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Abstract

The Janus kinase (JAK)-signal transducer and activator of transcription (STAT) pathway is crucial for immune
function and hematopoiesis, which partly explains why cytopenia is a major adverse effect of ruxolitinib, a se-
lective JAK1/2 inhibitor. Hematologic toxicity restricts the use of ruxolitinib during the pre-engraftment phase of
allogeneic hematopoietic stem cell transplantation for myelofibrosis and graft-versus-host disease (GVHD) pro-
phylaxis. While some reports have described its use in peripheral blood and bone marrow transplantation, its
application in cord blood transplantation (CBT) remains unknown. Herein, we report two cases of CBT in which
ruxolitinib was administered to treat GVHD after prior allogeneic transplantation. In Case 1, a patient under-
went a third transplant for acute myeloid leukemia, and in Case 2, a patient received CBT for post-transplant
lymphoproliferative disorder following transplantation for classic Hodgkin lymphoma. Neutrophil engraftment
was achieved in both cases, and Case 2 developed a pre-engraftment immune reaction. Platelet and red blood
cell engraftment did not occur in either case, likely due to underlying comorbidities or limited survival, rather
than the effects of ruxolitinib. This is the first report documenting successful neutrophil engraftment in CBT
with concurrent ruxolitinib administration, suggesting its potential feasibility during the pre-engraftment phase.
Further studies are warranted to evaluate its effects on multilineage hematopoietic recovery, infections, GVHD,
and relapse risk.
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Introduction

The Janus kinases (JAK)-signal transducer and acti-
vator of transcription (STAT) pathway plays crucial
roles in both the immune and hematopoietic systems'.
Ruxolitinib, a selective JAK1/2 inhibitor, was initially
approved for the treatment of myelofibrosis and subse-
quently for both acute and chronic graft-versus-host dis-
ease (GVHD)™. Cytopenia is one of its most frequently
reported adverse effects during treatment for either con-
dition*”.

Ruxolitinib has shown efficacy during allogeneic he-
matopoietic stem cell transplantation (AlloSCT) for the
management of myelofibrosis and prophylaxis of
GVHDY. Despite the hematopoietic toxicity of
ruxolitinib, successful engraftment has been reported. In
these cases, patients underwent peripheral blood stem
cell transplantation (PBSCT) or bone marrow transplan-
tation, both of which typically involve the infusion of a
higher number of stem cells than umbilical cord blood
transplantation (CBT). To our knowledge, no reports
have documented successful engraftment with concur-
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Figure 1.

Clinical course of Case 1 (A) and Case 2 (B)

Flu, fludarabine; Bu, busulfan; Mel, melphalan; PSL, prednisolone; HYD, hydrocortisone; MMF,
mycophenolic mofetil; Tac, tacrolimus; RUXO, ruxolitinib; G-CSF, granulocyte-colony stimulat-
ing factor; div, intravenous drip; CBT, cord blood transplantation; TBI, total body irradiation; PIR,

pre-engraftment immune reaction

rent ruxolitinib administration in CBT. In this report,
we present two cases of successful neutrophil engraft-
ment following CBT with concurrent ruxolitinib ad-
ministration, along with a review of the literature on
ruxolitinib use in stem cell transplantation.

Case Presentation

Case 1 (Figure 1A): A 45-year-old woman with
acute myeloid leukemia (AML) experienced two re-
lapses following AlloSCT and was scheduled to un-
dergo a third AlloSCT. After the second AlloSCT, she

was treated for acute GVHD with ruxolitinib (10 mg/
day), prednisolone, cyclosporine, and mycophenolate
mofetil (MMF). She received salvage therapy and un-
derwent a single-unit CBT. The conditioning regimen
consisted of fludarabine (180 mg/m’®), busulfan (9.6 mg/
kg), and melphalan (80 mg/m®). The total number of in-
fused nucleated cells was 1.7 X 107/kg (CD34-positive
cells: 0.35 X 10°/kg). Human leukocyte antigen (HLA)
was mismatched at two of the six antigens in the graft-
versus-host direction and at one antigen in the host-
versus-graft direction, with three of the eight alleles
mismatched in both directions. No donor-specific anti-



body was detected. Tacrolimus and MMF were admin-
istered for GVHD prophylaxis. Due to ongoing diarrhea
caused by acute GVHD from the second AlloSCT, both
prednisolone and ruxolitinib were continued during in-
itial conditioning. The ruxolitinib dose was reduced to
5 mg/day due to the anticipated immunosuppressive ef-
fects of the conditioning regimen and concerns regard-
ing the potential hematopoietic toxicity of ruxolitinib.

