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Summary

Transplant-associated thrombotic microangiopathy
(TA-TMA) is a rare complication of hematopoietic
stem cell transplantation with an endothelial damage
being the major cause of clinical signs. Currently, four
major set of diagnostic criteria exist which capture dif-
ferent populations of patients with variable severity of
endothelial dysfunction and target organ involvement.
Absence of widely excepted criteria for TA-TMA severi-
ty, outcome and response measures complicate the com-
parison of different treatment approaches. Withdrawal
or tapering of calcineurin inhibitors is a widely excepted
intervention; however, there are studies that indicate no
benefit of this intervention in improving overall survival.
Different strategies of substituting calcineurin inhibitors
with other immunosuppressive may also have impact on
survival in TA-TMA patients.

Introduction

Transplant-associated thrombotic microangiopathy (TA-
TMA) was initially identified as a complication of allogeneic
hematopoietic stem cell transplantation (HSCT) in the late
1980-s, primary as a complication of a graft-versus-host dis-
ease (GVHD) prophylaxis with cyclosporine [1, 2]. Howev-
er, subsequently it was demonstrated that cyclosporine is not

Novel approaches in treatment include oligonucleotides
and complement inhibitors. Indications for these treat-
ments according to different diagnostic criteria are still
to be defined. Currently published evidence highlight
the need for cooperative effort to gather empirical data
and harmonize definitions required for comparative
clinical studies of novel agents.
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the only predisposing factor, and TA-TMA may be observed
even after autologous HSCT [3] or high-dose chemother-
apy [4]. Absence of diagnostic criteria for almost two dec-
ades precluded the appearance of any solid epidemiological
data on the incidence of this complication. The reported
incidence varied from 0.1% to 29%. Mean incidence across
studies was 8.2%. Mortality in the majority of case series ex-
ceeded 50% [5-9]. In the modern era, the incidence varies
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from 3% in the registry studies in predominantly adult pop-
ulation [10] to 16% in the pediatric prospective studies [11].
This difference might represent identification and inclusion
of mild TA-TMA cases in the prospective studies. In these
recent studies TA-TMA was associated with additional 15%
mortality when compared to patients without TA-TMA, also
reflecting the spectrum of TA-TMA severity [9, 11].

Diagnostics of TA-TMA

Part of the diagnosis is assessment of TA-TMA probability
in the particular HSCT patient. The major risk factors are
transplantation from alternative donors, HLA-mismatched
donors, non-myeloablative conditioning or intensified my-
eloablative conditioning, use of anti-lymphocyte globulin,
GVHD prophylaxis with combination of calcineurin and
mTOR inhibitors and prior HSCT [9,12,13]. Genetic predis-
position include polymorphism in the complement pathway
genes, including CFH, CFHR, CFI, CFB, C3 and several oth-
ers. Certain HLA alleles in recipients were also reported to
predispose to TA-TMA. Usually presence of several genetic
variants and a triggering factor is required for development
of TA-TMA [14]. Although TA-TMA may be not associated
with additional complications of HSCT common, major clin-
ical triggers are acute GVHD, particularly steroid-refractory
form, viral reactivations, high concentrations of calcineurin
inhibitors, or severe bacterial infections [15-17].

It should be admitted that currently there are no uniform
criteria for TA-TMA. Primary TA-TMA was identified by
the presence of microangiopatic hemolysis, fragmented cells
(schistocytes), elevation of lactate dehydrogenase (LDH),
thrombocytopenia, and organ damage due to microangiop-
athy, including renal failure or neurologic dysfunction [5, 6].

Table 1. Overview of different diagnostic TA-TMA criteria
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In 2005-2007, two consensus diagnostic criteria were devel-
oped, including Blood and Marrow Transplant Clinical Tri-
als Network (BMT CTN) by Ho et al. [19] and International
Working Group (IWG) by Ruutu T. et al. [20]. Analysis of
the overlap between these criteria by Cho et al. has shown
that twice less patients are diagnosed with TA-TMA using
IWG criteria, while less than 10% of patients diagnosed with
IWG criteria do not fall into the frame of BMT CTN criteria
[21]. The "overall TMA" criteria were proposed on the basis
on this analysis, i.e., 22% of schistocytes, elevation of LDH,
decrease of hemoglobin and platelets. These "overall TMA"
criteria are the most commonly used in the studies of nov-
el agents (Table 1). Besides the differences with diagnostic
criteria there is a technical problem with the key laboratory
index of TA-TMA: schistocyte quantification, which is not
standardized. Therefore, its morphological evaluation can
provide various results from one laboratory to another [22].

