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abstract

PURPOSE In patients with diffuse large B-cell lymphoma (DLBCL), most relapses occur within the first 2 years of
diagnosis. We sought to define the rate and outcome of late relapses that occurred after achieving event-free
survival at 24 months (EFS24).

METHODSWe prospectively followed 1,324 patients with newly diagnosed DLBCL from 2002 to 2015 and treated
with immunochemotherapy. Cumulative incidences of late DLBCL and indolent lymphoma relapses were
analyzed as competing events. Postrelapse survival was defined as time from first relapse to death from
any cause.

RESULTS In 847 patients who achieved EFS24, the cumulative incidence of late relapse was 6.9% at 3 years,
9.3% at 5 years, and 10.3% at 8 years after EFS24. The incidence of DLBCL relapse was similar in patients with
DLBCL alone at diagnosis (6.3% at 5 years), compared with patients with concurrent indolent lymphoma at
diagnosis (5.2%; P = .46). However, the rate of indolent lymphoma relapse was higher in patients with
concurrent indolent lymphoma (7.4% v 2.1% at 5 years; P , .01). In patients with DLBCL alone, the rate of
DLBCL relapse was similar in the germinal center B-cell–like (GCB) (4.1% at 5 years) and non-GCB (4.0%;
P = .71) subtypes, whereas the rate of indolent lymphoma relapse was higher in patients with the GCB
subtype (3.9% v 0.0% at 5 years; P = .02). Postrelapse survival was inferior for patients who relapsed with
DLBCL than for those who relapsed with indolent lymphoma (median 29.9 months v unreached; P , .01).

CONCLUSION Patients with DLBCL with a concurrent indolent lymphoma and those with the GCB subtype had
a higher rate of late relapse, owing to increased relapses with indolent lymphoma. Patients who relapsed with
DLBCL had a worse prognosis than those who relapsed with indolent lymphoma.

J Clin Oncol 37:1819-1827. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of non-Hodgkin lymphoma in the
Western world. It is a potentially curable disease
with the current standard of care of immunoche-
motherapy with rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP)
or similar regimens. Approximately 50% to 70% of
patients can achieve long-term disease-free survival
with the standard frontline immunochemotherapy.1-5

The majority of the disease relapses after front-
line immunochemotherapy occur within the first
2 years after diagnosis.6 The outcome of patients
with an early relapse is generally poor, although
some fit patients can receive salvage treatment with
high-dose chemotherapy and autologous stem-cell
transplantation (ASCT).7-9 On the other hand, as
a group, patients who remain event free for 2 years
have an excellent prognosis, with minimal to no
loss of subsequent survival time compared with the

age- and sex-matched general population at
5 years.10-12

However, it is important to note that achieving
event-free survival status at 2 years after diagnosis
does not necessarily mean a cure for all patients.
Although infrequent, late relapses after being event
free for 2 years do occur, and in a subset of pa-
tients, the relapse is an indolent lymphoma rather
than DLBCL. The incidence, clinical characteris-
tics, and outcome of such late relapses have not been
well characterized in the immunochemotherapy era.
In this study, we investigated the cumulative in-
cidence of late relapse in a prospectively followed
cohort of patients with newly diagnosed DLBCL
who were treated with R-CHOP or R-CHOP–like
immunochemotherapy. We also examined the im-
pact of a concurrent indolent lymphoma identified at
diagnosis and DLBCL cell of origin (COO) on the
incidence and histologic characterization of late re-
lapses. Finally, we summarized the treatment pattern
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and clinical outcome of the patients who experienced
a late relapse.

