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INTRODUCTION

Plasma cell disorders have a spectrum ranging from 
clinically benign conditions, such as monoclonal gam-
mopathy of unknown significance (MGUS) and smol-
dering myeloma, to multiple myeloma (MM), an obvi-
ous malignancy of plasma cells. Normally, plasma cells 
are white blood cells that are differentiated from B lym-
phocytes and secrete large amounts of antibodies. 

In patients with MM, uncontrolled proliferation of 
monoclonal plasma cells induces the overproduction 
of monoclonal immunoglobulin and causes damage to 
body organs, including the blood, kidney, and bone, as 
well as causing substantial immunosuppression.

Since the new millennium, the use of novel agents has 
contributed to significant improvement in MM treatment 
[1,2]. Advances are ongoing, with the development of 
next-generation proteasome inhibitors (PIs) and immu-
nomodulatory drugs (IMiDs), as well as the introduc-
tion of monoclonal antibodies targeting myeloma cells. 
Along with the improvement in treatment outcomes, 
there have been technical advances in the cytogenetic 
and molecular diagnostics of MM. Therefore, the diag-
nostic criteria and staging for better risk stratification 
are continually being modified and revised in the field 
of MM. In this article, we first briefly review the global 
and Korean epidemiology of MM, and describe recent 
advances in the treatment, and changes in the diagnos-
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tics. Finally, we would like to report on the efforts of Ko-
rean hematologists thus far, aimed at achieving better 
clinical outcomes and advances in MM research. 

GLOBAL AND KOREAN EPIDEMIOLOGY

With a world-wide age-standardized incidence rate (ASR) 
of 1.5/100,000, MM contributes to 1% of all cancer deaths 
[3]. MM is most prevalent at ages from 65 to 70 years and 
is slightly more prevalent in males. The ASR in West-
ern countries is generally higher than that worldwide; 
in most Western countries, MM is the second most 
common hematologic malignancy after non-Hodgkin’s 
lymphoma [3,4]. Recently, the U.S. Surveillance, Epide-
miology, and End Results (SEER) database reported that 
the ASR and age-adjusted mortality rates of MM were 
6.3/100,000 and 3.3/100,000, respectively [4]. The 5-year 
survival estimated in the SEER database increased from 
25% in 1975 to 49% in 2011, probably as a result of ad-
vances in novel anti-myeloma treatment [1] along with 
improved supportive care. 

MM is almost always preceded by MGUS, an asymp-
tomatic pre-malignant stage with a low burden of se-
rum M-protein and plasma cells in the bone marrow [5]. 
For the diagnosis of MGUS, there should be no symp-
toms or signs related to organ or tissue damage caused 
by MM, known as CRAB (hypercalcemia, renal insuf-
ficiency, anemia, and bone lesions) features. MGUS is 
present in roughly 3% to 4% of the population aged 50 
years and older and increases with age [5-7]. The previ-
ously reported risk of progression of MGUS to MM or 
related plasma cell disorders was approximately 1% per 
year [5], and > 1.5 g/dL of serum M-protein, M-protein 
of the non-immunoglobulin G (IgG) subtype, and an 
abnormal free light chain (FLC) ratio are risk factors of 
the progression to MM [8]. IgM MGUS has a higher risk 
of progression to plasma cell disorders, mostly Walden-
ström’s macroglobulinemia (1.5%/year), than the risk of 
progression to MM from IgG MGUS (1%/year) or that of 
light chain MGUS (0.3%/year) [9]. Park et al. [10] reported 
that, among 1,118 elderly (age ≥ 65 years) members of an 
urban Korean population, the age- and gender-adjust-
ed MGUS prevalence was 3.3% (95% confidence interval 
[CI], 2.0 to 4.6), slightly lower than the Western data. A 
subsequent Korean study showed that the natural clin-

ical course of MGUS, including the rate of progression 
to MM in Korea (1%/year), is similar to that in Western 
countries [11].

Incidence of MM can differ according to ethnicity. 
An older study conducted in the United States report-
ed that African Americans had an approximately 2-fold 
higher ASR (9.5/100,000) than Caucasian Americans 
(4.1/100,000) [12]. According to the latest International 
Agency for Research on Cancer data, Asian countries 
have lower ASRs of MM than Western countries [3]. 
However, there is growing evidence that ASRs are in-
creasing in some Asian regions, including Korea [13], 
Taiwan [14], and Thailand [15]. 

