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Hematopoietic Stem Cell Transplant (HSCT)



Terms
• aGVHD, acute graft-vs-host disease
• AKI, acute kidney injury
• allo-HSCT, allogeneic hematopoietic 

stem cell transplant
• APP, advanced practice providers
• CKD, chronic kidney disease
• CLS, capillary leak syndrome
• CMV, cytomegalovirus
• CNS, central nervous system
• CSF, colony-stimulating factor
• DAH, diffuse alveolar hemorrhage
• DAMP, damage-associated 

molecular pattern
• EASIX, Endothelial Activation 

and Stress Index
• EIS, endothelial injury syndromes
• ES, engraftment syndrome
• ESRD, end-stage renal disease
• FO, fluid overload

• MBL, mannose-binding lectin
• mTOR, mammalian target of 

rapamycin
• NRM, non-relapse mortality
• OS, overall survival
• RBC, red blood cell
• rUPCR, random urine protein: 

creatinine ratio
• SCr, serum creatinine
• SOS, sinusoidal obstruction 

syndrome
• TA-TMA, transplant-associated 

thrombotic microangiopathy
• TBI, total-body irradiation
• TMA, thrombotic microangiopathy
• TNF-α, tumor necrosis factor α
• ULN, upper limit of normal
• VOD, veno-occlusive disease

• GI, gastrointestinal
• GVHD, graft-vs-host disease
• HLA, human leukocyte antigen
• HPF, high power field
• HSCT, hematopoietic stem 

cell transplant
• HSCT-TMA, hematopoietic stem 

cell transplant–associated 
thrombotic microangiopathy

• ICU, intensive care unit
• IL-1β, interleukin 1β
• IPS, idiopathic pneumonia 

syndrome
• KDIGO, Kidney Disease Improving 

Global Outcomes
• LDH, lactate dehydrogenase
• MAC, membrane attack complex
• MASP, mannose-binding lectin-

associated serine protease



The Impact of Endothelial Injury Syndromes in HSCT

1
After HSCT, EIS may put 
successful transplant outcomes 
at risk.

• HSCT process contributes to EIS
• Types of EIS
• Role of the lectin pathway of 

complement

Endothelial injury 
syndromes (EIS)

2
TA-TMA: a significant, 
often fatal EIS
Driven by lectin pathway activation, 
TA-TMA, also referred to as HSCT-
TMA, causes high mortality and 
significant morbidity.

• Pathophysiology and differentiating 
TA-TMA from other post-HSCT 
complications

• Onset of TA-TMA and incidence 
of severe TA-TMA

• 2023 diagnostic and prognostic 
consensus criteria

• Risk factors and diagnostic challenges
• Multidisciplinary teams for TA-TMA care
• Negative clinical outcomes
• Economic burden of disease
• Patient case study 

3
Summary

The landscape of 
TA-TMA is evolving.

• Knowledge of the involvement of 
the complement system

• 2023 consensus criteria for 
screening allows for increased 
awareness post-HSCT



1 Endothelial Injury Syndromes (EIS)



Cancer

Venous thrombosis

Heart disease

Viral infections Chronic kidney 
disease

Insulin resistancePeripheral 
vascular disease

Stroke

Endothelial Injury
Damage to endothelial cells can occur in many ways—
physically, chemically, and immunologically1-3

Endothelial injury plays a role 
in the pathogenesis of4: 

Diabetes

The HSCT process and adoptive cell therapy involve multiple factors that can affect endothelial cells, 
and endothelial damage is a common result.5-7
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Endothelial Dysfunction

Endothelial injury 
driven by the HSCT 
process causes 
physiological 
endothelial 
activation, which 
leads to pathologic 
endothelial 
dysfunction1,2

Ultimately, the progression of endothelial injury to endothelial dysfunction leads to a number of 
complications associated with the HSCT process.1,2

References: 1. Hildebrandt GC et al. Br J Haematol. 2020;190(4):508-519. doi:10.1111/bjh.16621 2. Laskin BL et al. Blood. 2011;118(6):1452-1462. doi:10.1182/blood-2011-02-321315
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Multiple Factors Can Lead to EIS in HSCT1-3

Before, during, and after transplant, multiple factors can lead to EIS

Chemoradiotherapy 
included in 

conditioning regimens 

Cytokines released 
by injured tissues 

Bacterial endotoxins 
translocated through 

GI damage

Engraftment 
process

Allogeneic reactions 
with donor-derived 

immune cells

HSCT and adoptive cell therapy require careful monitoring to manage the risk of EIS.

