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Lenalidomide, a synthetic derivation of thalidomide, in recent years, has been the backbone of multiple myeloma treatment
leading to improved survival. Common adverse effects from lenalidomide-based regimens include hypertension, heart disease,
and venous thromboembolism. Hence, thromboprophylaxis is recommended to reduce the risk of stroke. We report a case of
stroke from cerebral vasculitis in a patient receiving carfilzomib, lenalidomide, and dexamethasone for relapsing multiple
myeloma, not previously published. Medical oncologists should be aware of other causes of stroke among multiple myeloma
patients receiving a lenalidomide-based regimen to prevent its occurrence.

1. Introduction

Multiple myeloma (MM) is a hematological malignancy
characterized by the neoplastic proliferation of plasma cells
leading to monoclonal immunoglobulin production [1-3].
It accounts for 10 to 15% of all hematological malignancies
[2, 4], and in the United States, there are more than 20,000
new cases of multiple myeloma every year [4]. Treatment
choice is mainly dependent on the functional status of the
patient and the aggressiveness of the disease. These include
autologous stem cell transplant (for those who are trans-
plant eligible) and chemotherapy [3, 4]. The overall survival
rates and treatment response have improved over the past
decade following the introduction of novel targeted ther-
apies such as the immunomodulatory agents (IMiD),
thalidomide, and proteasome inhibitors (PI), bortezomib
[5, 6]. However, MM remains an incurable disease, and
many patients will relapse despite receiving appropriate
treatment.

The US FDA recently approved the combination of
carfilzomib (Kyprolis), a proteasome inhibitor, lenalidomide
(Revlimid), a synthetic derivative of thalidomide [7], and

dexamethasone for patients with relapsed/refractory mul-
tiple myeloma after reports showed better survival outcomes
compared to earlier regimens [8, 9]. In the ASPIRE trial,
patients treated with the carfilzomib (Kyprolis), lenalido-
mide (Revlimid), and dexamethasone regimen (i.e., KRd
regimen) resulted in a progression-free survival median of
26.3 months compared to 17.6 months in patients treated
with lenalidomide and dexamethasone (Rd) regimen [9].
However, grade>3 adverse effects and serious effects were
higher in the KRd arm than the Rd arm, some of which
include hypertension, ischemic heart disease, heart failure,
and venous thromboembolism [9, 10]. Specifically, by
substituting an amino group in the phthaloyl ring, lenali-
domide has less adverse side effects compared to thalido-
mide [11]. The same change in the phthaloyl ring of
lenalidomide results in a complex immune modulation ef-
fect that is responsible for its activity. However, this complex
can lead to lenalidomide toxicity. Most cases of lenalidomide
toxicity include skin lesions [11-14], urticaria [15], but rarely
vasculitis [13]. We report a case of a patient on the KRd
regimen who presented with stroke caused by cerebral
vasculitis.
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Figure 1: MRI brain showing acute ischemic regions. (a-b) Acute infarcts in the posterior circulation involving bilateral cerebellar
hemispheres, medial bilateral occipital and parietal lobes, and the posterior watershed region at the vertex with small amount of hem-
orrhagic conversion within the right parietal parasagittal lesion. (c-d) MRI image of infarct in the medial occipital lobe and parietal lobes

bilaterally.

2. Case

We present a 59-year-old female with a history of mul-
tiple myeloma diagnosis in 2015. Laboratory results at the
time of diagnosis had shown hemoglobin of 6.4g/dl,
platelet of 43,000/Ul, and creatinine of 1.2mg/dl in-
creased from her baseline of 0.7 mg/dl. Serum protein
electrophoresis showed an immunoglobulin A level of
9680 mg/dl with low immunoglobulin G and M levels. She
had induction chemotherapy with cyclophosphamide,
bortezomib, and dexamethasone (CyBorD) regimen,
received autologous bone marrow transplantation in
2016, and subsequently went into remission. Un-
fortunately, she relapsed in 2017 and then started a sal-
vage regimen with carfilzomib, lenalidomide, and
dexamethasone every two weeks to 1 month as well as
daily low-dose aspirin.

