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SUPPLEMENTARY APPENDIX

Supplementary Design and Methods

Statistical analysis 
Gene-expression data were preprocessed by GC-RMA.1,2 The

use of a modified version of the “documentation by value”
(docval)1,2 package allowed the assessment of gene expression
as if a new patient’s *cel-file had been part of the initial GC-
RMA preprocessed gene-expression dataset. This enables calcu-
lation of gene expression-based proliferation indices (see
below) or risk scores and usage of previously validated thresh-
olds for a patient not part of the initial analysis-set. An R-script
allowing this calculation can be found in Online Supplementary
File S1. To assess the presence or absence of gene expression,
the “Presence-Absence calls with Negative Probesets (PANP)”
algorithm3 was used. P values were adjusted for multiple test-
ing controlling the false discovery rate, as defined by Benjamini
and Hochberg, at a level of 5%.4 For myeloma cells, the associ-
ation of chromosomal aberrations and clinical parameters with
gene expression was assessed using two-sample t-statistics.
Differences in clinical parameters between defined groups were
investigated using the exact Wilcoxon’s rank-sum test.
Correlations were assessed using Pearson’s correlation coeffi-
cient, or Kendall’s tau coefficient (for categorical variables), the
relationship between categorical variables by Fisher’s exact test.
The presence of a translocation t(4;14) within the LR group was
assessed using a call-based predictor.5 The indices by Bergsagel
et al.6 (GEP-B), Shaughnessy et al.7 (GEP-SH) and Hose et al.8

(GPI; see below and Online Supplementary Table S6) were calcu-
lated as published. The HM1 cohort was used as a reference
myeloma dataset for the initial calculation of the GPI (see also
below). 

Gene expression profiling-based classifications 
The group attribution according to the molecular classifica-

tion of myeloma was assessed on the same dataset and using
the same method as within the original series.7 It can also be
found under the accession number Series GSE4581. TC-class
assessment was performed as described by Bergsagel et al.9

Probe-sets for Affymetrix HGU95A arrays were shifted to the
corresponding probe-sets on U133 2.0 and MAS5 normalized

data used. High-risk scores by Shaughnessy et al. (Shaughnessy-
HR)10 and Decaux et al. (Decaux-HR)11 were calculated as
described by the respective authors, i.e. using normalization
protocols (MAS5 in the case of the Shaughnessy-HR score) and
cut-offs. An optimal threshold for LDH was calculated by max-
imum log-rank statistics, (R, maxstat-package). An effect was
considered as statistically significant if the P value of its corre-
sponding statistical test was not higher than 0.05. All statistical
computations were performed using R12 version 2.8.1, and
Bioconductor,13 version 2.3.

Calculation of the gene expression-based proliferation index 
The gene expression-based proliferation index was calculated

as follows. In brief, genes were selected from those over-
expressed in proliferating cells [malignant: human myeloma cell
lines (HMCL), benign: polyclonal plasmablastic cells (PPC)]
compared to in non-proliferating cells [normal bone marrow
plasma cells (BMPC) and memory B cells (MBC)]. Here, four
comparisons between the groups were made, (i) HMCL versus
MBC, (ii) HMCL versus BMPC, (iii) PPC versus BMPC and (iv)
PPC versus MBC by a one-sided t-test, with the alternative
hypothesis that expression values of HMCL and PPC are
greater than those for BMPC and MBC in each comparison. P
values were permutation-adjusted regarding a family wise error
rate with an α-level of 0.025. To adjust for comparing each
group twice, the α-level was halved to 0.0125. Only genes sta-
tistically significant in each of the four comparisons were
retained for the index. To select biologically relevant genes (in
terms of proliferation) only genes with the gene-ontology term
“cell proliferation” or “cell cycle” were retained. Thus, 50 genes
(57 probe-sets) were included in the final index. For genes with
more than one probe-set per gene, the probe-set with the high-
est variance within the HM1 cohort was selected. The index
was calculated as follows. Given that proliferation-genes deter-
mined as stated above are over-expressed by definition, the
individual gene expression based-proliferation index for each
sample was calculated as the sum of expression values of each
of the 50 genes in an individual sample. For genes not expressed
as judged by PANP, the expression level of the respective gene
was defined as 0.



Online Supplementary Figure
S1. The plasma cell labeling
index (ordinate, PCLI) for the
gene expression-based prolif-
eration index (GPI) divided
into (A) two groups according
to values below or above the
median (P=0.003, n=66) and
(B) three groups  high/medi-
an/low (low versus medium
P=0.01, low or medium ver-
sus high P=n.s. due to low
number (n=4) of measure-
ments in the GPI “high”
group; n=66).
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Online Supplementary Figure S2. Unsupervised hierarchical clustering of myeloma cells. Clustering based on (A) the GPI of Hose et al., (B) the index of
Shaughnessy et al., and (C) the index of Bergsagel et al. The data for the HM2 group are shown (see Online Supplementary Design and Methods for
details).
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Online Supplementary Figure S3. Prognostic value of pro-
liferation. Event-free (EFS) and overall survival (OS) for
treated patients in the Little Rock-group. (A) GPIhigh (red)
versus GPIlow (black) delineates significantly different sur-
vival. (B) Model comprising GPIlow (black), GPImedium (blue)
and a high proliferation group (GPIhigh, red). Prognostic rel-
evance of (C) b-2-microglobulin >3.5 mg/dL, (D) ISS-
stage, (E) presence of t(4;14), and the high-risk scores of
(F) Shaughnessy et al. and (G) Decaux et al.
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Online Supplementary Figure
S4. Prognostic value of the
GPI from Shaughnessy et al.
(GPI-SH) and Bergsagel et al.
(GPI-B). (A) Event-free (EFS)
and (B) overall survival (OS)
for patients treated with high-
dose chemotherapy and
autologous stem cell trans-
plantation within our series
(HM) (n=209) and the Little
Rock (LR)-group (n=345). GPI
above (GPIhigh, black curve)
versus below (GPIlow, red
curve) the median delineate
significantly different survival.
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Online Supplementary Figure S5. (A) Gene-expression based pro-
liferation index (GPI) of normal bone marrow plasma cells
(BMPC), memory B cells (MBC), primary myeloma cells (MMC)
and human myeloma cell lines (HMCL). MMC samples are subdi-
vided in monoclonal gammopathy of undetermined significance
(MGUS) and multiple myeloma (MM) stage I/II/III
(MMI/MMII/MMIII) according to Durie and Salmon. Significant dif-
ferences are indicated by an asterisk (*). (A1) Depicts the index
of Shaughnessy et al. (GPI-SH), (A2) the index of Bergsagel et al.
(GPI-B). Boxes extend from quartile 1 to 3 with a black horizontal
line indicating the median. Whiskers extend to most extreme
observed value within 1.5 times the interquartile range of quar-
tile 1 minus 3. (B) Distribution of both GPI for newly-diagnosed
patients within our cohorts (HM1 and HM2) (n=298) and the
Little Rock (LR) group (n=345). 