Immunosuppressive 
therapies
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The HSCT process



EIS Can Critically Harm a Number of Organs and Tissues1

References: 1. Hildebrandt GC et al. Br J Haematol. 2020;190(4):508-519. doi:10.1111/bjh.16621 2. Rondόn G et al. Biol Blood Marrow Transplant. 2017;23(12):2166-2171. doi:10.1016/j.bbmt.2017.08.021 3. Senzolo M
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Kidneys

Gastrointestinal 
tract

Liver

Lungs

While EIS may 
manifest differently 
based on the end 
organ affected, 
across syndromes, 
EIS contributes to 
significant rates of 
transplant-related 
mortality.2-7Blood Brain

Skin



Various Endothelial Injury Syndromes May Result From HSCT1,2

Several syndromes result 
from transplant-related 
endothelial damage and 
can overlap in presentation 
and classification.1-4

Thrombotic microangiopathies (TMA)

Acute graft-vs-host disease (aGVHD)

Veno-occlusive disease (VOD)/
sinusoidal obstruction syndrome (SOS) 

Engraftment syndrome (ES)

Capillary leak syndrome (CLS)

Fluid overload (FO)

Idiopathic pneumonia syndrome (IPS)

Diffuse alveolar hemorrhage (DAH)

The complement 
system becomes 
activated in many 
of these 
syndromes.5-13
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Endothelial Injury Syndromes: 
Acute Graft-Vs-Host Disease (aGVHD)

• aGVHD, occurring after allo-HSCT, is an immune 
reaction of donor T cells against host tissue1

– Elevated levels of endothelial microparticles have been
found in patients who specifically developed aGVHD
following allo-HSCT2

• Develops in approximately 35% to 50% of 
HSCT recipients1

• Risk factors include unrelated/mismatched donor, 
advanced donor or recipient age, multiparous female 
donor, and type of conditioning regimen1

• Mortality risk varies depending on the grade of
aGVHD, determined by the extent and number of
organs involved; those with grade 4 aGVHD have
long-term survival rates under 5%1,3

• Clinical presentation: rash, diarrhea, nausea,
vomiting, hyperbilirubinemia1

References: 1. Jacobsohn DA et al. Orphanet J Rare Dis. 2007;2:35. doi:10.1186/1750-1172-2-35 2. Hildebrandt GC et al. Br J Haematol. 2020;190(4):508-519. doi:10.1111/bjh.16621 3. Cahn JY et al. Blood. 2005;106(4):1495-
1500. doi:10.1182/blood-2004-11-4557.

End-organ 
complications1 

• Generalized 
erythroderma plus 
bullous formation

• Hyperbilirubinemia
• Severe abdominal pain 

with or without ileus 

aGVHD



Endothelial Injury Syndromes: Veno-Occlusive 
Disease/Sinusoidal Obstruction Syndrome (VOD/SOS)

• VOD occurs as a result of primary injury to 
sinusoidal/central venous endothelial cells of the 
liver, which can lead to coagulative necrosis
of hepatocytes1

– Complex and multifactorial pathophysiology 
– Endothelial injury leads to a hypercoagulable and 

inflammatory state

• Incidence ranges from 14% to 40% in patients 
after HSCT1

• Risk factors include conditioning regimen, type and 
number of transplants, advanced age, lower 
performance status, and preexisting liver disease1

• In severe cases, mortality can approach 70%1

• Clinical presentation: tender hepatomegaly, ascites, 
weight gain, jaundice2

End-organ 
complications1 

• Post-sinusoidal 
hypertension

• Hepatorenal failure
• Pulmonary failure

VOD
SOS

References: 1. Hildebrandt GC et al. Br J Haematol. 2020;190(4):508-519. doi:10.1111/bjh.16621 2. Senzolo M et al. World J Gastroenterol. 2007;13(29):3918-3924. doi:10.3748/wjg.v13.i29.3918



Endothelial Injury Syndromes: 
Engraftment Syndrome (ES)

• ES was previously categorized as CLS, autoaggression 
syndrome, or aseptic shock syndrome1

• Includes a variety of signs and symptoms commonly 
observed after autologous transplant, including fever of 
unexplained origin and rash, lung infiltrates, or diarrhea1

– Pathophysiology is not fully elucidated
– Endothelial injury caused by pretransplant conditioning is 

posited to play an important role

• At this time, incidence and mortality are difficult 
to determine, due to the lack of well-established 
clinical criteria and distinguishability from other EIS1

• Risk factors include non–cyclosporine-containing GVHD 
prophylaxis, myeloablative conditioning (particularly with 
TBI), unmatched donor source, advanced age, and 
amphotericin therapy1

• Clinical presentation: fever, skin rash, pulmonary edema, 
weight gain, liver and renal dysfunction, encephalopathy2

ES

End-organ 
complications3 

• Local and systemic 
tissue injury

• Diffuse increase in 
capillary permeability

References: 1. Spitzer TR. Bone Marrow Transplant. 2015;50(4):469-475. doi:10.1038/bmt.2014.296 2. Mutahar E et al. J Stem Cell Biol Transplant. 2017;1(3):16. doi:10.21767/2575-7725.100016
3. Pagliuca S et al. Blood Adv. 2019;3(15):2424-2435. doi:10.1182/bloodadvances.2019000143 



Endothelial Injury Syndromes: 
Idiopathic Pneumonia Syndrome (IPS)

