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Abstract

Multiple Myeloma (MM) is a plasma cell disorder characterized by abnormal proliferation of 

plasma cells resulting in overproduction of paraprotein. Proteasome inhibitors (PI) have been a 

corner stone for the treatment of MM. Thrombotic Microangiopathy (TMA) is a recent 

hematological adverse event that has newly been recognized in multiple PI. TMA leads to end-

organ damage and infarction by microthromobi. TMA pathophysiology is not well understood and 

has multiple etiologies. We present a case of PI-induced TMA, along with literature review of 

cases diagnosed from 2008–2018. Unique to our case is the onset of presentation, more than 24 

months after initiating carfilzomib. Our case highlights the need for vigilant monitoring and the 

importance of clinical suspicion in patients at risk for TMA.
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1. Introduction

Multiple Myeloma (MM) is a plasma cell disorder characterized by abnormal proliferation 

of plasma cells resulting in overproduction of paraprotein. It represents about 10% of 

hematological malignancies with an incidence of 27,000 per year [1]. Treatment often 

includes chemotherapy and in patients with very good response to chemotherapy, further 

treatment with autologous hematopoietic stem cell transplant (HSCT) [2].

Proteasome inhibitors (PI) have been a corner stone for the treatment of MM [3,4,5] starting 

with bortezomib a reversible PI which was approved in 2003, then the introduction of 
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carfilzomib, an irreversible and selective PI, which was approved in 2012. Carfilzomib was 

initially approved for treatment of refractory MM, but due to higher rates of response and 

improved survival, it’s been increasingly used both as a first-line therapy and at relapse [6].

Well known side effects of PI include peripheral neuropathy, systemic and pulmonary 

hypertension, heart failure, anemia, fatigue, thrombocytopenia, nausea, pyrexia, dyspnea, 

diarrhea, headache, and cough [7]. Most grade 3 and 4 adverse effects (medically significant 

adverse events leading to hospitalization, morbidity or life threatening) are hematological 

and include thrombocytopenia (23.4%), anemia (22.4%), and lymphopenia (18.1%) [8].

However, a potentially fatal, underreported, and relatively recently discovered adverse effect 

is thrombotic microangiopathy (TMA) which involves endothelial cell injury and activation 

of the coagulation cascade, causing thrombocytopenia and microangiopathic hemolytic 

anemia (MAHA). This cascade of events leads to eventual widespread microvascular 

thrombosis and end-organ infarction. Interestingly while bortezomib has been present for 

nearly a decade before carfilzomib, and has broader indications for use, most of the reported 

bortezomib-induced TMA cases were collected after carfilzomib use, likely due to 

heightened awareness of this serious complication. Hobeika et al. reported the first case of 

carfilzomib-induced renal thrombotic microangiopathy on a renal biopsy in 2014 [9].

The reported cases of this phenomenon occurred very soon after initiation of treatment. 

Here, we report a case of delayed onset carfilzomib-induced TMA occurring after receiving 

continuous therapy for two years.

2. Case Presentation

A 65-year-old-female with IgG-kappa-MM, Revised Multiple Myeloma International 

Staging System (R-ISS) stage 2, diagnosed 8 years ago. She was initially treated with 

bortezomib and dexamethasone (Vd) with very good response then an autologous 

hematopoietic stem cell transplant. Post-transplant, she was treated with lenalidomide 

maintenance for 13 months but eventually had disease progression. Second line treatment 

with bortezomib, cyclophosphamide and dexamethasone (VCD) was initiated, completed 7 

months of treatment. Her disease eventually progressed, and she was switched to 

carfilzomib, dexamethasone and pomalidomide (KPd). The patient achieved complete 

remission after 8 cycles of KPd then continued maintenance therapy with carfilzomib 

monotherapy for one uear until relapse. She was retreated with (KPd), achieving very good 

partial response after 4 cycles. At patient request, her treatment was de-escalated to 

carfilzomib and dexamethasone (Kd) only. The MM remained under control, the patient 

received 2 cycles of Kd then presented with complaints of fatigue, lethargy, cough and 

