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Abstract. A 77‑year‑old male was admitted to hospital after 
complaining of fever and a cough for three days. A diagnosis 
of multiple myeloma was confirmed following M protein 
identification and a bone marrow biopsy. The patient received 
chemotherapy regimens of bortezomib plus dexamethasone, 
cyclophosphamide, thalidomide and dexamethasone, and 
thalidomide and dexamethasone, and was prescribed thalido-
mide (100 mg/d) to be taken orally for maintenance therapy. 
After a further two years the patient was subsequently diag-
nosed with acute myeloid leukemia. Chemotherapy regimens 
of cytarabine, aclacinomycin and daunorubicin, homohar-
ringtonine and etoposide, and mitoxantrone and cytarabine 
resulted in no remission. Partial remission was obtained with 
a course of ifosfamide, vindesine, cytarabine and prednisone 
chemotherapy. This therapy may be an alternative treatment 
for secondary leukemia, particularly in elderly patients.

Introduction

Multiple myeloma (MM) survival rates have improved signifi-
cantly over the last 10 years (1‑3). For example, in subsequent 
10‑year calendar periods, the median overall survival increased 
from 24.3 to 56.3 months (P=0.036) in patients ≤65 years 
old.  With such improvements, a relatively new clinical chal-
lenge that has emerged is the risk of second malignancies. The 
association of acute leukemia [most frequently acute myeloid 
leukemia (AML)] and MM has often been reported, not only 
as a complication of chemotherapy, but also occurring in the 
absence of chemotherapy or simultaneously at the time of 
diagnosis (4). Prior studies have found that various therapies 

have made a contribution to secondary malignancies following 
multiple myeloma (5). The therapies included oral alkylating 
therapy (6-13), myeloablative therapy (used in conjunction with 
ASCT) (10-12), radiotherapy (14-16) and lenalidomide (17-19). 
There are several ongoing studies are attempting to understand 
the underlying mechanisms. Several studies have shown that 
the rate of hematological malignancy after multiple myeloma 
was 0.5%-12.2%. Reece and Goswami reported that the rate of 
MDS/AML after diagnosis of multiple myeloma of initiation of 
lenalidomide was 2.6%. Treatment of patients with two hema-
tological cancers is difficult. The current study reports a case 
of MM complicated by AML. The patient received classic 
chemotherapy regimens including cytarabine, aclacinomycin, 
daunorubicin (CAG), mitoxantrone and cytarabine (NA) and 
homoharringtonine and etoposide (HE), however, did not 
respond to the treatment. A course of COAP chemotherapy was 
subsequently administered, which was selected as it is frequently 
used to treat AML and has been well‑tolerated by patients, with 
few side effects. Guthrie reported that fifteen AML patients 
had received chemotherapy with a combination of high-dose, 
continuous-infusion COAP (20). The results showed that the rate 
of complete remission was 47% and the rate of partial remission 
was 40%. The main toxicity was primarily myelosuppression 
and there were no toxicities such as hemorrhagic cystitis or 
central nervous system, hepatic or pulmonary toxicity. Written 
informed consent was obtained from the patient's family.

Case report

A 77‑year‑old male was admitted to the Department of 
Hematology, Peking Union Medical College Hospital 
(Beijing, China) on June 21st, 2011, after presenting with 
fever and a cough persisting for three days. Following hospi-
talization, laboratory tests revealed a white blood cell count 
of 3,900/mm3 (normal range, 4,000‑10,000/mm3), a hemoglobin 
level of 128 g/l (normal range, 131‑172 g/l), a platelet count of 
54,000/mm3 (normal range, 100,000‑300,000/mm3), and a serum 
creatinine level of 133 µmol/l (normal range, 53‑115 µmol/l). 
Further analysis revealed a blood microglobulin level of 
4.53 mg/l (normal range, 1.0‑3.0 mg/l), a blood sedimentation 
rate of 21 mm/h (normal range, 0‑20 mm/h), and M protein 
levels of 6.78  g/l   for  IgG (normal range,  7.51‑15.6  g/l), 
0.22 g/l for IgA (normal range, 0.82‑4.53 g/l) and 0.26 g/l for 
IgM (normal range, 0.46‑3.04 g/l). The serum free light chain (κ 
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and λ) levels were measured as 6.52 g/l (κ) and 2.16 g/l (λ), and 
the total amount of κ measured in the urine was 7.5 g in 24 h. 
Myeloma cells accounted for 12.5% of bone marrow cytology. 
A bone marrow biopsy showed elevated numbers of plasma 
cells (12.5%). Immunohistochemistry revealed that the patient 
was positive for CD38, CD138, κ and epithelial membrane 
antigen. CD20, CD3, CD79a, Mum‑1 were also positive, but 
scattered, and the positive rate of Ki‑67 was 60%. A bone 
scan revealed uneven uptake of radioactive tracer in the 
thoracolumbar region. A diagnosis of multiple myeloma κ type 
light chain (Durie‑Salmon stage II B, International Staging 
System  stage  III) was determined. The patient received a 
chemotherapeutic regimen of bortezomib (1.3 mg/m2, days 1, 4, 
8 and 11) plus dexamethasone (20 mg, days 1, 4, 8 and 11) (PD) 
for three cycles, cyclophosphamide (500 mg, days 1‑4), thalido-
mide (100 mg/day, every day) and dexamethasone (20 mg, days 
1‑4) (CTD) for one cycle, and thalidomide (100 mg/day, every 
day) and dexamethasone (20 mg, days 1‑4) (TD) for one cycle, 
sequentially, where one cycle comprised 21 days. This was 
followed by a course of thalidomide (100 mg/d) for mainte-
nance therapy. Blood analysis and tests of hepatorenal function 
and M protein levels were conducted every three months for 
two years, yielding normal results.

