
Ematologia – Policlinico Universitario di Palermo

Vascular Endothelial 
Syndromes to allo-HSCT

Sergio Siragusa

PROMISE, UniPa



Ematologia – Policlinico Universitario di Palermo

Group of complications without well-established origins, clinically 
characterized by thrombosis and/or bleeding and MOF

• Sinusoidal Obstruction Syndrome/VOD
• Capillary Leak Syndrome
• Engraftment Syndrome
• Transplant-Associated Microangiopathy (TAM)
• Diffuse Alveolar Haemorrhage (DAH)
• Idiopathic Pneumonia Syndrome

Early onset after HSCT, overlapping clinical manifestations, the absence 
of well-defined clinical criteria for diagnosis (and consequently an 
unknown true incidence), the absence of well-established treatments, 
and the tendency to evolve to an irreversible multiorgan dysfunction 
syndrome

Vascular Endothelial Syndrome (VESs) 
Early/Late allo-HSCT life-threatening complications
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Clinical Manifestation of VESs

Carreras E et al. Bone Marrow Transplantation (2011) 46, 1495–1502
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Pathogenesis of VESs after HSCT

Carreras E et al. Bone Marrow Transplantation (2011) 46, 1495–1502
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• Sinusoidal obstruction syndrome (SOS)(Veno Occlusive 
Disease (VOD) is a potentially lethal complication of HSCT

• Its reported incidence ranges from 5% to over 50%. This 
variability in SOS incidence may result from the use of 
different diagnostic criteria (actual est. 10%) 

• SOS usually occurs within the first 3 weeks after allo-HSCT as a 
result of endothelial and hepatic damage caused by the 
conditioning regimen

• Because SOS is associated with low platelet count and ascites, 
it is usually diagnosed by clinical manifestations rather than 
liver biopsy

SOS/VOD

K Yakushijin et a. Bone Marrow Transplantation (2016) 51, 403–409



Ematologia – Policlinico Universitario di Palermo

Overall survival in patients with SOS 
following HSCT

Yoon JH et a. Bone Marrow Transplant. 2019 Aug;54(8):1361-1368 

According to the revised EBMT criteria, the 
majority of patients (63.1%) were very severe, 
18.2% were severe, 12.8% were moderate, 
and 5.9% were mild grade

The 100-day overall survival (OS) of mild, 
moderate, severe and very severe groups was
83.3, 84.3, 94.6, and 58.6%, respectively
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Anatomy of the hepatic sinusoid
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SOS/VOD pathogenesis

(1) Sinusoidal ECs damaged during 
conditioning round up favouring 
the appearance of gaps in the 
sinusoidal barrier;

(2) RBC begin to penetrate into the 
space of Disse detaching the 
endothelial lining; 

(3) The sloughed sinusoidal lining 
cells embolize downstream and 
obstruct the sinusoidal flow 
(sinusoidal obstruction syndrome).

Carreras E et al. Bone Marrow Transplantation (2011) 46, 1495–1502
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SOS/VOD rCriteria/Risk Factors

Corbacioglu S et al. Biol Blood Marrow Transplant 25 (2019) 1271-1280
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SOS/VOD biomarkers (proposed)

Corbacioglu S et al. Biol Blood Marrow Transplant 25 (2019) 
1271-1280

Hematological markers
highly aspecific!
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SOS/VOD treatment (Defibrotide)

Richardson PG et al. Blood Adv 2018;2(12):1495-1509

• Endothelium repair
• Fibrinolytic activity

-> Increases bleedings, 
hypothension
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Primary end points of phase 3 study (not
randomized) in defibrotide (6.25 mg/Kg every
6 hs, 25 mg/kg daily) treated patients (n. 102) 
vs historical controls receiving supportive
treatment. 

(A) Kaplan-Meier estimates of overall survival
distribution

(B) Complete response (defined as total
bilirubin < 2 mg/dL and resolution of 
MOD/MOF) at day 100 following HSCT

Defibrotide phase 3 study

Richardson PG, et al . Blood. 2016;127(13):1656-1665.
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Defibrotide pooled analysis (I)

Pooled analysis of the estimated 
Day + 100 survival rates of the 
overall patient populations treated 
with any defibrotide dose or ~ 25 
mg/kg/day

Richardson P et al. Bone Marrow Transplant. 2019 Feb 25. 
doi: 10.1038/s41409-019-0474-8. [Epub ahead of print] 
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Defibrotide pooled analysis (II)

Pooled analysis of the estimated
Day + 100 survival for patients with 
MOD and without MOD

Richardson P et al. Bone Marrow Transplant. 2019 Feb 25. 
doi: 10.1038/s41409-019-0474-8. [Epub ahead of print] 
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Can we prevent SOS/VOD?

