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Key Points

• The REALYSA cohort
is a source of RWD of
high quality for
lymphoma thanks to a
multistep rigorous data
validation process.

• Effectiveness results on
patients with first-line
DLBCL seem
consistent with literature
and recent CTs.
Real-world data (RWD) are essential to complement clinical trial (CT) data, but major

challenges remain, such as data quality. REal world dAta in LYmphoma and Survival in

Adults (REALYSA) is a prospective noninterventional multicentric cohort started in 2018

that included patients newly diagnosed with lymphoma in France. Herein is a proof-of-

concept analysis on patients with first-line diffuse large B-cell lymphoma (DLBCL) to (1)

evaluate the capacity of the cohort to provide robust data through a multistep validation

process; (2) assess the consistency of the results; and (3) conduct an exploratory

transportability assessment of 2 recent phase 3 CTs (POLARIX and SENIOR). The analysis

population comprised 645 patients with DLBCL included before 31 March 2021 who

received immunochemotherapy and for whom 3589 queries were generated, resulting in

high data completeness (<4% missing data). Median age was 66 years, with mostly

advanced-stage disease and high international prognostic index (IPI) score. Treatments

were mostly rituximab, cyclophosphamide, doxorubicin hydrochloride, vincristine, and
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prednisone (R-CHOP 75%) and reduced dose R-CHOP (13%). Estimated 1-year event-free
23 JANUAR
survival (EFS) and overall survival rates were 77.9% and 90.0%, respectively (median

follow-up, 9.9 months). Regarding transportability, when applying the CT’s main inclusion

criteria (age, performance status, and IPI), outcomes seemed comparable between patients

in REALYSA and standard arms of POLARIX (1-year progression-free survival 79.8% vs

79.8%) and SENIOR (1-year EFS, 64.5% vs 60.0%). With its rigorous data validation process,

REALYSA provides high-quality RWD, thus constituting a platform for numerous scientific

purposes. The REALYSA study was registered at www.clinicaltrials.gov as #NCT03869619.
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Introduction

In France, lymphomas represent most of hematopoietic cancers
and are the sixth and seventh most frequent cancers in men and
women, respectively.1 Diffuse large B-cell lymphoma (DLBCL) is
the most frequent subtype, with ~5000 new cases every year.1

Over the past 2 decades, the prognosis of patients with DLBCL
has improved as a result of successive interventional trials inves-
tigating the intensity of chemotherapy, combinations of chemo-
therapy with monoclonal antibodies, or targeted therapies, and
more recently the evaluation of chimeric antigenic receptor T cells
and bispecific monoclonal antibodies in patients with relapsed/
refractory disease.2 However, although interventional trials remain
the gold standard for evaluating new drugs or therapeutic strate-
gies,2 recent studies have highlighted limited trial participation.3,4

Indeed, <10% of patients are included in prospective trials,
because of many factors, including trial availability in care center,
organ function–based criteria, comorbidities, performance status
(PS), and age.5-7 Using recent DLBCL prospective trial criteria,
Khurana et al estimated that on the basis of organ function criteria
alone, 9% to 24% of real-world patients with newly diagnosed
DLBCL would be excluded from trial participation.3 Moreover, Loh
et al showed that the number of eligibility criteria in DLBCL trials
has increased over the past 30 years and that <50% of real-world
patients are actually eligible for the most recent trials.4 Lastly,
technical requirements (eg, mandatory imaging and tumor biopsy
to screen for biomarkers) are time-consuming, can be complex to
set up, and might delay protocol treatment initiation. Recently, in
order to modernize trial enrollment criteria with the aim to shorten
interval between diagnosis and treatment initiation (DTI), 1 US
group of experts revised 31 eligibility criteria commonly used in
DLBCL randomized clinical trials (RCTs) in rituximab, cyclophos-
phamide, doxorubicin hydrochloride, vincristine, and prednisone (R-
CHOP) era and identified 13 essential and 9 unnecessary criteria,
whereas no consensus could be reached for the 9 remaining
ones.8 The DTI is a strong prognostic factor for patients with
DLBCL with a short DTI and having worse prognostic factors and
unfavorable outcomes,9 thus creating a potential significant
selection bias in complex clinical trials (CTs). Overall, these studies
highlight the need for a thorough assessment of the generalizability
of CT results.

To this end, and in a context of ever greater accessibility to elec-
tronic health records, increasing focus is being given to real-world
data (RWD).10,11 With rigorously managed RWD, noninterven-
tional study designs can provide results that are a notable source
Y 2024 • VOLUME 8, NUMBER 2
of additional information to that from RCTs.12,13 In the field of
lymphoma, RWD have, for instance, proven useful in developing
clinical scores, defining new outcome end points, assessing the
role of imaging in patient follow-up, and addressing long-term
toxicities.14-16 Interestingly, some prognostic scores and outcome
end points were developed using RWD and subsequently validated
on data from interventional trials.17-21 RWD may come from various
sources (eg, institution databases, administrative databases from
health insurance, registries, cohorts, or directly from patients via
connected electronic devices).12,13 The main challenge is to opti-
mize data quality by maximizing information while minimizing
missing data, measurement errors, or patients lost to follow-up.

