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Introduction

ÅMultiple Myeloma (MM)

ÅHeterogeneous disease

ÅSurvival variable

ÅClinical risk factors

ÅCytogenetics / FISH

ÅGene expression profiling (GEP)
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Background ISS / FISH / GEP

Å International Staging System (ISS)1

Å Based on b2-microglobulin and albumin

ÅFISH2

Å t(4;14), t(11;14), t(14;16), t(14;20) 

Å add1q, del13q, del17p, hyperdiploidy

ÅGene Expression Profiling (GEP)3-6

Å UAMS-70, UAMS-17, MRCIX-6, 

UAMS-80, EMC-92

Ghielmini et al., Blood 2009

1 Greipp et al., JCO 2005
2 Avet-Loiseau, Best Pract Res Clin Haem 2007
3 Shaughnessy et al., Blood 2007
4 Dickens et al., Clin Can Res 2010
5 Shaughnessy et al., Blood 2011
6 Kuiper et al., Leukemia 2012



5

Background risk stratification 
approaches

ÅInternational Myeloma Working Group (IMWG)1

ÅISS, FISH (del17p, t(4;14), t(14;16)), LDH, IgA, Histology, Cytogenetics, 
GEP, Labeling index, MRI/PET scan, SNP/CGH

ÅmSMART 2.02

ÅHigh: FISH (del17p, t(14;16), t(14;20)), GEP

ÅInterm.: FISH (t(4;14)), Cytogenetic del13, Hypodiploidy, PCLI Ó 3%

ÅISS combined with FISH3

ÅISS, FISH (del17, t(4;14))

ÅάΧƴƻǾŜƭ ŀǇǇǊƻŀŎƘŜǎ ōŀǎŜŘ ƻƴ ƳƛŎǊƻŀǊǊŀȅ ǘŜŎƘƴƻƭƻƎȅ ǎƘƻǳƭŘ 

ōŜ ǳǎŜŘ ǘƻ ŀŎƘƛŜǾŜ ŀ ƳƻǊŜ ǇƻǿŜǊŦǳƭ ǇǊŜŘƛŎǘƛƻƴΦά3

1 Mikhael et al., Mayo Clin Proc 2013
2 Munshi et al., Blood 2011
3 Avet-Loiseau et al., Leukemia 2013
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Research Question:

Will combining ISS, FISH and GEP markers provide a 
more powerful and robust high risk stratification in MM?
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Approach: Method

ÅCox proportional hazards model (HR, p-value)

ÅUnivariate markers

ÅUnivariate precombined (compound) markers

ÅCombinations of markers

ÅEndpoint: Overall Survival (OS)
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Approach: Datasets 

ÅFive available datasets

Ån = 1294 patients

Ån = 18 markers (ISS + FISH + GEP + compound)

1 Broyl et al., Blood 2010
2 Dickens et al., Clin Can Res 2010
3 Shaughnessy et al., Blood 2007
4 Shaughnessy et al., Blood 2011
5 Mulligan et al., Blood 2007

Cohort name Number of patients ISS available FISH available GEP available

HOVON-65/GMMG-HD41 290 Yes Yes Yes

MRC-IX2 247 Yes Yes Yes

TT23 351 NA NA Yes

TT34 142 NA NA Yes

APEX5 264 NA NA Yes
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Available markers for the 
MRC-IX dataset

GEP

FISH

Diversity of characteristics per sample: which is most meaningful?

HR
SR
Pos
Neg
NA
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Å5 datasets, 18 markers 

Å51 Kaplan-Meiers for which data available

ÅCollect the 51 HRs and p-values

Univariate Kaplan-Meier (OS)

add1q del13q EMC-921 UAMS-702

1 Kuiper et al., Leukemia 2012
2 Shaughnessy et al., Blood 2007

MRC-IX MRC-IX MRC-IX MRC-IX
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Univariate Kaplan-Meier (OS)

1.5 2.4 2.51.3

Hazard Ratio: green = significant; red = not significant

add1q del13q EMC-921 UAMS-702

MRC-IX MRC-IX MRC-IX MRC-IX
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Univariate Hazard Ratios of all 
markers

* Training dataset
1 Broyl et al., Blood 2010
2 Dickens et al., ClinCanRes 2010
3 Shaughnessy et al., Blood 2007
4 Shaughnessy et al., Blood 2011
5 Mulligan et al., Blood 2007

ÅOnly GEP markers robust across datasets
ÅGEP markers have higher Hazard Ratios

p ≤ 0.05
p > 0.05

FISH GEP
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HOVON-65/GMMG-HD41 2.3 1.8 0.8 1.4 3.8 1.4 1.7 4.2 0.7 5.9* 4.3 4.6 1.9 2.4

MRC-IX2 1.6 1.4 0.7 1.1 0.8 1.5 1.3 1.6 1.1 2.4 2.5 2.6 2.0 2.5*

TT23 NA NA NA NA NA NA NA NA NA 3.4 5.6* 5.5* 2.3 2.9

TT34 NA NA NA NA NA NA NA NA NA 5.2 3.8 4.8 4.1* 3.0

APEX5 NA NA NA NA NA NA NA NA NA 3.0 3.7 2.5 4.4 2.2
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Univariate Hazard Ratios of 
compound markers

Compound markers 
not robust across datasets

Compound markers
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HOVON-65/GMMG-HD4 3.2 3.8 4.5 2.3
MRC-IX 1.5 1.4 1.4 1.5
TT2 NA NA NA NA
TT3 NA NA NA NA
APEX NA NA NA NA
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Combinations of ISS/FISH/GEP 
markers

ÅConsider all pairwise combinations

Å18 markers Ą 153 combinations

ÅBonferroni correction

ÅEvaluate on independent datasets

ÅAll independent dataset pooled per comparison (i.e. 
training datasets excluded)
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FISH with FISH

Ådel17p remains significant
ÅNone of the other FISH markers
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GEP with FISH

ÅGEP signatures often significant
Ådel17p often significant
ÅOther FISH markers not significant

MRCIX-6 UAMS-80 UAMS-17 UAMS-70 EMC-92
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EMC-92 with all others

ÅEMC-92 significant in all combinations
ÅEMC-92 higher HR than other GEP signatures
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Conclusions

VCombining ISS, GEP and FISH does not provide a 
more powerful and robust high risk stratification

VGEP signatures are superior to FISH for high risk 
stratification

VAll GEP signatures robust across cohorts

VNone of the FISH markers robust across cohorts

VEMC-92 shows consistently higher HRs compared 
to ISS, FISH, and other GEP signatures
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Thank you


