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ABSTRACT
Gene expression profiles have been associated with clinical outcome in patients with
Diffuse

Large

B-Cell

Lymphoma

(DLBCL)

treated

with

anthracycline

containing

chemotherapy. Using Affymetrix HU133A microarrays, we analyzed the lymphoma
transcriptional profile of 30 patients treated with CHOP (cyclophosphamide, doxorubicin,
vincristine, prednisone) and 23 patients treated with Ritxumab (R)-CHOP in the Groupe
d’Etude des Lymphomes de l’Adulte clinical centers. We used this data set to select
transcripts showing an association with progression free survival in all patients or showing a
differential effect in the two treatment groups. We performed real-time quantitative RT-PCR
in the 23 R-CHOP samples of the screening set and 44 R-CHOP additional samples to
evaluate the prognostic significance of these transcripts. In these 67 patients, the level of
expression of 16 genes and the cell of origin classification were significantly associated with
overall survival, independently of the International Prognostic Index. A multivariate model
comprising 4 genes of the cell of origin signature (LMO2, MME, LPP and FOXP1) and 2
genes related to immune response, identified for their differential effects in R-CHOP patients
(APOBEC3G and RAB33A), demonstrated a high predictive efficiency in this set of patients,
suggesting

that

both

immunochemotherapy.

features

affect

outcome

in

DLBCL

patients

receiving
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INTRODUCTION
Diffuse Large B-Cell Lymphoma (DLBCL) represents roughly 30% of non-Hodgkin
Lymphoma in adult patients (1). Half of the patients can be cured with anthracycline-based
chemotherapy. Although the highly variable outcome reflects underlying molecular
heterogeneity, the therapeutic stratification of patients currently relies on the use of the
International Prognostic Index (IPI) based on clinical prognostic factors (2). During the last
years, the availability of DNA microarray technology made it possible to get important
insights into the molecular heterogeneity of this disease and demonstrated the existence of
distinct

sub-groups

harboring

specific

gene

expression

signatures

(3).

The

Lymphoma/Leukemia Molecular Profiling Project showed that these lymphomas could be
separated in 3 groups: those with a Germinal Center (GC) profile, those with an Activated BCell (ABC) profile, and a third group, called type III (4, 5). Later on, using a consensus
clustering approach, Monti et al showed that DLBCL comprised 3 discrete subsets:
“Oxidative Phosphorylation” (OxPhos), “B-cell receptor/Proliferation” (BCR/Prolif) and “Host
Response” (HR), that did not overlap with the Cell of Origin (COO) classification (6). DLBCL
with a GC profile were shown to be associated with a better overall survival (OS) than
DLBCL with an ABC profile in two independent large series (5, 6), whereas OxPhos,
BCR/Prolif and HR DLBCL subsets did not show prognosis significance. Several groups
attempted to identify gene signatures that would specifically be helpful to predict outcome,
and proposed predictors based on the expression of 6 to 17 genes, established in patients
who had received conventional chemotherapy (5, 7, 8).
The GELA LNH98.5 clinical trial demonstrated the benefit of rituximab association with
CHOP chemotherapy in elderly patients with DLBCL (9, 10). The addition of an anti-CD20
monoclonal antibody to chemotherapy has now become a standard in this disease (11). The
mechanism of action of this drug was shown to depend on antibody dependant cell
cytotoxicity, complement dependant cytotoxicity and direct induction of cell death in in vitro
experiments, animal models and clinical studies (12). However, the mechanism prevailing in
vivo, in the context of simultaneous administration of chemotherapy remains elusive (13, 14).
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It is noteworthy that several individual prognostic markers established in patients treated by
chemotherapy, such as BCL2 (15) or BCL6 (16) protein expression, were shown to lose their
significance in patients receiving R-chemotherapy.
This prompted us to investigate the lymphoma transcriptional profile of patients included in
the LNH98.5 trial, in order to determine which individual genes retain or gain prognostic
significance and whether the Cell of Origin molecular signature remains a valid prognostic
marker, in the context of rituximab association with chemotherapy.