To generate reliable RWD in lymphoma, the Lymphoma Study
Association (LYSA) launched in 2018 an observational multicentric
prospective cohort in metropolitan France, REALYSA (REal world
dAta in LYmphoma and Survival in Adults), to evaluate the real-
world prognosis of the 7 most common lymphoma subtypes.22

In this study, we report the results of a proof-of-concept analysis on
patients with DLBCL undergoing firstline treatment (1L) in the
REALYSA cohort to (1) evaluate the capacity of a real-world pro-
gram on lymphoma in France to provide robust data through a
specific multistep data validation system; (2) assess whether the
characteristics of the population, clinical practices, and estimated
effectiveness are consistent with what is expected in real life; and
(3) conduct an exploratory assessment of the transportability of
recent prospective phase 3 trials evaluating novel 1L agents for
patients with DLBCL.23,24
Methods

REALYSA cohort

The REALYSA study was registered at www.clinicaltrials.gov
(NCT03869619) and approved by ethics committee, and written
informed consent was obtained from all patients. Patients were
informed of this specific analysis through a dedicated webpage on
the LYSA website. The cohort methodology has been described
elsewhere.22 In brief, patients were prospectively recruited in 1 of
the 35 hematology centers after signing an informed consent form.
Inclusion criteria were the following: aged >18 years, diagnosed
with lymphoma in the previous 6 months and before treatment
initiation. Patients were managed according to physician’s choice,
and there were no compulsory visits for the study. Clinical and
treatment data at diagnosis for 1L and potential subsequent
treatment lines were extracted from medical records.
REAL-WORLD DATA FOR DIFFUSE LARGE B-CELL LYMPHOMA 297
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Data entry checks

Real-time data checks were programmed within the electronic data
capture (EDC) system in order to avoid obvious mistakes in data
entry: (1) for all numerical variables, a predefined range was pro-
grammed, and if a value out of predefined range is entered, a
warning message appears on the screen and the value has to be
validated and (2) for all variables, an expected format is defined,
and if the value is out of the expected format, data entry is blocked
and the value has to be modified.

Data validation process and QC

A multistep data validation process inspired by RCT processes but
adapted to the RWD constraints was set up to check the internal
validity of the data (supplemental Figure 1). The objective was to
maximize automation of consistency tests to minimize human
resources.

First (level 1), data completeness was assessed with automated
tests on preidentified data within the EDC system. Variables
were sorted into 3 levels of importance that guide the insistence
to obtain the data through queries in case of missing data.
Simple consistency checks were also performed automatically
within the EDC system to identify different types of inconsis-
tency, such as chronological inconsistency (eg, biopsy date after
the start date of treatment), discrepancies between treatment
response and the Deauville score, or Ann-Arbor staging incon-
sistent with reported nodal localizations. Queries are automati-
cally generated and submitted by the data manager. Some
17 000 completeness checks (305 variables throughout) and
>35 000 basic consistency checks (645 checks reproduced)
were programmed.

Second (level 2), more advanced consistency checks were per-
formed using statistical analysis system software. All inconsis-
tencies were reviewed by the operational study team, and queries
generated if deemed necessary. For instance, inconsistencies in
the chronology of response evaluation could be identified (eg, a
patient reported with stable disease after being in complete
response; see supplemental Table 1 for additional examples).
When consistency checking could not easily be programmed, a
manual review of listings was performed. For example, disease
stage for patients with extranodal involvement or treatment patterns
were reviewed manually. This second level of validation included 41
advanced checks (baseline characteristics, 19; treatment and
follow-up, 22), manual review of 19 free-text entries, and a review of
2 listings.

Last (level 3), to assess the plausibility of patient care pathway,
given the baseline characteristics, data were reviewed by LYSA
clinicians using patient profiles that were generated using R soft-
ware (Figure 1). This ad hoc tool was developed to automatically
provide a summary of each patient (characteristics, therapeutic
management, and evolution over time), allowing for time-efficient
data validation. Additional queries could be sent if deemed
necessary.

Simultaneously, to check the consistency between data in the
electronic case report form (eCRF) and patients’ medical
records, external quality control (QC) is being implemented
for 5% of the patients (included for ≥1 year and considered
298 GHESQUIÈRES et al
as validated according to the automatic tests). QC focuses
on critical data selected according to 3 criteria: (1) regulatory
impact (consent form and inclusion or exclusion criteria), (2)
impact on end points (diagnosis date, start date for each
treatment line, progression date, and death date), (3)
robustness of the data (an imaging examination date will be
chosen over a clinical examination date; see supplemental
Table 2 for a full list of variables). A concordance rate per
patient per center per sample will be used to assess the
overall quality of the database and trigger corrective actions if
deemed necessary.

As described in the study protocol article,22 an approach based on
continuous improvement was implemented with centers, with
various tools and regular meetings, to continuously improve data
quality and optimize human time.

DLBCL population

The following patients were considered for the study: patients
included in REALYSA before 31 March 2021, diagnosed with
DLBCL according to World Health Organization classification
2016, and treated with immunochemotherapy (IC-treated) as 1L.
To focus the analysis on a real-world population, a non-interven-
tional IC-treated population (hereafter referred to as analysis pop-
ulation) was selected by excluding patients enrolled in a 1L
interventional CT.