diarrhea. Laboratory tests were remarkable for acute renal failure, thrombocytopenia, and 

electrolyte abnormalities. Creatinine was severely elevated at 11 mg/dL (baseline of 0.67 

mg/dL), uric acid 15 mg/dL, calcium 6.7 mg/dL, and phosphorus 5.6 mg/dL. Hemoglobin 

was at her baseline of 11.5 gm/dL, reticulocyte 1.78%, normal bilirubin, and peripheral 

blood smear was unremarkable without schistocytes. Coagulation parameter prothrombin 

and activated thromboplastin time were normal.
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She was suspected to have Tumor Lysis Syndrome (TLS) and assigned a Cairo-Bishop grade 

4, as creatinine rose more than 6 times the baseline, indicating severe TLS. The patient was 

hydrated vigorously and given a dose of rasburicase. Table 1 represents biochemical markers 

of TLS at baseline and for the first four days of her hospital stay.

On hospital day 2, hemoglobin trended down to 9.9 g/dL and haptoglobin was 46 mg/dL. 

She was eventually started on dialysis on hospital day 3 due to worsening renal failure. The 

hemoglobin continued to fall steadily to 7.5 g/dL, LDH peaked at 3644 U/L, haptoglobin 

decreased to 7mg/dL, White blood cells (WBC) 7’700 cell/mL, platelets 69’000×109 /L and 

peripheral blood smear revealed occasional schistocytes (3–4/HPF).

The development of anemia and thrombocytopenia with laboratory evidence of 

microangiopathic hemolysis raised the suspicion for carfilzomib induced-TMA. 

ADAMTS13 activity level was 48% which ruled out thrombotic thrombocytopenic purpura 

(TTP). Other causes of TMA such as disseminated intravascular coagulation, mechanical 

valve, and uncontrolled hypertension were ruled out. See Table 2 shows the initial and 

follow-up hemolysis parameters.

Hemodialysis and supportive care were continued though the patient’s hospital course was 

complicated by oropharyngeal and gastrointestinal bleeding which was managed with a 

proton pump inhibitor continuous drip. One week after hospitalization, the platelets and 

hemoglobin improved to near baseline and the patient was eventually discharged. She 

unfortunately remained dependent on hemodialysis.

3. Discussion

TMA encompasses a spectrum of three different conditions: hemolytic uremic syndrome, 

atypical hemolytic uremic syndrome (aHUS) and TTP; sharing the triad of MAHA, 

thrombocytopenia and renal failure, but with different causation and presentation. Known 

etiologies for TMA can be hereditary and acquired; hereditary etiologies include 

ADAMTS13 deficiency and mutations affecting the alternative complement pathway. 

Acquired causes of TMA include infections, drug induced, and MM, which has been 

implicated as a cause of TMA particularly in cases of uncontrolled MM at the time of initial 

diagnosis. HSCT has also been associated with MAHA and TMA, classified under a 

category called transplant-associated thrombotic microangiopathy (TA-TMA) [10,11,12,13].

Drug induced TMA (DITMA) has been reported with the use of different medications such 

as quinines, clopidogrel, calcineurin inhibitors, cyclosporin, vascular endothelial growth 

factor (VEGF) inhibitors, and chemotherapeutic agents such as gemcitabine, mitomycin and 

proteasome inhibitors like the subject in our case, PI [14,15,16]. There are several postulated 

mechanisms of PI induced TMA. One hypothesis is based on immune-mediated toxicity, as 

PIs could lead to high levels of proinflammatory cytokines (including IL-6 and TNF-a), and 

create a microvascular milieu allowing for the formation of drug-dependent antibodies [17].

Another mechanism is dose-mediated toxicity involving VEGF inhibition leading to 

microvascular injury, particularly to glomerular capillaries. Similar to the mechanism by 

which bevacizumab (anti-VEGF antibodies), pazopanib (VEGF 1–3 inhibitor) and sunitinib 
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(VEGF tyrosine kinase inhibitor) can lead to TMA-related kidney damage specifically via 

podocyte injury, causing proteinuria and hypertension [14,18,19].

