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A B S T R A C T

Purpose
There is a need for a simple, reliable staging system for multiple myeloma that can be applied
internationally for patient classification and stratification.

Patients and Methods
Clinical and laboratory data were gathered on 10,750 previously untreated symptomatic
myeloma patients from 17 institutions, including sites in North America, Europe, and Asia.
Potential prognostic factors were evaluated by univariate and multivariate techniques. Three
modeling approaches were then explored to develop a staging system including two nontree
and one tree survival assessment methodologies.

Results
Serum beta2-microglobulin (S�2M), serum albumin, platelet count, serum creatinine, and age
emerged as powerful predictors of survival and were then used in the tree analysis approach.
A combination of S�2M and serum albumin provided the simplest, most powerful and
reproducible three-stage classification. This new International Staging System (ISS) was
validated in the remaining patients and consists of the following stages: stage I, S�2M less
than 3.5 mg/L plus serum albumin � 3.5 g/dL (median survival, 62 months); stage II, neither
stage I nor III (median survival, 44 months); and stage III, S�2M � 5.5 mg/L (median survival,
29 months). The ISS system was further validated by demonstrating effectiveness in
patients in North America, Europe, and Asia; in patients less than and � 65 years of age; in
patients with standard therapy or autotransplantation; and in comparison with the Durie/
Salmon staging system.

Conclusion
The new ISS is simple, based on easy to use variables (S�2M and serum albumin), and
recommended for early adoption and widespread use.

J Clin Oncol 23. © 2005 by American Society of Clinical Oncology

INTRODUCTION

The outcome for patients with multiple my-
eloma is highly variable. Although the median
overall survival time is 3 to 4 years, the range is
from less than 6 months to greater than 10
years. This variability derives from heteroge-
neity in both myeloma cell biology and multi-
ple host factors. Knowledge of tumor and host
factors associated with prognosis is critical for
understanding disease outcome, identifying
risk groups, and optimizing patient treatment.

Studies conducted in the 1960s and
early 1970s identified a number of clinical
and laboratory parameters that are indepen-
dent predictors of survival duration includ-
ing hemoglobin level, serum calcium, serum
creatinine, and severity of bone lesions.1,2

Subsequently, combinations of prognostic
factors were suggested for staging classifica-
tion of myeloma patients.3-5 In 1975, Durie
and Salmon6 introduced a staging system, the
Durie/Salmon (DS) system, using commonly
available clinical parameters that predicted
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myeloma cell tumor burden. Factors in the DS classification
included the level and type of monoclonal protein, hemoglo-
bin, calcium level, and number of bone lesions. Creatinine
level (substage A: serum creatinine � 2 mg/dL; and substage B:
serum creatinine � 2 mg/dL) further defined lower versus
higher risk patients in each of the three tumor mass stages. The
DS system was widely adopted as the standard for prognosti-
cation in myeloma. The number of lytic lesions on routine
radiographs (skeletal survey), an important element of the DS
system, is unfortunately observer dependent. In an effort to
ensure a more objective pretreatment classification of patients,
several staging methods were proposed.7-9 In the 1980s, serum
beta2-microglobulin (S�2M) emerged as the single most pow-
erful prognostic factor and was considered a simple reliable
predictor of survival duration.10-13

Subsequently, other prognostic factors were introduced,
including serum levels of C-reactive protein,14 albumin,7 and
the proliferative activity of bone marrow plasma cells assessed
by labeling index15 or flow cytometry cell-cycle (S phase) anal-
ysis.16 Combining these factors with S�2M provided improved
prognostic stratification compared with S�2M alone.7,14-16

However, there was no consensus about which factors should
be combined with S�2M, and there was no consensus on cutoff
values for S�2M or other variables.

Recently, conventional cytogenetics by karyotyping has
emerged as a relevant prognostic factor in myeloma patients.
Deletion of chromosome 13 (del 13) is the most common and
the most significant prognostic abnormality observed.17-20

Conventional cytogenetics is able to identify abnormalities in
the myeloma clone in 20% to 30% of patients. Fluorescent in
situ hybridization (FISH) techniques may offer more sensitive
and specific identification of such critical abnormalities. Al-
though prognostically important correlations have emerged,
practical application of these techniques has been hampered
by lack of standardization, costs, and restricted availability.
The favorable experience of international cooperative efforts
for the design of a prognostic index in non-Hodgkin’s lym-
phoma21 led us to embark on a project to design a staging
system for multiple myeloma that would be based on widely
available, objective parameters used around the world.