In addition, to assess the transportability25 of the control arms of 2
recent phase 3 trials (ie, POLARIX23 and SENIOR24 trials),
“POLARIX-like” (P-L) and “SENIOR-like” (S-L) populations were
defined by selecting patients who were treated with the standard of
care of the control arm (R-CHOP regimen for P-L and reduced
dose R-CHOP [R-miniCHOP] regimen for S-L) and met the main
inclusion criteria of the trials (POLARIX: age, 18-80 years at
treatment initiation; and baseline international prognostic index [IPI]
score, 2-5; Eastern Cooperative Oncology Group-Performance
Status score, 0-2 and SENIOR: age ≥80 years; Ann-Arbor stage,
II-IV; and PS, 0-2).

End points of interest

The primary end point was event-free survival (EFS), defined as the
time between the start of the first line and either a progression,
relapse, new treatment line, or death, whichever occurred first. We
also investigated progression-free survival (PFS), overall survival
(OS), and end-of-treatment response.

Statistical analysis

Response probabilities were expressed as percentages, with 95%
confidence intervals (CIs) calculated according to Exact Pearson-
Clopper method. For PFS, EFS, and OS, Kaplan-Meier estimator
was used to estimate probabilities of occurrence of a given end
point at specific time points (with their 95% CI). Median follow-up
was estimated using reverse Kaplan-Meier method. To assess the
transportability of standard arms of phase 3 trials, patient charac-
teristics and outcomes for the P-L and S-L populations were
described. The analysis was conducted by A. Belot and P.F. in
January 2022, using data exported on 15 November 2021 and a
data cut-off set on 30 June 2021. Access to primary data was
possible for all the authors.
23 JANUARY 2024 • VOLUME 8, NUMBER 2



Patient: ID number (Data export date: dd/mm/year  Profile creation date: dd/mm/year)

Progression N°4
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Baseline characteristics

Center Sex
Date of

diagnosis
Lymphoma

type
Lymphoma

subtype
Pre

phase
Perf.

status
Prognostic

index
Age at

diagnosis
Stage

Name of 
Center

Male dd/mm/year DLBCL

9680/3 Diffuse large
B-cell lymphoma,
Germinal center

B-cell type

Yes 0 472IV

Follow-up information

Visit
Theoretical

date
Actual

date of visit
Status at visit

Follow-up
6 Months

08/05/2020 20/04/2020 Partial Response

Follow-up
12 Months

07/11/2020 22/10/2020
Progressive

Disease

Follow-up
18 Months

09/05/2021 22/02/2021
Progressive

Disease

Death NA 06/03/2021 Death

Nodal involvement at diagnosis

Other
nodal location

NA

Extra-nodal location

Lung

Bone

Pancreas

Figure 1. Automated patient profile. The patient profile is divided into 4 main parts. In the upper left part, the patient and tumor characteristics at inclusion are

described. In the upper right part, the involvements (nodal and extra-nodal) at diagnosis are reported. Red circles are automatically located on the man/woman

(depending on patient’s sex) to represent nodal involvements. Nodal involvements reported in the “other” section of the eCRF appear in the red box in the upper right

part. Extra-nodal involvements are detailed in the blue box in the lower right part. In the graph on the left, the longitudinal information per line(s) of treatment is indicated,

with a gray horizontal bar per line of treatment (the treatment cycles are symbolized by black vertical lines), with the evaluations of the responses (circle above the line

with color code according to the response: green for complete response, light green for partial response, orange for stable disease, and red for progressive disease)

and the events (progression [inverted red triangle], adverse events [red cross, not present for this patient], and death [crossed out circle]). Note: all colors and symbols

are not depicted in this patient profile example. Finally, in the lower right part, follow-up information is reported.
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Results

Data validation and quality report

Whole REALYSA population. For the whole REALYSA popu-
lation, over an 18-month period between 2021 and mid-2022
when all validation tests were running, during which 2700 new
patients were recruited and 1300 patients were in follow-up, 7642
queries were sent (Table 1), with the following distribution
(supplemental Figure 1): 50% were automated queries generated
within the EDC software (level 1) and 50% resulted from advanced
consistency testing, using statistical analysis system and manual or
medical reviews (levels 2 and 3). Half of the queries (56%) con-
cerned the baseline-data section, 30% treatment data, and 14%
follow-up data. After a query, data were modified in ~75% of cases.

DLBCL population of this study. Regarding the analysis pop-
ulation, 3589 queries were transmitted, among which 99% were
answered by the centers before data export. The analysis database
comprised information on 100% of patients for most variables,
including lymphoma subtype, date of diagnosis, and the presence
or absence of extranodal involvement (Table 2). Disease stage
information was missing for only 1 patient (0.2%). IPI class was
23 JANUARY 2024 • VOLUME 8, NUMBER 2
available for 96% of patients, and PS score and lactate dehydro-
genase levels for >97% of patients.

