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A case of refractory multiple myeloma with proliferation
of large granular lymphocytes by lenalidomide treatment
and its association with clinical efficacy
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Abstract. A 72-year-old Japanese male was diagnosed as
having monoclonal gammopathy of undetermined signifi-
cance and was followed up without therapy. Three years later,
the patient progressed to symptomatic multiple myeloma.
Melphalan + prednisolone was administered as first-line
chemotherapy for ~6 years. Since the patient was judged to
exhibit refractory multiple myeloma, he subsequently received
radiation therapy on the lumbar spine. The patient was enrolled
in a clinical trial and received lenalidomide + lowdose dexa-
methasone (Rd) therapy. The patient achieved very good
partial remission following four cycles of Rd. At this time,
large granular lymphocytes (LGLs) increased to 25-40% of
peripheral blood leukocytes, however, the LGLs were present
in the blood (~8%) prior to lenalidomide treatment. By flow
cytometry of surface antigens, it was revealed that the LGLs
were positive for cluster of differnetiation (CD)2, 7, 8, 16, 56,
and 57, and human leukocyte antigen-D related, however,
were negative for CD3, 4 and 5, suggesting that these LGLs
predominantly exhibited an natural killer (NK) cell pheno-
type. T-cell receptor (3 gene rearrangement was not detected by
polymerase chain reaction. A *'Cr release assay was performed
to investigate whether the NK cells actually possessed activity.
A low level of M protein was sustained for ~15 months. This
implied the enhancement of immune activation during lenalid-
omide treatment. The present case study suggested that LGL
cells induced by lenalidomide may contribute to long-term
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restraint of myeloma cells. This immune system component
may contribute to disease control.

Introduction

Multiple myeloma (MM) is a plasma cell tumor, which
has differentiated from B lymphocytes, and the disease is
characterized by the production of monoclonal immunoglob-
ulin (Ig). Previously, several novel drugs for the treatment
of MM have been developed and the clinical outcome has
significantly improved. Examples of these are bortezomib, a
proteasome inhibitor, and the immunomodulatory drugs (e.g.
thalidomide and lenalidomide). Lenalidomide, a derivative
of thalidomide, has been demonstrated to induce immune
responses, including cytokine production, and the activation
of natural killer (NK) cells and T cells, to exert antitumor
effects directly on MM cells by arresting the cell cycle, and
to induce decreases of interleukin (IL)-6 and vascular endo-
thelial growth factor levels in the microenvironment of the
tumor (1). This has given rise to a beneficial clinical effect
in patients with MM (2). In a clinical trial (MM-009/010),
the time to progression and overall survival were signifi-
cantly prolonged in patients treated with lenalidomide in
combination with dexamethasone, compared with those
with dexamethasone alone, and the clinical efficacy was also
confirmed (3). In earlier clinical studies, lenalidomide mono-
therapy was revealed to be useful as maintenance therapy for
elderly patients (4) or post-transplant therapy (5,6). Although
itis hypothesized that lenalidomide therapy activates immune
cells (7) and leads to good clinical efficacy. Limited data to
show the direct correlation between the increase of immune
cells and the clinical effects of lenalidomide in MM patients
is currently available.

The present study reported a case of refractory MM with
the emergence of large granular lymphocytes (LGLs) during
lenalidomide treatment. Lenalidomide revealed efficacy to
suppress serum M-protein level and tumor size in this case.
This suggested a direct correlation between the proliferation
of LGLs and the therapeutic effect of lenalidomide.
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Figure 1. Clinical course of the present case. An inverse correlation was observed between the serum IgG and LGL levels. MP was administered as first-line
chemotherapy. The patient subsequently received radiation therapy on the lumbar spine. As the disease activity had failed to be controlled by MP and radiation
therapy, the patient was enrolled in a clinical trial and received Rd therapy. A low level of IgG was sustained during Rd therapy for ~15 months, associated with
the increase of LGLs in peripheral blood. As extramedullary tumor was observed 15 months following the initiation of Rd therapy, BD therapy was started
in addition to local radiation therapy. Notably, the number of LGLs decreased and serum IgG level was increased following BD treatment and radiation. MP,
melphalan + prednisolone; Rd, lenalidomide + low-dose dexamethasone; BD, bortezomib + dexamethasone: LGL, large granular lymphocyte; sIgG; serum

immunoglobulin G; Neu, neutrophil; PLT, platelet.

