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Abstract:
Although multiple myeloma (MM) had been an incurable hematological malignancy with a poor prognosis, recent advances in novel anti-neoplastic agents, including carfilzomib (CFZ), have improved the prognosis. CFZ has been reported to have significant cardiotoxic effects. There was no evidence of cumulative bone marrow suppression. Notably, the incidence of peripheral blood eosinophilia was not described. We now report the case of a 61-year-old woman with MM associated with marked peripheral blood eosinophilia that developed after CFZ treatment. 
Introduction:
Multiple myeloma (MM) is a malignancy characterized by a clonal proliferation of plasma cells in the bone marrow and the accumulation of monoclonal protein in serum and/or urine, with related organ dysfunction (1). Despite advances in treatment and management of MM over the past 15 years, relapse of MM (RRMM) remains a regular event in course of the disease. Optimal therapy given at first relapse of MM is important for achieving maximal treatment response and prolonged survival (2,3,4).
Carfilzomib (CFZ) is an irreversible and specific second‐generation proteasome inhibitor. Administration of CFZ (27 mg/m2) twice‐weekly with lenalidomide‐dexamethasone (KRd) is a standard‐of‐care in RRMM (5). The most common adverse events of any grade for single-agent CFZ included fatigue, anemia, nausea, cardiac or respiratory or renal impairment. There was no evidence of cumulative bone marrow suppression, neutropenia or thrombocytopenia occurred infrequently.  Notably, the incidence of peripheral blood eosinophilia was not described (6).
Peripheral blood eosinophilia is defined as an absolute eosinophil count of ≥0.5/ µL. Eosinophilia is classified into primary or clonal eosinophilia, secondary eosinophilia, and idiopathic categories including idiopathic hypereosinophilic syndrome (7). 
Here, we report a case of a 61-year-old woman with MM who had marked absolute peripheral blood eosinophilia after relapsed treatment with KRd regimen.

Case report:
The patient was a 61-year-old woman who had a history of migraines and depression and who had been diagnosed with MM 4 years previously. At 58, she underwent peripheral blood stem cell transplantation (PBSCT) after 6 courses of bortezomib-thalidomide-dexametasone  (VTD) therapy and remained in very good partial response (VGPR) for one year.  During the follow‐up, the patient felt well. However, her disease relapsed in October 2018. An initial complete blood count (CBC) found hemoglobin (Hb) level of 13.0 g/dL, a white blood cell count (WBC) of 4.15/µL and a platelet count of 213/µL. A differential WBC showed 39.5% neutrophils (1.64/µL), 37.3% lymphocytes (1.55/µL), and 11.8% eosinophils (0.48/µL), but did not include circulating myeloid precursors or other left-shifted neutrophils. Biochemistry tests showed elevated levels of serum ƙ free light-chain (177 mg/L) and LDH (441 IU/L). A bone marrow examination showed 40% infiltration of clonal plasma cells without high levels of eosinophils (3.6%).  Fluorescence in situ hybridization (FISH) analysis revealed trisomies t(11;14) and t(6;14) as a standard risk by Mayo stratification (2013) (8)..  A positron emission tomography/ computed tomography (PET/CT) scan revealed an intensive diffuse fluorodeoxiglucose avidity and several pelvic bone lesions; no further extramedullary lesions were detected by PET-CT. At symptomatic relapse, the patient received a KRd regimen (CFZ on days 1-2, 8-9, and 15-16 (starting dose 20 mg/m2 on days 1 and 2 of cycle 1, target dose 27 mg/m2 thereafter); lenalidomide 25 mg on days 1–21; oral dexamethasone 40 mg before each dose of CFZ, on days 1, 8, 15, and 22 of a 28-day cycle). 
On day 15 of the first cycle (C1 D15) of  KRd therapy, a differential WBC showed 39.6% neutrophils (2.05/µL), 17.5% lymphocytes (0.9/µL), and 28.9% eosinophils (1.49/µL). On day 15 of the second cycle (C2 D15) of  KRd therapy, a differential WBC showed 12.8%% neutrophils (0.69/µL), 16.9% lymphocytes (0.9/µL), and 59.4% eosinophils (3.19/µL). On day 15 of the third cycle (C3 D15) of KRd therapy, a differential WBC showed 25.4% neutrophils (1.7/µL), 14.0% lymphocytes (0.93/µL), and 54.1% eosinophils (3.61/µL). 
The eosinophil counts transiently increased after third or fourth administration of CFZ (D8-9 of each cycle) and persisted for several days  of the cycle (D9, D15, D16) with subsequent decreased to normal range before start of another cycle (Figure 1). 
Since it was not possible to exclude association of eosinophil increase with CFZ, lenalidomid or dexametasone, we interrupted lenalidomide and dexametasone treatment for one month during the fourth cycle. We confirmed that eosinophilia developed after the CFZ infusion (Figure 1). We therefore considered the possibility that the patient's eosinophilic manifestations were associated with CFZ.  
Other laboratory findings were as follows: IgE, 82.1 g/l; IgG,7.86g/l; IgA, 1.21 g/l; IgM, 0.17g/l; anti-nuclear antibody (-); anti-double strand DNA antibody (-); anti-mitochondrial antibody (-); hepatitis B virus surface antigen (-); and anti-hepatitis C virus antibody (-) (serum tryptase was unavailable for testing). Bone marrow aspiration and biopsy showed hypercellular marrow with high levels of eosinophilic (26%) and plasma (1.6%) cells with no increases in other matured myeloid precursors (Figure 2A, 2B).The conventional cytogenetic  was normal (46, XY), and fluorescence in situ hybridization (FISH) analyses for platelet-derived growth factor receptor (PDGFR) and BCR/ABL were negative. Chest radiograph, abdominal ultrasonography and echocardiography did not reveal cardiomegaly, hepatosplenomegaly or other symptoms of  eosinophilic infiltration. Our diagnostic evaluation of the eosinophilia included a stool specimen negative for parasitic infection and a negative multiple antigen simultaneous test (MAST).  Since the patient achieved CR after 2 cycles of KRd and treatment tolerance was excellent, we did not discontinue the KRd therapy.


