B. Delapierre et al./Current Research in Translational Medicine 67 (2019) 144-147 145

Objectives

The main objective was to evaluate the efficacy of low dose
Rituximab for EBV reactivation after hematopoietic stem cell
transplantation.

Secondary objectives were to determine the incidence of
infection, GVHD (acute and chronic) and NRM.

Patients and methods

We retrospectively analyzed HSCT patients with EBV reactiva-
tion and treated with Rituximab at the Institut d’'Hématologie de
Basse Normandie between August 2012 and September 2017.

EBV-DNA load monitoring

EBV viremia was monitored weekly or every 2 weeks depending
on risk factors from d30 post transplantation to d100. Afterwards,
EBV-DNA was monitored every two weeks (or more frequently in
case of positive sample), until d180 and at every outpatient
appointment until d365. The tests used are validated for the
follow-up of EBV DNA quantification of immunocompromised
patients. The whole blood samples were extracted by QIAsym-
phony methods. The nucleic acids extraction was carry out using
400 p.L of sample and eluted in 90 L of buffer AE (Qiagen).The kits
provide all necessary reagents optimized for reliable EBV DNA
detection and quantitation for in vitro diagnostic use, artus EBV.
The artus EBV QS-RGQ Kit is part of the QIA symphony RGQ, with an
automated workflow from sample to pathogen detection. The
amplification was carry out on the Rotor-Gene Q real time PCR
cycler.

Preemptive treatment of EBV viremia

Only patients with detectable EBV-DNA and no symptoms were
eligible for preemptive therapy. Patients with probable or proven
PTLD were excluded. Patients with EBV-DNA >1000 Ul/ml have a
reduction of immunosuppressive therapy if possible. Patients with
persistent EBV-DNA >1000 Ul/ml or without possibility of
reduction of immunosuppressive were treated preemptively with
Rituximab (standard dose or low dose) weekly until decreased of
EBV-DNA of 1 log 10 and below 1000 UI/ml.

Definitions

Successful treatment was defined by a decreased of EBV-DNA by
1 log [10] and below 1000 Ul/ml and the absence of PTLD. Side
effects were graded according to Common Terminology for
Adverse Event v4 (CTCAE v4). Bacterial, viral, fungal and parasitic
infections were recorded. Acute Graft versus Host Disease (aGVHD)
was analyzed according to 1994 criteria. Only grade 2 to 4 aGVHD
were analyzed and patients with aGVHD before Rituximab use
were excluded. Chronic GVHD (cGVHD) was diagnosed and graded
according to National Institutes of Health consensus. Only
moderate to severe cGVHD were analyzed and patients with
cGVHD before introduction of Rituximab were excluded. Overall
survival (OS) was defined as the time from HSCT to the last follow-
up or death, regardless of the cause. Non-relapse mortality (NRM)
was defined as the time from HSCT to death in patient without
relapse. Proven PTLD was diagnosed according to WHO classifica-
tion with a biopsy. [1]

Results

One hundred patients had a detectable EBV-DNA among the 199
patients that were treated with HSCT during the same period. Viral

load was >1000 Ul/ml in 75 patients (75%), and >10,000 Ul/ml in
39 patients (39%). Thirty-four patients (34%) were treated
preemptively with Rituximab. Thirty-three (33%), 33/75 (44%)
and 33/39 (84%) patients were treated when they had a detectable
viremia, >1000 Ul/ml viral load or >10,000 Ul/ml viral load,
respectively. Asymptomatic patients with viral load below the
threshold were not treated according to local policy. A standard
dose of 375 mg/m? weekly was administered to 18 patients (18%)
and low dose of 100 mg/m? was administered to 16 patients (16%).
Rituximab dose selection was practitioner discretion.

Patient characteristics are summarized in Table 1. Treatment
with Rituximab was successful in 15/16 patients (93%). One PTLD
was diagnosed whereas EBV-DNA was decreased below 100 Ul/ml.
This PTLD was a monomorphic CD 20 positive lymphoproliferation,
diagnosed 240 days after transplantation.

