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1. ABSTRACT

Drug-induced thrombotic microangiopathy (DITMA) is a rare
and potentially life-threatening condition that is characterized
by microangiopathic hemolytic anemia, thrombocytopenia, and
microvascular thrombi leading to variable degrees of
dysfunction in organs, especially acute renal failure. DITMA
represents a heterogeneous group of disorders, which can be
caused by several medications through immune-mediated or
dose-dependent toxic mechanisms that lead to endothelial
injury and thrombus formation. In recent times, there has been
an increase in the types of drugs involved, including targeted
anti-cancer medications, immune checkpoint inhibitors, VEGF
inhibitors, proteasome inhibitors, calcineurin inhibitors, and
CAR-T cell therapy. Diagnosis of this condition is quite
difficult due to overlapping clinical features with thrombotic

microangiopathies such as thrombotic thrombocytopenic

purpura and atypical hemolytic uremic syndrome. Management involves stopping the

causative agent immediately, as well as supportive care and management of the organ-related

complications. Recent studies have shown that complement activation plays a role in the

development of certain types of DITMA, thus justifying the use of complement pathway

inhibition therapy with eculizumab and ravulizumab in certain patients. This narrative review

comprehensively summarizes the history, epidemiology, pathophysiology, etiologic agents,

symptoms, diagnostics,
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complications, and current treatment methods of DITMA.
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Additionally, recent advances in the field of complement biology, biomarker discovery,
precision medicine, and new treatments for DITMA have been addressed to help clinicians

gain a better understanding of this complicated disease.

2. INTRODUCTION

Drug-induced thrombotic microangiopathy (DITMA) is a rare but potentially life-threatening
disorder characterized by microvascular endothelial injury, which causes thrombocytopenia,
microangiopathic hemolytic anemia, and variable degrees of organ dysfunction, most
commonly involving the kidney and central nervous system.!*? With the increasing use of
antineoplastic agents, immunotherapies, targeted therapies, and immunosuppressive drugs,
DITMA has emerged as an increasingly recognized cause of secondary thrombotic
microangiopathy (TMA).® Though a rare event, delayed diagnosis and continued exposure
to the inciting drug can lead to irreversible renal injury, multi-organ failure, and increased

mortality. This highlights the need for early detection and management.?

DITMA represents a heterogeneous group of disorders with different pathogenic origins.™
They can be classified into two main categories: immune-mediated DITMA, whose origin is
due to antibodies produced as a result of use of the drug, and results in damage to the vessel
linings immediately after the use of the drug, and dose-dependent or toxicity-mediated
DITMA, whose origin is chronic use of the drug and results in damage to the vessel
linings.™*! Gemcitabine, quinine, calcineurin inhibitors, VEGF inhibitors, proteasome
inhibitors, CAR-T therapy, and immune checkpoint inhibitors are some of the common drugs
that cause DITMA.2® Advances in molecular research have demonstrated that complement

activation plays a role in this condition.™

DITMA can present with a broad spectrum of clinical manifestations, from kidney-only
problems to severe disease affecting several organs, including the kidneys, brain, and blood
pressure.’! Its symptoms are similar to thrombotic thrombocytopenic purpura, atypical
hemolytic uremic syndrome, Shiga toxin-associated hemolytic uremic syndrome, and other
secondary TMAs. This overlap complicates diagnosis, and clinicians should evaluate the
patient’s history, lab tests, ADAMTSI3 activity, complement studies, sometimes a kidney
biopsy, and carefully reconcile medications.™®!

Recent advances in understanding complement dysregulation have changed the way DITMA

is managed. The main treatments are still to stop the causative drug quickly and provide
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supportive care. Complement inhibitors such as eculizumab and ravulizumab have improved
outcomes for some patients with complement-mediated diseases.!***% The emergence of new
biomarkers, diagnostic modalities, and increased awareness of drug-induced TMASs have also
played a role in improving early diagnosis and personalized therapy.?®?®! This narrative
review will examine the epidemiology, pathophysiology, clinical presentation, diagnostic
approach, renal involvement, current treatments, and emerging treatment modalities in drug-
induced TMAs.+2°]

3. KEYWORDS
Drug-induced thrombotic microangiopathy, Thrombotic microangiopathy, Endothelial injury,
Complement activation, Acute kidney injury, Immune checkpoint inhibitors.

