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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.
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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 (substageA: serumcreatinine � 2mg/dL; and substageB:
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 amoreobjectivepretreatment classificationofpatients,
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 factorswithS�2Mprovided improved
prognostic stratification compared with S�2M alone.7,14-16

However, there was no consensus about which factors should
becombinedwithS�2M,and therewasnoconsensusoncutoff
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
timeof initial chemotherapy for the clinical trial patients and thenon-
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–relateddisordersorwithprimaryamy-
loidosiswerenot included.Onlypatients 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
weightedvariablemodel; aCox regressionmodelusingdichotomized
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
optimalcutpointbasedonthe log-rankstatistic.26 Survival treemeth-
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,

Greipp et al

2 JOURNAL OF CLINICAL ONCOLOGY

Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved. 
Downloaded from www.jco.org at CEDARS SINAI MEDICAL CENTER MEDICAL LIBRARY on April 4, 2005 . 
















