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Case study: a 67-year-old pa2ent with high risk MDS 
January 2018:
• Female, Caucasian, 67-years-old MDS patient with 

isolated del(5q). 
• Treatment: lenalidomide.
December 2019: 
• RCMD with complex karyotype.
August 2020: 
• alloHSCT due to high-risk disease
• IPSS-R: 5.5 (high risk)
Donor: 
HLA aploidentical donor: son (44 old);  AB0 match: patient 
B-, donor B+.
Conditioning (reduced intensity regimen): 
Thiotepa; Busulfan;  Fludarabine
GvHD prophylaxis: 
Post-transplant Cyclophosphamide, CSA and MMF.

Day +39: 

• Cutaneous aGvHD stage III (overall grade II)

• Steroid therapy (methylpred 2 mg/kg) with good 
response (on day +46 acute cutaneous GvHD 
stage I, grade I) and subsequent tapering of 
steroid therapy. 

Day +74: 

• Sudden thrombocytopenia and anemia;

• Elevated LDH.



What’s the diagnosis? 

aGvHD

Cyclosporine toxicity

SOS/VOD

TA-TMA

• 3 schistocytes/HPF;

• LDH 495 U/L (ULN 246 U/L); 

• Negative Coombs test;

• Platelets 12.000/mmc; 
• Hb 7.9 g/dl;

• Haptoglobin 0,23 g/l (LLN 0,4 g/l);

• Proteinuria 0,27 g/L ; 

• Protein/creatinine ratio 400 mg/g;

• Reticulocyte: 129.8 x 10^9/L;
• Circulating endothelial cells: 35/ml;

• Normal coagulation tests; 

• Normal ADAMTS13 activity, 

• No anti ADAMTS13 Ab. 

• Cyclosporine blood level: 276 ng/ml

Case study: a 67-year-old patient with high risk MDS 
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Introduction to TA-TMA: from complement 
activation to organ damage



Introduction to HSCT-TMA
The Spectrum of Transplant-Associated Endothelial Injury

Endothelial injury syndromes
post-HSCT complications characterized by 
endothelial injury as a common 
pathophysiology and include:[1]

• Thrombotic microangiopathy (TMA)

• GvHD

• Hepatic veno-occlusive disease (VOD)

• Idiopathic pneumonia syndrome (IPS)
• Diffuse alveolar hemorrhage (DAH)

• Capillary leak syndrome (CLS)

[1] Gavriilaki. Exp Hematol Oncol. 2021 Dec 19;10(1):57. Figure: Hildebrandt; Br J Haematol . 2020 Aug;190(4):508-519



Pathophysiology of HSCT-TMA: Endothelial Injury Pathways

[1] Gavriilaki E. et al. Exp Hematol Oncol. 2021 Dec 19;10(1):57.

Immunosuppressive agents, 
acute GVHD, infec7on, cytotoxic 

agents or radia7on

Endothelial injury causes1

Altered carbohydrate and 
acetylated ligand patterns 

on injured ECs; 
microvascular damage

Complement activation including 
lectin pathway1

Platelet aggregation, 
microthrombi formation, 

thrombocytopenia, hemolysis 
and organ damage

Thrombosis1



The Role of the Complement System in HSCT-TMA

Gavriilaki. Exp Hematol Oncol. 2021 Dec 19;10(1):57. Figure: Jodele S, et Al.. Am J Hematol. 2023 Feb 6. 

§ Endothelial injury activates the 
complement system

§ Three complement activation 
pathways (classical, lectin, and 
alternative) eliminate or clear 
infection, or damaged host cells; 
however, dysregulation can cause 
excessive complement activation 
and organ damage

§ Terminal complement activation 
can be measured by elevated levels 
of sC5b-9 in blood 



Epidemiology of HSCT-TMA
Incidence by Transplant Type and Patient’s Age

Type of Transplant Incidence in 
Children

Incidence in Adults

Allogeneic HSCT 19% to 30% [2] 4% to 68% [1]

Autologous HSCT 10% [2] Not well studied

[1]: Gavriilaki. Exp Hematol Oncol. 2021 Dec 19;10(1):57.
[2] Dandoy, Blood Adv. 2021 Jan 12;5(1):1-11



HSCT-TMA: time of onset

TA-TMA is most often described as an early event in allo-HSCT with a time of onset between 32 
and 86 days, although a recent study by Heybeli et al. [1] documented a bimodal distribution of 
TA-TMA, with a first peak at day 27 and a second peak around day 200.