On day 10, she developed severe hemorrhagic cystitis
owing to BK virus infection. On day 12, prednisolone
was increased as hemophagocytic syndrome was sus-
pected. Neutrophil engraftment, defined as a neutrophil
count exceeding 500/uL, was achieved on day 14. On
day 28, short tandem repeat (STR) analysis of periph-
eral blood revealed complete donor chimerism in both
granulocytes and T cells. Reticulocyte count exceeded
1.0% of the total erythrocytes by day 31. She devel-
oped idiopathic pneumonia syndrome following the
dose reduction of MMF and tacrolimus. Concurrently,
she developed transplant-associated thrombotic microan-
giopathy (TA-TMA)-induced fragmented red cells, lead-
ing to the discontinuation of tacrolimus; nonetheless,
TA-TMA did not improve. The patient experienced in-
creased bleeding due to BK virus cystitis, which was
further complicated by BK viremia. Although there was
no evidence of AML relapse, she died on day 102 ow-
ing to multiple organ failure. Throughout her clinical
course, neutrophil engraftment was maintained. How-
ever, despite an elevated reticulocyte count, she re-
mained dependent on red blood cell and platelet trans-
fusions until her death.

Case 2 (Figure 1B): A 35-year-old man who under-
went an AlloSCT for classic Hodgkin lymphoma devel-
oped a post-transplant lymphoid neoplasm (PTLD)
originating from recipient T cells. He had a refractory
clinical course despite chemotherapy and discontinu-
ation of immunosuppressants. Therefore, CBT was cho-
sen as the next treatment option. He was diagnosed
with acute GVHD on the skin and treated with oral cor-
ticosteroids and tacrolimus, achieving remission. How-
ever, discontinuing immunosuppressants to treat PTLD
led to worsening erythema and the onset of diarrhea,
prompting the initiation of corticosteroid and ruxolitinib
at 10 mg/day. Ruxolitinib was effective and allowed for
the tapering of corticosteroids.

For CBT, the conditioning regimen consisted of
fludarabine (150 mg/m’), melphalan (80 mg/m®), and
total body irradiation (8Gy). GVHD prophylaxis in-
cluded tacrolimus and MMF. The patient developed
erythema due to acute GVHD, which appeared rapidly
and was closely associated with the tapering and dis-
continuation of immunosuppressants. Therefore, we
continued treatment for acute GVHD with ruxolitinib.
Due to concerns regarding hematologic toxicity, the
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ruxolitinib dose was reduced to 5 mg/day. The cord
blood unit contained a nuclear cell count of 3.2 X 107/
kg (CD34-positive cells: 0.66 X 10°/kg) and was HLA-
matched at four out of six antigens and four out of six
alleles in both the graft-versus-host and host-versus-
graft directions. No donor-specific antibody was de-
tected. On day 8, the patient developed fever, pulmo-
nary edema, and erythema, leading to a diagnosis of
pre-engraftment immune reaction (PIR), which resolved
with corticosteroids. Neutrophil engraftment was
achieved on day 21. On day 22, we stopped ruxolitinib
due to the resolution of GVHD symptoms and PIR.
STR analysis of peripheral blood on day 30 confirmed
complete donor chimerism in both granulocytes and T
cells. However, on day 37, bone marrow examination
revealed abnormal lymphocytes, and STR analysis
showed a mixed chimera on T cells, indicating PTLD
relapse. The patient died on day 50 due to PTLD re-
lapse. During his clinical course, neutrophil engraftment
was preserved; however, he remained dependent on red
blood cells and platelet transfusions until he died.

