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What is TMA?

Microangiopathic hemolytic anemia

Peripheral thrombocytopenia

Organ failure of variable severity



Etiology and outcomes of thrombotic microangiopathies

Retrospective study : 564 consecutive patients between 2009 et 
2016

In 4 hospitals (CHU Tours)

Bayer et al.  CJASN 2019
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Epidemiology

Drugs and number of cases reported to FDA between 1998 and 2011

Ticlopidine: Incidence 0.01%, Low adamts 13 activity in 80% and anti adamts 13 antibodies 
100%

(2-12 weeks) -> Plasmapheresis, no relapse
Clopidogrel: Incidence 0.001%, different mechanism, < 2 weeks

Jacob et al.  Semin Thromb Hemost 2012



Reese et al.  AJH 2015

1988-2014



19 patients from the  Oklahoma Registry 1989-2015

18 with quinine-dependent antibodies reactive with platelets 
and/or neutrophils

18 women / 19 patients

Quinine exposure: Pill form for 18 patients  and tonic water 
for 1

Abnormalities not characteristic of TTP: neutropenia, DIC, 
liver function abnormalities 

17 of the 18 surviving patients required  dialysis 

14 developed CKD

Page et al.  AJKD 2017



Grangé, Coppo . Néphrologie et Thérapeutique 2017
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GEMCITABINE-induced TMAs

Retrospective study, 1998-2015
French Pharmacovigilance network + French TMA Reference 

Center + Complement Alternative Pathway Registry HEGP VFB

n = 120
210 days of treatment (median)

Cumulative dose of 13 g/m2

57% 62%

Daviet et al.  British Journal of Clinical Pharmacology 2019



Daviet et al.  British Journal of Clinical Pharmacology 2019

GEMCITABINE-induced TMAs



Daviet et al.  British Journal of Clinical Pharmacology 2019
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Objectives and methods

Observational, retrospective, multicentric French study between 2011 and 
2016

Inclusion criterion: gemcitabine-induced TMA treated by eculizumab

Exclusion criterion : TMA attributed to paraneoplastic TMA

Describe clinical characteristics of 
patients and outcome of patients 
presenting a gemcitabine-induced TMA 
treated by eculizumab

Grall, Grangé et al.  BMC Nephrology 2021



Baseline characteristics (1)

12 patients were included

AKI 100% (stage 3 KDIGO 58%), RRT 17%
Hypertension 92%, diffuse oedema 83%

Median time from gemcitabine initiation to 
occurrence: 6 months (range 1.7-16)

Cumulative dose: 27.5 g (range, 9.0-48)

Grall, Grangé et al.  BMC Nephrology 2021



Treatment

• Eculizumab was started after a median of 15 days (range, 
4-44)

• Median number of injections: 4 (range, 2-22)

• 5 patients had previously plasma exchanges with no 

or incomplete efficacy (median 7 PE; range, 4-9)

Grall, Grangé et al.  BMC Nephrology 2021



Grall, Grangé et al.  BMC Nephrology 2021
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C5b9 expression on kidney biopsies

Three patients had a kidney biopsy:

Overexpression of C5b9 in the glomerular and tubular membrane and in capillary 
wall

Gemcitabine-induced TMA Minimal change disease

Grall, Grangé et al.  BMC Nephrology 2021



Is secondary TMA related to complement dysregulation? 

Le Clech et al.  Kidney Int  2019

Retrospective study, 1999-2017
aHUS French Registry HEGP VFB

n = 110 (Drugs 29%, Autoimmune disorders 24%, Inf° 17%, 
Malignancies 10%, Glomerulopathies 9%, Transplantation 8%, 

Pancreatitis 3%)

Low C3 = 9
Low C3 and C4 = 

8
(9 lupus)

Rare Variants (< 0.1%)
n = 6 (3 FH, 1 FI, 2 

THBD)
Pathogenic variants n = 

2

No difference in healthy 
individuals 

However, the homozygous MCP haplotype ggaac was more frequently found in patients 
with secondary HUS compared with control subjects (17% VS 6%)



aHUS and secondary TMAs

Distinct presentations

No common genetic risk factors
Secondary TMA is an acute non relapsing form of 

HUS
Transient complement activation? (low C3 15%)

Systematic screening for complement gene variants not warranted in 
patients with secondary TMA

Interest of C5 blockade (n = 38) -> Same prognosis despite more 
severe patients

Le Clech et al.  Kidney Int  2019

Is secondary TMA related to complement dysregulation? 



Izzedine et al.  Medicine 2014

61 bevacizumab



Jourde-Chiche et al.  Nature Reviews Nephrology 2019



Keir et al.  J Clin Invest 2017

VEGF is synthesized  by 
podocytes

Paracrine effects on 
glomerular endothelial cells

-> Production of CFH by 
these cells

Anti-VEGF -> endothelial 
cells more vulnerable to 
complement activation

Anti VEGF et complément



Proteasome inhibitor associated  TMA

• Normal ADAMTS 13 (n = 5, median = 82%)

• All patients had a normal C3, Genetic studies -> no mutations (CAP) 
revealed (n = 2)

• Half of the cases occurring within 14 days of drug initiation, and half 
occurring later in the treatment course (carfilzomib)

• NFκB inhibition -> VEGF pathway inhibition -> microvascular injury to the 
glomerular capillaries 

Yui et al.  AJH 2016

bortezomib = Velcade

Carfilzomib = Kyprolis





Blasco et al.  BJH 2020



Blasco et al.  BJH 2020

Membrane attack complex (C5b9) deposition 
on endothelial cells in culture

exposed to plasma from 
patients during the acute phase of the disease
suggests complement over activation in 3 out of 

4 patients



Treatment

• Screening  +++ (HTA, Urine dipstick test)

• Treat hypertension (ACEIs, ARBs)…

• Specific treatment: 

• Stop chemotherapy

• Plasmapheresis

• Steroids or other immunotherapies

• Complement C5 inhibition 

Possibility of spontaneous recovery
6-9 months



Conclusions

• FIRST, Cancer-associated TMA and chemo-associated TMA need to be distinguished 
on the basis of clinical evaluation 

• Drug-induced TMAs ->  several mechanisms -> endothelial toxicity, immune-mediated

• Normal ADAMTS 13 (except for ticlopidine), complement of alternative pathway 
disorders

• Importance of early diagnosis -> Blood pressure monitoring, Proteinuria +++

• No guidelines on the treatment which depends on the incriminated drug class  ->  
Importance of obtaining an opinion from Regional Reference Centers

• The data presented today is biased !

• Publication bias (success),  simple cases unreported

• New French Registry for drug-induced TMAs (underestimated) 