PATIENTS AND METHODS

We gathered data on 10,750 patients from 15 Asian, European,
and North American institutions and groups. Data were col-
lected from 1981 through 2002. All patients had survival status
and date of last follow-up recorded within 6 months of the data
submission. At the time of analysis, 66% of patients had died. A
total of 7,942 patients received standard therapy, and 2,808 patients
received high-dose therapy as initial treatment. Patients who received
delayed high-dose therapy beyond 9 months after initial treatment
were included in the standard therapy group. Of the 10,750 patients,
7,430 (69.1%) came from clinical trial data. The median age at the
time of initial chemotherapy for the clinical trial patients and the non-
clinical trial patients was 60 and 63 years, respectively. Data collected

included the site of data submission, date of initial treatment, and
date of death or last follow-up. Investigators provided the patient’s
age at initiation of treatment and also the patient’s sex; ethnicity
and race; performance status; hemoglobin level; platelet count;
level and type of M-protein; serum levels of calcium, creatinine,
and albumin; DS stage and substage (A or B); number of bone
lesions, compression fractures, and pathologic fractures; bone
marrow plasma cell percentage; and levels of lactate dehydroge-
nase, S�2M, and C-reactive protein. We also gathered data on
standard cytogenetics, FISH, and proliferative activity of plasma
cells (labeling index or S phase) where available.

Myeloma was diagnosed using standard criteria.22 Patients with
asymptomatic (smoldering) myeloma were not included. Patients
with immunoglobulin (Ig) M–related disorders or with primary amy-
loidosis were not included. Only patients about to start chemotherapy
were included. Data used for analysis were gathered within 1 month
before initiation of treatment. Treatment included standard and
high-dose chemotherapy with stem-cell transplantation. Prior radia-
tion therapy was permitted. Survival was measured from the onset of
nonradiation therapy to time of death or last contact.

Patient records were randomly selected to create a training
sample data set. This data set was balanced by institution or group
submitting patient data. All submitted clinical and laboratory data
were initially assessed for completeness of submission and to priori-
tize candidate prognostic factors. Using the training set, models were
developed using the following three different methods: a Cox regres-
sion model23 using continuous variables where available, called the
weighted variable model; a Cox regression model using dichotomized
variables, called the number of risk factors model; and a survival tree
model. These three methods are described in detail in Crowley et al.24

The natural log transformation was performed for creatinine and
S�2M before inclusion in the weighted variable model, based on
examining separate nonparametric plots of log relative risk by creat-
inine and S�2M, respectively.25 For the number of risk factors model,
each continuous variable was dichotomized based on finding the
optimal cut point based on the log-rank statistic.26 Survival tree meth-
odology extends the recursive partitioning methods to a censored
survival data setting.26

In this case, the survival tree model proved to be the most
efficient methodology and was used to develop the International
Staging System (ISS). It was validated using the randomly selected
validation set; survival differences in the staging system were ex-
amined in key subsets. Survival was estimated using the Kaplan-
Meier method,27 with differences in survival examined using the
log-rank test.

An additional statistical technique called extreme regres-
sion28 was used to assess patients with very poor survival (median
survival time, � 12 months). This is a type of forward stepwise
regression analysis from which multiple potential models can be
derived and compared for utility and statistical significance.

RESULTS

Patient Characteristics

Median age of the 10,750 patients was 60 years; 57%
of patients were male, and 60% had IgG isotype, 24% had
IgA isotype, 11% had light-chain isotype only, 3% had IgD
isotype, and 2% had biclonal or other isotype. Median serum
M-protein level was 3.9 g/dL, hemoglobin level was 10.5 g/dL,
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platelet level was 222�100/�L, creatinine level was 1.1 mg/dL,
S�2M level was 3.8 �g/mL, albumin level was 3.6 g/dL, and
bone marrow plasma cell percent was 40.0%. Forty-three per-
cent of patients had three or more bone lesions, and 25% had
pathologic fractures. Overall survival time for the entire group
was 44 months.