In February 2019, she was admitted to our hospital with
complaints of increased lethargy, multiple falls, and wors-
ening headaches for 4 to 5 days. Physical examination
showed mild left facial droop. Aside from being a current
everyday smoker (about five cigarette sticks per day) with
COPD and a former heroin abuser on a methadone
maintenance program, she had no history of diabetes, hy-
pertension, or previous strokes. CT of the head revealed a
mass-like structure in the right precentral region measuring
approximately 1.5cm by 0.9 cm surrounded by a large area
of vasogenic edema without midline shift and a small age-
indeterminate infarct in the left posterior paramedian pa-
rietal lobe. MRI of the brain (Figure 1) revealed non-
enhancing acute infarcts in the posterior circulation
involving bilateral cerebellar hemispheres, medial bilateral
occipital and parietal lobes, and the posterior watershed
region at the vertex with small amount of hemorrhagic
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FiGure 2: MRA showing multiple luminal narrowing beaded
pattern in most vessels (anterior cerebral arteries, posterior inferior
M2 division of the right middle cerebral artery, and posterior
cerebral arteries).

conversion within the right parietal parasagittal lesion. MRA
of the brain (Figure 2) without contrast further revealed
multiple long and short segments of luminal narrowing with
a beaded pattern in the anterior cerebral arteries, posterior
inferior M2 division of the right middle cerebral artery, and
posterior cerebral arteries indicating vasculitis as the eti-
ology. CRP was more than 40 mg/dl. dsSDNA and ANCA
testing were both negative. A thromboembolic phenomenon
was ruled-out as transthoracic echocardiography showed no
evidence of valvular disease, vegetation, patent foramen
ovale, or thrombosis. Also, carotid Doppler showed no
significant carotid stenosis.

We withheld further chemotherapy, and a short course
of dexamethasone IV was started and later switched to
prednisone PO before discharge. She also received anti-
coagulation with apixaban. After outpatient follow-up, she
resumed carfilzomib, cyclophosphamide, and dexametha-
sone regimen, which responded briefly as M spike returned
to near baseline but later developed myelomatous menin-
gitis. As a result, she received intrathecal methotrexate and
cytarabine and commenced salvage therapy with DCEP
(dexamethasone, cyclophosphamide, etoposide, and cis-
platin). Three weeks after receiving the first cycle, she was
admitted for severe pancytopenia, septic shock with Kleb-
siella bacteremia, acute respiratory distress syndrome
(ARDS), and gastrointestinal bleeding secondary to
thrombocytopenia and apixaban use. Unfortunately, she
died from multiorgan failure.

3. Discussion

There have been no prior reports of stroke in a patient with
relapsed multiple myeloma treated with carfilzomib, lena-
lidomide, and dexamethasone regimen [8, 9]. However, the
lenalidomide and dexamethasone regimen approved for
patients with newly diagnosed multiple myeloma has an
increased risk for arterial thromboembolism, including
stroke and myocardial infarction [16, 17]. Lenalidomide

carries a black box warning for thromboembolic risks, and
thromboprophylaxis with either low-molecular-weight
heparin, warfarin, or low-dose aspirin is recommended for
patients treated with a lenalidomide-based regimen [18-20].
Our patient, however, had a stroke with cerebral vasculitis
being the underlying etiology.

Although the KRd regimen may have a promising safety
profile from previous clinical trials, we expect that market
surveillance will offer more data about rare or idiosyncratic
adverse effects. We hope that such knowledge will identify
patients who are at high risk and provide preventive mea-
sures to improve their quality of life.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] A. J. Cowan, C. Allen, A. Barac et al., “Global burden of
multiple myeloma,” JAMA Oncology, vol. 4, no. 9, p. 1221,
2018.

[2] C. Gerecke, S. Fuhrmann, S. Strifler, M. Schmidt-Hieber,
H. Einsele, and S. Knop, “The diagnosis and treatment of
multiple myeloma,” Deutsches Aerzteblatt International,
vol. 113, no. 27-28, pp. 470-476, 2016.

[3] S. Jewell, Z. Xiang, A. Kunthur, and P. Mehta, “Multiple
myeloma: updates on diagnosis and management,” Federal
Practitioner, vol. 32, no. Suppl 7, pp. 49S-56S, 2015.

[4] S. V. Rajkumar, “Multiple myeloma: 2014 update on di-
agnosis, risk-stratification, and management,” American
Journal of Hematology, vol. 89, no. 10, pp. 998-1009, 2014.