• IPS is characterized by widespread alveolar injury in the 
absence of an active lower respiratory tract infection or 
another etiology for pulmonary dysfunction (e.g., acute renal 
failure, cardiac dysfunction, iatrogenic fluid overload)1,2

– The pathophysiology of IPS is not completely understood1

– Endothelial injury has been shown to contribute to 
inflammation and immune-mediated lung injury1

• Encompasses various forms of pulmonary injury, depending 
on the lung structure damaged, and includes DAH2

• Incidence ranges from 2% to 15% in patients 
after HSCT1

• Risk factors include myeloablative conditioning, 
TBI, advanced age, presence of aGVHD, and prior 
autologous HSCT1

• Mortality rates are high, ranging from 60% to 80%1

• Clinical presentation: dyspnea, nonproductive
cough, hypoxemia3

References: 1. Hildebrandt GC et al. Br J Haematol. 2020;190(4):508-519. doi:10.1111/bjh.16621 2. Pagliuca S et al. Blood Adv. 2019;3(15):2424-2435. doi:10.1182/bloodadvances.2019000143
3. Clark JG et al. 1993;147(6 Pt 1):1601-1606. doi:10.1164/ajrccm/147.6_Pt_1.1601

IPS

End-organ 
complications1 

• Lung injury 
– Pulmonary edema
– Inflammation
– Increased 

permeability
• Respiratory failure



Endothelial Injury Syndromes: 
Diffuse Alveolar Hemorrhage (DAH)

• DAH is a specific form of pulmonary injury 
characterized by diffuse damage of pulmonary 
arterioles, venules, capillaries, and alveolar-
capillary basement membrane1

• Develops in a subset of patients with IPS 
(5%-12%)2

• Risk factors are similar to those for IPS, including 
myeloablative conditioning, TBI, advanced age, 
presence of aGVHD, and prior autologous HSCT2

• As with IPS, mortality rates are high, ranging from 
60% to 80%2

• Clinical presentation: progressive shortness of 
breath, cough, and hypoxemia with or without fever3

References: 1. Pagliuca S et al. Blood Adv. 2019;3(15):2424-2435. doi:10.1182/bloodadvances.2019000143 2. Hildebrandt GC et al. Br J Haematol. 2020;190(4):508-519. doi:10.1111/bjh.16621
3. Panoskaltsis-Mortari A et al. Am J Respir Crit Care Med. 2011;183(9):1262-1279. doi:10.1164/rccm.2007-413ST

DAH

End-organ 
complications2 

• Lung injury 
– Pulmonary edema
– Inflammation
– Increased 

permeability
• Respiratory failure



Endothelial Injury Syndromes: 
Fluid Overload (FO)

FO

References: 1. Ogbu OC et al. Curr Opin Crit Care. 2015;21(4):315-321. doi:10.1097/MCC.0000000000000211 2. Rondón G et al. Biol Blood Marrow Transplant. 2017;23(12):2166-2171. doi:10.1016/j.bbmt.2017.08.021 3. Saliba 
RM et al. Biol Blood Marrow Transplant. 2019;25(abstracts):S32-S33. 

• FO is characterized by leakage of fluid into the 
interstitial space, occurring early post–allo-HSCT and 
impacting multiple organ systems1,2 

• The cause of FO after allo-HSCT remains unclear3

– A correlation between EASIX at admission and 
development of FO (grade ≥2) suggests endothelial injury 
may play a central role

• One report found incidence of FO ranging from 43% to 
66% after allo-HSCT; 20% of these was FO of a 
significant magnitude2

• Risk factors have not been well defined in the post–
allo-HSCT space

• Rates of day 100 NRM and 1-year OS in patients with 
FO (grade ≥2) have been shown to be poorer than in 
patients without FO2

• Clinical presentation: weight gain, tissue edema2

End-organ 
complications1 

• Impaired oxygenation
• Acute kidney injury
• Impaired cognition
• Malabsorption 



End-organ 
complications1 

• Hemodynamic collapse
• Multiorgan system 

failure

Endothelial Injury Syndromes: 
Capillary Leak Syndrome (CLS)

• CLS is a systemic endothelial disorder 
characterized by loss of intravascular fluids into 
the interstitial space due to diffusely increased 
capillary permeability1

• At this time, incidence is difficult to determine, 
due to a lack of well-established clinical criteria 
and distinguishability from other EIS1

• Risk factors include use of granulocyte CSF 
and granulocyte-macrophage CSF, high doses 
of chemotherapy in pre-transplant phase, and 
unrelated or HLA-mismatched donor graft (and 
concomitant GVHD)1

• Clinical presentation: recurrent episodes of 
generalized edema, severe hypotension2

References: 1. Pagliuca S et al. Blood Adv. 2019;3(15):2424-2435. doi:10.1182/bloodadvances.2019000143 2. Yi-Zhi J et al. J Transplant Technol Res. 2015;S4. doi:10.4172/2161-0991.1000S4-002
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Understanding the Complement System
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The complement system 
is an important part of the 
innate immune system 
that protects against 
foreign cells and helps 
remove damaged 
host cells.1