DLBCL patient characteristics

The flowchart is presented in Figure 2. Overall, 700 patients with
DLBCL were selected from the REALYSA cohort. Three patients
(age: 87, 87, and 93 years) who had not received IC were
excluded (treated with palliative treatment with rituximab mono-
therapy and oral cyclophosphamide), leaving an IC-treated popu-
lation of 697 patients. Of these, 52 (7.5%) enrolled in interventional
CTs were excluded, leaving an analysis population of 645 patients.
Patients were recruited from 34 centers across 61 French
departments. The majority (n = 543; 78% of the IC-treated pop-
ulation) were recruited from university hospitals, 71 (10%) from
general hospitals, 70 (10%) from cancer centers, and 13 (2%)
from private clinics.

Overall, patient characteristics in the 697 patients of the IC-treated
population and the analysis population (N = 645) were comparable
(Table 2). Regarding the analysis population, median age was
66 years (range, 19-98 years), and 344 patients were male (53%),
with advanced-stage disease (Ann-Arbor stage III/IV, n = 472
REAL-WORLD DATA FOR DIFFUSE LARGE B-CELL LYMPHOMA 299



Table 1. Number and repartition of queries

Baseline Treatment Follow-up Whole CRF

N % (levels) N % (levels) N % (levels) N % (levels)

Level 1 queries 2426 57 893 39 480 44 3799 50

Level 2 and 3 queries 1839 43 1385 61 619 56 3843 50

Total 4265 100 2278 100 1099 100 7642 100

Repartition per section 56% 30% 14%

Bold values are total values, either per query level in the whole eCRF or per eCRF section.
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patients; 73%), extranodal locations (n = 499; 77%), elevated
lactate dehydrogenase levels (n = 402; 64%), and high IPI score
(IPI 2-5, n = 486; 76%). The main histological subtypes were
DLBCL (n = 480; 74%), high-grade B-cell lymphoma (n = 81;
13%), and primary mediastinal B-cell lymphoma (PMBL) (n = 45;
7%). Positron emission tomography/computed tomography scan
(PET scan) was performed for most patients for initial workup (606
out of 642 patients with available data; 94%).

Treatment patterns

For almost all patients (630 of 645; 98%), 1L was anthracycline-
based, with either (1) R-CHOP (n = 482; 75%), (2) R-miniCHOP
(n = 86; 13%), or (3) high-dose anthracycline-based regimen
(n = 62; 10%, of whom 57 (92%) with R-ACVBP (rituximab,
doxorubicin, cyclophosphamide, vindesine, bleomycin, and
prednisone). Only 15 patients (2%) received a nonanthracycline–
based regimen (see supplemental Table 3 for details). The
median age was 65 years (range, 20-90 years) for patients
receiving R-CHOP, 83 years (range, 71-95 years) for patients
receiving R-miniCHOP, and 40 years (range, 19-67 years) for
patients receiving high-dose anthracycline regimens (Table 2).
Among patients treated with high-dose anthracycline regimens
(n = 62), most were treated in university hospitals (n = 55; 89%)
and one-third (n = 21; 34%) had a PMBL subtype. Only 9
patients (1.4%) underwent consolidation therapy with autolo-
gous stem cell transplantation (ASCT). Of these, 5 were patients
with PMBL, 2 had central nervous system involvement at diag-
nosis and received a rituximab, high-dose methotrexate, doxoru-
bicin, cyclophosphamide, vincristine, and prednisone regimen
before ASCT, and the remaining 2 patients received ASCT after
R-CHOP in combination with high-dose methotrexate, according
to physician’s choice. Radiotherapy was used as consolidation
therapy for 19 patients (3%), of whom 8 (42%) had a localized
disease (stage I/II) and 7 (37%) a gonadal involvement.
Regarding the number of cycles of R-CHOP, 278 patients (58%)
received 6 cycles and 102 (21%) 8 cycles (supplemental
Table 4). Among the 63 patients with an age-adjusted IPI
(aaIPI) of 0, 24 (38%) received 4 cycles of R-CHOP. Overall
median DTI was 26.0 days (range, 0-132). Median DTI was
similar for patients receiving R-CHOP and R-miniCHOP (26.0
[range, 0-132] and 25.5 [range, 4-84] days, respectively), shorter
for patients receiving high-dose anthracycline regimen
(19.0 days [range, 0-60]), and longer for patients receiving non-
anthracycline–based regimen (35.0 days [range, 6-71]).

Treatment response

Treatment response at the end of 1L therapy was documented for
603 patients (94%). Of these, 483 (80%; 95% CI, 76.7-83.2) had
300 GHESQUIÈRES et al
a complete response, 51 (9%; 95% CI, 6.4-11.0) a partial
response (overall response rate [ORR] of 89%; 95% CI, 85.7-
91.0), 7 (1.2%, 95% CI, 0.5-2.4) stable disease, and 62 (10%,
95% CI, 8.0-13.0) progressive disease. For most patients (n =
556; 92%), the treatment response was assessed using PET
scans.

Outcomes

The median follow-up period from treatment initiation was
9.9 months (range, 0.4-30.5) for the analysis population. Among
the 645 patients included in outcome evaluation, 123 EFS events
were documented (new treatment initiation for 15 patients [2.3%],
progression/relapse for 86 patients [13.3%], and death for 22
patients [3.4%]). Median survival was not reached. The 1-year OS
rate was 90.0% (95% CI, 86.5-92.5). The 1-year EFS rate was
77.9% (95% CI, 73.8-81.4). The prognostic value of IPI and aaIPI26

seemed to be reproduced in this RWD set (Figure 3), with the
limitation of the short follow-up.