Online Supplementary Figure S6. Distribution of
proliferation within published gene expression-
based classifications of myeloma. Myeloma cell
samples are subdivided according to the classifi-
cation of (A) Zhan et al. (molecular classification),
(B) Bergsagel et al. (TC-classification), and (C)
Hose et al. (EC-classification). The lower red dot-
ted horizontal line depicts the median GPI (below:
GPIlow), the upper the GPIhigh-group. GPImedian-group
between the two dotted lines. (D) Numbers (n)
and percentages (%) of patients with GPIhigh/median/low

in the respective molecular classifications.

A1

A2

B1 B2

A C

B D



Online Supplementary Figure S7. Documentation by
value. Event-free (EFS) and overall survival (OS) for
patients treated with high-dose chemotherapy and
autologous stem cell transplantation within the Little
Rock group (n=345). Model comprising GPIlow (black),
GPImedium (blue) and GPIhigh (red) with cut-offs derived
from the HM2-group after applying the documenta-
tion by value strategy (docval-package) on the Little
Rock *cel-files.

Online Supplementary Table S1. Clinical data for the non-selected, previously untreated patients presenting at the uni-
versity hospitals of Heidelberg and Montpellier undergoing high-dose chemotherapy with 2x100 mg/m2 melphalan
and autologous stem cell transplantation. Age, serum b2-microglobulin, and plasma cell infiltration in the
Heidelberg/Montpellier-group 1 (HM1), -2 (HM2) and the Little Rock (LR) group. 

Median value and range are given. NA, not available; ISS, International Staging System. Induction treatment: VAD (vincristine, adriamycin, dexametha-
sone; n=139); TAD (thalidomide, adriamycin, dexamethasone; n=34); PAD (bortezomib, adriamycin, dexamethasone; n=26); other (e.g. bortezomib/dex-
amethasone; n=10).



Online Supplementary Table S2. Overview of the populations, subpopulations and samples used. 

GEP, gene-expression profiling; MMC, multiple myeloma cells; HM-group, Heidelberg/Montpellier-group; LR-group, Little Rock group; MBC, mem-
ory B cells; PPC, polyclonal plasmablastic cells; BMPC, bone marrow plasma cells; MGUS, monoclonal gammopathy of unknown significance;
HMCL, human myeloma cell line; HDT, high-dose chemotherapy, PCLI, plasma cell labeling index; iFISH, interphase fluorescence in situ
hybridization. 



Online Supplementary Table S3. Association of chromosomal aberrations and pro-
liferation. Only aberrations significantly associated with the gene expression-based
proliferation index in more than one cohort are further considered in the text. 

HM: Heidelberg/Montpellier group; LR: Little Rock group; score, copy number score according to
Wuilleme et al., (see Design and Methods section for details). 



Online Supplementary Table
S4. Prognostic factors tested
(A) as single variables and (B)
within different Cox-propor-
tional hazard regression mod-
els and log-rank test.
Explorative P values are shown.
Significant values are depicted
in red. EFS, event-free survival;
OS, overall survival; HM,
Heidelberg/ Montpellier group;
LR, Little Rock group; CI, confi-
dence interval; GPI, gene
expression-based proliferation
index; ISS, International
Staging System; HR, high-risk
score; logrank(model) P value
(log-rank test) for the respec-
tive model including the fac-
tors detailed above in each
row; n.a. not available. B2M
and GPI are tested as continu-
ous variables in the left two
columns, all other variables
including the HR-scores as di-
or tri-chotomized variables.
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Online Supplementary Table S5. Association
of high-risk scores and proliferation. (A)
UAMS high-risk score (Shaughnessy-HR), (B)
IFM high-risk score (Decaux-HR). GPI, gene-
expression based proliferation index HM,
Heidelberg/Montpellier group; LR, Little
Rock group. Pearson’s correlation coeffi-
cients are given. P values below 0.0001 are
reported as 0. 
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Online Supplementary Table S6. Overview of the different
gene expression-based proliferation indices used. GPI,
gene expression based proliferation index; GEP-SH gene
expression-based proliferation index from Shaughnessy’s
group; GEP-B gene expression-based proliferation index
from Bergsagel et al.; HMCL, human myeloma cell line;
PPC, polyclonal plasmablastic cells; BMPC, normal bone
marrow plasma cells; MBC, memory B cells. 


