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Introduction 

Non-Hodgkin lymphoma (NHL) is the most frequent hematologic malignancy in
the world and comprises a heterogeneous group of more than 40 different sub-
types.1 Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of
NHL, accounting for up to 25-30% of all cases globally, with an age-adjusted inci-
dence rate of 5.0 cases per 100,000 person-years in both sexes worldwide.2-4

The survival of patients with diffuse large B-cell lymphoma has
increased during the last decade as a result of addition of anti-
CD20 to anthracycline-based chemotherapy. Although the trend

is encouraging, there are persistent differences in survival within and
between the USA and European countries suggesting that non-biological
factors play a role. Our aim was to investigate the influence of such fac-
tors on relative survival of patients with diffuse large B-cell lymphoma.
We conducted a retrospective, multicenter, registry-based study in France
on 1165 incident cases of diffuse large B-cell lymphoma between 2002
and 2008. Relative survival analyses were performed and missing data
were controlled with the multiple imputation method. In a multivariate
analysis, adjusted for age, sex and International Prognostic Index, we
confirmed that time period was associated with a better 5-year relative
survival. The registry area, the medical specialty of the care department
(onco-hematology versus other), the time to travel to the nearest teaching
hospital, the place of treatment (teaching versus not-teaching hospital -
borderline significance), a comorbidity burden and marital status were
independently associated with the 5-year relative survival. Adjusted for
first-course treatment, inclusion in a clinical trial and treatment discus-
sion in a multidisciplinary meeting were strongly associated with a better
survival outcome. In contrast, socio-economic status (determined using
the European Deprivation Index) was not associated with outcome.
Despite therapeutic advances, various non-biological factors affected the
relative survival of patients with diffuse large B-cell lymphoma. The
notion of lymphoma-specific expertise seems to be essential to achieve
optimal care management and reopens the debate regarding centraliza-
tion of these patients’ care in hematology/oncology departments.
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Although DLBCL is curable in many cases, it remains an
aggressive disease and fatal if left untreated or treated
improperly. DLBCL usually affects adults over 60 years
old, although it occurs in patients of all ages, including
children, and needs many courses of curative treatments
(polychemotherapy associated or not with immunothera-
py followed by radiotherapy for localized disease). Recent
data from the USA5 show a significant reduction in
DLBCL mortality, reflecting a better survival. Positive
trends in DLBCL survival were also observed in popula-
tion-based studies in France and Europe beginning in the
early 2000s.6-8 However, if these trends in DLBCL survival
are due to clinical advances in the treatment of the disease
(i.e., the introduction of rituximab), they may not be
equally distributed in the population. Indeed, persistent
differences in DLBCL survival are observed within and
between countries (USA and European countries) suggest-
ing the role of variations in access to/quality of care and
availability of new drugs.
Moreover, a growing body of literature suggests a per-

sistent relationship between non-biological factors such as
socio-economic status (SES) and health status that may
influence survival of patients with various common can-
cers. Individual characteristics (e.g., age, sex, marital sta-
tus),9,10 contextual data such as a high Deprivation Index
(living in a poorer district),11,12 living in a rural area,13,14 living
far away from the referral center,15,16 being treated in a
community hospital17,18 and low hospital volume19 have
been associated with poorer outcome.
However, only a few studies assessing the impact of

non-biological factors on NHL survival have been reported
and most of them focused on the influence of SES or place
of residence on NHL survival20-22 or, more recently, specifi-
cally DLBCL survival.23-25 These latest studies took into
account, in their analyses, the introduction of rituximab in
DLBCL treatment in 2002.
The aim of this study was to investigate the influence of

socio-economic determinants, care management and place
of care on relative survival of DLBCL patients during the
early rituximab era.

Methods

Data source 
Our study concerns all DLBCL cases diagnosed between

01/01/2002 and 12/31/2008 and collected in three population-
based registries of hematologic malignancies in France (Basse-
Normandie, Côte d’Or and Gironde). The cases were classified
according to the International Classification of Diseases for
Oncology 3rd edition using morphology codes: 9678/3, 9679/3,
9680/3, and 9684/3.26,27 All pathology reports were reviewed to
ascertain the diagnosis of DLBCL. The study was approved by the
French national consultative committee.

