
1 23

Annals of Hematology
 
ISSN 0939-5555
Volume 91
Number 1
 
Ann Hematol (2012) 91:93-102
DOI 10.1007/s00277-011-1251-y

International Staging System predicts
prognosis of Chinese patients with multiple
myeloma across different calendar periods
with application of novel agents

Sheng-Hsiang Yang, Hao-Wei Teng,
Ying-Chung Hong, Chun-Yu Liu, Yuan-
Bin Yu, Ching-Fen Yang, Jyh-Pyng Gau,
Jin-Hwang Liu, Tai-Jay Chang, et al.



1 23

Your article is protected by copyright and

all rights are held exclusively by Springer-

Verlag. This e-offprint is for personal use only

and shall not be self-archived in electronic

repositories. If you wish to self-archive your

work, please use the accepted author’s

version for posting to your own website or

your institution’s repository. You may further

deposit the accepted author’s version on a

funder’s repository at a funder’s request,

provided it is not made publicly available until

12 months after publication.



ORIGINAL ARTICLE

International Staging System predicts prognosis of Chinese
patients with multiple myeloma across different calendar
periods with application of novel agents

Sheng-Hsiang Yang & Hao-Wei Teng & Ying-Chung Hong & Chun-Yu Liu &

Yuan-Bin Yu & Ching-Fen Yang & Jyh-Pyng Gau & Jin-Hwang Liu & Tai-Jay Chang &

Jeffrey J. Y. Yen & Po-Min Chen & Tzeon-Jye Chiou & Cheng-Hwai Tzeng &

Liang-Tsai Hsiao

Received: 8 March 2011 /Accepted: 2 May 2011 /Published online: 17 May 2011
# Springer-Verlag 2011

Abstract The applicability of the International Staging
System (ISS) for Chinese patients with multiple myeloma
(MM) has not been demonstrated, especially with respect to
treatments with novel agents. Newly diagnosed MM patients
at Taipei Veterans General Hospital were enrolled between
1996 and 2007. Data regarding clinical features, laboratory
tests, and outcome at last follow-up were collected. A total of
389 MM patients (71% male) were enrolled, with median age
of 71 years. At diagnosis, 72.7% had Durie–Salmon (DS)
stage III disease, 56.2% had ISS stage III disease, and 34%
had serum creatinine ≧2.0 mg/dL. Compared with patients
diagnosed in the first calendar period 1996–2001, the patients
of the second calendar period 2002–2007were older andmore
of these patients had received novel agents, especially
thalidomide. The median overall survival period was
20.5 months, with a significant increase of patients in the
second calendar period (15.3 and 28.2 months, respectively;
P=0.002), especially for those with ISS stages I and II. In

the Cox proportion model, elevated serum β2 microglobulin
at diagnosis (≧3.5 mg/L), old age (≧65 years), and impaired
renal function were found to be independently associated
with poor survival. Over the entire period, the ISS was found
to be effective in providing an accurate prognosis with
respect to different ages and calendar periods. This is the
first study to show the applicability of ISS for Chinese
patients with MM, especially for those who had received
thalidomide.

Keywords Chinese .Multiple myeloma . International
Staging System . Serum β2 microglobulin . Thalidomide

Introduction

The International Staging System (ISS) for multiple
myeloma (MM), first proposed in 2005, is based on two
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objective laboratory parameters—serum albumin and serum
β2 microglobulin (Sβ2M) [1]. Its applicability has been
demonstrated by additional assessments in terms of geo-
graphic regions, age (≧65 years), and treatment type
(standard-dose therapy vs. high-dose therapy [HDT] with
autologous hematopoietic stem cell transplantation
[HSCT]) [1] and subsequent analysis [2, 3]. However,
because most of the patients enrolled in the analysis were
collected from the clinical trial and through 2002, the
applicability of ISS in the patients who received up-to-date
treatments (e.g., thalidomide and bortezomib) or who were
not enrolled in clinical trials is still under debate. Kastritis
et al. first demonstrated the applicability of ISS in
unselected Greek patients who started treatment after the
introduction of thalidomide [4]. However, the applicability
of ISS for patients receiving frontline HDT and autologous
HSCT does not agree with the results of different reports [5,
6]. In addition, it is not clear whether ISS is properly
applicable for the Chinese population because Chinese
individuals were not enrolled in the original analysis [1].
The previous analysis did not demonstrate its applicability
in this population [7, 8].

