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abstract

Clinical trials frequently include multiple end points that mature at different times. The initial report, typically
based on the primary end point, may be published when key planned co-primary or secondary analyses are not
yet available. Clinical Trial Updates provide an opportunity to disseminate additional results from studies,
published in JCO or elsewhere, for which the primary end point has already been reported.

The REMoDL-B phase III adaptive trial compared rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisolone (R-CHOP) versus R-CHOP 1 bortezomib (RB-CHOP) in patients with diffuse large B-cell lymphoma
(DLBCL), stratified by molecular subtype. Primary analysis at a median follow-up of 30 months found no effect of
bortezomib on progression-free survival (PFS) or overall survival (OS). Retrospective analysis using a gene
expression–based classifier identified a molecular high-grade (MHG) group with worse outcomes. We present an
updated analysis for patients successfully classified by the gene expression profile (GEP). Eligible patients were age
older than 18 years with untreated DLBCL, fit enough for full-dose chemotherapy, and with adequate biopsies for
GEP. Of 1,077 patients registered, 801 were identified with Activated B-Cell (ABC), Germinal Center B-cell, or MHG
lymphoma. At amedian follow-up of 64months, there was no overall benefit of bortezomib onPFS or OS (5-year PFS
hazard ratio [HR], 0.81; P 5 .085; OS HR, 0.86; P 5 .32). However, improved PFS and OS were seen in ABC
lymphomas after RB-CHOP: 5-year OS 67% with R-CHOP versus 80% with RB-CHOP (HR, 0.58; 95% CI, 0.35 to
0.95;P5 .032). Five-year PFS was higher inMHG lymphomas: 29% versus 55% (HR, 0.46; 95%CI, 0.26 to 0.84).
Patients with ABC and MHG DLBCL may benefit from the addition of bortezomib to R-CHOP in initial therapy.
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INTRODUCTION

Molecular heterogeneity is a recognized feature of
diffuse large B-cell lymphoma (DLBCL), with varying
outcomes among karyotypic, genomic, and tran-
scriptomic subtypes.1-4 Clinical trials have tested
whether additional targeted therapies might improve
outcomes, by modulating aberrant intracellular pathways
in malignant B cells.5-7 The REMoDL-B trial compared
rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisolone (R-CHOP) versus R-CHOP 1 borte-
zomib (RB-CHOP) in patients with newly diagnosed
DLBCL. Primary analysis at a median follow-up of
30 months found no difference in progression-free
survival (PFS) between the two treatment arms (haz-
ard ratio [HR], 0.86; 95%CI, 0.65 to 1.13).8 Subsequent
analysis of biopsies using a gene expression–based
classifier identified amore aggressive subtype (molecular
high-grade [MHG]) characterized by a proliferative
phenotype closely related to centroblasts, which showed

a trend toward therapeutic benefit from bortezomib (PFS
HR, 0.58; 95% CI, 0.31 to 1.07).9

This article updates the trial results after the full 5-year
follow-up of all patients whose lymphomas were suc-
cessfully classified by gene expression profile (GEP).

METHODS

Details of the REMoDL-B design and primary analysis
have been published.8 REMoDL-B was an open-label
randomized phase III adaptive trial, which recruited
from centers in the United Kingdom and Switzerland.
Participants had DLBCL with sufficient diagnostic
material from initial biopsies for GEP and pathology
review; were age 18 years or older; had an Eastern
Cooperative Oncology Group performance status
of#2; bulky stage I or stage II–IV disease; measurable
disease, and cardiac, lung, renal, and liver function
sufficient to tolerate full-dose chemotherapy.
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All patients received R-CHOP for one cycle and were
randomly assigned to R-CHOP or R-CHOP 1 bortezomib
for cycles 2-6, stratified by International Prognostic Index
(IPI) and cell of origin (COO), determined by GEP. Biopsies
were analyzed by fluorescence in situ hybridization for
MYC, BCL2, and BCL6 rearrangements and by targeted
genomic analysis using enrichment of 70 genes recurrently
mutated in lymphomas by customized HaloPlex HS probe
library (Agilent Technologies, Santa Clara, CA).