There are several reasons for the non-uniformity of accept-
ed criteria. First, TA-TMA is a syndrome with endothelial
dysfunction as the key pathogenetic feature. However, some
degree of endothelial injury is present in all HSCT recipients
[23]. Of note, the median level of schistocytes after alloge-
neic HSCT is around 1%, which is very close to the diag-
nostic level of BMT CTN criteria [24]. This difference could
be easily alleviated by the differences in the morphological
practices between transplantation centers. An autopsy study
demonstrated 10% of patients who died from various caus-
es had evidence of renal microangiopathy [25]. Other com-
plications of HSCT that are also associated with significant
endothelial injury can mimic TA-TMA. These are steroid-re-
fractory GVHD, hemorrhagic viral enterocolitis, sepsis and
hemorrhagic cystitis [25, 27, 28]. Thus, there is a spectrum
of patients with various degrees of endothelial injury and

BMT CTN, Ho VT et al. [19] | IWG, Ruutu T et al. 20]

Overall TMA, Cho BS et al. [21] | Jodele S et al. [29]

Schistocytes >2 per
high-power field on
peripheral smear

Schistocytes >4%

Schistocytes >2% Schistocytes, any level

Elevated LDH Elevated LDH

Elevated LDH Elevated LDH

Renal* and/or neurologic
dysfunction

De novo, prolonged or
progressive thrombocytopenia

Thrombocytopenia Hypertension

<50 10%/L
Negative direct Coombs Decrease of hemoglobin or Decrease of hemoglobin or De novo thrombocytopenia
test transfusion requirement transfusion requirement <50 10°%/L or =50% decrease

in the platelet count

Decreased serum haptoglobin

Decrease of hemoglobin or
transfusion requirement

Elevated plasma concentra-
tion of sC5b-9 >1 ULN

Coefficient of diagnosed
patients: x2.5 [21]

Coefficient of diagnosed
patients: x1.0 [21]

Coefficient of diagnosed
patients: x5.0 [21]

Coefficient of diagnosed
patients: x8.5 [34]

* Doubling of serum creatinine from baseline (baseline = creatinine before hydration and conditioning) or 50% decrease in

creatinine clearance from baseline.
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complement activation after HSCT. In the absence of proven
effective interventions it is hard to draw the border, where
we can say that this degree of endothelial injury is TA-TMA.
Emergence of novel therapies will drive the development of
novel diagnostic criteria and this set of criteria will define
the group of patients that will benefit from certain therapies.

On the other hand, TA-TMA is not only a syndrome with
variable severity, but also a syndrome emerging due to a va-
riety of etiological factors. In children, a clear relationship
may exist between mutations in the complement —related
genes, alterations in the complement pathway and evidence
of complement activation that correlates with the clinical
presentation. In pediatric cohort, the level of serum soluble
membrane attack complex (C5b-9) was elevated in around
70% of TA-TMA patients. These patients had a more fulmi-
nate disease course and higher risk of mortality [29]. There
are ethnic differences in the incidence of complement-asso-
ciated TA-TMA. Hence, the exact percentage of this clinical
entity may vary across countries [11]. However, in the adult
population there is only limited data on complement acti-
vation after unmanipulated haploidentical transplantation
[30], and In the general population of adult patients several
relatively different entities can be distinguished: GVHD-re-
lated, drug-induced (primarily, calcineurin and mTOR in-
hibitors), infection-related (cytomegalovirus and herpes
type 6 are most frequently reported viruses), and those as-
sociated with other HSCT toxicities. The same entity as in
children with overt multiorgan failure and complement ac-
tivation comprises only a minor subgroup of adult patients
[13]. Vice versa 30% of children without complement acti-
vation, likely, have similar pathogenetic mechanisms to the
adult population.