According to the 2012 Korean data on national cancer 
statistics [16], MM comprised 1,272 new cases and 823 
deaths in 2012. Its crude incidence rate and crude mor-
tality rate were 2.5/100,000 and 1.6/100,000, respectively, 
and the ASR and age-standardized mortality rate were 
1.6/100,000 and 1.0/100,000, respectively. Until 2012, 
there was a 2-fold increase in the ASR of MM over the 
last 10 years, and the increase was striking considering 
that the ASR of MM in 2012 was 10 times higher than 
that 20 years ago (Fig. 1) [13]. The incidence of all cancers 
in Korea has doubled during the last 10 years, while that 
of acute myeloid leukemia (AML) has stagnated during 
the same period. As a result, the number of new cases of 
MM surpassed AML for the first time in 2012 by a narrow 
margin (1,272 for MM vs. 1,257 for AML) with an identi-
cal crude incidence rate (2.5/100,000 for both of them) 
[16,17]. Although the ASR of AML (2.0/100,000) was still 

Figure 1. Changes in the age-standardized incidence rate 
and mortality rate of multiple myeloma in Korea.
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higher than that of MM (1.6/100,000), probably resulting 
from the skewed distribution of AML toward the elderly 
population, we can actually regard MM as the second 
most common hematologic malignancy in Korea con-
sidering its recent higher trend of increase compared to 
AML [16,17]. Both improved detection and true increase 
appear to contribute to the increase in the ASR of MM 
in Korea. The expansion of health insurance, popular-
ization of medical screening, relevant education of stu-
dents and surgeons, and public awareness of the disease 
has enabled more and earlier detection of MM. On the 
other hand, the genuine increase of MM in Korea can be 
attributed to exposure to environmental risks, such as 
air pollution, chemicals, and radiation, all of which are 
related to rapid industrialization. Furthermore, aging is 
an important factor affecting this perceived increase of 
MM, considering that myeloma is most frequently diag-
nosed among people aged 65 to 74 according to the SEER 
data. Recently, United States investigators have predict-
ed that MM will primarily be a disease that affects older 
persons aged 64 to 84 years, and circa 2032 to 2034, three 
of every four newly diagnosed MM patients will be aged 
64 to 84 years, an increase from up to two of every three 
patients diagnosed today [18]. According to the life table 
of Korea, the life expectancy of a Korean baby born in 
2014 is 82.4 years [19]. The proportion of the population 
aged ≥ 65 years has increased from 7% in 1999 to 11.8% 
in 2012 and is expected to increase to 14% in 2017, and 
to 20.8% in 2026 [20]. Reflecting Korea’s aging, which 
is proceeding at an unprecedented rate, we can expect 
that the ASR of MM will maintain a gradual increase for 
many years to come; therefore, MM will be one of the 
cancers in the spotlight from both medical and socio-
economic perspectives in Korea.

RECENT IMPROVEMENT IN SURVIVAL

Systemic therapy with anti-myeloma agents should be 
applied in patients with newly diagnosed MM, followed 
by high-dose therapy (HDT) with autologous stem cell 
transplantation (ASCT) for younger and fit patients. 
Therefore, the first step in treatment is to determine 
whether the patient is a candidate for HDT with ASCT, 
based on age and comorbidities. For patients who are 
suitable for ASCT, drugs that can compromise stem cell 

reserve are initially avoided. Consolidative or mainte-
nance therapy has also been applied in post-ASCT pa-
tients with MM. By contrast, for patients who are ineligi-
ble for ASCT, as well as for patients who have relapsed or 
progressed after ASCT, effective anti-myeloma regimens 
are used sequentially, pursuing the prolongation of sur-
vival with minimization of treatment-related toxicities.

There are three monumental times in the history of 
MM treatment. The first meaningful extension of over-
all survival (OS) was achieved by melphalan in the 1960s 
[21]. This ‘great old standard agent’ is still used in con-
temporary treatment, in combination with newer agents. 
The second, HDT with ASCT, has contributed to better 
treatment outcomes since the 1990s. By increasing the 
dose intensity, it showed superior OS to conventional 
chemotherapy [22,23]. Although there are some expecta-
tions for the omission of ASCT, at least in selected pa-
tients who can achieve a durable response to novel agent-
based therapy, ASCT has been an obvious standard of 
care for transplant-eligible patients with MM in the first 
response [24]. The third evolution of modern MM treat-
ment has been the introduction of novel agents, includ-
ing PIs and IMiDs. The integration of new agents has 
resulted in further significant improvement of OS [25].