MATERIAL AND METHODS
Patients’ characteristics and lymphoma samples
Frozen lymphoma samples were obtained retrospectively from 97 newly diagnosed,
previously untreated patients with DLBCL. 52 patients had been enrolled in the LNH98.5
clinical trial of the GELA between August 1998 and March 2000 and had signed an informed
consent. Twenty eight of these patients had received R-CHOP and 24 had received CHOP
treatment. Details regarding the design, data management and clinical results of this trial
have been already published (9, 10). Samples from 45 additional patients who presented the
same criteria than those required to enter the LNH98.5 trial (ie, previously untreated DLBCL,
60 to 80 years of age, no previous history of indolent lymphoma) and who had received
either CHOP (n= 6) or R-CHOP (n=39) treatment in GELA Centers (Saint-Louis/Paris,
Créteil, Lyon, Nancy or Rouen) between March 1998 and July 2004 were added to this
study. The institutional review board “Comité de Protection de Personnes – Ile de France IX”
authorized the use of these samples and associated clinical data and approved this study.
The study comprised a screening set, based mostly on the LNH98.5 trial, and a
complementary set, corresponding mostly to additional patients (supplementary Table 1).
All cases were reviewed by 3 hematopathologists (TM, JB and PG) and diagnosed as
DLBCL according to the criteria of the WHO classification. Tumor infiltration of the frozen
samples was checked on Hemalun Eosin Safran staining of tissue sections. Total RNA were
extracted from frozen tissue samples with TRIZOL reagent (Invitrogen), according to the
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manufacturer’s instructions and RNA integrity was analyzed by electrophoresis on a 2100
Agilent Bioanalyzer (Agilent, Massy, France) to select samples that could be used in
Affymetrix experiments.
Microarray procedures
Microarray analyses were performed using 5 µg of total RNA of each sample as starting
material and 10 µg cRNA per hybridization (GeneChip Fluidics Station 400). The total RNAs
were amplified and labeled following the manufacturer’s one-cycle target labeling protocol
(http://www.affymetrix.com). The labeled cRNAs were then hybridized to HU133A Affymetrix
GeneChipTM arrays (Affymetrix, Santa Clara, CA, USA). The chips were scanned with an
Affymetrix GeneChip Scanner 3000 and subsequent images analyzed using GCOS 1.4. Raw
feature data were normalized and log2 intensity expression summary values for each probe
set were calculated using robust multi-array average (RMA package affy V1.4.32) (17).
Probe sets corresponding to control genes or having a “_x_” annotation were masked
yielding a total of 19787 probe sets for further analyses. The microarray and associated
clinical data used in this study have been deposited in Array Express public database
(accession number: E-TABM-346).
Taqman Low density arrays experiments
cDNAs were reverse-transcribed from 4 µg total RNAs in a volume of 100 µl, with the High
capacity Archive Kit (Applied Biosystems, Courtaboeuf, France), according to the
manufacturer’s instructions. Ten µl cDNA were diluted in 90 µl water and 100 µl 2X Universal
Taqman Master Mix (Applied Biosystems) to load the custom microfluidic card (96 assays*4
per card). Thermocycling was performed with a 7900HT Fast real-time PCR system (Applied
Biosystems). Analysis was done with the SDS 2.2.1 software (Applied Biosystems), using a
manual adjustment for base line and threshold level to insure identical settings for the 20
cards used. 1 assay (IGHM-Hs00385741_m1) proved defective and was therefore removed
of the final analysis. 1 assay (CCND2-Hs00153380_m1) displayed poor quality amplification
in 11 of the 67 samples analyzed and these data were discarded for the final analysis. 10
wells that showed abnormal amplification curves were also discarded. Cycle thresholds (Ct)
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superior or equal to 40 were set to 40. Eleven samples run in two separate experiments
showed a high reproducibility of the raw Ct values and were used to optimize normalization
to the 6 housekeeping genes (see supplementary information). The remaining 56 samples
were run in one experiment. For each cDNA, the level of expression of each gene (g) was
calculated as Delta Ct = – [Ctg – (Ct18S + CtBRF2 + CtFBXO7 + CtMGC15396 + CtPGK1+ CtTBP) / 6],
and Delta Ct values were averaged for duplicates.
Biostatistical analysis
All Analyses were performed with the R system software (v2.5) and Bioconductor(V2.0)
(18, 19). Comparisons of groups for quantitative data were done by Student t-tests.
Qualitative data were compared using the Chi-square test or the Fisher exact test when
appropriate. We defined the distance by the correlation coefficient to perform hierarchical
clustering with the Ward agglomeration algorithm.
Progression-Free Survival (PFS) was defined as the time interval between the first
chemotherapy cycle and death during induction treatment, disease progression or relapse
and excluded late deaths unrelated to lymphoma. Overall survival (OS) was calculated from
the first chemotherapy cycle until death from any cause. Censored data were analysed by
Cox regression to evaluate the prognostic significance of gene expression levels (20). In the
screening set, Cox analyses on individual probesets adjusted on IPI score and treatment arm
were performed to evaluate their prognostic value independently of these two factors.
Interaction between gene expression levels and treatment arm were also tested to detect a
differential effect between CHOP and R-CHOP patients. In the TLDA experiments, Cox
analyses on Delta Ct Values adjusted on IPI score and stratified by the analysis set
(screening and complementary) were also computed. Interaction between Delta Ct values
and analysis set were also tested to detect a differential effect between the two sets. The
hazard ratios (HR) were expressed with a 95% confidence interval and estimated the ratio of
risk associated with a two fold increase in gene expression level (ie a differential expression
of one unit in log2 or in delta Ct). A Cox model with L1 penalty function (lasso) and a path
following algorithm was used to select the best gene combination among candidate genes
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(21, 22). C index scores were computed to quantify the predictive ability of adjusted models
to discriminate between subjects who failed and those who did not (23).