4. HISTORICAL PERSPECTIVE AND NOMENCLATURE

The concept of TMA as a distinct entity has evolved considerably since it was first described
clinically in the early twentieth century. In 1924, Eli Moschcowitz described a life-
threatening condition in a young woman that involved the presence of hyaline thrombi in the
arterioles and capillaries, now known as thrombotic thrombocytopenic purpura (TTP).[
Further research has established TMA as a pathological condition rather than a disease by
itself; it is associated with endothelial injury, platelet-rich thrombus formation in
microvasculature, microangiopathic hemolytic anemia, thrombocytopenia, and various stages
of organ dysfunction. In the subsequent years, significant advances in hematology,
nephrology, and pathology, several forms of TMA, namely TTP, ST-HUS, aHUS,
transplantation-associated TMA, and secondary TMA.I®

DITMA was recognized as a clinical entity based on accumulating evidence that specific
drugs were capable of causing TMA, independent of any underlying hereditary or primary
complement deficiency.>”! Quinine, mitomycin C, cyclosporine, and tacrolimus were the
common drugs mentioned in the early cases; however, further investigations expanded the list
to include chemotherapy, vascular endothelial growth factor (VEGF) inhibitors, proteasome
inhibitors, interferon, immune checkpoint inhibitors, and CAR-T therapies.*¥ These
findings established how drugs can be considered an important and even reversible cause of
secondary TMA.29

In the past, DITMA was categorized into its two major types of pathological processes: the

first being mediated through immunity, wherein immediate damage occurs to the endothelium
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via drug-induced antibodies after the ingestion of the offending substance.™™ In contrast, the
second type involves dose-related or toxicity-mediated reactions, wherein there is progressive
damage to the endothelium after long-term use of the offending agent. Current evidence has
considerably expanded the understanding of DITMA.34 Available studies indicate that, in
addition to the established pathogenic mechanisms, complement activation, endothelial
injury, genetic susceptibility, and inflammatory pathways play important roles in the onset
and progression of the disease. Consequently, DITMA is now recognized as a heterogeneous
condition comprised of multiple pathogenic pathways.!

5. EPIDEMIOLOGY AND GLOBAL BURDEN

Drug-induced thrombotic microangiopathy (DITMA) is a rare yet increasingly recognized
cause of secondary thrombotic microangiopathy, mainly due to the increasing utilization of
chemotherapy drugs, immunosuppressive drugs, target-specific drugs, and immune
checkpoint inhibitors."*! While the true incidence of DITMA across the globe is unknown
due to inadequate reporting, diagnostic challenges, and limited data available through case
studies and systematic reviews, DITMA constitutes about 10-13% of all thrombotic
microangiopathy cases that have been registered in large registries. This is mostly due to the

misdiagnosis of cases as TTP, aHUS, and acute kidney injuries of other origins.['%2

DITMA’s epidemiological trends have changed in the last twenty years due to the use of new
drugs for the treatment of cancer and immune disorders.*! Quinine, mitomycin C, and
calcineurin inhibitors were the predominant causative agents of DITMA in the past.!*"!
Currently, gemcitabine, inhibitors of VEGF, inhibitors of proteasomes, immune checkpoint

inhibitors, and CAR-T treatments have become the main causes. [t

Most cases of DITMA occur among adults undergoing chemotherapy for cancer,
immunomodulation for autoimmunity, transplant procedures, or chronic inflammation.!***4!
The most common form of damage is kidney involvement, which results in serious outcomes,
including acute kidney injury, chronic kidney disease, and even dialysis.**! Death is
dependent upon the medication used and when the problem is detected and stopped, although
there is a particularly bad outlook for those with chemically-induced disease.****! In light of
the rising trend in the usage of potentially dangerous drugs, there is a need to be more aware

of the risk and early diagnosis of the condition.”*%
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6. PATHOPHYSIOLOGY

Drug-induced thrombotic microangiopathy (DITMA) is a heterogeneous condition defined by
endothelial cell damage, platelet-rich thrombus formation in the microvasculature,
mechanical destruction of red blood cells, and organ ischemia.l*! In contrast to primary
thrombotic microangiopathies, the pathophysiology of DITMA involves multiple distinct
mechanisms, which depend on the specific drugs responsible for their development. There are
four major mechanisms currently recognized: endothelial toxicity, immune-mediated damage,
complement system activation, and altered regulation of coagulation and vascular physiology
(figure; 1).1234

DRUG EXPOSURE

Causative drugs
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Figure 1: Pathophysiological mechanisms of drug-induced thrombotic microangiopathy.

