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experience in managing DHL and THL in first line using collective data on both survival
and tolerance. All consecutive patients with newly diagnosis of large B-cell lymphoma
with MYC, BCL2, and/or BCL6 rearrangements, as determined by FISH between January
2013 and April 2019 were included. Based on the eligibility criteria, 160 patients
were selected among the 184 patients identified. With a median follow-up of
32 months, 2- and 4-year progression free survival (PFS) rates were 40% and 28% with
R-CHOP compared with 57% and 52% with intensive chemotherapy (P = .063). There
was no difference in overall survival (OS). For advanced stages, PFS was significantly
longer with intensive chemotherapy than with R-CHOP (P = .029). There was no impact
of autologous stem cell transplantation among patient in remission. For patients with
central nervous system (CNS) involvement, the 2-year PFS and OS rate was 21% and
39%, vs 57% and 75% without CNS disease (P = .007 and P < .001). By multivariate
analysis, elevated IPI score and CNS disease were strongly and independently associ-
ated with a poorer survival, whereas treatment was not significantly associated with
OS. This is the largest series reporting the treatment of DHL and THL in Europe. The
PFS was significantly longer with an intensive regimen for advanced stage, but no differ-

1 | INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most frequent non-
Hodgkin lymphoma (40%), with an estimated incidence of 5071 new
cases per year in France (INCa 2018 data).!

Knowledge about the genetic and molecular characteristics of
DLBCL has increased over the last decade, leading to a single category
for higher-risk anomalies being recognized in the World Health Orga-
nization (WHO) 2016 classification: high-grade B-cell lymphoma with
MYC and BCL2 and/or BCL6 rearrangements, so called double-hit or
triple-hit lymphoma (DHL and THL).? This denomination, which now
includes all histological subtypes of large B-cell lymphoma with a
rearrangement of MYC, BCL2 and/or BCL6, allows a purely molecular
definition of a high-risk lymphoma for the first time.

Both DHLs and THLs have an incidence of 8%-10% among diag-
noses of de novo DLBCL, with a higher frequency (20%) in trans-
formed indolent B-cell lymphoma.3*

Patients with DHL and THL experience high rates of early treat-
ment failure and relapse or death, as indicated in the steep initial drops
in both overall survival (OS) and progression-free survival (PFS) curves.
These relapsed or refractory (R/R) patients have a median OS following
relapse of 8.6 months,®> despite undergoing intensive salvage therapy
including autologous stem-cell transplantation (ASCT).® The Lunenburg
Lymphoma Biomarker Consortium’ recently showed a time-dependent
effect with a negative prognosis for DHL with MYC rearrangement in
the first 2 years after diagnosis. After 2 years, this effect seems to disap-
pear, even for DHL/THL patients. For this reason, achieving response to
first-line chemotherapy is essential for improving long-term survival 8

Controversies persist over the choice of first-line treatment for these

lymphomas, in order to achieve complete remission. Very few studies on

ence in OS, supporting the need for a prospective randomized trial.

the subject exist, most of which are retrospective, and providing only lim-
ited information to determine which appropriate intensive regimen to
use. Patients with DHL and THL are known to have very poor outcomes
with conventional chemotherapy, such as R-CHOP (rituximab plus cyclo-
phosphamide, doxorubicin, vincristine, and prednisone).g’10 Several retro-
spective studies have shown improved PFS but not OS after intensive
chemotherapy, compared to R-CHOP.>*%12 Currently there is only one
prospective study, reported by Dunlevy et al., showing favorable survival
after DA-R-EPOCH (dose-adjusted rituximab, etoposide, prednisolone,
vincristine, cyclophosphamide, and doxorubicin) than historical data.
However, this study was not randomized and did not correspond to the
current expectation of prospective study.*®

To our knowledge, our study is the largest work reporting the
treatment of DHL and THL in Europe. In addition, previous studies
have not included safety data in this population, which is often elderly
and has aggressive presentation at diagnosis.

Therefore, through this retrospective multicenter study, we pre-
sent the French experience of managing DHL/THL in the first line,
using collective data on both survival and tolerance.

