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Sinusoidal Obstruction Syndrome (SOS) is a life threatening HSCT complication and it can
rapidly evolve in Multiple Organ Dysfunction Syndrome, with a mortality exceeding 80%.
Early treatment with defibrotide is the leading factor for efficacy. Its prophylactic use is
recommended in the pediatric setting, but its value isn’t validated for adults, although
factors for individual risk assessment are debated. We here present a real-world
experience of Defibrotide prophylaxis in adults at very high risk of SOS. We treated with
prophylactic Defibrotide and Ursodeoxycholic Acid seven patients receiving allogeneic
HSCT for high risk B-ALL, previously treated with single agent Inotuzomab-Ozogamicin.
They all had other high risk factors for SOS such as previous hepatotoxicity, previous
allo-HSCT, double alkylating conditioning. All patients received Treosulfan-
Fludarabine conditioning, Thiotepa was added in 4 patients and 4GyTBI in 2 patients.
GvHD prophylaxis included post-transplant cyclophosphamide, rapamycin and
mycophenolate. Donor source was PBSC. Five patients received family MMRD
transplant, 1 patient a MRD transplant and 1 patient a MUD transplant. Non-severe
gastrointestinal bleeding occurred in two patients requiring defibrotide temporarily
discontinuation. SOS occurred in 3/7 cases within 21 days after HSCT and no late-
onset SOS were diagnosed. SOS caused death in all cases. All three patients were
characterized by a common pattern of very high risk factors by prior HSCT, they all
received a myeloablative conditioning with Treosulfan-Thiotepa and a MMRD transplant.
Defibrotide prophylaxis apparently failed to protect against the development of SOS in
those patients treated with a double alkylator-based conditioning regimen, while a
possible efficacy for the other high-risk patients is debatable.

Keywords: Inotuzumab ozogamicin, defibrotide, prophylaxis, SOS, VOD, Allo-HCT, allogeneic hematopoietic stem
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INTRODUCTION

Hepatic Sinusoidal Obstruction Syndrome (SOS) is a potentially
life-threatening complication of Hematopoietic Stem Cell
Transplantation (HSCT). SOS pathogenesis is related to pro-
inflammatory signals that determine the activation of hepatic
stellate cells with subsequent collagen deposit, progressive
sinusoidal obstruction, and portal hypertension. While mild
SOS are underdiagnosed and spontaneously resolve, severe
cases might evolve in liver dysfunction and multiple organ
failure (MOF). Given the lack of pathognomonic features,
several groups tried to identify clinical and laboratory criteria
that define SOS (1). Several transplant, patient, and liver-related
risk factors have been suggested (2) and, among them, the
administration of Inotuzumab ozogamicin (IO), an anti-CD22
calicheamicin-linked monoclonal antibody approved for B-cell
acute lymphoblastic leukemia (B-ALL), has been recognized as a
major risk factor for both drug-induced liver injury and SOS (3).
Given the lack of CD22 expression on liver cells, it has been
hypothesized that drug-induced hepatic damage is secondary to
the disposition of the calicheamicin metabolites by hepatocytes
and the subsequent biliary excretion, which might expose liver
cells to toxic injury; moreover calicheamicin uptake by
endothelial cells might determine cell toxicity associated with
platelet sequestration in liver sinusoids causing their obstruction
(4, 5). Anti-inflammatory and anti-thrombotic properties of
defibrotide, a mixture of oligonucleotides purified from porcine
gut mucosa, reduce endothelial damage and potentially revert the
cascade of organ dysfunction; therefore, defibrotide has been
approved for severe SOS treatment (6). Whereas multiple
Frontiers in Oncology | www.frontiersin.org 2
dosages of defibrotide have been tested (7), the actual
recommendations for the treatment of SOS indicate 25 mg/kg/
day, administered for a minimum of 21 days, as the standard
dose. Regarding prophylactic therapies, there is only low-quality
evidence on the efficacy of defibrotide and ursodeoxycholic acid
(UDCA) in reducing the incidence of SOS (8–10). The seminal
paper by Corbacioglu et al. showed a borderline benefit in SOS
incidence in children receiving prophylactic defibrotide that did
not translate in overall survival improvement (10), and no clear
data support its use in adults. Furthermore, the role of
defibrotide in patients previously treated with IO is unknown.
Herein, we present a real-world experience of peri-HSCT
defibrotide prophylaxis in adult patients at risk of SOS because
of a history of IO administration.
METHODS AND RESULTS