At the end of the follow up, OS was 69.7% (11 | 16). NRM was
6.3% (1/16). Relapse rate was 37.5% (6/16). Ten patients (62.5%) in
the low dose group had a grade 3-4 infection and 5/16 (31.3%)
patients had grade 2-4 aGVHD. One patient had aGVHD before
Rituximab injection. Six patients (37.5%) developed cGVHD. One
patient had cGVHD before Rituximab injection (Table 2).

Discussion

The present study is the first to evaluate a low Rituximab dose
for premptive therapy of EBV reactivation after allo HSCT.

The median number of injection was 2.3; which is comparable
with others studies [1], suggesting that the efficiency of low dose
Rituximab is not linked with a larger number of injection. In our
center, 18 others patients have received a median of Rituximab
standard dose of 2.8 (data not shown).

These excellent success rate, superior to 90% is comparable with
others studies [1]. The interpretation of OS, NRM and relapse free
survival has to be made with caution but seems similar to other
studies. These retrospective study has some limitations: the

Table 1
Patients characteristics.

Characteristics Low dose Rituximab

100 mg/m?

Number of patients (n) 16
Age at transplantation, median (range), year 48 (17 ; 68)
Disease, n (%)

AML / MDS 9 (57 %)

ALL 4 (25 %)

Aplastic anemia 1(6%)

Myelofibrosis 1(6 %)

Lymphoma 1(6 %)
Donor type, n (%)

HLA-identical sibling 3 (17 %)

HLA-matched unreletaed 8 (46 %)

Haploidentical 4 (31 %)

Cordblood 1(6%)
Type, n (%)

PBSC 10 (63 %)

BM 531 %)

CB 1(6%)
Conditioning, n (%)

RIC 7 (44 %)
MAC 9 (56 %)
EBV Viremia >1000 (UI/Ml), n (%) 16 (100 %)

EBV Viremia >10,000 (Ul/ml), n (%) 14 (88 %)
Time to EBV Viremia from HSCT, median (range) 98.7 (26 ; 406)
Received ATG during conditioning, n (%)

Yes 11 (68%)

no 5(32%)

AML: Acute Myeloid Leukemia; MDS: Myelodysplasic Syndrome; ALL: Acute
Lymphoid Leukemia; PBSC: Peripheral Blood Stem Cell; BM: Bone Marrow; CB: Cord
Blood; RIC: Reduced Intensity Conditioning; MAC: Myelo Ablative Conditioning;
ATG: Antithymoglobuline.
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Table 2
Outcome.

Outcome

Low dose Rituximab 100 mg/m?

Follow up, days, median (range)

396 (27 ; 1040)

Rituximab date from transplantation, days 89 (29 ; 406)
(range)

Number of injection, n (%)
1or2 9 (56%)
3o0r4 7 (44%)

EBV Viremia JO, median, Ul/ml (range)
EBV Viremia J8, median, Ul/ml (range)

270000 (550; 3311000)
7415 (0 ; 46700)

EBV Viremia J15, median, Ul/ml (range) 230 (0 ; 2130)
EBV Viremia J22, median, Ul/ml (range) 93 (0 ; 1400)
EBV Viremia J29, median, Ul/ml (range) 0
PTLD, n (%)

Yes 1(6.2%)

No 15 (93.8 %)
Hemophagocytic syndrome, n (%)

Yes 1(6.2%)

No 15 (93.8 %)
Success, n (%)

Yes 15 (93%)

no 1(7%)
Death, n (%)

Yes 5(31.3 %)

No 11 (68.7%)
Non-relapse mortality, n (%)

Yes 1 (6%)

No 15 (94 %)
Grade 3-4 Infection, n(%)

Yes 10 (62%)

No 6 (38%)
Relapse, n (%)

