Articles

Rituximab-dose-dense chemotherapy with or without
high-dose chemotherapy plus autologous stem-cell
transplantation in high-risk diffuse large B-cell ymphoma
(DLCLO4): final results of a multicentre, open-label,
randomised, controlled, phase 3 study
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Summary

Background The prognosis of young patients with diffuse large B-cell lymphoma at high risk (age-adjusted
International Prognostic Index [aa-IPI] score 2 or 3) treated with R-CHOP (rituximab, cyclophosphamide,
vincristine, doxorubicin, and prednisone) is poor. The aim of this study was to investigate the possible benefit of
intensification with high-dose chemotherapy and autologous stem-cell transplantation as part of first-line
treatment in these patients.

Methods We did a multicentre, open-label, randomised, controlled, phase 3 trial with a 2x2 factorial design to
compare, at two different R-CHOP dose levels, a full course of rituximab-dose-dense chemotherapy (no transplantation
group) versus an abbreviated course of rituximab-dose-dense chemotherapy followed by consolidation with R-MAD
(rituximab plus high-dose cytarabine plus mitoxantrone plus dexamethasone) and high-dose BEAM chemotherapy
(carmustine, etoposide, cytarabine, and melphalan) plus autologous stem-cell transplantation (transplantation group)
in young patients (18-65 years) with untreated high-risk diffuse large B-cell lymphoma (aa-IPI score 2-3). At
enrolment, patients were stratified according to aa-IPI score and randomly assigned (1:1:1:1) to receive R-CHOP
(intravenous rituximab 375 mg/m2, cyclophosphamide 750 mg/m2, doxorubicin 50 mg/m2, and vincristine
1-4 mg/m2 on day 1, plus oral prednisone 100 mg on days 1-5) delivered in a 14-day cycle (R-CHOP-14) for eight cycles;
high-dose R-CHOP-14 (R-MegaCHOP-14; R-CHOP-14 except for cyclophosphamide 1200 mg/m2 and doxorubicin
70 mg/m?2) for six cycles; R-CHOP-14 for four cycles followed by R-MAD (intravenous rituximab 375 mg/m?2 on day 1
or 4 plus intravenous cytarabine 2000 mg/m?2 and dexamethasone 4 mg/m? every 12 h on days 1-3 plus intravenous
mitoxantrone 8 mg/m2 on days 1-3) plus BEAM (intravenous carmustine 300 mg/m?2 on day -7, intravenous
cytarabine 200 mg/m?2 twice a day on days -6 to -3, intravenous etoposide 100 mg/m?2 twice a day on days -6 to -3,
plus intravenous melphalan 140 mg/m2 on day -2) and autologous stem-cell transplantation (day 0); or
R-MegaCHOP-14 for four cycles followed by R-MAD plus BEAM and autologous stem-cell transplantation. The
primary endpoint was failure-free survival at 2 years in the intention-to-treat population. This study is registered with
EudraCT (2005-002181-14; 2007-000275-42) and with ClinicalTrials.gov, number NCT00499018.

Findings Between Jan 10, 2006, and Sept 8, 2010, ISR ERENGD
(=Y IcTNCNEERSpIAREHeRIE=200) 203 patients were assigned to receive R-CHOP-14 and 196 were assigned to
receive R-MegaCHOP-14. With a median follow-up of 72 months (IQR 57-88), G CaTlailcTcCISUINAlIVASIAITD
(95% CI 64-77) in the transplantation group versus 62% (95% CI 55-68) in the no transplantation group (hazard ratio
[HR] 0-65 [95% CI 0-47-0-91]; stratified log-rank test p=0-012). No difference in 5-year overall survival was observed
between these groups (78% [95% CI 71-83] versus 77% [71-83]; HR 0- 98 [0- 65—1-48]; stratified log-rank test p=0-91).

Grade 3 or worse haematological adverse events were reported in 183 (92%) of 199 patients in the transplantation
group versus 135 (68%) of 200 patients in the no transplantation group. Grade 3 or worse non-haematological adverse
events were reported in 90 (45%) versus 31 (16%); the most common grade 3 or worse non-haematological adverse
event was gastrointestinal (49 [25%)] vs 19 [10%]). Treatment-related deaths occurred in 13 (3%) patients; eight in the
transplantation group and five in the no transplantation group.

Interpretation Abbreviated rituximab-dose-dense chemotherapy plus R-MAD plus BEAM and autologous stem-cell
transplantation reduced the risk of treatment failure compared with full course rituximab-dose-dense chemotherapy
in young patients with diffuse large B-cell lymphoma at high risk. However, these results might not be clinically
meaningful, since this improvement did not reflect an improvement in overall survival. These results do not support
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further consideration of the use of intensification of R-CHOP as an upfront strategy in patients with diffuse large

B-cell lymphoma with poor prognosis.
Funding Fondazione Italiana Linfomi.

Introduction
Over the past decade, substantial improvements in long-
term disease control and survival have been reported in
the treatment of diffuse large B-cell lymphoma, with
more than 50% of patients maintaining remissions
beyond 5 years, largely as a result of routine incorporation
of rituximab into the standard regimen of CHOP (cyclo-
phosphamide, vincristine, doxorubicin, and prednisone).!
Patients younger than 60 years with newly diagnosed,
diffuse large B-cell lymphoma at intermediate-high risk or
high risk (age-adjusted International Prognostic Index [aa-
IPI] score of 2 or 3)* have a poor prognosis, even when
treated with standard rituximab plus CHOP (R-CHOP).?
Several options have been investigated to improve
outcomes in these patients, including the introduction of
dose-dense chemotherapy or consolidation with high-dose
chemotherapy plus autologous stem-cell transplantation
as part of the first-line approach. In the pre-rituximab era,
the potential benefit of intensification was investigated,
with contradictory results;* on the contrary, subsequent
phase 2 studies with the addition of rituximab to high-dose
chemotherapy and autologous stem-cell transplantation
or intensified chemotherapy (R-ACVBP; rituximab,
doxorubicin, cyclophosphamide, vindesine, bleomycin,
and prednisone) showed favourable results.”™ In our

Research in context

Evidence before this study

During the planning of this study, we searched PubMed for full
reports of clinical trials published in English before