Relative to Western countries, the incidence of MM is
relatively low in Asia [9, 10], but it has been markedly
increasing in recent decades in Taiwan [11]. Taiwan is an
island with a population of approximately 23 million ethnic
Chinese. This country has had the national health insurance
since 1994 (http://www.nhi.gov.tw/English/webdata/web
data.aspx?menu=11&menu_id=290&webdata_id=2974&W
D_ID=290) and provided consistent medical services to all
people. Thalidomide has been available since 2002. This
agent and additional new anticancer agents have been used to
treat patients withMM in Taiwan. In this study, we investigate
a cohort of MM patients over a decade in one of the largest
general hospitals in Taiwan, with the aim of evaluating
survival of MM patients and the applicability of ISS for the
Chinese population across different calendar periods when
different treatment strategies are employed.

Patients and methods

Patients

Patients diagnosed with MM were enrolled between January
1996 and December 2007 at Taipei Veterans General
Hospital. Patients diagnosed with monoclonal gammopathy
of undetermined significance (MGUS), POEMS syndrome
(polyneuropathy, organomegaly, endocrinopathy, monoclonal
gammopathy, and skin changes), IgM myeloma, and myelo-
ma with amyloidosis were excluded. The diagnoses of these
plasma cell dyscrasias were based on commonly accepted
criteria [12].

Clinical features, staging, treatment, and response

Data collection was performed by chart review. Clinical
features at diagnosis, including age, gender, complete blood
counts, blood biochemistry including renal function and
Sβ2M, and histology, were recorded. The clinical stages
were determined according to the Durie–Salmon (DS)
staging system and the ISS [1, 13]. The therapies consisted
of induction and salvage treatment modalities. Before the
novel therapeutic agents became available in 2002, the major
regimens of conventional chemotherapy included melphalan
and prednisolone and vincristine, adriamycin, and dexameth-
asone. After induction or salvage therapy, HDT and HSCT
were usually administered to patients under 65 years old.
Thalidomide has been administered as salvage therapy since
2002 for most patients with relapsed or refractory myeloma.
It was not officially covered by the national health insurance
as induction therapy until July 2008. In addition, bortezomib
has been used to treat MM patients with relapsed or
refractory diseases since June 2007. Lenalidomide was not
available in Taiwan at the time of data analysis. Several
bisphosphonates, such as clodronate, pamidronate, and
zoledronic acid, became sequentially available to be used
in the treatment of patients as bone protection agents since
the mid-1990s. Overall survival (OS) was measured from the
time of diagnosis to the date of death from any cause or until
the last follow-up, which was conducted in February 2010.

Statistical analysis

Considering the availability of novel agents, including
thalidomide and bortezomib, a 6-year interval and the resulting
two calendar periods (i.e., 1996–2001 and 2002–2007) were
chosen for subsequent comparison of the parameters studied
between MM patients diagnosed in the two periods. Differ-
ences in patient and disease characteristics for patients
diagnosed at different calendar periods were investigated
using Pearson’s chi-square test. The cutoff level for exclusion
of abnormal laboratory tests was defined according to those in
the original ISS study [1]. Survival analysis with the Kaplan–
Meier estimate was used with the log-rank test for compar-
ison of OS rates between groups with different ISS stages.
The level of statistical significance was set at 0.05 for all
tests. Statistical analyses were performed using SPSS version
17.0 (SPSS Inc., Chicago, IL).

