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Lenalidomide-Induced Diffuse Alveolar
Hemorrhage in Patient With Multiple Myeloma
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Abstract

We present a case of multiple myeloma that was treated with a regimen that included lenalidomide.
Lenalidomide, a thalidomide analog, is an immunomodulatory drug created synthetically by changing the
chemical makeup of thalidomide to increase efficacy and lessen negative effects. It has been authorized for
the treatment of relapsed or resistant multiple myeloma. In the case discussed in this report, the patient's
lenalidomide dosage was changed to account for her renal impairment. Regardless of this adjustment of the
dose, the patient presented with lung infiltrates, hemoptysis, and fever. Unfortunately, she was diagnosed
with diffuse alveolar hemorrhage (DAH) secondary to lenalidomide after excluding other causes of
hemoptysis. To the best of our knowledge, we believe this is the first case of DAH reported with
lenalidomide in Saudi Arabia, which also discusses the possible therapeutic options for such presentations.

Categories: Oncology, Pulmonology, Hematology
Keywords: mortality, thalidomide analogue, relapse multiple myeloma, diffuse alveolar hemorrhage, multiple
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Introduction

Patients with multiple myeloma (MM) frequently use lenalidomide, the powerful anti-cancer drug, either
upfront or in case of relapse [1]. Although lenalidomide and thalidomide are chemically related,
lenalidomide has a different safety profile, including a lower risk of peripheral neuropathy [2]. The
pulmonary side effects of lenalidomide are rare; however, they can occur. Here, we describe a case of diffuse
pulmonary hemorrhage caused by lenalidomide in a patient with MM.

Case Presentation

A 60-year-old female had IgG lambda stage III MM based on the Durie-Salmon Staging System for myeloma
and stage III MM according to the International Staging System for MM. Her medical history included
diabetes mellitus, hypertension, and chronic kidney disease, with a baseline creatinine clearance of 33.5
ml/minute. She was started on first-line therapy with nine cycles of bortezomib, cyclophosphamide, and
prednisolone. Additionally, she was deemed to be ineligible for a transplant due to her age and
comorbidities. The end-of-therapy evaluation of her disease showed partial response, with a decrease in M
protein from 58 g/l at diagnosis to 24 g/1, and residual plasma cells on bone marrow biopsy. Five months
after the last cycle, the disease progressed, and the M protein level increased to 34 g/1. Therefore, she was
started on second-line therapy with nine cycles of bortezomib-dexamethasone. At the end of the last cycle,
serum protein electrophoresis showed a decrease in the M spike to 6.2 g/1, bone marrow aspiration by flow
cytometry showed 0.5% plasma cells; bone marrow biopsy showed no evidence of residual disease and
fluorescence in situ hybridization was negative.

She presented to the emergency department with a urinary tract infection (UTI) caused by Escherichia coli
extended-spectrum beta-lactamase (ESBL), for which meropenem was commenced. On physical
examination, her vital signs were as follows: temperature, 37.9 Celsius; heart rate (HR), 100 beats/minute;
respiratory rate (RR), 16 breaths/minute; and blood pressure measure was systolic 128 and diastolic 86. A
chest examination revealed equal vesicular breathing. The remaining physical examination was
unremarkable. Her investigations are shown in Table 1.
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Laboratory result

White blood cells
Neutrophil
Lymphocyte
Eosinophil
Basophil

Hemoglobin

Platelets

Urea

Creatinine

Sodium

Potassium

Total protein

International normalized ratio

Partial thromboplastin time

Patient result

Protein electrophoresis showed the following:

M spike

Albumin

Alpha1

Alpha2

Beta

Gamma

Free light chain measurement
kappa light chain

Lambda light chain

Kappa and lambda ratio

B2 microglbulin

Normal range/value

5.3x10% /L (4-11)x10° /L
2.67x10° /L (2-7.50)x10° /L
1.49x109 /L (1.50-4)x10° /L
0.03x10% /L (0.1-0.7)x10° /L
0.00x10°% /L (0-0.1)x10% /L
8.6 g/d 11.5-16 g/dl
92x10° (150-450)x10°
9.6 mmol/L 3-9 mmol/L

194 Umol/L 60-115 Umol/L
127 mmol/L 136-145 mmol/L
5.2 3.3-5.1

80 g/l 66-87 gl

1.2 seconds 0.8-1.2 seconds
36 seconds 26-41 seconds
18.9 g/l

309/l 3-51g/l

274l 2-4 g/l

12.2 g/l 4-8 g/l

5.6 g/l 5-10 g/l

292 6-12 g/l

1.43 g/l 3.3-19.4 mg/l
10.47 g/l 5.7-26.3 mg/l
0.14 0.26-1.65 mgll
12.8 mg/l <1.9 mg/l

TABLE 1: Baseline laboratory workup

Imaging revealed normal chest radiographs. A skeletal survey showed multiple lucent lesions scattered
throughout the skull extending to the mandible, generalized osteoporotic changes, and degenerative
changes of the lumbosacral spine with disc space narrowing at L4/L5, which did not progress compared to
the initial presentation. The UTI symptoms resolved with meropenem.