Thalidomide, an IMiD prohibited in 1961 due to a his-
torical episode of a birth defect crisis, was resurrected as 
an effective novel agent against MM. In 1999, Singhal et al. 
[26] conducted a phase II study of thalidomide monother-
apy in patients with relapsed or refractory (R/R) MM and 
reported that thalidomide was active against advanced 
myeloma with a clinical benefit rate of 32%, and induced 
marked and durable responses in some patients. Sub-
sequently, it was approved as the frontline induction 
regimen in combination with dexamethasone (thalid-
omide plus dexamethasone [TD]) [27]. Bortezomib, the 
first-generation PI, opened the door to the era of novel 
agents in earnest. In 2003, based on a pivotal phase II 
study [28], bortezomib became the second agent of ac-
celerated approval by the U.S. Food and Drug Admin-
istration (FDA), next to imatinib mesylate, in the field 
of hematologic malignancy. In a sequence with more 
trials as a single agent [29] or combination [30] in the 
R/R setting, it was approved as a first-line therapy for el-
derly patients with MM in combination with melphalan 
and prednisone, according to the results of the phase III 
VISTA study in 2008 [31]. A meta-analysis reported that, 
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for transplant-eligible patients, bortezomib-containing 
induction treatment showed a superior 3-year OS com-
pared to non-bortezomib-based treatment (79.7% vs. 
74.7%, p = 0.04) [32]. A newer IMiD, lenalidomide, also 
showed positive results [33,34] and was approved for pre-
viously treated patients with MM in 2006. Now, the ter-
ritory of lenalidomide has been expanded to up-front 
and maintenance therapy of MM: induction therapy 
with lenalidomide plus dexamethasone (Rd), followed 
by lenalidomide maintenance, showed superior medi-
an progression-free survival (PFS; 25.5 months vs. 21.1 
months, p = 0.001) and 4-year OS (59.4% vs. 51.4%, p = 
0.0168), as compared to therapy with melphalan, pred-
nisone, and thalidomide (MPT) in the phase III FIRST 
trial [35]. The role of lenalidomide as an effective main-
tenance agent was reaffirmed among patients who re-
ceived ASCT [36].

Despite those early successes, the prognosis is poor for 
patients who are refractory to bortezomib, thalidomide, 
and lenalidomide [37]. Newer PIs or IMiDs and target-
ed agents with a novel mechanism of action are strong 
candidates to overcome those unmet needs. In a phase 
III MM-003 study, pomalidomide, a new third-genera-
tion IMiD, showed activity against R/R MM with man-
ageable toxicity: after a median follow-up period of 10.0 
months, the median PFS with pomalidomide plus low-
dose dexamethasone was 4.0 months versus 1.9 months 
with high-dose dexamethasone (hazard ratio [HR], 0.48; 
p < 0.0001) [38]. Carfilzomib is a new PI that irrevers-
ibly binds to and inhibits the chymotrypsin-like activ-
ity of the 20S proteasome, which mediates proteolysis 
[39]. The phase III ASPIRE trial compared carfilzomib, 
lenalidomide, and dexamethasone to Rd. A remarkable 
9-month improvement in the median PFS was achieved 
with carfilzomib (26.3 months vs. 17.6 months; HR, 0.69; 
p = 0.0001), and improvement was shown in the response 
rate, depth of response, and patient-reported quality of 
life (QoL) metrics, with tolerable toxicity [40]. In the ran-
domized open-label phase III ENDEAVOR study, which 
enrolled 979 patients globally, carfilzomib with dexa-
methasone nearly doubled the median PFS compared 
with bortezomib with dexamethasone for R/R MM (18.7 
months vs. 9.4 months; HR, 0.53; p < 0.0001) [41]. In No-
vember 2015, the FDA approved ixazomib, a once-weekly 
oral PI, indicated in the combination with Rd for the 
treatment of MM patients who have had at least one pri-

or therapy, based on the phase III TOURMALINE-MM1 
trial [42]. Those two newer PIs have advantageous tox-
icity profiles characterized by a low rate of peripheral 
neuropathy compared with bortezomib. In particular, 
fully oral PI-based combination therapy would improve 
the patients’ convenience by the integration of ixazo-
mib [43]. According to the result of a global multicenter 
phase III study, panobinostat, a pan-deacetylase inhibi-
tor and epigenetic modulator targeting both class I and 
II histone deacetylase enzymes, could be a useful addi-
tion to the treatment with bortezomib and dexametha-
sone for patients with R/R MM [44]. Elotuzumab is an 
immunostimulatory monoclonal antibody that targets 
signaling lymphocytic activation molecule F7. In a phase 
III clinical trial, in combination with the Rd regimen, 
elotuzumab reduced the risk of disease progression or 
death by 30% in patients with R/R MM [45], leading to 
FDA approval in November 2015. Daratumumab is a 
CD38-targeting, human IgG1k monoclonal antibody. 
Reflecting a promising outcome, a 36% response rate as 
a single agent in a phase I–II study involving patients 
with R/R MM [46], the FDA granted accelerated approval 
in November 2015. By advances from R/R patients to an 
up-front setting, those newer PIs, IMiDs, and targeted 
agents would lead to further improvement in the OS of 
MM, as well as better QoL because of improved toxicity 
profiles compared with earlier novel agents.

RECENT MODIFICATION OF THE DIAGNOSTIC 
CRITERIA

In 2014, The International Myeloma Working Group 
(IMWG) recommended updated criteria for the diag-
nosis of MM [9]. Unlike other hematologic malignan-
cies, the disease definition of MM is characteristically 
clinicopathological and overt clinical manifestations of 
end-organ damage attributable to MM, known as CRAB 
features, have been used in classifying patients as smol-
dering MM and MM requiring therapy. However, modi-
fication is required due to the advances in anti-myeloma 
therapy with novel agents; with the newer agents, early 
intervention in high-risk asymptomatic patients can ex-
tend survival [47]. Furthermore, as laboratory and radio-
logical techniques have progressed in the last decade, 
there is growing evidence that some biomarkers should 
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be regarded as CRAB features that define MM requiring 
therapy [48]. Therefore, compared with previous IMWG 
criteria reported in 2003 [49], the updated recommen-
dation included validated biomarkers in addition to the 
existing requirements of attributable CRAB features. In 
addition, a small portion of patients previously classified 
as smoldering MM but with biological malignancy and 
imminent risk of progression, the so-called ‘ultra-high 
risk group’ in smoldering MM, were classified as MM. 