Whole-genome GEP was performed on mRNA extracted
from diagnostic tissue by Illumina DASL array (Cambridge,
UK). Classification in the trial was by DLBCL automatic
classifier10 in real time. Biopsies were categorized as acti-
vated B-cell (ABC), germinal center B-cell (GCB), or
unclassifiable—the MHG group was not characterized at
initial implementation. The COO classification was also an-
alyzed retrospectively, with improved data normalization over
the complete trial data set to classify patients as ABC, GCB,
MHG, or unclassifiable. The analysis of results with extended
follow-up prespecified these subgroups, for consistency with
the previous paper identifying the MHG group.9 All patients
were followed for 5 years after treatment ended. This trial is
registered with ClinicalTrials.gov identifier: NCT01324596.

The primary end point was PFS. The sample size calculation
of the trial has been previously reported.1 All analyses followed
a prespecified statistical analysis plan. Time-to-event analyses
by trial armwere summarized using the Kaplan-Meier method
and Cox regression modeling (including IPI and where ap-
plicable COO), both overall and within the subgroups. 95%
confidence intervals for HR for the treatment effect were
estimated from the Cox model and a two-sided P value of ,
.05 used to define statistical significance. To assess for dif-
ferences in treatment effect by subgroups, heterogeneity and
interaction tests were performed. No adjustment for multiple
testing was performed. We used Stata statistical software v17
and SAS v9.4 (College Station, TX) for all analyses.

RESULTS

Survival Outcomes According to Molecular Subtype

In the trial, 1,129 patients were registered between June
2011 and June 2015. Of these, 1,077 underwent GEP, with
801 retrospectively classified as ABC, GCB, or MHG. 407
were randomly assigned to R-CHOP, and 394 to RB-CHOP,
an increase of 82 from the 719 classified prospectively for
random assignment as ABC or GCB. Seventy-eight of 199
biopsies assessed as unclassifiable at random assignment
could be allocated to ABC, GCB, or MHG. Five of 719 allo-
cated to ABC or GCB prospectively could not be classified
retrospectively. Eight of 15who had initially unsuccessful GEP
could be allocated as ABC, GCB, or MHG. One GCB patient
randomly assigned to RB-CHOP had not provided data for
primary analysis but provided data for the long-term follow-up.
Full details of prospective and retrospective classifications are
provided in the Data Supplement (online only).9

TABLE 1. Baseline Characteristics of the Participants by Treatment Group
Characteristic R-CHOPa (n 5 407) RB-CHOP (n 5 394)

Age, years, median (range) 65 (24-86) 63 (20-84)

Sex, No. (%)

Male 229 (56.3) 216 (54.8)

Female 178 (43.7) 178 (45.2)

ECOG performance status,b No. (%)

0 219 (55.9) 192 (50.8)

1 125 (31.9) 141 (37.3)

2 48 (12.2) 45 (11.9)

Missing 15 (3.7) 16 (4.1)

Bone marrow involvement,c No. (%)

Yes 67 (16.7) 45 (11.7)

No 334 (83.3) 339 (88.3)

Missing 6 (8.2) 10 (18.2)

Serum LDH level, No. (%)

.ULN 195 (58.7) 191 (61.2)

#ULN 137 (41.3) 121 (38.8)

Missing 75 (18.4) 82 (20.8)

IPI score,d No. (%)

Low (0-1) 110 (27.0) 106 (26.9)

Low intermediate (2) 101 (24.8) 105 (26.6)

High intermediate (3) 125 (30.7) 114 (28.9)

High (4-5) 71 (17.4) 69 (17.5)

Stage, No. (%)

I 11 (2.7) 13 (3.3)

II 119 (29.4) 114 (29.1)

III 117 (28.9) 128 (32.7)

IV 158 (39.0) 137 (34.9)

Missing 2 (0.5) 2 (0.5)

Bulk .10 cm, No. (%)

Yes 111 (27.5) 120 (31.1)

No 293 (72.5) 266 (68.9)

Missing 3 (0.7) 8 (2.0)

Maximum tumor diameter, cm, No. (%)

0-5 182 (45.0) 164 (42.5)

.5-10 111 (27.5) 102 (26.4)

.10 111 (27.5) 120 (31.1)

Missing 3 (0.7) 8 (2.0)

Molecular phenotypea

ABC 125 (30.7) 124 (31.5)

GCB 240 (59.0) 229 (58.1)

MHG 42 (10.3) 41 (10.4)