[1] Heybeli, C. et al. Am. J. Hematol. 2020, 95, 1170–1179.



Multi-Organ Injury in HSCT-TMA 
Common Manifestations by Organ System

Organ Manifestations
Renal ≥50% reduction in GFR from pre-HCT conditioning value calculated by serum creatinine or increase in 

serum creatinine≥2 times baseline

Pulmonary Any need for positive-pressure ventilation for >24 hours in the absence of definite etiology (i.e 
adenovirus pneumoniae, fluid overload or severe sepsis), diffuse alveolar hemorrhage

Cardiovascular Pulmonary hypertension diagnosed by a cardiologist using cardiac catheterization, or pulmonary 
hypertension diagnostic criteria on echocardiography

Serositis Clinically significant serositis (pleural or pericardial effusions or ascites) requiring medical therapy (i.e 
diuretics) or dreinage in the absence of other causes (eg, VOD/SOS, congestive heart failure)

Central Nervous 
System

Confusion, altered mental status, seizures with or without imaging evidence of posterior reversible 
encephalopathy syndrome (PRES)

GI GU bleeding and/or intestinal strictures requiring medical or surgical interventions. 

SchoeUler ML. Transplant Cell Ther. 2023 Mar;29(3):151-163



HSCT-TMA: the role of Histologic Tissue Evaluation

• GvHD often co-exist with TA-TMA and both 
conditions may require simultaneous 
therapy.

• TA-TMA and GvHD are known to trigger 
one another which could explain the 
overlap in their clinical picture.

• The most challenging differential is 
between intestinal TA-TMA and intestinal 
GvHD.

• Tissue biopsies are useful but not 
mandatory for diagnosis. 

Jodele S. Am J Hematol. 2023 Feb 6. By courtesy of Dr A. Gianatti, Pathology Unit of Papa Giovanni XXIII Hospital, Bergamo (Italy)



HSCT-TMA: the role of Histologic Tissue Evaluation

Microangiopathy in Mesenteric Vessel
• Loss of glands

• Mucosal hemorrhages 

• Intraluminal schistocytes

• Intraluminal fibrin (debris)

• Intraluminal microthrombi

• Endothelial cell swelling

• Endothelial cell denudation

• Total mucosal denudation

El-Bietar J. Biol Blood Marrow Transplant. 2015;21:1994–2001 Warren M. Arch Pathol Lab Med. 2017;141(11):1558-1566



One disease, many diagnostic criteria: the 
International Harmonization Effort 



The diagnosis of HSCT-TMA: historical Lack of Consensus on 
Diagnostic Criteria

8. Ho VT. Et al. Biol Blood Marrow Transplant. 2005;11(8):571-575; 9. Ruutu T. et al. Haematologica. 2007;92(1):95-100
7. Cho BS. Et al. Transplantation. 2010;90(8):918-926;  5. Jodele S. et al. Blood. 2014;124(4):645-653. 



The diagnosis of HSCT-TMA: International Effort to 
Establish Harmonization Criteria

Problem: 

the lack of harmonization of diagnostic/prognostic markers for HSCT-TMA makes 
it difficult to compare the results of interventional trials or conduct multi-
institutional studies

Solution: 
convene an expert panel of nominated representatives from 4 organizations:

American Society for Transplantation and Cellular Therapy
Center for International Bone Marrow Transplant Research
Asia-Pacific Blood and Marrow Transplantation
European Society for Blood and Marrow Transplantation

Schoettler ML. Transplant Cell Ther. 2023 Mar;29(3):151-163



Harmonization Criteria for the diagnosis of HSCT-TMA

HSCT-TMA can be diagnosed using clinical and laboratory criteria or Nssue biopsy of kidney or 
gastrointesNnal Nssue; however, biopsy is not required.

≥ 4 of the following 7 consensus diagnosAc criteria must occur twice within 14 days: 

• Anemia (failure to achieve transfusion independence despite neutrophil engraRment, 
hemoglobin decline by 1 g/dL, or new-onset transfusion dependence). DAT negaNvity.

