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Abstract

Acute Graft-versus-Host Disease (aGvHD) is a frequent complication after a Hematopoietic Stem Cell Transplantation
(HSCT). Its gastrointestinal subtype is associated with a high mortality, especially in steroid-refractory cases. Managing
Steroid-Refractory aGvHD (SR-aGvHD) remains challenging due to the lack of validated second-line immunosuppressive
strategies. Mesenchymal Stromal Cells (MSCs) are a therapeutic option for SR-aGvHD, but its efficacy and clinical response
in children varies. Two recent studies using pooled bone marrow mononuclear cells from multiple donors, MSC-FFM, have

gastrointestinal SR-aGvHD at D+79.

clinical remission of severe gastrointestinal SR-aGvHD.

shown satisfactory overall response rates but the literature is still lacking in children.

We report the case of a 12-year-old boy with severe sickle cell disease and exchange transfusion dependency, indicating
HSCT. Following allogeneic related-donor HSCT, he developed grade 1V, gastrointestinal SR-aGvHD with an unfavorable
clinical outcome despite intensive treatment with mycophenolate mofetil, methylprednisolone, and ruxolitinib.

After nine days of methylprednisolone, a weekly MSC—FFM treatment was initiated that led to partial resolution of
the gastrointestinal symptoms at D+18 after the first infusion of MSC—FFM and transient complete clinical remission of the

In summary, MSC—FFM infusion was well tolerated, leading to significant clinical improvement and transient complete

Keywords: Steroid-Refractory Acute Graft-Versus-Host
Disease; Pediatric; Gastrointestinal aGvHD; Mesenchymal
Stromal Cells; MSC-FFM

Introduction

Allogeneic Hematopoietic Stem Cell Transplantation
(HSCT) is indicated for multiple malignant and non-malignant
disorders. The number of transplants worldwide is increasing
annually [1]. However, despite well-conducted prophylaxis,
Graft-versus-Host Disease (GvHD) remains a major complication
of transplantation, affecting 20-80% of patients [2-4]. Acute
Graft-versus-Host Disease (aGvHD) is graded according to the
Glucksberg criteria [5].

Studies show that gastrointestinal aGvHD is usually given
the most severe grade, and it is linked to very high rates of
non-relapse mortality [3]. Treating gastrointestinal GvHD (GI-
GvHD) is a major challenge because of the imbalances in fluids
and electrolytes caused by secretory diarrhea and the risks of
bleeding and infection inherent among immunosuppressed and
often thrombocytopenic patients [3]. GI-GvHD is also associated
with malnutrition, which represents a further significant and
independent risk factor for mortality.

Systemic glucocorticoids are the first-line treatment for
aGvHD [2,6]. About half of patients present with SR-aGvHD
[7]. Steroid-Refractory Graft-versus-Host Disease (SR-GvVHD)
is defined as a progression from GvHD after 3-5 days of
methylprednisolone (2 mg/kg/day) or no improvement after 5—7
days of corticosteroid therapy or an incomplete response after [
28 days of immunosuppression [6].

In addition to human leukocyte antigen matching, the
severity of GvHD at presentation (Glucksberg grade) is the
strongest predictor of resistance to corticosteroid therapy [7].
Indeed, 60—70% of cases with severe aGvHD at presentation (>
grade III) are SR-aGvHD and associated with a high mortality
rate, estimated at 80% at one year [3].

There is currently no consensus on the management of
SR-GvHD. Although several immunosuppressive strategies
are available for second-line therapy, including ruxolitinib and
Mesenchymal Stromal Cells (MSCs), none has yet shown its
superiority in a pediatric randomized trial [2,8].

Ruxolitinib has recently been approved as a second-line
treatment for SR-GVHD in children over 12 years old and adults
[9]; it is a selective inhibitor of Janus-Activated Kinases (JAKSs),
specifically JAK-1 and JAK-2 protein kinases. Inhibition disrupts
cytokine and growth factor signaling cascades, which reduces
circulating pro-inflammatory cytokines and the proliferation
of activated T cells [10]. According to the REACH2 study, this
treatment shows a better 28-day response than other therapies in
SR-aGVvHD; its superiority is even greater in more severe SR-
aGvHD [11].