RESULTS
Search for transcripts associated with progression free survival in patients treated
with R-CHOP
In order to search for correlations between the tumor transcriptional profile and clinical
outcome in patients receiving chemotherapy associated with rituximab, we collected
available frozen lymphoma samples from patients included in the GELA LNH98.5 study and
from patients treated with the same regimen in GELA centers. RNA from 53 lymphomas
were analyzed with Affymetrix HU133A microarrays and constituted a screening set of 30
CHOP and 23 R-CHOP samples. The median age (69 years), sex ratio (27M/26F) of this
subset of patients were similar to those of the 399 ones included in the LNH98.5 trial
(supplementary Table 1) (10). As reported for this trial, two parameters were strongly
correlated with progression free survival (PFS) in these patients: a high International
Prognostic Index (each +1 IPI increment, hazard ratio: 1.63 [1.14-1.24], p<0.01) and
treatment regimen (CHOP versus R-CHOP, hazard ratio: 2.25 [1.07-4.78], p<0.05). We
therefore used Cox models adjusted for IPI and treatment effects to screen this Affymetrix
dataset in two different ways. First, we selected probesets that showed an association with
PFS in all patients, with a low stringency p value ≤ 0.1, assuming that some genes might be
of importance for patient’s outcome whether the patient receives or not rituximab. Secondly,
we looked for probesets that showed an association with PFS that was significantly different
(p<0.05) in CHOP and R-CHOP patients, assuming that some genes might gain or lose
effects when patients receive rituximab (see supplementary information for the complete
selection strategy). To evaluate the prognostic significance of the candidate genes, we
designed a real-time PCR Taqman Low Density Array (TLDA) that comprised Taqman
inventoried assays for the 30 genes which were associated with outcome in all patients, 31
genes which showed a differential effect according to treatment arm, 2 genes which showed