Patient representativeness: comparison with national

data registry

As an indicator of representativeness, the analysis population data
were compared with national DLBCL incidence data,1 according to
age group and sex (supplemental Figure 2). It suggests a rather
good level of comparability in terms of age distribution, though with
a slight underrepresentation of older patients (aged >80 years), for
women in particular.

Transportability of DLBCL population data: CTs vs

REALYSA

A P-L population (n = 320) was isolated from REALYSA, selecting
patients with DLBCL who fulfilled the main inclusion criteria of the
POLARIX trial and were treated with R-CHOP.23 This P-L popu-
lation seemed comparable with the R-CHOP arm population of the
POLARIX trial (Table 2): median age, 67 vs 66 years; IPI score, 3-5
in 65.7% vs 62%, respectively. Median DTI was 26.0 days (range,
0-132) for the P-L population and 27 days in the POLARIX R-
CHOP arm. The ORR was 89% in real-world P-L population and
84% in the POLARIX R-CHOP arm. The 1-year PFS rates were
79.8% (95% CI, 73.9-84.4) in the R-CHOP control arm of
POLARIX23 and 79.8% (95% CI, 75.9-83.6) in the patients of the
P-L population.

Regarding S-L population (n = 59), characteristics also seemed
rather comparable with patients from the control arm of the
SENIOR trial24 (Table 2): median age, 83.4 vs 83.0 years; PS
score, 2 to 4 in 28.8% vs 28.0%; IPI score, 3 to 5 in 79.0% vs
75.0%, respectively. Median DTI was 27.0 days (range,
23 JANUARY 2024 • VOLUME 8, NUMBER 2



Table 2. Demographic and clinical characteristics at baseline for IC-treated population, analysis population (total and according to 1L treatment received), P-L population,

POLARIX R-CHOP treatment arm, S-L population, and SENIOR trial

IC-treated

population

N = 697

Analysis population

N = 645

REALYSA P-L

population

n = 320

POLARIX

R-CHOP

arm23

n = 439

REALYSA

S-L

population

n = 59

SENIOR

R-miniCHOP

arm24

n = 127

Total

n = 645

R–high-dose

anthracycline

n = 62 (9.6%)

R-CHOP

n = 482

(74.7%)

R-miniCHOP

n = 86

(13.3%)

R–nonanthracycline-based

chemotherapy

n = 15 (2.3%)

Male sex 371 (53.2%) 344 (53.3%) 33 (53.2%) 260 (53.9%) 40 (46.5%) 11 (73.3%) 174 (54.4%) 234 (53.3%) 32 (54.2%) 56 (44.0%)

Median age at diagnosis
(min-max), y

67.0 (19-98) 66.3 (19-98) 40.1 (19-67) 65.2 (20-90) 82.5 (71-95) 82.3 (60-98) 67.4 (24-80) 66.0 (19-80) 83.4 (80-95) 83.0 (80-96)*

Age at diagnosis, y

≤60 238 (34.1%) 235 (36.4%) 61 (98.4%) 173 (35.9%) 0 (0.0%) 1 (6.7%) 78 (24.4%) 131 (29.8%) 0 (0.0%) 0 (0.0%)

60 to 80 373 (53.5%) 325 (50.4%) 1 (1.6%) 301 (62.4%) 18 (20.9%) 5 (33.3%) 242 (75.6%) 308 (70.2%) 0 (0.0%) 0 (0.0%)

>80 86 (12.3%) 85 (13.2%) 0 (0.0%) 8 (1.7%) 68 (79.1%) 9 (60.0%) 0 (0.0%) 308 (70.2%) 59 (100.0%)† 127 (100.0%)†

ECOG PS‡

Data available 680 (97.6%) 628 (97.3%) 61 (98.4%) 470 (97.5%) 84 (97.7%) 13 (86.7%) 320 (100.0%) 439 (100.0%) 59 (100.0%) 127 (100.0%)

2 to 4 128 (18.8%) 125 (19.9%) 7 (11.5%) 79 (16.8%) 33 (39.3%) 6 (46.2%) 56 (17.5%) 75 (17.1%) 17 (28.8%) 36 (28.0%)

Main histological subtypes

DLBCL 521 (74.7%) 480 (74.4%) 32 (51.6%) 369 (76.6%) 69 (80.2%) 10 (66.7%) 244 (76.3%) 367 (83.6%) 47 (79.7%) NA

PMBL 46 (6.6%) 45 (7.0%) 21 (33.9%) 24 (5.0%) 0 (0.0%) 0 (0.0%) 9 (2.8%) 0 (0.0%) 0 (0.0%)

HGBL 85 (12.2%) 81 (12.6%) 5 (8.1%) 61 (12.7%) 11 (12.8%) 4 (26.7%) 45 (14.1%) 50 (11.4%) 9 (15.2%)

Other large B-cell
lymphoma

45 (6.5%) 39 (6.0%) 4 (6.4%) 28 (5.8%) 6 (7.0%) 1 (6.7%) 22 (6.8%) 22 (5.0%) 3 (5.1%)