The large proportion of pediatric patients with complement
activation led to the development of a diagnostic algorithm by
Jodele S et al. [31]. It involves screening with serial measure-
ment of LDH, proteinuria and blood pressure. If any of these
parameters become abnormal, ADAMTS13-related TTP
should be excluded and laboratory workout for TA-TMA
should be performed. To confirm the diagnosis of TA-TMA,
histological evidence of the organ involvement is sufficient.
Alternatively, increased LDH, schistocytes on blood smear,
de novo thrombocytopenia, or platelet transfusion depen-
dence, arterial hypertension, proteinuria >30 mg/dL and ele-
vation of soluble C5b-9 should be documented.

In clinical practice, local standards of TA-TMA diagnosis
vary significantly due to above mentioned difficulties [9, 22],
and it is hard to recommend one or another strategy. Before
using certain diagnostic approach one should decide what
will be an application of this approach.

Identification of patients with endothelial injury in the pro-
spective clinical studies is one thing, selecting patients who
will benefit from clinical interventions represents another
task. However, several practical suggestions can be made to
avoid under- and overdiagnosis of this complication. Reg-
ular screening of LDH and creatinine levels, proteinuria
and blood pressure will identify potential patients at risk for
TA-TMA. Further laboratory evaluation is required for the
patients who have de novo grade 3-4 anemia or thrombo-
cytopenia, never became transfusion-independent, or those

who had acute kidney injury or neurologic dysfunction on
the top of positive screening results. Other groups of pa-
tients without these key features are unlikely to require any
interventions, even if TA-TMA evidence could be obtained
from laboratory testing. Schistocyte evaluation is required to
confirm the diagnosis, and Coombs test is required to rule
out immune hemolytic anemia. When applying morpholog-
ical criteria of TA-TMA, several rules were formulated for
schistocyte quantification that allow to capture TMA-specif-
ic changes in the blood smears (Table 2) [22]. The patients
with >2% schistocytes can be clinically considered having
TA-TMA. Rising schistocyte and LDH levels on serial meas-
urement additionally support the diagnosis. Although AD-
AMTS13 activity is included in the Jodele S et al. algorithm
[31], but the incidence of this TMA mechanism in HSCT
recipients is limited to single observations [32, 33]. Elevation
of sC5b9 >300 ng/mL and angiopoietin-2 to >3 ng/mL can
also provide evidence in favor of TMA diagnosis [33].

There is no well-established system for assessment of TA-
TMA severity. Certain clinical features associated with high-
er mortality were reported, e.g., presence of neurological
signs, acute kidney injury, LDH>2 upper limits of normal
(ULN), a need for 22 medications to control hypertension
[29, 34]. The BMT CTN consensus proposed common tox-
icity criteria of severity, where grade 1 corresponded to ab-
sence of clinical consequences; grade 2 is assessed at elevated
creatinine levels of <3 ULN; grade 3 corresponded to cre-
atinine levels of >3 ULN not requiring dialysis, and grade
4 was characterized as renal failure requiring dialysis, and/
or encephalopathy. Nonetheless, this severity system was not
validated to predict survival of patients with TA-TMA and is
rarely used during application of novel therapies.

Treatment of transplant-associated
thrombotic microangiopathy

Currently, there are no established treatments of TA-TMA.
Historically, therapeutic plasma exchange (TPE) was used,
by analogy of thrombotic thrombocytopenic purpura, with
a common standard of care. Despite early reports on its ef-
ficacy [35], the latest consensus established that average re-
sponse rate, mostly defined by the subsided laboratory crite-
ria, was 37% for 121 TPE-treated patients. Average mortality
across all the patients was 79%, and the consensus stated that
plasma exchange should not be considered a standard of care
for TA-TMA [36]. The controversial results of TPE treatment
may be related to very low frequency of ADAMTS-13-asso-
ciated mechanism in TA-TMA [33].

Several other treatments were used outside clinical trials in
TA-TMA. These included rituximab [37, 38, 39], defibrotide
[40, 41, 42], and eculizumab [43, 44, 45, 46]. Clinical efficacy
and mechanisms of rituximab in TA-TMA can be hardly as-
sessed with only seven patients reported in the literature. On
the other hand, 165 patients were treated with either defib-
rotide or eculizumab with a very comparable response rate
of 73% and 58%, respectively. Nonetheless, overall mortality
remained high with both treatments and was 40% across the
studies. Particularly favorable results were reported by Jodele
et al. with eculizumab in the pediatric cohort where large
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Table 2. Laboratory approach to the schistocyte quantification in TA-TMA

- Triangular or microcrescent cells;
- Helmet cells;
- Keratocytes,

two angles <90 degrees.

