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▪ Understand real world evidence of diagnostic and prognostic criteria of 
transplant associated thrombotic microangiopathy (TA-TMA).

▪ Understand influence of concomitant TA-TMA and other comorbidities 
occurring post-transplant.

▪ Understand biomarkers and risk factors of TA-TMA.

▪ Understand management of TA-TMA.

Learning objectives



MIDAS Consortium

Ohio State 

University 

Moffitt Cancer 

Center

Roswell Park 

Comprehensive 

Cancer center

Cincinnati 

Children’s 

Medical Center

Uniformly screened COHORT of 1000 HCT patients, 
estimated 150 events of TMA 

REDCAP Database Managed by OSU:
• Weekly lab data collected prospectively
• Infections and resource utilization
• Date of onset of GVHD, clinical outcomes
• Monthly monitoring of data collection and 

sample collection 

Samples cryopreserved,  batched and shipped
Biomarker measurement 
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https://pubmed.ncbi.nlm.nih.gov/36442770/

Criteria Definitions

1) Biopsy proven disease (kidney or GI) or 

2) Clinical criteria: must meet ≥4/7 of the following within 14 days at two consecutive time points

Anemia* Defined as one of the following:
1. Failure to achieve transfusion independence for pRBCS despite evidence of neutrophil 
engraftment 
2. Hemoglobin decline from patient’s baseline by 1 gm/dL  
3. New onset of transfusion dependence
Rule out other causes as sole cause of anemia such as AIHA and PRCA

Thrombocytopenia* Defined as one of the following: 
1. Failure to achieve platelet engraftment
2. Higher than expected platelet transfusions needs 
3. Refractoriness to platelet transfusions 
4. 50% reduction in baseline platelet count after full platelet engraftment

Elevated LDH Above upper limit of normal for age 

Schistocytes Present

Hypertension >99th percentile for age (<18 years old), or systolic BP ≥140 or diastolic BP ≥90 (≥ 18 years old)

Elevated sC5b-9 ≥ upper limit of normal

Proteinuria ≥ 1mg/mg rUPCR

Harmonization of Definitions criteria for TA-TMA

Schoettler , M….Vasu, S  TCT 2023



TA-TMA Prognosis and risk stratification – define  a clinically 
meaningful phenotype 

R01HL153723

High-risk TMA (Harmonization of definitions 

criteria) 

Severe TA-TMA

Peak LDH > 2x ULN* Peak LDH > 2x ULN*

Spot random urine protein to creatinine ≥ 1 mg/mg Spot random urine protein to creatinine ≥ 1 mg/mg

Any organ dysfunction that develops in the setting of 

TMA except KDIGO stage I acute kidney injury

Any organ dysfunction that develops in the setting of 

TMA except KDIGO stage I acute kidney injury

Elevated soluble C5b-9 (> ULN) Elevated soluble C5b-9 (> ULN)

Concurrent acute GVHD grade II-IV * Concurrent acute GVHD grade II-IV *

Concurrent systemic infection (bacterial or viral)* Concurrent systemic infection (bacterial or viral)* 

Schoettler , M….Vasu, S  TCT 2023



• First study in adults applying Harmonization of definitions criteria 

for TA-TMA in a prospective cohort (n=239 patients). 

• TA-TMA was adjudicated by a 3-member panel who were blinded 

to each other and to the HCT center’s reporting of TA-TMA.

• Panel consisting of: Sumi Vasu, Theresa Hahn, Nelli Bejanyan

• Significant heterogeneity in conditioning regimens and donor 

sources reflecting real world data.

R01HL153723

MIDAS- Initial analysis of patients with 1 year follow-up

Vasu et al Blood 2025
 



Severe TA TMA – Example of an adjudication dataset

R01HL153723

Vasu et al Blood 2025
 

• Weekly until 
day 100

• 5,6,9, 12 
months



Example adjudication dataset of No TA-TMA

Additional Data :
• Hypertension – number of anti hypertensive medications 
• Neurologic dysfunction
• GVHD diagnosis 
• Infections, resource utilization
• Laboratory data- coagulation, transaminases. 
• Comorbidities 