2 | METHODS
21 | Patients

We conducted a multicenter retrospective study of patients with pre-
viously untreated DHL and THL. Therefore DHL and THL were
defined as large B-cell lymphoma with MYC, BCL2, and/or BCL6
rearrangements, as determined by fluorescence in situ hybridiza-
tion (FISH).
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We collected data from all consecutive patients meeting the inclusion
criteria (n = 184), from 14 French academic medical centers between
January 2013 and April 2019. All patients diagnosed after May 2016 were
routinely screened for MYC and then for BCL2 and BCL6 if present (60.3%
of the entire cohort). The others were tested based on aggressive morpho-
logical features (cell morphology, proliferation index, mainly) or aggressive
clinical presentation. We identified 66 HGBL-DH/TH among the 4593
DLBCL biopsies tested from January 2013 to May 2016 (1.4%) and 118 of
the 3398 DLBCL biopsies from June 2016 to April 2019 (3.5%).

Inclusion criteria included patients aged >18 years, with large
B-cell lymphoma (de novo or transformed), and with FISH available at
diagnosis that showed MYC, BCL2, and/or BCL6 rearrangements.
Patients were excluded if they had received prior treatment for an
indolent lymphoma, had a histology of grade 1-2 and 3a follicular lym-
phoma, had abnormalities involving MYC genes other than re-
arrangement (copy gain, amplification, aberrant somatic mutation),
when no treatment or follow-up data were available, and when there
was immediate palliative care.

All cases corresponded to HGBL-DH/TH category with DLBCL mor-
phology in the WHO 2016 classification. The cell-of-origin (COO) was
defined according to Hans algorithm. In all departments of pathology and
cytogenetics, FISH for MYC was performed using a dual-color break-
apart probe (Vysis Abbott, ZytoLight, Kreatech or MetaSystems probes).

All data were retrospectively recorded from medical records.
Patients initially treated with R-CHOP and then escalated to more
intensive chemotherapy after receiving FISH results were classified in
the intensive chemotherapy group. Patients whose treatment had to
be reduced for toxicity were left in the intensive treatment group.

The following grade 3-4 adverse events have been investigated:
neutropenia, thrombocytopenia, anemia, need of transfusion, febrile
neutropenia, mucositis, nausea, diarrhea, constipation, neurological
toxicity, infections, interruption of treatment and treatment-related
death. These data were collected from summaries at every successive
cycle of treatment, hospital visits between cycle, and from weekly
ambulatory blood test. Toxicity was assessed using the Common Ter-
minology Criteria for Adverse Events (CTCAE Version 5.0). Response
assessment was performed on a PET-CT at the end of induction
according to the 2014 Lugano classification.

All cases were reviewed by an expert hematological center, as part
of the Lymphopath network. This network is certified by the French
National Cancer Institute, which has aimed to review all newly diag-
nosed lymphomas in France since 2010.1* This study was performed
according to the principles of the Declaration of Helsinki. Our patient
database was approved by the local authority for the protection of pri-

vacy and personal data in clinical research (N° R201-004-075).

2.2 | Statistical analysis

Quantitative variables were described as median and first and third
quartiles (Q1-Q3); qualitative variables were described as frequency
and percentage of each modality (excluding missing data from per-

centages). Comparison of proportions between groups was performed

using the chi-square test; comparisons adjusted for age (<65 vs
>65 years old) were performed using logistic regression.

Progression free survival (PFS) was defined as the time interval
from the date of diagnosis to either disease progression, relapse dis-
ease, last follow-up, or death. Overall survival (OS) was defined as the
time interval from the date of diagnosis to last follow-up or death
from any cause. Both PFS and OS were described using Kaplan-Meier
curves and summarized by median survival or percent survival at dif-
ferent time points, with the associated 95% confidence interval (95%
Cl); comparisons between groups were performed using the log-rank
test. Multivariate analyses of OS were conducted using Cox models:
factors with a P value less <.2 in univariate analyses were included in
the multivariate model (excluding factors with excessive correlation),
then a backward selection approach was used (coercing the treatment
in the analysis).

A P value <.05 was considered statistically significant. Analyses

were performed using the R software, version 3.6.1.

