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Carfilzomib-Induced Thrombotic Microangiopathy: Focus
on Pathogenesis
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Abstract

Drug-induced thrombotic microangiopathies present in similar fashion
but have varied pathogenic mechanisms. Carfilzomib is an irreversible
proteasome inhibitor. Since its initial approval as a single agent for the
treatment of relapsed or refractory multiple myeloma in 2012, there
have been increasing reports of carfilzomib-induced thrombotic micro-
angiopathy. However, the mechanism of this disease process is not fully
understood. Without treatment, there is a high likelihood of end-organ
damage, especially in the kidneys, and death. In recent reports, the life-
saving role of eculizumab, a terminal complement inhibitor, in manag-
ing and further preventing end-stage renal disease has been described.
In this article, we present a case of carfilzomib-induced thrombotic
microangiopathy in a patient with multiple myeloma and discuss the
pathogenesis of thrombotic microangiopathy in this setting.

Keywords: Carfilzomib; Thrombotic microangiopathy; Therapeutic
plasma exchange; Eculizumab; Atypical hemolytic uremia syndrome

Introduction

Thrombotic microangiopathy (TMA) is a term used to describe
a heterogenous group of disorders with the common theme of
microangiopathic hemolytic anemia, non-immune thrombocy-
topenia, and end-organ damage. Drug-induced TMA is a rare
cause of this disease process. The diagnosis requires ruling out
other causes of TMA such as Shiga toxin-producing Escheri-
chia coli-associated hemolytic uremic syndrome (STEC-HUS),
atypical hemolytic uremic syndrome (aHUS), underlying con-
ditions, and thrombotic thrombocytopenic purpura (TTP) with
ADAMTS13 (a disintegrin and metalloproteinase with a throm-
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bospondin type 1 motif, member 13) activity > 10% [1].

STEC-HUS and TTP are often considered primary causes
of TMA, while aHUS and TMA associated with an underly-
ing disease can be considered secondary causes. In this clas-
sification scheme, the term aHUS is reserved for TMA due to
uncontrolled activation of the alternative complement pathway
[2] and is usually associated with a genetic defect in comple-
ment regulatory proteins [3, 4]. Pathogenic variants of com-
plement regulatory genes for complement factor H (CFH),
complement factor I (CFI), membrane cofactor protein (MCP),
and C3 have been described in aHUS [2-6]. Other secondary
causes of TMA can result from a variety of conditions such
as infection, cancer, hematopoietic stem cell transplantation,
pregnancy, and medication exposure. However, it has been
suggested that complement dysregulation may play a critical
role in the acute stages of many secondary TMAs, not solely
in aHUS [6].

Carfilzomib is a second-generation proteasome inhibitor
approved by the US Food and Drug Administration (FDA) in
2012 as a single agent for the treatment of patients with re-
lapsed or refractory multiple myeloma who have received one
or more lines of therapy [7]. Since that time, increasing reports
of TMA secondary to carfilzomib have been published [8-27].
The most important step in the management of carfilzomib-
induced TMA is stopping the drug. More recently, therapeutic
success has been reported with the terminal complement in-
hibitor, eculizumab [8-14]. Additionally, plasmapheresis can
be used as a temporizing measure until TTP is ruled out or
when eculizumab is not available.

We present a case of TMA secondary to carfilzomib, de-
scribe the pathogenesis of TMA in this setting, and discuss
possible links between the mechanism of proteasome inhibi-
tors and complement dysregulation.

Case Report

Investigations

A 62-year-old African American woman with a long-standing
history of essential hypertension was diagnosed with IgA kap-
pa multiple myeloma. The diagnosis was made after she pre-
sented with a history of left hip pain that did not improve with
conservative management. After a computed tomography (CT)
scan of the hip showed lytic lesions, a bone marrow biopsy
confirmed the diagnosis. At that time, she had no evidence of
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Table 1. Laboratory Values on Presentation

Analyte Value Reference range
White blood cells 11,000/uL 4,400 - 10,700/uL
Hemoglobin 11.6 g/dL 12.0 - 15.5 g/dL
Mean corpuscular volume 92 fLL 81-97fL
Platelet count 2,000/uL 150,000 - 400,000/uL
Blood urea nitrogen 29 mg/dL 7 - 26 mg/dL
Serum creatinine 1.3 mg/dL 0.50 - 1.3 mg/dL
Total bilirubin 4.2 mg/dL 0.2 - 1.0 mg/dL
Direct bilirubin 0.4 mg/dL 0.0 - 0.5 mg/dL
Albumin 3.0 g/dL 3.4-5.0g/dL
Prothrombin time 10.9 s 12.1-14.8 s
International normalized ratio 1.1

Haptoglobin <8 mg/dL 30 - 200 mg/dL
Direct antibody test Negative

Lactate dehydrogenase 1,757 U/L 125 -243 U/L
Fibrinogen 368 mg/dL 200 - 400 mg/dL
D-dimer 5.63 mg/L 0.17 - 0.5 mg/L

kidney disease, and her blood pressure was controlled with
amlodipine, losartan, and metoprolol succinate.