Preliminary Prognostic Factor Analysis

In preparation for developing a staging system, half of
the total myeloma patients (5,383 patients) were randomly
selected as a training sample.

Univariate and Multivariate Survival Analysis

Table 1 allows comparison of variables in both univar-
iate and multivariate models and lists the 10 most impor-
tant prognostic factors in univariate analyses. The variables
are ranked by hazard ratio, with all being significant at the
P � .001 level. The numbers and percentages of patients in
each risk category are also listed. S�2M and serum albumin
were the most consistent, broadly applicable, prognostic
factors correlated with survival duration. Attention is
drawn to low platelet count (ranked 2) and high serum
creatinine (ranked 4) results; although these parameters
rank highly, they identify small patient subsets of 12% and
17%, respectively. Conversely, high S�2M (ranked 1) and
low serum albumin (ranked 8) identify larger patient
subsets of 56% and 40%, respectively. Other relevant prog-
nostic factors were age, hemoglobin, calcium, lactate dehy-
drogenase, and bone marrow plasma cell infiltration (Table
1). Additional, although weaker, prognostic factors (ranked
11 to 15) on univariate analysis were C-reactive protein, Ig
isotype, size of M-component, and extent of bone lesions
(data not shown). There were 5,894 patients with IgG iso-
type, 2,375 with IgA isotype, and 1,035 with light-chain only
isotype. The median survival time for the IgG patients was
longer (49 months) compared with the IgA patients (40
months) and light-chain patients (35 months). The P values

are were as follows: IgG versus IgA, P � .001; IgG versus
light chain only, P � .001; and IgA versus light chain only, P
� .009. Regarding sex, there were 4,597 female patients and
6,153 male patients with median survival times of 45 and 44
months, respectively (slight advantage for female patients).

Development of a Myeloma Staging System

The information from univariate and multivariate analy-
ses was used to explore three modeling approaches. The most
significant prognostic factors were assessed using the following
three methods: (1) the weighted variable model; (2) the model
based on the number of risk factors occurring in an individual
patient; and (3) the survival tree model in which risk factors
present at each branch point are sequentially reassessed.

The weighted variable model was derived from the Cox
regression approach using continuous variables. The re-
gression equation was used to derive a prediction of risk,
which was then stratified by tertiles to form risk groups.
Similarly, for a model based on the number of risk factors,
the risk groups were based on the five factors identified in
Table 1 (right side) as the major prognostic factors in a Cox
multivariate regression analysis using, in this case, dichoto-
mous variables. S�2M and serum albumin were the domi-
nant independent prognostic factors in all three models.

With the survival tree model, a three-stage system us-
ing S�2M and albumin provided the most highly statisti-
cally significant results. From now on, this system is called
ISS (Table 2). Median survivals were as follows: stage I, 62
months; stage II, 45 months; and stage III, 29 months
(P � .0001 for differences). Patient numbers were well
distributed across the three stages (stage I, 28.9%; stage
II, 37.5%; and stage III, 33.6%). Among the three meth-
ods for developing a staging system, we chose the survival
tree approach as being the simplest, most effective and
readily understood method.

ISS for Multiple Myeloma
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Validation of the New Staging System (ISS) in the

Remaining Half of Patients (Validation Sample)

The ISS system was applied to the remaining patients,
who constituted half of the whole sample. The discrimina-
tion and survival durations were almost identical (stage I, 62
months; stage II, 44 months; and stage III, 29 months) to the
training sample (Fig 1 and Table 2).

Because the training and validation samples had almost
identical outcome, the two patient populations were com-
bined into a single group for further analysis. It is important
to note that serum albumin added consistent prognostic dis-
crimination versus S�2M alone. Thus, of the 3,157 patients
with a low S�2M less than 3.5 mg/L, 1,020 (32% of these
patients; 12.5% of the total population) were classified as stage
II because of a low albumin less than 3.5 mg/L. On analyzing

the characteristics of patients according to the new ISS, we
observed that the more advanced the stage, the higher was the
proportion of patients with advanced age, anemia (hemoglo-
bin � 10 g/dL), thrombocytopenia (platelet count � 130,000/
�L), high bone marrow infiltration, and poor performance
status (Table 3). The frequency of patients with advanced DS
stage III (A or B) progressively increased from stage ISS I
(38%) to stage ISS II (54%) and stage ISS III (70%) categories.
For DS stage IIIB, all patients (100%) were ISS stage III.