Individual data of the study population
We collected socio-demographic details, medical data and infor-

mation about care management. Place of care was classified as the
reference center, being either a “teaching hospital” (university or
specialized oncology hospital) or “not-teaching hospital” (private
clinic or community hospital). First medical contact (general prac-
titioner or specialist) and medical specialty (hematology/oncology
versus other specialties) for care management were also noted.
Distances between the place of residence and the nearest reference
care center were calculated with ArcGis10© combined with a

roadmap database (Multinet TéléAtlas©), and expressed as travel
time in minutes.
Vital status was determined from the date of diagnosis to the

death or until 30th June, 2013 using the Repertoire National
d’Identification des Personnes Physiques (RNIPP).  Loss to follow-up
was <2%. 

Aggregate data of the study population
Residential address at diagnosis was geocoded and allocated to

an Ilôts Regroupés pour l’Information Statistique (IRIS) the smallest
geographical area for which census data are available. We used the
French ecological European Deprivation Index (EDI),28 which
attributes a social deprivation score to each IRIS,29 as a proxy
measure of individual SES at the time of diagnosis. Residential
address at diagnosis was defined according to the rural or urban
commuting area code. Care provision was determined by the den-
sity of general practitioners per IRIS. 

Statistical analysis   
Patients’ characteristics were compared with the t test or χ2

test, as appropriate. The percentage of missing values was also
provided.
We first estimated net survival using the Pohar Perme unbiased

method for descriptive analyses.30 To evaluate the impact of prog-
nostic factors on relative survival, we used the Esteve approach.31

Data were missing for a few variables in our dataset, with more
than 10% of values missing for three variables. In this context, a
complete-case method multivariate analysis would have dropped
35% of the subjects from the dataset. We, therefore, used a multi-
ple imputations by chained equations (MICE) method to estimate
supplementary variability of the Esteve model parameters due to
the missing data.32-34

Finally, we fitted two multivariate analyses: in model A, the
date of origin was the date of diagnosis; in model B, the date of
origin was the date of the first treatment and care management
variables were added into the model.
The stability of the results regarding SES was also tested by con-

ducting the same analyses using the Townsend score.35 Finally, we
described the proportion of patients treated with anthracycline-
based chemotherapy (ABC) and immunotherapy over time by
study region. To comfort assumptions regarding type of hospital
and medical specialty, we conducted two sensitive analyses on
survival with different criteria to characterize the level of lym-
phoma-specific expertise. One analysis involved the case volume
as the total number of DLBCL treated by each center during the
period of the study with three cutoffs determined by fitting seg-
mented regression. The second analysis was based on combina-
tions of two variables “type of hospital” and “medical specialties”
(4 modalities).
As we were using ecological data, we used a hierarchical model.

However, since the number of patients per IRIS was 1.7 on aver-
age, hierarchical models did not bring any supplementary infor-
mation to residual variability (data not shown).
The statistical analyses were performed with Stata® 14 and R®

(version 3.2.2).

Results

Patients’ characteristics  
A total of 1,312 DLBCL were diagnosed between 2002

and 2008 in the three regions (Figure 1). After applying
exclusion criteria, the population analyzed was composed
of 1,165 subjects. Table 1 shows the distribution of
patients’ characteristics according to the period of diagno-
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sis (2002-2005 versus 2006-2008). Eighty-seven percent of
patients (1017/1165) were treated in oncology/hematol-
ogy departments. Fifty-nine percent of DLBCL patients
(690/1165) were referred to teaching hospitals for their
management. 
The median of age at diagnosis was 72 years (range, 9 -

99) and the sex ratio (male/female) was 1.1 (610/556). 

Clinical outcome and factors associated with relative
survival of patients with diffuse large B-cell lymphoma
The 5-year net survival for the entire cohort was 59%.