Therapy for multiple myeloma was initiated with carfil-
zomib, lenalidomide, and dexamethasone. The patient received
two doses of each medication during the first cycle of this regi-
men. On day 6, she presented to a local hospital emergency
department with dyspnea on exertion, tachycardia (102/min),
and an elevated blood pressure (152/101 mm Hg). She was
afebrile and all other vital signs were within normal limits. She
was oriented to person, place, and time and had no evidence
of bleeding or peripheral edema. She also did not endorse ab-
dominal pain or any recent episodes of vomiting, nausea, or
diarrhea, nor did she endorse exposure to sick contacts.

Diagnosis

A chest CT ruled out a pulmonary embolism. Of note, her ad-
mission laboratory tests demonstrated evidence of a probable
microangiopathic hemolytic anemia with platelets of 2 x 103/
pL, hemoglobin of 11.6 g/dL, haptoglobin of < 8 mg/dL, total
bilirubin of 4.2 mg/dL, lactate dehydrogenase (LDH) of 1,757
U/L, and the presence of schistocytes on the peripheral blood
smear. Furthermore, her urine was amber colored, and the uri-
nalysis was positive for blood (3+) and protein (3+). Her creati-
nine was 1.3 mg/dL at that time. A direct antiglobulin test (DAT)
was negative, and the fibrinogen was within normal limits.
However, her D-dimer was elevated at 5.63 mg/L (Table 1).

Treatment

At this point, carfilzomib-induced TMA was suspected, and
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therapy with this agent was discontinued. However, as TTP
was also a consideration, ADAMTS13 activity was assessed.
The patient was admitted to the hospital, and therapeutic
plasma exchange (TPE) was initiated (1.0 plasma volume
per day with frozen plasma replacement using the Spectra
Optia apheresis instrument: Terumo BCT, Lakewood, CO).
After a 3-day hospitalization, which included two TPE pro-
cedures, the patient experienced no improvement in either
her baseline clinical symptoms or her laboratory values.
Therefore, she was transferred to our institution for further
management.

The patient received two additional TPE procedures with
mild improvement in her hemolytic laboratory indices, but she
experienced a sustained rise in her creatinine (4.6 mg/dL) and
additional evidence of acute kidney injury (blood urea nitrogen
(BUN) of 68 mg/dL). On day 5, ADAMTSI13 activity resulted
at 91% (= 67%). Complement levels were reduced: C3 of 83
mg/dL (82 - 193), C4 of 9 mg/dL (15 - 57), and total comple-
ment, CH50, of 14 U/mL (> 41). TPE was discontinued. With
compelling evidence to support a diagnosis of aHUS, intrave-
nous eculizumab was started on day 7 at a dose of 900 mg. The
patient completed two cycles of eculizumab (weekly dosing)
but did not receive additional therapy since her liver enzymes
became elevated. However, her hemoglobin stabilized within
2 weeks. Of note, additional complement factor testing was
within the normal reference range, including factor H of 283
pg/mL (160 - 412), factor B of 33 mg/dL (20 - 51), and factor
I of 44.6 pg/mL (29.3 - 58.5). CD46 and factor H antibodies
were not assessed. On hospital day 8, the patient’s creatinine
plateaued. By day 14, she demonstrated marked improvement
in laboratory markers of hemolysis and her clinical symptoms
(Table 2, Figs. 1, 2). Throughout her admission, all infectious
disease tests were negative.
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Table 2. Hemolytic Indices During Hospital Admission

Two weeks after pres-

Analyte Before presentation At presentation Peak abnormal value et ()
Hemoglobin (g/dL) 11.1 11.6 5.3 (day 3) 7.3

Platelets (/uL) 251,000 2,000 2,000 307,000

Serum creatinine (mg/dL) 0.8 1.3 5.8 (day 8) 1.8

Lactate dehydrogenase (U/L) 163 1,757 1,757 433

Total bilirubin (mg/dL) 0.5 42 42 0.5

Follow-up and outcomes

After a 2-week hospitalization, the patient was discharged and
was followed as an outpatient with the hematology/oncology
clinic. After discharge, her hemolysis laboratory values and
renal function continued to improve. Four months after this
event, the patient underwent an autologous peripheral blood
stem cell transplant and has been in recovery since that time.