In April  2013, tests revealed a leukocyte count 
of 20,830/mm3 (normal range, 4,000‑10,000/mm3) and a platelet 
count of 27,000/mm3 (normal range, 100,000‑300,000/mm3), 
while the hemoglobin level was measured at 126 g/l (normal 
range, 131‑172 g/l). Bone marrow examination showed clear 
signs of hyperplasia, with primitive granulocyte cells increasing 
from 1 to 74% and visible Auer's bodies. The rate of positive 
peroxidase staining was 98%, which differentiated the patient's 
diagnosis of AML from ALL. CD117, CD38, CD34, CD13, and 
HLA‑DR were all positive in the immune peripheral blood clas-
sification. No FLT3/ITD, NPM1, c‑kit/D816V and AML1‑ETO 
mutations were identified in the bone marrow by immunohis-
tochemistry. A diagnosis of AML‑M2 was determined. On 
April 29th 2013, after receiving the CAG regimen (cytarabine, 
10 mg/m2 every 12 h, days 1‑14; aclarubicin, 10 mg, days 1‑8; 
G‑CSF, 200 µg/m2, days 1‑14) for one cycle as induction chemo-
therapy, no remission (NR) was observed in the bone marrow 
biopsy. The patient subsequently received an additional regimen 
of HE (homoharringtonine, 3 mg, days 1‑7; etoposide, 100 mg, 
days 1‑7). During the entire treatment period, the patient had 
a respiratory infection and pleural effusion, which ultimately 
improved following aggressive anti‑infection treatment.

In July 2013, the patient began attending the Department of 
Hematology and Oncology at Beijing Chaoyang Hospital (West 
Branch, Beijing 100043, China) for treatment. Tests revealed 
that myeloblasts accounted for 79% (normal range, <5%) of 
bone marrow cytology, while immature plasma cells accounted 
for 2% (normal range, <5%). This indicated that the patient 
now had leukemia, but that the multiple myeloma was well 
controlled at the same time. M  protein identification and 
immunofixation electrophoresis (IFE) examination results indi-
cated a polyclonal immunoglobulin, while M component was 
not detected. The patient's previous medical history included 
tuberculosis and hemoptysis in 1956, hypertension in 2006 and 
a coronary computed tomography angiogram in 2010 which 
revealed 70% coronary stenosis. Coronary angiography and stent 
therapy was recommended, but the patient refused. In 2006, renal 

function was observed to be abnormal, with an elevated serum 
creatinine level of 110 µmol/l (normal range, 53‑115 µmol/l). 
After two  years, serum creatinine levels had increased to 
140‑150  µmol/l, while routine urine test results remained 
normal. In 2010, the patient was diagnosed with diabetes, cata-
racts and benign prostatic hyperplasia. Chemotherapy with NA 
(mitoxantrone, 4 mg, days 1‑3; cytarabine, 100 mg, days 1‑7) was 
accepted in July 2013 when bone marrow aspiration cytology 
results revealed that the high proportion of myeloblasts in the 
bone marrow (57%) had not yet returned to normal. On October 
26th 2013, the patient began a chemotherapy cycle of ifosfamide, 
vindesine, cytarabine and prednisone (COAP) with ifosfamide, 
0.5 g from d1 to d4 combined with vindesine, 4 mg, d1; cyta-
rabine, 100 mg and prednisone, 50 mg every other day from d1 
to d7. On November 28th 2013, a re‑examination of the patient's 
bone marrow indicated partial remission, with primitive cells 
accounting for 14.7% of all nucleated cells (>50% decrease). 
During this intermittent chemotherapy, the patient exhibited 
stable vital signs, with no fever, no cough, no sputum, and no 
evident abnormalities in routine blood test results. The periodic 
review of IFE was negative, which revealed that the patient had 
achieved complete remission of MM. Since November 28th, 
the patient continued COAP chemotherapy for three cycles. 
During this chemotherapy cycle, the patient exhibited fever, 
pancytopenia, agranulocytosis and severe anemia as a result 
of immunosupression induced by the chemotherapy treatment. 
A lung CT scan revealed pulmonary consolidation in the right 
upper lobe and possible lung abscess. This was treated with 
maxipime (2.0 g, twice a day), meropenem (0.5 g, three times 
a day) combined with vancomycin (1.0 g, twice a day) and 
teicoplanin (200 mg, twice a day). Candida albicans, detected 
in pathological examination of the sputum, was treated with 
caspofungin antifungal therapy (50 mg, once a day). Although 
the T spot result was negative, the lesions in the right upper lobe 
combined with a continuing low‑grade fever led to a diagnosis of 
tuberculosis (TB). Isoniazid (0.3 g, once a day) and rifapentine 
(0.45 g, once a day) were administered orally to treat the TB. 
Thereafter, the patient's fever persisted, peaking once per day. 
One week later, a further lung CT revealed serious pneumonia, 
airway obstructive pulmonary consolidation and occupying 
lesions. The hole‑like lesions of the right upper lobe had 
increased markedly in size, with massive pleural effusion on the 
right side. Anti‑inflammatory treatment was adjusted to sulp-
erazon (3.0 g, twice a day) combined with tigecycline (50 mg, 
twice a day). The patient's fever persisted throughout this period, 
and he subsequently succumbed to respiratory failure.