As an adjunct to the new staging system, a search was
undertaken to identify simple predictors of very poor prog-
nosis (eg, overall survival � 12 months). A type of forward
stepwise regression analysis was performed to identify fac-
tors associated with very poor risk, as noted in Patients and
Methods.28 This technique is called extreme regression.
Using this technique, four factors emerged as being helpful
in identifying very poor risk patients; these factors were
S�2M more than 10 mg/L, serum creatinine more than 4
mg/dL, serum albumin less than 2.5 g/dL, and platelet count
less than 130,000/�L. It was possible to fit several different
models with this regression technique. With all of the mod-
els, the very poor risk group was approximately 5% of the
total population. Although significant P values of less than
.0001 were obtained, it must be noted that the worst median
overall survival time for a poor risk group was 17 months.
Thus, there was somewhat limited ability to accurately pre-
dict very poor survival with these routine test parameters.
Half of the patients had a survival time of more than 17
months and did not fall into the less than 12 months very
poor risk group that was being sought.

Cytogenetic data (Table 3) were available in a subset of
390 patients. No strong correlations with stage were ob-
served. The translocation t(4;14) occurred with a lower
incidence (P � .035) in stage I patients than in stage II and
III patients (6% v 16% and 11%, respectively). Although
there was a slight trend for less frequent complex karyotypic
abnormalities, deletion 13 by FISH and deletion 13 by cy-
togenetics in stage I disease, these trends were not statisti-
cally significant (P � .075 and P � .162, respectively).
Considering the impact of cytogenetic abnormalities over-
all, patients with and without cytogenetic abnormalities of
any type were compared. The median overall survival for
the 113 patients with cytogenetic abnormalities was 42
months v 69 months for the 277 patients with no cytoge-
netic abnormalities. The P value for no cytogenetic abnor-
malities versus cytogenetic abnormalities is P � .03.

Other Assessments of the New ISS System

Geographic region. In proposing an international
system, it was important to validate the system by geo-
graphic region. As illustrated in Figure 2, there was compara-
ble utility in patients from North America, Europe, and Asia.
Discriminatory efficacy was also excellent comparing individ-
ual institutions versus cooperative groups (data not shown).

Table 2. New International Staging System

Stage Criteria

Median
Survival
(months)

I Serum �2-microglobulin � 3.5 mg/L 62
Serum albumin � 3.5 g/dL

II Not stage I or III� 44
III Serum �2-microglobulin � 5.5 mg/L 29

�There are two categories for stage II: serum �2-microglobulin � 3.5
mg/L but serum albumin � 3.5 g/dL; or serum �2-microglobulin 3.5 to
� 5.5 mg/L irrespective of the serum albumin level.

Fig 1. Training versus validation datasets. ISS, International Staging Sys-
tem. A is training dataset; B is validation dataset.
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Age. Age is not only an important prognostic factor, but
it also critically influences treatment options, such as high-
dose therapy. Accordingly, we wanted to analyze whether the
ISS system applies equally to young and older patients. Thus,
although older patients (eg, � 65 years) have poorer survival
than younger patients, it is important to note, as illustrated in
Figure 3, that the ISS system applies to both groups.

Treatment type. As far as treatment type is concerned,
7,920 patients were treated with standard-dose therapy as
the primary modality, whereas 2,807 patients received high-
dose therapy with autologous marrow or stem-cell rescue
on an intent-to-treat basis (defined as within 9 months of
start of therapy). Again, the ISS system discriminated sim-
ilarly for the two groups, as shown in Figure 4.