3 | RESULTS

3.1 | Patients characteristics

Based on the eligibility criteria, 160 patients were included. Of these,
three patients were removed from the analysis because they received
a treatment other than those being studied (two patients with weekly
rituximab and one with rituximab-cyclophosphamide alone), and one
patient died prior to the initiation of treatment.

Baseline characteristics, for all patients and divided by conven-
tional and intensive chemotherapy, are listed in Table 1. Median age
at diagnosis was 62.5 years (22 to 87 years), with male predominance
(63.5%). Most patients presented with high tumor burden and aggres-
sive behavior, as shown by an Ann Arbor stage IlI-1V (90.3%), high lac-
tate dehydrogenase (LDH) level (78.1%), Ki67 = 70% (85.0%), and
international prognostic index (IPl) score 3-5 (74.0%). Of the
156 patients that were analyzed, 30 (19.2%) presented a history or
discovery of low-grade lymphoma. Central nervous system (CNS)
involvement was present in 14 of the 130 patients who were tested
by lumbar puncture (10.8%). Forty-five patients (41.3%) had a high-
risk CNS IPI score (4-6).

A total of 93 patients had DHL with MYC and BCL2 rearrangements
(59.6%), 34 had DHL with MYC and BCL6 rearrangements (21.8%), and
29 had THL (18.6%).

3.2 | Treatments

Note, R-CHOP was the most common regimen used (n = 99, 63.5%)
(Table S1, online supplementary material). Fifty-seven patients
(36.5%) received chemotherapy that was considered to be intensive:
14 (8.9%) with DA-R-EPOCH (dose adjusted, rituximab, etoposide,
prednisone, vincristine, cyclophosphamide, and doxorubicin), 16
(10.3%) with R-ACVBP (rituximab, doxorubicin, cyclophosphamide,
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TABLE 1 Baseline patient characteristics (n = 156) TABLE 1 (Continued)
R-CHOP- Intensive R-CHOP- Intensive
Treatment LIKE chemotherapy Total Treatment LIKE chemotherapy Total
n=99 n=>57 n=156 n=99 n=>57 n=156

Age,y Yes 67 (80.7%) 45 (88.2%) 112 (83.6%)

Median 66.00 (60-73)  58.00 (46-64) 62.50 (56-70) No 16 (19.3%) 6(11.8%) 22 (16.4%)
(Q1-Q3) Overexpression of BCL2 (>50%)
<65 49 (49.5%) 46 (80.7%) 95 (60.9%) Yes 75 (79.8%) 39 (73.6%) 114 (77.6%)

Male 63 (63.6%) 36 (63.2%) 99 (63.5%) No 19 (20.2%) 14 (26.4%) 33 (22.4%)

B symptom 31(32.0%) 22(39.3%) 53 (34.6%) Overexpression of BCL6 (30%)

ECOGES Yes 71 (74.7%) 41 (75.9%) 112 (75.2%)
0-1 63 (66.3%) 45 (81.8%) 108 (72.0%) No 24 (25.3%) 13 (24.1%) 37 (24.8%)
22 32(33.7%) 10(18.2%) 42 (28.0%) DHL MYC/ 60 (60.6%) 33(57.9%) 93 (59.6%)

Ann Arbor stage BCL2
I-1l 14 (14.1%) 1(1.8%) 15 (9.7%) DHL MYC/ 23 (23.2%) 11 (19.3%) 34 (21.8%)
-1V 85 (85.9%) 55 (98.2%) 140 (90.3%) BCLe

HIV-positive 3 (3.0%) 4(7.0%) 7 (4.5%) THL MYC/ 16 (16.2%) 13 (22.8%) 29 (18.6%)

BCL2/BCLé

Extranodal
sites >1 Note: Missing data: ECOG PS (n = 6), Ann Arbor stage (n = 12), Extranodal
Yes 43 (44.3%) 18 (31.6%) 61(39.6%) sites >1 (n = 2), Bone marrow involvement (n = 54), CNS involvement

. . . (n =26), WBC (n = 36), LDH (n = 5), IPI score (n = 10), CNS IPI (n = 47),
No 54 (55.7%) 39 (68.4%) 93 (60.4%) COO (n = 22), Ki67 70% (n = 16), Ki67 90% (n = 45), Overexpression of