Smoldering MM, which denotes patients of MM who 
demonstrate the proliferation of malignant plasma cells 
and a subsequent overabundance of monoclonal para-
protein, but who are devoid of myeloma-related organ 
or tissue impairment, is a very slow-growing type of 
myeloma [50]. According to an analysis of 276 patients 
with smoldering MM for a 26-year period at the Mayo 
Clinic, approximately one half of patients with smolder-
ing MM were free of progression during the first 5 years, 
and roughly 30% did not progress even after 10 years [51]. 
However, not all patients with smoldering MM show an 
indolent course. Studies defined a small cohort of pa-
tients with smoldering MM who have a notably high 
risk of early progression [52]. Reflecting this fact, IMWG 
reached a consensus that, if reliable biomarkers asso-
ciated with approximately 80% probability of progres-
sion to MM within 2 years were identified, such patients 
should be regarded as having MM and treatment should 
be offered [9]. The meaning and intent of this re-classifi-
cation is that, for patients with ultra-high risk smolder-
ing MM, delaying treatment until fulfilling the criteria 
of symptomatic MM would result in end-organ damage 
causing the impairment of QoL as well as inferior OS 
that could otherwise be avoidable with the application 
of adequate early intervention.

There are several suggested myeloma-defining bio-
markers in the 2014 IMWG modification. First, bone 
marrow plasma cells (BMPCs) ≥ 60% was used as a 
marker of MM requiring therapy. This modification is 
based on the result of a Mayo Clinic study showing that 
21 of 655 analyzed patients with smoldering MM with 
BMPCs ≥ 60% had a 95% risk of progression within 2 
years of diagnosis (median time to disease progression, 
7.0 months; 95% CI, 1.0 to 12.9) [53], and validated in 
another study [54]. The second biomarker indicative of 
symptomatic MM is an involved: uninvolved serum-free 
light-chain ratio ≥ 100. A retrospective study analyzing 

586 patients with smoldering MM reported a ratio of 
at least 100 in 90 patients (15%), and their risk of pro-
gression to MM or AL amyloidosis within 2 years was 
79% [55]. This finding was reproduced by a study con-
ducted by Kastritis et al. [54]. Finally, patients previously 
defined with smoldering MM with > 1 focal lesion on 
magnetic resonance imaging (MRI) studies will be con-
sidered MM. Hillengass et al. [56] evaluated 149 patients 
with smoldering MM with whole-body MRI. Focal le-
sions were detected in 42 patients (28%), and 23 patients 
(15%) had > 1 focal lesion. The presence of > 1 focal le-
sions showed an association with an increased risk of 
progression in univariate analysis (HR, 4.05; p < 0.001) 
and maintained predictive value in multivariate analy-
sis. For those patients, the median time to progression 
(TTP) was 13 months, and 70% experienced disease pro-
gression at 2 years [56]. In this MRI-based 2014 modified 
diagnostic criterion of MM, each focal lesion must be 
5 mm or more in size. Smaller focal lesions should be 
evaluated with additional imaging such as computed to-
mography (CT) or positron emission tomography (PET)/
CT scan. Although reports have suggested that diffuse 
marrow infiltration in MRI among patients with smol-
dering MM is predictive of progression to MM, it is not 
recommended as a classification-modifying biomarker, 
and additional data are required [56,57].

The definitions of end-organ damage (CRAB) were 
also modified. First, regarding bone disease, it is regard-
ed as CRAB if a patient has osteolytic lesions or osteopo-
rosis with compression fractures attributable to a plas-
ma cell disorder. Conventional skeletal radiography has 
been used for the evaluation of bone disease. In a sys-
tematic review of 32 studies comparing modern imaging 
modalities, including MRI, PET/CT, and whole-body 
CT versus whole-body skeletal radiography, by Regelink 
et al. [58], newer imaging techniques showed greater sen-
sitivity for the detection of bone lesions, with ≥ 80% of 
lesions detected by MRI, PET/CT, or whole-body CT. 
Therefore, the updated IMWG criteria clarified that ≥ 
2 sites of osteolytic bone lesions (≥ 5 mm in size) on CT 
or PET/CT scan fulfill the CRAB requirements irrespec-
tive of the skeletal radiography findings. In addition, 
the presence of osteoporosis or vertebral compression 
fractures without lytic bone lesions is no longer regard-
ed as CRAB, avoiding over-diagnosis among elderly pa-
tients in whom osteoporosis and compression fracture 
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are common. Second, the definition of renal failure was 
revised. The concentration of serum creatinine differs 
widely based on age, gender, and race. Therefore, the 
modified criteria recommended that the measured or 
estimated glomerular filtration rates, according to either 
the modification of diet in renal disease or the chronic 
kidney disease epidemiology collaboration formula, less 
than 40 mL/min should be used in addition to a fixed 
173 μmol/L (> 2 mg/dL) serum creatinine. The IMWG 
also stated that only renal insufficiency caused by light-
chain cast nephropathy is considered a myeloma-defin-
ing event and recommended a kidney biopsy to clarify 
the underlying cause of renal insufficiency in patients 
with suspected cast nephropathy, particularly if the se-
rum-involved FLC levels are less than 500 mg/L, in line 
with the recommendations of the International Kidney 
and Monoclonal Gammopathy Research Group [59]. 