Abbreviations: ABC, activated B cell; ECOG, Eastern Cooperative Oncology Group;
GCB, germinal center B cell; IPI, International Prognostic Index; LDH, lactate
dehydrogenase; MHG, molecular high grade; RB-CHOP, rituximab, bortezomib,
cyclophosphamide, doxorubicin, vincristine, and prednisolone; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisolone; ULN, upper limit of
normal.

aIncludes eight nonrandomized patients who were able to be retrospectively
classified (see the Methods section).

bSee Appendix 3 in protocol for the ECOG, Performance Status descriptions.
cDenominator is the number of patients with bone marrow involvement.
dSee Appendix 4 in protocol for the IPI, Score descriptions.
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FIG 1. PFS and OS by arm and molecular profile group. (A) PFS of ABC patients, (B) PFS of GCB patients, (C) PFS of MHG patients, (D) OS of ABC
patients, (E) OSof GCBpatients, and (F)OSofMHGpatients. HRs presented in this figure are from the Cox regressionmodel adjusted for IPI score (low 0-1,
intermediate 2-3, and high 4-5 used for analysis). aThere was some evidence of nonproportional hazards for the high (continued on following page)
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Baseline characteristics of the patients were well-balanced
(Table 1).

At a median follow-up of 64 months for survivors,
there was no overall benefit of bortezomib in PFS or OS
among all the successfully classified patients (Data
Supplement).

Improved PFS was seen with bortezomib in MHG and ABC
lymphomas. With additional follow-up, 95 patients with
ABC lymphoma have progressed or died, an increase of 22
(13 after R-CHOP and nine after RB-CHOP) from the
previous report, resulting in a 60-month PFS of 54.4%
(95% CI, 45.1 to 62.8) after R-CHOP versus 69.4%
(95% CI, 60.2 to 76.9) after RB-CHOP (HR, 0.65; 95% CI,
0.43 to 0.98; Fig 1A). Six patients with MHG lymphomas
have progressed since the previous analysis (five after
R-CHOP and one after RB-CHOP), leading to a 60-month
PFS of 29.3% (95% CI, 16.4 to 43.5) after R-CHOP versus
54.9% (95% CI, 38.3 to 68.7) after RB-CHOP (HR, 0.46;
95% CI, 0.26 to 0.84; Fig 1C).

A 60-month OS advantage was seen in the ABC group.
Sixty-four of 249 patients with ABC lymphomas have died
(21 more than the previous analysis: 15 after R-CHOP
and six after RB-CHOP, Data Supplement), leading to a
60-month OS of 67.4% (95% CI, 58.2 to 75.0) after
R-CHOP versus 80.4% (95% CI, 72.0 to 86.5) after
RB-CHOP (HR, 0.58; 95% CI, 0.35 to 0.95; Fig 1D).
Thirty-seven of 83 patients with MHG lymphomas have
died (four more, two on each arm), leading to a 60-month
OS of 47.5% (95% CI, 31.5 to 61.9) after R-CHOP versus
60.0% (95% CI, 43.2 to 73.3) after RB-CHOP (HR, 0.62;
95% CI, 0.32 to 1.20; Fig 1F).

No PFS or OS difference was observed in the GCB group
according to the treatment arm (Figs 1B and 1E). There was
a small increase in lymphoma-related deaths in the group
treated with RB-CHOP (27 [21.8%] v 18 [14.4%]; Data
Supplement).

Subgroups characterized by double-hit cytogenetics, with
MYC and BCL2 translocation, and by high levels of MYC

FIG 1. (Continued). IPI group adjusted for within this Cox model. Therefore, a restricted mean survival time regression analysis was also performed
adjusting for IPI. The estimated RMST for RB-CHOP from this was 45.9 months and 39.4 months for R-CHOP (RMST difference of 5.9 months; 95%
CI, 0.1 to 11.8; P5 .0463). ABC, activated B-cell; GCB, germinal center B-cell; HR, hazard ratio; IPI, international prognostic index; MHG, molecular
high grade; OS, overall survival; PFS, progression-free survival; RB-CHOP, rituximab, bortezomib, cyclophosphamide, doxorubicin, vincristine, and
prednisolone; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone; RMST, restricted mean survival time.