Bone marrow involvement MYC (n = 22), Overexpression of BCL2 (n = 9), and Overexpression of

Yes 21 (36.2%) 19 (43.2%) 40 (39.2%) BCL6 (n = 7).
. . . Abbreviations: BCLU, B-cell lymphoma unclassifiable; CNS, central
No 37 (63.8%) 25 (56.8%) 62 (60.8%) nervous system; COO, cell-of-origin; DHL, double-hit lymphoma; DLBCL,

CNS involvement diffuse large B-cell ymphoma; ECOG, Eastern Cooperative Oncology

Yes 6(7.9%) 8 (14.8%) 14 (10.8%) Group; GCB, germinal center B cell; HGBCL, high-grade B-cell lymphoma;
. . . IPI, international prognostic score; LDH, lactate dehydrogenase; PS,
No 70(92.1%) 46 (85.2%) 116 (89.2%) performance status; THL, triple-hit lymphoma; ULN, upper limit of normal;

WBC WABC, white blood cell.
< ULN 56 (76.7%) 36 (76.6%) 92 (76.7%)
> ULN 17 (23.3%) 11 (23.4%) 28 (23.3%)

LDH vindesine, bleomycin, and prednisone), and 27 (17.3%) with

R-COPADEM (rituximab, cyclophosphamide, vincristine, prednisone,
< ULN 18 (18.9%) 15 (26.8%) (21.9%) .
doxorubicin, and methotrexate).
0, 0 0,
> ULN 77 (81.1%) 41(73.2%) 118 (78.1%) Twenty-eight patients received consolidation with therapeutic

Pl score intensification and ASCT, including 25 (89.3%) in first complete remis-
0-2 23 (25.0%) 15 (27.8%) 38 (26.0%) sion. There was more ASCT in the R-ACVBP (75.0%) and
3-5 69 (75.0%) 39 (72.2%) 108 (74.0%) R-COPADEM (25.9%) groups, compared to the R-CHOP (8.1%) and

CNS IPI DA-R-EPOCH (7.1%) groups. The conditioning regimen for frontline
Low risk 14 (19.7%) 5(13.2%) 19 (17.4%) ASCT was BEAM for 18 patients (BICNU, etoposide, cytarabine, and
Intermediate 25 (35.2%) 20 (52.6%) 45 (41.3%) melphalan), TEAM for six (thiotepa, etoposide, cytarabine, and mel-

risk phalan) and BAM for three (busulfan, cytarabine and melphalan).
High risk 32 (45.1%) 13 (34.2%) 45 (41.3%) So, R-DHAOX (rituximab, dexamethasone, high-dose cytarabine, and

COO oxaliplatin) was the main salvage therapy used (61.7%). Four patients
Non-GCB 22 (24.4%) 5(11.4%) 27 (20.1%) (2.6%) received second-line autologous transplantation. Despite the com-
GCB 68 (75.6%) 39 (88.6%) 107 (79.9%) pletion of a second line, 79.2% of patients had progressive disease follow-

Ki67 > 70% 76 (80.9%) 43 (93.5%) 119 (85.0%) ing these treatments, showing the high failure rate on the second line.

Ki67 = 90% 28 (38.9%) 18 (46.2%) 46 (41.4%)

Prior low-grade lymphoma

3.3 | Outcomes
Yes 17 (17.2%) 13 (22.8%) 30 (19.2%)
No 82 (82.8%) 44 (77.2%) 126 (80.8%)

Figure S1 shows survival in the entire cohort. With a median follow-

up of 32 months (range 28-39 months), the median PFS was
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19.5 months, and the median OS was not achieved. Two-year and
four-year PFS rates for all patients were 47% (95% Cl 39-55) and 39%
(95% Cl 30-50), respectively. Two- and 4-years OS rates were 66%
(95% Cl 58-74) and 52% (95% Cl 42-63), respectively. There was no
missing data.