Yes 6 (38%)

No 10 (62 %)
Grade 2-4 aGVHD, n (%)

Yes 5(32%)

No 10 (63 %)
aGVHD before Rituximab 1(6%)
Moderate to Severe cGVHD, n,%)

Yes 6 (38%)

No 9 (56 %)
cGVHD before Rituximab 1(6%)

PTLD: Post Transplant Lymphoproliferative Disorder; aGVHD: acute Graft versus
host disease; cGVHD: chronic graft versus host disease.

limited number of patients, the heterogeneity in conditioning
regimen and intensity, in diseases and in type of donor with
inclusion of cord blood and haploidentical transplantation. The
interpretation should be made with caution and prospective trials
are needed to confirm or invalidate these results.

One patient had a proven PTLD at day 240 despite preemptive
treatment of EBV Reactivation from day 60 to day 90 (four
Rituximab injections) and a successful decreased of EBV-DNA
below 100 UI/ml. This PTLD was a monomorphic, angiocentric CD
20+PTLD and was successfully treated with surgical removal and
reduction of immunosuppressive therapy. EBV-DNA at PTLD
diagnosis was 2.71 Ul/mL. PET-TDM show unique localized PTLD.
Eighteen months after, patient is alive and well. EBV-DNA has an
excellent negative predictive value for PTLD but these datas
confirms that physiopathology of PTLD is not fully understood.

The indication of preemptive treatment is debated. There is no
threshold value of EBV DNA for preemptive therapy in ECIL and
SFGM-TC recommendations [1,6]. In Raberahona et al. study, no
EBV viremia threshold was associated with an overall survival
difference. Long-term survival was similar in Rituximab-treated
and non-treated in patients with detectable EBV-DNA, except for
patients with EBV-DNA >50,000 Ul/ml [7]. In Kalra et al study,
authors suggest a potential threshold value DNA of 100,000-
500,000 UI/mL [8]. On the other hand, in a large study of 319 allo-
HSCTs, short and long term survival were not inferior in the
patients who were treated with Rituximab for EBV DNA or PTLD
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compared with the other transplanted patients [9]. In two other
studies, there was no statistically significant difference in term of
non-relapse mortality or overall survival between patients who
had an EBV reactivation and those who had not [10,11].

Eventually, in another study, patients with EBV reactivation had
longer PFS and OS than those without. In this study, number of
circulating NK cells were significantly increased in patients with an
EBV reactivation, suggesting a potential graft versus leukemia
effect linked to NK cell proliferation. [12]

Rituximab should be limited to patients at highest risk of EBV-
PTLD, because its use is associated with an increased risk of
cytopenias and bacterial infections that can lead to non-relapse
mortality. [1] In Petropoulou et al. study, bacterial infection
incidence was significantly higher in Rituximab patients compared
with controls (55% vs 35%). The incidence of bacterial, viral, and
fungal infections was 64%, 59%, and 23%, respectively. A slower B
cells reconstitution was observed. Rituximab patients had higher
non relapse mortality (NRM) (35% vs. 15%) than controls, but these
results were not significant [4]. Rituximab patients had signifi-
cantly lower CD19 B at day 30 and day 60. Hypogammaglobuli-
nemia was more frequent in Rituximab patients and received more
immunoglobulin therapy [4]. Cases of persistent hypogammaglo-
bulinemia associated with infections after Rituximab post HSCT
have been described. Nishio et al. suggested a higher toxicity of
Rituximab when immunosuppression is ongoing such as Human
immunodeficiency Virus (HIV) or HSCT. Flow cytometry revealed a
decrease in B cell expressing CD 27. These data suggested that, in
the setting of underlying immunosuppression such as HSCT,
Rituximab may induce a similar immunocompromised situation as
describe in common variable immunodeficiency (CVID) [13].