Case report

A 72-year-old Japanese male patient consulted a doctor for
constipation. Laboratory examination revealed a high serum
IgG level (3,305 mg/dl) with IgG k-type M-protein. However,
aspiration analysis of bone marrow cells revealed no increase
of plasma cells. The patient was diagnosed with monoclonal
gammopathy of undetermined significance and was followed
up without therapy. Three years later, the patient progressed
to symptomatic MM. Subsequently, melphalan + prednisolone
(MP) was administered as first-line chemotherapy. Following
MP chemotherapy for ~6 years, the patient complained of
lower back pain and was revealed by CT examination to exhibit
vertebral mass lesions. The patient was subsequently referred
to St. Mary's Hospital (Fukuoka, Japan). Since the patient was
judged to exhibit refractory MM, he subsequently received
radiation therapy on the lumbar spine. Serum IgG levels were
elevated to 3,048 mg/dl, while the proportion of myeloma cells
was 15.2% in the bone marrow. No chromosomal abnormali-
ties were detected. Durie-Salmon stage classification was IIA
and International Staging System classification was 1. As the
disease activity failed to be controlled by MP and radiation
therapy, the patient was enrolled in a clinical trial and received
lenalidomide (15 mg, days 1-21 of a 28-day cycle) + low-dose
dexamethasone (20 mg/week) (Rd) therapy. This clinical study

was designed to investigate the maximum optimal dosage
and efficacy of lenalidomide (UMIN Clinical Trials Registry
number, UMIN000010178), and treatment by the administra-
tion of lenalidomide + dexamethasone was initiated (Fig. 1).
SerumIgG gradually decreased to 1,530 mg/dl and reduction
of the size of the bone tumors was observed (Fig. 2A and B). At
this time, LGLs, which were defined as being more than double
the size of red blood cell with abundant cytoplasm containing
azurophilic granules (Fig. 3A), increased to 25-40% of
peripheral blood leukocytes, although the LGLs were present
in blood (~8%) prior to lenalidomide treatment. The patient
achieved very good partial regression following four cycles of
Rd therapy. In terms of the adverse effect of lenalidomide, skin
rash (Grade 1) appeared; however, it subsided spontaneously
upon the continuation of lenalidomide. A low level of IgG
was sustained for ~15 months. Flow cytometry of surface
antigens revealed that LGLs exhibited positivity for cluster of
differentiation (CD)2, 7, 8, 16, 56 and 57, and human leukocyte
antigen-D related, however, were negative for CD3, 4, and
5 (Fig.3B),suggesting that these LGLs predominantly exhibited
an natural killer (NK) cell phenotype. T-cell receptor § gene
rearrangement was not detected by polymerase chain reaction.
A 'Cr release assay was performed to investigate whether the
NK cells actually possessed activity. The cytotoxic activity
was revealed to be elevated to 60% (normal range, 18-40%).
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Figure 2. CT imaging. (A) Following melphalan + prednisolone chemotherapy for ~6 years, the patient exhibited bone tumor lesions, as determined by CT
examination (I March 2012). (B) When serum immunoglobulin G gradually decreased to 1,530 mg/dl, reduction of the size of the bone tumors was observed
(19 July 2013). CT, computed tomography.
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Figure 3. Morphology and immunophenotype of LGLs. (A) When the patient achieved VGPR after four cycles of lenalidomide + low-dose dexamethasone
LGLs, which was defineed as more than double the size of red blood cell and abundant cytoplasm, containing azurophilic granules, increased to 25-40% of
peripheral blood leukocytes. (May-Giemsa staining; magnification, x400). (B) Flow cytometry of surface antigens revealed that LGLs were positive for CD2,
7,8,16,56 and 57 and HLA-DR, however, were negative for CD3, 4, and 5, suggesting that these LGLs exhibited an NK cell phenotype. LGL, large granular
lymphocyte; CD, cluster of differentiation; NK, natural killer; VGPR, very good partial remission; HLA-DR, human leukocyte antigen-D related; TCR, T cell
receptor; NC, negative control.
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Since an extramedullary tumor was observed 15 months
following the initiation of lenalidomide therapy, bort-
ezomib + dexamethasone (BD) therapy was initiated in
addition to local radiation therapy. Unfortunately, exposure to
this treatment was not effective for this patient. Notably, the
number of LGLs decreased and serum IgG level was elevated
following BD treatment and radiation. As shown in Fig. 1, an
inverse correlation between the serum IgG and LGL levels
was observed.