Results

Clinical features and treatments of 389 MM patients

As shown in Table 1, a total of 389 patients (288 men, 101
women) with MM were included in this study. The median
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age at diagnosis was 71 years with 70% of patients older
than 65 years. The major subtypes of immunophenotypes
included IgG (51%), IgA (30%), and light chain disease
(LCD, 17%). Clinical stages presented by DS and ISS I/II/
III were 7%/20%/73% and 15%/29%/56%, respectively. At
diagnosis, the proportions of patients with leukopenia
(defined as white cell counts <4,000/μL), anemia (defined
as hemoglobin <10 g/dL), and thrombocytopenia (defined
as platelet counts <130,000/μL) were 18%, 65%, and 33%,
respectively. Hypoalbuminemia (defined as serum albu-
min <3.5 g/dL), impaired renal function (serum creat-
inine ≧2.0 mg/dL), and hypercalcemia (defined as
corrected serum total calcium >10 mg/dL) were 56%,
34%, and 36% of patients, respectively. Elevated Sβ2M
(defined as Sβ2M ≧3.5 mg/L) and serum lactate dehy-
drogenase (LDH greater than the normal value) were
noted in 80% and 40% of patients, respectively. In terms
of the treatment, the proportions of patients who had
received thalidomide, bortezomib, HDT with HSCT, and
bisphosphonates were 22%, 8%, 10%, and 74%, respec-
tively (Table 2).

Changes in clinical features and treatments of 389 MM
patients between the two calendar periods

As shown in Table 1, in terms of clinical features, the
median age at diagnosis (69 vs. 72 years, P=0.016) and the
proportion of MM patients with leukopenia at diagnosis
(14% vs. 22%, P=0.035) were significantly higher for the
patients diagnosed in the second calendar period from 2002
to 2007. The proportion of patients with ages over 70 and
80 years were significantly higher in the second period.
Gender distribution, clinical stages, immunophenotypes,
and the proportion of patients with anemia, thrombocyto-
penia, impaired renal function, and hypercalcemia in these
two calendar periods were not significantly different.

With respect to treatments, significantly greater proportions
of patients diagnosed in the second calendar period received
novel agents and HDT plus HSCT (autologous in most) as
determined at the last follow-up (Table 2). In particular,
treatment of the patients in this group included the adminis-
tration of thalidomide. Treatment with bisphosphonates was
also more common during the second calendar period.

Table 1 Clinical and laboratory features of 389 Chinese patients with MM in terms of different calendar periods

Calendar period/parameters Overall (%) 1996–2001 2002–2007 P value

No. of patients 389 (100) 178 211 –

Gender—male/female 288 (74)/101 (26) 139 (78)/39 (22) 149 (71)/62 (29) 0.105

Age (years), median (range) 71 (27–91) 69 (27–88) 72 (29–91) 0.016

≧65 271 (70) 120 (67) 151 (72) 0.379

≧70 197 (51) 78 (44) 119 (56) 0.015a

≧80 50 (13) 13 (7) 37 (18) 0.004a

DS stages I/II/III 28/78/283 (7/20/73) 12/34/132 (7/19/74) 16/44/151 (8/21/72) 0.847

ISS stages I/II/III 51/103/197 of 351 (15/29/56) 22/46/77a (15/32/53) 29/57/120 (14/28/58) 0.622

Immunophenotype 0.120
IgG 200 (51) 81 (46) 119 (56)

IgA 115 (30) 59 (33) 56 (27)

LCD 67 (17) 33 (19) 34 (16)

Others 7 (2) 5 (3) 2 (1)

WBC <4,000/μL 71 of 385 (18) 24 of 174 (14) 47 (22) 0.035a

Hemoglobin <10 g/dL 251 of 387 (65) 123 of 176 (70) 128 (61) 0.069a

Platelets <130,000/μL 127 of 384 (33) 56 of 173 (32) 71 (34) 0.828a

Serum albumin <3.5 g/dL 215 of 385 (56) 95 of 174 (55) 120 (56) 0.681a

Serum creatinine ≧2.0 mg/dL 132 of 389 (34) 66 of 178 (37) 66 (31) 0.255

Sβ2M (mg/L)