In the modified definition of MM, the requirement for 
the presence of monoclonal protein is not mandatory be-
cause some patients with MM have no detectable abnor-
malities on serum or urine immunofixation (so called 
‘non-secretory’ MM), but they fulfill other required cri-
teria of MM and show no difference in the biological and 
clinical characteristics compared with patients with se-
cretory MM [49]. In addition, the minimal requirement 
of BMPC was clearly stated as 10%, to prevent patients 
with MGUS from being wrongly classified as MM based 
on the features of anemia, renal insufficiency, or hyper-
calcemia that are, in such a case, not attributable to MM. 
A schematic summary of key points in the diagnosis of 
plasma cell disorders, including MM, according to the 

2014 IMWG modification is shown in Table 1.

EFFORTS FOR BETTER RISK STRATIFICATION 

Since the replacement of the Durie-Salmon staging sys-
tem, the International Staging System (ISS) has been 
used by virtue of its simplicity and better prognostica-
tion. A weakness of the ISS is that it does not consider 
cytogenetics. For this reason, efforts have been made to 
establish a better staging system. A retrospective study 
using the IMWG database of 12,137 patients with MM 
treated worldwide evaluated the potential role of com-
bining ISS stage and cytogenetics for the prediction of 
survival. Among 2,642 patients with sufficient interphase 
fluorescence in situ hybridization (iFISH) data, the com-
bination of t(4;14) or deletion (17p) to ISS stage and age 
significantly improved the prognostic power in terms of 
the PFS and OS [60]. Palumbo et al. [61] combined the 
ISS with chromosomal abnormalities detected by iFISH 
after CD138 plasma cell purification and serum lactate 
dehydrogenase (LDH) for the evaluation of their prog-
nostic value in newly diagnosed MM. Their revised ISS 
(R-ISS) defined R-ISS stage I as patients with ISS stage 
I plus no high-risk chromosomal abnormality [del(17p) 
and/or t(4;14) and/or t(14;16)] and a normal serum LDH 
level. R-ISS stage III was defined as patients with ISS 
stage III plus either high-risk chromosomal abnormal-
ity by iFISH or elevated LDH. All of the other patients 
were classified as R-ISS stage II. At a median follow-up 
period of 46 months, the 5-year OS rate was 82% in the 

Table 1. Diagnosis of MGUS, smoldering myeloma, and multiple myeloma according to the International Myeloma Working 
Group updated criteria for the diagnosis of multiple myeloma in 2014 

MGUS Smoldering myeloma Multiple myeloma
M protein < 3 g/dL
Clonal plasma cells in   
 bone marrow < 10%
No myeloma def ining  
 events

M protein ≥ 3 g/dL (serum)  
 or ≥ 500 mg/24 hours (urine)
Clonal plasma cells in bone marrow  
 ≥ 10 but < 60%
No other myeloma defining events

≥ 10% clonal plasma cells or ≥ 1 biopsy proven plasmacytoma
And one or more the following myeloma defining events
 ≥ 1 CRABa feature
 > 1 focal lesion on magnetic resonance imaging
 Involved: uninvolved serum free light chain ratio ≥ 100
 Clonal plasma cells in bone marrow ≥ 60%

MGUS, monoclonal gammopathy of unknown significance; CRAB, calcium, renal insufficiency, anemia, and bone lesion. 
aHypercalcemia as serum calcium > 1 mg/dL higher than the upper limit of normal or > 11 mg/dL, serum creatinine > 2 mg/dL 
or creatinine clearance < 40 mL/minute (newly included in the updated criteria), hemoglobin value of > 2 g/dL below the lower 
limit of normal or a < 10.0 g/dL, and one or more osteolytic lesions on computed tomography or positron emission tomogra-
phy/computed tomography (newly included in the updated criteria), as well as skeletal radiography.
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R-ISS I, 62% in the R-ISS II, and 40% in the R-ISS III 
groups. They concluded that this simple and powerful 
R-ISS could be used in future clinical studies to stratify 
patients with newly diagnosed MM [61]. Trials to estab-
lish more accurate risk stratification are ongoing. For 
example, a Korean retrospective study showed the prog-
nostic impact of inflammatory factors in patients with 
MM treated with thalidomide-containing therapy [62]. 
A cytogenetics-based risk adapted treatment was pro-
posed by investigators at the Mayo Clinic (Mayo Strati-
fication for Myeloma And Risk-adapted Thera0p0y 2.0; 
mSMART 2.0) [63]. The IMWG proposed a risk stratifi-
cation system reflecting current ISS, FISH, and age and 
the recommendation for clinical practice (Table 2) [64]. 
Recently, the incorporation of gene expression profiling 
showed superiority to current markers by offering a ro-
bust prognostic modeling [65].

