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Microangiopathy in multiple myeloma: e

a case of carfilzomib-induced secondary
thrombotic microangiopathy successfully
treated with plasma exchange and complement
inhibition

Lorenzo Catanese'?, Katharina Link'? and Harald Rupprecht'*"

Abstract

Background Thrombotic microangiopathy (TMA) is a potentially organ and life-threatening condition affecting
patients with multiple myeloma (MM). Cases of proteasome inhibitor-induced TMA and specifically carfilzomib-
induced TMA have been rarely reported and standards for diagnostic workup and treatment are not available.

Case presentation We describe a case of a male MM patient under salvage therapy including proteasome inhibitor
carfilzomib following chemotherapy and autologous stem cell transplantation. The patient then developed acute
kidney injury with clinical and laboratory signs of TMA. Hemodialysis became necessary and treatment with plasma
exchange was initiated followed by therapy with C5 complement inhibitor eculizumab which led to amelioration of
kidney function and hemolysis parameters.

Conclusion We report a patient with suspected proteasome inhibitor-induced secondary thrombotic microangi-
opathy that has been successfully treated with plasma exchange and eculizumab, a monoclonal antibody targeting
complement factor C5.
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Background

Multiple myeloma (MM) is the second most com-
mon hematological malignancy. As new therapies are
constantly being developed and 5-year-survival-rate
is constantly rising, new diagnostic and therapeutic

*Correspondence: challenges regarding MM and its treatment arise [1].
Harald Rupprecht Thrombotic microangiopathy (TMA) encompasses
harald.rupprecht@outlook.de . L. . . . .

" Department of Medicine V (Nephrology, Hypertensiology, Angiology several distinct syndromes with different etiologies, all
and Rheumatology), Klinikum Bayreuth GmbH, Medizincampus characterized by thrombocytopenia, microangiopathic
Oberfranken, Preuschwitzer Str. 101, 95445 Bayreuth, Germany hemolytic anemia (MHA) different degrees of acute
? Friedrich-Alexander-University Erlangen-Niirnberg, SchloBplatz 4, . ’ . . ..
91054 Erlangen, Germany kidney damage (AKI) and a variety of unspecific clini-
* Kuratorium for Dialysis Bayreuth, StolzingstraRe 40, 95445 Bayreuth, cal symptoms [2]. Due to overlapping symptoms and
Germany clinical/laboratory findings, detection of TMA in MM

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-023-03228-9&domain=pdf

Catanese et al. BMC Nephrology ~ (2023) 24:179

can be challenging. TMA can be subdivided in three
syndromes:

Thrombotic thrombocytopenic purpura (TTP) is
caused by a reduced activity of the matrix metallopro-
teinase ADAMTS-13 (a disintegrin and metallopro-
teinase with a thrombospondin type 1 motif, member
13) due to congenital deficiency or acquired, inhibit-
ing antibodies. ADAMTS-13 cleaves von-Willebrand-
factor (vWF) multimers which have a key role in
thrombocyte-endothelial interaction and thrombogen-
esis thus reducing thrombotic activity [3]. Absolute or
functional deficiency of ADAMTS-13 leads to uncon-
trolled endothelial platelet adhesion and microvascular
thrombosis. Untreated TTP has mortality rates up to
90% and immediate treatment with plasma exchange
(PE) in order to remove circulating antibodies and
replace with functional ADAMTS-13 and vWF, as well
as additional treatment with caplacizumab and rituxi-
mab is crucial [4].

Hemolytic uremic syndrome (HUS) is a multicausal
group of syndromes where a more pronounced acute
kidney failure is a key feature in addition to thrombocy-
topenia and MHA [5]. Classical HUS is caused by enter-
opathogens that produce Shiga-like toxins, typically
E. coli and Shigella. Mostly ingested through contami-
nated food Shiga toxin producing E. coli (STEC)-HUS
can be diagnosed by stool analytics and polymerase chain
reaction (PCR) analysis for mentioned pathogens and
their toxins.

Atypical or complement mediated HUS (also defined
by thrombocytopenia, MHA and typically AKI) may be
caused by dysregulated alternative pathway of the com-
plement system [6]. The most common cause is a patho-
genic gene variant of a complement regulatory gene or
less often autoantibodies targeting complement factors.
TMA episodes are often triggered by certain events,
e.g., pregnancy, drugs, malignancies, organ transplant or
infection and can occur at any age.