The overall response rate (ORR), which included complete
response (CR) and partial response (PR), was 78.9%. Ninety-four
patients achieved first remission after induction therapy (60.2%), con-
sisting of 59.8% with R-CHOP and 68.4% with intensive chemother-
apy (P = .375). After adjusting for age (<65 and > 65 years), there was
no difference in CR between groups (P =.604). Among intensive

Delay since diagnostic (months)

chemotherapy, seven patients (50.0%) were in CR after DA-R-
EPOCH, 14 (87.5%) after R-ACVBP, and 18 (66.7%) after R-
COPADEM.

Figure 1A shows the PFS rate and Figure 1C shows the OS rate
by induction regimen for the entire cohort. There was no statistically
significant difference in survival after treatment with R-CHOP or
intensive chemotherapy. However, there was a trend toward longer
PFS after intensive first-line chemotherapy. Two-year and four-year
PFS rates were 40% (95% Cl 31-52) and 28% (95% Cl 16-68) with
R-CHOP compared with 57% (95% Cl 46-72) and 52% (95% ClI
40-68) with intensive chemotherapy (P = .063).
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When we analyzed only the advanced stage (lll/IV Ann Arbor
stage), progression-free survival was significantly longer with intensive
chemotherapy with a two-year and four-year PFS rates of 56% and
50% compared to 34% and 22% with RCHOP, respectively (P = .029)
(Figure 1B). There was no difference in OS in advanced stage
(Figure 1D).

Among patients older than 65 years (50 in the R-CHOP group
and 11 in the intensive chemotherapy group), there was no difference
in progression-free survival with a two-year PFS rates of 35% in the
R-CHOP group compared to 46% in the intensive chemotherapy
group (P = .383) (data not shown).

Both PFS and OS were similar among patients in CR after front-
line therapy, regardless of whether they received consolidation ASCT
(P =.220 and P = .356, respectively). Median survival was not reached
for either (Figure 1E,F). Notably, there was more ASCT with intensive
chemotherapy (n = 18) than with R-CHOP (n = 8), which can be
explained by an older median age of patients in the R-CHOP group
than intensive chemotherapy.

Despite few available data, which do not allow for statistical test-
ing, a comparison of intensive regimes revealed a trend for prolonged
survival with R-ACVBP and R-COPADEM while DA-R-EPOCH

BE WiLEy L

showed comparable survival outcomes to R-CHOP (Figures S2A
and S2B).

There was no statistically significant difference in PFS for patients
with a history of low-grade lymphoma (known or discovered at diag-
nosis) with a two-year PFS rate of 43% vs 47% for patient without
low-grade (P =.439). However, the two-year OS rate was 49% for
patient with low-grade vs 69% for the others (P =.096) (data not
shown).

Also, PFS and OS were similar across the type of second hit
(BCL2 and/or BCLé) that was associated with MYC (data not shown).

Fourteen patients presented with CNS involvement at diagnosis
(10.8%). Among them, PFS and OS were significantly inferior than for
patients that were free of CNS disease (Figure 2A,B), with a 2-year
PFS and OS rate of 21% and 39% for patient with CNS involvement,
vs 57% and 75% without CNS disease (P = .007 and P < .001). Of the
116 patients that were free of CNS involvement, 76 (65%) received
CNS prophylaxis, including 68 (83%) with intrathecal methotrexate
and 41 (50%) with intravenous methotrexate. The majority received
both intravenous and intrathecal methotrexate. The 2-year PFS rate
was 64% with prophylaxis vs 47% without prophylaxis (P =.079).

There was no difference on the OS. In an exploratory analysis, there
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TABLE 2 Treatment-related toxicities

R-CHOP-LIKE DA-R-EPOCH R-ACVPB R-COPADEM P value

Treatment n=99 n=14 n=16 n=27 After adjusting for age

Neutropenia grade 3-4 28 (39.4%) 9 (64.3%) 11 (78.6%) 18 (81.8%) <.001
n=71 n=14 n=14 n=22

Thrombocytopenia grade 3-4 10 (14.1%) 2(16.7%) 1(7.1%) 12 (54.5%) .001
n=71 n=12 n=14 n=22

Anemia grade 3-4 11 (16.4%) 3(23.1%) 2(14.3%) 14 (66.7%) <.001
n=67 n=13 n=14 n=21