The HARMONY Trial

Clinicaltrials.gov. NCT02851407: Study comparing
efficacy and safety of defibrotide vs best supportive
care in the prevention of hepatic veno-occlusive 
disease in adult and pediatric patients. 

Available from: 
https://clinicaltrials.gov/ct2/show/NCT02851407. 
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TMA: Clinical/Lab presentation

Q. Thrombotic occlusion of the microvasculature
(often asy-oligosymptomatic), from different
causes, leading to:

• Hemolytic anemia with elevation of LDH and 
negative direct Coomb's test

• Thrombocytopenia
• Fragmentation of red blood cells -> Schistocytes
• Normal baseline coagulation (lab)

Thrombotic MicroAngiopathies (TMAs)
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2. Thrombocytopenia

Erythrocyte Fragmentation

1. Microvascular Thrombosis or Stenosis

VWF-platelet Aggregate Fibrin Clot

High Shear Stress

MicroangiopathyTumor Cells

3. Organ injury
§Neurologic deficits, DMS
§Hematuria. renal failure
§Heart failure
§Pancreatitis
§Abd pain, N/V, diarrhea

Tsai HM, Sem Thromb Hemost 2012

ADAMTS13
Deficiency DIC

Shiga toxins, T-Ag Activation
Uncontrolled Complement Activation

Lupus, Scleroderma
Metastasizing 

Cancer

TMAs – Costellation of diseases for 
unique symptoms
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Byrnes JR et al.  Blood 2017;130:1795-1799

Interaction between coagulation factors, 
leukocytes & platelet in cancer/inflammation
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Link beteween Uncontrolled Complement, Platelet, 
Endothelial, and Leukocyte Activation Leading to TMA

Modified from Desch K et al. JASN. 2007;18:2457-2460. Modified from Licht C et al. Blood. 2009;114:4538-4545. Modified from Noris M et al. NEJM. 
2009; 361:1676-1687. Modified from Stahl A et al. Blood 2008;111:5307-5315. Modified from Camous L et al. Blood. 2011;117:1340-1349.
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Winters JL. Hematology 2017;632-8

TMAs other than TTP

All these 3 conditions are present in allo-HSCT
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Overall incidence 7.6% (2.564 pts)

Ang L et al. Biol Blood Marrow Transplant 2019;25:570-576

HSCT-related TMA

Link with VESs

Link with drug-ass. TMA
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HSCT-
mediated

TMAs
(glomerular

endothelium)

Wanchoo R et al. Am J Kidney Dis. 2018;72(6):857-865
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Proposed mechanism of how GVHD could be 
linked with HSCT-TMA

Wanchoo R et al. Am J Kidney Dis. 2018;72(6):857-865

Immune-thrombosis
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How to distinguish (lab/clinical) TMAs?

Lab (no too much):

- > ADAMTS13 for ruling
out TTP

- Coag. test for ruling out 
DIC in some cases
(complement testing
unusefull)

Clinic (even less):

- > some differences among
cancer-related TMAs (but
not others)

Grange S et al. Nephrologie & Therapeutique 13S (2017) S109–S113
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Can we prevent allo-HSCT-related TMA?

Danaparoid 1.250 U b.i.d. vs LMWH 3.000 U/die 
1 -> 28 days from allo-HSCT

Machida S et al. Bone Marrow Transplantation (2017) 307 – 309
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Wanchoo R et al. Am J Kidney Dis. 2018;72(6):857-865

HSCT-related TMA: Can we
satisfactory treat?

(as well as novel therapies)
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Proposed approach in HSCT-related TMAs

M Scully. 2019. Thrombosis and Hemostasis in Cancer, Cancer Treatment and 
Research 179, https://doi.org/10.1007/978-3-030-20315-3_10

No PEX
Eculizumab/novel agents
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VESs/TMAs are variable entities in presentation and 
course:

• Distinction among TMAs is not clinically feasible
• Distinction among VESs is not clinically feasible
• Thrombocytopenia may not be profound in severe cases
• Organ dysfunction may result directly from vascular injury and 

increased permeability without thrombosis or vascular stenosis
• Absence of reliable biomarkers (except TTP) 
• Treatment of TMAs other than TTP is still unsatisfactory
• Treatment of severe SOS/VOD (Defibrotide) should start asap 

(Baltimore criteria)

Lessons from VESs/TMAs
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