Eculizumab, a humanized monoclonal antibody target-
ing complement factor C5, has been successfully used for
many years in the treatment of complement mediated
HUS [7]. C5 is a key component of the membrane attack
complex.

TMA in multiple myeloma patients is broadly reported
and must be etiologically divided as subcategories that
have different outcomes and require specific therapy [8].

Proteasome inhibitor (PI)-induced TMA, transplant-
associated TMA and TMA caused by multiple myeloma
itself (first diagnosis or disease progression) are the com-
monly described disease entities. They can be subdi-
vided in carfilzomib-induced aHUS, bortezomib-induced
aHUS, bortezomib-induced TTP, transplant-associated
TMA, MM-induced aHUS and MM-induced TTP [8].

Page 2 of 8

Case presentation

A male patient in his late 50s was admitted to the emer-
gency room with fatigue and resting dyspnea. He also
reported episodes of minor nasal and gingival bleedings
that had occurred within the last two weeks.

The patient had been diagnosed with smoldering mul-
tiple myeloma type IgA-Kappa 5 years and 6 months ago.
Within 20 months after diagnosis bone marrow infiltra-
tion had increased from 40 to 75%. Cytogenetic analysis
had revealed 17p deletion. Therefore, induction therapy
with bortezomib, cyclophosphamide and dexamethasone
had been started. After two cycles cyclophosphamide
had been discontinued due to adverse effects. Therapy
was changed to bortezomib, doxorubicin, dexametha-
sone and lenalidomide resulting in very good partial
remission. Two years and six months after the primary
diagnosis autologous stem cell transplantation was per-
formed and maintenance therapy with lenalidomide was
initiated. After two years progressive disease was diag-
nosed and salvage therapy with isatuximab, carfilzomib
and dexamethasone was started.

Addressing other preexisting conditions, he had
received a partial lumbar nephrectomy due to clear cell
renal cell carcinoma (tumor classification: tumor under
4 cm T1la; without evidence for any metastases NO and
MO; highly differentiated G1) approximately 4 years prior.
Furthermore, he suffered from arterial hypertension and
obesity.

Investigations

Vital parameters were heart rate 82/min, oxygen satura-
tion 99%; respiratory rate 30/min, arterial blood pressure
182/89 mmHg and auricular temperature 36,9 °C.

Urine sediment analysis showed five erythrocytes per
high power field (HPF), numerous granulated casts and
tubular epithelia. As urinary dip test for hemoglobin was
highly positive and only few erythrocytes were present
in sediment analysis, we hypothesized this being due to
hemoglobinuria. Furthermore, the urine sediment was
suggestive of acute tubular necrosis. Urine protein analy-
sis, however, showed nephrotic range glomerular pro-
teinuria (Table 1).

Blood gas analysis (Table 2) revealed metabolic acido-
sis and hyperkalemia. Serum creatinine was 11,64 mg/
dl (Table 1) in contrast to laboratory tests two weeks
prior to hospitalization which showed creatinine levels of
0,96 mg/dl corresponding to normal estimated glomeru-
lar filtration rate (eGFR).

Elevated lactate dehydrogenase (LDH), decreased
hemoglobin (decline from 13,9 to 7,0 g/dl within two
weeks), undetectable haptoglobin and the presence of
schistocytes in the performed blood smear were highly
indicative of intravascular anemia. Thrombocytes were
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Table 1 Laboratory values of the patient at hospital admission. Blue color of values indicates the value being under and red value
above normal reference range

Laboratory values at admission

Laboratory value Value Unit
Blood count

Leucocytes 4,8 pernl
Erythrocytes 2,2 per pl
Thrombocytes NA pernl
Hemoglobin 7,0

MCV 93 fl
Reticulocytes 65,3 o/00
Schistocytes 1,0 %
Coagulation

Quick >100 %

INR 1,0

aPTT 28,0 sec
Clinical chemistry

Sodium 134 mmol/I
Potassium 6,5 mmol/|
Calcium 2,02 mmol/I
Phosphate 9,5 mg/dI
Urea 276 mg/dl
Creatinine 11,64 mg/dl
eGFR (CKD EPI) 5 ml/min/1,73 m?
Uric acid 11,7 mg/dl
Triglycerides 224 mg/d|
Cholesterol 198 mg/dl
LDH 1564 U/I
CRP 4,3 mg/d|
Bilirubin 0,9