Owing to progressive disease, she was started on an adjusted renal dose of lenalidomide 10 mg every other
day as palliative treatment for MM. However, it was discontinued after the third dose because the patient
experienced a large amount of hemoptysis with shortness of breath and fever. The patient denied bleeding
from any other orifice, chest pain, skin rashes, or joint pain. She became febrile (37.8°C) and tachypneic (21
breaths/minute), but had normal blood pressure. The room-air pulse oximetry results were normal. Chest
examination revealed bilateral crepitations and regular heart sounds without murmurs or gallops. Table 2
shows the results of repeated laboratory tests. Septic screening results were negative. Chest radiography
revealed bilateral air space disease that was not evident at the time of initial presentation (Figure 7). Chest
computed tomography (CT) revealed bilateral air space disease (Figure 2) and carbon monoxide diffusion
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Laboratory result

White blood cells
Hemoglobin

Partial thromboplastin time
International normalized ratio
Fibrinogen

C-ANCA

P-ANCA

Antinuclear antibodies

capacity was 22 mmol/min (120% of predicted). Bronchoscopy with bronchoalveolar lavage (BAL) showed
hemorrhage and BAL contained 38% macrophages, 40% lymphocytes, 20% neutrophils, 1% basophils, and
1% eosinophils, and showed evidence of hemorrhage (Figures 3-4). Acid-fast bacillus smears and bacterial
and fungal cultures were negative. Cytopathological examination revealed hemosiderin-laden macrophages

without malignant cells.

Patient result

6x10% /L
7.4 g/dl

36 seconds
1.2

37 gL

1.6 UMI
2.9 UMI

0.1 units

TABLE 2: Repeated labs upon presentation

1gG and IgA classes of anti-glomerular basement membrane antibodies were undetectable

Normal range/value
(4-11)x10° /L
11.5-16 g/dl

26-41 seconds
0.8-1.2

2-4 g/l

>5 U/ml

>7 U/ml

> 1 units

C-ANCA: Cytoplasmic, Antineutrophil Cytoplasmic Autoantibody; P-ANCA: Perinuclear anti-neutrophil cytoplasmic antibodies

FIGURE 1: Chest x-ray showing bilateral air space disease with
heterogenous airspace opcity seen in both lungs, more in the right side
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FIGURE 2: CT scan showing bilateral airspace opacity suggesting
hemorrhage

CT; computed tomography
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FIGURE 3: Microscopy of the BAL showing the hemosiderin-laden
macrophages (red arrow)

BAL: bronchoalveolar lavage

FIGURE 4: Bronchoscopy showing bleeding

The patient was diagnosed with lenalidomide-induced pulmonary hemorrhage after ruling out other causes.
She was started on 100 mg hydrocortisone every six hours for five days. She improved clinically and
radiologically (Figure 5) and was discharged on prednisolone (50 mg daily).
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FIGURE 5: Chest x-ray showing bilateral improvement in the patient's

infiltration, which was associated with clinical improvement

Unfortunately, she presented seven days after discharge with acute respiratory failure and massive
hemoptysis, for which she required invasive mechanical intubation and intensive care unit admission. There
was blood in the endotracheal tube, and chest radiography revealed bilateral progression of air space
disease. Her condition deteriorated, and she passed away.

Discussion

We describe a patient with diffuse alveolar hemorrhage (DAH) associated with lenalidomide; According to
the best of our knowledge and review of the literature, this is the first case described in Saudi Arabia. DAH is
characterized by bleeding in the alveolar space, and one of the causes is the disruption of the alveolar-
capillary basement membrane. It can be caused by connective tissue diseases, infections, or drugs (cytotoxic
or non-cytotoxic) [3].