8
both effects, 26 additional genes discriminating GC and ABC signature or previously reported
to be associated with outcome, and 6 housekeeping genes (supplementary Table 2). These
arrays were used to analyse the transcriptional profile of the 23 R-CHOP samples of the
screening set and of 44 complementary R-CHOP samples (supplementary Table 1).
Genes of which expression is associated with outcome in R-CHOP patients
Cox models were used to analyze the correlation between TLDA gene expression levels
and progression free survival or overall survival. A large fraction of the 63 candidate genes
showed a significant association with PFS (29 genes) and/or OS (25 genes) in the screening
group (n=23), as expected from the selection procedure and the high correlation of Affymetrix
microarray and TLDA data. Few genes showed a significant association with PFS (2 genes,
VNN2 and APOBEC3G) and/or OS (3 genes, VNN2, LPP and LMO2) in the complementary
set (n=44). Since some genes showed similar trends in both sets without reaching statistical
significance, we analyzed the correlations in the whole R-CHOP group and used interaction
tests to exclude the genes showing significantly different effects in the screening and
complementary sets (see supplementary Table 3 for detailed results).
In these 67 patients, 16 transcripts showed a significant association with OS and 6 of
these were also significantly associated with PFS (Table 1 and Figure 1). These associations
were independent of the International Prognostic Index (data not shown). To further analyze
the potential prognostic significance of these genes, we analyzed a completely independent
set of data published by Monti et al (6), concerning a series of 129 patients treated by CHOP
or CHOP-like regimen and observed a significant correlation with OS, with similar hazard
ratios, for 9 of these 16 genes (Table 1). Quite interestingly, 5 out of the 7 genes selected
because of their effect in all patients (ANKRD15, BCL7A, MME, RAFTLIN, SYPL), but only 1
of the 4 genes selected because of a differential effect in CHOP and R-CHOP treated
patients (LPP), and 3 additional genes (LMO2, MYBL, FOXP1), showed a significant
correlation with OS in this independent set. Altogether, these data suggest that some genes
(ANKRD15, BCL7A, MME, RAFTLIN, SYPL, LMO2, MYBL, LPP, FOXP1) do have
prognostic significance both in CHOP and R-CHOP treated patients whereas some genes
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(APOBEC3G, JAK2, RAB33) may have prognostic significance only in patients receiving
chemotherapy associated with rituximab.
Prognostic significance of cell of origin signature in R-CHOP patients
Wright et al established a predictor for Germinal Center (GC) and Activated B-Cell (ABC)
classification of DLBCL lymphomas, based on the expression of 27 genes (24). Affymetrix
HU133A probe sets matched unambiguously to 19 of these genes and were used to classify
the samples of the screening set (data not shown). Nineteen assays corresponding to these
genes were included in the TLDA. The IgHM Taqman assay proved defective and the
expression of one gene (DDB1) showed little variation and did not affect the classification of
the samples based on hierarchical clustering (data not shown). The expression of the
remaining 17 genes divided the 67 R-CHOP DLBCL samples in 2 clusters: 25 with a GC
transcriptional profile, and 42 with an ABC profile (Figure 2A). The GC group showed a
significantly higher OS than the ABC group (Hazard ratio =0.18 [0.04-0.76], p=0.02) (Figure
2B), and a non significant trend for higher PFS (p=0.15) (Figure 2C). The COO distinction
remained statistically significant in a multivariate Cox Model for overall survival that
incorporated the international prognostic index (GC versus ABC profile, hazard ratio = 0.19
[0.04-0.83], p=0.03). Comparison of the OS and PFS curves suggested that after relapse or
progression, patients with an ABC type DLBCL had a high probability to die (14 deaths out of
17 cases) whereas patients with a GC type DLBCL could respond to salvage therapy (2
deaths out of 5 cases). Indeed, the COO classification and relapse or progression proved to
be a significant and independent risk factor for death in a time dependent Cox model (GC
versus ABC profile, hazard ratio = 0.24 [0.05-1], p= 0.05; relapse or progression, hazard ratio
=29 [9.2-91.7], p=10-8).
Selection of a multivariate model with high predictive efficiency
It was quite striking that 5 genes (LMO2, MME, MYBL1, BCL7A and FOXP1) showing
significant association with outcome in the 67 R-CHOP patients, were known to belong to the
set of genes discriminating GC and ABC DLBCL (4, 24, 25). Among the 11 other genes, 6
were significantly higher in GC-type DLBCL subgroup, and 3 were significantly higher in
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ABC-type DLBCL subgroup (Table 2). In a multivariate Cox model adjusted for the COO
effect, 2 of the 16 candidate genes (APOBEC3G and RAB33A) remained significantly
associated with OS. We used a Cox with L1 penalty (lasso) model adjusted for the
International Prognostic Index effect, to test the prognostic significance of the 16 candidate
genes and selected a 7 variables model with the path algorithm (IPI + APOBEC3G, LMO2,
MME, LPP, FOXP1 and RAB33A) (supplementary information). We computed C index
values to evaluate the efficiency of these variables, as well as the COO classification and the
International Prognostic Index, to differentiate fatal versus non-fatal disease (Table 3 and
supplementary Figure). The results showed that 4 genes of the COO signature had a strong
prognostic impact (LMO2, MME, LPP and FOXP1), recapitulating the prognostic significance
associated with the COO classification, and that the expression of 2 other genes
(APOBEC3G and RAB33A), selected because of their differential effect in R-CHOP, further
influenced the outcome in this series of patients.