Besides the assessment of risk according to the bio-
logical characteristics of MM, clinical evaluation using 
geriatric assessment (GA) predicts the survival and risk 
of toxicity in patients who are not eligible for HDT with 
ASCT. In a recent pooled analysis of 869 elderly patients 
with newly diagnosed MM [66], baseline GA was per-
formed, and the patients were classified according to 
three groups: fit, intermediate, and frail. The 3-year OS 
was 84% in fit, 76% in intermediate (HR, 1.61; p = 0.042), 
and 57% in frail (HR, 3.57; p < 0.001) patients. GA also 
predicted the cumulative incidence of grade 3 or higher 
non-hematologic toxicities and the discontinuation of 
treatment at 12 months [66]. Based on the results, the 
IMWG proposed the measurement of frailty in design-
ing future clinical trials for elderly patients. 

KOREAN STUDIES ON MULTIPLE MYELOMA

In Korea, since the first case report of MM in 1959 [67], 
only a few case reports were published, sporadically, un-
til the 1970s. In the era of conventional chemotherapy, 
Korean hematologists conducted small-scale studies on 
MM, and the results were published in domestic jour-
nals in the Korean language. Because MM was a rela-
tively rare disease and socioeconomic conditions, in-
cluding the National Health Insurance had not matured 
during that period, the studies only reported the clinical 
features of patients [68-70], or were repeats of Western 
studies testing the efficacy and tolerability of the already 
known regimens of conventional cytotoxic agents [71-73]. 
The treatment outcomes were similar or slightly inferi-
or to those reported by Western studies, probably due to 
the later time of diagnosis in their disease courses. 

Entering the era of HDT with ASCT, Korean hematol-
ogists were motivated to conduct multicenter trials of 
new drugs or to invent creative, new therapeutic strat-
egies to overcome unsatisfactory outcomes and, as a re-
sult, they leapt into world class standards of care and 
research on MM. Spontaneously, small study groups 
emerged based on geographic distribution or personal 
acquaintance for the study of MM. They began to con-
duct small multicenter studies, initially as a retrospec-
tive analysis testing the feasibility of ASCT [74], followed 
by a prospective trial [75]. A more sophisticated prospec-
tive trial of risk-adapted therapy based on FISH and 
serum β2-microglobulin results, in which allogeneic 
transplantation is included for the high-risk group, was 
attempted [76]. Later, the efficacies of bortezomib [77] or 

Table 2. Proposed risk stratification of multiple myeloma and recommended guidelines from the International Myeloma 
Working Group

Parameter Median OS, yr % Patients

High risk ISS II/III and t(4;14) or 17p13 del 2 20

Standard risk Others 7 60

Low risk ISS I/II and absence of t(4;14), 17p13 del and +1q21 and age < 55 years > 10 20

Guidelines for clinical practice. (1) The combination of ISS and t(4;14), 17p13, and 1q21 by f luorescent in situ hybridization 
should be used for risk stratification. The median OS of patients, with high-risk patients surviving about 2 years, despite 
current novel agent-containing treatment, whereas low-risk patients can survive >10 years. (2) This risk stratification system 
should be used in clinical practice and as the standard for comparison in future studies for prognostic biomarkers, and in 
clinical trials. (3) Currently, there is no evidence for a risk-adapted treatment approach with the exception that prolonged pro-
teasome inhibitor-based treatment should be given to patients with t(4;14), and possibly 17p13 deletion.
OS, overall survival; ISS, International Staging System.
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thalidomide [78] in patients with R/R MM were evaluat-
ed retrospectively in small numbers of patients, with the 
advent of novel agents in Korea. Multicenter studies for 
translational research on MM also began [79]. 

Despite such progress, there was no nationwide study 
group. In 2005, the Korean Society of Hematology (KSH) 
decided to establish official working parties for major 
hematologic disorders, and the Korean Multiple Myelo-
ma Working Party (KMMWP) was established as one of 
the 11 working parties of KSH. The first work of KM-
MWP was a retrospective study evaluating the toxicities 
of bortezomib in Korean patients with MM. It was the 
first study to examine this topic among an Asian popu-
lation [80]. Overall, Koreans had similar toxicity profiles 
of bortezomib to those of Western populations, with a 
common incidence of 47% thrombocytopenia and 42% 
sensory neuropathy. Interestingly, the incidence of gas-
trointestinal toxicity was lower than in the Western data. 