≧3.5 280 of 352 (80) 112 of 146 (77) 168 of 206 (82) 0.285

≧5.5 197 of 352 (56) 77 of 146 (53) 120 of 206 (58) 0.328

Serum LDH greater than the normal value 155 of 385 (40) 73 of 174 (42) 82 (39) 0.602a

Serum total calcium (corrected) >10 mg/dL 140 of 385 (36) 67 of 174 (39) 73 (35) 0.457

For the meaning of the abbreviations, refer to the text
a Fisher’s exact test

Ann Hematol (2012) 91:93–102 95

Author's personal copy



Overall survival and prognostic factors

The median OS period of all patients was 20.5 months
(95% confidence interval [CI]=16.1–24.9), including
15.3 months in the first calendar period and 28.2 months
in the second period (P=0.002; Table 2). As shown in
Table 3, several factors noted at diagnosis, including old
age (≧65 or ≧70 years), DS stage III, ISS stage III, anemia,
thrombocytopenia, hypoalbuminemia, impaired renal func-
tion, elevated Sβ2M at cutoff values of 3.5 and 5.5 mg/L,
elevated serum LDH, hypercalcemia, and patients diag-
nosed in the first calendar period, were associated with a
poor prognosis. In the Cox proportion model using these
factors at diagnosis (except for DS and ISS themselves and the
calendar period), elevated Sβ2M at diagnosis (≧3.5 mg/L),
old age (≧65 years), and impaired renal function were found
to be independently associated with a poor survival
prognosis, with hazard ratios of 1.949 (95% CI=1.013–
1.948, P=0.001), 1.709 (95% CI=1.303–2.914, P<0.001),

and 1.610 (95% CI=1.205–2.15, P=0.001), respectively.
When using the higher cutoff value of 5.5 mg/L, Sβ2M
remained significant with a hazard ratio of 1.405 (95% CI=
1.013–1.948, P=0.041).

Applicability of the ISS for Chinese patients

Similar to DS stages (Fig. 1a), the applicability of ISS
stages in our patients was further evaluated by examining
the median OS of each stage (P<0.001), as shown in
Fig. 1b. In addition, the ISS was generally found to be
equally robust in both calendar periods (Fig. 2). The OS of
ISS stages I and II patients during the second period was
significantly better than those in the first period, with the
P values 0.009 and 0.024, respectively. However, the
different assessment of OS was not significant for ISS
stage III between these two calendar periods (P=0.11).

In addition, although older patients have poorer survival
than younger patients, it is important to note, as illustrated
in Fig. 3, that the ISS applies to both groups with the cutoff
values of age at 65 and 70 years (median age of our
patients). On the other hand, as far as treatment type is
concerned, we were only able to show the applicability of
ISS in those who did not receive HDT and HSCT at last
follow-up, as shown in Fig. 4.

Discussion

The findings of our study indicate the survival impact
provided by novel agents (especially thalidomide) on MM
patients in Taiwan and also affirm the applicability of ISS
to the Chinese population across different calendar periods.
In addition, additional subgroup analysis also demonstrates
its applicability in both younger and elderly patients with
MM. To our knowledge, this is the largest cohort of an
ethnic Chinese population analyzed to test the adequacy of
ISS because ethnic Chinese were not enrolled in the
original ISS study, which only included Japanese subjects
as representative of the Asian population [1]. Similar to the
previous study [4], the applicability of ISS was found to be
relatively robust for our patients who were diagnosed in the
second calendar period and usually had received treatments

Calendar period/parameters Overall (%) 1996–2001 2002–2007 P value

No. of patients 389 (100) 178 211 –

Thalidomide 86 (22) 12 (7) 74 (35) <0.001

Bortezomib 32 (8) 2 (1) 30 (14) <0.001

HDT and HSCT 40 (10) 11 (6) 29 (14) 0.018a

Bisphosphonate 289 (74) 119 (67) 170 (81) 0.002

Median OS (months) (95% CI) 20.5 (17.1–24.9) 15.3 (11.9–18.8) 28.2 (21.5–33) 0.002