6.1 Direct endothelial toxicity

The direct toxicity to the endothelium is the most prevalent cause of DITMA, which is mostly
related to dose-dependent exposure to anti-cancer or immunosuppressive medications.! The
cytotoxic agents, such as gemcitabine, mitomycin C, calcineurin inhibitors, and proteasome
inhibitors, are known for producing gradual damage to endothelial cells by inducing
oxidative stress, mitochondrial dysfunction, and apoptosis of vascular endothelium
cells.>#22%] The damage to the endothelial layer causes loss of its antithrombotic property,
revealing subendothelial collagen and tissue factor and leading to platelet adhesion,

activation, and aggregation in microcirculation.”) Narrowing of arterioles and capillaries
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leads to erythrocyte destruction and thrombocytopenia, causing ischemic injury primarily to

the kidneys because of their dense microvascular network.™%

6.2 Immune-mediated drug-induced thrombotic microangiopathy

Immune-mediated DITMA is an idiosyncratic condition characterized by drug-dependent
antibody-mediated attack on platelets, endothelial cells, or circulating plasma proteins after
administration of a certain drug.[>**! As compared to the toxicity-mediated disease, immune-
mediated DITMA can take place suddenly even at low exposure or upon re-exposure to the
drug.l®! Classic examples of causative agents are quinine, while ticlopidine and other newly
developed drugs have been reported. Antibody-dependent binding stimulates endothelial cells
and platelets, causing microvascular thrombosis and hemolysis. Symptoms appear within a
few hours to days after taking the drug and disappear soon after withdrawal of the drug.>1%24
6.3 Complement activation and microvascular injury

Several recent studies have established complement activation as an important mediator in
the pathophysiology of several cases of DITMA. Activation of the alternative complement
pathway caused by vascular injury from drugs leads to overproduction of C3a, C5a, and
membrane attack complex (C5b-9). This results in amplification of the inflammation of
endothelial cells, increased vascular permeability, and recruitment of leukocytes and platelets,
leading to thrombosis of microvessels.”! A dysregulated complement system seems to be an
important factor in patients under treatment with immune checkpoint inhibitors, VEGF
inhibitors, and some chemotherapeutic drugs, explaining why some patients suffer from the
development of severe and persistent symptoms even when the drug is discontinued.
Recognition of complement-related damage has made it possible to treat certain cases of

DITMA with complement inhibitors like eculizumab and ravulizumab.!*#>16171

6.4 Drug-specific mechanisms and organ susceptibility

Various drug classes cause TMA via diverse, but often converging, pathways.! VEGF
blockers cause endothelial cell death through interference with the vascular endothelial
growth factor signalling pathway, resulting in glomerular endothelial cell dysfunction and
TMA of the kidney only.*? Proteasome inhibitors increase oxidative stress and apoptosis of
endothelial cells, whereas calcineurin inhibitors induce vasoconstriction, dysfunction of the
endothelium, and enhanced platelet aggregation.”??®) Immune checkpoint blockers may
cause complement-dependent endothelial cell damage due to immune dysregulation, and

CAR-T cells cause cytokine-mediated endothelial cell activation and complement
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amplification.'®®2 while any organ is vulnerable, kidneys are more predisposed to
developing TMA because of the large extent of microcirculation and large endothelial surface
area in the kidneys.””! Endothelial cell injury will eventually result in ischemia, fibrosis, and

permanent loss of renal function in the absence of timely intervention.?”