METHODS

Patients

This study was reviewed and approved by the institutional
review boards at Mayo Clinic and University of Iowa. All
patients were from the Molecular Epidemiology Resource
(MER) of the University of Iowa/Mayo Clinic Lymphoma
Specialized Program of Research Excellence. The MER is
a prospective cohort study of lymphoma outcomes that
started in 200213 and includes consecutive patients with
newly diagnosed lymphoma (within 9 months of diagnosis)
who consented to participate. For the current study, pa-
tients with newly diagnosed DLBCL from March 2002 to
June 2015 who received R-CHOP or R-CHOP–like im-
munochemotherapy were included. DLBCL was classified
per the World Health Organization 2008 classification.14

Patients with MYC and BCL2 and/or BCL6 translocations
were not excluded. Patients with concurrent DLBCL and
indolent lymphoma at diagnosis (also referred to as com-
posite or discordant lymphoma) were included. Patients
with primary mediastinal large B-cell lymphoma, primary
cutaneous large B-cell lymphoma who did not receive
immunochemotherapy, or primary CNS lymphoma were
excluded.

Statistical Analysis

Event-free survival was defined as the time from diagnosis
to disease progression or relapse, unplanned retreatment
for lack of efficacy, or death from any cause. Event-free
survival at 24 months (EFS24) was defined on the basis of
the EFS status at 24 months.10 Patients who achieved
EFS24 were included for late-relapse analysis.

Cumulative incidences of late-relapse and nonrelapse
mortality after achieving EFS24 were analyzed as com-
peting events, using Gray’s test.15 Univariate and multi-
variable associations between clinical characteristics and
late relapse were assessed using the Fine-Gray Method.16

Postrelapse survival was defined as time from first relapse
to death from any cause and analyzed using the Kaplan-
Meier method. Statistical analyses were performed using R,
version 3.4.2 (https://cran.r-project.org/bin/windows/base/
old/3.4.2/).

RESULTS

Patients

A total of 1,324 patients with newly diagnosed DLBCL
and treated with immunochemotherapy were included.
At diagnosis, 1,153 patients (87%) had DLBCL alone,
and 171 patients (13%) had concurrent DLBCL and
indolent lymphoma: 109 with follicular lymphoma (FL),
15 with marginal zone lymphoma (MZL), 14 with chronic
lymphocytic leukemia/small lymphocytic lymphoma,

two with lymphoplasmacytic lymphoma, and 31 with un-
specified low-grade B-cell lymphoma, mainly in the bone
marrow. After a median follow-up of 83.2 months from
diagnosis, 457 patients had an event within 24months after
diagnosis, 20 patients remained event free with a follow-up
of less than 24 months, and 847 patients remained event
free at 24 months after diagnosis (ie, achieved EFS24).
Among these, 361 (42.7%) had stage I/II and 485 (57.3%)
had stage III/IV disease (stage missing for one patient). For
patients with stage I/II disease, 243 (67.3%) were treated
with immunochemotherapy alone, with 35 of 213 (16.4%)
completing fewer than six cycles of treatment; and 118
(32.7%) were treated with both immunochemotherapy
and radiation therapy, with 111 of 116 patients (95.7%)
completing either three or four (n = 79) or at last six (n = 32)
cycles of immunochemotherapy. For patients with stage
III/IV disease, 460 (94.8%) were treated with immu-
nochemotherapy alone, and 25 (5.2%) were treated with
both immunochemotherapy and radiation therapy; 59 of
431 patients (13.7%) completed fewer than six cycles of
immunochemotherapy. A total of 74 patients (8.7%) re-
ceived methotrexate-based CNS prophylaxis.

Cumulative Incidence of Late Relapses

Among the 847 patients who had achieved EFS24, at
a median follow-up of 62.9 months from EFS24, 78 ex-
perienced a late relapse during follow-up. The cumulative
incidence of late relapse was 6.9% (95% CI, 5.3% to 8.9%)
at 3 years, 9.3% (95% CI, 6.7% to 11.7%) at 5 years, and
10.3% (95% CI, 7.2% to 13%) at 8 years after achieving
EFS24 (Fig 1A). As a reference, the cumulative incidence of
nonrelapse mortality (as a competing event) was 5.6%
(95% CI, 4.1% to 7.5%) at 3 years, 9.8% (95% CI, 6.4% to
12.5%) at 5 years, and 16.0% (95% CI, 8.7% to 19.8%) at
8 years after achieving EFS24 (Fig 1A).