Figure 2 shows the plots of net survival probability accord-
ing to groups of patients divided by period of diagnosis,
marital status, medical specialty, and registry area. 
The final models are shown in Tables 2 and 3. Adjusted

for age, sex and International Prognostic Index (IPI) score,
living alone [adjusted excess hazard ratio (adjusted EHR):
1.41; 95% confidence interval (95% CI): 1.01-1.99], having
mild or severe comorbidity (adjusted EHR: 1.64; 95% CI:
1.22-2.22) and having been diagnosed and treated in
Basse-Normandie county (adjusted EHR: 1.49; 95% CI:
1.19-1.85) were independently associated with unfavor-
able relative survival in model A (Table 2). Conversely,
having been diagnosed during the later study period
(2006-2008 compared to 2002-2005) (adjusted EHR: 0.71;
95% CI: 0.58-0.88) and treated in an oncohematology
department (adjusted EHR: 0.34; 95% CI: 0.27-0.43) were
factors independently associated with a favorable relative
survival in model A. The results were comparable in the
final multivariate model B, with treatment information
incorporated, as reported in Table 3, except for the period
of diagnosis that was no longer associated with relative
survival. First-course treatment with a combination of
ABC and rituximab was strongly associated with a better
survival outcome (adjusted EHR: 0.32; 95% CI: 0.25-0.41),
together with inclusion in a clinical trial (adjusted EHR:
0.44; 95% CI: 0.28-0.69), or having treatment discussed in

a multidisciplinary meeting (adjusted EHR: 0.69; 95% CI:
0.50-0.96). Patients treated in a teaching hospital had a
better outcome (adjusted EHR: 0.82; 95% CI: 0.66-1.01)
although the association was of borderline statistical sig-
nificance (P=0.05) in model A, and no longer statistically
significant after introduction of treatment information
(model B, Table 3). SES variables (French EDI, urban/rural
area also used as means of considering issues of accessibil-
ity or medical density) were not associated with relative
survival of DLBCL patients in either model A or B. 
Using other cutoff points of EDI, splitting in quintiles or

as a continuous variable did not change the results. We
observed comparable results with the introduction of the
Townsend index (a common deprivation measure used in
the UK) in the place of the EDI. We refined our adjustment
on prognostic factors by using each item of information
contained in the IPI score (i.e., Eastern Cooperative
Oncology Group Performance Status, age, Ann Arbor
stage, serum lactate dehydrogenase level, number of extra-
nodal sites of disease) rather than the score itself and
found comparable results. Adjusting for age as a continu-
ous variable also gave similar results. Our results were sta-
ble when each center was excluded in turn from the analy-
ses, except for the association with marital status that
became non-significant after exclusion of the Gironde cen-
ter.
Our sensitive analysis on lymphoma-specific expertise

showed that, adjusted for age, sex, IPI, living alone,
comorbidity, registry area and period, patients treated in
“high-volume centers” had a better relative survival
(adjusted EHR: 0.42; 95% CI: 0.31-0.57) than those treated
in “low-volume centers” with a trend between the four
modalities. Moreover, a multivariate survival analysis
including a variable mixing the medical specialties and
types of hospital suggested that specialty was more
important than type of hospital: patients treated in hema-
tology/oncology departments had a better survival than
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Figure 1. Flowchart of the survival analysis of patients
with diffuse large B-cell lymphoma (2002-2008).
DLBCL: diffuse large B-cell lymphoma; AIDS: acquired
immunodeficiency syndrome.



patients treated in other specialty departments whether or
not these were in teaching hospitals (adjusted EHR: 0.28;
95% CI 0.20-0.39 for treatment in a hematology/oncology

department in a not-teaching hospital, and adjusted EHR:
0.24; 95% CI 0.18-0.33 for treatment in a hematology/
oncology department in a teaching hospital) versus adjust-
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Table 1. Socio-demographics and clinical characteristics of diffuse large B-cell lymphoma patients at diagnosis, divided by study period.
Characteristic 2002-2005 2006-2008 Total P-value†