Thereafter, various treatment regimens for MM have 
been evaluated by Korean investigators. For the front-
line induction therapy of transplant-eligible patients, 
two cycles of bortezomib, thalidomide and dexameth-
asone (VTD) followed by two cycles of the vincristine, 
doxorubicin and dexamethasone (VAD) regimen result-
ed in a response rate of 96%, including a ≥ 28% rate near 
complete response (CR) before ASCT [81]. In another 
phase II study conducted by KMMWP, four cycles of cy-
clophosphamide with thalidomide and dexamethasone 
(CTD) showed a response rate of 86.5%, including a CR 
of 38% [82]. We then designed a phase II study of se-
quential high-dose dexamethasone, then response adapt-
ed bortezomib, adriamycin, and dexamethasone (PAD) 
versus VAD induction chemotherapy followed by HDT 
with ASCT for newly diagnosed MM [83]. In the study, 
we reported that approximately half of the patients who 
responded to high-dose dexamethasone could be saved 
with novel agents during induction treatment, and PAD 
can successfully rescue the other half, who were not sen-
sitive to dexamethasone. 

For transplant-ineligible patients, we designed and 
performed six cycles of VTD induction therapy followed 
by eight cycles of MPT consolidation therapy. It yield-
ed a 95% response rate, including a CR rate of 74% [84]. 
Using our nationwide registry, we reported that an early 
response to bortezomib plus chemotherapy can help to 
predict survival in patients with MM who are not ASCT 

candidates [85]. 
For salvage treatment, six cycles of PAD followed by 12 

cycles of consolidative thalidomide with dexamethasone 
resulted in a ≥ 70.2% very good partial response (VGPR), 
and the median PFS was 18 months (95% CI, 9.7 to 26.2) 
and median OS was 35.1 months (95% CI, 18.5 to 51.7) 
during the median follow-up period of 27 months [86]. 
KMMWP evaluated the efficacy and safety of a four-drug 
combination of bortezomib plus CTD in a R/R setting: 
the study reported an overall response rate of 87.2%, 
including a 45.7% CR and 8.6% VGPR, and the 3-year 
PFS and OS were 14.5% and 47.2%, respectively [87]. In 
2014, we reported our experience of Rd treatment in 110 
heavily pretreated R/R MM patients [88]. The overall re-
sponse rate was 43.6% with ≥ 15.4% VGPR, and the me-
dian TTP and OS were 8.0 and 23 months, respectively. 
The toxicities were comparable to the data published in 
Western countries. 

Clinical studies to improve the outcomes of hema-
topoietic stem cell transplantation have been conduct-
ed by KMMWP. According to our retrospective study, 
achieving at least near CR before ASCT is of critical im-
portance for better results [89]. Patients who attained ≥ 
near CR before ASCT showed a significantly superior 
survival rate to those who achieved ≥ near CR only after 
ASCT (p = 0.018). We compared the results of reduced 
intensity allogeneic stem cell transplantation (RIST) 
following ASCT versus tandem ASCT [90]. No signifi-
cant differences in the event-free survival (p = 0.26), OS 
(p = 0.13), treatment-related mortality (p = 0.35), and dis-
ease-related mortality (p = 0.33) were observed between 
ASCT followed by the RIST group (n = 30) and the tan-
dem ASCT group (n = 126).

Gradually, the numbers of participating institutions 
have increased, and the quality of studies has also im-
proved. The protocols of KMMWP were registered at 
the National Institute of Health of USA (http://Clin-
Trials.gov) and were posted to the website of the Mul-
tiple Myeloma Research Foundation. The clinical trials 
of KMMWP were actually the first studies under strict 
monitoring for quality control in the history of Korean 
hematology study. The majority of earlier works by KM-
MWP were the first studies reporting the efficacy of nov-
el agents in the Asian area, and our trials used FISH and 
conventional cytogenetics analyzed in the central labo-
ratory. In addition, we constructed the Korean Myelo-
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ma Registry (KMR), a web-based patient registry system 
for future cohort-based studies. Currently, more than 
6,600 patients with MM and related plasma cell diseases 
since the year 2000 have been registered, from over 40 
institutions in the KMR. Using the KMR, we have doc-
umented the characteristics of this population [91], and 
subsequent registry-based studies have been published 
[85,92].

Studies of KMMWP were not limited to clinical trials 
for anti-myeloma treatment. We evaluated certain clin-
ical or biologic characteristics of clinical significance 
among patients with MM, including malignant pleural 
effusion [93], IgD MM [94], Waldenström’s macroglob-
ulinemia [95], and primary systemic light-chain amy-
loidosis [96]. Treatment-related complications among 
Korean patients, including osteonecrosis of the jaw [97], 
herpes zoster infection [98,99], and MM-associated ve-
nous thrombotic or embolic events (VTE) [100], were 
also investigated. The VTE study reported a lower in-
cidence (3.9% of 360 patients) compared with that in 
Western reports, suggesting an ethnic difference in the 
susceptibility to VTE.