MSCs are a promising therapy for SR-aGvHD because
of their potential immunomodulatory properties. MSCs are
multipotent cells isolated from bone marrow. They display cell
renewal, can differentiate into multiple cell lineages, and have
immunosuppressive capabilities [12-15]. Because of MSC
therapy’s mixed results regarding its efficacity and overall patient
survival, and despite its proven tolerance, it is not commonly
approved as a second-line treatment [13,16]. However, data has
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shown significant donor-to-donor variability, resulting in some
inequality between MSC products [17]. Using a pool of MSCs
from different donors—otherwise known as MSC Frankfurt am
Main (MSC-FFM) therapy— however, can address this and lead
to a strong allogeneic reaction. Promising preliminary results from
two pediatric studies have demonstrated a significant positive
response rate and better overall survival among children with
aGvHD treated with MSC-FFM but literature is still lacking.

Case

We report on a 12-year-old boy who presented with a severe
lower gastrointestinal SR-aGvHD 31 days (d+31) after a matched
sibling donor bone marrow transplantation. He underwent an
MSC-FFM treatment.

The patient had homozygous Sickle Cell Disease (SCD)
and heterozygous alpha-thalassemia. Alongside multiple vaso-
occlusive crises and acute chest syndromes, he was undergoing
a transfusion exchange program due to abnormal transcranial
Doppler ultrasound results. He also had left-carotid siphon stenosis
and nocturnal oxygen dependence due to bi-basal pulmonary
fibrosis resulting from SCD. The patient’s severe form of SCD,
with neurological and respiratory complications, indicated the
HSCT.

The patient underwent a conditioning regimen consisting
of doses adjusted to pharmacokinetics of busulfan (4 x 0.8 mg/
kg body weight (BWt), target concentration at steady state of
800 ng/ml, area under the curve 80 mg/L.h), cyclophosphamide
(200 mg/kg BWt), and in vivo T-depletion with anti-thymocyte
globulin (Thymoglobuline®, 20 mg/kg BWt). He was transplanted
with hematopoietic stem cells from bone marrow containing 2.0x
108 total nucleated cells/kg and 2.88x 106 CD34+ non-depleted
cells’kg BWt from a 10/10 matched sibling donor. As GvHD
prophylaxis, he received ciclosporin (3 mg/kg BWt/day). Due
to posterior reversible encephalopathy syndrome on day 1 after
HSCT (d+1), ciclosporin was replaced by mycophenolate mofetil,
methotrexate was not administered, and prednisone was added
(1 mg/kg/d BWt until d+15, then decreasing doses until d+28).
Hematological recovery was observed on d+22. Bone marrow
engraftment was confirmed by full donor chimerism on d+21. The
patient was discharged on d+29.

However, he was readmitted on d+31 due to a BK virus
hemorrhagic cystitis. Two days later, he presented with high-
volume watery diarrhea and hematochezia complicated by major
electrolyte imbalances. This required admission to the pediatric
intensive care unit on d+36. A grade IV gastrointestinal aGvHD
was confirmed by upper gastrointestinal and rectal histology on
d+38 (Figure 1, A and B; Figure 2) and was accompanied by a
grade II cutaneous aGvHD (on d+37). A bronchoalveolar lavage

performed at the same time revealed the presence of rare epithelial
cell atypia compatible with a diagnosis of pulmonary GvHD. The
patient was thus diagnosed with an overall grade IV aGvHD. Its
management and evolution are summarized in Figure 3. Although
a concomitant increase in bilirubin was observed, values remained
below the threshold for hepatic aGvHD.