- Ovalocytes

- Dacryocytes
- Spherocytes
- Acantocytes
- Stomatocytes
- Target cells

not be the prevalent forms.

recommended.

ovalocytes and dacryocytes as schistocytes.

autoimmune hemolysis.

erythrocytes and visible central pallor.

1. The following abnormal erythrocytes should be included in the schistocyte count:

- Microspherocytes should be included in the schistocyte count if only 2 or more other forms of schistocytes are
present. Their size should be comparable to the size of the other schistocytes and be not more than 4 pm. They
should not contain central pallor except of rare instances;

- Other fragments of erythrocytes with irreqular shape should be included in the schistocyte count if two more types
are present and their size is comparable to the size of the other schistocytes;

- Degmacytes should be included despite it is a typical abnormal erythrocytes in deficiency of glucose 6-phosphate
dehydrogenase, but their morphology is often undistinguishable from the schistocytes; they can be included given
a low probability of undiagnosed G6PD deficiency in HSCT recipient.

2. Keratocytes, helmet cells, triangular cells and other erythrocyte fragments of irreqular shape should contain at least

3. The following abnormal erythrocytes should NOT be included the schistocyte count:

4. In TA-TMA, three or more types of schistocytes should be present.
5. For TA-TMA cases the presence of helmet cells along with triangular cells are strongly required, although they may

6. Quantification of schistocytes should be done only if the clinician suspects TA-TMA, because up to 3 types of
schistocytes could be present in cases of other posttransplant complications.

7. The 100x magnification is recommended if there are difficulties with schistocyte identification.
8. For the uniform distribution of erythrocytes on the blood slide, the use of commercially available slide makers is

9. Before the schistocyte quantification, one should assess the number of erythrocytes in the power field, because
significant differences may exist for TA-TMA patients, due to severe anemia.

10. In cases of tightly distributed erythrocytes, the cell shape may replicate the contours of adjacent cells and have
helmet-like appearance. These erythrocytes should not be counted as schistocytes.

11. Certain dlinical situations should be taken into account:
- In myelofibrosis, the false positive results are due to anisocytosis and poikilocytosis, and quantification of small

- In BI2-deficiency hemolysis, 3 types of schistocytes are present. The difference with TA-TMA is a more uniform
morphology of schistocytes. Appropriate differential diagnosis should include measurement of BI2 level.

- In myelodysplastic syndrome, two types of schistocytes, i.e, keratocytes and microspherocytes could be defined.
The false positive results are due to poikilocytosis and quantification of small ovalocytes as schistocytes.

- In autoimmune hemolytic anemia, 3 types of schistocytes are present. The difference with TA-TMA is in more
uniform morphology of schistocytes, and presence of central pallor in the majority of the abnormal erythrocytes.
Morphological distinction could be difficult. The differential diagnosis requires the Coombs or other tests for

- In hemoglobinopathies, the false positive results could be due to quantification of helmet-like and keratocyte-like
cells. They could be discriminated from schistocytes by a comparable or larger cell size than the background

proportion of patients had mutations in complement-related
genes and clear laboratory signs of complement activation
[11, 12]. In this cohort, evaluation of eculizumab concen-
trations demonstrated higher drug clearance than in parox-
ysmal nocturnal hemoglobinuria as one of the mechanisms
behind the lack of efficacy. Thus, Jodele et al. proposed the
algorithm of weekly induction doses and additional induc-
tion doses based on daily CH50 activity [47]. Two small
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clinical trials also evaluated narsoplimab, a mannan-binding
lectin-associated serine protease-2 inhibitor, also targeting
complement pathway. Improvement of laboratory signs was
observed in a proportion of patients and overall survival was
50% [48,49] (Table 3). Looking at the response and survival
rate of all these pharmacological treatments, it is clear that,
if compared to PTE, they have merit in a proportion of pa-
tients. However, their administration was based on various
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Table 3. Results of clinical studies in transplant-associated thrombotic microangiopathy