From May 2016 to April 2018, seven patients diagnosed with
relapsed/refractory B-ALL with a history of IO administration
underwent peripheral blood allogeneic HSCT at our Institution.
Patient and transplant characteristics are shown in Table 1. IO
was given as single agent for either one (n=1) or two cycles (n=6)
at standard dose, with the last dose being administered at a median
time of 41.5 days (range 34-61) prior to HSCT. Conditioning
regimens were based on treosulfan (42 g/m2) and fludarabine (150
mg/m2) in all cases; thiotepa was added in four patients, whereas
two cases received also 4Gy total body irradiation. As per
institutional policy, graft versus host disease (GvHD)
prophylaxis consisted in post-transplant cyclophosphamide (PT-
TABLE 1 | Patient, disease, and treatment characteristics.

Patient #1 #2 #3 #4 #5 #6 #7

Sex and age M, 25 y M, 36 y F, 22 y M, 30 y M, 21 y M, 38 y M, 26 y
Disease - status B-ALL, active

disease
B-ALL active

disease
B-ALL,

active disease
B-ALL, complete

remission
B-ALL, complete

remission
B-ALL, complete

remission
B-ALL, complete

remission
Previous lines of therapy 8 4 6 4 5 2 6
Previous
allo-HSCT

yes no yes yes yes yes no

Pre-existing liver
abnormalities

G2* Bilirubin and
ALT increase

G2*
ALT increase; mild

steatosis

no no no no no

IO cycles numbers
(cumulative dose)

2 cycles
(3.3 mg/mq)

2 cycles
(3.3 mg/mq)

2 cycles
(3.3 mg/mq)

2 cycles
(3.3 mg/mq)

2 cycles
(3.3 mg/mq)

2 cycles
(3.3 mg/mq)

1 cycle
(1.8 mg/mq)

Days from IO to HSCT 25 61 49 25 34 60 49
Conditioning Treo/Flu TBI4Gy Treo/Flu TBI4Gy Thio/Treo/Flu Thio/Treo/Flu Thio/Treo/Flu Thio/Treo/Flu Treo/Flu
Type of transplant Mismatched related Matched related Mismatched

related
Mismatched

related
Mismatched

related
Mismatched

related
Matched
unrelated

Days to engraftment 29 30 Died in aplasia 19 15 18 35
Days of defibrotide 27 32 11 35 33 35 64
SOS diagnosis no no no YES YES YES no
Days from HSCT
to SOS

na na na 10 13 9 na

Days of follow up 116 1092 11 28 26 28 229
Cause of death Disease relapse Disease relapse Septic shock SOS SOS SOS Disease relapse.
Ju
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B-ALL B-cell acute lymphoblastic leukemia; HSCT allogeneic Hematopoietic Stem Cell Transplantation; IO Inotuzumab ozogamicin; Treo/Flu Treosulfan/Fludarabine; Thio/Treo/Flu
Thiotepa/Treosulfan/Fludarabine; SOS sinusoidal obstruction syndrome.
*According to CTCAE 5.0.
bold values means to better identify case with SOS..
na, not applicable.
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Cy) on day +3 and day +4, rapamycin and mycophenolate. All
patients received peri-transplant UDCA 300 mg twice daily.
Defibrotide was administered intravenously in four daily doses
for a total dose of 25 mg/kg/day, starting the first day of
conditioning and throughout engraftment. Informed consent for
off-label use of prophylactic defibrotide was signed by all patients.

The median duration of defibrotide administration was 33 days
(range, 11-64); the drug was overall well tolerated as it was
temporarily discontinued only in two cases, respectively for two
and four days, due to transient gastrointestinal bleeding (CTCAE
v5.0 grade 3); no other adverse reactions were documented. Six
patients engrafted after 18 days (range, 15-35), whereas one deceased
in aplasia. One patient developed acute GvHD and requiredmultiple
lines of immunosuppressants; we documented one case of post-
transplant microangiopathy shortly after SOS diagnosis.