Our patient had cough, hemoptysis, fever, and dyspnea, which are common initial symptoms of DAH. In the
absence of hemoptysis, new alveolar infiltrate, decreasing hemoglobin level, and increasing hemorrhagic
fluid in BAL favor the diagnosis. Pulmonary examinations are typically nonspecific. DAH is confirmed when
lavage aliquots are hemorrhagic [4-6]. In our case, there was no evidence of infection in the BAL fluid, which
can trigger DAH in MM [7]. Pulmonary hemorrhage without renal failure has been reported as a presenting
symptom for MM in only two cases [8,9]; however, in our patient, the coagulation profile was normal.

As mentioned previously, certain drugs such as lenalidomide can cause DAH. Lenalidomide is a thalidomide
analog that selectively inhibits the secretion of proinflammatory cytokines, enhances cell-mediated
immunity, and inhibits myeloma cell growth by inducing cell cycle arrest. Lenalidomide may affect
numerous hematologic malignancies in a variety of ways [1]. Both direct cytotoxicity and indirect impacts
on tumor immunity were engaged in these mechanisms. Consequently, the varying efficiency of
lenalidomide therapy among different illness stages was found. It is associated with a lower risk of
peripheral neuropathy compared to thalidomide. It has been approved to treat upfront, relapsed, or
refractory MM [10]. The unique anti-myeloma actions of lenalidomide are achieved by the modification of
the myeloma microenvironment.

Osteoclasts in the context of MM are responsible for inducing bone resorption and secreting survival factors
that promote the proliferation and viability of myeloma cells. The reciprocal interaction between myeloma
cells and bone marrow stromal cells results in increased secretion of interleukin-6 (IL-6) and other growth
factors that promote the proliferation of MM cells and osteoclasts. Lenalidomide exhibits a direct inhibitory
effect on the generation of tartrate-resistant acid phosphatase (TRAP)-positive cells, which are responsible
for the differentiation into osteoclasts. In addition, it has been observed that immunomodulators have the
ability to reduce the cell surface adhesion of various molecules, such as intercellular adhesion molecule
(ICAM)-1, vascular cell adhesion molecule (VCAM)-1, and E-selectin. This ultimately leads to the inhibition
of the adherence of MM cells to bone marrow stromal cells. [1].

Lenalidomide may induce DAH associated with pulmonary capillaritis, which is why we used steroids in the
treatment of DAH; renal impairment should be considered, and the dose must be adjusted according to
creatinine clearance [11]. Pulmonary complications can occur with lenalidomide; however, they are rare,
with only a few reported cases [12,13]. Saki et al. reported a case of lenalidomide-associated DAH that
improved with steroids and highlighted the possibility of vasculitis pathogenesis due to lenalidomide in
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their patient [12].

Conclusions

Despite lenalidomide discontinuation and the commencement of steroids, the patient in this case report did
not improve. Thus, further studies are needed to address lenalidomide-induced DAH pathogenesis. This is
one of the first cases of MM that resulted in acute catastrophic death due to DAH. We highly recommend
considering this entity in the differential diagnosis of any myeloma patient presenting with such symptoms,
and prompt management with steroids. We report this case to draw the attention of physicians to this rare
complication of lenalidomide, which has been used for MM treatment.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

Author contribution: SQ, SA, AA; data acquisition, and conception and critical review of the article; AJ, BB,
MM, MAm, MADb: Data analysis, and design and drafting of the article. All authors agreed to the final version
of the article. All authors agreed to be accountable for all aspects of the work.