Figure 1: Histological findings. A and B (Hematoxylin&Eosin,
H&E, x75 and x400), gastric biopsy at d+38. The gastric biopsy
shows focal denudation, with major gland dystrophy and partial
loss. Clustered apoptotic bodies are seen (arrow). C and D (H&E,
x60 and x200), duodenal biopsy at D+23 (d+70). Partial re-
epithelialization and regeneration of the duodenal mucosa is seen,
with persisting gland loss

Figure 2: Endoscopic images of the duodenum. On the left
(d+38) before mesenchymal cell administration, showing mucosal
atrophy, absence of villi and fibrin deposits. On the right (d+70)
and D+23 after the first injection of MSCs, revealing islands of re-
epithelialization despite mucosal hemorrhagic fragility.

On d+38, budesonide (9 mg/d) and methylprednisolone
(2 mg/kg BWt/d) were introduced, without any improvement
after 5 days of corticosteroids, suggesting a severe SR-aGvHD.
Ruxolitinib was added on d+43 (10 mg/d because of a severe
transfusion-dependent thrombocytopenia). Despite receiving this
triple immunosuppression treatment, his gastrointestinal-aGvHD
continued to worsen, so an MSC-FFM therapy (Obnitix®, Medac)
was initiated on d+47 (after 9 days of methylprednisolone) with
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the administration of a weekly infusion of 1.5 x 106 cells’kg BWt, which continued for a total of 6 weeks.

Eighteen days after the first MSC-FFM infusion (D+18), we observed a partial resolution with a decrease of gastrointestinal-
aGvHD from grade IV to grade III, which was reflected in a decrease in blood transfusions and endoscopic clot removal. Endoscopic
evaluation and histology performed on D+23 showed focal duodenal re-epithelialization, co-existing, however, with areas of ulceration
on D+23 (Figure 1, C and B; Figure 2). The evolution continued to be favorable with a transient complete clinical remission on D+79
(Figure 3). The diarrhea and bleeding resolved completely. A persistent abdominal discomfort prevented a complete resumption of
oral feeding and induced persistent need for parenteral nutrition. From D+97, during the attempt to start enteral nutrition, the patient’s
digestive losses slightly increased, with values mostly consistent with a grade I GI-GvHD until the end of his life (Figure 3). Furthermore,
the patient’s cutaneous aGvHD was considered in complete remission on D+8 of his MSC-FFM infusion.

Figure 3: Evolution of liver and gastrointestinal SR-aGVHD with steroids and after MSC—FFM infusions

Lymphocyte subpopulations after MSC-FFM infusions showed a decrease in T cells and B cells and an increase in natural killer
(NK) cells between D+18 and D+36 (Table 1). These data show a decrease in cellular cytotoxicity, particularly through a drop in the
CD4/CDS ratio, which was closely related to the patient’s clinical improvement.
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D+18 after first MSC-FFM
treatment

(d+67)

D+36 after first MSC-FFM
treatment

(d+85)

D+70 after first MSC-FFM
treatment

(d+119)

Units: /ml; %

CD3+ (T cells)

Normal reference
range:

800-3500; 52-78%

29/ml; 84%

75/ml; 59%

150/ml; 66%

CD4+CD3+

Normal reference
range:

400-2100; 25-48%

18/ml; 53%

53/ml; 59%

50/ml; 22%

CD8+CD3+

Normal reference
range:

200-1200; 9-35%

10/ml; 29%

19/ml; 22%

97/ml; 43%

CD19+ (B cells)

Normal reference
range:

200-600; 8-24%

2/ml; 7%

2/ml; 2%

7/ml; 3%

CD56+CD16+ (NK)

Normal reference
range:

70-1200; 6-27%

3/ml; 9%

12/ml; 14%

68/ml; 30%

Table 1: Lymphocyte subsets (measured using flow cytometry)
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Slow weaning off methylprednisolone was able to start
on D+12, with complete discontinuation on D+100 (d+147).
Budesonide was stopped on D+58 (d+105), and ruxolitinib was
stopped on D+104 (d+151). The patient was transferred from
the pediatric intensive care unit to the pediatric oncology unit on
d+120.