Three distinct pathways 
(classical, alternative, 
and lectin) can activate 
the complement system—
leading to a common, 
terminal pathway.1
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Injured endothelial cells 
can activate the lectin 
pathway of complement—
a key factor contributing 
to post-transplant 
complications.2-4

Lectin pathway activation 
is initiated via binding of 
pattern recognition 
molecules called lectins. 
Lectins recognize damage-
associated molecular 
patterns (DAMPs) on the 
surface of injured cells.5-9

The Role of the Lectin Pathway of Complement
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Lectin complexes containing 
mannose-binding lectin-
associated serine protease-2 
(MASP-2) bind to DAMPs.5,8

MASP-2 is the effector 
enzyme of the lectin pathway.10

The Role of the Lectin Pathway of Complement
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MASP-2 can activate the 
coagulation cascade through 
cleavage of prothrombin to 
generate thrombin. Activated 
thrombin is a key driver of 
fibrin deposition and 
clot formation, which may 
contribute to the progression 
of TA-TMA and other EIS.8

The Role of the Lectin Pathway of Complement
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Complement proteins 
located early in the 
lectin pathway are 
cleaved by MASP-2, 
triggering a cascade of 
protein cleavage and 
complex formation.5
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Two important cleavage 
products—C3a and C5a— 
are both proinflammatory, 
prothrombotic, chemotactic 
anaphylatoxins.7,8,11

C3a and C5a trigger 
monocyte and macrophage 
activation through various 
signaling mechanisms and 
have been shown to 
stimulate production 
of TNF-α and IL-1β.7
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Extrahepatic, phagocyte-
derived C5 plays an 
essential role in antifungal 
immunity by promoting 
phagocyte survival and 
effector function.12
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Membrane attack 
complexes (MACs) are 
formed from C5b-9 protein 
complexes, leading to cell 
lysis and further damage 
to the endothelium.13

The Role of the Lectin Pathway of Complement

Coagulation

Prothrombin

LECTIN 
PATHWAY

ALTERNATIVE 
PATHWAY

CLASSICAL 
PATHWAY

Cell lysis/activation

Inflammation, 
platelet activation,

leukocyte
recruitment,

endothelial cell
activation

MAC

Opsonization and 
phagocytosis

MASP-3

C5a

C3bC3a

C5b

C3

C5

Thrombin

MASP-2

Immune complex Tissue injury

References: 1. Merle NS et al. Front Immunol. 2015;6:262. doi:10.3389/fimmu.2015.00262 2. Khosla J et al. Bone Marrow Transplant. 2018;53(2):129-137. doi:10.1038/bmt.2017.207 3. Collard CD et al. Am J Pathol. 
2000;156(5):1549-1556. doi:10.1016/S0002-9440(10)65026-2 4. Jodele S et al. Transfus Apher Sci. 2016;54(2):181-190. doi:10.1016/j.transci.2016.04.007 5. Farrar CA et al. Immunobiology. 2016;221(10):1068-1072. 
doi:10.1016/j.imbio.2016.05.004 6. Joseph K et al. J Biol Chem. 2013;288(18):12753-12765. doi:10.1074/jbc.M112.421891 7. Bohlson SS et al. Front Immunol. 2014;5:402. doi:10.3389/fimmu.2014.00402 
8. Gulla KC et al. Immunology. 2010;129(4):482-495. doi:10.1111/j.1365-2567.2009.03200.x 9. Anders HJ et al. J Am Soc Nephrol. 2014;25(7):1387-1400. doi:10.1681/ASN.2014010117 10. Stover C et al. Genes Immun. 
2001;2(3):119-127. doi:10.1038/sj.gene.6363745 11. Klos A et al. Pharmacol Rev. 2013;65(1):500-543. doi:10.1124/pr.111.005223 12. Desai JV et al. Cell. 2023;186(13):2802-2822.e22. doi:10.1016/j.cell.2023.04.031 
13. Ma YJ et al. Exp Mol Med. 2017;49(4):e320. doi:10.1038/emm.2017.51 14. Muri L et al. Front Immunol. 2022;13:1020580. doi:10.3389/fimmu.2022.1020580



Understanding the Complement System
Bactericidal activity 
can occur via each of 
the 3 pathways.14

C3 or C5 inhibition 
abrogates serum 
bactericidal activity; 
however, inhibition of 
the lectin pathway 
via an anti-MASP-2 
antibody does not 
impact serum 
bactericidal activity.14
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Activation of the complement system, 
including the lectin pathway,

plays a critical role in the development 
of debilitating—at times deadly—EIS.1-12
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2
TA-TMA is a significant, often fatal EIS driven by lectin pathway activation1-5

The Threat of TA-TMA
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Potential Risk Factors for Development of TA-TMA1-4