Table 2 Treatment modalities
and survival of 389 Chinese
patients with MM in terms of
different calendar periods

For the meaning of the abbrevi-
ations, refer to the text
a Fisher’s exact test

Table 3 Prognostic factors of 389 Chinese patients with MM

Calendar period/parameters P
value

Hazard
ratio

95% CI

Gender—male vs. female 0.091 1.272 0.962–1.68

Age ≧65 <0.001 1.84 1.408–2.406

Age ≧70 <0.001 1.547 1.222–1.958

WBC <4,000/μL 0.982 0.997 0.74–1.342

Hemoglobin <10 g/dL <0.001 1.747 1.351–2.258

Platelets <130,000/μL 0.040 1.294 1.012–1.654

Serum albumin <3.5 g/dL 0.004 1.412 1.114–1.791

Serum creatinine ≧2.0 mg/dL <0.001 2.155 1.688–2.752

Sβ2M ≧3.5 mg/L <0.001 2.769 1.96–3.913

Sβ2M ≧5.5 mg/L <0.001 2.123 1.641–2.746

Serum LDH greater than the
normal value

0.011 1.359 1.072–1.724

Serum total calcium (corrected)
>10 mg/dL

<0.001 1.513 1.19–1.924

DS stage III <0.001 2.844 1.589–5.091

ISS stage III <0.001 3.468 2.279–5.277

Calendar period 1996–2002 0.003 1.439 1.136–1.823

For the meaning of the abbreviations, refer to the text
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with novel therapeutic agents, especially thalidomide (Table
2 and Fig. 2). In addition, there was a significant
improvement of OS in the patients of the second calendar
period, indicating the benefit of novel agents, including
thalidomide. This is similar to the findings of previous
studies [4, 14–16]. However, the OS was improved for

those with ISS stages I and II rather than ISS stage III. The
most probable cause is the advanced age of our patients
(median age 71 years; Table 1). The findings of recent
studies showed less of an improvement of OS in elderly
MM patients [4, 14, 16] or patients with severe renal
impairment [17]. In addition, most of our patients in the

Fig. 1 The curve of the OS of
Chinese patients with MM in
terms of DS (a; n=389) and the
ISS (b; n=351)
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second calendar period did not receive frontline treatment
with novel agents and this possibly resulted in less benefit.

Compared with those of the original report [1], there
were a higher proportion of our patients with ISS stage III
(56% vs. 33.6%). Furthermore, compared with the Asian
group in the original report [1], the OS of our patients in the

first calendar period was relatively shorter (37.7/18.5/12.6
vs. 58/38/24 months for patients with ISS stages I/II/III,
respectively), although there was a significant improvement
of patients during the second calendar period. First, this
discrepancy is partially contributed by the difference in the
source of patients either from the community or in clinical

Fig. 2 a and b The curve of the
OS of Chinese patients with
MM in terms of different calen-
dar periods and the ISS
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trials. As elderly patients with MM were usually under-
represented in clinical trials [18], there was the difference of
median age at least 10 years, i.e., about 70 years in ours and
most of community-based reports in Western countries [18]
vs. 60 years in the clinical trials, including the original ISS
study [1]. In addition, even with a similar median age
(60 years) of patients, there was about 10% difference in
the proportion of patients with ISS stage III (i.e., 43% in the
reports from China and Korea [8, 19] vs. 33.6% in the ISS
study [1]. And, there were a lower proportion of our
patients who had received treatments in clinical trials
(<10% of our patients vs. 69.1% of the patients in the
original ISS study) and HDT and HSCT (10% vs. 26%). It
is noteworthy that the median age of our MM patients at
diagnosis is significantly higher than those of other Asian

countries [7, 19] and, moreover, that the median age was
significantly higher in the later period than the median age
of patients in recent reports [4, 20]. As elderly patients
usually have more comorbidities and resulting similar
symptoms, many of these patients with MM were not
referred till the diseases became more severe [21]. This may
also cause an uneven distribution of each ISS stage—lower
ISS stage I vs. higher ISS stage III. Therefore, this would
be expected to produce higher proportions of patients with
poor prognostic factors including anemia (65% vs. 40%),
thrombocytopenia (33% vs. 12%), hypoalbuminemia (56%
vs. 40%), elevated Sβ2M (≧3.5 mg/L, 79% vs. 56%), and
elevated serum LDH (40% vs. 26%; Table 1). The
progressive aging of the whole population may have
contributed along with the increasing incidence of MM in