Nov 15, 2005, with the terms “lymphoma”, “large B-cell”,
"diffuse”, and “rituximab”. No phase 3 randomised clinical trials
focusing on young, untreated patients with poor prognosis in
the rituximab era were published at that point. R-CHOP
(rituximab, cyclophosphamide, vincristine, doxorubicin, and
prednisone) was listed as the standard treatment for young
patients with diffuse large B-cell ymphoma with poor
prognosis. Preliminary results presented at the 2004 and 2005
annual meetings of the American Society of Hematology
suggested that rituximab dose-dense chemotherapy plus
high-dose chemotherapy and autologous stem-cell
transplantation showed significant activity in high-risk,
untreated diffuse large B-cell lymphoma in phase 2 studies.
These results have been subsequently confirmed. On the basis of
the available evidence, in 2005 we designed a phase 3 study to
assess the effect of R-MAD (rituximab plus high-dose cytarabine
plus mitoxantrone plus dexamethasone) and high-dose BEAM
chemotherapy (carmustine, etoposide, cytarabine, and
melphalan) plus autologous stem-cell transplantation after an
abbreviated course of rituximab-dose-dense chemotherapy

previous phase 2 trial,® a brief course of dose-dense chemo-
immunotherapy, followed by high-dose chemotherapy
plus autologous stem-cell transplantation as consolidation,
was administered in patients younger than 60 years with
newly diagnosed, diffuse large B-cell lymphoma with poor
prognosis, and showed a 4-year progression-free survival
of 73%.

On the basis of these promising results, we did a
randomised, phase 3 study with a 2x 2 factorial design to
investigate the possible benefit of intensification with
high-dose chemotherapy and autologous stem-cell
transplantation and two different doses of rituximab and
doxorubicin-based chemoimmunotherapy as part of
first-line treatment in young patients with diffuse large
B-cell lymphoma with poor prognosis.

Methods
Study design and participants
The DLCLO4 study was an open-label, randomised,
controlled, phase 3 trial done by the Fondazione Italiana
Linfomi at 52 hospitals and universities in Italy (appendix
pp 2-4).

Eligible patients were aged 18-65 years with newly
diagnosed, untreated, CD20-positive diffuse large B-cell
lymphoma or follicular grade 3b lymphoma; patients

versus a full course of dose-dense chemotherapy, and to assess
the effect of chemoimmunotherapy intensification with

two induction schemes at two different dose levels, specifically
in untreated young patients with diffuse large B-cell lymphoma
with poor prognosis.

Added value of this study

Our results show that intensification with R-MAD plus BEAM
and autologous stem-cell transplantation after an abbreviated
rituximab dose-dense chemotherapy in young patients with
untreated diffuse large B-cell ymphoma with poor prognosis
improved failure-free survival compared with a full course of
rituximab dose-dense chemotherapy alone. However, this
improvement did not translate into a difference in overall
survival. Increasing the dose of standard R-CHOP did not lead to
an improvement in failure-free survival or overall survival.

Implications of all the available evidence

On the basis of these results, early consolidation with high-dose
chemotherapy and autologous stem-cell transplantation
cannot be recommended, and R-CHOP should remain the
standard treatment for diffuse large B-cell lymphoma in
patients with poor prognosis.
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with a diagnosis of primary mediastinal B-cell lymphoma
were eligible only in the presence of extrathoracic
dissemination of the disease. Other eligibility criteria
were intermediate-high risk or high risk (aa-IPI score of
2 or 3); Eastern Cooperative Oncology Group (ECOG)
performance status 0-2, and normal organ function.

Exclusion criteria included CNS involvement, any
previous treatment for lymphoma, previous malignancies
within 3 years before study entry, or the presence of HIV
infection or an active hepatitis B or hepatitis C virus
infection. A full list of exclusion criteria is provided in
the appendix (pp 4-6).

Ethical approval was obtained from the independent
ethics committees and institutional review boards of
each site before trial initiation. The trial was done in
accordance with the Declaration of Helsinki and good
clinical practice. All patients gave written informed
consent before enrolment.

The protocol for the DLCL04 study is available online.

Randomisation and masking

At enrolment, patients were stratified according to aa-IPI
score (2 vs 3) and randomly assigned in permuted blocks
(size 4, 8, or 12) to one of the four groups in a 1:1:1:1 ratio.
The randomisation sequence was generated by the
statistician (GC) by use of a computer program and
implemented by means of a Web-based procedure, which
was concealed to researchers. Investigators and patients
were not blinded to the treatment assignment. Data were
analysed by the Unit of Clinical Epidemiology, University
of Turin, Turin, Italy, and CPO Piemonte, Turin, Italy.

Procedures

Patients were diagnosed by histology after lymph node or
bone marrow biopsy. Patients were randomly assigned to
receive one of four interventions: R-CHOP delivered in a
14-day cycle (R-CHOP-14) for eight cycles;’ intensified
R-CHOP delivered in a 14-day cycle (R-MegaCHOP-14)
for six cycles; R-CHOP-14 for four cycles followed
by R-MAD plus BEAM and autologous stem-cell
transplantation; or R-MegaCHOP-14 for four cycles
followed by R-MAD plus BEAM and autologous stem-
cell transplantation. Patients who received the full course
of rituximab-dose-dense chemotherapy were deemed
to be in the no transplantation group; those who
received abbreviated rituximab-dose dense chemotherapy
followed by R-MAD plus BEAM and autologous
stem-cell transplantation were in the transplantation
group. R-CHOP-14 consisted of rituximab 375 mg/m2,
cyclophosphamide 750 mg/m?2, doxorubicin 50 mg/m2,
and vincristine 1-4 mg/m?2 [capped at 2 mg], all given
intravenously on day 1 of a cycle, plus oral prednisone
100 mg on days 1-5 of a cycle. R-MegaCHOP-14 consisted
of rituximab 375 mg/m2, cyclophosphamide 1200 mg/m?2,
doxorubicin 70 mg/m2, and vincristine 1.4 mg/m?2
[capped at 2 mg], all given intravenously on day 1 of a
cycle, plus oral prednisone 100 mg on days 1-5 of a cycle.

For patients in the transplantation groups, rituximab
dose-dense chemotherapy was followed by two cycles
of consolidation every 28 days, consisting of R-MAD
(rituximab at a standard dose of 375 mg/m?2 on day 1 or 4
and before peripheral blood stem-cell harvest during the
first course as an in-vivo purging, with MAD [cytarabine
2000 mg/m2 every 12 h on days 1-3 plus mitoxantrone
8 mg/m2 on days 1-3 plus dexamethasone 4 mg/m?
every 12 h on days 1-3, all given intravenously]), plus
a consolidation phase based on myeloablative chemo-
therapy according to the BEAMP® regimen (intravenous
carmustine 300 mg/m?2 on day -7, intravenous cytarabine
200 mg/m?2 twice a day on days —6 to -3, intravenous
etoposide 100 mg/m?2 twice a day on days —6 to -3, plus
intravenous melphalan 140 mg/m?2 on day -2), followed
by autologous stem-cell transplantation with at least
3x106 peripheral blood CD34-positive cells per kg
bodyweight.