N=634 % N=531         % N=1165 %
Age group 0.18
9-57 years 170 26.8 121 22.8 291 25.0
58-72 years 170 26.8 143 26.9 313 26.9
73-80 years 161 25.4 130 24.5 291 25.0
81-99 years 133 22.0 137 25.8 270 23.2
Male sex 337 53.1 273 51.4 610 52.4 0.55
Marital status: alone (single, widower or divorced) 181 28.5 165 31.1 346 29.7 0.09
Unknown 96 15.1 99 18.6 195 16.7
Moderate or severe comorbidity (ACE-27) 174 27.4 140 26.4 314 26.9 0.15
Unknown 22 3.5 8 1.5 30 2.6
Poor Performance Status (ECOG ≥ 2) 210 33.1 167 31.4 377 32.4 0.56
Unknown 30 4.7 32 6.0 62 5.3
Presence of B symptoms 196 30.9 184 34.6 380 32.6 0.37
Unknown 130 20.5 99 18.6 229 19.6
Ann Arbor stage at diagnosis III or IV (disseminated) 306 48.3 308 58.0 614 52.7 0.004
Unknown 2 0.3 1 0.2 3 0.3
Involvement of extranodal sites >1 87 13.7 113 21.3 200 17.2 0.003
Unknown 25 3.9 20 3.8 45 3.9
Elevated lactate dehydrogenase 288 45.4 241 45.4 529 45.4 0.97
International Prognostic Index score 0.01
Low (0-1) 182 28.7 137 25.8 319 27.4
Intermediate (2-3) 210 33.1 145 27.3 355 30.5
High (4-5) 234 36.9 237 44.6 471 40.4
Unknown 8 1.3 12 2.3 20 1.7
Registry area 0.94
Gironde 289 45.6 243 45.8 532 45.7
Côte d'Or 101 15.9 88 16.6 189 16.2
Basse-Normandie 244 38.5 200 37.6 444 38.1
High GP density 305 48.1 257 48.4 293 48.2 0.49
GP as first medical contact 400 63.1 386 72.7 786 67.5 <10-3

Unknown 63 9.9 41 7.7 104 8.8
Place of care 0.67
Private or community hospital 262 41.3 213 40.1 475 40.8
Teaching hospital 372 58.7 318 59.9 690 59.2
Medical specialty 0.43
Other specialties 85 13.4 63 11.9 148 12.7
Onco/hematology 549 86.6 468 88.1 1017 87.3
Travel time to nearest reference center 0.25
≤15 minutes 221 34.9 167 31.4 388 33.3
16-44 minutes 212 33.4 176 33.1 388 33.3
45-118 minutes 199 31.4 188 35.4 387 33.2
Unknown 2 0.3 0 0 2 0.2
Rural area 171 27.0 160 30.1 331 28.4 0.23
Socioeconomic status (EDI national score) 0.27
More deprived (last two quintiles) 301 47.5 248 46.7 549 47.1
Unknown 3 0.5 0 0 3 0.3
Inclusion in clinical trial (yes)* 68 10.7 99 18.6 167 14.3 <10-3

Unknown 10 1.6 3 0.6 13 1.1
Multidisciplinary meeting (<90 days)* 107 16.9 232 43.7 339 29.1 <10-3

Unknown 155 24.4 101 19.0 256 21.9
ABC chemotherapy  & immunotherapy at 1st line * 366 57.7 395 74.4 761 65.3 <10-3

Unknown 1 0.2 1 0.2 2 0.2

ACE27: Adult Comorbidity Evaluation;  ECOG: Eastern Cooperative Oncology Group; LDH: lactate dehydrogenase; GP: general practitioner. EDI: European Deprivation Index; ABC:
anthracycline-based. *Information collected only for patients treated (n=1111). †P-value calculated without unknown data. 



ed EHR: 0.60; 95% CI: 0.39-0.92 for patients treated in
teaching hospitals in other specialty departments (Table
4).
Regarding the use of rituximab, and more specifically

ABC with immunotherapy, as first-line treatment, we
observed that the implementation of this regimen was less
frequent in Basse-Normandie than in the other two
regions: 78.9% of DLBCL patients in Basse-Normandie
were given ABC with immunotherapy during the study
period 2006-2008, compared with 92.2% of the patients in
the two other regions in the same time period. This differ-
ence is comparable to that during the first study period
(2002-2005) although the proportions were lower (i.e.,
60.3% versus 70.2%). 