On d+122, the patient developed a new oxygen dependence
that was initially attributed to fluid overload. Despite fluid
restriction and diuretics, his respiratory condition worsened, and
a thoracic computerized tomography scan performed on d+148
was suggestive of pulmonary GvHD with areas of cryptogenic
organizing pneumonia and interstitial fibrosis. Due to a differential
diagnosis of an infection, antibiotics and antifungal therapy were
resumed on d+149. A bronchoalveolar lavage performed on d+151
revealed a predominantly histiocytic infiltrate with rare epithelial
cell atypia of unknown significance, making it difficult to either
confirm or exclude a diagnosis of lung GvHD.

His respiratory condition continued to worsen, with the
development of hypercapnic and hypoxemic respiratory failure
on d+156, requiring a transfer to the pediatric intensive care unit
for respiratory support. At this point, the differential diagnosis
remained wide between an idiopathic pneumonia syndromes, a
cryptogenic-organizing pneumonia, and a bronchiolitis obliterans
related to a lung GvHD. Methylprednisolone (2 mg/kg BWt) and
ruxolitinib were resumed on d+156; steroids are the first-line
treatment for all these conditions, and ruxolitinib is also used for
bronchiolitis obliterans [18-22]. Unfortunately, due to the patient’s
clinical instability, a pulmonary biopsy was infeasible. The
suspicion of bronchiolitis obliterans as a manifestation of a chronic
lung GvHD was high, so the patient received a pulmonary targeted
anti-inflammatory treatment (fluticasone, azithromycin, and
montelukast), as well as a new course of MSC-FFM therapy, with
two infusions. On d+186, he needed to be intubated and supported
by mechanical ventilation. Due to the refractory presentation of
lung GvHD, extracorporeal photopheresis was initiated, with two
cycles performed weekly. Despite maximum support involving
pharmacological and  extracorporeal =~ immunomodulatory
treatments, the patient’s condition continued to deteriorate, leading
to multi-organ failure and his death on d+213.

Discussion

We have presented the case of an aggressive, SR-aGvHD
that responded to MSC-FFM therapy.

aGvHD is a much-dreaded complication following HSCT. A
GI-GvHD represents an even greater therapeutic challenge with a
very guarded prognosis [3,4,23-27].

MSCs are of interest as a second-line treatment in SR—
GvVHD. Factors associated with a better response to MSCs include

their early administration, a pediatric population, and cutaneous
or gastrointestinal involvement [13,16,28,29]. The severity of
GvHD is also a prognostic factor: patients with refractory severe
(grade III-1V) GvHD require multiple infusions, and despite their
responsiveness to MSCs, two-year mortality remains high in this
population [30].

However, when using a pool of MSCs from different donors
(MSC-FFM), the survival of patients presenting with severe
aGvHD is significantly improved (64% at 6 months, according to
the study by Bonig et al.), and the response within 28 days serves
as a reliable predictor of survival [19]. Furthermore, infusions of
MSC-FFM are not associated with major side effects.

For this patient, MSC-FFM therapy was added after a short,
9-day course of corticosteroids, as earlier administration appears
to be more effective [28,29]. MSC-FFM therapy led to a transient
complete clinical remission of gastrointestinal involvement
by D+79, supported by an intestinal biopsy performed at D+31
showing partial duodenal re-epithelialization, and complete
resolution of skin involvement by D+8 (Figure 3). MSC-FFM
therapy’s effects on our patient were in line with recent studies
showing that responses to MSC correlate with the severity of
SR—-aGvHD and with cutaneous or gastrointestinal involvement
[13,16]. This suggests that a highly pro-inflammatory environment
is important for an optimal effect of MSCs [14].

However, the absence of a sustained complete response to
MSC-FFM, with the recurrence of abnormal stool output (> 10 cc/
kg/d of diarrhea) from D+97 (d+144) may be attributable to either
arelapse of GI-GVHD (with a concurrent respiratory deterioration)
or to the lengthy process of intestinal repair, which can also
manifest as loose stools [29].