• Thrombocytopenia (failure to achieve platelet engraRment, higher-than-expected 
transfusion needs, refractoriness to platelet transfusions, or 50% reducNon in baseline 
platelet count aRer full platelet engraRment)

• Elevated LDH (≥ ULN)
• Schistocytes (present)
• Hypertension (Children: > 99th percenNle for age, Adults: Systolic ≥ 140 mm Hg or diastolic ≥ 

90 mm Hg)
• Elevated sC5b-9 (≥ ULN)
• Proteinuria (rUPCR ≥ 1 mg/mg) Schoettler ML. Transplant Cell Ther. 2023 Mar;29(3):151-163



Harmonization Criteria to define high-risk HSCT-TMA

Patients with any of the following features should be stratified as having 
high-risk HSCT-TMA:

• Elevated sC5b-9
• Peak LDH > 2 times the ULN
• rUPCR ≥ 1 mg/mg
• Multiorgan dysfunction
• Concurrent grade II-IV acute GvHD
• Infection (bacterial or viral)

Schoettler ML. Transplant Cell Ther. 2023 Mar;29(3):151-163



A new biomarker: focus on C5b-9 



Terminal Complement Activation Is an Indicator of 
Reduced Survival

• Proteinuria (≥ 30 mg/dl or urine protein to 
creatinine ratio ≥  2 mg/mg) and elevated 
markers of complement activation (sC5b-9) 
at TMA diagnosis are associated with poor 
outcome [1]. 

• Increased organ injury also associated with 
sC5b-9 levels [2].

[1] Jodele S. Blood. 2014 Jul 24;124(4):645-53. [2] Jodele S. Transplant Cell Ther. 2022;28(7):392.e1-392.e9



sC5b-9 Levels Predict Response to Complement 
Blocker Therapy

• Subjects with a higher sC5b-9 at 
HSCT-TMA diagnosis were less 
likely to respond to eculizumab 
treatment [1]

• Subjects with a higher sC5b-9 at 
HSCT-TMA diagnosis required 
more eculizumab doses for 
treatment (P = .0004) [1]

[1] Jodele S. Blood. 2020;135(13):1049-1057. 



TA-TMA therapy: from supportive care to 
complement inhibition 



The natural history of HSCT-TMA: the Kyoto Stem Cell 
Transplantation Group (KSCTG) 

diagnosis and therapeutic strategies for TA-TMA according to
the predefined standardized diagnostic criteria listed previously.
Patients were categorized into 2 groups with respect to age
(,50 years of age vs$50 years of age), performance status (PS;
0-1 vs 2-4), hematopoietic cell transplantation comorbidity index
(HCT-CI; 0-2 vs $3). Underlying diagnoses were divided into

8 groups: acute myelogenous leukemia/myelodysplastic syn-
drome (AML/MDS), acute lymphoblastic leukemia (ALL), non-
Hodgkin lymphoma (NHL), adult T-cell leukemia/lymphoma (ATL),
chronic myelogenous leukemia (CML), multiple myeloma (MM),
aplastic anemia (AA), and other hematological diseases (others).
Patients were divided into high-risk and standard-risk groups
according to disease risk. Standard-risk was defined as follows:
(1) acute leukemia in first complete remission phase, (2) de novo
refractory anemia and ringed sideroblasts, (3) malignant lym-
phoma/MM in complete or partial remission phase, or (4) all
nonmalignant hematological diseases. All other patients were
considered high-risk patients. As for conditioning regimens,
myeloablative conditioning (MAC) and reduced-intensity condi-
tioning (RIC) were defined based on the previously published
consensus criteria.13 The year of HSCT was categorized into 2
groups (2000-2009 vs 2010-2016) based on the median
HSCT year of the entire cohort. HLA disparity in HLA-A, HLA-
B, and HLA-DR antigens was determined at serology level for
related bone marrow transplantation (BMT), related PBSCT, and
CBT; a 6/6 match was categorized as an HLA-matched group,
and the others as an HLA-mismatched group. For unrelated
BMT, HLA disparity was identified at DNA-allelic level; an 8/8
match was categorized as an HLA-matched group, and the
others as HLA-mismatched groups. Diagnosis and classification
of aGVHD were performed on the basis of traditional criteria
by the attending physicians at each center.14,15 Diagnosis of
infectious diseases, including any bacterial, fungal (Candida spp
and Aspergillus spp), and viral (cytomegalovirus [CMV], adeno-
virus, and BK virus) infections, was also performed by the
attending physicians at the respective center. Standard infection
prevention strategies were adopted in accordance with the
guidelines of the Japanese Society for Hematopoietic Cell
Transplantation and included the use of a protective environment,
prophylactic administration of antibiotics (normally fluoroquino-
lone, fluconazole, and acyclovir), and intravenous immunoglobulin