7. DRUG CLASSIFICATION AND CAUSATIVE AGENTS

DITMA can be generally categorized into immune-mediated and toxicity-mediated forms
based on the mechanism of its pathogenesis.*! Immune-mediated DITMA develops in
response to the production of drug-dependent antibodies against platelets, neutrophils,
endothelial cells, or other blood elements when exposed to the causative drug, causing
sudden endothelial injury and DITMA.[2% The development of immune-mediated DITMA
usually happens within a few hours of re-administration of the causative drug and can be
reversed rapidly after withdrawal. Quinine continues to be the most established cause of
immune-mediated DITMA; however, some other drugs like oxaliplatin and vancomycin have
been identified.™*!

On the contrary, toxicity-mediated DITMA develops due to progressive endothelial injury
caused by continuous administration of the offending drug. It is frequently reported with
antineoplastic drugs, immunosuppressive drugs, and targeted therapies.™! Endothelial injury
causes platelet activation, dysregulation of the complement system, microvascular thrombi
formation, and ultimately organ dysfunction with renal involvement. Recent literature has
also identified complement activation as a contributory factor in certain cases of toxicity-
mediated DITMA, and hence complement-based therapy could be considered in cases of
DITMA refractory to treatment.!*41%!

The advent of specific anticancer drugs, immune checkpoint inhibitors, CAR-T cell therapy,
and other biologic drugs is continuously changing the spectrum of DITMA.2171821 The
early identification of potentially harmful drugs and the cessation of the causative agent are
the most efficient methods for preventing irreversible organ damage in patients.!**"!

The major categories of DITMA, commonly implicated drugs, associated mechanisms,

clinical features, and key management approaches are summarized in Table 1.
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Table 1: Classification of drug-induced thrombotic microangiopathy.

Category Common drugs | Mechanism Typical Clinical Key Management
Features
Drug-dependent | Sudden onset \',’v?{}']‘gf;j\}jlfjgﬂg ortive
Immune- Quinine, antibodies MAHA, ) » Supp
: . ! . care; selected cases
mediated Oxaliplatin, causing acute thrombocytopenia, mav benefit from
DITMA Vancomycin endothelial AKI after drug y
iniur exDOSUre plasma exchange or
Jury P complement inhibition
- Direct Progressive renal Drug discontinuation,
Toxicity- S . . .
. Gemcitabine, cumulative dysfunction, supportive care,
mediated : . . . . X .
Mitomycin C endothelial hypertension, consider eculizumab in
DITMA .
injury MAHA refractory cases
_CaI_C|_neur|n . !Er]dothellal AKI, hypertension, | Dose reduction or
inhibitors- | Tacrolimus, injury and ) ) .

X ) post-transplant withdrawal; alternative
associated | Cyclosporine complement TMA i MMUNOSUDDIEsSion
DITMA activation PP
VEGE VEGEF inhibitors
S Bevacizumab, causing Proteinuria, Discontinue VEGF
inhibitors- . . R

X Aflibercept, glomerular hypertension, inhibitor; blood
associated o - S

Ranibizumab endothelial renal-limited TMA | pressure control

DITMA .

injury
Proteasome Endothelial Drug withdrawal,
inhibitors- | Bortezomib, injury and AKI, MAHA, supportive care;
associated | Carfilzomib complement thrombocytopenia | consider complement
DITMA activation inhibition

Immune-
ICI- Nivolumab, med|ated_ AKI with systemic Stop |mmun_otherapy;

: . endothelial 2 corticosteroids; selected
associated | Pembrolizumab, niury with or renal-limited atients mav receive
DITMA | Ipilimumab Jury TMA patients may

complement eculizumab.
activation
Cytokine-
CAR-T cell mediated Multioraan Supportive care; treat
therapy- CAR-T cell endothelial q g cytokine release

X ) s ysfunction, AKI, ) .
associated | therapies injury and thrombocytopenia syndrome; consider
TMA complement P complement inhibition

activation

8. CLINICAL FEATURES AND PRESENTATION
The clinical picture of drug-induced thrombotic microangiopathy (DITMA) is highly variable

and depends on the etiological drug, the underlying disease, and the degree of damage to

microvascular endothelium.™®) The presence of the classical triad of microangiopathic

hemolytic anemia (MAHA), thrombocytopenia, and organ dysfunction is usually noted in