References

1. Kotla 'V, Goel S, Nischal S, Heuck C, Vivek K, Das B, Verma A: Mechanism of action of lenalidomide in
hematological malignancies. ] Hematol Oncol. 2009, 2:36. 10.1186/1756-8722-2-36
2. Dimopoulos M, Spencer A, Attal M, et al.: Lenalidomide plus dexamethasone for relapsed or refractory
multiple myeloma. N Engl ] Med. 2007, 357:2123-32. 10.1056/NEJMoa070594
3. Collard HR, Schwarz MI: Diffuse alveolar hemorrhage. Clin Chest Med. 2004, 25:583-92, vii.
10.1016/j.ccm.2004.04.007
Lara AR, Schwarz MI: Diffuse alveolar hemorrhage. Chest. 2010, 137:1164-71. 10.1378/chest.08-2084
5. De Lassence A, Fleury-Feith |, Escudier E, Beaune |, Bernaudin JF, Cordonnier C: Alveolar hemorrhage.
Diagnostic criteria and results in 194 immunocompromised hosts. Am ] Respir Crit Care Med. 1995, 151:157-
63.10.1164/ajrcem.151.1.7812547
6. Colby TV, Fukuoka ], Ewaskow SP, Helmers R, Leslie KO: Pathologic approach to pulmonary hemorrhage.
Ann Diagn Pathol. 2001, 5:309-19. 10.1053/adpa.2001.27923
7. Kintzer Jr JS, Rosenow 3rd EC, Kyle RA: Thoracic and pulmonary abnormalities in multiple myeloma. A
review of 958 cases. Arch Intern Med. 1978, 138:727-30. 10.1001/archinte.1978.03630290039015
8. Bolaman Z, Yavasoglu I, Unubol M, Kadikoylu G: Hemoptysis as a presenting sign of multiple myeloma .
Respir Med. 2008, 102:1672-3. 10.1016/j.rmed.2008.07.028
9. Russi E, Odermatt B, Joller-Jemelka HI, Spycher MA: Alveolar haemorrhage as a presenting feature of
myeloma. Eur Respir J. 1993, 6:267-70. 10.1183/09031936.93.06020267
10. Dimopoulos M, Alegre A, Stadtmauer EA, et al.: The efficacy and safety of lenalidomide plus dexamethasone
in relapsed and/or refractory multiple myeloma patients with impaired renal function. Cancer. 2010,
116:3807-14. 10.1002/cncr.25139
11.  Chen N, Lau H, Kong L, Kumar G, Zeldis JB, Knight R, Laskin OL: Pharmacokinetics of lenalidomide in
subjects with various degrees of renal impairment and in subjects on hemodialysis. ] Clin Pharmacol. 2007,
47:1466-75. 10.1177/0091270007309563
12.  Sakai M, Kubota T, Kuwayama Y, Ikezoe T, Yokoyama A: Diffuse alveolar hemorrhage associated with
lenalidomide. Int ] Hematol. 2011, 93:830-1. 10.1007/s12185-011-0871-2
13.  Oshima Y, Tojo A: Pulmonary alveolar hemorrhage possibly associated with lenalidomide use . Int |
Hematol. 2011, 94:296-7. 10.1007/s12185-011-0915-7

2023 Qanash et al. Cureus 15(8): e43250. DOI 10.7759/cureus.43250 7of7


javascript:void(0)
https://dx.doi.org/10.1186/1756-8722-2-36
https://dx.doi.org/10.1186/1756-8722-2-36
https://dx.doi.org/10.1056/NEJMoa070594
https://dx.doi.org/10.1056/NEJMoa070594
https://dx.doi.org/10.1016/j.ccm.2004.04.007
https://dx.doi.org/10.1016/j.ccm.2004.04.007
https://dx.doi.org/10.1378/chest.08-2084
https://dx.doi.org/10.1378/chest.08-2084
https://dx.doi.org/10.1164/ajrccm.151.1.7812547
https://dx.doi.org/10.1164/ajrccm.151.1.7812547
https://dx.doi.org/10.1053/adpa.2001.27923
https://dx.doi.org/10.1053/adpa.2001.27923
https://dx.doi.org/10.1001/archinte.1978.03630290039015
https://dx.doi.org/10.1001/archinte.1978.03630290039015
https://dx.doi.org/10.1016/j.rmed.2008.07.028
https://dx.doi.org/10.1016/j.rmed.2008.07.028
https://dx.doi.org/10.1183/09031936.93.06020267
https://dx.doi.org/10.1183/09031936.93.06020267
https://dx.doi.org/10.1002/cncr.25139
https://dx.doi.org/10.1002/cncr.25139
https://dx.doi.org/10.1177/0091270007309563
https://dx.doi.org/10.1177/0091270007309563
https://dx.doi.org/10.1007/s12185-011-0871-2
https://dx.doi.org/10.1007/s12185-011-0871-2
https://dx.doi.org/10.1007/s12185-011-0915-7
https://dx.doi.org/10.1007/s12185-011-0915-7

	Lenalidomide-Induced Diffuse Alveolar Hemorrhage in Patient With Multiple Myeloma
	Abstract
	Introduction
	Case Presentation
	TABLE 1: Baseline laboratory workup
	TABLE 2: Repeated labs upon presentation
	FIGURE 1: Chest x-ray showing bilateral air space disease with heterogenous airspace opcity seen in both lungs, more in the right side
	FIGURE 2: CT scan showing bilateral airspace opacity suggesting hemorrhage
	FIGURE 3: Microscopy of the BAL showing the hemosiderin-laden macrophages (red arrow)
	FIGURE 4: Bronchoscopy showing bleeding
	FIGURE 5: Chest x-ray showing bilateral improvement in the patient's infiltration, which was associated with clinical improvement

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