Table 1. Patient characteristics

Variables N 5 2425

Age, y

Median (range) 50 (16-74)

,50 /$50 1185/1240

Sex, female/male 1038/1387

PS, 0-1/2-4 1970/359

HCT-CI, 0-2/3-/unknown 1475/213/739

Disease, AML MDS/ALL/NHL/ATL/
CML/MM/AA/others

1234/381/350/128/81/60/61/130

Disease risk, standard/high 1208/1217

Prior allo-HSCT, N/Y 2019/406

Conditioning regimen, MAC/RIC 1171/1146

Donor source, Rel-BM/Rel-PB/UR-BM/CB 471/422/870/662

HLA disparity, matched/mismatched 967/1458

Sex mismatch, matched/F to M/M to F 1180/549 /538

ABO mismatch, matched/major/minor/major-minor 1060/418/518/227

GVHD prophylaxis, CyA-/FK506-based 758/1667

Year of HSCT, 2000-2009/2010-2016 1147/1278

Follow-up for survivors, median (range), d 1499 (31-5943)

CB, cord blood; CyA, cyclosporine A; F to M, female donor to male recipient; M to F,
male donor to female recipient; N, no; Rel-BM, related bone marrow; Rel-PB, related
peripheral blood stem cell; UR-BM, unrelated bone marrow; Y, yes.
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Figure 2. Cumulative incidence of TA-TMA and its effect on survival after allo-HSCT. (A) Cumulative incidence of TA-TMA was calculated using Gray’s method.

(B) OS is shown in the Simon-Makuch plot, with TA-TMA treated as a time-dependent variable. (C) The cumulative incidence of NRM for patients with or without TA-TMA.
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Should we withdraw CNIs as a therapeutic intervention 
for HSCT-TMA?

REGULAR ARTICLE

Risk factors and appropriate therapeutic strategies for thrombotic
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Key Points

• aGVHD and VOD/SOS
syndrome were associ-
ated with a higher in-
cidence of TA-TMA,
performance status,
and HLA mismatch.

•CNI maintenance or
reduction induced
a better outcome,
whereas replacement
with steroids and
plasma infusion/ex-
change were not
recommended.

Transplant-associated thrombotic microangiopathy (TA-TMA) is a fatal complication of

allogeneic hematopoietic stem cell transplantation (allo-HSCT). However, so far, no large

cohort study determined the risk factors and the most effective therapeutic strategies for

TA-TMA. Thus, the present study aimed to clarify these clinical aspects based on a large

multicenter cohort. This retrospective cohort study was performed by the Kyoto Stem Cell

Transplantation Group (KSCTG). A total of 2425 patients were enrolled from 14 institutions.

All patients were aged $16 years, presented with hematological diseases, and received allo-

HSCT after the year 2000. TA-TMA was observed in 121 patients (5.0%) on day 35 (median)

and was clearly correlated with inferior overall survival (OS) (hazard ratio [HR], 4.93). Pre-

and post-HSCT statistically significant risk factors identified by multivariate analyses

included poorer performance status (HR, 1.69), HLA mismatch (HR, 2.17), acute graft-

versus-host disease (aGVHD; grades 3-4) (HR, 4.02), Aspergillus infection (HR, 2.29), and

veno-occlusive disease/sinusoidal obstruction syndrome (VOD/SOS; HR, 4.47). The response

rate and OS significantly better with the continuation or careful reduction of calcineurin

inhibitors (CNI) than the conventional treatment strategy of switching from CNI to

corticosteroids (response rate, 64.7% vs 20.0%). In summary, we identified the risk factors

and the most appropriate therapeutic strategies for TA-TMA. The described treatment

strategy could improve the outcomes of patients with TA-TMA in the future.

Introduction

Transplant-associated thrombotic microangiopathy (TA-TMA), a fatal complication, which may
develop after allogeneic hematopoietic stem cell transplantation (allo-HSCT), is a microvascular
occlusive disorder characterized by thrombocytopenia, systemic or intrarenal aggregation of
platelets, mechanical injury to erythrocytes, and ischemic organ damage.1 Despite the recent progress in
pre- and posttransplant supportive care, TA-TMA is still recognized as a devastating complication after
allo-HSCT, exhibiting a mortality rate of up to 60% to 75%.1,2

Submitted 6 April 2020; accepted 4 June 2020; published online 13 July 2020. DOI
10.1182/bloodadvances.2020002007.
Data sharing requests can be e-mailed to the corresponding author, Yasuyuki Arai
(ysykrai@kuhp.kyoto-u.ac.jp).