Underlying
predispositions

Endothelial injury and 
complement activation

2
Continued endothelial injury 

and complement dysregulation

3

Inherent/nonmodifiable 
risk factors

Transplant-associated 
risk factors

Post-transplant event 
risk factors

• Transplant conditioning
• TBI
• Unrelated donor transplants
• HLA mismatch
• Administration of growth factor
• Prolonged immobilization
• Venous thromboembolism
• Other factors

• Female sex
• African American ethnicity
• Severe aplastic anemia
• CMV seropositive recipient
• Prior stem cell transplant
• Genetic variants, including complement-

related genes
• High baseline LDH levels
• High/very high disease risk index

• aGVHD
• Infection

Individual transplant risk may be defined by pre-transplant evaluation of criteria such as EASIX, which has been shown
to predict NRM and overall mortality in adult allo-HSCT recipients.5 



Pathophysiology: 3-Phase Model of TA-TMA 

Phase 1: Initiation1

TMA pathogenesis has been thought 
to be initiated when various factors 
associated with HSCT lead to 
endothelial damage
• Calcineurin and mTOR inhibitors
• aGVHD
• Infection
• TBI
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Phase 2: Progression1-3

• Injured endothelial cells present 
carbohydrate patterns, activating the 
lectin pathway of complement, and 
activated complement proteins cause 
further endothelial damage

• Injured endothelium releases procoagulant 
microparticles, causing platelet 
aggregation and microthrombi formation

Pathophysiology: 3-Phase Model of TA-TMA 



Phase 1: Initiation1

TMA pathogenesis has been thought 
to be initiated when various factors 
associated with HSCT lead to 
endothelial damage
• Calcineurin and mTOR inhibitors
• aGVHD
• Infection
• TBI

Phase 3: Outcome1

Worsening endothelial damage leads 
to further microthrombi formation, 
mechanical damage to RBCs, and 
lumen obstruction, leading to TMA, 
organ damage, and organ failure
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activated complement proteins cause 
further endothelial damage

• Injured endothelium releases procoagulant 
microparticles, causing platelet 
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Time To Presentation: Onset of Individual Endothelial Injury 
Syndromes Varies in the Days After Transplantation1-10
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Time To Presentation: Onset of TA-TMA Can 
Vary Widely in the Period After Transplantation1-15
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In one retrospective study of adult 
patients, TA-TMA onset occurred 
a median of 27 days post-transplant.1 

Recent studies found that up 
to 46% of patients were diagnosed 
>100 days post-transplant.1,2

In other cases, diagnosis occurred 
as late as 2,595 days after HSCT.1

In some cases, diagnosis occurred 
as late as 721 days after HSCT.3

In another retrospective study of adult 
patients, TA-TMA onset occurred 
a median of 86 days post-transplant.3 

100
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of TA-TMA 
cases may be 

severe2 

50%

Defining severe cases
Patients with severe disease may be 
defined by multiorgan impairment, 
uncontrolled hypertension, worsening renal 
function, and a lack of response to 
therapeutic plasma exchange (TPE)2,3

Incidence: Severe TA-TMA

References: 1. Jodele S et al. Blood. 2014;124(4):645-653. doi:10.1182/blood-2014-03-564997 2. Jodele S et al. Transfus Apher Sci. 2016;54(2):181-190. 
doi:10.1016/j.transci.2016.04.007 3. Jodele S et al. Biol Blood Marrow Transplant. 2014;20(4):518-525. doi:10.1016/j.bbmt.2013.12.565 4. Schoettler ML et al. Transplant Cell Ther. 
2023;29(3):151-163. doi:10.1016/j.jtct.2022.11.015

of patients with 
TA-TMA display 

at least one
high-risk

feature1,* 

80%
Up to

* This value may vary when applying the 2023 Harmonizing Definitions for Diagnostic Criteria and Prognostic Assessment of TA-TMA to identify patients with high-risk features.4



~90%
or more

of severe cases of 
TA-TMA can be 

fatal1,5

Incidence: Severe TA-TMA

of TA-TMA 
cases may be 

severe2 

50%of patients with 
TA-TMA display 

at least one
high-risk

feature1,* 

80%
Up to

References: 1. Jodele S et al. Blood. 2014;124(4):645-653. doi:10.1182/blood-2014-03-564997 2. Jodele S et al. Transfus Apher Sci. 2016;54(2):181-190. doi:10.1016/j.transci.2016.04.007 3. 
Jodele S et al. Biol Blood Marrow Transplant. 2014;20(4):518-525. doi:10.1016/j.bbmt.2013.12.565 4. Schoettler ML et al. Transplant Cell Ther. 2023;29(3):151-163. doi:10.1016/j.jtct.2022.11.015 
5. Jodele S et al. Blood Rev. 2015;29(3):191-204. doi:10.1016/j.blre.2014.11.001

* This value may vary when applying the 2023 Harmonizing Definitions for Diagnostic Criteria and Prognostic Assessment of TA-TMA to identify patients with high-risk features.