Infection rate in our study (62%) was similar to Petropoulou
et al. study [4] and similar to patients treated with a standard dose
of Rituximab of 375 mg/m? in our center (61%, data not shown).
Infections observed were mainly bacterial or presumed bacterial: 3
bacteraemias (Staphylococcus aureus,Escherichia coli and Klebsiella
pneumoniae), 3 pneumonitis, 1 severe colitis and 1 perineal abcess.
One case of pneumocystis and 1 case of CMV disease were also
observed.

A protective effect of Rituximab on Chronic Graft-Versus-Host
Disease (cGVHD) has been suggested in patients treated with
Rituximab for EBV replication post HSCT [14]. Several groups
reported that Rituximab had a therapeutic effect on cGVHD [15].
The link between cGVHD and Graft versus leukemia (GVL) effect
has been already demonstrated following HSCT. Ji S-M et al. studied
cumulative incidence of relapse (CIR) to evaluate the possible
inhibiting role of Rituximab in graft versus leukemia effect. There
was no increase in the CIR in the Rituximab group. [14]

Our study has limitations because of its retrospective nature;
the limited number of patients included and because the study was
not powered to determine differences in GVHD incidence.
However, it was an exploratory study and these endpoints should
be tested in another well-designed comparative study. Some of
patients already suffered from GVHD when EBV replication
occurred. The effect of Rituximab on aGVHD, cGVHD and the
Graft versus Leukemia effect could not be evaluated. aGVHD,
cGVHD and Relapse rate were similar to other studies. Relapse rate
in patients treated with standard dose of Rituximab was lower
(28%, data not shown), but because the population was heteroge-
neous and not comparable with patients treated with low
Rituximab dose, it is difficult to draw any conclusion on the
relapse risk and the use of Rituximab.

Conclusion

In this retrospective, monocentric study, the use of a low
Rituximab dose (100mg/m?) for pre-emptive therapy of EBV
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reactivation post HSCT was efficient with a success rate over 90%. A
prospective randomized multicentric trial with larger number of
patient is needed to determine the best Rituximab dose.
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Letter to the Editor

Successful Imatinib therapy as a bridge to
transplant in an atypical myeloproliferative
neoplasm
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1. Introduction

Chronic neutrophilic leukemia (CNL) and atypical chronic
myeloid leukemia (aCML) are rare atypical myeloproliferative
neoplasms (MPNs). As defined by the World Health Organization
(WHO), the major criteria include leukocytosis and hypercellu-
larity in the bone marrow, with granulocytic differentiation and
without fulfilling any of the criteria that define the other “classical”
MPN disorders, such as BCR-ABL, PDGFRA/B, FGFR1, JAK2, MPL or
CALR mutations. In the new WHO classification, which was revised
in 2016, the CNL criteria include leukocytosis> 25 Giga/L (G/L),
including >80% of neutrophils and <10% circulating precursors
without dysgranulopoiesis. Conversely, in aCML, there is an
increase in the number of neutrophils and their precursors, with
dysgranulopoiesis, minimal basophilia and monocytosis [1].
Maxson et al. described mutations in colony stimulating factor 3
receptor (CSF3R), allowing a better understanding of this entity.
CSF3R is a transmembrane receptor with tyrosine kinase (TK)
activity that leads to neutrophil production. Mutations in the
extracellular domain (T618I) are ligand independent, activating the
JAK-STAT pathway, and mutations in the intracellular domain
(truncation mutations) are ligand dependent, inducing the SRC
kinase pathway. According to the revised WHO classification, the
CSF3R T6181 mutation constitutes a diagnostic hallmark of CNL, but
this mutation can also occasionally be found in aCML (<10%) and
represents an interesting druggable target [2]. Several complica-
tions, such as progressive disease with AML transformation,
worsen the prognosis, leading to a median overall survival (OS) of
24 months [3]. In addition, there is no standard of care therapy, and
the therapeutic approaches are derived from the strategies used in
classical MPN. The currently available drugs do not seem to control
the disease, as is seen in other classical MPNs.