Clinical Characteristics of Late-Relapse Cases

The baseline clinical characteristics at initial diagnosis of
the 78 patients who relapsed after achieving EFS24 are
listed in Table 1. The median age at diagnosis was 63
(range, 35 to 92) years, and 44 of patients (56.4%) were
men. At diagnosis, 11 (14.1%) had an Eastern Cooperative
Oncology Group Performance Status score of greater than
1, 34 (49.3%) had lactate dehydrogenase elevation, 59
(75.6%) had stage III-IV disease, 13 (16.7%) had more
than one extranodal site, and 24 (30.8%) had intermediate-
high or high-risk disease by International Prognostic Index
(IPI) score. A total of 55 patients (70.5%) had DLBCL alone
at diagnosis, and 23 patients (29.5%) had concurrent
DLBCL and indolent lymphoma at initial diagnosis. COO by
Hans algorithm was predominantly germinal center B-cell-
like (GCB) (n = 37 of 46; 80.4%).

In the 55 patients with DLBCL alone at diagnosis who
experienced a relapse after 2 years, 36 (73.5%) relapsed
with DLBCL, 13 (26.5%) relapsed with indolent lymphoma
alone (12 FL and one MZL), and the pathology was
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unknown in six patients (biopsy not done or results not
available). In contrast, among the 23 patients with con-
current indolent lymphoma at diagnosis who experienced
a relapse after 2 years, nine (45.0%) relapsed with DLBCL,
11 (55.0%) relapsed with indolent lymphoma alone (seven
with FL, one with MZL, one with chronic lymphocytic
leukemia, one with unspecified indolent lymphoma—all
consistent with the pathology of the indolent component at
diagnosis; and one mantle cell lymphoma in a patient who
initially had concurrent DLBCL and FL), and the pathology
was unknown in three patients (biopsy not done or results
not available). The cumulative incidence of DLBCL relapse
over time was approximately twice as high as that of in-
dolent lymphoma relapse: 4.1% versus 2.0% at 3 years,
and 5.4% versus 2.9% at 5 years after achieving EFS24
(Fig 1B).

Impact of Concurrent Indolent Lymphoma and COO on the

Late-Relapse Rate

Compared with patients with DLBCL alone at diagnosis,
patients who had a concurrent indolent lymphoma at initial
diagnosis had a higher cumulative incidence of late relapse
(13.3% v 5.7% at 3 years, 15.4% v 8.1% at 5 years;
P , .01; Fig 2A). This difference was accounted for by
relapses of indolent lymphoma. The cumulative incidences
of late relapse with DLBCL were similar in patients with
concurrent indolent lymphoma at initial diagnosis and
those with DLBCL alone at diagnosis (6.3% v 3.7% at
3 years, 6.3% v 5.2% at 5 years; P = .46; Fig 2B). However,
patients with concurrent indolent lymphoma at initial di-
agnosis had a significantly higher cumulative incidence of
late relapse with indolent lymphoma (5.3% v 1.4% at
3 years, 7.4% v 2.1% at 5 years; P , .01; Fig 2C).

In patients with DLBCL alone at diagnosis, there was a trend
in those with the GCB subtype for higher cumulative in-
cidence of late relapse compared with the non-GCB sub-
type (5.6% v 3.0% at 3 years, 8.8% v 4.0% at 5 years;
P = .05; Fig 3A). Interestingly, this difference was also
driven by differences in relapses of indolent lymphoma. The
cumulative incidences of DLBCL relapse were similar be-
tween the GCB and non-GCB subtypes (3.1% v 3.0% at
3 years, 4.1% v 4.0% at 5 years; P = .71; Fig 3B). However,
patients with the GCB, but not the non-GCB, subtype had
relapses with indolent lymphoma (cumulative incidence
2.2% v 0.0% at 3 years, 3.9% v 0.0% at 5 years; P = .02;
Fig 3C).