[5] O. Landgren and K. Iskander, “Modern multiple myeloma
therapy: deep, sustained treatment response and good clinical
outcomes,” Journal of Internal Medicine, vol. 281, no. 4,
pp. 365-382, 2017.

[6] S. Lonial and K. C. Anderson, “Association of response

endpoints with survival outcomes in multiple myeloma,”

Leukemia, vol. 28, no. 2, pp. 258-268, 2014.

U. Vitolo, A. Chiappella, S. Franceschetti et al., “Lenalidomide

plus R-CHOP21 in elderly patients with untreated diffuse

large B-cell lymphoma: results of the REALO7 open-label,

multicentre, phase 2 trial,” The Lancet Oncology, vol. 15, no. 7,

pp. 730-737, 2014.

[8] D. S. Siegel, M. A. Dimopoulos, H. Ludwig et al, “Im-
provement in overall survival with carfilzomib, lenalidomide,
and dexamethasone in patients with relapsed or refractory
multiple myeloma,” Journal of Clinical Oncology, vol. 36,
no. 8, pp. 728-734, 2018.

[9] A. K. Stewart, S. V. Rajkumar, M. A. Dimopoulos et al.,
“Carfilzomib, lenalidomide, and dexamethasone for relapsed
multiple myeloma,” New England Journal of Medicine,
vol. 372, no. 2, pp. 142-152, 2015.

[10] W. Li, R. F. Cornell, D. Lenihan et al., “Cardiovascular
complications of novel multiple myeloma treatments,” Cir-
culation, vol. 133, no. 9, pp. 908-912, 2016.

[11] V. Kotla, S. Goel, S. Nischal et al., “Mechanism of action of
lenalidomide in hematological malignancies,” Journal of
Hematology ¢ Oncology, vol. 2, no. 1, p. 36, 2009.

[12] M. A. Dimopoulos, A. Palumbo, M. Attal et al., “Optimizing
the use of lenalidomide in relapsed or refractory multiple
myeloma: consensus statement,” Leukemia, vol. 25, no. 5,
pp. 749-760, 2011.

[7



(13]

(14]

(15]

(16

[17

(18]

(19

(20]

M. Breccia, L. Cannella, R. Latagliata et al., “Unexpected
erythroid and cytogenetic responses after discontinuation of a
short course of lenalidomide as a result of severe skin rash in a
patient with 5q syndrome,” Journal of Clinical Oncology,
vol. 29, no. 14, pp. e402-e403, 2011.

N. W. van de Donk, G. Gorgiin, R. W. Groen et al., “Lena-
lidomide for the treatment of relapsed and refractory multiple
myeloma,” Cancer Management and Research, vol. 4,
pp. 253-268, 2012.

H. P. Sviggum, M. D. P. Davis, S. V. Rajkumar, and
A. Dispenzieri, “Dermatologic adverse effects of lenalidomide
therapy for amyloidosis and multiple myeloma,” Archives of
Dermatology, vol. 142, no. 10, pp. 1298-1302, 2006.

P. Shridhar, R. Khalil, D. Lasorda, and Y. Chun, “Lenalido-
mide induced stroke in multiple myeloma,” Journal of In-
tegrative Cardiology, vol. 2, no. 6, 2016.

A. Hinduja, K. Limaye, R. Ravilla et al., “Spectrum of cere-
brovascular disease in patients with multiple myeloma un-
dergoing chemotherapy-results of a case control study,” in
PLoS One, ]J. Hendrikse, Ed., vol. 11, no. 11, Article ID
0166627, 2016.

S. P. Menon, S. V. Rajkumar, M. Lacy, P. Falco, and
A. Palumbo, “Thromboembolic events with lenalidomide-
based therapy for multiple myeloma,” Cancer, vol. 112, no. 7,
pp. 1522-1528, 2008.

E. Zamagni, A. Brioli, P. Tacchetti, B. Zannetti, L. Pantani, and
M. Cavo, “Multiple myeloma, venous thromboembolism, and
treatment-related risk of thrombosis,” Seminars in Thrombosis
and Hemostasis, vol. 37, no. 3, pp. 209-219, 2011.

M. P. Cruz, “Lenalidomide (revlimid): a thalidomide analogue
in combination with dexamethasone for the treatment of all
patients with multiple myeloma,” P & T, vol. 41, no. 5,
pp. 308-313, 2016.

Case Reports in Hematology