DITMA,; however, there is considerable heterogeneity in the severity and character of

involvement of various organs.[5'7] The onset may be rapid in immune-mediated DITMA,
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occurring within hours to days of taking the drug, or insidious in toxicity-mediated DITMA
[2,10]

associated with prolonged use of the etiological drug.
Renal function impairment is the most frequent organ manifestation, with patients presenting
with acute renal failure, decreased urine output, proteinuria, hematuria, and newly developed
or deteriorated hypertension.’*] The development of dialysis-dependent renal impairment
may result from extensive renal injury if timely diagnosis and treatment are not done.
Central nervous system involvement characterized by headaches, confusion, seizures, visual
changes, and impaired consciousness can occur because of cerebral microvascular ischemia;
however, its presence is usually less pronounced than in thrombotic thrombocytopenic
purpura (TTP).’) Symptoms involving the gastrointestinal tract (abdominal pain, nausea,

vomiting, and diarrhoea) and constitution (fatigue and malaise) may also be present.!*

The laboratory results commonly show schistocytes on peripheral blood smear, high levels of
lactate  dehydrogenase (LDH), low haptoglobin, indirect hyperbilirubinemia,
thrombocytopenia, and different levels of renal dysfunction indicated by increased serum
creatinine.!! Based on the underlying pathophysiology, the complement system activation
tests are high in some cases.!! Severe deficiencies of ADAMTS13 are not present in the vast
majority of DITMA cases, thus allowing one to distinguish between DITMA and TTP of an
autoimmune origin.®*#%! The detailed drug history should be taken into account,
especially in the case of treatment with chemotherapy drugs, calcineurin inhibitors, VEGF

inhibitors, proteasome inhibitors, immune checkpoint inhibitors, or quinine.™***!

9. DIAGNOSIS

9.1 Diagnostic principle

The diagnosis of drug-induced thrombotic microangiopathy (DITMA) is made with a high
index of suspicion due to the clinical presentation being similar to other types of thrombotic
microangiopathies such as TTP, Shiga toxin-associated hemolytic uremic syndrome (ST-
HUS), atypical hemolytic uremic syndrome (aHUS), transplant-associated TMA, and
secondary TMAs secondary to autoimmune disorders, infections, and malignancies.>® The
diagnosis is made by the presence of microangiopathic hemolytic anemia (MAHA),
thrombocytopenia, and organ damage, and a temporal relationship should be established with
exposure to the offending agent. A thorough history of medication use is critical in making

the diagnosis.[*2361
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9.2 Diagnostic workup

The initial laboratory workup consists of complete blood count, peripheral smear with
evaluation for schistocytes, serum lactate dehydrogenase (LDH), haptoglobin, indirect
bilirubin, reticulocyte count, serum creatinine, urinalysis, coagulation panel, and direct
antiglobulin (Coombs) test.®>®! Measurement of ADAMTS13 activity is required in all
patients to exclude immune-mediated TTP, whereas testing of stools for Shiga toxin is
recommended when there is diarrhea.>® Studies for complement factors such as C3, C4, and
soluble C5b-9 as well as genetic analysis in selected patients may help diagnose complement-

mediated disorders, especially if there is persistent TMA after drug cessation.!**®!

Renal biopsy is useful in cases with predominant renal involvement or for diagnostic
uncertainty and shows endothelial swelling, mesangiolysis, fibrin thrombi, double contour of
the glomerular basement membranes, and arteriolar intimal edema. Other histopathological
findings can be used in differentiation between DITMA and other causes of acute renal injury
and chronic glomerulopathy.?2?®! The clinical examination should consider the involvement
of the nervous system, cardiovascular problems, and the extent of renal failure to select an
appropriate therapy.[**2?% A contemporary diagnostic approach considers the combination of
clinical picture, laboratory findings, pathological evaluation, and causality analysis of the
suspicious drug.>*?