Dosing schemes are shown in figure 1 and details are
in the appendix (pp 6, 7).

Recovery of absolute neutrophil count to 1500 cells
per pL and platelet count to 50000 platelets per pL was
required before starting each cycle of R-CHOP-14 or
R-MegaCHOP-14. If the count of platelets was lower than
50000, or the neutrophil count was lower than 1500, or
both, on day 1 of the next cycle, the subsequent cycle was
postponed for a maximum of 2 weeks, and doses of
doxorubicin and cyclophosphamide or mitoxantrone and
cytarabine reduced by 25%. If a delay of more than
2 weeks occurred, treatment was discontinued and
patients were treated according to local practice. For
stem-cell reinfusion, no dose reductions were scheduled
in the BEAM course.

Patients at risk of CNS relapse" received CNS
prophylaxis with intrathecal methotrexate (12 mg for four
doses during the first four courses of chemoimmuno-
therapy in transplantation groups and 12 mg for six doses
during the first six courses of chemoimmunotherapy in
non-transplantation groups). At the end of the treatment,
involved field radiotherapy was planned to isolated areas
of residual uptake at the final 18-fluorodeoxyglucose PET
(18FDG-PET) scan or to previous bulky disease or
extranodal sites.

Granulocyte  colony-stimulating  factor  (G-CSF;
filgrastim or lenograstim or pegfilgrastim) and pneumo-
cystis pneumonia prophylaxis were mandatory in all
patients; prophylactic antibiotics were suggested in the
transplantation groups and were given according to local
practice. Details on G-CSF use, antibiotics, supportive
care, delay, and dose reductions were allowed as specified
by the protocol and are described in the appendix
(pp 8-10). At baseline, all patients underwent a complete
staging evaluation with complete blood cell counts and
biochemistry, CT scan, and bone marrow biopsy. 18FDG-
PET was recommended but not mandatory at baseline.

Tumour response was evaluated by local investigators.
Intermediate response was assessed after four courses
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Figure 1: Study design

R=rituximab 375 mg/m?. CHOP=CHOP-14: cyclophosphamide 750 mg/m?, doxorubicin 50 mg/m?, and vincristine 1-4 mg/m? (capped at 2 mg), all given
intravenously on day 1 of a cycle, plus oral prednisone 100 mg on days 1-5 of a cycle. mMCHOP=MegaCHOP-14: cyclophosphamide 1200 mg/m?, doxorubicin

70 mg/m?, and vincristine 1-4 mg/m? capped at (2 mg), all given intravenously on day 1 of a cycle, plus oral prednisone 100 mg on days 1-5 of a cycle.
MAD-=cytarabine 2000 mg/m’ every 12 h on days 1-3 plus mitoxantrone 8 mg/m? on days 1-3 plus dexamethasone 4 mg/m? every 12 h on days 1-3, all given
intravenously. PBSC=peripheral blood stem-cell harvest as an in-vivo purging. BEAM=carmustine, cytarabine, etoposide, and melphalan (intravenous carmustine
300 mg/m? on day -7, intravenous cytarabine 200 mg/m? twice a day on days -6 to -3, intravenous etoposide 100 mg/m? twice a day on days -6 to -3, plus
intravenous melphalan 140 mg/m? on day -2). ASCT=autologous stem-cell transplantation with at least 3 x 10° peripheral blood CD34-positive cells per kg
bodyweight. CR=complete response. CRu=unconfirmed complete response. PR=partial response. Patients who did not respond to the first four cycles of treatment

were excluded from the study and treated according to clinical practice.

of R-CHOP-14 or R-MegaCHOP-14 by CT scan. Patients
with a complete response, unconfirmed complete
response, or partial response were scheduled to complete
the treatment according to the assigned group. At the
end of treatment, response was assessed by CT scan,
18FDG-PET, and bone marrow biopsy if positive at
baseline. Responses to treatment and standard outcome
measures were defined according to a modification of
Cheson 1999 criteria.”” Follow-up continued from
completion of treatment until disease progression,
relapse, death, or withdrawal from the study as a result of
the patient’s decision or study completion. Pathological
materials were collected and centrally reviewed by a
panel of expert haematopathologists.

Safety evaluations were adverse events, vital signs, and
laboratory safety assessments. Adverse events were
categorised and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events (CTCAE), version 3.0.

On Jan 30, 2007, a protocol amendment was submitted
to the ethical committee and approved. The changes
were as follows: reduction of the doxorubicin dose
from 75 mg/m2 to 70 mg/m?2 in the R-MegaCHOP-14
groups to prevent cardiotoxicity; detailed prophylaxis
with lamivudine in occult hepatitis B virus carrier
patients; possibility of doing pre-phase with steroids with
or without vincristine in patients with a high tumour
burden at diagnosis; and revised pathological and
biomarker analysis (central review of histology, definition

of analysis on cell of origin, fluorescence in-situ
hybridisation [FISH]).

Outcomes
The primary endpoint was failure-free survival, which was
measured from randomisation to any of the following
events, whichever occurred first: progression, no response
after four courses of R-CHOP-14 or R-MegaCHOP-14,
relapse, or death from any cause. Secondary endpoints
were overall survival (measured from randomisation to
death from any cause) and response proportions after four
courses of rituximab chemoimmunotherapy and at the
end of treatment (complete remission, including complete
response and unconfirmed complete response; and
overall response, including complete response, uncon-
firmed complete response, and partial response).
According to the revised response criteria for malignant
lymphoma,* progression-free survival was measured
from randomisation to progression, relapse, or death
from any cause.

Statistical analysis

The primary comparison was between the transplantation
and no transplantation groups. With a two-sided alpha
error of 0-05, 376 patients were required to have a
statistical power of 80% to detect a 15% improvement in
2-year failure-free survival (from 50% to 65%) in the
groups receiving transplantation compared with those
who did not receive transplantation. The detailed
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statistical analysis plan and sample size calculation is
reported in the appendix (pp 10, 11). The primary efficacy
analysis was done in the intention-to-treat population. A
per-protocol analysis was done for failure-free survival,
including all patients who, after restaging, had started
the second treatment phase; and for safety.