DISCUSSION
We analyzed the lymphoma transcriptional profile of patients with DLBCL treated with
CHOP or R-CHOP in GELA clinical centers, in order to determine whether rituximab
combined with chemotherapy affects prognostic biomarkers. We used a two-stage screening
procedure, which identified 16 genes showing a significant association with OS in 67 RCHOP treated patients. The results revealed that the COO classification remained a strong
prognostic biomarker in this therapeutic setting. Moreover, we showed that a few genes of
the COO (LMO2, LPP, MME and FOXP1) bear most of the prognostic significance of this
classification and that 2 independent genes (APOBEC3G and RAB33A) could add significant
prognostic information in these patients.
Overall, our data are in agreement with previous gene expression profiling studies. In a
study that used RT-PCR to evaluate the expression levels of 36 genes in 66 patients, the
only gene that showed a significant correlation with survival in univariate analysis was LMO2
(8), indicating that few genes can reach the level of statistical significance in limited series of
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patients. Indeed, using different statistical approaches, Segal showed that gene expression
data only delivers limited predictions of post-therapy DLBCL survival (26). In this context, the
use of corrections for tests multiplicity would exclude all candidate genes, even those already
known to bear prognostic value. Therefore, we chose to analyse jointly all the R-CHOP
samples (27, 28) and checked the results consistency by testing interaction terms between
the two subsets. Finally, a Cox model with L1 penalty was used to build the predictive IPI
plus 6 genes model assessed in R-CHOP samples, and to control for the overfitting bias
(supplementary information).
Our results show that the GC transcriptional signature retains prognostic significance in
patients who received rituximab in addition to chemotherapy, whereas studies based on
immunohistochemistry reported that BCL6 protein expression (16) or that the COO
classification based on BCL6, CD10 and IRF4 protein expression (29), did not remain
significant prognostic indicators in patients treated with immuno-chemotherapy (30). This
discrepancy may be due to technical pitfalls associated with this technique (effect of fixative,
optimal cut-off set up, low amount of tumor cells analyzed in tissue microarrays) (31) or to
the fact that the immuno-histochemical markers used in these studies do not efficiently
represent the transcriptional COO classification. In this regard, it is quite interesting to note
that LMO2 protein expression, which is a marker of GC origin, was very recently shown to
correlate with outcome both in CHOP and R-CHOP treated patients (32). On the other hand,
it is clear that some but not all genes of the COO classification have a strong prognostic
significance. In our study, the optimal prognostic model comprised 4 genes linked to the
COO. Three of these genes (LMO2, MME, FOXP1) were previously reported to be
prognostic biomarkers in DLBCL patients treated with chemotherapy, although with
inconstant results for MME (8, 25, 32-36). The fourth gene (LPP) was not previously known
to be associated with prognosis and its expression and function during B-cell differentiation
are unknown. The LPP gene has been discovered as a fusion partner of the HMGA2 gene in
lipomas (37). This gene was also involved in a t(3;11) translocation, fused to MLL gene, in a
secondary myeloid acute leukaemia (38), and in an interstitial deletion of chromosome 3q,
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fused to BCL6 gene, in a primary central nervous system lymphoma (39). It encodes a LIMdomain containing protein of the zyxin family, recently shown to be a co-activator for PEA3
Ets transcription factor in breast cancer cells (40). Although these single genes represent
markers of a more global transcriptional signature, it is also possible that they recapitulate
essential features of GC B-cell differentiation stage, or that their expression makes the cells
highly responsive to therapy.
Two other genes (APOBEC3G, RAB33A) showed differential effects in CHOP and RCHOP patients and demonstrated a significant correlation with OS in R-CHOP patients
independently of the COO classification. APOBEC3G encodes a cytoplasmic cytidine
deaminase (41) that exists in two forms: a low molecular mass, enzymaticaly active protein,
which inhibits HIV infection, and a high molecular complex, devoid of enzymatic activity, that
localizes to ribonucleoprotein complexes (42). APOBEC3G expression was shown to be
regulated by mitogenic and cytokine activation and to depend on MAP kinases as well as
JAK/STAT signalling, in lymphocytes, monocytes, macrophages and dendritic cells, with celltype specific regulation patterns (43). The RAB33A gene is expressed in brain, lymphocytes
and normal melanocytes and encodes a protein belonging to the small GTPase superfamily,
which may be involved in vesicle transport (44). It is interesting to note that RAB33A was
reported to be predominantly expressed in the CD8+ T-cells and downregulated in the
peripheral blood lymphocytes of patients with tuberculosis (45), suggesting a possible link
between a low RAB33A expression and a poor host immune response.
In this study, we identified a list of candidate genes which could be useful to predict
outcome in patients with DLBCL treated with R-CHOP and showed that GC-type DLBCL
have indeed a longer survival than ABC-type DLBCL in the context of immunochemotherapy. The validation of the prognostic significance of these candidate genes and
the elucidation of their mechanism of action will require further studies.