10. Complications and Prognosis

Drug-induced thrombotic microangiopathy (DITMA) leads to considerable morbidity and
mortality in patients who have delayed diagnosis or removal of the causal drug.>™ The
kidneys are the organ that is often involved, where microvascular thrombosis can lead to
AKIl, CKD, hypertension, and, in worst cases end-stage renal disease that requires chronic
dialysis.®™ Toxicity-induced DITMA by gemcitabine, calcineurin inhibitors, and vascular
endothelial growth factor (VEGF) inhibitors leads to renal impairment due to continuous
damage to the endothelium of the renal microvasculature.*%2%%!

The extra-renal complications of DITMA include the development of neurologic events like
seizures, alteration in mental state, encephalopathy, and stroke due to microvascular ischemia
of the brain.® Cardiovascular complications arise due to microvascular thrombotic
obstruction and include myocardial ischemia, heart failure, and severe hypertension due to
widespread endothelial dysfunction.>') Additionally, persistent thrombocytopenia, anemia

due to transfusions, multiple organ dysfunction, and infection due to prolonged

www.wipr.net | Vol 15, Issue 15,2026. | 1SO 9001: 2015 Certified Journal | 2269



Shibin et al. World Journal of Pharmaceutical Research

hospitalization and immunosuppressive drugs can complicate the course of DITMA in
patients.’®) In patients with oncologic conditions, cessation of the necessary chemotherapy

due to DITMA can adversely affect outcomes and prognosis.®***"]

The prognosis of DITMA depends on the underlying cause of DITMA, the degree of organ
involvement, the underlying condition, and early detection of DITMA.*! The prognosis of
immune-mediated DITMA is good when the offending drug is promptly withdrawn from the
treatment regimen, while toxicity-mediated DITMA tends to be a slowly progressing
condition with incomplete recovery of renal function.™?*2¥ Recent findings indicate that the
activation of complement is a significant factor in the pathogenesis of severe cases of
DITMA, while there have been patients who have shown improvement of renal and blood
function after the administration of complement inhibitors like eculizumab or
ravulizumab.™*%® However, late detection continues to result in irreversible damage to the

kidney and increased mortality rates.?*]

11. MANAGEMENT

11.1 Immediate drug withdrawal and supportive care

Management is primarily based on early recognition and prompt discontinuation of the
offending drug. Drug withdrawal limits ongoing endothelial injury and improves the chances
for hematologic improvement.?” Re-administration of the drug must be prevented,
especially in immune-mediated DITMA cases, as re-exposure to the culprit drug can cause
quick relapse of the condition.”**Y Detailed drug history, which includes prescribed
medications, over-the-counter drugs, herbal supplements, and recent use of cytotoxic or
biologic drugs, is an important step in evaluating the patient.!*®

Therapy aimed at supporting the patient should be personalized depending on the severity
and organs involved.>™! Hospitalization and continuous monitoring of hematologic profile,
renal function, electrolytes, blood pressure, and neurologic status are common steps in
treating DITMA patients.®®™] Transfusion of red blood cells can be required for the
treatment of anemia, but platelets should be used only in case of life-threatening hemorrhage
or invasive procedures, as they may theoretically exacerbate microthrombi formation.™®
Careful fluid management, correction of electrolyte imbalance, blood pressure reduction, and
prevention of the administration of nephrotoxic drugs are basic supportive actions. Renal

replacement therapy might be necessary in patients with severe acute kidney injury.!
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11.2 Plasma exchange and immunomodulatory therapy

In contrast to immune-mediated TTP, therapeutic plasma exchange (TPE) is rarely used in
DITMA. This procedure is highly effective in treating TTP since it eliminates anti-
ADAMTS13 antibodies and supplies normal ADAMTS13 enzyme; yet most patients with
DITMA develop the disease due to direct endothelial toxicity or complement-mediated injury,
rather than severe deficiency of ADAMTS13.[2%7 Thus, routine use of plasma exchange is
not advised once DITMA has been diagnosed. However, if TTP is suspected, plasma
exchange should not be delayed while waiting for ADAMTS13 results because late
administration significantly increases the mortality rate.>®

In the case of immune-mediated DITMA, especially quinine-associated disease or immune-
mediated reaction with drug-dependent antibodies, plasma exchange is sometimes combined
with corticosteroid therapy; however, available evidence remains limited regarding the
effectiveness of this approach.!*?Y While corticosteroids can be considered in some immune-
mediated cases, especially those where autoimmune mechanisms are suspected, they do not
play any role in toxicity-induced DITMA. Other immunosuppressants, such as rituximab, are

usually used only in refractory immune TTP but not in DITMA.2567]