The full-text version of this article contains a data supplement.
© 2020 by The American Society of Hematology
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predefined and uniform TA-TMA diagnostic criteria, aGVHD,
Aspergillus infection, and VOD/SOS were correlated with a signif-
icantly higher incidence of subsequent TA-TMA along with other
risk factors such as PS and HLA mismatch; and (2) the therapeutic
strategy of maintaining or slightly reducing CNI doses resulted in
significantly superior outcomes compared with conventional
strategies such as replacing CNI with CS (switching from CNI to
CS). This study is remarkable also in the sense that one of the
largest patient cohorts (N5 2425) was analyzed for incidence, risk
factors, and outcome of TA-TMA with the same protocol, including
a set of uniform diagnostic criteria for this complication.

Initially, for the diagnosis of TA-TMA, we adopted predefined and
uniform diagnostic criteria, and the set of criteria was established as
a mixture and modification of those stipulated by EBMT IWG18 and
BMT CTN,2 because clinicians usually diagnose TA-TMA and
initiate treatment as soon as just some features of the conventional
diagnostic criteria are apparent.6,7 It is widely recognized that
initiating treatment only when either set of the conventional criteria
have been completely satisfied is too late, because organ
dysfunction is already typically irreversible at this time point.6 To
encourage physicians to try and establish the diagnosis earlier,
a Japanese team introduced the concept of “pre-TMA” (defined as
a decrease of haptoglobin and progressive thrombocytopenia
without disseminated intravascular coagulopathy and Coombs test)
and proposed to initiate treatment at this point.19 Our criteria are
skewed toward a slightly later phase than those of “pre-TMA” but
would appear at a much earlier stage than the conventional
diagnostic criteria in the time course of TA-TMA progression.2,18

Using uniform diagnostic criteria for TA-TMA, we confirmed that
PS and HLA mismatch (as pretransplant factors) and aGVHD,

Aspergillus infection, and VOD/SOS (as posttransplant factors)
were significant risk factors for TA-TMA. Basic science results
revealed that aGVHD, infection, and VOD/SOS can be triggers of
TA-TMA20,21; these complications, through donor-derived T-cell
activation and production of inflammatory cytokine bursts,22,23 can
trigger vascular endothelial injury as a “final common pathway” in
TA-TMA.1,20,24

The quality of previous clinico-epidemiological studies has been
limited by selection bias. Because these posttransplant compli-
cations usually appear during the acute phase after allo-HSCT,
a careful review of clinical records and statistical maneuvers are
necessary to precisely match the causes with the consequences
(whether aGVHD has proceeded TA-TMA [ie, TA-TMA occurred
in the cohort with aGVHD] or in turn, TA-TMA was followed by
aGVHD [ie, TA-TMA occurred in the cohort without aGVHD]);
otherwise, misjudgment at this point causes selection bias and
leads to incorrect analyses of risk factors for TA-TMA. Only 1
retrospective study analyzed risk factors for TA-TMA by treating
posttransplant factors as time dependent covariates.25 However,
most of the previous studies appear to have overlooked the
importance of this particular point,26-28 and the results (aGVHD
as a risk factor for TA-TMA) are to some extent influenced by this
bias. Our analyses were performed after deliberate review and
confirmation of clinical records, especially with regard to posttrans-
plant factors, and statistical maneuvers such as treating post-HSCT
events as time-dependent variables were adopted. Of 37 patients
who experienced TA-TMA and grade 3-4 aGVHD, our clinical
record review indicated that aGVHD was followed by TA-TMA only
in 27 patients. Risk factor analysis without taking this into account
would have led to a bias toward a higher risk ratio of aGVHD regarding
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Should we withdraw CNIs as a therapeutic intervention 
for HSCT-TMA?

• In a large, single-center, 
retrospective study [1] 
discontinuation of CNIs failed 
to improve survival, no matter 
the type of GvHD prophylaxis

• This may be attributed to a 
subsequent development or 
exacerbation of GvHD

Standard practice at our center
• Avoid inappropriate high blood levels of CNIs
• Continue GvHD prophylaxis with CNIs unless 

severe nephrotoxicity develops

[1] Li, A. et al. Biol Blood Marrow Transpl. 2019, 25, 570–576. 