Failure-free survival, overall survival, and progression-
free survival were estimated with the Kaplan-Meier®
product-limit method. Differences between randomised
groups were assessed by stratified log-rank test and hazard
ratios (HRs) were estimated with a Cox model,* including
as primary variables the randomised groups
(transplantation vs no transplantation) and (R-CHOP-14 vs
R-MegaCHOP-14) and the aa-IPI score as a covariate
according to the stratified randomisation. According to
the Grambsch and Therneau test,” all variables met the
proportional hazard assumption of the Cox model.

Response proportions were summarised as absolute
frequencies and percentages, and compared between
randomised groups by X2 test or Fisher’s exact test, when
required.

To test the homogeneity of treatment effects on
failure-free survival, planned analyses (according to
factorial design and stratified randomisation: type of
dose-dense chemotherapy, aa-IPI score, age, and bone
marrow involvement) and post-hoc subgroup analyses
(sex and histology) were done. In each subgroup,
transplantation was compared with no transplantation
and R-CHOP-14 was compared with R-MegaCHOP-14
by use of the Cox proportional-hazards model and the
presence of the interaction tested by including an
interaction term between the randomised group and
the subgroup covariate of interest. Statistical analyses
were done with SAS software, version 8.2, and Stata
software, version 11.2. No data monitoring committee
oversaw the study.

In accordance with Italian regulations, this study
was registered with the Osservatorio Nazionale sulla
Sperimentazione Clinica dei Medicinali registry of Agenzia
Italiana del Farmaco (AIFA) in 2005, EudraCT number
2005-002181-14. In 2007, AIFA refreshed the registry and
updated the EudraCT number (2007-000275-42). This
study is also registered with ClinicalTrials.gov, number
NCT00499018.

Role of the funding source

Fondazione Italiana Linfomi was involved in study
design, data collection, data analysis, data interpretation,
pharmacovigilance, and writing of the report. ACh, MM,
and UV had full access to all the data in the study and
had final responsibility for the decision to submit for
publication.

Results

Between Jan 10, 2006, and Sept 8, 2010, 412 patients were
enrolled and 399 were randomly assigned as follows: 199
to the transplantation group and 200 to the no

transplantation group; 203 were randomly assigned to
R-CHOP-14 and 196 to R-MegaCHOP-14 (figure 2). The
last day of follow-up (and the data cutoff date) was
Jan 26, 2016. Histology was centrally reviewed in
359 (90%) of 399 patients. 13 patients were excluded
before randomisation, because of different histological
subtypes (ten patients) and active hepatitis B or C virus
(three patients). All patients were included in the
analysis.

The main clinical characteristics are summarised in
table 1, and all characteristics were balanced between
patients treated with or without transplantation.

All 399 randomised patients started the treatment:
148 (74%) of 199 patients completed the programme in
the transplantation group and 177 (88%) of 200 in the no
transplantation group. Four (2%) of 199 patients in the
transplantation group did not undergo autologous stem-
cell transplantation because of insufficient peripheral
blood stem-cell harvest.

Dose reductions during chemotherapy occurred in
28 (7%) of 399 patients, all during the dose-dense chemo-
immunotherapy phase, and were equally distributed
among the four groups: doxorubicin and cyclophos-
phamide doses were reduced in seven patients because
of neutropenia (one on R-CHOP-14 and six on
R-MegaCHOP-14), and the vincristine dose was reduced
or not given in 21 patients because of constipation or
neurological adverse events (12 on R-CHOP-14 and ten
on R-MegaCHOP-14).

The median relative dose intensities per patient for eight
cycles of R-CHOP-14 and six cycles of R-MegaCHOP-14
were as follows: 91-4% (IQR 81.1-97-5) versus 88-1%
(79-8-98-4) of the planned doses for rituximab,
89.9% (81-7-96-6) versus 87-7% (77-8-97-6) for
cyclophosphamide, 89-0% (78-3-97-0) versus 88-8%
(75-4-97-0) for doxorubicin, and 89-6% (78-1-98-8)
versus 89-9% (78-9-100-0) for vincristine. 159 (89%) of
178 patients deemed at risk for CNS recurrence received
the planned intrathecal chemotherapy prophylaxis. G-CSF
support was given in 2308 (89%) of 2582 chemotherapy
courses.

In the whole population, after a median follow-up of
72 months (IQR 57-88), 2-year failure-free survival was
66% (95% CI 62-71), overall survival 82% (78-86), and
progression-free survival 69% (64-73); 5-year failure-free
survival was 64% (95% CI 59-68), overall survival 77%
(73-81), and progression-free survival 66% (61-70) for
the whole population. When stratified according to
aa-IPI score, 2-year failure-free survival was 70% (95% CI
64-75) for aa-IPI score 2 and 57% (47-66) for aa-IPI
score 3; 5-year overall survival was 81% (95% CI 76-85)
for aa-IPI score 2 and 69% (58-77) for aa-IPI score 3
(appendix pp 11, 12).

Patients randomly assigned to receive transplantation
had significantly better 2-year failure-free survival than did
those who did not receive transplantation (60 events; 71%
[95% CI 64-77] vs 83 events; 62% [55-68]; HR 0-65
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412 patients enrolled

13 excluded
> 10 non DLBCL or FLG3b lymphoma
3 active hepatitis

A

| 399 patients randomly assigned |

v v v v

n=96 n=103 n=100 n=100
R-MegaCHOP-14 (4 cycles) plus R-CHOP-14 (4 cycles) plus R-MegaCHOP-14 (6 cycles) R-CHOP-14 (8 cycles)
R-MAD (2 cycles) plus BEAM plus ASCT R-MAD (2 cycles) plus BEAM plus ASCT
96 began R-MegaCHOP (4 cycles) 103 began R-CHOP (4 cycles) 100 began R-MegaCHOP (4 cycles) 100 began R-CHOP (4 cycles)
10 discontinuations during 9 discontinuations during 15 discontinuations during 6 discontinuations during
R-MegaCHOP R-CHOP R-MegaCHOP R-CHOP
2 deaths 1death 4 deaths 1death
P 1disease progression —» 5 disease progression > 5 disease progression P  4disease progression
2 voluntary withdrawals 2 voluntary withdrawals 4 voluntary withdrawals 1investigator decision
4 adverse events 1 adverse event 1adverse event
1investigator decision 1investigator decision
v v v v
86 began R-MAD (2 cycles) 94 began R-MAD (2 cycles) 85 began R-MegaCHOP (2 cycles) 94 began R-CHOP (4 cycles)
17 discontinuations during 13 discontinuations during 2 discontinuations during
R-MAD R-MAD R-CHOP
2 deaths 1death 1disease progression
N 8 disease progression N 2 disease progression N adverse event
3 adverse events 2 voluntary withdrawals
3 investigator decision 4 adverse events
1 poor mobiliser 1linvestigator decision
3 poor mobilisers
A v
69 began BEAM plus ASCT 81 began BEAM plus ASCT
—b| 1death | —>| 1death |
v v v v
68 completed treatment | | 80 completed treatment | | 85 completed treatment | | 92 completed treatment
96 included in the efficacy and safety 103 included in the efficacy and safety 100 included in the efficacy and safety 100 included in the efficacy and safety
analyses analyses analyses analyses

