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Abstract. Multiple myeloma (MM) is a malignant plasma 
cell neoplasm characterized by the accumulation of plasma 
cells in the bone marrow, the subsequent destruction of bone 
and organ dysfunction. The present study describes the case 
of a 66‑year‑old male patient who presented with the typical 
clinical manifestations of MM. The patient was administered 
a bortezomib and dexamethasone regimen for 2 cycles and 
achieved complete remission. Lenalidomide, vincristine, 
pirarubicin, dexamethasone, melphalan and thalidomide was 
used successively in consolidation therapy and maintenance 
therapy. The patient developed secondary B‑cell lympho-
blastic leukemia 38 months after the primary MM diagnosis 
was made. Owing to the exposure of the patient to a variety 
of therapeutic agents, it could be inferred that multiple 
immune defects may have played an important role in the 
secondary lymphoblastic leukemia of the patient. Microscopic 
examination and flow cytometry detection were important in 
identifying the secondary malignancy in this MM case.

Introduction

Multiple myeloma (MM) is a malignant plasma cell 
neoplasm characterized by plasma cells accumulating in the 
bone marrow and subsequent destruction of bone, symptoms 

of bone marrow failure and organ dysfunction  (1). MM 
is responsible for ~1% of all cancers and 10% of hemato-
logical cancers (2,3). The median age at diagnosis of MM 
is 70 years (3). The median survival of patients with MM 
was <1 year prior to the introduction of alkylating agents (3). 
The introduction of novel agents, including bortezomib, 
thalidomide and lenalidomide, for the treatment of MM 
patients has significantly improved clinical outcomes (1-3). 
However, a concerning finding has been the increase in the 
incidence of secondary malignancies (4‑7). Previous studies 
have demonstrated that MM patients have a higher risk of 
secondary myeloid malignancies than the general popula-
tion (4-6). To the best of our knowledge, secondary B cell 
malignancy in MM patients is seldom studied. In addition, 
acute lymphoblastic leukemia (ALL) is often perceived as 
a pediatric malignancy because the peak incidence occurs 
between 1 and 4 years of age. However, the incidence of ALL 
has increased in the older population (8).

The present authors previously reported 3 cases of MM 
who developed lymphoblastic leukemia after exposure to 
a variety of agents  (9). The present study reports the case 
of a patient who developed B‑cell lymphoblastic leukemia 
38 months after the initial diagnosis of MM. A brief review of 
the literature is also provided. Written informed consent was 
obtained from the patient for the publication of this case report 
and any accompanying images.

Case report

Clinical characteristics. A 66‑year‑old male was admitted 
to The First Affiliated Hospital of Sun Yat‑sen University 
(Guangzhou, China) in June 2010 due to bone pain. A meta-
static bone survey (MBS) revealed focal osteolytic bone 
lesions in the costal bones, spine, pelvis, clavicle and scapular 
of the right side  (Fig. 1). Complete blood counts showed 
normal results for white blood cells (4.68x109 cells/l; normal 
range, 4.00-10.00x109 cells/l) hemoglobin (130 g/l; normal 
range, 120-160 g/l) and platelet count (172x109 cells/l; normal 
range, 100-300x109 cells/l). A blood smear showed a rouleaux 
formation of red blood cells. Serum protein electrophoresis 
revealed the presence of a monoclonal protein in the γ region, 
subsequently identified as immunoglobulin (Ig) A and κ light 
chain. A total of 16.00% plasma cells (normal range, 0.00-
0.02%) were found in the bone marrow smear (Fig. 2). 
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The results of flow cytometry analysis were consistent with 
the presence of clonal plasma cells. Flow cytometry analysis 
of the surface and cytoplasm markers of the plasma cells was 
performed on erythrocytes-lysed ethylenediaminetetraacetic 
acid (EDTA)-anti-coagulated bone marrow samples using a 
6-color panel of ready to use antibodies and isotype controls 
conjugated to fluorescein isothiocyanate (FITC), phyco-
erythrin (PE), peridinin chlorophyll (PerCP), PE-cyanine 7 
(Cy7), allophycocyanin (APC) and/or APC-Cy7 (BD Biosci-
ences, San Diego, CA, USA) and the “Duo-Lyse” program 
of the FACS™ Lyse Wash Assistant (BD Biosciences, 
Franklin Lakes, NJ, USA) according to the following anti-
body combinations: For plasma cells analysis, i) anti‑CD38/
CD56/CD19/CD20/CD138/CD45; ii) anti-cytoplasmic (c)κ/