Discussion

Carfilzomib-induced TMA is an uncommon but serious side
effect in patients receiving carfilzomib for multiple myeloma.
In a phase II study of single-agent carfilzomib in relapsed and
refractory multiple myeloma, drug-associated TMA was not
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reported but drug-related anemia was reported in 46% of pa-
tients, thrombocytopenia was reported in 39% of patients, and
acute kidney injury (AKI) was reported in 1.5% of patients [7].
A phase III study comparing carfilzomib and dexamethasone
versus bortezomib and dexamethasone for relapsed multiple
myeloma patients, the ENDEAVOR trial, reported TMA in
two out of 463 patients [28]. The CARDAMON study, a phase
II trial of carfilzomib, cyclophosphamide, and dexamethasone
in untreated myeloma patients, reported TMA in eight out of
281 patients. ADAMTSI13 activity was checked in seven of
these eight patients, and all had normal activity [19]. Lastly,
Fotiou et al reported TMA in six out of 114 patients (5%) with
relapsed and refractory myeloma multiple myeloma who re-
ceived carfilzomib. Of these six patients, ADAMTS13 activity
was evaluated in two patients and was normal [17]. Therefore,
carfilzomib-induced TMA must be on the differential diagno-

Days

Figure 1. Patient timeline reflecting change in creatinine related to therapeutic interventions. TPE: therapeutic plasma exchange.
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Figure 2. Patient timeline reflecting change in platelets related to therapeutic interventions. TPE: therapeutic plasma exchange.

sis in a patient with multiple myeloma receiving carfilzomib
who presents with anemia, thrombocytopenia, and AKI. In
addition to the complete blood count (CBC) and comprehen-
sive metabolic panel (CMP), a peripheral blood smear should
be ordered to evaluate for schistocytes which would indicate
active microangiopathy. Other hemolysis laboratory tests like
haptoglobin and LDH should also be ordered. Finally, urinaly-
sis should be performed to check for proteinuria.

Recognition of TMA is critical since stopping carfilzomib
is the first step in management and can prevent further kid-
ney damage. However, this can be challenging because other
causes of TMA must be ruled out. Rarely, patients with multi-
ple myeloma can develop aHUS due to myeloma progression
[29], which should also be taken into consideration. Several
factors that support carfilzomib-induced aHUS in our patient
include a history of carfilzomib treatment, eventual improve-
ment with discontinuation of carfilzomib, lack of recurrence
of TMA in the absence of carfilzomib, and ruling out other
causes of TMA.

There is no consensus definition for TMA. Although sev-
eral authors have proposed diagnostic criteria for TMA, the
histologic findings of TMA on biopsy remains the gold stand-
ard [30]. The kidney is the most often involved organ. Howev-
er, renal biopsy is often not feasible due to the increased risk of
bleeding from thrombocytopenia [30]. In this report, our diag-
nosis of TMA was based on the laboratory findings of anemia,
thrombocytopenia, schistocytes on the peripheral blood smear,
elevated LDH, negative direct and indirect Coombs tests, hy-
pertension, and proteinuria. These findings would satisfy most
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criteria for TMA, including those recently proposed by Jodele
etal [31].

Carfilzomib-induced TMA has been reported as ecarly as
24 h and as late as 24 months after therapy [19]. In this re-
port, our patient presented on cycle 1, day 6. Carfilzomib was
immediately stopped and supportive care with plasmapheresis
was initiated while evaluation for the cause of the TMA was
undertaken. ADAMTS13 activity > 10% ruled out TTP. There
was a low clinical suspicion for primary HUS. Given the pa-
tient’s history, the diagnosis of carfilzomib-induced TMA was
made. Complement level test was performed but can be dif-
ficult to interpret because complement levels can be normal
in TMA [32]. Genetic test for pathogenic complement gene
variants and test for terminal complement activation (elevated
sC5b-9 complex) was not performed in this case.

Recently, eculizumab has been identified as a lifesaving
therapy for carfilzomib-induced TMA, especially in cases that
do not improve after carfilzomib withdrawal [11, 33]. Rassner
et al reported a case of two patients with carfilzomib-induced
TMA that only improved with eculizumab [13]. Likewise, Por-
tuguese et al noted that in two patients the early initiation of ecu-
lizumab reduced the progression of carfilzomib-induced TMA
[9]. Our patient’s TMA appeared to be refractory to carfilzomib
withdrawal and multiple apheresis procedures. There was no
improvement in creatinine though there was some increase in
the platelet count. However, the patient responded completely
to eculizumab. There was a marked improvement in her re-
nal function and platelet count, and her overall clinical picture
improved within 2 weeks of eculizumab administration. The
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success of eculizumab in treating carfilzomib-induced TMA
suggests a relationship between the mechanism of proteosome
inhibition and complement pathway dysregulation.

