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Summary

Transplant-associated thrombotic microangiopathy
(TA-TMA) is a relatively common complication of he-
matopoietic stem cell transplantation. The pathophys-
iology is complex, the central feature is endothelial
injury. The role of complement activation in the patho-
physiology has been increasingly recognized. The diag-
nostic procedures and interpretations vary considerably
between centers, and aims at standardizing the criteria
of this complication are important especially for study
purposes. The therapy is improving, particularly due

Introduction

Transplant-associated thrombotic microangiopathy (TA-
TMA) is a relatively common complication of hematopoietic
stem cell transplantation. It belongs to the early endothelial
damage syndromes together with veno-occlusive disease or
sinusoidal obstruction syndrome of the liver, diffuse alveolar
hemorrhage, engraftment syndrome and capillary leak syn-
drome. TA-TMA manifests itself as generalized microangi-
opathy causing organ injury particularly in the kidneys but
also in other organs [1].

The reported incidences of TA-TMA have varied greatly, in
allogeneic transplantation between 0 and 76 per cent [2, 3].
At the present time, the incidences of clinically significant
TA-TMA may commonly be 5-10%, depending on several
factors including patient material, transplantation methods
and the diagnostic criteria used. In autologous transplanta-
tion the incidence is generally lower; incidence figures be-
tween 0 and 27% have been reported [2].

The pathophysiology of TA-TMA is complex [3]. The central
feature is endothelial injury. Important etiological factors
include pretransplant conditioning, calcineurin inhibitors,
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to the introduction of complement inhibitors. Howev-
er, the indications and policy of administration of these
drugs are not well established and need further study.
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infections and graft-versus-host disease. The role of comple-
ment activation in the pathophysiology has been increasing-
ly recognized.

TA-TMA differs from idiopathic acquired TTP in several re-
spects. There is an absence of severe ADAMTS 13 deficien-
cy, the spectrum of clinical symptoms is different, and, in
contrast to idiopathic TTP, the response to plasmapheresis
is usually poor.

Significant developments have taken place in recent years,
both in the diagnosis, understanding of the pathophysiology,
and the treatment of TA-TMA.

Diagnosis of TA-TMA

A large variety of diagnostic criteria have been used over the
years [4]. Recently, three sets of criteria have been mainly
used, those produced by the International Working Group
[5], the American Bone Marrow Transplant Clinical Trials
Network criteria [6], and the “overall TA-TMA” criteria by
Cho et al [7]. The most important components of these defi-
nitions have been the presence of schistocytes, thrombocy-
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topenia, anemia or increased need for red cell transfusions,
increased lactate dehydrogenase (LDH) concentration, de-
creased haptoglobin level, and negative Coombs test, in var-
ious combinations.

Recently, Jodele and coworkers [1] have presented new cri-
teria for TA-TMA. In addition to the central elements of the
previous definitions, schistocytes, LDH, thrombocytopenia
and anemia/red cell transfusion need, two new criteria have
been added: proteinuria/hypertension and the soluble com-
plement factor C5b-9. Table 1 shows the diagnostic criteria
by Jodele et al. Five or more of the listed TA-TMA-associated
markers indicate a severe disease [8]. An important finding
was that some of these signs, proteinuria, hypertension and
LDH increase, manifest early and can be used to predict the
development of advanced TA-TMA. If proteinuria and an
increased level of sC5b-9 concentration are observed, there
is a great risk of poor outcome, indicating the need for ag-
gressive treatment.

Table 1. Diagnostic criteria for TA-TMA by Jodele et al [8]

The diagnosis of TA-TMA may be established by:
« microangiopathy diagnosed on tissue biopsy, or
« laboratory or clinical markers

Laboratory or clinical markers:

o Lactate dehydrogenase above the upper limit of
normal for age

« Proteinuria; a random urinanalysis protein concen-
tration of >30 mg/dL

« Hypertension; <18 years of age: a blood pressure

at the 95" percentile value for age, sex, and height;
>18 years of age: a blood pressure 2140/90 mmHg

o De novo thrombocytopenia; thrombocytopenia
with a platelet count <50x10°/L, or a = 50% decrease
in the platelet count

o De novo anemia; a hemoglobin under the lower lim-
it of normal for age or anemia requiring transfusion
support

