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Abstract

Background: Sinusoidal Obstruction Syndrome (SOS) of the liver
is a life-threatening disorder generally occurring as a complication of
Hematopoietic Stem Cell Transplantation (HSCT). Here, we describe a
case of a child with Hodgkin’s lymphoma and liver involvement who
developed SOS during induction chemotherapy outside the transplant
context, which is a very unusual presentation in pediatric patients.

Case description: This case describes a 12-year-old male patient
with Hodgkin’s Lymphoma and liver involvement. During induction
chemotherapy, which contained Vincristine and Cyclophosphamide,
he developed SOS symptoms, including weight gain, refractory throm-
bocytopenia, and hyperbilirubinemia. He was managed successfully
with Defibrotide.

Conclusion: This case is one of the rare reported cases for SOS dur-
ing induction chemotherapy in a child with Hodgkin’s Lymphoma and
liver involvement, highlighting the importance of early recognition and
treatment of this fatal complication.

Key findings: The successful management of a patient with Hodg-
kin’s Lymphoma and liver involvement who developed SOS during in-
duction chemotherapy.

What is known and what is new?

-SOS is a known complication in HSCT patients. Sometimes, it can be
missed in non-HSCT patients.

-Liver involvement could be a risk factor for developing SOS in pa-
tients with Hodgkin’s Lymphoma.

What is the implication, and what should change now?

-SOS should be recognized early during chemotherapy in non-HSCT
pediatric patients, and aggressive treatment should be provided.

-A multidisciplinary approach provided by pediatric oncologists, in-
tensivists and radiologists is essential.
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Background

Sinusoidal Obstruction Syndrome (SOS) of the liver, is a well-
known fatal complication that can occur after Hematopoietic
Stem Cell Transplantation (HSCT) [1]. It also has been described
in non-transplant settings after chemotherapy or radiotherapy
for different types of malignances [2]. Defibrotide remains the
corner stone of management of SOS in both HSCT and non-HSCT
patients [2]. Here, we present a case of a 12-year-old pediatric
patient who developed SOS during induction chemotherapy for
stage IV Hodgkin’s Lymphoma with liver metastasis and suc-
cessfully managed by Defibrotide. A comprehensive literature
review was performed regarding diagnosis, treatment and pro-
phylaxis of SOS in children.

Case description

A 12-year-old previously healthy male was referred to our
department in January 2022 from a peripheral hospital with
a 1-week history of fever, fatigue, anemia and loss of weight.
Family history was unremarkable. Physical examination re-
vealed right cervical and supraclavicular lymph adenopathy as
well as hepatosplenomegaly. Blood work performed on admis-
sion showed moderate anemia (hemoglobin of 7 g/dL), mild
thrombocytopenia (Platelets count of 139x10°/L), a mild transa-
minitis with elevated Bilirubin (total bilirubin of 41 umol/L and
conjugated bilirubin of 28 umol/L). Erythrocyte Sedimentation
Rate (ESR) was markedly elevated at 99 mm/hr, lactate dehy-
drogenase was slightly elevated as well at 511 U/L and Albumin
level was 17 g/L.

Initial diagnostic imaging was done including Computed
Tomography (CT) of the chest and abdomen which showed a
mediastinal mass, enlarged hilar lymph nodes, hepatomegaly
with multiple hypo-enhancing focal lesions, and splenomegaly
with innumerable focal lesions. Bilateral bone marrow aspi-
rates and biopsies were negative for atypical infiltrates. An ul-
trasound-guided liver biopsy demonstrated infiltration by large
bi-nucleate and mononuclear cells with prominent eosinophilic
nucleoli. On immunohistochemistry, the neoplastic cells were
CD30, CD15 positive, Pax5 weakly positive, EBV, CD20, and CD3
negative, confirming the diagnosis of Classic Hodgkin lympho-
ma (Figure 1). A Positron Emission Tomography (PET) scan was
performed for disease staging and showed multiple FDG avid
enlarged right cervical, supraclavicular, mediastinal, hilar, peri-
pancreatic, porta hepatis, and para-aortic lymph nodes, hepa-
tosplenomegaly with multiple infiltrative splenic and intrapa-
renchymal lesions, and focal increased FDG activity at the right
acetabulum (Figure 2).