Figure 2: Patient flow

DLBC=diffuse large B-cell ymphoma. FLG3b=follicular grade 3b lymphoma. R-CHOP-14=dose-dense rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone delivered in a 14-day cycle.
R-MegaCHOP-14=dose-dense intensified R-CHOP delivered in a 14-day cycle. R-MAD=rituximab plus high-dose cytarabine plus mitoxantrone plus dexamethasone. BEAM=carmustine, etoposide,
cytarabine, and melphalan. ASCT=autologous stem-cell transplantation. Poor mobiliser=insufficient peripheral blood stem-cell harvest.

[95% CI, 0-47-0-91]; stratified log-rank test p=0-012; transplantation group, no differences in overall survival
figure 3A). No difference in 2-year failure-free survival was ~ were observed: 5-year overall survival was 78% (95% CI
observed between patients receiving R-CHOP-14 and 71-83) versus 77% (95% CI 71-83; HR 0-98 [95% CI
those receiving R-MegaCHOP-14 (72 events; 67% [95% CI ~ 0-65-1-48]; stratified log-rank test p=0-91; figure 3A).
60-73] vs 71 events; 66% [59-72]; HR 1.04 [95% CI After 44 deaths in the R-CHOP-14 group and 47 deaths in
0-75-1-45]; stratified log-rank test p=0-77; figure 3B). At the R-MegaCHOP-14 group, 5-year overall survival was
the time of this analysis, after 45 deaths in the 79% (95% CI 73-84) versus 76% (69-81; HR 1-14 [95% CI
transplantation group and 46 deaths in the no 0-.76-1-72]; stratified log-rank test p=0-54; figure 3B).
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In aa-IPI score 2 patients, 2-year failure-free survival
was 75% (95% CI 67-81, n=39 events) for those in the
transplantation group versus 65% (57-72, n=54 events)
for those in the no transplantation group (HR 0-65
[95% CI 0-43-0-98]; p=0-038); 5-year overall survival was
81% (95% CI 73-86, n=29 events) versus 81% (73-86,
n=29 events; HR 0-99 [95% CI 0-59-1-66]; p=0-99;
figure 3C). In aa-IPI score 3 patients, 2-year failure-free
survival was 62% (95% CI 47-73, n=21 events) versus
52% (38-64, 29 events; HR 0-67 [95% CI 0-38-1-17];
p=0-16); 5-year overall survival was 69% (95% CI 55-80,
n=16 events) versus 68% (53-79, n=17 events; HR 0-96
[0-48-1-90]; p=0-90; figure 3D).

A complete response or unconfirmed complete
response at the end of treatment (at the end of 8 cycles
of R-CHOP-14, 6 cycles of R-MegaCHOP-14, or
R-CHOP-14/R-MegaCHOP-14 plus R-MAD plus BEAM
plus autologous stem-cell transplantation) was achieved
in 295 (74%) of 399 patients, a partial response in
27 (7%), and progressive disease during treatment or no
response in 47 (12%); there were also 13 (3%) deaths
during treatment and 17 patients (4%) were not
evaluable for response because of voluntary withdrawal
or investigator choice. 151 (76%) of 199 patients in the
transplantation group achieved a complete response
or unconfirmed complete response versus 144 (72%) of
200 in the no transplantation group (p=0-38); partial
responses were achieved in six (3%) versus 21 (11%),
and no responses were achieved in 23 (12%) versus
24 (12%).

After 58 progression events in the transplantation
group and 76 progression events in the no
transplantation group, 2-year progression-free survival
was 72% (95% CI 65-78) versus 65% (95% CI 58-71;
HR 0-72 [95% CI 0-51-1-01]; stratified log-rank test
p=0-064).

Transplantation was favoured irrespective of which
rituximab-dose-dense  chemotherapy was received
(figure 4). The benefit of transplantation on failure-free
survival was maintained across all planned (type of
rituximab-dose-dense chemotherapy, aa-IPI score, age,
bone marrow involvement) and unplanned (sex and
histology) subgroups (figure 4). The comparison between
R-CHOP-14 and R-MegaCHOP-14 was homogeneous
across patient subgroups.

The per-protocol analysis of failure-free survival,
comprising 359 (90%) of 399 patients who started the
second treatment phase (180 in the transplantation
group, 179 in the no transplantation group), was
consistent with the intention-to-treat analysis: 2-year
failure-free survival in the transplant group was 74%
(95% CI 67-80, n=49 events) and 68% (60-74, n=65
events) in the no transplantation group (HR 0-68
[95% CI 0-47-0-99]; stratified log-rank test p=0-039).

Of the 199 patients randomly assigned to receive
transplantation, treatment was unsuccessful in 43 (22%);
salvage regimens were chemotherapy in all patients,