« Evidence of microagiopathy; the presence of schis-
tocytes in the peripheral blood or histological evi-
dence of microangiopathy on a tissue specimen

o Terminal complement activation; elevated plasma
concentration of sC5b-9 above upper normal labora-
tory limit

Some clinical and morphological practices in the diagnosis
of transplant-associated microangiopathy should be stand-
ardized, particularly schistocyte counts. A study was recently
performed on behalf of the Transplant Complications Work-
ing Party of the EBMT on this issue [9]. A questionnaire of
the diagnostic methods of TA-TMA was sent to clinicians
and morphologists. Also, sets of blood slides from 10 pa-
tients with TA-TMA and from 10 controls were distributed
among the transplant centers, and the morphologists were
asked to assess the slides as to the presence and proportion
of schistocytes.

The survey showed that the International Working Group
criteria and the “Overall TA-TMA” criteria were used by
41% of the centers each, in 18% of the centers the diagnosis

was made individually by the physician. Interestingly, the in-
terpretation of the percentage of schistocytes varied greatly.
This was mainly based on differences in institutional practic-
es, caused by different morphological criteria for schistocytes
at different laboratories leading to substantial differences in
the interpretation of the presence and degree of schistocy-
tosis (Fig. 1). There is a number of different morphological
forms of schistocytes, and the centers differ in which types of
abnormal erythrocytes are counted as schistocytes.

200
@

@
3
1

100

Schistocytes, %o

IWIG/ELN criteria

BMT CTN criteria

0 5 10 15 20
Cases

Figure 1. Variability of the schistocyte counts in blood
smears of 10 patients with TA-TMA (blue circles) and
10 control patients (red circles) reported by different
transplant centers [9]

Role of Complement in TA-TMA

In a proportion of TA-TMA patients the complement cas-
cade has been shown to become activated resulting in the
formation of the membrane attack complex and endothelial
injury [10]. This is probably caused by inherited or acquired
defects in the complement regulatory system, becoming ap-
parent in HSCT-induced stress conditions [10]. Associations
between TA-TMA and certain complement-related gene
variants have been demonstrated. Complement regulators,
gene variants of which have been suggested to be implicat-
ed in the pathophysiology of TA-TMA include complement
factor H (CFH), complement factor I (CFI), thrombomod-
ulin (THBD), CD46 or membrane cofactor protein (MCP),
and CD55. Similarly, complement activators, with gene vari-
ants implicated, include complement factor B (CFB), C3, and
C5 [2].

The role of complement-activating mechanisms in TA-TMA
suggests wider application of complement-inhibiting treat-
ments, especially anti-complement antibodies in the man-
agement of this complication.

Treatment of TA-TMA

The treatment of TA-TMA has been difficult and the out-
come of severe cases poor. The discontinuation or dose re-
duction of possibly causative agents, such as cyclosporine,
tacrolimus or sirolimus is a general policy, although the doc-
umentation of the efficacy of this approach is not completely
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solid [8]. Therapeutic plasma exchange is usually not effec-
tive in TA-TMA and its use has been discouraged in many
reports, but this treatment may be indicated in some cases
to remove mutated complement, antibodies against comple-
ment, or other triggering factors for endothelial dysfunction
[11].

Defibrotide has been occasionally used for the treatment
of TA-TMA since many years. More recent studies have re-
ported encouraging results, approximately half or more of
the patients with a severe TA-TMA responding without any
major adverse effects documented [12, 13, 14]. Other agents
including rituximab, daclizumab, etanercept, infliximab, and
bosentan have been used without major success [3]. With
the increasing understanding of the role of complement in
the pathophysiology of TA-TMA, the possible use of com-
plement-inhibiting treatments, especially anti-complement
antibodies has recently been a topic of great interest. Most of
the clinical experience is with equlizumab.