Vasu et al Blood 2025
 



Cho et al

2010

BMT-CTN

2005

IWG

2007

City of Hope

2013

Li et al 

2019

Jodele et al

2014

Criteria All features 

present at least 2 

time points 

All features 

present 

All features 

present

4 criteria, definite 

TMA, 

3 criteria probable 
TMA

All  occurring 

within 24 hours, 

overall TA-TMA 

microangiopathy, 

definite MAHA + 

organ dysfunction

Renal biopsy 

consistent with TA-
TMA OR clinical 
diagnosis ≥4/7 

features at least 2 

time points in 14d 

Anemia X X X X X X

Thrombocytopeni

a

X X X X X X

Elevated LDH X X X X ≥ 2X ULN ≥ 2X ULN X

Schistocytes X (≥ 2 per HPF) X (≥ 2 HPF) X (>4%) X (present) or 

nRBCS 

X (>2 HPF) X (Present)

Negative Coombs X X

Renal dysfunction X X (definite)

Low haptoglobin X X

Normal 

coagulation

X X

sC5b-9 > ULN X

Hypertension, ≥ 

140/90 in patients 

≥ 18 years

X

Random spot 

(rUPCR)

X

Renal biopsy X 

Neurologic 

dysfunction

X X (definite)

Diagnostic TA-TMA criteria

Schoettler et al TCT 2023



Prevalence of each individual criteria among the different 

diagnostic systems 

Vasu et al Blood 2025
 



Legend: Jodele criteria were applied using only clinical criteria and did not consider sC5b-9 which is 
not routinely performed.  Harmonization criteria were also applied using only clinical criteria and did 
not consider sC5b-9.  MIDAS-Severe used no sC5b-9 levels, did not require engraftment and met 
high-risk Harmonization criteria. Center-reported refers to the clinical documentation in the patient’s 
medical record. 

Crude proportion of patients who are classified with TA-TMA by day +100 post-HCT according to 

7 different diagnostic criteria and the reporting center.

Jodele7 BMT-

CTN14

MIDAS 

Severe

Harmonization12 IWG15 Cho13 Li16 Center-

reported

30% 21% 22% 14% 10% 4% 8% 8%

TA-TMA is difficult to diagnose- varied criteria, confounding factors

Vasu et al Blood 2025
 



Not all TA-TMAs are created equal 

Cumulative incidence by 

day 100 post-HCT

Median onset: 14.5 days

Severe TA-TMA has significantly worse OS and 

higher NRM

Severe TA-TMA: 21.8%

TA-TMA: 56.9%

Vasu et al Blood 2025
 

Lower OS 
due to 

Higher NRM

OS: Overall survival
NRM: Non-relapse 
mortality



Severe TA-TMA can cause persistent renal morbidity.

Systolic Hypertension in first 30 days may be an early indicator

Vasu et al Blood 
2025, PMID: 

40300075 
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Severe TA-TMA can cause persistent renal morbidity.

Systolic Hypertension in first 30 days may be an early indicator

Vasu et al Blood 
2025, PMID: 

40300075 
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sC5b-9 did not significantly predict 
Severe TA TMA at any time 

Vasu et al Blood 2025 
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No acute GVHD

TA-TMA can occur independent of aGVHD

Max aGVHD grade I 

Proportion of severe TMA: 10.5% Proportion of severe TMA: 8%

Hahn, T….Vasu, S Blood Advances 2026
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Proportion of severe TMA: 18.5% Proportion of severe TMA: 53.7%
Am

Steroid refractory aGVHD occurred in 32% of pts 
with severe TMA vs 2.5% in those without TMA

TA-TMA incidence rises with higher grades of aGVHD

Max aGVHD grade II Max aGVHD grade III/IV 

Hahn, T….Vasu, S Blood Advances 2026



PT CY lowers incidence of aGVHD but not Severe TA-TMA

R01HL153723-01

Hahn, T….Vasu, S Blood Advances 2026



Multivariable analyses of biomarkers

Hahn, T….Vasu, S Blood Advances 2026



Multivariable analyses of biomarkers

Hahn, T….Vasu, S Blood Advances 2026



Multivariable analyses of biomarkers

Hahn, T….Vasu, S Blood Advances 2026



Multivariable analyses of biomarkers

Hahn, T….Vasu, S Blood Advances 2026



Day +28 EASIX is significant for Severe TA-TMA, NRM and OS

Hahn, T….Vasu, S Blood Advances 2026



Severe TA-TMA is frequent in adults

•Prospective screening identifies higher proportion of severe TA-TMA

•Simple, inexpensive tests used in screening strategy

•Both TA TMA and severe TA-TMA were under-reported by the centers.