Fig. 3 a–d The curve of the OS of Chinese patients with MM in terms of different ages and the ISS
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Taiwan [11] as the third common hematologic malignancy
behind non-Hodgkin lymphoma and acute myelogenous
leukemia. The life expectancy at birth of the whole
population of Taiwan was 75.0 years in 1996, 77.2 years

in 2002, and 78.4 years in 2007 (data were obtained
from National Statistics, Taiwan; http://www.stat.gov.tw/
ct.asp?xItem=24811&ctNode=538). A higher proportion
of MM patients with leukopenia in the second period of

Fig. 4 a and b The curve of the
OS of Chinese patients with
MM in terms of the ISS and
whether they have received
HDT and HSCT
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our study may also be associated with the increased
proportion of elderly patients who typically had poor
marrow reserves [22].

The other important factor associated with a lower OS
and a higher proportion of ISS stage III in our patients was
that more than 30% of our MM patients had impaired renal
function (serum creatinine ≧2.0 mg/dL) at diagnosis.
Except for the report from Hong Kong [23], this frequency
of impaired renal function is higher than that of all of the
other reports where the frequency was found to be at about
20% [1, 4, 19, 24, 25]. Additional analysis of our study
showed that the proportion of our MM patients with
impaired renal function was evenly distributed among all
MM patients, rather than predominately in older patients.
Although there were a lower proportion of patients with the
IgD immunophenotype (because serum IgD was not
routinely tested in our hospital), the frequency of patients
with LCD (17%), which usually have impaired renal
function, was not higher than the previously reported
frequency [1, 4, 19]. It is known that the prevalence of
end-stage renal diseases in Taiwan is the highest in the
world [26]. It is speculated that the previous use of herbal
medication to relieve the symptoms of bone pain after the
diagnosis of MM may have contributed to this phenomenon
[26, 27]. In addition to the underlying mechanisms, it is
also important to adjust the policy of clinical management
of these patients. Finally, the relatively lower prevalence of
MGUS in Asia [10] may also possibly contribute to the
lower proportion of our patients with ISS stage I.

The prognostic role of hypoalbuminemia (serum albumin
<3.5 g/dL) is lost in the multivariate model of our study,
similar to previous findings of several studies with small
numbers of MM patients including Weber et al. [1, 28]. In
addition, relative to the patients of the original ISS study [1],
there were also a lower proportion of our patients with serum
albumin≧3.5 g/dL (44% vs. 60% in the original ISS study).
This is related to advanced age, higher disease severity, and
more frequent renal impairment in our patients. Possibly
limited by a smaller number of patients (n=40), the findings
of our study did not demonstrate the applicability of ISS in
those who had received HDT and HSCT at last follow-up.
However, it is worth noting that HDT and HSCT may have
improved the survival of our patients with advanced ISS
stages, as shown in Fig. 4. To directly evaluate the
applicability of ISS to our group of patients, parameters that
are reflective of performance status and bone marrow plasma
cells at diagnosis were not analyzed in the present study. In
addition, cytogenetic changes were not noted because the
data were not available for many of the patients in the first
calendar period. A recent study from Greece showed that
LDH might add further prognostic value to ISS [29], but it
was not validated in our data since LDH lost statistical
significance in the multivariate analysis.

In conclusion, our study showed that ISS is relatively
robust and reliable for predicting the prognosis of Chinese
patients with MM, especially in the era of novel agents and
multimodality treatment. With a progressive aging of our
patients, the OS was found to be significantly improved after
novel agents became available, especially for patients in ISS
stages I and II. Additional efforts are needed to improve the
prognosis of elderly MM patients in ISS stage III.
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