Supplementary information is available at Leukemia’s website.
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Table 1. Hazard ratio for survival in 67 R-CHOP patients

Correlation
HU133A /TLDA°

Affymetrix
Probe.Set.ID

0.95
0.95
0.98
0.90
0.87
0.97
0.83
0.95
0.93
0.93
0.91
0.94
0.94

213005_s_at
203795_s_at
204971_at
203434_s_at
203435_s_at
212646_at
201259_s_at
205922_at
204205_at
214995_s_at
205841_at
202822_at
206039_at
224837_at
224838_at
204249_s_at
203708_at
211302_s_at
205479_s_at
211668_s_at
213906_at

absents in
HU133A
0.99
0.89
0.86
0.88
0.88
0.93

R-CHOP

R-CHOP

CHOP or CHOP-like
(Monti et al)

PFS

OS

OS

Effect*

Gene Symbol

TLDA

TLDA

Affymetrix

+
+
+

ANKRD15
BCL7A
CSTA

0.78
0.89
0.86

0.73
0.75
0.70

+

MME

0.88

0.80

+
+
+

RAFTLIN
SYPL
VNN2

0.74
0.51
0.68

0.60
0.58
0.66

-

APOBEC3G

1.73

2.22

+
+

JAK2
LPP
RAB33A

1.37
0.59
0.71

2.10
0.54
0.70

-

FOXP1

1.14

1.49

+

LMO2

0.83

0.73

-

PDE4B

1.25

1.80

+

PLAU

0.78

0.67

+

MYBL1

0.91

0.83

0.74
0.71
0.84
0.82
0.76
0.67
0.59
0.94
1.36
0.99
1.26
0.61
1.11
1.38
1.22
0.84
1.26
1.13
0.86
0.79
0.83

SELECTION :
Association with
PFS
CHOP + R-CHOP
CHOP + R-CHOP
CHOP + R-CHOP
CHOP + R-CHOP
CHOP + R-CHOP
CHOP + R-CHOP
CHOP + R-CHOP
differential effect
differential effect
differential effect
differential effect
additional gene
additional gene
additional gene
additional gene
additional gene