Treatment Total, N Responders, N Mortality, N Reference
Rituximab 1 1 0 37
Rituximab 1 1 0 [38]
Rituximab 5 4 2 [39]
Defibrotide 16 1 7 [40]
Defibrotide 39 30 15 [41]
Defibrotide 12 8 6 [42]
Eculizumab 12 6 8 [43]
Eculizumab 64 36 2 [44]
Eculizumab 5 4 2 [45]
Eculizumab 10 7 4 [46]
Narsoplimab 19 N/A 9 [48]
Narsoplimab 5 4 3 [49]

indications and various diagnostic criteria. In the absence of
severity criteria, it is also impossible to compare the groups
of patients in these studies. Thus, it is difficult to recommend
either approach as the first-line treatment. On the other
hand, currently published data on the pharmacological treat-
ments rather postulates the necessity for common criteria for
severity and response based on empirical data.

Common first-line intervention for TA-TMA is to manip-
ulate with immunosuppression regimens. The idea comes
from early observations that inclusion of cyclosporine A
in the prophylaxis regimens was associated with first docu-
mented TA-TMA cases [1, 2]. Further evidence for toxicity of
calcineurin inhibitors (CNIs) towards endothelium [50] cre-
ated the basis for tapering or discontinuation of CNIs in pa-
tients with TA-TMA [51]. Due to essential needs for GVHD
control in the majority of these patients, glucocorticoster-
oids were historically administered in the most patients after
CNIs discontinuation. Recent Blood and Marrow Transplant
Clinical Trials Network Toxicity Committee consensus sup-
ported discontinuation of CNIs as the primary intervention
based on expert opinion [36]. Nonetheless, the large sin-
gle-center analysis by Li et al. did not show any benefit in
terms of overall survival, when tapering or discontinuing
CNIs vs their continuation in all subgroups of TMA patients,
irrespective of type of GVHD prophylaxis [52]. It seems that,
like all other interventions in TMA, sole discontinuation of
CNIs does not lead to resolution of symptoms in all the pa-
tients, but the time to resolution might be quicker. Also, the
different centers are testing other type of agents for GVHD
prophylaxis instead of CNIs, with effects on survival out-
comes. In our single-center analysis, substitution of CNIs by
sirolimus in severe GVHD proved to be superior to steroids
[53]. Novel agents, like JAK inhibitors, might also facilitate
sufficient GVHD control instead of CNIs without additional
endothelial damage [54]. Further investigation of different
substitution strategies are warranted. Even in continuation
strategies, a pause before obtaining CNI concentration is a
rational approach, because the majority of patients show a
transitory reduction of CNIs clearance, and high concentra-
tions are common at TMA diagnosis.

Conclusion

Along with clinical criteria, diagnostics of TA-TMA involves
several laboratory tests, of which erythrocyte shistocytosis
remain a less standardized criterion [22, 55]. Screening of
LDH and creatinine levels, proteinuria and blood pressure,
exclusion of autoimmune haemolysis should discern poten-
tial patients at risk for TA-TMA.

Further improvement of care in TA-TMA requires harmo-
nization of definitions for mortality risk, response, outcome
measures and indications for treatment. Since this is a rela-
tively rare entity and even large centers rarely has informa-
tion on more than 50-100 cases, cooperative effort to gather
empirical data is crucial to formulate these definitions, only
after that existing and novel therapies can be compared
without bias in the multicenter studies. For current clinical
practice, internal institutional guidelines should select one
of the diagnostic criteria and adhere to them. Reduction or
discontinuation of calcineurin inhibitors should be consid-
ered in all patients, but internal guidelines for substitution
with active immunosuppressive agents should be developed
for GVHD control. Novel treatments should be implement-
ed in case of organ failure, or in patients not responding to
immunosuppression manipulation.
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0630p coBpeMeHHbIX NMPaKTUYeCKUX Noaxonos
K IMArHOCTMKE 1 NeYeHNI0 NOCTTPAHCNNaHTaLNOHHOW
TPOMOOTUYECKOW MUKPOAHIMONATUM

Ban C. Moucees ', Tatbana I. I|BeTkoBa 2, Tananu Pyyry *

! HVIW meTcKO¥ OHKOIOIMM, TeMaToIoruu 1 TpanciyranTonoruy uM. P. M. Top6auesoii, Ilepsoiit Cankr-IleTep6yprekuii
TOCYHapCTBEHHBIN MEIUIIVHCKIIT YHUBepcuTeT UM. akap. V1. I1. [TaBnosa, Cankr-Iletep6ypr, Poccnsa