Discussion

A number of studies have reported an increased risk of second 
primary malignancies (SPM) following MM diagnosis, 
which are proposed to be associated with novel anti‑myeloma 
treatments (17‑19). The introduction of agents such as thalido-
mide (5), bortezomib (21,22) and lenalidomide (17,23,24) has 
improved MM survival rates over the last decade. However, 
accurate estimates of incidence and pathogenesis of second 
malignancies following MM are lacking. Razavi et al (25) 
evaluated the risk of SPM among 36,491 MM cases reported 
to the surveillance, epidemiology and end results program 
between 1973 and 2008. The authors calculated overall 
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and site‑specific standardized incidence ratio (SIR) and 
95% confidence intervals (CI) for 2,012 SPM cases diagnosed 
within the 35‑year follow‑up. No significant overall risk of 
SPM was identified (SIR=0.98; 95% CI=0.94‑1.02). 

Numerous risk factors are associated with SPM, including 
MM disease‑related factors, such as treatment and tumor 
microenvironment, in addition to host‑related processes, 
such as genetic and environmental factors  (26). Early 
observations indicated that treatment‑related factors, such 
as from melphalan, may be the main cause of the increased 
incidence of myelodysplastic syndrome/acute leukemia in 
MM patients (13). Cyclophosphamide was found to be less 
leukemogenic than melphalan (27). In addition, maintenance 
therapy has been evaluated in relation to the risk of second 
malignancies in three recently reported multicenter random-
ized phase III trials (IFM 2005‑02, CALGB 100104, and 
MM‑015) (17‑19). In the IFM 2005‑02 and CALGB 100104 
trials, 5.5 and 6.5% of lenalidomide‑treated patients devel-
oped second malignancies, compared with 1 and 2.5% in the 
respective control groups.

The current study reports one case of a patient who devel-
oped AML two years after being diagnosed with MM. This 
patient had received velcade and ifosfamide treatment for 
three cycles, and continued to take thalidomide for two years 
thereafter. The cause of AML in this patient was unclear. 
Studies have reported that thalidomide may also potentiate 
solid SPMs (26,28). We therefore considered that thalidomide 
may be a cause of AML. Three clinical trials had shown that 
lenalidomide and thalidomide maintenance therapy could 
lead to a higher incidence of second primary malignancies, 
which is relevant to patients receiving melphalan (17-19). 
The patient in the present case had oral thalidomide as 
maintainance therapy for two years and, during this period, 
the patient was not adminstered any other drugs that could 
induce a tumor  (28). The patient had taken thalidomide 
orally for two years prior to the diagnosis of AML and had 
received chemotherapy (PD, CTD, CAG and HE regimens) 
for seven  cycles, however, complete remission was not 
achieved. After receiving the COAP chemotherapy regimen, 
the leukemia cells of the bone marrow decreased by >50% 
and the disease stabilized. A second cycle of COAP chemo-
therapy was predicted to produce CR, however, the patient 
subsequently acquired an obstructive pneumonia infection, 
which may have been associated with chemotherapy treat-
ment. Although vigorous anti‑infection treatments, including 
various antibiotics, antifungal agents and antituberculosis 
drugs, were administered, the patient succumbed to respira-
tory failure.

This study showed that the regimen of CA was an effica-
cious chemotherapy for MM combined with AML. However, 
the present study also indicated that the use of immunomodula-
tory drugs as a chemotherapy treatment may increase the risk of 
SPM development in older patients. Therefore, further studies 
are required to investigate the association between oral thalido-
mide and the development of AML.
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