Discussion

To our knowledge, this study assessing the impact of
social disparities, care management and place of care on
DLBCL patients’ survival is the first performed in France
to date. After adjusting for age, sex and IPI, our results sug-
gest that SES (measured by the EDI) is not associated with
relative survival of DLBCL patients. However, we
observed a better survival during the later study period.
This positive trend in survival is likely to be explained by

the addition of immunotherapy to ABC regimens in front-
line therapy (official agreement in France in 2002): study
period was no longer associated with DLBCL survival
when treatment variables were entered into the model.
Moreover, the area in which a patient is diagnosed, his or
her medical care team (onco-hematology versus other) and
to a lesser extent the type of treatment center (teaching
versus not-teaching hospital) are independently associated
with better 5-year relative survival. Lastly, a higher comor-
bidity burden and being single are independently associat-
ed with poorer survival. 
The result on SES and DLBCL survival is consistent with

a French study on mortality which did not find any statis-
tically significant relative indices of inequality related to
education for NHL mortality, although the study was con-
ducted in the pre-rituximab era.36,37 Only one study pub-
lished in 2014 evaluated the role of SES in specific DLBCL
survival.23 In contrast to our results, the authors reported
lower DLBCL survival in patients with a lower SES, with
the association being more pronounced in the modern
treatment era after the introduction of rituximab and in
younger patients. As the authors stated, inadequate insur-
ance coverage with additional financial burden due to
modern treatments may be associated with increased
DLBCL mortality. Differences in health care systems
could, therefore, explain our different results, as the
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Figure 2. Unadjusted net survival in the 5 years after diagnosis for patients with diffuse large B-cell lymphoma (2002-2008). Patients are divided by: (A) period of
diagnosis; (B) registry area; (C) treatment department (oncohematology vs. other medical specialities); and (D) marital status. 
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French universal health care system may be better able to
obviate barriers to access necessary NHL care, as demon-
strated in Canada by Darmawilarta et al.38 and more
recently, in Germany for patients with acute myeloid
leukemia.39 A Scandinavian study also found a relationship
between low SES (specifically, educational level) and poor
relative survival outcome of NHL patients overall, without
any subtype analysis.40 In this study, performed in the pre-
rituximab era, the authors observed a difference in sur-
vival mainly due to differences in excess mortality rates
within the first year after diagnosis of NHL. They also
observed a relationship between comorbidity and poor
survival but did not analyze variables simultaneously,
although the latter could partly explain the association
between education and DLBCL survival. 
Our result suggesting that unmarried people have lower

DLBCL relative survival than married people, independ-
ently of other prognostic factors, is in agreement with
findings of other recent studies.41 Kravdal et al. also report-
ed a 15% excess of all-cause mortality in never-married
men or women and divorced male cancer patients, com-
pared to married people of the same sex.42 These results
highlight the potentially significant impact that social sup-

port can have on cancer detection, treatment, and survival.
However, our observation of a persistent "registry area

effect" on DLBCL survival could be interpreted as a resid-
ual indirect effect of patients’ SES on survival since
patients living in the Basse-Normandie area were more
deprived, more likely to live in rural areas, and further
from the regional hospital compared to patients living in
the other regions investigated. These patients were older
(median age: 73.5 years), more frequently had a
Performance Status ≥ 2, and more frequently had dissem-
inated disease at diagnosis (i.e. Ann Arbor stage III/IV)
than those in other registry areas. On the other hand, the
fact that patients from this area were less frequently treat-
ed with rituximab or ABC with rituximab (whatever the
study period), and less frequently included in clinical trials