Transfusion of red blood cells 25 (34.2%) 4 (28.6%) 2 (14.3%) 16 (80.0%) <.001
n=73 n=14 n=14 n =20

Transfusion of platelet 11 (15.1%) 2 (14.3%) 0 (0.0%) 16 (72.7%) <.001
n=73 n=14 n=14 n=22

Febrile neutropenia grade 3-4 18 (24.7%) 8(57.1%) 10 (71.4%) 17 (77.3%) <.001
n=73 n=14 n=14 n=22

Mucitis grade 3-4 4 (5.7%) 2 (15.4%) 5(35.7%) 8 (40.0%) .001
n=70 n=13 n=14 n=20

Nausea grade 3-4 0(0.0%) 0(0.0%) 2(16.7%) 1(6.2%) .029
n =66 n=12 n=12 n=16

Diarrhea grade 3-4 2 (2.9%) 0 (0.0%) 0 (0.0%) 3(17.6%) .083
n=70 n=11 n=12 n=17

Constipation grade 3-4 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) -
n=70 n=11 n=13 n=17

Neurological toxicity grade 3-4 1(1.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) -
n=71 n=12 n=13 n=18

Infections grade 3-4 5(7.0%) 2 (14.3%) 4 (28.6%) 1(5.0%) 141
n=71 n=14 n=14 n=20

Interruption of treatment toxicity 1(1.0%) 0 (0.0%) 3(18.8%) 3(11.1%) .009
n=299 n=14 n=16 N =27

Treatment-related death 7 (7.1%) 0 (0.0%) 0 (0.0%) 1(3.7%) -
n=99 n=14 n=16 n=27

was no significant difference in PFS and OS in these patients free of
CNS involvement based on first-line treatment, with a two-year PFS
rate of 47% in the R-CHOP group compared to 63% in the intensive
chemotherapy group (P = .168). Therefore, 5.1% of patients presented
a brain relapse (eight patients), of whom half (2.5%) were without
CNS involvement at diagnosis, including 0.9% who had a prophylaxis.
There were 31 primary refractory patients with a poor median OS
at relapse of 8.6 months (Figure S3A). When taking R/R disease into
account, median OS at relapse was 16 months. There was no differ-
ence in survival after relapse according to the first-line regimen

received (Figure S3B).

3.4 | Toxicities

The main grade 3-4 toxicities are listed in Table 2. Toxicity data

related to ASCT were excluded. Adjusting on age, there were

significantly more hematological toxicities in the intensive chemother-
apy group of patients who had a greater need for transfusion
(P < .001) and more febrile neutropenia (P < .001). There were six dis-
continuations due to toxicity in the intensive chemotherapy group,
three in the R-ACVBP group, and three in the R-COPADEM group
(P =.009). Of the eight treatment-related toxic deaths reported, seven
were in the R-CHOP group, including three gastro-intestinal bleeding,
a lysis syndrome, a multi-organ failure, a febrile neutropenia and a
progressive multifocal leukoencephalopathy. Age did not explain

greater toxicities in the intensive group.
3.5 | Univariate/multivariate analysis and
composite score

Univariate and multivariate analysis for progression-free survival and

overall survival are listed in Tables $2,53 and S4,S5, respectively.
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The variable that affected PFS and OS on univariate analysis was
incorporated into the MVA. We added the variable of treatment
(intensive chemotherapy vs R-CHOP). Treatment was not associated
with progression-free survival in multivariate analysis while it was in
univariate analysis. As expected, an elevated IPl score and CNS
involvement were considered strong adverse factors for OS (hazard
ratio [HR] = 6.32, 95% Cl 1.43-28.02, P = .015 and HR = 2.60, 95% ClI
1.31-5.16, P = .007, respectively), whereas age > 65 years and inten-
sive treatment were not.

The percentage of patients that responded to chemotherapy
without major toxicity was calculated with a composite score that
considered the following toxicities: neutropenia, anemia, aplasia,
mucositis, nausea, and early toxic death. The 88 pieces of tolerance
data that were available for R-CHOP and the 49 pieces of data for
intensive chemotherapy revealed that 22 patients (27.2%) had a
response without major toxicity after R-CHOP, compared to three
(6.1%) after intensive chemotherapy (P = .007).