cλ/CD19/CD138/CD38/CD45; iii) anti‑CD38/CD54/CD138/
CD45; and iv) anti‑CD38/CD45/CD56/CD19/CD20 were used, 
while for lymphocyte analysis, i)  anti‑CD10/CD34/human 
leukocyte antigen-antigen D related/CD45; ii)  anti‑CD20/
CD22/CD45/CD5/CD19; iii) anti‑CD15/CD117/CD14/CD45/
CD19; iv) anti‑CD56/CD13/CD33/CD45/CD19; v) anti‑cCD3/
myeloperoxidase (MPO)/CD79a/CD45; and vi)  anti‑CD2/
CD7/CD45/CD19/CD3 were used (Fig. 3 and Table I). The 
total Bence‑Jones protein level in a 24‑h urine collection was 
1,740 mg (reference value, negative). Anti‑nuclear antibody 
and serological tests (Epstein‑Barr, hepatitis B and C viruses, 
cytomegalovirus and human immunodeficiency virus) were 
negative. As a result of all these findings, the patient was diag-
nosed with MM (Durie‑Salmon IIA) (10).

Figure 2. Plasma cell morphology in the bone marrow smear at diagnosis (Wright‑Giemsa staining; magnification, x1,000). Abnormal plasma cells (red 
arrows) account for 16% of the nucleated cells in the bone marrow. The abnormal plasma cells are characterized by large and irregular nuclei, fine chromatin, 
occasional nucleoli and atypical cytoplasmic features.

Figure 1. Focal osteolytic bone lesions in costal bones, the clavicle and the scapular acromion process (white arrows).
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Treatment process. Treatment was commenced in June 22, 
2010. At first, the patient was administered a bortezomib and 
dexamethasone regimen for 2 cycles (cycle 1: 2.0 mg bort-
ezomib on days 1, 4, 7 and 11, and 20 mg/day dexamethasone 
on days 1, 2, 4, 5, 7, 8, 11 and 12, every 28 days; and cycle 2: 
2.0 mg bortezomib on days 1, 8, 15 and 22, and 20 mg/day dexa-
methasone on days 1, 2, 8, 9, 15, 16, 22 and 23, every 28 days). 
The patient achieved complete remission  (Figs.  4  and  5). 
Subsequent to obtaining written informed consent, lenalido-
mide (10 mg/day) was administered as maintenance therapy on 
days 1-21 every 28 days since September 15, 2010. However, 
due to economic reasons, lenalidomide was stopped 2 months 
later according to the patient's wishes. Therefore, a vincristine, 
pirarubicin, dexamethasone and melphalan regimen (0.5 mg/
day vincristine, 10 mg/day pirarubicin, 20 mg/day dexametha-
sone and 12 mg/day melphalan, on days 1‑4) was administered 
every 28 days as consolidation therapy in November 16, 2010. 
After 1 cycle, the melphalan was out of stock, and a vincristine, 
pirarubicin and dexamethasone regimen (0.5 mg vincristine, 

10 mg pirarubicin and 20 mg dexamethasone, on days 1‑4, 
every 28 days) was administered in December 27, 2010, for 
1 cycle instead. Thalidomide (200 mg/day) was used as main-
tenance therapy from February 9, 2011, to September 13, 2013, 
when the patient was admitted to hospital again due to serious 
fatigue that had persisted for >10 days.