Hazard ratios were calculated for a two fold increase of the level of expression of the gene in Cox models. Grey cells indicate p values <0.05.
°: The correlation was calculated for the 23 samples of the screening set. *: + indicates that a higher expression is associated with a better
outcome, - indicates that a higher expression is associated with a worse outcome.
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Table 2. Differential expression of the 16 candidate genes according to the COO
classification
Overexpressed Gene
in GC
symbol
MME
MYBL1
ANKRD15
LMO2
BCL7A
CSTA
LPP
RAFTLIN
VNN2
SYPL

Fold-change
GC/ABC
23.64
11.06
4.29
3.32
2.45
2.25
1.80
1.68
1.67
1.65

PLAU
Overexpressed
in ABC

1.32
Fold-change
ABC/GC
FOXP1
2.70
PDE4B
1.77
JAK2
1.58
APOBEC3G 1.39

RAB33A

1.36

95% CI

p-value

(12.23-45.69)
(6.21-19.71)
(2.68-6.88)
(1.83-6.04)
(1.44-4.17)
(1.27-3.98)
(1.29-2.51)
(1.19-2.38)
(1.12-2.50)
(1.21-2.23)

p<10-13
p<10-11
p<10-7
p<10-3
p<10-2
p<10-2
p<10-3
p<10-2
p=0.01
p<10-2

(0.91-1.90)

NS

95% CI

p-value

(1.86-3.90)
(1.37-2.28)
(1.19-2.08)
(1.03-1.87)

p<10-5
p<10-4
p<10-2
p=0.03

(0.83-2.23)

NS

This Table indicates the relative expression of the genes in the GC and ABC subgroups
defined by hierarchical clustering. The statistical difference between the two groups was
assessed with Student t-tests. It is important to note that MME, MYBL1, LMO2 were used to
classify the samples, and were thereby expected to show a strong correlation with the COO
classification. PLAU and RAB33 gene expression levels were not significantly correlated with
the COO classification.
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Table 3. Evaluation of the predictive power of candidate models by the C index
criterion
Variables

C index value (SD)

- IPI
- COO
- IPI + COO

0.62 (0.11)
0.63 (0.09)
0.70 (0.12)

- APOBEC3G + RAB33A
- IPI + COO + APOBEC3G + RAB33A

0.69 (0.12)
0.77 (0.11)

- LMO2 + MME + FOXP1 + LPP
- LMO2 + MME + LPP + FOXP1 + APOBEC3G + RAB33A
- IPI + LMO2 + MME + LPP + FOXP1 + APOBEC3G +
RAB33A

0.76 (0.09)
0.82 (0.08)
0.84 (0.08)

A model 100% efficient to discriminate fatal versus non-fatal disease would have a C index
value of 1. A model with no discrimination power would have a C index value of 0.5.
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TITLES AND LEGENDS TO FIGURES

Figure 1. OS and PFS according to LPP or APOBEC3G gene expression in 67 patients
treated with R-CHOP.
A. OS according to LPP gene expression
B. PFS according to LPP gene expression
C. OS according to APOBEC3G gene expression
D. PFS according to APOBEC3G gene expression
Dashed lines indicate patients with gene expression lower than median expression. Plain
lines indicate patients with higher than or equal to median gene expression.

Figure 2. PFS and OS according to the COO classification.
A. Hierarchical clustering of the 67 R-CHOP samples according to the expression of 17
genes included in Wright’s predictor. The expression level of each gene corresponds to the
Delta Ct centered on the mean gene Delta Ct value, and is depicted according to the colour
scale shown at the bottom of the heatmap. Yellow boxes indicate samples of the screening
set, and orange boxes, samples from the additional set.
B. OS according to the COO classification of the samples by hierarchical clustering
C. PFS according to the COO classification of the samples by hierarchical clustering
Dashed lines indicate patients with an ABC profile. Plain lines indicate patients with a GCB
profile.