Only a few basic or translational research studies were 
conducted by KMMWP. We published the cytogenetic 
characteristics of Korean patients with MM using FISH 
and found that 13q deletion (45.6%) followed by IgH 
translocation (41%) and 1q gain (38.8%) were the most 
common cytogenetic aberrations in Korean patients 
[101]. Multicenter basic studies in Korea reported the 
incidence rate of genetic polymorphisms of NQO1 [102] 
and CYPA1 gene [103], possibly suggesting a lower genet-
ic susceptibility for MM in Asians than in Western pop-
ulations. We also reported the antagonistic interaction 
of polyphenols in bortezomib treatment [104], and the 
incidence of interleukin-6 receptor gene amplification 
and its association with prognosis [105]. In our meth-
ylation-specific polymerase chain reaction study using 
two different primer sets, a concurrent p16 methylation 
pattern was an adverse prognostic factor in patients with 
MM [106]. Antigen-presenting cells such as dendritic 
cells (DCs) or CD40-activated B cells were investigated 
by the members of KMMWP [107,108]. They reported 
the possibility of immunotherapy for MM using my-
eloma-specific cytotoxic T cells stimulated in vitro by 
DCs pulsed with purified and optimized myeloma ly-
sates [107]. The significant defective function of DCs 

was caused by loading tumor antigens, and the neu-
tralization of vascular endothelial growth factor could 
overcome this DC dysfunction through the elimination 
of abnormal signal transduction [109]. Furthermore, 
autologous DCs loaded with allogeneic myeloma cells 
have the capacity to produce potent myeloma-specific 
CTL responses against autologous myeloma cells [110]. 
We recently reported that chromosome 13 deletion and 
hypodiploidy on conventional cytogenetics are robust 
prognostic factors in Korean patients with MM [92].

We also participated in global projects sponsored by 
the International Myeloma Foundation, including a 
historical control project [37], a FISH study incorporated 
with ISS [111] and a recent long-term CR project (ongo-
ing study), as well as some review articles [112,113]. Each 
of the associated institutions in Korea are actively par-
ticipating in globally important sponsor-initiated global 
clinical trials of novel agents beyond the targeted agents 
of the early period, and substantial numbers of investi-
gator-initiated trials are being conducted in Korea. In 
some of these studies, Korea contributed significantly to 
the enrollment, including the PANORAMA-1 trial [44], 
and Korean specialists also acted as principal investi-
gators, such as in the CLARION trials, which compared 
carfilzomib with melphalan and prednisone to bortezo-
mib with melphalan and prednisone.

In 2011, we launched the Asian Myeloma Network 
(AMN) with six neighbor countries and regions. Our 
first task was to characterize Asian myeloma to deter-
mine whether there are unique characteristics. In an 
analysis of 3,405 patients, collected evenly from seven 
countries, it was concluded that there are no unique 
Asian-specific findings regarding the demographics, 
clinical findings, cytogenetic characteristics, and prog-
nostic indices [114]. In addition, we participated in Asian 
guidelines for the management of MM, which is a re-
source-stratified guideline [115]. This is regarded as an 
important guideline, even outside Asia, where develop-
ing countries are facing limited resources in diagnostic 
and therapeutic facilities, especially novel agents. We 
sought collaboration in retrospective and prospective 
studies among AMN countries [116] as well as with Unit-
ed Stats institutes [117]. In these studies, we compared 
the upfront use of novel agents with salvage use between 
a Korean database and a Singapore database, and eval-
uated lenalidomide monotherapy for newly diagnosed 
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standard-risk MM at Korean sites and the Lee Moffitt 
Cancer Center of the United States. 

We also initiated some investigator-initiated trials 
using novel agents, including pomalidomide and car-
filzomib, inside AMN. We are now seeking active col-
laboration with numerous study groups, including the 
European Hematology Association, Greek Myeloma 
Study Group, Australian Myeloma and Related Disease 
Registry, as well as the Latin America Myeloma Group. 
Hopefully, the research activities on MM in Korea and 
Asian countries that have been active in recent years will 
progress to the world stage, resulting in collaboration 
with the United States and European Groups.

CONCLUSIONS 

Recent advances in the treatment of MM, after the in-
troduction of novel agents, have resulted in an improved 
survival rate that has been more than twice that of the 
past. This improvement, in such a short period, is an 
unprecedented achievement in the history of hemato-
logic malignancy. It is believed that we are now curing 
at least a fraction of MM patients. The prognosis of MM 
will improve further with the advent of newer classes of 
novel drugs, such as monoclonal antibodies and adop-
tive cellular therapies. Korea is a good model for MM re-
search, having demonstrated how it can evolve through 
collaborative effort among investigators at the domestic 
and international levels. By virtue of these efforts, we 
anticipate that MM will become a curable disease in the 
near future, given the understanding of novel prognos-
tic factors as well as the introduction of newer, targeting 
agents.
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