In additional univariate analyses, advanced stage (III/IV
v I/II) and a higher IPI score ($ 2 v 0 to 1) were associated
with a higher risk of late relapse (Data Supplement). In
multivariable analyses (Data Supplement), the associations
of concurrent indolent lymphoma and the GCB subtype
with the risk of late relapse were independent of stage
and IPI. Interestingly, in patients with DLBCL alone, al-
though the GCB subtype was associated with a higher risk
of indolent lymphoma but not DLBCL relapse, advanced
stage and a higher IPI score were associated with a higher
risk of DLBCL but not indolent lymphoma relapse (Data
Supplement).

Treatment and Outcome of Late-Relapse Cases

At the time of late relapse, the pathology was DLBCL in 45
patients, indolent lymphoma in 24 patients, and unknown
in nine patients (biopsy not done or results unavailable).
The pattern of first-line treatment is listed in Table 2. In
patients who had a relapse of DLBCL, 20 (44.4%) received
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FIG 1. Cumulative incidence of (A) late relapse and nonrelapse mortality, and (B) late relapse by histology in patients with diffuse large B-cell
lymphoma (DLBCL). EFS24, event-free survival at 24 months.
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platinum or high-dose cytarabine containing intensive
salvage chemotherapy, three (6.7%) received R-CHOP or
R-CHOP–like regimen, four (8.9%) received rituximab plus
bendamustine, three (6.7%) received methotrexate-based
chemotherapy for CNS relapse, and 18 (40.0%) went on to
undergo ASCT. In patients who had a relapse with indolent
lymphoma, seven (29.2%) initially were observed, three
(12.5%) received R-CHOP or R-CHOP–like regimen, nine
(37.5%) received rituximab plus bendamustine, one
(4.2%) received intensive salvage chemotherapy, and five
(20.8%) underwent ASCT after subsequent progression.

The median postrelapse survival for all patients with a re-
lapse after achieving EFS24 was 38.9 (95% CI, 30.3 to not
reached) months. The median postrelapse survival was
29.9 (95% CI, 20.8 to 40.8) months for patients who had

a relapse with DLBCL, and was not reached (95% CI, 67.5
to not reached) for patients who had a relapse with indolent
lymphoma (P , .01; Fig 4). For the 18 patients who had
a relapse with DLBCL and underwent ASCT, the median
post-transplantation survival was 2.2 (95% CI, 1.2 to 4.2)
years (Data Supplement).

DISCUSSION

This is a report of a comprehensive study of the cumulative
incidence, clinical characteristics, and outcome of late
relapses in patients with DLBCL treated with R-CHOP or
R-CHOP–like immunochemotherapy. Strengths of this
study include the prospective cohort study design, central
pathology review, large sample size, validation of key
outcomes, virtually complete follow-up, and modeling of
cumulative incidence with competing risk of death. Limi-
tations include missing data on COO in some patients and
the use of the Hans algorithm; lack of standardized follow-
up assessments or surveillance strategies, as found in
a clinical trial (but consistent with real-world practice); and
lack of geographic or ethnic or racial diversity.

The novelties of our study include EFS24-based definition
of late relapse, decomposition of late relapses by histology,
and identification of clinical factors that affect the cumu-
lative incidence of late relapse. Most prior studies on
DLBCL late relapse were based on data derived in the pre-
rituximab era,6,17-22 primarily reporting absolute numbers of
late relapses and total number of patients (or patients
achieving complete remission) instead of cumulative in-
cidence of late relapse, as in the current study. The defi-
nitions of late relapse in these studies were inconsistent and
arbitrarily defined ranging from 2 to 5 years after diagnosis
or achieving complete remission. Two recent studies from
our group10 and Jakobsen et al11 demonstrated that in the
rituximab era, as a group, patients with DLBCL who achieve
EFS24 have an excellent clinical outcome, with a life ex-
pectancy similar to that of the age- and sex-matched
general population at 5 years. In this context, the pa-
tients who do experience relapse after achieving EFS24
may represent a distinct population that requires clinical
attention. Therefore, in the current study, we defined late
relapses as those occurring 2 years or later after diagnosis.
In our MER study, the cumulative incidence of all relapses
was not trivial: 9.3% at 5 years after EFS24 (DLBCL relapse,
5.4%; indolent relapse, 2.9%). In the Jakobsen et al11

study, the 5-year cumulative incidence of relapse was
8% (95% CI, 7% to 10%) in patients achieving post-
treatment EFS24, although it is unclear whether all relapses
were biopsy-proven DLBCL relapses.