Low grade component at
diagnosis

42 (6.0%) 41 (6.4%) 2 (3.2%) 31 (6.4%) 7 (8.1%) 1 (6.7%) 20 (6.3%) NA 5 (8.5%) NA

PET scan performed at

diagnosis

Data available 694 (99.6%) 642 (99.5%) 62 (100.0%) 480 (99.6%) 85 (98.8%) 15 (100.0%) 318 (99.4%) NA 58 (98.3%) NA

Yes 658 (94.8%) 606 (94.4%) 62 (100.0%) 464 (96.7%) 70 (82.4%) 10 (66.7%) 308 (96.9%) 47 (81.0%)

Ann-Arbor stage‡

Data available 696 (99.9%) 644 (99.8%) 62 (100.0%) 481 (99.8%) 86 (100.0%) 15 (100.0%) 320 (100.0%) 439 (100.0%) 59 (100.0%) 127 (100.0%)

III to IV 518 (74.4%) 472 (73.3%) 41 (66.1%) 350 (72.8%) 70 (81.4%) 11 (73.3%) 291 (90.9%) 387 (88.2%) 52 (88.1%) 105 (83.0%)

IPI class‡

Data available 671 (96.3%) 619 (96.0%) 60 (96.8%) 466 (96.7%) 81 (94.2%) 12 (80.0%) 320 (100.0%) 439 (100.0%) 57 (96.6%) 126 (99.2%)

0 to 1 155 (23.1%) 152 (24.6%) 23 (38.3%) 121 (26.0%) 7 (8.6%) 1 (8.3%) 0 (0.0%) 0 (0.0%) 3 (5.3%) 32 (25.0%)

2 153 (22.8%) 141 (22.8%) 15 (25.0%) 110 (23.6%) 12 (14.8%) 4 (33.3%) 110 (34.3%) 167 (38.0%) 9 (15.8%) 32 (25.0%)

3 167 (24.9%) 148 (23.9%) 18 (30.0%) 110 (23.6%) 19 (23.5%) 1 (8.3%) 210 (65.7%) 272 (62.0%) 16 (28.1%) 94 (75.0%)

4-5 196 (29.2%) 178 (28.8%) 4 (6.7%) 125 (26.8%) 43 (53.1%) 6 (50.0%) 210 (65.7%) 272 (62.0%) 29 (50.9%) 94 (75.0%)

ECOG PS, Eastern Cooperative Oncology Group-Performance Status; HGBL, high-grade B-cell lymphoma; NA, not applicable.
*Median age of the whole trial population (ie, both arms, data not available for R-miniCHOP arm only). If “no data available” is not mentioned, it means that data were available for 100% of patients.
†≥80 years of age.
‡When missing data are reported, the percentage of available data is reported, and the distribution of the variable is expressed as a percentage of available data; LDH; R-CHOP; R-mini-; R–nonanthracycline-based chemotherapy regimen:

R-CEOP (cyclophosphamide, etoposide, vincristine, and prednisone), R-CEP (cyclophosphamide, etoposide, and prednisone), R-COP (cyclophosphamide, vincristine, and prednisone), R-COP + gemcitabine, R-CVP (cyclophosphamide,
vincristine, and prednisone), R-CVP + gemcitabine, R-GEMOX (gemcitabin and oxaliplatin), R-ifosfamide, and etoposide.
§Extranodal involvement includes spleen.
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5-80 days) for S-L population and 33 days (range, 8-89 days) for
R-miniCHOP arm of SENIOR trial. The 1-year EFS was 64.5%
(95% CI, 47.8-77.0) and 60.0% (95% CI, 50.8-68.1) in the
patients of the S-L population and in the R-miniCHOP arm of
SENIOR trial,24 respectively. The 1-year OS rates were 78.3%
(95% CI, 61.4-88.5) and 78.5% (95% CI, 70.2-84.7) for the S-L
population and R-miniCHOP arm of SENIOR trial,24

respectively.

Discussion

This proof-of-concept analysis of REALYSA patients with DLBCL
demonstrate how a nationwide prospective real-world cohort can
provide comprehensive robust data on baseline characteristics of
patients and treatment effectiveness. Ensuring data quality in a
large prospective observational cohort, such as REALYSA is
extremely challenging. Tailored processes are essential to ensure
effective data management and validation. Furthermore, data
collection needs to be regularly updated to keep up with changes
in clinical practice. For example, when REALYSA was initiated
(2018), chimeric antigenic receptor T-cell therapy was only used as
third-line therapy of DLBCL in CT settings, whereas it is now
positioned as a second-line treatment for patients with relapsed/
refractory DLBCL.27-29 The eCRF has been tailored to include
information regarding the implementation of these new therapies in
daily practice. The data validation process is based on experience
from CT and adapted to the constraints of high inclusion rates
(~140 patients per month) from multiple recruitment sites, limited
human resources, and the necessity to initiate data analysis before
the end of the study. Efforts were focused primarily on internal
validation of critical data to limit the number of queries but still
maintain an appropriate level of quality. For the analysis population
(N = 645), 3589 queries were sent to centers, leading to data
adjustments in most cases and, consequently, notable improve-
ments in data quality. Despite the inherent limitations of comparing
trials with different datasets, it seems that the number of queries
generated in our study was similar to the one of an academic phase
3 trial (LNH09-1B, N = 650 patients and 5180 queries) and 7 to 9
times lower than those of industrial phase 3 trials (REMARC trial,30