Secondary lymphoblastic leukemia. At this time, the patient's 
blood counts showed a low white blood cell count of 3.05x109/l, 
while the hemoglobin level  (140  g/l) and platelet count 
(178x109/l) were normal. The serum protein level was 74.8 g/l 
(normal range 60.0-80.0 g/l; albumin, 44.8 g/l (normal range, 
40.0-55.0 g/l); and globulin, 30 g/l (normal range, 20-30 g/l). 
Immunoelectrophoresis showed no monoclonal increase in 
serum Ig (IgA, 1.52 g/l). The patient exhibited elevated levels 
of β2‑microglobulin (2,358.1 µg/l; normal range, 0-2,400 µg/l), 
liver enzymes [alanine transaminase, 64 U/l (normal range, 
0-40  U/l); and aspartate transaminase,  76  U/l (normal 
range, 0-40 U/l)] and creatinine (77 µmol/l; normal range, 

Table I. Antibodies used for flow cytometry.

Antibodies	 Catalogue number	 Concentration (µl/100 µl)

Anti‑CD38‑FITC/CD56‑PE‑Cy/CD19‑PerCP-Cy5.5	 341132	 20
Anti‑CD20‑PE-Cy7	 335793	   5
Anti‑CD38 (HB-7)‑APC	 345807	   5
Anti‑CD54‑PE	 555511	 20
Anti‑CD138‑PerCP-Cy5.5	 341087	 20
Anti‑κ‑FITC/λ‑PE	 349516	 20
Anti‑IgM‑FITC	 555782	 20
Anti‑IgG‑FITC	 555786	 20
Anti‑CD19 (SJ25C1)‑APC	 340437	   5
Anti‑CD22‑PE	 347577	 20
Anti‑CD34 (8G12)‑PE	 348057	 20
Anti‑CD10 (HI10a)‑FITC	 340925	 20
Anti‑CD20‑FITC	 347673	 20
Anti‑CD45‑APC	 340943	   5
Anti‑CD45 (2D1)‑PerCP-Cy5.5	 347464	 20
Anti‑HLA-DR‑APC	 559866	 20
Anti‑CD3‑FITC/MPO‑PE/CD79a‑PerCP‑Cy5.5	 340961	 20
Anti‑CD20‑FITC	 555622	 20
Anti‑CD2 (S5.2)‑FITC	 347593	 20
Anti‑CD3‑PE-Cy7	 341091	   5
Anti‑CD5‑APC	 340583	   5
Anti‑CD7‑PE	 340581	 20
Anti‑MPO‑FITC	 340580	 20
Anti‑CD13‑PE	 347837	 20
Anti‑CD33‑APC	 551378	 20
Anti‑CD117‑PE	 555714	   5
Anti‑CD117 (104D2)‑PerCP‑Cy5.5	 333944	 20
Anti‑CD56‑FITC	 340410	 20
Anti‑CD15‑FITC	 555401	 20

CD, cluster of differentiation; FITC, fluorescein isothiocyanate; PE, phycoerythrin; PerCP, peridinin chlorophyll; Cy, cyanine;  APC, allophy-
cocyanin; Ig, immunoglobulin; MPO, myeloperoxidase; HLA-DR, human leukocyte antigen-antigen D related.
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53-106 µmol/l), and a normal calcium level (2.31 mmol/l; 
normal range, 2.25-2.75 mmol/l).

Lymphoblasts accounted for 62% of nucleated cells in 
the patient's bone marrow smear (Fig. 6). The results of flow 

cytometry analysis [positive for CD45, CD19, CD22, CD34 
and CD79a(±); and negative for CD38, CD138, CD56 and 
CD54] were consistent with the presence of clonal lympho-
blast  (Fig. 7). Flow cytometry analysis of the lymphoblast 

Figure 4. Plasma cell morphology in bone marrow smears after treatment (Wright‑Giemsa staining; magnification, x1,000). The plasma cells accounted for 1% 
of nucleated cells. The cells are characterized by small nuclei, clumped chromatin, non‑existent nucleoli and abundant cytoplasm (red arrows).