No Transplantationt R-CHOP-14 R-MegaCHOP-14
transplantation* (n=199) (n=203) (n=196)
(n=200)
Age at enrolment, years 49 (38-56) 48 (36-56) 48 (37-55) 50 (38-56)
(median, IQR)
Sex
Male 107 (54%) 108 (54%) 99 (49%) 116 (59%)
Female 93 (46%) 91 (46%) 104 (51%) 80 (41%)
Age-adjusted IP score
] 148 (74%) 147 (74%) 151(74%) 144 (73%)
3 52(26%) 52(26%) 52(26%)  52(27%)
Histology
Diffuse large B-cell lymphoma 181 (90%) 172 (86%) 188(93%) 165 (84%)
Primary mediastinal B-cell 4(2%) 12 (6%) 5(2%) 11 (6%)
lymphoma
Non-Hodgkin lymphoma 5(2%) 5(3%) 3(1%) 7 (4%)
follicular grade 3b
Transformed diffuse large 10 (5%) 9 (5%) 6 (3%) 13 (7%)
B-cell lymphoma
Missing data 0 1(1%) 1(0%) 0 (0%)
Ann Arbor staging
Il 16 (8%) 9 (5%) 10 (5%) 15 (8%)
i 49 (24%) 66 (33%) 59(29%) 56 (29%)
v 135 (68%) 124 (62%) 134 (66%) 125 (64%)
ECOG performance status
0 45 (22%) 55 (28%) 53(26%) 47 (24%)
1 64 (32%) 62 (31%) 61 (30%) 65 (33%)
2 79 (40%) 72 (36%) 78 (38%) 73 (37%)
3 11 (6%) 10 (5%) 10 (5%) 11 (6%)
4 1 (<1%) . 1 (<1%) 0
Bulky disease 64 (32%) 60 (30%) 59 (29%) 65 (33%)
Number of extranodal sites (>1) 63 (32%) 64 (32%) 64 (32%) 63 (32%)
Systemic symptoms
A 103 (52%) 102 (51%) 108 (53%) 97 (49%)
B 97 (48%) 96 (48%) 94 (46%) 99 (51%)
Missing data 0 1(1%) 1(<1%) 0
Abnormal lactate 178 (89%) 179 (90%) 178 (88%) 179 (91%)
dehydrogenase
Bone marrow involvement
No 155 (78%) 159 (80%) 159 (78%) 155 (79%)
Yes 45 (22%) 39 (20%) 43 (21%) 41 (21%)
Missing data 0 1(1%) 1(<1%) 0
Diagnosis made on the basis of the WHO classification and includes diffuse large B-cell lymphoma, primary
mediastinal B-cell ymphoma, and non-Hodgkin lymphoma follicular grade 3b. R-CHOP-14=rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone. R-MegaCHOP-14=R-CHOP-14 with higher-dose
cyclophosphamide and doxorubicin. IPI=International Prognostic Index. ECOG=Eastern Cooperative Oncology Group.
A=absence of systemic symptoms. B=presence of systemic symptoms. *Full course of rituximab-dose-dense
chemotherapy. tAbbreviated rituximab-dose-dense chemotherapy plus R-MAD (rituximab plus high-dose cytarabine
plus mitoxantrone and dexamethasone) plus BEAM (carmustine, etoposide, cytarabine, and melphalan) and
autologous stem-cell transplantation.
Table 1: Baseline characteristics of patients

followed by further autologous or allogeneic trans-
plantation in 12. Of the 200 patients in the no
transplantation group, treatment was unsuccessful in
67 (34%); all patients underwent second-line treatment
with chemotherapy, followed by transplantation in 37
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Figure 3: Kaplan-Meier
estimates of failure-free
survival and overall survival
(A) Failure-free survival and
overall survival in the
abbreviated
rituximab-dose-dense
chemotherapy plus R-MAD
(rituximab plus
high-dose cytarabine plus
mitoxantrone plus
dexamethasone) plus BEAM
(carmustine, etoposide,
cytarabine, and melphalan)
and autologous
stem-cell transplantation
(ASCT) group
(transplantation) versus the
full-course rituximab-dose-
dense chemotherapy group
(no transplantation).
(B) Failure-free survival and
overall survival in the
full-course
rituximab-dose-dense
chemotherapy groups:
R-CHOP-14 (rituximab,
cyclophosphamide,
doxorubicin, vincristine, and
prednisone) versus
R-MegaCHOP-14 (intensified
R-CHOP-14). (C) Failure-free
survival and overall survival for
age-adjusted International
Prognostic Index (aa-IPl)
score 2 patients within the
transplantation and no
transplantation groups.
(D) Failure-free survival and
overall survival for aa-IPI
score 3 patients within the
transplantation and no
transplantation groups.

Failure-free survival (%)

Number at risk
(numbers censored)
Transplantation

No transplantation

Failure-free survival (%)

Number at risk
(numbers censored)
R-CHOP-14
R-MegaCHOP=14

Failure-free survival (%)

Number at risk
(numbers censored)
Transplantation

No transplantation

Failure-free survival (%)

Number at risk
(numbers censored)
Transplantation

No transplantation
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A Transplantation No transplantation HR (95% Cl) Pnteraction
events/patients events/patients
Overall (n=399) 60/199 83/200 _._ 0-65 (0-47-0-91)
R-CHOP-14 (n=203) 29/103 43/100 —.— 0-57 (0-35-0-91) 0-40
R-MegaCHOP-14 (n=196) 31/96 40/100 — 075 (0-47-121)
Age <50 years (n=206) 25/101 37/105 S EanE 059 (035-0-97) 055
Age =50 years (n=193) 35/98 46/95 — 072 (0-46-1-12)
Female (n=184) 28/91 37/93 — 067 (0-41-1-10) 086
Male (n=215) 32/108 46/107 — 0-64 (0-40-1-00)
aa-IP12 (n=295) 39/147 54/148 —— 065 (0-43-0-98) 093
aa-IPI3 (n=104) 21/52 29/52 " 0-67 (0:38-1-17)
Bone marrow not involved (n=314) 40/159 55/155 _._ 0-62 (0-42-0-94) 0-51
Bone marrow involved (n=84)* 20/39 28/45 —i 079 (0-44-1-42)
Other histology (n=46) 8/27 8/19 = 0-65 (0-24-1-74) 0-94
DLBCL de novo (n=353) 52/172 75/181 —_— 0-65 (0-46-0-93)
T T T T
03 05 1.0 1.5 30
<+— —>
Favours transplantation Favours no transplantation
B R-MegaCHOP-14 R-CHOP-14 HR (95% C1) Pinteraction
events/patients events/patients
Overall (n=399) 71/196 72/203 _-_ 1.04 (0-75-1-45)
No transplantation (n=200) 40/100 43/100 —.__l— 0-92 (0-60-1-42) 0-40
Transplantation (n=199) 31/96 29/103 B 1.23(0-74-2:04)
Age <50 years (n=206) 23/93 39/113 n 0-72 (0-43-1-20) 0083
Age 250 years (n=193) 48/103 33/90 ; » 1:31(0-84-205)
Female (n=184) 31/80 34/104 — 1.26 (0-77-2-05) 0-29
Male (n=215) 40/116 38/99 B 0-88 (0:56-1-37)
aa-IP12 (n=295) 46/144 47/151 1.06 (0-70-1-59) 0-90
aa-IPI3 (n=104) 25/52 25/52 1.01 (0-58-1.76)
Bone marrow not involved (n=314) 44/155 51/159 —B— 092 (0-62-138) 035
Bone marrow involved (n=84)* 27/41 21/43 i 130 (0-73-2-34)
Other histology (n=46) 12/31 4/15 T - » 1.81(0-58-5-61) 031
DLBCL de novo (n=353) 59/165 68/188 —-— 0.98 (0-69-139)
T T T
05 1.0 15
+— — >
Favours R-MegaCHOP-14 Favours R-CHOP-14