N = 650 patients and 31 756 queries; GAINED trial,31 N = 671
patients and 26 152 queries). Thus, although the REALYSA vali-
dation process may be less stringent than the processes applied to
pharmaceutical industry-sponsored CT, it seems rigorous enough
to generate meaningful robust data with very few missing data on
key variables (<4%). Data validation processes require consider-
able resources but have a strong impact on data quality.
Depending on the situation, dedicating such resources for data
validation may not always be feasible, resulting in highly variable
levels of RWD data quality. With the recent increase in the use of
RWD as a complement to CT data for regulatory decision-making,
the challenge is to ensure that data quality is suited to confidently
inform on drug use or treatment effectiveness,32-34 in particular if
RWD are to be used for marketing authorizations and not only for
postmarketing studies. In line with this report, international guide-
lines stress the importance of clear descriptions of data verification
processes.35,36 This is, however, rarely done in the literature.37-39

However, our process could be improved, notably in terms of
verification of source data (ie, medical records). External QC to
compare source data with the eCRF data is scheduled for 2023.
Future processes will also include reviews of pathology reports by
23 JANUARY 2024 • VOLUME 8, NUMBER 2



Patients excluded (N = 3)

Patients not treated with
immunochemotherapy
for their 1L

Non-interventional IC treated population
( = Analysis population)

All patients from IC-treated population and not
included in an Interventional Clinical trial

N = 645

Whole DLBCL Population
Patient fulfilling inclusion and exclusion criteria of REALYSA,
informed of the secondary use of their data and not
opposed to its processing
Patient with initial diagnosis of DLBCL
Patient included before 31 December 2021
Patient with a 1st line of treatment 

N = 700

IC treated population
All patients from Whole DLBCL Population and
treated with immunochemotherapy for their 1L.

N = 697

Patients excluded (N = 52)

Patients with 1L included in
Interventional Clinical Trial

Figure 2. Study flowchart.
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hematopathologists from LYSA and LymphoPath networks to
reinforce diagnostic accuracy.40 Such improvements are key to
improve data quality and increase our knowledge of lymphoma
biology in real-world settings.41-44

The current analysis shows trends in care provided to patients with
DLBCL in hematology departments in France. Virtually all patients
received curative-intent treatment, with only 3 and 15 patients
treated without IC and without anthracycline-based chemotherapy,
respectively. Most patients (75%) received R-CHOP, 13%
R-miniCHOP, and 10% intensive chemotherapy (mainly rituximab,
doxorubicin, cyclophosphamide, vindesine, bleomycin, and predni-
sone regimen), the latter being mainly younger patients, of whom
one-third had the PMBL subtype.45,46 Similar observations were
made in the US Molecular Epidemiology Resource cohort with
92.6% patients with DLBCL on IC.43 However, population-based
registries showed different observations. One Swedish cohort
(2007-2014) reported that 14% of patients with DLBCL received
noncurative intent therapy (nonanthracycline–based regimen).47

Similar results were observed in the British Colombia Cancer
registry (16% noncurative intent treatment).48 In a study conducted
by the Danish National Lymphoma Registry on 1011 older DLBCL
patients (age, ≥75 years; 2003-2012), Juul et al reported palliative-
intent treatment for 21% of patients.49 These contrasting results
23 JANUARY 2024 • VOLUME 8, NUMBER 2
highlight the importance of considering inclusion bias, especially
regarding older/frailer patients less likely to be treated by IC.
Indeed, we observed differences in age distribution between the
studied cohort and data from the French registry with a bias toward
a younger population in our cohort. First, this difference may be
explained by considering enrollment modalities. Participants in the
REALYSA cohort were required to provide written informed con-
sent, whereas registries were based on an opt-out system (patients
were automatically registered). Clinicians may be reluctant to
include patients who were frail with limited life-expectancy, a poor
clinical condition, or cognitive disorders. Additionally, because
participation in REALYSA also includes patient-reported outcomes
from epidemiology questionnaires, patients who are old/frail may
refuse to participate. This active inclusion process has an impact
on patient selection with very unfit patients less likely to be
included, thus suggesting that comparisons with registries should
be made with caution. To address this selection bias, a specific
report is periodically sent to each REALYSA center. It outlines the
clinical characteristics of patients included locally and compares
them with the global cohort data and national registry data (age,
sex, and subtype distribution), thus highlighting the potential
selection bias in that center. A nested study conducted in 1
REALYSA center showed that 54% of all patients with lymphoma
(151 out of 278 patients) referred to this department of hematol-
ogy over a 1-year period were included in REALYSA.50 Among
nonincluded patients (n = 127), the following reasons of nonin-
clusion were identified: refusal for 39 (31%) patients, start of a
treatment in emergency for 20 (16%) patients, physician’s evalu-
ation that inclusion in REALYSA was not feasible for 12 (9%)
patients, unknown reason for 56 (44%) patients. The inclusion rate
was, therefore, higher than those in CTs, but it confirms the need
for a clearer understanding of recruitment bias in prospective real-
world cohorts. Second, the bias toward a younger population may
also be explained by the recruiting centers. With 35 centers,
REALYSA could not ensure the coverage of all patients with
DLBCL in France. There was likely an overrepresentation of large
teaching hospitals in this report (n = 543, 77%), though there is a
paucity of relevant French data in recent literature.51 Thus,
REALYSA most likely reflects lymphoma practice in university
hospitals in France rather than overall lymphoma practice in France.
Further work based on local initiatives,50 detailed comparison with
registries and potentially with the French National Healthcare Data
System may help contextualize these results with recent and more
exhaustive data.