11.3 Complement inhibition: Eculizumab and ravulizumab

It is becoming increasingly clear that complement activation plays an important role in the
development of various forms of DITMA, especially those related to chemotherapy, immune
checkpoint inhibitors, calcineurin inhibitors, and serious endothelial injuries.**®! These
findings have prompted a growing interest in complement inhibition at the level of C5 with
monoclonal antibodies.*® Eculizumab, an inhibitor of the formation of membrane attack
complex (C5b-9), reduces endothelial injury, platelet activation, and microthrombosis.! Case
series and observational studies have shown clinical benefit in terms of hemoglobin levels,
renal function, and independence from dialysis in patients with complement-dependent
DITMA who were resistant to conventional treatments.!**2*!

Ravulizumab, the prolonged-acting C5 inhibitor based on eculizumab, provides sustained
complement inhibition through a much less frequent dosing regimen and equivalent
therapeutic efficacy.™ Although there is limited evidence on ravulizumab application in
DITMA at the moment, the results of therapy in cases of atypical hemolytic uremic syndrome
(aHUS) predict analogous efficacy and convenience. Some recent systematic reviews prove

the potential usefulness of complement inhibition in selected severe or persistent DITMA
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cases, especially with proven or suspected complement involvement.* Before
administration of eculizumab or ravulizumab, it is necessary that the patient receives the
meningococcal vaccination and undergoes antibiotic prophylaxis since the suppression of
terminal components of complement greatly increases susceptibility to invasive infection due

to Neisseria meningitidis.!***!

In general, complement inhibitors are not recommended as the primary treatment for
[1,4,15]

DITMA, but are rather a useful treatment alternative for selected patients.
11.4 Drug-specific management

DITMA management should be tailored depending on the offending agent and the
pathological process involved.™ Management of gemcitabine-induced TMA involves
stopping the drug, aggressive supportive measures, control of blood pressure, and use of renal
replacement therapy where applicable.”® While plasma exchange has shown mixed results,
emerging data indicate that complement inhibition by eculizumab might improve
hematological recovery and renal outcomes in selected patients with severe or refractory
disease.[**?*]

Regarding TMA related to CNI use, commonly observed following solid organ or
hematopoietic stem cell transplant, management entails dose reduction and discontinuation of
the tacrolimus and/or cyclosporine drugs, with possible conversion to an alternate
immunosuppression therapy. Close monitoring of organ function and drug levels is critical in

preventing recurrence of TMA.12527]

For patients with TMA due to VEGF inhibitors, withdrawal of the offending VEGF agent,
careful control of blood pressure, and close monitoring of renal function and proteinuria is
recommended. The majority of these patients will have resolution with discontinuation of the
therapy, though renal damage persists in severe cases.!'

For proteasome inhibitor-associated TMA, early withdrawal of bortezomib or carfilzomib is
recommended, with supportive care being the mainstay of management, while complement
inhibition shows promising results in refractory cases as reported in individual cases.™*?*%!
Similarly, 1Cl-associated TMA mandates immediate cessation of therapy along with a high
corticosteroid dose for immune-related toxicity.l***"8] Complement inhibition has shown

promising results in some patients, and evidence is available in the form of case reports.[**®!
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CAR-T cell therapy-associated TMA is a relatively recently emerging clinical entity and is
defined by endothelial damage, systemic inflammation, and complement system
activation.”! The treatment includes mainly supportive care, cytokine release syndrome if
present, optimization of renal dysfunction, and consideration of complement inhibitors in
refractory disease.[*?! In case of quinine-induced immune DITMA, lifelong abstinence from
quinine-containing medications is imperative because the recurrence of disease after taking
quinine again can be life-threatening. Most of the cases recover with medication cessation
and supportive management, whereas complement inhibition has also been successfully

employed in some cases.!*!