4 | DISCUSSION

There is currently no recognized standard of care for DHL and THL. To
our knowledge, this study is the largest to address the treatment of DHL
and THL in a real-life study of a cohort-based population in Europe. We
showed that a majority of these lymphomas remain treated with
R-CHOP. Thus, PFS was significatively longer with an intensive treat-
ment such as DA-R-EPOCH, R-ACVBP or R-COPADEM compared to R-
CHOP for advanced stage (Ann Arbor llI/IV) (P =.029). For all cohorts,
including localized stage, there was only a trend to a longer PFS, and a
difference may have emerged with a larger cohort of intensive treatment
(P =.063). Although an intensive treatment appears to delay relapse,
overall survival is not improved despite 32 months of proper follow-up.
Several retrospective studies have supported that survival may be
improved by intensive immunochemotherapy. The largest study publi-
shed was conducted by Petrich et al.'? which included 311 patients
with a median follow-up of 23 months. They showed that intensive
induction regimens were associated with improved response rate and
PFS (21.6 vs 7.8 months). There was no difference in OS. However,
the characteristics of the patients at diagnosis were not reported
according to the treatment group, which makes comparison difficult.
It should also be noted that the majority of patients (71%) presented
with a good general condition, suggested by a performance status
(PS) between zero and one, with a median age of 60 years, which may
raise the question of a selection bias of patients able to tolerate inten-
sive chemotherapy. The experience of the MD Anderson, reported by
Oki et al.* showed similar superiority of DA-R-EPOCH in terms of
ORR and PFS, but not OS (n = 129). The study conducted by
Landsburg et al. also showed that three-year PFS was shorter with R-
CHOP compared to intensive chemotherapy (respectively 56% vs
88%, P =.002), suggesting more relapse in the R-CHOP group
(n = 159). However, this study included only patients in first complete
remission and was not initially designed to investigate induction

therapy.

BE WiLEy L=

We observed a trend toward longer survival (PFS and OS) in our
series compared to previous studies, regardless of the regimen used,
with two-year and four-year OS of 66% and 52%. This may be
explained because we limited case selection to the last 5 years (until
April 2019), with a median year of diagnosis in 2016, to ensure rou-
tine FISH technique. This aim to reduce the historical selection bias of
the most aggressive cases by the treating physician or interpreting
hematopathologist, according to aggressive clinical behavior or high-
grade pathologic features, respectively. On the other hand, this may
result in a bias with a dilution of the most aggressive cases over time.
Frosh et al. showed that DHL identified with a routine FISH technique
resulted in longer patient survival than DHL identified by selective
FISH.?> Such generalization of FISH technique however raises the
question of the management of localized cases of DHL and THL
(Stage I/Il Ann Arbor). A recent study reported by Torka et al. on
40 localized DHL showed that there was no benefit of using intensive
chemotherapy over R-CHOP.¢ Of the 15 patients with a localized
stage in our study, 14 were treated with R-CHOP, among which
10 had a durable CR. This may constitute a bias favoring better sur-
vival with R-CHOP. In an exploratory analysis, we explored the prog-
nostic role of advanced stage, and we showed a significantly longer
PFS with intensive chemotherapy.

Consolidative ASCT for patients in first complete remission (CR1)
was not associated with improved survival, as 2-year OS was 92% vs
87% (P = .356). These data are similar to those found by Landsburg
et al.® thereby confirming the better prognosis of patients with a CR
after the first line.

Patients with CNS involvement at diagnosis face a very poor
prognosis, with 4-year OS of 20%, compared to 63% for those with-
out CNS disease (P < .001). This also appears to be a strong indepen-
dent adverse factor on OS in multivariate analysis, with a hazard ratio
(HR) of 2.585 (P = .007). For patients with no proven CNS disease at
diagnosis, the use of methotrexate prophylaxis (intrathecal and/or
intravenous) seems to improve progression-free survival (P = .079). To
note, 45 patients had a high-risk CNS IPI score (41.3%).

By multivariate analysis, the two factors having the strongest
impact on survival were elevated IPI score at diagnosis and CNS dis-
ease. These data are similar to those of Petrich, who developed a
prognostic score based on these factors.