Comparisons with the DS system. The survival dura-
tion comparisons of the DS system versus the ISS system are
listed in Table 4 and Figure 5. Compared with the DS
classification, the ISS provides more equal distribution of
patients across the three stages. DS stage I patients are
underrepresented in these data sets. The 8% value is lower
than the typical 20% level, most likely because DS stage I
patients are excluded from many protocols involved in the
data sets analyzed. Nonetheless, the survival of ISS stage I
corresponds exactly to the DS stage IA patients who are
incorporated in these analyses. Both groups of patients have
median survival times of 62 months. Interestingly, DS stage

IIA reflects a similar patient population, with a median
survival time of 58 months. ISS stage II patients correspond
to DS stage IIIA patients, with median survival times of 44
and 45 months, respectively. Of particular note, ISS stage III
identifies DS substage B (serum creatinine � 2 mg/dL) for
DS stages I, II, and III (ie, the poor-risk B subset), irrespec-
tive of tumor burden. It is obviously helpful to have such
patients categorized collectively in ISS stage III. In Table 3, it
can be seen that of the 1,382 total patients with a serum
creatinine � 2 mg/dL, 82% had a S�2M value of more than
5.5 mg/L and, therefore, were classified as ISS stage III.
Importantly, the S�2M values (ranked number 1 in both
univariate and multivariate analyses) are much more pow-
erful versus serum creatinine values (ranked number 4 in
univariate and number 5 in multivariate analyses; Table 1).

DISCUSSION

The DS clinical staging system has remained the most
widely used staging system for over 25 years. Although a
few prognostic parameters, such as S�2M, have emerged
as better predictors of survival duration, there has been
no consensus as to the optimal use of single or multiple
prognostic factors. The current large international data
set of patients with symptomatic myeloma offers the

Table 3. Distribution of Clinical and Laboratory Variables by ISS Stages I, II, and III

Factor

ISS Stage

P †

Stage I Stage II Stage III

No. of Patients/
Total No.� %

No. of Patients/
Total No.� %

No. of Patients/
Total No.� %

Age 65� years 605/2,303 26 1,118/3,152 35 1,061/2,685 40 � .001
S�2M � 3.5 �g/mL 0/2,307 0 2,137/3,157 68 2,693/2,693 100 � .001
Albumin � 3.5 g/dL 0/2,307 0 1,873/2,985 63 1,239/2,494 50 � .001
HGB � 10 g/dL 414/2,295 18 1,264/3,139 40 1,772/2,672 66 � .001
Creatinine � 2 mg/dL 43/2,291 2 201/3,129 6 1,138/2,662 43 � .001
PLT � 130 � 103/�L 119/2,126 6 308/2,989 10 491/2,535 19 � .001
Calcium � 10 mg/dL 513/2,111 24 860/2,920 29 1,139/2,501 46 � .001
� 3 lytic lesions 866/1,911 45 1,226/2,619 47 1,184/2,293 52 � .001
CRP � 0.8 mg/dL 222/1,208 18 464/1,473 32 445/1,134 39 � .001
LDH above normal 186/923 20 264/1,113 24 348/939 37 � .001
BMPC � 33% 930/2,199 42 1,782/2,992 60 1,877/2,532 74 � .001
PS 2� 649/2,128 30 1,215/2,999 41 1,348/2,578 52 � .001
Durie/Salmon stage III (A or B) 782/2,046 38 1,471/2,748 54 1,638/2,356 70 � .001
Any clonal CA 33/144 23 40/132 30 40/114 35 .093
Complex karyotype 9/66 14 21/88 24 22/85 26 .162
Del13 by cytogenetics 10/125 8 18/113 16 14/87 16 .112
T11; 14 18/123 15 22/145 15 18/109 17 .921
T4; 14 8/125 6 23/140 16 11/104 11 .035
Del13 by FISH 55/125 44 76/134 57 48/107 45 .075

Abbreviations: ISS, International Staging System; S�2M, serum beta2-microglobulin; HGB, hemoglobin; PLT, platelets; CRP, C-reactive protein; LDH, lactate
dehydrogenase; BMPC, bone marrow plasma cells; PS, performance status; CA, cytogenetic abnormalities; FISH, fluorescent in situ hybridization.

�Number with factor for group level/number known with or without factor for group level.
†Fisher exact test, otherwise �2 test.
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opportunity to establish a statistically superior and
widely accepted new staging system.