Complement Inhibitors for Management of HSCT-TMA
Overview of Agents Under Investigation

Agent Mechanism Class Status Clinical Trials (Patient Ages)

Eculizumab[a,b] C5 inhibition mAb
• Phase 2 ongoing 
• FDA approved for PNH, 

aHUS, gMG, and NMOSD
NCT03518203 (pediatric/adult)

Narsoplimab[c] MASP-2  
inhibition

mAb
• Phase 2 complete
• Currently pursuing FDA 

approval for HSCT-TMA
NCT02222545 (adult)

Ravulizumab[d-f] C5 inhibition mAb
• Phase 3 ongoing
• FDA approved for PNH, 

aHUS, and gMG

NCT04543591 (adolescent/adult)
NCT04557735 (pediatric)

Nomacopan[g] C5 and LTB4 
inhibition

Recombinant 
protein

• Phase 3 ongoing NCT04784455 (pediatric)

Pegcetacoplan[h-i] C3 inhibition
PEGylated 
recombinant 
protein

• Phase 2 ongoing
• FDA approved for PNH NCT05148299 (adult)

aHUS, atypical hemolytic uremic syndrome; gMG, generalized myasthenia gravis; LTB4, leukotriene B4; mAb, monoclonal antibody; MASP-2, mannan-binding lectin-
associated serine protease 2; NMOSD, neuromyelitis optica spectrum disorder; PNH, paroxysmal nocturnal hemoglobinuria. a. NCT03518203; b. Eculizumab [PI]. Approved 
2007; Revised Nov 2020; c. NCT02222545; d. NCT04543591; e. NCT04557735; f. Ravulizumab-cwvz [PI]. Approved 2018; Revised April 2022; g. NCT04784455; h.NCT05148299; 
i. Pegcetacoplan [PI]. Approved May 2021.



Eculizumab

An>-C5 monoclonal an>body
• Inhibits cleavage of C5 to C5a and 

C5b
• Blocks C5b-9 from forming on the 

surface of endothelial cells

Clinical development
• Currently approved by FDA for PNH, 

aHUS, gMG, and NMOSD
• Approved by EMA (but not yet 

available in most EU countries)
• Phase 2 trial in HSCT-TMA is ongoing 

[2]
• Higher risk of infec>ons

Survival of Pediatric Patients With Post-Allogeneic HSCT-TMA
Comparing Outcomes After Eculizumab With Historical Controls [1]

[1]Jodele S. et Al. Blood. 2020;135(13):1049-1057
[2] NCT03518203



Narsoplimab



Narsoplimab

• Is a fully human monoclonal antibody

• Binds to MASP-2, the effector enzyme of the 
lectin pathway of complement

• Leaves intact the effector function of the 
adaptive immune response, important for 
fighting infection

• Blocks MASP-2-mediated coagulation 
(conversion of prothrombin to thrombin and 
activation of Factor XII to XIIa) and activation of 
kallikrein

• The only agent that targets MASP-2 and blocks 
the lectin pathway

Gavriilaki E et al. Exp Hematol Oncol. 2021;10:57. 



A Phase 2 Trial with Narsoplimab for high-risk HSCT-TMA

• Single-arm, open-label, phase 2 study of 28 poor-
risk paNents with persistent HSCT-TMA

• Dosing regimen: 4 mg/kg IV narsoplimab once 
weekly for ≥ 4 weeks

Primary endpoints:
• Efficacy (response-based):

• Improvement in TMA laboratory markers of 
platelet count and LDH
• Improvement in clinical status
• Safety and tolerability

Secondary endpoints:
• Survival (100-day and overall)
• Change from baseline in laboratory markers

The primary end point was novel and, therefore, historical data
were not available for comparison. After review of the severity
of the patient population, experts estimated a probable pri-
mary end point response rate of approximately 15% and 100-
day survival not exceeding 20%. Both the point estimates and
lower bounds of the 95% CIs of both response rate and 100-

day survival markedly exceeded expert estimates. The ratio-
nale for targetingMASP-2 inhibition for the treatment of HSCT-
TMA is supported by the presence of elevated MASP-2 levels
in patients with TMA.14

Notably, a consistent response was observed in all patient
subgroups, indicating the effect of narsoplimab regardless of
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of the patient population, experts estimated a probable pri-
mary end point response rate of approximately 15% and 100-
day survival not exceeding 20%. Both the point estimates and
lower bounds of the 95% CIs of both response rate and 100-

day survival markedly exceeded expert estimates. The ratio-
nale for targetingMASP-2 inhibition for the treatment of HSCT-
TMA is supported by the presence of elevated MASP-2 levels
in patients with TMA.14

Notably, a consistent response was observed in all patient
subgroups, indicating the effect of narsoplimab regardless of
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Khaled SK, et al. ….and Rambaldi A.: J Clin Oncol. 2022;40:2447-2457.