The data published so far did not include tolerance or toxicity
data for this population. Here, we have reported a composite score
that showed more CRs without toxicities for R-CHOP, compared to
intensive chemotherapy. Six patients had to be downgraded to a less-
intensive regimen, due to poor tolerance. Even after adjusting for age,
toxicities remained more important in the intensive group. These
results were expected. The higher toxic deaths in the R-CHOP group
correspond to earlier deaths and can be explained by a discreetly
older population in poorer general condition at diagnosis in the
R-CHOP group.

The survival of patients with R/R DHL and THL remains very
poor, with a median OS at relapse of 16 months in our study and did
not seem to depend on the front-line regimen used. These results are

similar to those of Landsburg et al., who reported a median OS of
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8.6 months. Furthermore, Petrich highlights a non-significant differ-
ence in OS with or without salvage treatment.

Our interpretation about these R/R patients is that classical sal-
vage therapy by immunochemotherapy, even when intensified with
ASCT.® is not the solution. It is essential to look at alternatives to con-
ventional chemotherapy. Currently, patients with MYC/BCL2
rearrangements that are diagnosed in the USA can be included in
study NCT0398448, which randomizes DA-R-EPOCH chemotherapy
with or without venetoclax. There is also promising data with targeted
therapies, such as BET inhibitors. Finally, despite the low numbers in
this category, the results presented on CAR-T cells are very encourag-
ing for DHL and THL.2”-2°

The main limitation of this study, due to its retrospective nature, is
the lack of randomization, which is even more important when an inten-
sive treatment is compared to another. We observed that patients were
younger in the intensive chemotherapy group (81% <65 years vs 50% in
the R-CHOP group) and in greater condition (82% of ECOG-PS <1 vs
66%), but the IPI score integrating these two factors remained balanced
between the two groups. This may represent a selection bias, especially
when considering that there was no significant difference in
progression-free survival when we analyzed only patients older than
65 years, and that treatment was not associated with progression-free
survival in multivariate analysis while it was in univariate analysis. It
should also be noted that the proportion of HGBL-DH/TH among the
DLBCL biopsies tested is lower than expected (3.5%). This could be
explained by the slow implementation of routine testing and by the fact
that the numbers known so far were mostly from clinical trials.

In addition, our series does not include some prognostic pathol-
ogy data, such as MYC translocation partner. This is explained by the

2122 \yhich is mainly used in routine cen-

FISH break-apart technique,
ters, without cytogenetics. Only six pieces of data in the 160 cases
were available, thanks to conventional karyotype. After the recruit-
ment of patients in this study was completed, the dual-fusion tech-
nique has started to become widely used in France. This will provide
additional data in the coming years. Two interesting studies, reported
by Copie-Bergman and more recently by the Lunenburg Lymphoma
Biomarker Consortium, have shown that only patients in whom MYC
is translocated to an immunoglobulin (IG) partner have poorer
survival.”-2®

Recent data have highlighted additional techniques to identify
high-risk DLBCL beyond the single character of DHL or THL as TP53
alterations and combinations of genomic sequencing and gene expres-
sion profile (GEP).?* Indeed, TP53 mutation or protein overexpression
of P53 in immunohistochemistry appears to have an additional nega-

L.2° Data are now

tive independent effect on survival in THL and DH
beginning to emerge, but existing data do not allow us to include addi-
tional elements in this study.

Finally, it remains difficult to answer the question of the benefit of
therapeutic intensification for these patients. Despite some consistency
between the studies published in the literature and our own, the retro-
spective nature of the data remains problematic. Although R-CHOP
appears to be inadequate, especially for advanced stage, the best

treatment regimen, if one exists, remains unknown. The construction of

prospective randomized clinical trials designed for this particular popu-
lation is necessary and could probably concentrate rather on the incor-
poration of new targeted agents than on the intensification to improve
outcomes. Alternatives, such as CAR-T cells, should also be considered
as soon as possible for R/R patients.

We confirm that the most important prognostic factor for these
lymphomas is to obtain a CR with the first line. Adverse prognostic
factors that need to be considered for the therapeutic decision are

elevated IPI score and CNS disease.
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