Table 2. Factors related to the relative survival of diffuse large B-cell lymphoma
patients in the 5 years following diagnosis in a multivariate Esteve model with
MICE; model A (no information on treatment) (n=1165). 
Characteristics Multivariate Esteve model with MICE

EHR 95% CI P-value

Age group P<10-3

9-57 years 1
58-72 years 1.06 [0.72-1.55]
73-80 years 1.77 [1.22-2.57]
81-99 years 2.68 [1.84-3.92]
Sex 0.001
Male 1
Female 0.72 [0.56-0.93]
Marital status 0.002
Married 1
Alone (single, widower or divorced) 1.41 [1.01-1.99]
Comorbidity (ACE-27) P<10-3

None 1
Mild 1.49 [1.12-1.98]
Moderate & severe 1.64 [1.22-2.22]
Risk group  (IPI) P<10-3

Low 1
Intermediate 3.42 [2.18-5.38]
High 5.77 [3.69-9.03]
Registry area P<10-3

Gironde 1
Côte d'Or 0.84 [0.60-1.18]
Basse-Normandie 1.49 [1.19-1.85]
Year of diagnosis 0.005
2002-2005 1
2006-2008 0.71 [0.58-0.88]
Medical specialties P<10-3

Other specialties 1
Onco-hematology 0.34 [0.27-0.43]
Place of treatment 0.055
Private or community hospital 1
Teaching hospital 0.82 [0.66-1.01]

MICE: multiple imputation by chained equation; EHR: excess hazard ratio; ACE27: Adult
Comorbidity Evaluation; IPI: International Prognostic Index.

Table 3. Factors related to the relative survival of diffuse large B-cell lymphoma
patients in the 5 years following diagnosis in a multivariate Esteve model with
MICE; model B (information on treatment) (n=1111). 
Characteristics Multivariate Esteve model with MICE

EHR 95% CI P-value

Age group P<10-3

9-57 years 1
58-72 years 1.18 [0.78-1.78]
73-80 years 1.61 [1.08-2.41]
81-99 years 2.09 [1.39-3.16]
Sex 0.004
Male 1
Female 0.74 [0.57-0.96]
Marital status 0.001
Married 1
Alone (single. widower or divorced) 1.52 [1.10-2.08]
Comorbidity (ACE-27) 0.002
None 1
Mild 1.51 [1.10-2.07]
Moderate & severe 1.67 [1.21-2.31]
Risk group  (IPI) P<10-3

Low 1
Intermediate 2.78 [1.72-4.47]
High 6.47 [4.04-10.38]
Registry area 0.047
Gironde 1
Côte d’Or 0.95 [0.66-1.36]
Basse-Normandie 1.32 [1.03-1.69]
Time to travel to nearest reference center 0.016
≤15 minutes 1
16-44 minutes 1.42 [1.07-1.87]
45-118 minutes 1.11 [0.82-1.49]
Medical specialties P<10-3

Other specialties 1
Onco-hematology 0.45 [0.34-0.61]
Inclusion in trial P<10-3

No 1
Yes 0.44 [0.28-0.69]
Multidisciplinary meeting (<90 days) 0.001
No 1
Yes 0.69 [0.50-0.96]
ABC chemotherapy  & immunotherapy P<10-3

No 1
Yes 0.32 [0.25-0.41]

