was also low, 16.7% at day +100, compared with
historical rates of 38% to 44%.%” After 2 cases of grade 2 skin
aGVHD developed in the pilot study during the concurrent
itacitinib and Tac taper at day +100, the protocol was amended
to extend itacitinio dosing to day +180 before taper. The
rationale for extending the duration of itacitinib in the expan-
sion cohort was twofold. First, both patients responded to ita-
citinib resumption and topical steroids and Tac was not
restarted. Second, itacitinib was well tolerated in the pilot, and
we wanted to avoid tapering both Tac and itacitinib concur-
rently at day +100. One of our goals for using JAK inhibitors for
prevention of GVHD is to reduce patient exposure to calci-
neurin inhibitors and systemic steroids, which are associated
with toxicities and may be associated with higher relapse
rates.® In the expansion phase, we saw no increased toxicity
related to longer dosing and we saw no cases of aGVHD or
c¢GVHD during the itacitinib taper period in the expansion
phase. This suggests that separating the tapering of calcineurin
inhibitor and itacitinib is the best approach, with the relatively
favorable toxicity profile of itacitinib favoring extending its
dosing. Rates of cGVHD were likewise low, with 89% of patients
being free of cGVHD at 1 year.

Any approach at reducing GVHD must be balanced with
potential increased relapse. Likewise, it has been previously
demonstrated that grade 0 CRS after PB haplo-HCT is associ-
ated with a higher rate of relapse.®” In this study, which enrolled
a high disease risk population, relapse rate was low, 10% at 1
year, and 14% at 2 years. This is consistent with preclinical
models, in which JAK inhibition is not associated with impaired
graft-versus-leukemia effect.*®* None of the patients who
relapsed had grade O CRS, suggesting that grade 0 CRS in the
context of itacitinib prophylaxis may not be associated with
increased risk of relapse. Low rates of GVHD, NRM, and relapse
resulted in a GRFS rate of 85% at day +180 and 79% at 1-year,
exceeding historical rates for PB haplo-HCT of 36% to 43%.”*

We examined the effect of itacitinib therapy on immune
reconstitution after haplo-HCT and itacitinib was not associated
with major suppression of any immune cell subset after haplo-
HCT.

We were surprised to find that itacitinib therapy is associated
with an increased number of circulating monocytes, with higher
expression of several activation markers. The low rates of
aGVHD in this study, despite higher monocyte expression of
CD80 and CDB86, suggest that itacitinib prevents or reduces

Figure 4 (continued) distributed, with clustering of patient samples toward the top of the hierarchy. (B) Heat map of median surface marker intensities of 17 lineage markers
across all patient samples. (C) Uniform manifold approximation and projection (UMAP) for dimension reduction plot based on clustering of the 17 lineage markers. Cells are
colored the same as in panel B according to the 30 metaclusters. UMAP visualization revealed 5 distinct islands of cells, with minimal cluster blending between or within
islands. (D) UMAP after manual cluster merging into specific hematopoietic cell lineages. We identified 16 distinct populations of cells. The upper left island is the largest
including classical monocytes (ClassMonos; CD14*CD16~CD33"), CD33dim classical monocytes (CD339™MClassMonos; CD14*CD16"CD33%™), intermediate monocytes
(IntMonos; CD14*4™CD16*4™CD33%), nonclassical monocytes (NonclassMonos; CD14~CD16*CD33"), basophils (CD123"CD11b*HLA-DR"), and myeloid DCs (mDCs;
CD33"HLA-DR™). Plasmacytoid DCs (pDCs; CD123*CD303") cluster separately. The CD4" T cells (CD3"CD4"), CD4" NK T cells (CD3"CD4"CD56"), CD8" T cells (CD3*CD8"),
and yd T-cell receptor T cells (y8 T cells; CD3"y8") form distinct clusters. The lower middle island includes CD56"9"CD16™ NK cells (CD56°9MCD167), CD56°"9"CD16* NK
cells (CD56°"SMCD16%), and CD564™ NK cells (CD569™).%°" (E) Relative abundance of selected hematopoietic cell subtypes, by group (itacitinib in black, control in red),
represented by box plots. (F) Differential analysis test results and normalized proportions for hematopoietic cell subtypes. Bar and numbers at the right indicate significant
differentially abundant clusters (green) and adjusted P values. Control patients have a significantly higher proportion of CD4™ T cells and CD8" T cells. Conversely, itacitinib
patients have a significantly higher proportion of myeloid cells, mDCs, pDCs, nonclassical monocytes, classical monocytes, intermediate monocytes, and basophils.
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Figure 5. Flow cytometric (A-B) and scRNAseq (C) evaluation of PB monocytes. (A) HLA-DR expression was higher at day 28 (P = .0039) and day 100 (P = .014), and CD86
expression was higher at day 100 (P = .04) in the bulk monocyte population of itacitinib-treated patients. (B) HLA-DR, CD80, and CD86 expression were higher in itacitinib-
treated patients at day 28 in monocyte subsets, including classical monocytes (CD14*CD16~CD33"), intermediate monocytes (CD14*9™CD16*9™CD33%), and nonclassical
monocytes (CD14~CD16"CD33") by flow. (C) Higher expression of HLA genes, CD74, CD80, and CD86 by scRNAseq at day 28 in monocyte subsets in itacitinib-treated

patients compared with control patients.

alloreactive T-cell responses enhanced by these costimulatory
molecules. It is also possible that the monocyte activation state
in the PB compartment, which we sampled in this study, is
different from that in the tissues and in GVHD target organs.