Three out of seven patients (#4, #5, #6) developed all classical
signs of SOS (hyperbilirubinemia, ascites, painful hepatomegaly,
and weight gain) (1) a few days before engraftment, with a rapid
evolution into a very severe form (2). They all received a double
alkylator chemoconditioning; patient #3 also received the same
chemoconditioning but died in aplasia at +11 post HSCT. No
diagnostic liver biopsy was performed given the high risk of
procedural hemorrhagic complications. SOS determined MOF
and death in all three cases.
DISCUSSION

We here describe a real-world case series of patients at very high
risk of SOS and 3 out of 7 patients developed this severe
complication. These three patients showed common features:
all were young adult males transplanted from a haploidentical
donor for a B-ALL in complete remission after 2 cycles of IO;
moreover, all had a history of a previous allogeneic HSCT and
received a myeloablative conditioning with double alkylating
agents prior to HSCT.

It is noteworthy that all patients in our series, including
those not diagnosed with this complication, displayed at
least one additional risk factor of SOS such as pre-existing
hepatic abnormalities, active disease, rapamycin use,
conditioning with TBI, use of HLA-mismatched donors,
and previous allogeneic HSCT (1, 2, 6). Double alkylators
and pre-HSCT hepatic abnormalities have been specifically
associated with SOS in patients pre-treated with IO (3) and
these risk factors were present in two and four patients,
respectively (Table 1).

All these factors were scattered among patients whit and
without SOS and, in this very small cohort, it is not possible to
discriminate the role of each risk factor. However, it appears
evident that those who were treated with double alkylator
conditioning developed SOS despite prophylaxis with
defibrotide plus UDCA; the other patient who also received
thiotepa inside the conditioning died at day +11 after HSCT,
preventing us from assessing the effectiveness of prophylaxis
(Table 1). It is also worth mentioning the use of PT-Cy as GVHD
prophylaxis in this case series, so that the three patients
Frontiers in Oncology | www.frontiersin.org 3
developing SOS effectively received three alkylators. It is not
clear at this point if PT-Cy should be regarded as a risk factor for
SOS, but it surely warrants further investigations.

All diagnoses occurred right before engraftment and the
clinical picture evolved dramatically within few days, making
SOS diagnosis striking. No differences in the number of IO cycles
(never more than 2) and interval from last IO to HSCT were
evident between patients diagnosed with SOS and those who did
not develop this complication.

Whereas the approval of IO has greatly improved the
treatment armamentarium for relapsed/refractory B-ALL,
emergence of hepatic toxicity, namely SOS, has questioned the
safety of this new drug. Recently, a learning curve has allowed a
better use of IO, specifically as a bridge to allogeneic HSCT (11).
In the setting of prophylaxis, Corbacioglu and colleagues
reported a decrease of SOS incidence from 20% to 12% in a
phase 3 trial conducted in a high-risk pediatric population,
including patients who received gentuzumab ozogamicin but
not IO (10). On the contrary, the role of prophylaxis is
particularly debated in adult patients, where no evidence-based
data were able to demonstrate its efficacy (9). Our experience
suggests that defibrotide prophylaxis is safe in the adult
population, with only two documented bleeding events
promptly resolved with supportive care and temporary drug
interruption. However, the drug, in association with UDCA, was
only partially effective in preventing SOS. Our data confirm the
detrimental effect of double alkylator conditioning for patients
undergoing HSCT previously treated with IO, a feature that we
now recognize as one of the most important risk factors for SOS
in this treatment setting (3, 11). Furthermore, recent data
confirmed the benefit of a TBI-based conditioning in children
with ALL compared to double alkylator chemoconditioning in
terms of both relapse and treatment related mortality (12). This
approach should be considered as reasonable also in young
adults and warrants investigations in the setting of IO pre-
treated patients at risk for SOS.

Indeed, in our study, defibrotide prophylaxis apparently failed
to protect against the development of SOS only in those patients
treated with a double alkylator-based conditioning regimen,
while a possible efficacy could be at least presumed for the
other high-risk patients.

In conclusion, with the caution derived from analyzing the
results of a small single-center case series, the use of peri-
HSCT defibrotide prophylaxis in adult patients at very high-
risk of SOS due to a previous history of IO exposure
demonstrated to be safe and partially effective. Minimization
of other known cumulative risk factors should be pursued to
further reduce the incidence of SOS in this population, and,
particularly, the addition of a second alkylating agent into the
conditioning scheme must be avoided. Other tips, such as
further reducing the number of IO administrations,
longitudinal monitoring with liver ultrasound elastography
to allow early diagnosis and avoiding other hepatotoxic drugs
should be considered (13). Only well-designed prospective
clinical trials could demonstrate the usefulness of defibrotide
in this setting.
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