A Phase 2 Trial with Narsoplimab for high-risk HSCT-TMA

adverse events by system organ class were infections (36%
of patients); immune system disorders (18%); and respi-
ratory, thoracic, and mediastinal disorders (18%). Six
deaths occurred during the core study period: one patient
died of septic shock (3 days after their last narsoplimab
dose), two patients each died of progressive acute myeloid
leukemia (6 and 40 days after their last dose) and of
neutropenic sepsis (14 and 42 days after their last dose),
and one patient died of GVHD and TMA (20 days after their
last dose). On the basis of follow-up data collection, 10
deaths occurred after the study period: three patients died of
disease progression; one patient each died of neutropenic
sepsis, GVHD/infection, pneumonia, cardiopulmonary ar-
rest; and three patients had an unknown cause of death.

Apart from the patients who died during the study period,
no patient withdrew from the study for an adverse event.

DISCUSSION

In this pivotal clinical trial of adult patients with high-risk
HSCT-TMA characterized by the presence of multiple risk
factors (Data Supplement), narsoplimab treatment
resulted in a 61% response rate in the FAS population, as
defined by improvement in both laboratory TMA markers
and clinical status (including freedom from transfusion).
Improvement in TMA markers demonstrates the impact
of narsoplimab treatment on underlying HSCT-TMA
pathophysiology by decreasing platelet consumption and
intravascular hemolysis. Additional improvements in or-
gan function or freedom from transfusion support clinical
benefit in these patients. Taken together, improvement in
all response criteria following narsoplimab treatment
indicates clinically relevant resolution of HSCT-TMA
pathophysiology.
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FAS, full analysis set; 

MAGIC, Mount Sinai Acute GVHD International Consortium; NA, not applicable.

FAS (N = 28)Response, n (%)

17/28 (61) [41, 79]Responders [95% CI]

17/28 (61)
14/23 (61)
3/6 (50)
11/17 (65)
21/28 (75)

Improvement in TMA markers, overall
Platelet count improvement

Baseline ≤ 20 × 109

Baseline > 20 × 109

LDH improvement to < 1.5 × ULN

20/27 (74)
18/27 (67)
NA
3/6 (50)
1/1 (100)

Improvement in organ function, overall
Kidney function
Pulmonary function
Neurologic function
GI function

12/25 (48)
8/18 (44)
11/22 (50)

Achievement of transfusion independence, overall
From platelet transfusions
From RBC transfusions



Narsoplimab treatment schedule: 4 mg/kg twice a week, a total of 16 doses (8 weeks)

Case study: a 67-year-old patient with GvHD and TA-TMA



• 08/08/2023 (last follow up, day +1082)

Disease status:

• CR confirmed (immunophenotype, karyotype) 
on day +30, +60, +91, +182, +382, +727

Chimerism:

• Full donor on day +30, +60, +182, +382, +727

Blood count:

• Hb: 13,5 g/dL

• PLT: 81x10^9/L

• WBC: 4.5x10^9/L

• Kidney function:

• Creatinine: 0.91 mg/dL

• GvHD: No

• TA-TMA: No clinical or laboratory evidence

Case study: a 67-year-old patient with high risk MDS 



Concomitant aGvHD and TA-TMA: 
a high-risk TA-TMA case report 



Conclusions

• HSCT-TMA is a rare, but frequently lethal transplant complication
• There are currently no approved treatments for HSCT-TMA.
• A concomitant diagnosis of GvHD and TA-TMA is frequent and represents a 

therapeutic challenge. Patients with  acute GvHD and concomitant or 
sequential TA-TMA should not withdraw CNIs. 

• Complement inhibition is increasingly recognized as a rationale, patho-
physiologically driven, potentially effective treatment strategy. 

• In a poor risk population with HSCTA-TMA, Narsoplimab proved to be 
effective and safe with a low rate of infectious complications.



Thank you