Figure 4: Subgroup analysis of failure-free survival

(A) Failure-free survival in subgroups comparing the abbreviated rituximab-dose-dense chemotherapy plus R-MAD (rituximab plus high-dose cytarabine plus
mitoxantrone plus dexamethasone) plus BEAM (carmustine, etoposide, cytarabine, and melphalan) and autologous stem-cell transplantation (ASCT) group
(transplant) versus the full-course rituximab-dose-dense chemotherapy group (no transplant). (B) Failure-free survival in subgroups comparing R-MegaCHOP-14
(intensified R-CHOP-14) versus R-CHOP-14 (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone). The area of the squares is proportional to the
sample size. The vertical dashed line is the hazard ratio (HR) of the comparison in the whole population. aa-IPl=age-adjusted International Prognostic Index.
DLBCL=diffuse large B-cell ymphoma. *Missing data for bone marrow involvement (see table 1).

(36 autologous, one allogeneic). CNS relapses were Grade 3 or worse haematological adverse events were
observed in eight patients, two in the transplantation reportedin 183 (92%)of199 patients in the transplantation
group and six in the no transplantation group. group versus 135 (68%) of 200 patients in the no
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transplantation group. Grade 3 or worse non-
haematological adverse events were reported in 90 (45%)
versus 31 (16%); the most common grade 3 or worse non-
haematological adverse event was gastrointestinal
(49 [25%] vs 19 [10%]). Adverse events are shown in
table 2.

Adverse events resulted in treatment discontinuation
for 12 patients in the transplantation group (infections
in six patients, prolonged neutropenia in
four, gastrointestinal in one, and cardiac in one) and
two patients in the no transplantation group (infection
in one patient, prolonged neutropenia in one patient).

Treatment-related deaths occurred in 13 (3%) of
399 patients: eight (4%) of 199 patients in the trans-
plantation group versus five (3%) of 200 patients in the
no transplantation group. Causes of treatment-related
deaths were Gram-negative pneumonia complicated by
septic shock (n=7), gastrointestinal complications (toxic
megacolon or haemorrhagic colitis; n=2), cachexia (n=1),
cardiac failure (n=1), encephalitis (n=1), and multiorgan
failure (n=1).

Secondary malignancies were reported in five (1%) of
399 patients: two solid tumours (one osteogenic sarcoma
in a non-irradiated area and one not specified) in the
199 patients in the transplantation group; and one acute
myeloid leukaemia 1 year after therapy while in complete
remission and two solid tumours (one thyroid and
one urothelial carcinoma, both in non-irradiated areas)
in the 200 patients in the no transplantation group.

Discussion

The results of this randomised, phase 3 study show
an improvement in failure-free survival for patients who
received abbreviated rituximab-dose-dense chemotherapy
plus R-MAD plus BEAM and autologous stem-cell
transplantation (transplantation group) compared with
patients who received full course rituximab-dose-dense
chemotherapy (no transplantation group), although the
hypothesised absolute improvement of 15% was not
observed. This statistically significant but not clinically
meaningful improvement in failure-free survival did not
translate into any overall survival advantage. Increasing

No transplantation* (1309 cycles, 200 patients)

Grade 1-2 Grade 3 Grade 4

Haematological 378 (29%) 144 (11%) 234 (18%)
Granulocytes 171 (13%) 105 (8%) 215 (16%)
Haemoglobin 499 (38%) 43 (3%) 8 (1%)
Platelets 119 (9%) 19 (1%) 11 (1%)
White blood counts 219 (17%) 158 (12%) 177 (14%)
Febrile neutropenia 19 (1%) 4 (0%) 1(0%)

Haematological 40 (20%) 37 (19%) 97 (49%)
Granulocytes 28 (14%) 27 (14%) 93 (47%)
Haemoglobin 113 (57%) 31(16%) 5(3%)
Platelets 48 (24%) 7 (4%) 11 (6%)
White blood counts 35 (18%) 38 (19%) 84 (42%)
Febrile neutropenia 14 (7%) 4(2%) 1(1%)
Number of patients with non-haematological adverse events
Non-haematological 98 (49%) 24 (12%) 6 (3%)
Cardiac 10 (5%) 1(1%) 0
Gastrointestinal 63 (32%) 16 (8%) 2 (1%)
Haemorrhagic 3(2%) 0 0
Hepatic or pancreatic, or both 15 (8%) 3(2%) 0
Infective 21 (11%) 0 2 (1%)
Metabolic 5(3%) 0 0
Neurological 58 (29%) 2 (1%) 1(1%)
Pulmonary 3(2%) 1(1%) 1(1%)
Renal failure 0 0 0
Vascular 10 (5%) 2 (1%) (o]

more than one adverse event occurred in each patient.

Number of cycles in which haematological adverse events and febrile neutropenia were reported

Number of patients with haematological adverse events or febrile neutropenia

Transplantationt (1273 cycles, 199 patients)

Grade 5 Grade 1-2 Grade 3 Grade 4 Grade 5
1(0%) 229(19%) 136 (11%)  517(40%)  1(0%)
1(0%) 113 (9%) 111 (9%) 492(38%) 0
0 518 (42%) 137 (11%) 46 (4%) 0
1(0%) 120 (10%) 76 (6%) 348 (27%) 1(0%)
1(0%) 155 (13%) 126 (10%)  471(37%) O
0 61 (5%) 28 (2%) 2(0%) 0(0%)
1(1%)+ 3(2%) 19(10%) 163 (82%)  1(1%)+
1(1%)+ 4(2%) 20(10%)  158(79%) O
0 70 (35%) 78 (39%) 33 (17%) 0
1(1%)$ 9(5%) 16 (8%) 150 (75%)  1(1%)%
1(1%)+ 3(2%) 22(11%)  160(80%) 0
0 39 (20%) 22 (11%) 2(1%) 0
1(1%)+ 74 (37%) 68 (34%) 18 (9%) 4 (2%)+
0 12 (6%) 2(1%) 1(1%) 0
1(1%)+ 66 (33%) 37 (19%) 12 (6%) 0
0 5(3%) 5(3%) 1A%  2(1%)
0 15 (8%) 4(2%) 0 0
0 14 (7%) 18 (9%) 2(1%) 2 (1%)%
0 10 (5%) 2(1%) 0 0
0 26 (13%) 2(1%) 0 0
0 8 (4%) 4(2%) 3(2%) 1(1%)4
1(1%)+ 4(2%) 0 0 0
0 8 (4%) 2 (1%) 1(1%) 0