Serum analysis

Haptoglobin <8 mg/dl
c3 150,0 mg/d|
C4 45,3 mg/d|
Proteinuria

1gG/Creatinine 89,0 mg/gCrea
Albumin/Creatinine 3118,0 mg/gCrea

alpha 1 microglobuline 16,1 mg/dl
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Table 2 Venous blood gas analysis at admission

Blood gas analysis (venous)

pH 7,230

pCO2 25,4 mmHg
p0O2 38,1 mmHg
Base exce -16,9 mmol/I
HCO3 12 mmol/I
Hb 7,5 g/dl
Hct 23 %

K 6,3 mmol/I
Na 134 mmol/I
Ca 1,09 mmol/I
Cl 107 mmol/I
Glucose 160 mg/dl

not measurable initially indicating massive thrombo-
cytopenia (Table 1). Indirect Coombs test showed posi-
tive results without antibody specificity probably due
to recent treatment with isatuximab. After treatment of
patient blood with dithiothretiol, an inhibitor of isatuxi-
mab erythrocyte binding, Coombs testing was negative
indicating non-immunohemolytic hemolysis. These find-
ings combined with severe acute kidney injury, mark-
edly elevated blood pressure and unspecific fatigue
raised strong suspicion for the presence of thrombotic
microangiopathy.

PLASMIC score, which incorporates platelet count,
serum creatinine, the presence of hemolysis, history
of cancer or organ transplantation, mean corpuscular
volume, and international normalized ratio (INR), for
thrombotic thrombocytopenic purpura was 4 indicating
low risk for TTP. ADAMTS-13 analysis was promptly
initiated and available after one week. Antibodies against

Table 3 Complement analysis

Complement analysis Unit
Complement factor B 0,25 mg/ml
Complement factor | 40 pg/ml
Complement factor H 397 pg/ml
C3 nephritis factor negative

IgG anti-factor H <1 U/ml
IgA anti-C1 AB negative

IgM anti-C1 AB negative

1gG anti-C1 AB negative

IgG anti-C1lqg AB 1 U/ml
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ADAMTS-13 were not detected and ADAMTS-13 activ-
ity was within normal range in enzyme-linked immu-
noassay (ELISA) thus excluding TTP as a differential
diagnosis. Complement analysis showed no abnormal
values (Table 3).

A gastrointestinal PCR-Panel did not reveal potential
Shiga toxin producing enteropathogenetic DNA.

Differential diagnosis

Exhibiting clear signs of thrombocytopenia and micro-
angiopathic hemolytic anemia, the two hallmarks of
thrombotic microangiopathy, imminent evaluation of
differential diagnosis is crucial as treatments differ and
immediate initiation of treatment is essential to enhance
outcomes and prevent irreversible organ damage or
death.

Thrombotic thrombocytopenic purpura is character-
ized by decreased ADAMTS-13 activity or autoantibod-
ies targeting ADAMTS-13. Laboratory workup regarding
its activity is usually available after several days and can-
not be used for quick assessment. TTP probability has to
be established rapidly as mortality in untreated cases can
be up to 90%. Bendapudi et al. have published a scoring
system called PLASMIC-Score containing seven readily
available items derived from patient history or routine
laboratory workup for rapid assessment of TTP prob-
ability [9]. High scores are associated with high prob-
ability for TTP (Score 6-7 indicates >72% probability of
TPP) and the authors recommend plasma exchange upon
reaching 6 points and the treatment with caplacizumab,
a bivalent nanobody binding the Al domain of VWF
and inhibiting its interaction with thrombocytes thus
preventing intravascular, vWF-mediated thrombocyte
adhesion.

Distinguishing typical (Shiga toxin-mediated) and atyp-
ical HUS is also relevant as typical HUS is usually treated
with supportive care while aHUS requires complement

reference
0,21-0,40
18-18
284-528

<10

<10
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inhibition in order to prevent irreversible organ damage
and decrease risk of mortality.

Typical HUS is caused by enterotoxic effects of Shiga-
toxin producing enteropathogens like Shigella or Shiga
toxin producing E. coli (STEC). This can be assessed
either by direct analysis of serological evidence of these
toxins or by detection of DNA fragments of enteropatho-
gens that usually produce these toxins by PCR analysis.