Screening and Diagnostic Workup for TA-TMA1

For all allogeneic 
and pediatric 
autologous 
HSCT recipients 
with an underlying 
diagnosis of 
neuroblastoma

Reference: 1. Schoettler ML et al. Transplant Cell Ther. 2023;29(3):151-163. doi:10.1016/j.jtct.2022.11.015

DAH = diffuse alveolar hemorrhage; 
eGFR = estimated glomerular filtration 
rate; GVHD = graft-versus-host disease; 
HSCT = hematopoietic stem cell 
transplant; LDH = lactate dehydrogenase; 
rUPCR = random urine protein-to-
creatinine ratio; TA-TMA = transplant 
associated-thrombotic microangiopathy; 
ULN = upper limit of normal.



Risk Stratification of TMA Into Standard Risk and High Risk1

Standard-risk TMA High-risk TMA

All four of the following:
• Peak LDH <2 times ULN 
• Spot rUPCR <1 mg/mg
• KDIGO stage I AKI
• Normal sC5b-9

Any of the following:
• Peak LDH >2 times ULN*
• Spot rUPCR ≥1 mg/mg
• Any organ dysfunction except 

for KDIGO acute kidney injury 
stage I AKI

• Elevated sC5b-9 (>ULN)
• Concurrent acute GVHD 

grade 2-4*
• Concurrent systemic infection

(bacterial or viral)*

KDIGO indicates Kidney Disease Improving Global Outcomes

International Consensus Risk stratification is a modification of Jodele et al. with additional risk factors indicated by an asterisk

Patients with any poor prognostic feature should be considered high risk.
High-risk patients should be enrolled in clinical trials for potential treatment of TA-TMA; standard-risk patients should 
be monitored closely.

Reference: 1. Schoettler ML et al. Transplant Cell Ther. 2023;29(3):151-163. doi: 10.1016/j.jtct.2022.11.015



Diagnostic Challenges: Shared Elements of GVHD 
and TA-TMA

Mechanistic link Risk factors Compound risks

Endothelial injury and
complement activation1-3

GVHD is a risk factor for 
developing TA-TMA1

Worsened outcomes when 
presenting together1

The endothelium is a key mediator of
end-organ damage in aGVHD, and 
increasing evidence suggests that 
endothelial dysfunction and complement 
activation may contribute to the 
pathophysiology of aGVHD.

Rates of overlap between 
patients with steroid-refractory GI
GVHD and TA-TMA have approached 
80%—and GVHD almost always 
preceded the diagnosis of TA-TMA.

In grades 3/4 GI GVHD, decreased 
OS and longer hospital stays are 
associated with patients having 
concomitant TA-TMA 
(vs grades 3/4 GI GVHD alone).

References: 1. Wall SA et al. Blood Adv. 2018;2(20):2619-2628. doi:10.1182/bloodadvances.2018020321 2. Nomura S et al. Transpl Immunol. 2017;43-44:27-32. doi:10.1016/j.trim.2017.06.004 3. Turcotte LM et al.
Bone Marrow Transplant. 2018;53(1):64-68. doi:10.1038/bmt.2017.236



References: 1. Mahmoudjafari Z et al. Bone Marrow Transplant. 2023;58:625–634. doi.org/10.1038/s41409-023-01951-3 2. Wallhult E, Quinn B. The European 
Blood and Marrow Transplantation Textbook for Nurses: Under the Auspices of EBMT [Internet]. 2nd ed. Springer; 2018: 185-216.

Multidisciplinary Teams for TA-TMA Care1,2
Collaboration between nurses, advanced practice providers (APPs), pharmacists, 
and physicians from recognition to diagnosis to management and monitoring can 
improve care for TA-TMA patients

Nurses, APPs, pharmacists, 
and physicians can provide:
• Evidence-based protocol and 

clinical guideline development
• Medication management of 

complex regimens
• Transplant education for patients, 

staff, and trainees
• Ongoing patient monitoring
• Assessment and reporting of 

transplant-related outcomes
• Quality improvement initiatives 

to improve outcomes

Nurse(s) Pharmacist(s) Attending 
physician(s)

Advanced practice 
provider(s)



3.5×
In a retrospective analysis, 
the risk of transplant-related 
mortality was ~3.5 times 
higher in patients with 
confirmed TA-TMA than in 
patients without TA-TMA.1

a In a retrospective analysis of 672 patients who underwent allo-HSCT and were diagnosed with probable or definite TA-TMA. Definite TA-TMA was defined 
by the Blood and Marrow Transplants Clinical Trials Network (CTN) criteria, including normal coagulation assay, schistocytosis (≥2/HPF), increased serum LDH, 
concurrent renal and/or neurologic dysfunction without other explanations, and negative Coombs test.