*Full course of rituximab-dose-dense chemotherapy. fAbbreviated rituximab-dose-dense chemotherapy plus R-MAD (rituximab plus high-dose cytarabine plus
mitoxantrone and dexamethasone) plus BEAM (carmustine, etoposide, cytarabine, and melphalan) and autologous stem-cell transplantation. 13 treatment-related deaths;

Table 2: Haematological and non-haematological adverse events

www.thelancet.com/oncology Published online June 28,2017 http://dx.doi.org/10.1016/5S1470-2045(17)30444-8



Articles

the dose of standard R-CHOP did not have an effect on
failure-free survival or overall survival.

We used failure-free survival as a primary endpoint
because it has been used as a primary endpoint in the
majority of diffuse large B-cell lymphoma randomised
trials,”* with the assumption that a difference i
progression-free survival, failure-free survival, or event-
free survival usually translates into a difference in overall
survival. The absence of an effect on overall survival in
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comparison of two different dose levels of chemotherapy
R-CHOP-14 vs R-MegaCHOP-14). No difference in
efficacy was shown between the two regimens, and
R-MegaCHOP-14 was more affected by side-effects than
R-CHOP-14 (appendix p 13). The frequency of febrile
neutropenia in this study was lower than reported in the
literature; this was probably because the use of G-CSF
and pneumocystis pneumonia prophylaxis were
mandatory in our trial. Although better results with an
intensified R-CHOP-like regimen (ie, ACVBP followed by
sequential consolidation) have been reported, they were
seen only in low-risk patients.” Our study enrolled only
intermediate-high-risk or high-risk patients, and the
findings do not support the hypothesis that increasing
the dose of R-CHOP improves outcomes in patients with
diffuse large B-cell lymphoma who are at high risk.

—_

high efficacy of the transplantation treatment. In our

view, the efficacy of this scheme might be explained by

the rapid tumour reduction during the first part of dose-
dense chemoimmunotherapy, and by the addition of
non-cross-resistant high-dose cytarabine chemotherapy
supplemented with rituximab, which further increases
the response and avoids the onset of resistant clones.
However, the protocol required intermediate assessment
of response after the abbreviated rituximab-dose-dense
chemotherapy phase and only responding patients
proceeded to R-MAD and BEAM plus autologous stem-
cell transplantation, so there were not enough data to
make definite conclusions.

The role of intensification with autologous stem-cell
transplantation as first-line treatment in high risk diffuse
large B-cell lymphoma has been a matter of debate for
several years. Several phase 2 and phase 3 trials were
done in this setting; intensification with upfront autolo-
gous transplantation showed improved progression-free
survival compared with standard chemoimmunotherapy in
some studies, (iGNNGS
probably because of the effectiveness of transplantation in
(ESENEEEEEENP) 1 the SWOG-9704 trial,” 253 complete

responders (after receiving CHOP with or without
rituximab) were randomly assigned to receive autologous
stem-cell transplantation or to continuation of the same
chemotherapy. 2-year progression-free survival was 69% in
the transplantation group versus 55% in the control group,
but overall survival was not improved by transplantation
except in true high-risk patients (aa-IPI score 3) in a
subgroup analysis.” As acknowledged by the authors, this
analysis was not preplanned and the study was not powered
for this subgroup analysis. However, these results suggest
that high-dose chemotherapy plus consolidation with
autologous stem-cell transplantation might benefit selected
high-risk patients, as recognised by some guidelines.?*

In the DSHNHL 2002-1 trial,” young untreated patients
with diffuse large B-cell lymphoma with poor prognosis
were randomly assigned to receive R-CHOP-14 plus
etoposide (R-CHOEP-14) or R-MegaCHOEP-14. In this
trial, patients with an aa-IPI score of 2 had significantly
better outcomes in the R-CHOEP-14 group than in the
R-MegaCHOEP-14 group, while no differences were
reported in patients with an aa-IPI score of 3. (iCISHEY

concluded that R-MegaCHOEP-14 was not superior to
conventional R-CHOEP-14 in terms of efficacy and was
associated with significantly increased tosicity. A proper
comparison with our results is difficult because the
control group of the German trial was different as a result
of the addition of etoposide to R-CHOP-14. Whether
R-CHOERP is superior to R-CHOP in patients with diffuse
large B-cell lymphoma is an unanswered question.

In the GITIL trial® and the GOELAMS 075 trial,* no
differences in progression-free survival and overall
survival were reported in the autologous stem-cell
transplantation groups versus standard groups.

Some limitations of this study include the EEIECHOMNOY
alirefreaIsurvival asprmArendpoiD ! v+hich might

not have been appropriate in a young population
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(younger than 65 years), and the (iiSlibSHoNIRINNRETSGRS
3 patients enrolled.

On the basis of the findings of all this and other phase 3
studies, the available data do not support further
consideration of the use of high-dose chemotherapy with
upfront autologous stem-cell transplantation in young,
intermediate-high-risk or high-risk patients with diffuse
large B-cell lymphoma.

The pathological and molecular heterogeneity of
diffuse large B-cell lymphoma has now been better
elucidated, leading to the study of new agents that might
have different activity in molecular subtypes or have
specific efficacy on molecular targets involved in disease
pathogenesis.*” Biomarker studies, including cell-of-
origin analysis based on immunohistochemistry and
gene expression profiling with nanostring assay, and
FISH analysis for MYC, BCL2, and BCL6, are still
ongoing for the DLCLO04 study.

A Dbetter knowledge of the disease could represent a
new era aimed at selecting tailored treatment based not
only on IPI risk score but also targeting the biological
complexity and molecular genetics of patients with
diffuse large B-cell lymphoma. The addition of novel
drugs such as lenalidomide, ibrutinib, bortezomib, and
others to standard R-CHOP regimens has been reported
in phase 1 or 2 studies with promising results in high-risk
patients as well, leading to ongoing phase 3 randomised
trials to assess the efficacy of these strategies.”** While
awaiting the results of these randomised studies, the
standard treatment in patients with diffuse large B-cell
lymphoma at intermediate-high and high risk remains
chemoimmunotherapy based on the standard R-CHOP
regimen.
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