There are no secure diagnostical parameters that are
pathognomonic for aHUS. Though complement analysis
(C3, C4 and CH50) can help diagnosis in certain cases,
there is plenty of evidence of aHUS (confirmed by genetic
analysis) without abnormalities in complement levels.
Therefore, the clinically accepted approach to diagnosing
aHUS when strong clinical suspicion for TMA exists, is
to exclude TTP and STEC-HUS while empirically using
plasma exchange and eculizumab under given conditions.

In this particular case it was important to distinguish
drug-induced TMA from TMA associated with multiple
myeloma which is an important differential diagnosis.
This differentiation can be challenging in certain cases,
and it cannot always be ruled out with complete cer-
tainty. However, in our case there a several factors indi-
cating carfilzomib as the causative agent for TMA: the
temporal association of carfilzomib treatment and TMA
as well as the improvement during discontinuation of
carfilzomib, the fact that the patient was not in a progres-
sive state of multiple myeloma and light chain load was
low due to ongoing treatment and the fact that so far, no
recurrence of TMA was observed after discontinuation
of carfilzomib.

Treatment

Due to hyperkalemia, metabolic acidosis, and resting
dyspnea with clinical signs of hypervolemia the patient
was immediately treated with daily hemodialysis. After
exclusion of TTP and typical HUS we considered the
patient to have secondary TMA after treatment with
carfilzomib. Therapy with daily plasma exchange sessions
(30 ml/kg bodyweight) was initiated.

Additionally, we started empirical therapy with 900 mg
of eculizumab weekly for four weeks. Prophylactic anti-
biosis was started, and meningococcal vaccination was
initiated.

Hemodialysis could be discontinued after six sessions
within nine days of treatment.

Carfilzomib therapy was discontinued, and we strongly
advised against further application of Pls.

Outcome and follow-up

Plasmapheresis and hemodialysis were discontinued
after five and six sessions, respectively. Initially, eculi-
zumab was given four times with a cumulative dose of
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3600 mg followed by application of 1200 mg every two
weeks for a total duration of 3 months. Hemolysis param-
eters improved and kidney function was steadily increas-
ing. Proteinuria and hemoglobinuria were not detectable
after four weeks of treatment. A graphic overview show-
ing amelioration of kidney function throughout the treat-
ment is given in Fig. 1. The patient is alive and well to the
current moment (9 months after TMA). Kidney function
was stable and hemolysis parameters inapparent after
discontinuation of eculizumab treatment. The patient
recently received allogenic stem cell transplantation.

Discussion

In this case report, we describe a patient with a history
of MM treated with chemotherapy and autologous stem
cell transplantation currently under salvage therapy with
carfilzomib, isatuximab and dexamethasone and planned
allogenic stem cell transplantation. After the third cycle
of chemotherapy the patient developed acute kidney
injury, microangiopathic hemolytic anemia and throm-
bocytopenia which we diagnosed as carfilzomib-induced
TMA. We successfully treated the patient with plasma
exchange followed by empiric therapy with C5 antibody
eculizumab. As cases like this one with severe kidney fail-
ure and MHA as well as with good response to plasma
exchange and complement inhibition are rare, we believe
that this case can help clinicians with diagnosis and ther-
apeutic decisions. Furthermore, we give a short overview
of TMA in the context of MM which has been a topic
of recent scientific discussion and can be a diagnostical
and therapeutical challenge with great impact on clinical
outcomes.

As outlined above, differential diagnosis of TMA con-
sists of (typical) Shiga toxin mediated hemolytic uremic
syndrome, complement mediated TMA (atypical HUS),
thrombotic thrombocytopenic purpura, coagulation
mediated TMA and others [10]. The described case as
drug induced TMA falls under the category of second-
ary TMA. There is a multitude of agents and conditions
being described as causative of secondary TMA such as
infections (not Shiga toxin), vaccination, tumors, malig-
nant hypertension, autoimmune disease, metabolic dis-
orders, drugs (e.g. quinin, chemotherapeutics, heroin,
cocaine etc.) and others [11].