We found no global impairment in T-cell or NK cell reconsti-
tution in patients on itacitinib compared with controls. Overall
circulating numbers of T-cell subsets were similar between
itacitinib-treated and control patients, with lower numbers of
naive T cells and increased CD4" central and effector memory
T cells were observed in itacitinib-treated patients. Preclinical
studies support the role of naive T cells in promoting more
severe GVHD compared with central memory or effector
memory T cells.*”**" Naive T-cell-depleted PB stem cell grafts
were administered in a single-arm clinical trial resulting in low
incidence of cGVHD.*? Consistent with reduced alloreactivity,
T-cell expression of activation and exhaustion markers was
lower in the itacitinib group, including LAG3, TIM-3, KLRG1,

ITACITINIB WITH HAPLOIDENTICAL TRANSPLANTATION

and CD69, this was more pronounced at early time points.
Although there is a paucity of data on the effect of itacitinib on
NK cells, other JAK inhibitors have been shown to reduce the
numbers and functional activity of NK cells.** Our observation
that itacitinib treatment had no effect on NK cell numbers or
phenotype is encouraging, because NK cells provide impor-
tant antiviral and graft-versus-leukemia effects after allo-
HCT. 4443

Several novel non-JAK inhibitor immunosuppressives have
recently been tested for GVHD prevention, all in matched-
donor, non-PtCy platforms. Abatacept, a CTLA4 immuno-
globulin, was recently approved for prevention of aGVHD in
the matched and mismatched unrelated donor, non-PtCy
setting, with a grade 3 to 4 aGVHD rate of 6.8%.% Sita-
gliptin, a dipeptidyl peptidase 4 inhibitor was associated with a
grade 3 to 4 aGVHD rate of 3%."” CD24Fc, which targets
damage-associated molecular pattern—-mediated signaling,
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Figure 6. Flow cytometric evaluation of PB T cells. (A) UMAP plot from fluorescence-activated cell sorting (FACS) panel 3 of 1000 randomly selected cells per sample after
manual merging of the 30 metaclusters into specific T-cell subtypes. We identified 11 distinct populations of T cells. The left island contains CD4™ T cells, and the right island
contains CD8" T cells. These are characterized as regulatory T cells (Tregs; CD3"CD4*FoxP3*CD259"CD1274™), y5 T cells (CD3*y8"), or CD4* or CD8" central memory
(CD3*CD45RA™CD197%), effector memory (CD3*CD45RA™CD197"), effector (CD3*CD45RA*CD1977), or naive (CD3"CD45RA*CD197%) T cells. (B-C) Percent naive CD4 and
CD8 T cells of circulating T cells at days 28, 60, and 100. In itacitinib-treated patients there were fewer circulating CD4™ naive T cells at day 60 (P = .014; B) and CD8" naive T

cells at days 28 (P = .22), 60 (P = .029), and 100 (P = .019) (C).

was associated with a similarly low rate of grade 3 to 4 aGVHD
of 3.8%. However, unlike itacitinib, none were associated with
significant improvements in cGVHD, with 1-year cGVHD rates
of 62%, 37%, and 48.9%, respectively. This may be in part
related to the shorter duration of therapy in those studies or
the inclusion of PtCy in our study. In a more similar platform to
our study, the CAST regimen combined abatacept with shorter
course Tac in the PB haplo-HCT-PtCy setting and showed low
rates of grade 3 to 4 aGVHD (4.4%) and 1-year moderate-to-
severe cGVHD (15.9%).%®
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This study has limitations. It was a single-arm pilot study without
an active control group. This study included PB haplo-HCT with
Tac/MMF/PtCy GVHD prophylaxis, and the results may not
extend to other donor types and transplant platforms. Most
patients received MA conditioning, with few patients receiving
RIC, because of the overall high-risk disease characteristics of
patients enrolled on this study. Although no patient suffered
from CMV or Epstein-Barr virus reactivations, there were 3
deaths from viral pneumonia. In rheumatologic diseases, in
which JAK inhibitors are given for long treatment periods,
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treatment is associated with increased risk of opportunistic and
viral infections.*” It is unclear whether this risk translates to the
allo-HCT setting and must be carefully monitored in future
studies, especially as the duration of JAK inhibition is extended
6 or 12 months after allo-HCT.

In conclusion, the addition of itacitinib to the PB haplo-HCT
Tac/MMF/PtCy platform was safe, without impairment of
engraftment. ltacitinib was extremely effective at preventing
grade 2 to 4 CRS and grade 3/4 aGVHD, with no clear increase
in relapse rate. Itacitinib was well tolerated to day +180, which
may allow effective prevention of cGVHD. These data warrant a
larger placebo-controlled study of itacitinib in PB haplo-HCT.
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