Reference: 1. Cho BS et al. Transplant. 2010;90(8):918-926. doi:10.1097/TP.0b013e3181f24e8d

(P < 0.001)a

mortality risk

Mortality: 3.5x Greater Risk With TA-TMA



Mortality: Fatalities Due to TA-TMA
In another retrospective analysis, patients with TA-TMA demonstrated significantly 
higher NRM and lower OS than those without TA-TMA1

This is a multicenter, retrospective analysis of 2,425 patients with hematological diseases who underwent allo-HSCT between January 2000 and September 2016. 
Patients were determined to have TA-TMA if two of the following criteria were present: (1) presence of erythrocyte and schistocytes fragmentation (2 counts or more per 
1 HPF); (2) concurrently increased LDH from baseline; (3) de novo prolonged or progressive thrombocytopenia (<50x109/L or a ≥50% decrease from previous counts) or 
anemia (decrease in hemoglobin concentration or increase in RBC transfusion requirement); (4) concurrent renal dysfunction (doubling of SCr or 50% decrease in 
creatinine clearance from baseline) and/or neurological dysfunction without other causes; and (5) negative direct and indirect Coombs test results or a decrease in 
serum haptoglobin concentration.1

Reference: 1. Matsui H et al. Blood Adv. 2020;4(13):3169-3179. doi:10.1182/bloodadvances.2020002007



References: 1. Jodele S et al. Blood Rev. 2015;29(3):191-204. doi:10.1016/j.blre.2014.11.001
2. Postalcioglu M et al. Biol Blood Marrow Transplant. 2018;24(11):2344-2353. doi:10.1016/j.bbmt.2018.05.010 3. Bonardi M
et al. Radiographics. 2018;38(4):1223-1238. doi:10.1148/rg.2018170139

Morbidity: Long-Term 
Challenges for 
Patients With TA-TMA

Patients with nonfatal cases of TA-TMA have 
an increased risk of chronic organ injury 
and other conditions, including1-3:
• CNS complications 

(e.g., infections, cerebrovascular lesions, metabolic disturbances) 

• Hypertension
• Pulmonary hypertension
• CKD
• GI disease



Morbidity: Long-Term Challenges for Patients With TA-TMA
Poor outcomes, as measured by 2 major types of kidney complications1,*

References: 1. Postalcioglu M et al. Biol Blood Marrow Transplant. 2018;24(11):2344-2353. doi:10.1016/j.bbmt.2018.05.010 2. Jodele S et al. Blood Rev. 2015;29(3):191-204. doi:10.1016/j.blre.2014.11.001

Kidney dysfunctionRenal replacement therapy

* City of Hope diagnostic criteria for TMA1: 1) Presence of schistocytes or nucleated RBCs; 2) Thrombocytopenia; 3) LDH >2 x ULN; 4) SCr >1.5 x baseline. 
Probable TMA: 3 criteria. Definite TMA: 4 criteria.



References: 1. Postalcioglu M et al. Biol Blood Marrow Transplant. 2018;24(11):2344-2353. doi:10.1016/j.bbmt.2018.05.010 2. Jodele S et al. Blood Rev. 2015;29(3):191-204. doi:10.1016/j.blre.2014.11.001

• Measured 6 months 
post-HSCT 

• Significant difference 
maintained 
2 years post-HSCT

Renal replacement therapy Kidney dysfunction

In those who survive, TA-TMA can be associated with chronic organ injury that begins early in the TMA process. This organ 
injury invariably leads to long-term morbidity, which may require ongoing hospital visits and continued patient care.1,2

Morbidity: Long-Term Challenges for Patients With TA-TMA
Poor outcomes, as measured by 2 major types of kidney complications1,*

* City of Hope diagnostic criteria for TMA1: 1) Presence of schistocytes or nucleated RBCs; 2) Thrombocytopenia; 3) LDH >2 x ULN; 4) SCr >1.5 x baseline. 
Probable TMA: 3 criteria. Definite TMA: 4 criteria.



Economic Burden: Cost of TA-TMA

Costs associated with treatment for patients with TA-TMA may be affected by:

• ICU length of stay (LOS)

• Non-ICU hospital LOS

• Dialysis sessions

• RBC transfusions

• Platelet transfusions

• Pulmonary disease

• Cardiovascular complications

• GI complications

• CKD

• ESRD

• aGVHD



TA-TMA Patient Case Study1

Presentation 
• 54-year-old male with multiple myeloma

• Allo-HSCT from human leukocytic antigen–matched, unrelated 
donor after conditioning with reduced-intensity chemotherapy

Reference: 1. Wirtschafter E et al. Exp Hematol Oncol. 2018;7:14. doi:10.1186/s40164-018-0106-9



TA-TMA Patient Case Study1

Interventions 
• GVHD prophylaxis consisted of sirolimus, tacrolimus, and methotrexate 

• On day +27 post-treatment, the patient developed acute kidney injury (creatinine of
2.6 mg/dL) 

• Patient was switched to mycophenolate mofetil and corticosteroids for GVHD prophylaxis

• On day +132, patient returned to hospital with diarrhea, GI bleeding, and thrombocytopenia 
(93,000/μL); colonic biopsies revealed CMV infection and GVHD