> Bcepoccmitckmit LIeHTp SKCTPEHHOM U pafiualilioHHON MefuiHbl uMeHu A. M. Hukugoposa, Cankr-Iletep6ypr, Poccusa
* Knmmunaeckuit Viccnenosatenbcknit VinctuTyT, Knuanka YauBepcurera XenbcuHky, XenbcuHKY, OUHIAHANA

P HoBble mOAXOmbl K JI€YEHUI0 BK/IIOYAIOT OIUTOHYKIIE-
eslome OTUABI ¥ VHIMOUTOPHI KOMIUIEMEHTA, HO IIOKA3aHMs
[TocTTpaHCIIaHTALMOHHAST TPOMOOTHYeCKass MUKpPO- APET SN BP0 TEPRILTAN 15 COOMSENCITEA € PRIz
aurmonatyst (IIT-TMA) sBmsAeTcs pemKuMM OCTIOXKHe- MM QVATHOCTMYECKMMN KPUTEPUAMM €CIe IIPENCTONT
HJEM TPAHCIUVIAaHTAIMM TeMOIIO3TUYECKUX CTBOIOBBIX OTIPE/IE/NTD B PE3yNIbTATE KTMHUIECKNX UCCTIEIOBAHMIN.
KJIETOK C IIOBPeXIeHMEM SHOTEMNS, KOTOPOe JIEKUT B Ony6miKoBaHHbIE B HACTOALEE BPeMs JaHHbIE IIO/Yep-
OCHOBe KIMHMYECKUX CHMIITOMOB 3TOTO OCTIOXXHEHUS. KMBAIOT HEOOXOJMMOCTD COBMECTHBIX YCU/INIL yIst aHa-
B HacrosIllee BpeMs CYIIECTBYeT YeThIPe OCHOBHBIX LS AR MU DUECCRT BAITH BRI IBE ATCHI I E T Cy
KOHCEHCyca B OTHOLIEHMN [UAarHOCTUYECKUX KpHUTe- CKUX TIAPaMETPOB, HEOOXOAUMBIX [l CPABHUTETbHBIX
pVieB, KOTOpbIe OXBATBIBAIOT pA3TMYHble MOIY/LALNN KITMHUYECKUX MCCTIENIOBAHNIT HOBBIX IPENapaTos.

IIAIIMEHTOB C pasm/mnoﬁ CTCIICHBIO 3HOOTE/INMATIBHO-

IO MOBPEXJEHUA M IOPaKeHUsA OpraHOB-MUIIEHEN. K” Hyepblié (J10B4d

OTCYTCTBI/Ie 06LLIerI/ISHaHHbIX KpUTEPUEB TAXKECTH,

OTBeTa ¥ KOHeuHbIX Heneil Tepanuu [IT-TMA sarpyxn- TpomGoTiyeckas MUKDPOAHIMIONATHSA, TPAHCIVIAHTA-
HsET CPaBHEHE Pa3HbIX MeTO/OB JiedeHyst. OTMeHa M iG] TOVOPIAEEQ0: CIEIDRNE IR0, JHEo-=
CHIDKEHVE JO3bl VMHTMOUTOPOB Ka/IbIVHEBPYHA — LIU- CTIYECKIe KPUTEPUN, MHIMOUTOPBI KalbLMHEeBPUHA,
poKo pacrnpocTpaHenHas uHTepBeHuys npu [1T-TMA, neduoOpoTI, SKynU3yMal.

OJIHAaKO OIyO/IMKOBaHbI TAK)Ke U JAHHbIE UCCTIEOBaHMI,
KOTOPBIE YKa3bIBAIOT Ha OTCYTCTBYE YIy4IleHNs 001eit
BBDKVMBAEMOCTY OT MaHUIYIAIMI C MMMYHOCYIIpec-
cyuBHOY Tepamueit. [lo-BUAMMOMY, paslInM4Hble CTpaTe-
TUM 3aMeHbl VHTMOMTOPOB KaJlbLIMHEBPMHA APYIUMMU
UMMMYHOCYIIPECCUBHBIMM IIperapaTaMi MOTYT BJIMAThb
Ha BBDKMBAeMOCTb y nanyeHTos ¢ TA-TMA.
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