Figure 3. Result of flow cytometry analysis at diagnosis. P1 indicates abnormal plasma cells; the phenotype was positive for CD38, CD138, CD56, CD54 
and cκ light chain, and negative for CD45, CD19 and CD20. Flow cytometry analysis of the plasma cells surface and cytoplasm markers was performed on 
erythrocytes-lysed ethylenediaminetetraacetic acid-anti-coagulated bone marrow samples using the “Duo-Lyse” program of the BC FACS™ Lyse Wash 
Assistant according to the following combinations of antibodies: i) Anti-CD38/CD56/CD19/CD20/CD138/CD45; ii) anti-cκ/cλ/CD19/CD138/CD38/CD45; 
iii) anti-CD38/CD54/CD138/CD45; and iv) anti-CD38/CD45/CD56/CD19/CD20. The data were analyzed with BD FACSCanto™. The axes of the graphs 
represent fluorescence intensity data collected in pulse-area measurements and plotted on a logarithmic scale. CD, cluster of differentiation; c, cytoplasmic; A, 
area; SSC, side scatter; APC, allophycocyanin; PE, phycoerythrin; Cy, cyanine; PerCP, peridinin chlorophyll; FITC, fluorescein isothiocyanate; Q, quadrant.
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surface and cytoplasm markers was performed on erythro-
cytes-lysed EDTA-anti-coagulated bone marrow samples 
using a 6-color panel of antibodies (FITC/PE/PerCP/PE-Cy7/
APC/APC-Cy7) and the “Duo-Lyse” program of the of the 
FACS™ Lyse Wash Assistant according to the following 
combinations of antibodies: i) Anti‑CD10/CD34/CD19/CD20/
CD22/CD45 and ii) anti-cIgM/CD79a/CD34/CD19/CD45. For 
each antibody, negative staining levels were set by comparison 
with an isotype matched control. A cutoff of 20% was usually 
accepted as evidence of antigen expression (+). A positive 
percentage between 10  and 20% was usually accepted as 
evidence of antigen expression (±).

Biopsy revealed a diffuse growth pattern of lymphoblasts 
in the bone marrow, and immunohistochemistry showed the 
following results: Terminal deoxynucleotidyl transferase(+), 
CD34(+), CD79a(±), CD3(‑), CD5(‑), MPO(‑), CD56(‑), 
CD138(‑), cyclin D1(‑), κ(‑) and λ(‑) (Fig. 8). MBS showed 
that focal bone lesions remained, and positron emission 
tomography‑computed tomography revealed an elevated 
maximum standardized uptake value of fluorodeoxyglucose 
in the axial bone  (including the skull and the vertebral 
column; maximum standardized uptake value, 3.6) and the 
spleen (maximum standardized uptake value, 2.6) (Fig. 9). 
The patient was negative for the BCR/ABL and IGH/
CCND1 genes on fluorescence in situ hybridization (FISH) 
tests. However, on karyotype analysis, a fragment from an 
unknown source that was an addition to chromosome 4 was 
observed in 2 out of the 7 analyzed cells  (Fig. 10). Bone 
marrow metaphase cytogenetic studies were performed on 
24-h bone marrow cultures without any colony stimulating 
factor. The cells were cultured in RPMI‑1640 medium 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 20% fetal calf serum (BD Biosci-
ences) and 2% L-glutamine. The cells were harvested, 
and cell suspensions were stored in a freezer at ~-20℃.
Conventional cytogenetic karyotyping was performed using 
standard G-banding cytogenetic methods. Seven metaphases 
were analysed. FISH procedures were carried out on fixed 
bone marrow cells according to the manufacturer's protocol 
(Vysis; Abbott Molecular, Des Plaines, IL, USA). The slide 
was washed in 2X saline sodium citrate for 4 min, followed 

Figure 6. Lymphoblast morphology in a bone marrow smear 38 months after 
the multiple myeloma diagnosis (Wright‑Giemsa staining; magnification, 
x1,000). Lymphoblasts account for 62% of the nucleated cells, characterized 
by a consistent size, regular nuclei, small nucleoli and a small amount of 
cytoplasm.