• Patient was started on ganciclovir, and prednisone dose was increased 
DAY
27

DAY
132

0 50 100 150 200 250Treatment day

Reference: 1. Wirtschafter E et al. Exp Hematol Oncol. 2018;7:14. doi:10.1186/s40164-018-0106-9



TA-TMA Patient Case Study1

DAY
27

DAY
132

DAY
146

Interventions (continued) 

• Patient remained hospitalized for 2 weeks
• Patient was readmitted on day +146 with profuse bloody diarrhea and was restarted

on tacrolimus
• Patient continued to have maroon-colored stool output, persisting thrombocytopenia 

(30,000-50,000/μL range), elevated LDH levels (731 U/L), and low haptoglobin 
(22 mg/dL); colonic biopsy again suggested CMV infection and GVHD

• Tacrolimus was discontinued, sirolimus was reintroduced, and patient was maintained on 
a combination of sirolimus, mycophenolate mofetil, and steroids for GVHD treatment

0 50 100 150 200 250

Reference: 1. Wirtschafter E et al. Exp Hematol Oncol. 2018;7:14. doi:10.1186/s40164-018-0106-9

Treatment day



TA-TMA Patient Case Study1

DAY
27

DAY
132

DAY
146

DAY
211

DAY
217

Interventions (continued) 

• Patient was readmitted on day +211 with melenic stool, low platelet count (37,000/μL), 
and elevated LDH (1,254 U/L)

• Sirolimus was again discontinued

• The patient remained anemic and intermittently refractory to RBC transfusions. 
On day +217, patient was transferred to ICU for high-volume, bloody stool as well as 
low hemoglobin (6.3 g/dL) and light-headedness
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Reference: 1. Wirtschafter E et al. Exp Hematol Oncol. 2018;7:14. doi:10.1186/s40164-018-0106-9
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TA-TMA Patient Case Study1

Outcome 
• The patient expired on day +217 secondary to uncontrolled GI bleeding

• A postmortem analysis revealed extensive TMA involving numerous arteries and 
arterioles in the GI submucosa as well as in the muscularis propria and deep 
lamina propria of the mucosa

• A retrospective review of the patient’s previous colonic biopsies was performed, 
and additional subtle features of TMA were found
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Reference: 1. Wirtschafter E et al. Exp Hematol Oncol. 2018;7:14. doi:10.1186/s40164-018-0106-9
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3 Summary
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Summary

• Multiple factors involved in the HSCT 
process can damage endothelial cells5-7

• This damage can lead to a host of EIS, 
including DAH, IPS, FO, CLS, ES, 
VOD/SOS, aGVHD, and TA-TMA5,8-11

• TA-TMA
– Has a significant mortality rate 

and long-term morbidity12-15

– Identifying TA-TMA early is critical16

– Consensus diagnostic and prognostic 
criteria have been proposed by an 
expert panel of transplant-related 
professional organizations (2023)16

Activation of the complement system, 
including the lectin pathway (shown at right), 
plays a key role in the development and 
progression of endothelial damage1-4
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Summary of 2023 Consensus Diagnostic 
and Prognostic Criteria1
Patients may be diagnosed by renal 
or GI biopsy or clinically with the 
presence of ≥4 of 7 clinical signs 
including anemia, thrombocytopenia, 
elevated LDH, schistocyte presence, 
hypertension, elevated sC5b-9, 
and/or proteinuria. 

Risk stratification factors are 
provided to identify high-risk patients 
including peak LDH >2 times ULN, 
spot rUPCR ≥1 mg/mg, any organ 
dysfunction except for KDIGO acute 
kidney injury stage I AKI, elevated 
sC5b-9 (>ULN), concurrent acute 
GVHD grade II-IV, and concurrent 
systemic infection (bacterial or viral).

Regular screening is recommended for all patients post-allogeneic transplant and 
pediatric patients post-autologous transplant with underlying neuroblastoma, with 
additional screening recommended for patients with certain laboratory changes.

Screening for the first 
30 days or until discharge 
should include:
• Daily: complete blood 

counts, chemistry, and 
blood pressure

• Twice weekly: LDH
• Weekly: schistocytes 

and rUPCR

Routine TA-TMA screening 
for 100 days post-transplant 
should include:
• Complete blood counts
• Chemistry
• Blood pressure
• Lactate dehydrogenase (LDH)
• Random urine 

protein:creatinine ratio 
(rUPCR)

• Blood smear for schistocytes

Screening between 
days 30 and 100* should 
include:
Weekly: complete blood 
counts, chemistry, LDH, 
schistocytes, blood 
pressure, and rUPCR

* Screening should continue 
after day 100 if concurrent 
grade II-IV aGVHD, extensive 
cGVHD, or infections occur.

When these laboratory markers persist simultaneously, and without other explanations, 
TA-TMA should be strongly considered. Patients determined to have TA-TMA should be 
stratified for risk.