Allogeneic stem cell transplantation (allo-SCT) remains the only
curative treatment for aCML and CNL. Controlling the disease before
allo-SCT is a major challenge. Here, we describe a 59-year-old man
presenting with atypical MPN and the CSF3R T618I mutation who
responded to imatinib as a bridge to transplant strategy.

2. Case description

A 58-year-old male patient presented to our department in
October 2017 with worsening fatigue, hepatosplenomegaly and
skin lesions. He had no significant medical or surgical history and
worked as a professional ballet dancer.

http://dx.doi.org/10.1016/j.retram.2019.04.003
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The patient had visited another hospital one year earlier, in
2016, for long-lasting night sweats, cutaneous lesions, splenomeg-
aly (20cm under costal margin) and hepatomegaly. Biological
analyses at that time revealed normocytic anemia (6.3 g/dl),
hyperleukocytosis (94G/L), and an absolute neutrophil count
(ANC) of 79G/L, associated with eosinophilia (0.97 G/L; 1%),
basophilia (0.62 G/L; 0.6%), monocytosis (5.72 G/L; 6%) and platelet
counts of 138 G/L. The bone marrow (BM) aspirate was hyper-
cellular, with a blast count of 9% and signs of dysgranulopoiesis.
There was no evidence of myelofibrosis in the bone marrow biopsy.
The BCR-ABL fusion transcript, JAK2, MPL and CALR mutations were
negative, whereas a CSF3R T618I mutation was positive in the
peripheral blood. The bone marrow cytogenetic analysis found an
isolated trisomy 21 (47XY,+21[20]/46,XY[1]). The patient was
diagnosed with CNL and was started on hydroxyurea, which
achieved a mild control of the disease.

After 8 months of treatment, the patient developed headaches
and diplopy. Brain magnetic resonance imaging revealed multiple
foci of cerebral hemorrhage. The splenomegaly had increased and
was associated with hepatomegaly, fatigue, weight loss and skin
lesions with pruritis. The blood count revealed leukocytosis at
47 G/L, with an ANC of 23 G/L, basophilia (14%), eosinophilia (8%),
minimal monocytosis (2%), and thrombocytopenia at 104 G/L. The
hemostasis analyses were normal.

After almost one year of treatment, the patient was switched to
pegylated interferon (80wg per week), which induced the
resolution of the cutaneous lesions but did not affect the
hepatosplenomegaly and blood parameters, except for mild
platelet toxicity. Next-generation sequencing (NGS) with a myeloid
panel was performed in the bone marrow aspirate. NGS revealed
CSF3R T618I, GATA2, RAD21, and SRSF2 mutations (Table 1). The
patient was negative for PDGFRA/B and SETBP1 mutations. Targeted
RNA sequencing found no mutations involving a TK pathway
(Ampliseq Panel, Thermo Fisher Scientificc, Waltham, MA).
Subsequently, after 6 weeks of pegylated interferon, ruxolitinib
was initiated at a dose of 10-20 mg per day and was stopped 3
weeks later due to the progression of the disease, with increased
splenomegaly, worsening hyperleukocytosis (>90G/L) and in-
creased red blood cell transfusions. The introduction of a TK
inhibitor (TKI) (imatinib 400 mg per day) caused, after 1 month of
treatment, a significant reduction in splenomegaly (15 cm over the
costal margin) and a decrease in leukocytosis (26 G/L), with an ANC
of 12 G/L, basophilia (17%), eosinophilia (5%) and a reduction in red
blood cell transfusion.

Next, the patient underwent an HLA-matched unrelated donor
allo-SCT while he was in partial remission, after a sequential
conditioning regimen consisting of fludarabine, amsacrine and
aracytine chemotherapies (FLAMSA) and reduced-intensity condi-
tioning (RIC). Nineteen days after the graft infusion, the patient
achieved hematological recovery, with an ANC>0.5G/L and a
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