Figure 5. Result of flow cytometry analysis after treatment. P1 indicates plasma cells; the phenotype was positive for CD38, CD138, CD45, CD19 and CD54, 
and negative for CD56 and CD20. Flow cytometry analysis of the plasma cells surface and cytoplasm markers was performed on erythrocytes-lysed ethyl-
enediaminetetraacetic acid-anti-coagulated bone marrow samples using the “Duo-Lyse” program of the BC FACS™ Lyse Wash Assistant according to the 
following combinations of antibodies: i) Anti-CD38/CD56/CD19/CD20/CD138/CD45; ii) anti-cκ/cλ/CD19/CD138/CD38/CD45; iii) anti-CD38/CD54/CD138/
CD45; and iv) anti-CD38/CD45/CD56/CD19/CD20. The data were analyzed with BD FACSCanto™. The axes of the graphs represent fluorescence intensity 
data collected in pulse-area measurements and plotted on a logarithmic scale. CD, cluster of differentiation; c, cytoplasmic; A, area; SSC, side scatter; APC, 
allophycocyanin; PE, phycoerythrin; Cy, cyanine; PerCP, peridinin chlorophyll; FITC, fluorescein isothiocyanate; Q, quadrant.
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Figure 8. Microscopic appearance of the bone marrow biopsy. (A and B) A diffuse growth pattern of lymphoblasts in the bone marrow, characterized by a 
consistent size, fine chromatin and small nucleoli [hematoxylin and eosin staining; magnification, (A) x40 and (B) x400]. Immunohistochemical analysis 
results showing (C) cluster of differentiation 79a(±) (magnification, x40) and (D) terminal deoxynucleotidyl transferase(+) (magnification, x40).

  A   B

  C   D

Figure 7. Result of flow cytometry analysis at the diagnosis of secondary malignancy. P3 indicate lymphoblasts; the phenotype was positive for CD19, CD22, 
CD79a, CD34, HLA‑DR, CD56, CD10(±) and CD33(±); negative for MPO, cCD3, CD20, CD5, CD2, CD3, CD7, CD117, CD15 and CD13. Flow cytometry anal-
ysis of the plasma cells surface and cytoplasm markers was performed on erythrocytes-lysed ethylenediaminetetraacetic acid-anti-coagulated bone marrow 
samples using the “Duo-Lyse” program of the BC FACS™ Lyse Wash Assistant according to the following combinations of antibodies: i) Anti-CD10/CD34/
HLA-DR/CD45; ii) anti‑CD20/CD22/CD45/CD5/CD19; iii) anti‑CD15/CD117/CD14/CD45/CD19; iv) anti‑CD56/CD13/CD33/CD45/CD19; v) anti‑cCD3/
MPO/CD79a/CD45; and vi) anti-CD2/CD7/CD45/CD19/CD3. The data were analyzed with BD FACSCanto™. The axes of the graphs represent fluorescence 
intensity data collected in pulse-area measurements and plotted on a logarithmic scale. CD, cluster of differentiation; c, cytoplasmic; A, area; SSC, side scatter; 
APC, allophycocyanin; PE, phycoerythrin; Cy, cyanine; PerCP, peridinin chlorophyll; FITC, fluorescein isothiocyanate; MPO, myeloperoxidase; HLA-DR, 
human leukocyte antigen-antigen D related; Q, quadrant.
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Figure 9. Positron emission tomography‑computed tomography showing elevated maximum standardized uptake values of fluorodeoxyglucose in the axial 
bone (3.6) and spleen (2.6, as indicated by the red arrow).