Based on the initial workup, the patient was risk stratified
as stage IV B, high risk. CHIPS score: 3. Chemotherapy was ini-
tiated as per Hodgkin lymphoma, high-risk protocol (based on
COG AHODO0831, and AHOD1331 HR Protocols) with cycle |
ABVE-PC (doxorubicin, bleomycin, vincristine, etoposide, pred-
nisone, and cyclophosphamide). On day 4 of Cycle |, the patient
complained of abdominal pain and vomiting. On physical exami-
nation, he was icteric with signs of respiratory distress and ab-
dominal tenderness. On the next day, his clinical status progres-
sively deteriorated with a rapid increase in bilirubin levels (total
bilirubin of 116 umol/L and conjugated bilirubin of 83 umol/L),

an increase in body weight by 5 kg, which makes 9% of his origi-
nal weight, and refractory thrombocytopenia (Platelets count
of 19x10°/L which did not respond to platelets transfusion). A
chest x-ray was showing bilateral pleural effusion with features
of pulmonary edema, and an ultrasound abdomen revealed
hepatosplenomegaly with a moderate amount of ascites.

According to the above clinical and biochemical findings,
the patient was fulfilling all the 5 European Society for Blood
and marrow Transplantation (EBMT) diagnostic criteria for he-
patic Sinusoidal Obstruction Syndrome (SOS) in children, he was
transferred to the pediatric intensive care unit for supportive
care, including diuretics, strict fluid balance, and respiratory
support. Vincristine and Bleomycin of day 8 were omitted. He
started to improve clinically, but due to persistent fluid over-
load, hepatic dysfunction, and refractory thrombocytopenia,
N-Acetyl cysteine was started on day 14 as Defibrotide was not
available. After 2 days Defibrotide was administered at a dose
of 6.25 mg/Kg/dose every 6 hours as a 2-hour intravenous infu-
sion for a total of 17 days. On day 23, the patient underwent
pericardiocentesis when 300 mL of serosanguinous fluid was
removed. Eventually on day 31, all the symptoms resolved with
normalization of liver function tests and platelets count, and
the patient’s weight returned to his baseline, (Figure 3). There-
fore, the decision was to proceed to cycle Il with Defibrotide
prophylaxis, he received it for 3 days and then stopped.

The patient was subsequently able to complete his remain-
ing 3 cycles of chemotherapy. Clinical course was complicated
by polyneuropathy, which required elimination of Vincristine in
cycles lll, IV, and V. He received Involved-Field Radiation Thera-
py (IFRT) at a dose of 21Gy to the spleen and mediastinum. No
other adverse events were encountered. The patient remained
in clinical and radiologic remission for 1 year following the com-
pletion of therapy. Ultimately, both the patient and his parents
were satisfied with the outcome.

Timeline: In summary, diagnosis of Hodgkin lymphoma was
confirmed and patient was started on chemotherapy in Febru-
ary 2022. SOS symptoms started on day 4 of cycle |. Defibrotide
was started on day 16 for a total of 17 days. Pericardiocentesis
was done on day 23. Symptoms resolved on day 31.

Discussion

SOS, previously known as a Veno-Occlusive Disease (VOD),
is a serious complication caused by damage in the sinusoidal
endothelial cells of the liver leading to obstruction of the sinu-
soidal flow [1]. It was established as a disease entity during the
1950s [3]. Although it is mainly observed after HSCT, it can also
occur as a complication of conventional chemotherapy, immu-
notherapy, or radiation therapy outside of the setting of HSCT
[2]. In the recent European Society for Blood and Marrow Trans-
plantation (EBMT) criteria for SOS/VOD in pediatric patients,
there is neither limitation for the time of onset of VOD, nor re-
striction to only HSCT patients [4] (Table 1).