Thrombotic microangiopathy is an entity associated
with multiple myeloma and monoclonal gammopathy.
A comprehensive review about different forms of TMA
associated with MM has been published recently [8].
Different forms of TMA have been associated with dis-
ease progression (direct effects of increasing M-protein),
stem cell transplantation and drugs used in treatment of
multiple myeloma. Exact mechanisms of the individual
causes of TMA have yet to be understood. Notably, TMA
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Fig. 1 Creatinine(blue) and eGFR (CKD-EPI; ml/min/1.73m2) course of the patient over the duration of 56 days after diagnosis. Treatment with
plasmapheresis is indicated with black arrows and treatment with eculizumab (first four doses of 900 mg and following doses of 1200 mg) is

indicated with green arrows

has also been provisionally implemented as an associated
lesion within the renal biopsy in monoclonal gammopa-
thy of renal significance by the International Kidney and
Monoclonal Gammopathy Research group and can be
observed as first manifestation of the disease [12]. In the
past, only case reports connecting TMA and MM were
available. Ravindran et al. were the first to describe the
association in a retrospective study of 146 patients with
clinical diagnosis of TMA. They found monoclonal gam-
mopathy in 13,7% of TMA patients and 21% of patients
older than 50 years. The prevalence in these older TMA
patients was fivefold higher than the expected prevalence
in that age group [13]. Different potential mechanisms
how the monoclonal immunoglobulin can induce TMA
are discussed in the paper like direct endothelial dam-
age caused by the Ig, interference with fibrin structure or
interference with thromboregulatory proteins.
Determining the cause and form of TMA in MM
patients proves to be challenging but is essential for ther-
apeutic decisions. Decision for early plasma exchange is
often taken because of its benefits for several TMA sub-
forms but foremost because definite exclusion of TTP is
not immediately possible in clinical practice due to the

delay caused by assessment of ADAMTS-13 activity and
antibodies. In our case five sessions of plasma exchange
were performed already resulting in recovery of kidney
function and amelioration of hemolysis parameters.

Carfilzomib-induced aHUS is a very rare complication
in multiple myeloma patients with very few case reports
available [14—16]. Eculizumab is a well-established drug
used in treatment of aHUS and paroxysmal nocturnal
hematuria. It directly interferes with the alternative com-
plement pathway. Case reports of successful treatment
of drug induced TMA with eculizumab exist with dif-
ferent causative agents such as Tacrolimus, Gemcitabine
and also carfilzomib [17-23]. This underlines the role
of potential complement involvement in the etiology of
drug induced TMA.

Complement mutations which are often present in
aHUS (50-60%) are also present in TMA of other causes
such as TMA caused by infections, pregnancy, or malig-
nant hypertension. Interestingly, complement mutations
in cases of drug induced TMA were found in less than
one percent of patients [24]. Therefore, we did not per-
form genetic testing of complement mutations in our
patient.
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Limitations

Due to severe thrombocytopenia kidney biopsy could
not be performed. Thus, histopathological correlates of
thrombotic microangiopathy within the renal vascula-
ture could not be determined. The fact that urine sedi-
ment analysis showed signs of acute tubular necrosis
and urine protein analysis showed nephrotic range glo-
merular proteinuria potential overlapping mechanisms
of acute kidney injury could not be ruled out completely.
Strong clinical and laboratory findings indicating throm-
botic microangiopathy and exclusion of TTP and STEC-
HUS strongly indicate that the diagnosis of drug-induced
TMA was correct.

Furthermore, to this point genetic analysis regarding
mutations in complement genes were not performed. So,
we cannot rule out that the patient had pathogenic com-
plement variants and carfilzomib was a necessary second
hit to trigger severe complement activation.

Conclusion

In this case report we present a MM patient diagnosed
with carfilzomib-induced TMA successfully treated with
plasma exchange and eculizumab. Fast assessment of
TMA cause especially in MM patients is crucial for thera-
peutic decision and prevention of irreversible organ dam-
age and death. Early empiric eculizumab therapy proves
to be a feasible treatment to increase renal outcomes.

Learning points

Carfilzomib-induced TMA should be considered as a
differential diagnosis in MM patients with acute kid-
ney injury and MHA. Immediate treatment with plasma
exchange and complement inhibitors like eculizumab can
prevent organ damage and death and should be consid-
ered as a feasible treatment option. Pathophysiological
mechanisms of TMA in the context of MM and espe-
cially of carfilzomib-induced TMA are not well under-
stood and the involvement of complement dysregulation
require further investigation.
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