Equlizumab is a humanized monoclonal antibody. It is a
C5 inhibitor and prevents the formation of the membrane
attack complex (C5b-9) [15, 16]. The dosing schedule is
not well established. Marked individual variation has been
documented in the pharmacokinetics, and monitoring the
concentrations to confirm adequate dosing may be indicated
[8]. Equlizumab treatment can be discontinued after the res-
olution of TA-TMA, usually without relapse of this compli-
cation [3]. The treatment causes increased susceptibility to
infections caused by encapsulated bacteria, but this problem
may be ameliorated by adequate antibiotic prophylaxis [17].
The cost of this treatment is substantial, and its availability is
limited in many countries.

Most of the experience of equlizumab treatment is from
pediatric studies. Jodele [10] treated 50 pediatric patients
with TA-TMA and multiorgan dysfunction. Seventy-two
per cent of the patients survived, compared to less than 10%
among historical controls. Bohl et al [13] treated 15 adult pa-
tients. The response rate was 93%, but only 33% finally sur-
vived. Vasu et al [18] treated 5 adult patients. Three of them
recovered while two died of sepsis.

Several other complement inhibitors, targeting components
of the classical, lectin or alternate pathway, are under devel-
opment and are likely to affect the treatment scene in the
next few years [3].

Conclusion

TA-TMA remains a challenging complication of HSCT,
leading to increased morbidity and mortality. The under-
standing of the pathophysiology is increasing and may lead
to improvements in the diagnostics. Aims at standardizing
the criteria of this complication are important especially for
study purposes. The therapy is improving, particularly due
to the introduction of complement inhibitors. However, the
indications and policy of administration of these drugs are
not well established and need further study.
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CoBpeMeHHble pa3paboTku B 06/1aCTW TpaHCNNAHT-
ACCOLMUPOBAHHON TPOMBOTUYECKON MUKPOAHTUOMATUN

Tamanu PyyTty

Knuanaeckuin I/ICC}IE/:[OBaTEJ'[I)CKI/HU/I MHCTUTYT, YHI/IBepCI/ITeTCKI/Iﬁ TocCIimTaib XEJ'[I)CI/IHKI/I, @I/IHTIHHI[I/I}I

Pe3slome

TpaHCIIaHT-aCCONMMPOBAHHAS TPOMOOTHIECKAS M-
kpoanruomnarus (TA-TMA) sBisiercsi CpaBHUTEIBHO
YaCTbhIM OC/IOJKHEHUEM TpaHCHHaHTaIH/H/I TeMOIIO3TnYEe-
cknx ctBomoBbIX KneTok (TTCK). Ee maTorenes Bechma
CIIOXKEH, a HeHTpaHbeIM 3BE€HOM ABJIAETCA HOBpe)KIIe-
Hue SHIOTeNVst. Bece 60rble BBISICHSETCS POJIb aKTH-
Balyi KOMIUIEMEHTA B MATO(M3MOIOTMM MpOIiecca.
JImarHocTr4yeckme IpOLEeRypbl M VHTEPIpETAlUA pe-
3y/IBTATOB CYIECTBEHHO PAa3/IMYAIOTCS MEXY KINHIU-
YeCKIMn HeHTpaMI/I, U 30eCb Ba>KHbI 3aJa4mn CTaH,Hap'
TU3annum KpI/ITepI/IeB OMATHOCTUKU 3TOr0o OCIOXHEHUA
0COOEHHO B WICCIENOBATENbCKMUX ILEIAX. IIpomcxomuT
COBEPIIEHCTBOBAHIIE TEPAIINI, IJTABHBIM 00pasoM, 6ya-
ronapﬂ HpI/IMeHeHI/IIO I/IHFI/I6I/ITOPOB KOMIIZIEMEHTaA.

OpHako IOKasaHMA ¥ TaKTMKA Ha3HAUEHUs ITUX IIpe-
IapaToB ellle HeJOCTATOYHO YCTAHOBUIACh U TpebyeT
JAJIbHEMIIErO M3yYeHUA.

Kniouesble c10Ba

TpaHCl'ITIaHTaI_U/IH TE€MOIIO3TNYECCKUX KJIETOK, TpOM60-
TUYIECKasA MUKPOAHIMOIIATUA, AMAaTHOCTNYECKIIE METO-
Abl, CTAaHOAPTU3aLN, TE€paInA, I/IHI‘I/I6I/ITOpr KOMIIJIE-
MEHTa.
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