11.5 Renal replacement therapy and long-term follow-up

Acute kidney injury is one of the most severe complications of DITMA and can lead to the
necessity of temporary hemodialysis or kidney replacement therapy in critically ill
patients.[*’® While some patients recover partially or completely from DITMA after
discontinuing the toxic agent, some other patients progress to chronic kidney disease or end-
stage kidney disease, which would need lifelong dialysis treatment.[62% Therefore, patients
must be followed up for signs of persistent or recurring disease by assessing their renal

function, blood pressure, urine analysis, complete blood count, and hemolysis.!24

11.6 Emerging therapeutic strategies

Further developments in knowledge about endothelial injury and complement dysregulation
have allowed for the design of new treatment strategies for DITMA.Y Among such drugs are
long-acting complement inhibitors like ravulizumab that allow for extended terminal
complement inhibition while reducing the number of treatments compared to eculizumab and
improving compliance in selected patients.*® Novel complement-targeted agents under
investigation act at various levels of the complement activation pathway and aim to prevent

irreparable damage to endothelium and infections.™"!

Emerging new biomarkers like soluble C5b-9, endothelial injury, and inflammation
biomarkers can contribute to earlier diagnosis and risk stratification and serve as guidance in
personalizing the therapy.™?? Discovered biomarkers in transplantation-related TMA cases
may be useful in the future for DITMA as well; however, further studies are needed.®?
Furthermore, DITMA occurring in children and transplant patients highlights the need for
collaboration of hematology, nephrology, oncology, transplant medicine, and clinical

pharmacy specialists for optimal management of patients.[®*14
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12. FUTURE DIRECTIONS

The future directions in the study of DITMA include the development of earlier diagnostic
strategies and targeted treatment of the disease as well as refinement of its classification.
Knowledge about complement activation has led to the emergence of novel therapies that can
inhibit complement activity, such as eculizumab and ravulizumab, as potential treatments for
DITMA; however, there is a need to conduct prospective clinical trials for the optimal use of
these drugs in DITMA."*5%] The discovery of novel biomarkers, including soluble C5b-9
and markers of endothelial dysfunction, may help in the earlier detection of DITMA and its
risk factors and monitoring of the treatment response.”® In addition, there is a need for
multicentre registries and international cooperation to clarify the incidence, spectrum, and
outcome of DITMA caused by novel antitumor agents, immune checkpoint inhibitors, and
CAR-T cell therapy.*"*#2!! The developments in pharmacogenomics, personalized medicine,
and pharmacovigilance using artificial intelligence will help identify high-risk patients and
implement treatment strategies.!*!

13. CONCLUSION

Drug-induced thrombotic microangiopathy (DITMA) represents a rare but potentially fatal
condition, characterized by endothelial dysfunction, microvascular thrombosis,
microangiopathic hemolytic anemia, thrombocytopenia, and organ dysfunction of varying
degree with particular renal involvement. The disease is heterogeneous and can involve
immune-related or dose-dependent toxicity. Increasing evidence suggests that complement
activation contributes to the pathogenesis of a subset of DITMA cases, although its clinical
significance varies according to the causative drug and underlying mechanism. Early
recognition, drug cessation, thorough diagnostic assessment, and appropriate therapy are
crucial to optimize clinical outcomes and prevent irreversible organ damage. Advances in
complement modulating therapies, advances in knowledge regarding endothelial biology, and
development of new biomarkers offer promising opportunities in terms of therapy and
diagnostics. However, evidence remains limited for many emerging drugs, and further
research in the form of prospective studies and international registries, along with
standardization of treatment approach, is needed. In view of the growing use of targeted
anticancer, immunomodulatory, and biological treatments, it is increasingly important that
DITMA be recognized by hematologists, nephrologists, oncologists, and clinical pharmacists

at the earliest to prevent severe complications and improve quality of life.
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14. ABBREVIATIONS

DITMA: Drug-Induced Thrombotic Microangiopathy
TMA: Thrombotic Microangiopathy

MAHA: Microangiopathic Hemolytic Anemia

TTP: Thrombotic Thrombocytopenic Purpura

aHUS: Atypical Hemolytic Uremic Syndrome
VEGF: Vascular Endothelial Growth Factor

CAR-T: Chimeric Antigen Receptor T-cell

ICI: Immune Checkpoint Inhibitor
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