The new ISS (Table 2) was developed using univariate
and multivariate analyses (Table 1) and three types of mod-
eling approaches. S�2M and serum albumin were selected
from the various potential prognostic factors both because
of the statistical power in various models as well as the
known wide availability of these two simple inexpensive
laboratory tests. The inclusion of serum albumin as the
second parameter added significantly in defining 1,020 pa-
tients (12.5% of total population), now identified as ISS
stage II, who would otherwise have been classified as stage I
based on low (� 3.5 mg/L) S�2M alone. The large data set
afforded the opportunity to establish clear cutoff values to
identify the three stages in the new ISS system (summarized
in Table 2 and displayed in Fig 5). The survival differences
were reproducibly demonstrated in the test and validation

datasets. The broad applicability of the ISS system was
further illustrated with validation by geographic area, pa-
tient age, and treatment type and in comparison with the
DS staging system (Figs 1 and 2, Table 4). Of particular note,
ISS stage III is clearly delineated as a poor-risk group (39% of
patients), with a median survival time of 29 months (Table 4)
versus the more mixed and numerous DS stage IIIA (49% of
patients; median survival time, 45 months) and stage IIIB
(17% of patients; median survival time, 24 months).

Early attempts to improve on the DS staging system
were not widely adopted.7 But now, S�2M is widely recog-
nized as the single most important variable predicting
survival.13 When added to S�2M, serum albumin level
was known to add significantly to prognostication.7 There
was much debate as to whether these were sufficient prog-
nostic factors or whether better prognostic factors were
required.29-33 However, in the absence of any additional,
powerful prognostic factors, further analyses using S�2M
and serum albumin were conducted. This led to a S�2M
and serum albumin staging system29 developed by the
Southwest Oncology Group. The newly developed and
proposed ISS system thus extends and validates these
prior observations.

The following question emerges: why are S�2M and
serum albumin such powerful prognostic factors? S�2M
reflects not only tumor mass and renal function but also
other as yet unknown parameters, possibly including

Fig 2. International Staging System (ISS); staging by geographic region. A
is Asia; B is Europe; C is North America.

Fig 3. International Staging System (ISS); staging by age. A is patient’s age � 65
years; B is patient’s age � 65 years.
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immune function.7,34,35 The specific cause of decreased al-
bumin in some multiple myeloma patients is not certain; how-
ever, a lower albumin may reflect effects on the liver by
interleukin-6 produced by the microenvironment of myeloma
cells.34,35 The strong correlations between serum levels of
S�2M and serum albumin and myeloma patient survival imply
connections to important underlying mechanisms. There are
several clues in the published literature,36-41 but to date, the
underlying biology remains to be explored.

The ISS provides useful prognostic groupings in a va-
riety of situations (in patients aged greater or less than 65
years, Fig 3; with conventional v high-dose transplantation
therapy, Fig 4; in Europe, Asia, and North America, Fig 2;
and in single institutions v cooperative groups, data not

displayed). Because the levels of S�2M and albumin are now
specified by the ISS, it is critical that laboratory variation be
minimized by standardizing methods used to determine
their levels, specifically in multiple myeloma. That work
and standardization is underway by the Nordic Myeloma
Study Group, who are members of the International My-
eloma Working Group.

We conclude that the ISS staging system is broadly
useful and that it will provide a sound base for more ad-
vanced studies in the future. Identification of highest risk
patients was achieved in only a small number of patients
(5% to 9%) using standard variables. Better identification of
such patients may require a more refined cytogenetic and
molecular genetic classification. As more data and follow-up

Fig 4. International Staging System (ISS) stage by treatment type. A is
standard-dose chemotherapy; B is high-dose therapy on an intent-to-treat
basis. See text for discussion.

Fig 5. International Staging System (ISS) stage by Durie/Salmon stage. A
is overall survival by ISS stage; B is overall survival by Durie/Salmon stage
(I-III; A/B).

Table 4. Comparison Between Durie/Salmon and ISS Staging Systems: Survival Duration by Stage in Months

Durie/Salmon ISS

Stage % of Patients� Median Survival (months) Stage % of Patients� Median Survival (months)

IA 7.5 62 I 28 62
IB 0.5 22
IIA 22 58 II 33 44
IIB 4 34
IIIA 49 45 III 39 29
IIIB 17 24

Abbreviation: ISS, International Staging System.
�Percentage of patients falling into each staging category.
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become available, the International Myeloma Working Group
plans to develop a second staging system using conventional
and FISH cytogenetics, molecular genetics, proteomics, and
S-phase analysis for use by reference centers and eventually for
all patients with myeloma.

■ ■ ■
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