Discussion

We report two cases of successful neutrophil engraft-
ment following CBT with concurrent ruxolitinib ad-
ministration. Ruxolitinib was initially approved as a
treatment for myelofibrosis and demonstrated effective-
ness against symptoms such as splenomegaly and other
clinical manifestations*’. Additionally, ruxolitinib has
proven effective for steroid-refractory acute and chronic
GVHD®"". Therefore, ruxolitinib is expected to benefit
patients undergoing AlloSCT with myelofibrosis by re-
ducing splenomegaly and improving engraftment poten-
tial’, as well as those needing a novel strategy for
GVHD prophylaxis. However, its use in AlloSCT raises
concerns regarding engraftment due to its hematopoietic
effects. In placebo-controlled trials for patients with
myelofibrosis, grade 3 or 4 anemia, thrombocytopenia,
and neutropenia occurred more frequently with
ruxolitinib than with the placebo’. Similarly, higher
rates of cytopenia were observed in patients with acute
GVHD® and chronic GVHD, compared with those in
the control arms (best available therapy arms)’.

Despite these concerns, some reports have suggested
successful engraftment during ongoing ruxolitinib ther-
apy in AlloSCT using bone-marrow or peripheral-blood
stem-cell grafts (Table 1). Morozova et al., Ali et al.,
and Hobbs et al. reported the use of ruxolitinib before
and after engraftment in patients with myelofibrosis'”".
Zhang et al. reported a retrospective case series of pa-
tients with aplastic anemia who received ruxolitinib
during PBSCT". In that report, two patients were given
cord blood on day 4 for poor graft quality while con-



Blood Cell Therapy-The official journal of APBMT-

CBT Engraftment with Continued Ruxolitinib

Table 1. Summary of previous reports on ruxolitinib use during allogeneic hematopoietic stem cell transplantation
GVHD Number Median Num- Median Median
prophy- of days of ber of davs of days of
Year Author Dis- Donor Graft Ruxolitinib laxis in  neutro- neutro- platelet Ig;elet RBC trans- Infection Acute Chronic
ease source addition phil phil en- gn raft. fusion GVHD GVHD
to ruxoli- engraft- engraft- graft- megm indepen-
tinib ments ment ments dence
Bacteremia Mild
MRD o 3:3/”;%?? 7/20 -V 4/20
Morozova, MUD : ) = 27 38 59 (20-  Viral 5/20 Moderate
2020 g0 MF - yvup SCT 15me/day  PTCy  17/20 (40 44 (15-219) 540) reactivation -V 4/20
BMT day+5 to . .
HID +100 or infection 3/20 Severe
9/20 0/20
Bacteremia Mild
3/18 -V 4/18
. MRD 10 mg/day or .
2022 Ali, y MF  MUD PB- 20 ma/day Tgc 18/18 17 14/18 25 Vlral_ _ 3/18 Moderate
et al. SCT Sir (12-23) (13-119) reactivation Ill-IV  3/18
MMUD Day-3 to +30 . .
or infection 2/18 Severe
4/18 2/18
Moder-
Hobbs, MD PB- Pre-, During-, Tac 15 25 -1Iv  ate/
2023 a2 MF UMD SCT PostHSCT — MTX #2743 (4.3g) (11-145) 24% Severe
11%
10 mg/day Bacterial/
From the start Conven- Fungal IV Limited
of the condi- tional 97.1% infection 5/35
2024 2NeN&  Ap MRD - PB- iningregi- GVHD 35/35 14 at 23 6/35 6/35  Exten-
et al. HID SCT (10-24) (8-112) -1v .
men to 3 prophy- day60 CMV 3/35 Sive
months after  laxis reactivation 1/35
transplantation 16/35

GVHD, graft-versus-host-disease; MF, myelofibrosis; AA, aplastic anemia; MRD, HLA-matched related donor; MUD, HLA-matched unrelated
donor; MMUD, HLA-mismatched unrelated donor; HID, HLA-haploidenticaldonor; MD, HLA-matched donor; MMD, HLA-mismatched donor;
PBSCT, peripheral blood stem cell transplantation; BMT, bone marrow transplantation; HSCT, hematopoietic stem cell transplantation;
PTCy, post transplantation cyclophosphamide; Tac, tacrolimus; Sir, sirolimus; MTX, methotrexate; CMV, cytomegalovirus

tinuing ruxolitinib (10 mg/day). These patients received
both PBSCT and CBT, a fundamentally different ap-
proach from the single-unit CBT described in our re-
port.