Discussion

The present case study reported an interesting case of refractory
MM presenting the proliferation of LGLs in peripheral blood
during lenalidomide therapy. These LGLs exhibited an NK cell
phenotype (CD16"CD56*CD57+) and cytotoxic activity, and may
be involved in the elimination of myeloma cells. In the present
case, a long-term decrease in M-proteins may be achieved by
LGL expansion through lenalidomide treatment.

Induction of LGL cells is well known in chronic myeloid
leukemia patients treated with dasatinib, which acts to elimi-
nate BCR/ABL-positive cells and is associated with a favorable
prognosis (8).

It has been reported that patients with relapsed/progres-
sive MM exerted a marked deficit of NK/T cell numbers and
activity, particularly following repeated chemotherapy and/or
autologous peripheral blood stem cell transplantation following
a high-dose melphalan regimen (2). Therefore, it appears to
be beneficial for immunomodulatory therapy to increase the
cytotoxic activity and cytokine production of NK/T cells in
chemotherapy-resistant patients with MM.

The action of immunomodulatory drugs, including
lenalidomide, is considered to be associated with cereblon (2).
However, the detailed mechanisms remain to be elucidated.
Lenalidomide normally induces immunomodulatory function
when used alone. However, when used together with dexa-
methasone, the immunomodulatory effect is suppressed (9).
In the current patient, although peripheral blood levels of
IL-2 and interferon (IFN)-y were not elevated during lenalido-
mide treatment, and this may have been the result of the effect
of combination with dexamethasone.

It was reported that CD57 is a marker of long-lived
‘memory’ NK cells (10). Notably, although the CD57* NK
cell population produced less IFN-y compared with CD57
cells in response to activation by cytokines, they exhibited
higher levels of perforin and granzymes (10). In addition, it
was also demonstrated that CD57* NK cells are more sensi-
tive to CD16 activation (10). Since lenalidomide can increase
CD16 expression in NK cells (11), CD16*CD56*CD57* cells,
which were mentioned in this case report, may have anti-
tumor potency under lenalidomide treatment. Previously, it
was reported that no change was observed in CD57+* NK cell
numbers following three cycles of Rd treatment (12), whereas
the present study detected LGL expansion during the fifth
cycle of Rd treatment. Therefore, these cells may not prolif-
erate in the early phase of Rd treatment.

Since anti-myeloma therapy was not effective during BD
treatment and LGL level was decreased, NK cell-mediated
cytotoxic activity was suggested not to be sustained in this
period. The MM cells may result in escape from the immune
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surveillance system through alteration in the cellular and/or
extracellular properties during treatment (13). Certain hetero-
geneous tumor subclones with low immunogenicity can have
a chance to survive and expand (14). In addition, MM cells are
not fixed on a single evolutionary trajectory and can poten-
tially shift between stable and evolving genomes during the
course of the disease (15). In addition, epigenetic silencing of
tumor antigen expression may be responsible for antigen loss
and tumor escape (16). In the present case, MM cells may have
escaped from immune surveillance during treatment.

In conclusion, the present case study demonstrated the
proliferation of LGLs during lenalidomide + dexamethasone
therapy, and demonstrated that the expanded LGLs were of
the CD57* NK lineage. This immune system component may
contribute to disease control.

The accumulation of cases would provide more marked
evidence of the beneficial effects of LGL in lenalidomide
therapy. However, further investigation is required to reveal
the precise mechanism of the correlation between clinical
effects and LGLs during lenalidomide treatment.
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