MYC + BCL2 rearrangement (DHL)

Yes

No

MYC + BCL2 mRNA (DEL)
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No

Cell of origin

GCB
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MHG
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42 (31)

125 (55)

240 (64)
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155 (57)
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124 (40)
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289 (85)

104 (33)

130 (31)

17 (7)

0.46 (0.26-0.84)

0.65 (0.43-0.98)

1.05 (0.74-1.50)

0.91 (0.68-1.21)

0.61 (0.39-0.96)

0.64 (0.42-1.00)

0.45 (0.18-1.16)
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.2 1 5

No. of Participants
(No. of events)
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(95% CI)

Hetero-
geneity
Test
P

Interaction
Test
PR-CHOP RB-CHOP

Favors R-CHOP

FIG 2. Forest plot of HRs on the basis of PFS for participants at high risk and with different molecular subtypes of disease, by treatment group
(all patients who were successfully retrospectively classified, n 5 801). Data are for all randomly assigned participants who were successfully
retrospectively classified. HRs and P values are effect estimates from a multivariable model adjusted for IPI score. ABC, activated B-cell; DEL,
dual-expressor lymphoma; DHL, double-hit lymphoma; GCB, germinal center B-cell; HR, hazard ratio; IPI, international prognostic index;
MHG, molecular high-grade; PFS, progression-free survival; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone; RB-
CHOP, rituximab, bortezomib, cyclophosphamide, doxorubicin, vincristine, and prednisolone.

Journal of Clinical Oncology 2721

Bortezomib in DLBCL Subtypes

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 U
ni

ve
rs

ity
 o

f 
So

ut
ha

m
pt

on
 (

so
t)

 / 
E

ng
la

nd
 o

n 
M

ay
 8

, 2
02

5 
fr

om
 1

52
.0

78
.0

00
.0

24
C

op
yr

ig
ht

 ©
 2

02
5 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



and BCL2 mRNA showed similar PFS results to those
previously reported (Fig 2). Those with highMYC and BCL2
mRNA show an increase in PFS with RB-CHOP (HR, 0.61;
95% CI, 0.39 to 0.96). Four hundred patients could be
retrospectively analyzed using the LymphGen algorithm11

although 179 (45%) of these could not be classified
(Data Supplement). There was no clear difference in out-
comes by treatment arm in any LymphGen subgroup (Data
Supplement).

Adverse Events and Second Cancers

Adverse events were similar to those reported previously.8

The addition of bortezomib was well-tolerated (Data Sup-
plement). RB-CHOP was not associated with increased
hematologic toxicity, and 398 (87.1%) of 459 participants
assigned to RB-CHOP completed six cycles of treatment.
Neuropathy of any grade was more common after RB-
CHOP, but grade 3 or worse neuropathy was reported in 17
(3.8%) patients who were given RB-CHOP versus 10
(2.2%) who were given R-CHOP. Serious adverse events
occurred in 190 (42.5%) patients who were given R-CHOP,
including five treatment-related deaths, and 225 (50.7%)
who were given RB-CHOP, including four treatment-related
deaths.

Of 1,041 patients included in safety analyses, there were 20
second cancers reported, 14 after R-CHOP (2.3%) and six
after RB-CHOP (1.4%; see the Data Supplement).

DISCUSSION

This study confirms that different molecular subtypes of
DLBCL exhibit different responses to bortezomib when given
in combination with R-CHOP and specifically that the ABC
and MHG subtypes show improvements in PFS after the
addition of bortezomib, which is also reflected in improvedOS
for the ABC group (60-month PFS difference 15%; OS dif-
ference 13%). Conversely, no such effect was seen in the
GCB group. Targeting of constitutive NFkB pathway activa-
tion provides a potential explanation for the effect of borte-
zomib in ABC-DLBCL. However, this mechanism is unlikely
to explain the effect in MHG. An alternate explanation for the
therapeutic effect across these disparate subtypes may lie in
MYC-driven proteotoxic stress, rendering cells sensitive to
bortezomib-mediated proteasome inhibition.

This is one of the largest studies conducted in DLBCL using
GEP in real time for stratified random assignment. However,
the proportion of MHG lymphoma in DLBCL is relatively
small (approximately 10%), with the result that even in this
trial, only 83 cases were identified, limiting the ability to
detect important differences in survival.

With mature follow-up, this study suggests a benefit from
the addition of bortezomib to R-CHOP for ABC and MHG
subtypes of DLBCL. Ideally, this should be confirmed in a
prospective trial, with a more potent proteasome inhibitor
carrying less risk of additive neurotoxicity.
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