Across these four studies, acceptable neutrophil and
platelet engraftment was observed, with no apparent in-
crease in infections or acute/chronic GVHD, compared
to their prior experience. While engraftment outcomes
were generally favorable, dose modification was some-
times required. Morozova et al. reported a 55% inci-
dence of severe poor graft function (cytopenia with full
donor chimerism), necessitating dose reduction or dis-
continuation". Zhang et al. noted severe poor graft
function in 2 of 35 patients, although the incidence was
not higher than that in historical controls".

In this report, we describe two cases of successful
neutrophil engraftment while administering ruxolitinib
in single-unit CBT, which has fewer hematopoietic stem
and progenitor cells than PBSCT. These cases may im-
ply a possible role for ruxolitinib in CBT for patients
with myelofibrosis or those requiring an alternative
GVHD prophylaxis. This study had some limitations.
The ruxolitinib dose in this study (5 mg/day) was lower
than those in prior studies. This dose was chosen based
on concerns regarding hematopoietic toxicity, poor graft

function, and its efficacy for GVHD control at the time.

Another limitation is the short observation period in
both cases, limiting our ability to assess ruxolitinib’s
impact on erythrocyte and platelet engraftment, infec-
tions, GVHD, and disease relapse. In our cases, eryth-
rocyte and platelet engraftment were not achieved. Be-
sides limited survival, TA-TMA and severe hemorrhagic
cystitis in Case 1 likely contributed to significant con-
sumption of erythrocytes and platelets. However, it is
noteworthy that the patient’s reticulocyte count in-
creased, suggesting marrow recovery. Infection is also
an important consideration when using ruxolitinib in
this setting. In Case 1, severe hemorrhagic cystitis and
BK viremia occurred. Although earlier studies reported
no increase in infections, compared with standard ap-
proaches'™'""”, further experience is particularly needed
in the CBT setting.

In addition, our report could not draw conclusions re-
garding disease relapse. Previous studies suggest a low
relapse rate in patients with myelofibrosis", and some
preclinical data indicate that ruxolitinib may treat
GVHD while preserving the graft-versus-leukemia ef-
fect'. These findings raise expectations for the use of
ruxolitinib in the CBT setting. However, Case 2 experi-
enced disease relapse, and the favorable outcomes re-



ported by Morozova et al. may partly reflect the effects
of ruxolitinib in myelofibrosis. Therefore, the impact of
ruxolitinib on relapse, especially in hematologic malig-
nancies other than myelofibrosis, remains unclear and
warrants further clinical investigation.

A recent study showed that PIR is an IL-6-driven
syndrome®. IL-6 activates JAK/STAT pathway; hence,
ruxolitinib is expected to attenuate PIR. However, a ret-
rospective study demonstrated that a mild PIR follow-
ing CBT is associated with a lower risk of relapse®.
Taken together, the administration of ruxolitinib during
the period following CBT until engraftment may attenu-
ate the GVL effect. Our patient still developed steroid-
requiring PIR despite continuous ruxiolitinib therapy.
Murine data indicate GVL retention, and myelofibrosis
reports low relapse'®; although these findings are en-
couraging, but larger case series are needed to clarify
the impact of ruxolitinib on PIR and relapse.

Despite these limitations, the prompt neutrophil en-
graftment achieved in this high-risk setting of post-
transplant complication following relapses after prior al-
logeneic transplantation offers encouraging evidence
and underpins the rationale for further studies on this
strategy. To our knowledge, this is the first report of
successful neutrophil engraftment in patients receiving
CBT while administering ruxolitinib. Our findings sug-
gest that it may become a promising drug for myelofi-
brosis patients receiving CBT or for patients who need
an alternative GVHD prophylaxis protocol. This report
provides valuable insights into extending the therapeutic
application of ruxolitinib to CBT recipients, supporting
future investigations. While neutrophil engraftment ap-
pears satisfactory, the effects on red blood cell and
platelet recovery, infections, GVHD, and relapse remain
unclear, underscoring the need for further evaluation.
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