Discussion:
Carfilzomib is an epoxyketone proteasome inhibitor that binds selectively and irreversibly to the constitutive proteasome and immunoproteasome. It is approved for use, in combination with lenalidomide and dexamethasone, in RRMM patients (5). CFZ has been reported to have significant cardiotoxic effects. There was no evidence of peripheral blood eosinophilia or hypereosinophilic syndrom associated with CFZ (6). However, eosinophilia developing during treatment with lenalidomide has been described (9,10,11). Also the number of lymphoid neoplasms may be accompanied by eosinophilia, including Hodgkin's disease and T-cell lymphomas and, less frequently, B-cell non-Hodgkin's lymphomas, natural killer cell neoplasms, and other B cell malignancies including MM or plasma cell disorders (12,13,14). 
In our case, primary and clonal eosinophilia were excluded based on the results of conventional cytogenetic and FISH. The myeloproliferative disease was ruled out based on the absence of circulating myeloid precursors and normal chromosomal and bone marrow findings, without a left shift in maturation except for eosinophils and plasma cells. In addition, we excluded secondary malignancy. 
To the best of our knowledge, KRd treatment was continued even after the onset of the eosinophilic manifestations. The observed increase in neutrophils was only temporary with subsequent decrease to normal range before start of another cycle.
Conclusion:
There have been reports of eosinophilia developing during treatment with lenalidomide. To the best of our knowledge, this is the first report of eosinophilia developing after carfilzomib treatment. We suggest that before the introduction of CFZ, physicians or hematologists should pay attention not only to potential cardiac risk factors in MM patients but also to hematologic association, such as peripheral blood eosinophilia.
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Legends for the figures:
Figure 1: The clinical course of a 61- year- old woman, who was treated with KRd therapy. Patient's eosinophilic manifestations associated with apllication of CFZ.

Figure 2A: Hypercellular bone marow with high levels of eosinophils and plasma cells with no increase in other matured myeloid precursors

Figure 2B: Hypercellular bone marrow with high levels of eosinophils and plasma cells with no increase in other matured myeloid precursors