Risk factors for hepatic SOS after HSCT are divided into pre-
transplant patient characteristics like age, underlying disease,
and pre-existent liver disease, as well as transplantation-relat-
ed factors such as conditioning regimen and graft source [5].
In non-transplant patients, SOS has been described to be as-
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Figure 1: Liver biopsy with nodular infiltrate of lymphoid cells (Hex40). The infiltrate shows scattered
large atypical Hodgkin and Reed-sternberg cells in a background of small lymphocytes, histiocytes and
neutrophils (inset, Hex40), (A). The large cells are CD30 POSTIVE (B). CD15 POSITIVE (C). and PAXS weak
\\positive (D). The small lymphocytes are CD3 positive while the large cells are negative (E). j

Figure 2: Whole Body Fluorodeoxyglucose (FDG)-Positron Emission Tomography (PET) Scan suggestive
of stage IV disease (A). Hepatosplenomegaly with multiple FDG avid infiltrative splenic lesions and intra-
\\parenchymal hepatic lesions (B and C). j
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\\Figure 3: Clinical course. j
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“/Table 1: EBMT diagnostic criteria for hepatic SOS/VOD in chil- \‘

\7dren [4]. /

¢ No limitation for time of onset of SOS/VOD

The presence of two or more of the following:

e Unexplained consumptive and transfusion-refractory thrombocytopenia

e Otherwise unexplained weight gain on three consecutive days despite
the use of diuretics or a weight gain >5% above baseline value

e Hepatomegaly (best if confirmed by imaging) above baseline value

e Ascites (best if confirmed by imaging) above baseline value

e Rising bilirubin from a baseline value on 3 consecutive days or bilirubin
>2 mg/dL within 72 h

sociated with many chemotherapeutic agents including acti-
nomycin-D, vincristine, cyclophosphamide, and thioguanine
[2]. Early in 1985, Bjork O et al. [3] observed VOD in 8 patients
with Wilms Tumor treated with Actinomycin D. Elli, Murat et al.
[6] and Ishaqi, M Kashif et al. [7] reported 2 cases of liver SOS
after one course of chemotherapy for Medulloblastoma. McA-
tee, Casey L et al. [8] described 10 patients who developed SOS
within 60 days of receiving a short-course of the anti-metabolite
6-thioguanine (6-TG) for the treatment of Acute Lymphoblas-
tic Leukemia (ALL). In a multicenter, single-arm, US clinical trial
(NCT00628498), 66 patients were aged <16 years and had non-
transplant-associated SOS [2]. Recently in 2021, AlSaad, Tay-
seer et al. [9] reported a case series of 6 patients in Qatar who
developed SOS after standard treatment for different types of
malignancies outside the HSCT context. Our patient developed
SOS shortly after starting cycle | chemotherapy for Hodgkin
Lymphoma which contained vincristine and cyclophosphamide.

Many studies had linked the pre-existent liver disease to the
increased risk for hepatic SOS [10-12]. The involvement of the
liver by Hodgkin lymphoma in our patient could be a predispos-
ing factor for developing SOS.

As hepatic SOS is a fatal disease, treatment should be initi-
ated as soon as the first evidence of SOS occurs, rather than
waiting for development of severe disease [2]. Currently, the
treatment of choice is Defibrotide, which is approved by both
the United States Food and Drug Administration (FDA) as well as
the European Medicines Agency (EMA) for the treatment of SOS
[2]. It has been observed that patients who had nontransplant-
associated SOS demonstrated superior survival if the treatment
was started before development of Multi-Organ Dysfunction
(MOD) [2]. N-acetylcysteine (NAC) was used for the treatment
of SOS in children and showed good results [13]. In our case,
treatment with N-acetylcysteine was started awaiting the avail-
ability of Defibrotide.

Neither FDA nor EMA has approved any medication for the
prevention of hepatic SOS. 2 ongoing studies are conducted
to prove the role of SOS prophylaxis in high-risk patients un-
dergoing HSCT. The first study is a Phase 3, randomized trial
(NCT02851407) comparing the Efficacy and safety of Defibrotide
vs best supportive care in the prevention of hepatic VOD. The
other one is a phase 2, randomized, placebo-controlled study
(NCT04712435) to evaluate the efficacy and safety of N-acet-
ylcysteine as prophylaxis of SOS. The role of SOS prophylaxis in
non-transplant patients has not been studied yet. We opted to
give our patient Defibrotide as prophylaxis during the second
cycle of chemotherapy, but unfortunately, it was stopped due
to lack of supply of the drug.

Conclusion

This case report emphasizes the importance of early recog-
nition and aggressive management of SOS in non HSCT pedi-
atric patients during chemotherapy. It also highlights the role
of multidisciplinary care to those patients provided by pediatric
oncologist, intensivists and radiologists. Further studies are cer-
tainly needed to identify patients at risk who are candidate for
prophylaxis to prevent this serious fatal complication.
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