Proteasome inhibitors are drugs that target the ubiquitin-
proteasome pathway, which results in a blockage of cell cycle
progression and an antiproliferative activity against many tu-
mor types [34]. The transcription factor NF-«kB is a regulatory
protein whose mode of activation is controlled by the ubig-
uitin-proteasome pathway. In the resting cell state, NF-xB is
bound to unphosphorylated IkB, thereby blocking the nuclear
translocation of NF-kB. When triggered by proinflammatory
cytokines, inflammation, or stress, a signal cascade occurs
which activates a multisubunit IxkB kinase (IKK). Activated
IKK phosphorylates kB leading to its degradation through
ubiquitination. This releases free NF-«B which can then trans-
locate into the nucleus and stimulate the transcription of many
proteins including vascular endothelial growth factor (VEGF)
[34]. Proteasome inhibitors prevent the ubiquitination of IkB,
which prevents free release and activation of NF-kB and im-
pairs the transcription of VEGF. Thus, a downstream effect of
carfilzomib is inhibition of the VEGF pathway.

VEGF is most known for its critical role in angiogenesis,
but a link between VEGF and complement regulation has been
described. Keir et al demonstrated that VEGF inhibition de-
creases local CFH and other complement regulators in the eye
and kidney through reduced VEGFR2/PKC-0/CREB signaling
[35]. In that study, human retinal epithelial cells and renal po-
docytes with pathogenic complement regulatory gene variants
showed more complement deposits compared to controls. Ad-
ditionally, the deposits were increased by VEGF antagonism.
These results suggest that VEGF plays a role in protecting the
renal microvasculature from complement damage.

Moscvin et al present additional evidence that alterna-
tive complement pathway mutations may be a risk factor for
carfilzomib-induced TMA in multiple myeloma patients [36].
In their abstract, deletions of the CFHR3-CFHR5 region were
present in seven out of 10 cases of carfilzomib-induced TMA.
Two heterozygous and four homozygous complement path-
way gene deletions were reported. Although the sample size
is small, their results suggest that mutations in the alternative
complement pathway increase the risk of TMA in multiple
myeloma patients receiving carfilzomib. Similar findings were
reported by Portuguese et al who found heterozygous CFHR3-
CFHRI deletions in two patients with carfilzomib-induced
TMA [9].

Taken together, these data suggest a multi-factorial mech-
anism for the pathogenesis of carfilzomib-induced TMA. The
first risk factor is the multiple myeloma diagnosis, as multiple
myeloma is an independent risk factor for TMA [19]. There-
fore, we must consider the underlying malignancy in these
patients as a contributing factor. The second risk factor is the
presence of mutations in the alternative complement pathway.
Early studies suggest that alternative complement pathway
gene mutations may play a role in carfilzomib-induced TMA
[9, 36]. The final contributing factor is exposure to carfilzomib.
When carfilzomib is given, there is reduced local VEGF pro-
duction by renal epithelial cells. This results in reduced local
complement regulatory proteins, which makes endothelial
cells vulnerable to complement activation. Any combination
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of the above risk factors would effectively create a pro-TMA
environment.

Conclusions

Carfilzomib-induced TMA is an important adverse effect to
recognize in patients receiving carfilzomib for multiple myelo-
ma. Withdrawal of carfilzomib and treatment with eculizumab
have proven successful in some patients. The mechanism of
this adverse effect may be related to the compound effects of
multiple myeloma, the presence of mutations in the alternative
complement pathway, and the inhibitory effect of carfilzomib
on VEGF, which results in local overactivation of complement
in the glomerular endothelium. Further investigation into the
mechanism of carfilzomib-induced TMA is required to better
understand this rare but significant adverse effect.

Learning points

Carfilzomib-induced TMA should be in the differential di-
agnosis of a patient with multiple myeloma who is receiving
carfilzomib and presents with anemia, thrombocytopenia,
and AKI. The success of eculizumab in treating carfilzomib-
induced TMA suggests a pathogenesis involving the comple-
ment pathway. Risk factors for TMA in multiple myeloma
patients receiving carfilzomib include the underlying multiple
myeloma, mutations in the alternative complement pathway,
and local complement dysregulation due to the mechanism of
carfilzomib.
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