We wonder whether ruxolitinib had a synergistic effect with
the MSCs received by the patient. MSC-FFM therapy was added 4
days after ruxolitinib administration began, which did not fulfil the
usual criteria for use in cases of ruxolitinib-resistant SR-aGvHD.
The latter for using MSC-FFM are: (i) progressing aGvHD even
after 5-10 days of ruxolitinib; or (ii) a failure to improve after
14 days; or (iii) losing response after initial improvement under
treatment [7]. However, given the case’s clinical severity, adding
an additional line of treatment seemed judicious.

Combining MSC and ruxolitinib appears to be an interesting
solution, particularly in gastrointestinal aGvHD: associating the
anti-inflammatory effects of ruxolitinib with MSCs’ regenerative
effects on the intestinal epithelium has the potential to improve
outcomes [3].

Intestinal stem cells are naturally present at the base of
intestinal crypts and are essential to intestinal regeneration [31].
They are likely fewer in number in severe gastrointestinal aGvHD
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due to intestinal destruction. Studies exposing mice to radiation
have demonstrated that MSCs can enhance the proliferation of
intestinal stem cells [32]. If this were to be proven in humans,
MSCs would not only be valuable for their immunomodulatory
effects but also for their direct impact on intestinal regeneration. In
addition to current studies on the effect of MSCs on inflammatory
bowel diseases [33], further investigations on MSCs in GI-GvHD
will help to determine whether this therapy should be combined
with other treatments, such as ruxolitinib, or whether it should be
promptly added in case of gastrointestinal involvement.

The analysis of lymphocyte subpopulations after MSC-FFM
infusions showed a decrease in T cells and a better CD4/CDS ratio
after multiple infusions (2.8 at D+36 versus 1.8 at D+18), as well
as a decrease in B cells (Table 1). These findings support other
data suggesting that MSCs inhibit the proliferation of T and B
cells and facilitate the induction of Tregs and Bregs from T and
B cells, respectively [14]. However, the present case report does
not clearly demonstrate the latter point as it lacks specific data on
cellular subtypes.

Interestingly, a 1.5-fold increase in NK cells was observed
between D+18 and D+36. Due to the patient’s clinical improvement,
two potential mechanisms could explain this: an increase in the
number of donor NK cells (these cells are the first to recover
after HSCT) [5] or an increase in the regulatory role of those NK
cells, thereby inhibiting T cell proliferation [34]. The role played
by MSCs in modulating NK cells remains controversial as some
studies have shown inhibition of NK cells, whereas others have
shown a stimulation of cellular function. Modulation appears to
depend on the co-culture conditions, such as the MSC/NK cell
ratio [34,35].

At D+70, the increase in T cells (CD4/CDS8 ratio: 0.5) and
NK cells was likely related to the patient’s clinical respiratory
deterioration, whether it was initially related to pulmonary GvHD
or to an infection. Due to this clinical deterioration and ultimately
death, this case provides no information on MSCs’ medium-to-
long-term effects on lymphocyte differentiation.

The patient’s tolerance to MSC-FFM treatment was very
good, with no observed side effects related to the infusions
received. However, the patient experienced two infections and a
cytomegalovirus reactivation. Using triple immunosuppression
carries a significant risk of infection, highlighting the importance
of closely monitoring the patient using clinical and laboratory
assessments and the necessity of reducing immunosuppression
whenever feasible.

Conclusion

In conclusion, MSC-FFM infusion in this patient with
severe gastrointestinal SR—aGvHD was well tolerated and resulted
in substantial clinical improvements, including the transient
complete clinical remission of his severe gastrointestinal SR-
aGvHD and the complete remission of his cutaneous aGvHD. This
clinical response to MSC-FFM adds further evidence to the utility
of this treatment and highlights the importance of further studies
examining the role of MSC-FFM therapy in children with SR—
aGvHD.

Informed consent: Written informed consent was obtained from
the patient’s parents.
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