Regarding treatment, results are consistent with current guidelines
and reflects the implementation of CT results into routine care.
Strategies for reducing treatment intensity have been introduced in
international guidelines and implemented into routine care,52-59

with 6 cycles of R-CHOP now the standard of care (58% of
R-CHOP–treated patients) and 4 cycles recently implemented in
the lowest aaIPI group (38% of R-CHOP–treated patients with
aaIPI = 0). In line with CT results,52 only 19 patients (3%) received
consolidation treatment with radiotherapy. Although high-dose
chemotherapy followed by ASCT used to be a standard of care
for patients with high-risk DLBCL in the LYSA group,31,60 only 9
patients (1.4%) underwent this procedure in this DLBCL cohort.
Interestingly, in line with current guidelines, most patients under-
went a PET scan to assess disease stage at diagnosis (94%) and
at end of treatment (92%).2,53,61 Collecting accurate information
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on assessment modalities can be particularly challenging in
observational cohorts.43,62 The REALYSA cohort data include
information on the imaging techniques used. Imaging data can,
304 GHESQUIÈRES et al
thus, be uploaded for specific research projects and notably interim
PET scans.63 Metabolic imaging and pretreatment circulating
tumor DNA levels64-66 have recently been shown to provide
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compelling information on patient outcomes. Serial biobanking in
the REALYSA cohort ensures the feasibility of such studies.22

Regarding outcomes, because the REALYSA program was initi-
ated in 2018, follow-up was limited so far to ensure robustness on
patient outcomes. Nevertheless, the prognostic value of the IPI and
aaIPI scores could be reproduced on this DLBCL population, with
a plateau on survival curves observed 24 months after diagnosis,
as previously reported for patients with DLBCL.14 Estimated 1-year
OS rate in our analysis population was 90.0% (95% CI, 86.5-92.5).
On the national scale based on registry data for patients diagnosed
between 2010 and 2015, the estimated 1-year OS rate was 71%
(95% CI, 70-72).67 Comparison between REALYSA outcomes
and national registry–based outcomes must be considered with
caution. First, as mentioned earlier, REALYSA did not cover all
hematologic centers in France and REALYSA centers were mainly
university hospitals. Secondly, this study showed that the inclusion
rate of patients with palliative care intent was low. Finally, the
follow-up of our study was very short for OS estimations, most likely
leading to an overestimation of the OS. Of course, the global
improvement of OS between these 2 periods (2018-2021 vs
2010-2015) could also reflect the improvement of treatments
mainly at relapse, because standard of care in first-line therapy did
not change between these 2 periods.

Data from real-world settings are key to contextualizing the results of
CTs, in particular regarding the transportability of CT results to the
general population. Herein, we conducted an exploratory evaluation
of the transportability of 2 CTs using data from REALYSA. First, we
could see that when applying inclusion criteria of both CTs,
POLARIX, andSENIOR,23,24 onREALYSAdata, a significant number
of patients could be identified from our real-life population, though
lower for patients >80 years of age. The ORR and 1-year PFS
seemed comparable between the real-world P-L population and the
POLARIX control arm (88.8% vs 83.8% and 79.8% vs 79.8%,
respectively), with the limitation of different assessment processes (ie,
centralized review in the CT vs local review in the real-world cohort).
The 1-year EFS and OS rates between S-L population and the
SENIOR control arm also seemed comparable (64.5% vs 60% and
78.3% vs 78.5%, respectively), with the limitation of different imaging
techniques used to assess treatment response (ie, PET scans in S-L
population vs computed tomography scans in SENIOR24 control
arm). In both cases, there was also the limitation of different follow-up
modalities in real-life vs interventional CTs (with more standardized
imaging assessments in the latter). These data suggest that it is
feasible with data from REALYSA to assess transportability of CTs.
However, these preliminary results are only descriptive, as a proof-of-
concept analysis, and must be considered with caution, considering
the short median follow-up. Further work including adjustment on
variables known to affect outcomes, using more complex statistical
techniques (eg, propensity score), and data with longer follow-up
should be considered to confirm these preliminary results.

This proof-of-concept study on REALYSA patients with 1L DLBCL
suggests that this real-world cohort can generate high-quality data.
23 JANUARY 2024 • VOLUME 8, NUMBER 2
The resulting database has minimal missing data on key variables
and results are consistent with existing literature in terms of
baseline characteristics, treatments, and outcomes. REALYSA is a
source of meaningful RWD with significant potential for a multitude
of different applications, including a better characterization of the
lymphoma population in France as well as innovative study designs,
including (but not restricted to) new outcome endpoints or the
creation of synthetic control arms.
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