Note: model B applied only to patients treated (n=1111), patients who died prematurely with-
out treatment are excluded from the analysis. MICE: multiple imputation by chained equation;
EHR: excess hazard ratio; ACE27: Adult Comorbidity Evaluation; IPI: International Prognostic
Index; ABC: anthracycline-based chemotherapy. 
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compared to patients in the other areas also suggests a
delay in the implementation of these treatments in this
specific region, as shown by Flowers et al.43
Thus, lower survival in Basse-Normadie than in other

areas could be interpreted as a consequence of a poorer
care provision in hematology. This interpretation is in
agreement with the lower number of hematologists per
inhabitant in Basse-Normadie and may have contributed
to the creation in 2016 of a hematology Institute in Caen
to reinforce care provision in this region.
Another explanation of DLBCL survival disparities

would be the existence of discrepancies in other non-mea-
sured risk factors linked to poorer survival such as ciga-
rette smoking or other risk factors with a higher preva-
lence in Basse-Normandie than in the other areas.44
Beside the benefit of new treatments, other improve-

ments in patients’ management, such as better work-up,
better prognostication, better treatment decisions that
could be aggregated in concepts such as "included in a clin-
ical trial" or " treatment discussed by a multidisciplinary
team”, could also have led to better survival. Prior reports
suggest that both factors are related to better survival out-
comes.45
In our study, we found a borderline association with

teaching/not-teaching hospital. It has been demonstrated,
in a large panel of cancer survival studies, that patients
treated in teaching hospitals have a better survival than
patients treated in community hospitals. The effect of cen-
tralizing operative treatment might improve survival but
these results always concerned solid tumors treated first
by surgery and were correlated with increased hospital
procedure volume.19 Regarding hematologic malignancies,
few studies have explored the role of the care provider in
a universal health care system setting in which each
patient can choose his/her place of care management. The
type of care center has been linked to survival, with a ben-
efit being shown for patients with acute myeloid leukemia
and DLBCL being treated in high volume hospitals.37,46
More recently, Lamy et al.47 suggested that even in a uni-
versal health care system, disparities in the management
of DLBCL patients still exist depending on the type of care
center, even after adjustment for differences between
patients.
The first explanation of such a small difference that we

found in survival between patients treated in teaching or
not-teaching hospitals could be related to training and the
hematology/oncology network: all hematologists/oncolo-
gists are trained in teaching hospitals and they continue to
maintain strong relationships and collaborate together
after their training when they work in private clinics
through multidisciplinary discussion of treatment deci-
sions and clinical trial participation. In France, there is a
single cooperative group, named the Lymphoma Study
Association (LYSA), which has the mission of bringing
together professionals specializing in the field of lym-
phoma in both public and private hospitals in order to pro-
mote basic and clinical research, improve prevention,
management, and treatment of lymphoma patients, and
share their knowledge on lymphoma. This collaborative
system works well in hematology/oncology and created a
strong network all over the country. However, this type of
cooperation could be reinforced between hematology/
oncology and other departments (mostly internal medi-
cine) that also treat NHL patients in teaching or private
hospitals.

More broadly speaking, this result could be organiza-
tional  and may also be an effect of the last two French
cancer plans (2003-2013) that implemented several actions
aimed to reinforce the quality of care throughout the
country. Several measures were taken to ensure all
patients access to medical expertise whatever his/her
place of treatment (better access to clinical trials and inno-
vative treatment, panel review of tumor samples by expert
pathologists and systematic discussion of medical records
by clinical experts thereby promoting multidisciplinary
management). Each NHL patient’s treatment must be dis-
cussed in a multidisciplinary meeting with the strict appli-
cation of latest guidelines regardless of whether the
patient is being treated in a teaching or not-teaching hos-
pital and all patients must have better access to targeted
treatment and clinical trials.
The major strengths of our study are related to its pop-

ulation-based design that limits selection bias making the
results generalizable to a larger DLBCL patient population.
In our study, the 5-year net survival was 58%, which is
very close to the rate observed at the national level with
data from all cancer registries in a recent population-based
study (57%).48 Secondly, we simultaneously analyzed a
large set of variables in relation to DLBCL survival, adjust-
ing for major known prognostic factors (age, sex and IPI).
Moreover, a senior registrar performed a systematic cen-
tralized review of all the pathology reports with particular
attention to cases of ‘not otherwise specified’ NHL and
transformation from follicular lymphoma. 
This study had some limitations: we did not have access