•Incidence of TA-TMA varies according to the diagnostic criteria used. 

•Median onset of TA-TMA is 14.5 days

1R01HL153723-01

Vasu et al Blood 2025 



Conclusions - I

•MIDAS is the first prospective study of TA TMA to utilize 
Harmonization of definitions criteria in adults.

•TA-TMA is frequent (56%), but not all TA-TMA is impactful or 
actionable. 

•Impactful, actionable cases of severe TA-TMA can be 
identified by harmonization of definitions high-risk criteria. 

• Severe TMA incidence is high at 18% and significantly 
impacts OS and NRM; 38% NRM at 12 months.

1R01HL153723-01



Conclusions - II
• Harmonization of definitions criteria is sensitive for diagnosis of TA-

TMA, and picks up many cases that do not have negative impact on OS 
and NRM

• Non-severe TA-TMA cases have identical survival to patients with no 
TA-TMA

• Higher grades of GVHD is a risk factor

• ST2 at day 28 is a biomarker associated with TA TMA

• Pre HCT creatinine is a strong predictive biomarker for severe TA TMA

• PTCY does not lower incidence of severe TA TMA

1R01HL153723-01



Therapeutic approaches to TA-TMA

Schoettler-Long et al, 2022



Extensive pediatric experience of complement inhibition with eculizumab 



Recent adult experience with eculizumab.



▪ The benefit of terminal complement blockade in adult patients with high-
risk TA-TMA is uncertain

▪ Compared outcomes of eculizumab (n=16) in adults with hrTA-TMA to 
conventional therapy (n=31)

▪ Eculizumab use was not associated with increase in clinical efficacy

▪ Eculizumab use was associated with increase in NRM and infection 
rates.

▪ Prospective studies are needed to define eculizumab role in adults with 
hrTA-TMA.

Retrospective study from 2012 to 2023

Alhomoud TCT 2026



▪ Median follow-up:  7.3 yrs.

▪ 1-yr overall survival (OS) for entire cohort was 61% and 
45% at 2 yrs.

▪ Non-relapse mortality (NRM) was 32% at 1 yr and 44% at 2 
yr. 

▪ Clinical response occurred in 56% with eculizumab and 
71% with conventional therapy. 

▪ The eculizumab cohort had worse OS. This was driven by 
increased NRM (P < .001) at 6 mo,1 yr and 2 yr.

▪ Survival outcomes remained consistent after adjusting for 
hrTA-TMA biomarkers. Deaths were mainly due to 
infections.

Results

Alhomoud TCT 2026



Treatment outcomes 
for Severe TMA in 
MIDAS consortium 

•  Number of patients who received eculizumab n=14

• Response rate to eculizumab: 54% 

NRM – Non-relapse mortality
Unpublished data



Narsoplimab
n=28 pts

lectin pathway 
inhibitor 

Khaled SK, Journal of 

Clinical Oncology 2022



Randomized study of ultomiris (Ravulizumab) in adults 



Treatment of Severe TA TMA

In patients with severe TA-TMA, tacrolimus taper decisions 
should take into consideration both GVHD risk and timing post 
transplant. 

In patients with severe TA TMA, consider narsoplimab.

Hahn Blood Advances 2026

Khaled SK, Journal of Clinical Oncology 2022



▪ Severe TA-TMA has high non-relapse mortality post transplant

▪ Incidence is 18.5%, higher than previously thought (Prospective screening 
recommended until day 100 , and then at onset of GVHD) 

▪ GVHD well-known risk factor, PTCY is not protective against TA TMA

▪ Pre-transplant creatinine is an important predictive marker and day 28 ST2 also 
significant in TA-TMA

▪ sC5b-9 not significant in TMA; differences between kids and adults

▪ Day +28 ST2 is predictive of TA TMA

▪ Narsoplimab, a lectin pathway inhibitor is the only FDA approved therapy in TMA

Take home messages  
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