Figure 10. Result of cytogenetic analysis. (A) Karyotype 46,XY,add(4)(p16)(2)/46,XY(5) (a fragment from an unknown source that was an addition to chromo-
some 4 was observed in 2 out of the 7 analyzed cells. The absence of chromosome X was considered as a random chromosome loss). Negative fluorescence 
in situ hybridization for (B) BCR/ABL and (C) IGH/CCND1 genes.

  A

  B   C
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by an alcohol series for dehydration. Co-denaturation was 
conducted for 5 min at 75℃, followed by overnight hybridiza-
tion at 37℃. Evaluation of the FISH signals was performed 
using fluorescence microscopy (Axio Imager A1; Zeiss AG, 
Oberkochen, Germany) under x1,000 magnification. For 
each test, a minimum of 200 interphase cells were evaluated 
for signal pattern. According to the aforementioned results, 
the patient was diagnosed with secondary B‑cell lympho-
blastic leukemia in MM.

Findings in reviewing the bone marrow smears. After 
secondary lymphoblastic leukemia was diagnosed, all the 
records of the patient were reviewed, notable among these 
were the bone marrow smears. The patient had six marrow 
sampling during maintenance therapy. All the bone marrow 
smears appeared in a good state, and the percentage and 
morphology of the plasma cells were normal. Unexpectedly, 
an extremely low percentage (<0.01%) of blast cells was 
found in all the bone marrow smears during the maintenance 
therapy (Fig. 11). The blast cells had scant agranular cyto-
plasm, no Auer rods, coarse to fine chromatin and indistinct 
nucleoli. The blast cells were not noticed during maintenance 
therapy due to their low percentage.

The patient was then administered CHOP regimen 
(cyclophosphamide, 1.2 g on day 1; pirarubicin; 60 mg on 
day 1, vincristine, 2 mg on day 1; and prednisone, 30 mg 
bid on days 1-5) for 1 cycle. However, the regimen had poor 
efficiency, and the lymphoblasts still accounted for 48% of 
all nucleated cells in the patient's bone marrow smear. Subse-
quently, the patient discontinued the treatment and was not 
further followed up. The patient succumbed to disease on 
April 2014.

Discussion

In recent years, the application of novel agents has prolonged 
the survival time of MM patients, but a concerning finding 
has been the increase in the incidence of secondary malig-
nancies (4‑7). In the reported cases, the majority of secondary 
malignancies in MM were acute myelocytic leukemia (AML), 
myelodysplastic syndrome  (MDS) and solid tumors  (4‑7). 
In a previous study, the present authors reported 3 cases of 
MM who developed lymphoblastic leukemia after exposure 
to a variety of agents (9). The present study reports the case 
of a patient who developed secondary lymphoblastic leukemia 
38 months after the initial MM diagnosis.

It has been hypothesized that plasma cell dyscrasias 
exhibited a higher risk of associated AML/MDS. A number of 
immune system defects have been described in MM, although 
the clinical importance of these defects remains unclear. The 
more well‑known of these immune defects include impaired 
lymphocyte function, decreased γ  globulin levels and 
steroid‑associated lymphopenia/immunosuppression (4,11). 
These alterations are likely to predispose MM patients to other 
malignancies.

Bortezomib was the main drug used in induction therapy 
for the present study patient. There is little literature on the 
secondary malignancies that are triggered by bortezomib, 
and available studies show that bortezomib exhibits a rela-
tively low incidence of secondary malignancies (12,13). The 
present patient had only a short exposure time to bortezomib 
(<2 months).