Our literature review using PubMed with the keywords: carfilzomib, bortezomib, 

proteasome inhibitors, TMA, thrombotic, microangiopathy, HUS, AHUS and TTP revealed 

reports 19 cases of DITMA attributed to PI use between 2008–2018 (Table 3). In 2016, Yui 

et al [20] reviewed an additional 11 cases at six major institutions in US and Europe which 

were not included because the individual presentation and outcome for each case was not 

specified. Ixazomib, the most recent PI has also been linked to DITMA, and 3 reported cases 

are included in Table 3.

Similar to our patient, greater than 90% of the patients reviewed had acute kidney injury and 

more than half of the cases reported complaints of fatigue and lethargy likely due to the 

second most common presenting symptoms of diarrhea and vomiting. Onset of DITMA after 

PI exposure varied widely in the described cases ranging from hours up to 17 months, with a 

median of 46 days. Our case is somewhat unique due to the very late onset of presentation of 

TMA after receiving carfilzomib for 23 months. To the best of our knowledge, presentation 

this far out from initiation of treatment has not been reported.

Most of the reported cases of PI induced TMA were managed with plasma exchange, 

transfusion, and dialysis. Twelve of 19 cases achieved full recovery with various therapeutic 

measures; hemodialysis, plasmapheresis, discontinuing the PI, and supportive transfusion. 

Two patients achieved full recovery with combined measures: one received plasmapheresis, 

hemodialysis and eculizumab, and the other achieved full recovery with plasmapheresis and 

rituximab. With the unpredictable responses to various therapeutic interventions, we are 

unable to draw any conclusions regarding treatment efficacy and further understanding of 

the pathophysiology of DITMA should be investigated.

Resolution of the DITMA after hemodialysis might support the dose-dependent toxicity of 

the PI driving the DITMA, while its resolution after plasmapheresis, eculizumab and 

rituximab support the theory of an immune mediated mechanism driving DITMA.

Eculizumab is a monoclonal antibody against complement protein C5 that inhibits the 

formation of C5a, a proinflammatory cytokine. Complement targeted therapy with 

eculizumab is a well-established treatment for aHUS. Two prospective studies published in 

2013 concluded that eculizumab is associated with significant time-dependent improvement 

in renal function in patients with atypical HUS [34]. In our review, eculizumab was given 

resulting in positive outcomes in two reported cases of DITMA [28] which may have 

contributed to a shortened hospital-stay and faster recovery of cytopenias within 3–5 weeks. 

However, its use remains off-label and there remains no standard of care for PI-induced 

TMA. The mechanism of eculizumab might provide us with better understanding of the 

immunological response in drug-induced TMA, but this remains an area for further study.

Carfilzomib is rapidly becoming a corner-stone treatment in MM. Despite its widespread 

use, the precise incidence of carfilzomib-induced TMA remains unknown. Although TMA 

was not reported with the initial trials [35], it is now a recognized adverse effect of 

carfilzomib. Reporting adverse effects in case series helps expand our knowledge of the risks 
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and benefits of treatments. Quick recognition of these symptoms and laboratory results in 

respect to their temporal relationship to the initiation of PI can also save patients from 

potential fatal side effects, which could be reversible.

Finally, our case highlights the need for vigilant monitoring and the importance of clinical 

acumen and history taking in patients at risk for TMA, even after extended exposures to 

known causative drugs.
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Table 1.

Biochemical markers of TLS during admission

Day Creatinine mg/dL Phosphorus mg/dL Potassium mEq/L Calcium mg/dL Uric acid mg/dL

Baseline 0.67 3.3 - - -

Day 1 11.2 5.6 5.3 6.7 15

Day 2 13.4 5.3 5.4 6.4 14

Day 3 8.17 4.6 3.9 6.3 0.02

Day 4 7.47 3.2 4.3 7.1 0.02
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Table 2.

Hemolysis parameters during admission

Day Hemoglobin g/dL Platelets × 109/L LDH U/L Haptoglobin mg/dL

Baseline 11.6 141 250 -

Day 1 11.5 42 2460 -

Day 2 9.9 46 2500 46

Day 3 7.5 69 3644 24

Day 4 6.8 75 2300 7
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