to information regarding individual risk factors, biomark-
ers that could be used for prognostication or official
thresholds of hospitals’ expertise as for solid tumors. The
last lack may explain why we did not find a clear relation-
ship between the type of the hospital and survival out-
comes. However, we did bring to light the importance of
being treated in a specialized hematology or oncology
department rather than in another type of department
(internal medicine, polyvalent medicine, pneumology,
etc.). This issue regarding the importance of medical spe-
cialty as a factor influencing survival of cancer patients has
already been shown by other authors.49
As we mentioned above, we observed differences in the

characteristics of patients treated in teaching hospitals and
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Table 4. Effect of volume of cases and diffuse large B-cell lymphoma expertise on
relative survival in the 5 years following diagnosis in a multivariate Esteve model
with MICE. 
Characteristics Multivariate Esteve model with MICE

EHR* 95% CI P-value

Volume of cases <10-3

Low volume centers 1
Low intermediate volume centers 0.53 [0.35-0.79]
High intermediate volume centers 0.51 [0.36-0.73]
High volume centers 0.39 [0.29-0.54]
Hospital status & medical specialties†

Not-teaching/other specialties 1 <10-3

Teaching/other specialties 0.60 [0.39-0.92]
Not-teaching/onco-hematology 0.28 [0.20-0.39]
Teaching/onco-hematology 0.24 [0.18-0.33]

MICE: multiple imputation by chained equation; EHR: excess hazard ratio; *adjusted for age, sex,
marital status, comorbidity, risk group (IPI), period and registry area. †Not teaching: private and
community hospitals – other specialties: not hematology or oncology department.



those treated in not-teaching hospitals and between those
treated in onco-hematology departments and those treat-
ed in other departments (e.g., internal medicine).
However, these characteristics (age, sex, Performance
Status, comorbidity, etc.) were taken into account in the
multivariate survival models.
This study suggests that type of specialty care is more

important than type of hospital. All our findings, together
with the need to treat patients (at least the elderly) near
their place of residence and the observation of a recent
increase in the number of survivors with NHL (positive
trends in survival), reinforce the authors’ opinion that the
implementation of hematology networks (combining rou-
tine, guidelines and clinical research) is a better solution
than centralizing the care of NHL patients in teaching hos-
pitals. The organization of different levels of expertise
over the territory (whatever the hospital status) is helpful
to prevent delays and give access to the cutting edge of
hematology instead of triggering the bottleneck that
would be created in teaching hospitals if all NHL patients
were to be referred to such structures. 
In the near future, we may expect an increase in elderly

NHL cases and hematology/oncology departments will
not be able to take care all these new patients.
Alternatively, cooperation could be reinforced between
hematology/oncology departments and other depart-
ments taking care of NHL patients, in all types of hospital.
The onco-geriatric units that have been created all over
France during the last 5 years are a step in that direction.
Since information was missing for a limited but not neg-

ligible number of cases regarding marital status, B symp-
toms, multidisciplinary teamwork and other health care
behaviors, we used the MICE method, based on a Monte
Carlo Markov chain algorithm under a missing random
data hypothesis. This method is used to manage incom-
plete observations, avoiding biased estimates and improv-
ing their precision.50

The social welfare system in France is intended to give
free access to all types of hospital and innovative treat-
ments. Our results showing no association between an
aggregate SES index and survival outcome do not call
into question this organization. However, heterogeneity
in care management and later introduction of the use of
innovative drugs in some regions could explain survival
differences between registry areas, as could other non-
measured risk factors that should be prospectively col-
lected in new cohorts, together with genetic factors.   
The notion of lymphoma-specific expertise seems to

be essential for the best DLBCL management and raises
the question of centralization of NHL patients’ care in
hematology/oncology departments. However, the
expected number of new NHL cases for the next 20 years
(due to demographic variations in the elderly and
improved NHL survival) argues more for the implemen-
tation of collaborative networks with close communica-
tion between hematology/oncology departments and
other medical departments rather than centralization of
NHL care.
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