The consolidation and maintenance therapy of the patient 
was somehow complicated, since after complete remission 
was achieved, lenalidomide, maphalan and thalidomide were 

Figure 11. Cell morphology in bone marrow smears during maintenance therapy (Wright‑Giemsa staining; magnification, x1,000). Images of bone marrow 
smears sampled on (A and B) October 13, 2011 and on (C and D) March 7, 2012. Images of the (A and C) plasma and (B and D) blast cells. The percentage 
and morphology were normal. The percentage of the blast cells was <0.005%. The blast cells exhibited scant agranular cytoplasm, no Auer rods, coarse to fine 
chromatin and indistinct nucleoli.

  A   B

  C   D
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successively administered for consolidation and maintenance 
therapy.

According to contemporary research, exposure to 
melphalan  (11,13‑15) and lenalidomide  (15‑21) may cause 
immunosuppression, and may be associated with a higher 
frequency of secondary malignancies. However, the exposure 
times to lenalidomide and melphalan in the present study were 
short (4 days and 2 months, respectively).

In the present study, the relatively long exposure time 
to thalidomide (31  months as maintenance therapy) was 
considered as an important potential risk factor. The clinical 
observation of patients treated with thalidomide has suggested 
that this agent could exert immunostimulatory and immu-
nosuppressive activities (22,23). However, thalidomide has 
been associated with a relatively low incidence of secondary 
malignancies in MM (24,25).

According to the aforementioned analysis, it was difficult 
to determine whether any of the single agents that were used 
in the treatment were the cause of the secondary lympho-
blastic leukemia in the present patient. It is worth noting that 
the treatment of the patient was somehow complex, since 
bortezomib, dexamethasone, lenalidomide, vincristine, pira-
rubicin, melphalan and thalidomide were used successively in 
the induction therapy, consolidation therapy and maintenance 
therapy. Owing to the exposure of the patient to a variety of 
agents, it could be inferred that multiple immune defects may 
exist and may play an important role in the secondary lympho-
blastic leukemia that was diagnosed.

After scrutinizing the patient's bone marrow smears 
during the maintenance therapy, an extremely low percentage 
of blast cells was unexpectedly found each time. As the 
blast cells were at a low percentage, they were not noticed 
during the maintenance therapy. Therefore, flow cytometry 
and peroxidase staining were not performed at this time, 
and it was impossible to identify whether the blast cells 
were lymphoblasts or myeloblasts by immunophenotype. 
However, according to the morphology of the blast cells 
(scant agranular cytoplasm, no Auer rods, coarse to fine 
chromatin and indistinct nucleoli), we speculated that the 
blast cells may be lymphoblasts. It could be inferred that 
the patient was possibly in an early stage of lymphoblastic 
leukemia during the maintenance therapy of MM. If the bone 
marrow smears had been scrutinized carefully, and if flow 
cytometry had been used, an early stage of lymphoblastic 
leukemia could have been identified and interventional treat-
ment could have been applied.

The present authors previously reported 3 cases of MM 
who developed secondary lymphoblastic leukemia. A very 
low percentage of similar blast cells were found in the bone 
marrow smears during maintenance therapy in all those 
3 cases (9). It is not known whether the subsequent occur-
rence of secondary B‑cell lymphoblastic leukemia represents 
a transformation of MM into a less differentiated B‑cell 
malignancy, a biclonal neoplasm arising from an oncogenic 
event in a common B‑cell precursor, or an independent onco-
genic event due to the defect in immune dysregulation (4,6‑9). 
However, if a low percentage of blast cells is noticed early 
on, flow cytometry may be introduced and provide further 
evidence of disease, and the patient may also have a chance 
for early intervention. The previous 3 cases and the present 

case illustrate the value of microscopic examination and flow 
cytometry detection in identifying secondary malignancies 
in MM.

In summary, the present study reports a rare case of 
secondary B‑cell lymphoblastic leukemia that occurred 
38 months after the primary diagnosis of MM, the cause of 
which may be associated with exposure to a variety of agents. 
Microscopic examination and flow cytometry detection were 
important in identifying the secondary malignancy in this 
MM case.
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