Patients with DLBCL with a concurrent indolent lymphoma
at diagnosis had a higher risk of late relapse compared with
patients with DLBCL alone at diagnosis. This increased risk
was the result of a higher incidence of relapse with the
indolent component. Although DLBCL is potentially
curable, indolent lymphoma tends to have a continuous

TABLE 1. Baseline Characteristics of Patients With Diffuse Large
B-Cell Lymphoma With a Late Relapse
Characteristic No. %

Age, years

# 60 30 38.5

. 60 48 61.5

Sex

Male 44 56.4

Female 34 43.6

ECOG PS score

# 1 67 85.9

. 1 11 14.1

LDH

Normal 34 49.3

Elevated 35 50.7

Missing 9

Extranodal sites

# 1 65 83.3

. 1 13 16.7

Ann Arbor stage

I-II 19 24.4

III-IV 59 75.6

IPI score

0-1 18 23.1

2 36 46.2

3 16 20.5

4-5 8 10.3

Cell of origin

GCB 37 80.4

Non-GCB 9 19.6

Missing 32

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GCB,
germinal center B-cell–like; IPI, International Prognostic Index; LDH,
lactate dehydrogenase; PS, performance status.
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risk of relapse. Interestingly, in patients with DLBCL alone at
diagnosis, the GCB subtype had a higher risk of late relapse
compared with the non-GCB subtype, also as a result of
a higher incidence of relapse with an indolent lymphoma,
predominantly FL. This raises the question of whether these
patients had an undiagnosed FL component at the time of
initial DBLCL diagnosis. Unsurprisingly, a concurrent FL
component at the time of diagnosis was predominantly
seen in the GCB subtype of DLBCL (. 90%; unpublished
data). It is possible that a small fraction of patients with
GCB-subtype DLBCL have an undetected FL component at
diagnosis, which may lead to a late relapse. The association

of COO with late relapse should be interpreted with caution
though, because COO results were missing in approxi-
mately 30% of patients with DLBCL who achieved EFS24.

The long-term follow-up of the SWOG S8736 and S0014
studies showed a continued risk of relapse independent of
treatment modality (eight cycles of CHOP v three cycles of
CHOP plus radiotherapy) in limited-stage DLBCL, with
a cumulative incidence of progressive disease of approxi-
mately 20% at 5 years and 30% at 10 years.23 The cu-
mulative incidence of late relapse seemed to be lower in our
study; however, it is difficult to compare results of the two
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studies, because of their different designs (all relapses in the
SWOG studies v late relapses in patients who achieved
EFS24 in our study), follow-up time (much longer in SWOG
studies), treatment (S8736 did not include rituximab), and
patient population (S0014 included older and higher-risk
patients only). Our attempt to analyze the association of
treatment modality (immunochemotherapy only v immu-
nochemotherapy plus radiotherapy) with the estimated
cumulative incidence of late relapse was limited by the low
event rate in the radiotherapy group. Although the findings of
the SWOG studies are intriguing, a longer follow-up of our
study is required to further evaluate the impact of limited

stage and treatment modality on the late-relapse rates in the
immunochemotherapy era.

Several studies reported that patients with DLBCL with late
relapses had better outcome compared with those with early
relapses.9,19,22,24 It is not entirely clear whether the late re-
lapses were exclusively relapses with DLBCL in these studies.
In the current study, we found that patients who had a relapse
with an indolent lymphoma had relatively favorable outcome,
but those who had a relapse with DLBCL had a significantly
worse survival, similar to a prior study.6 Patients who had
a relapse with DLBCL in our study had a median overall
survival (OS) of approximately 2.5 years, a 3-year OS of
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approximately 40%, and a 5-year OS of approximately 20%,
despite that approximately 40% of the patients underwent
aggressive salvage chemotherapy and ASCT. The outcome is
similar to that reported in the Collaborative Trial in Relapsed
Aggressive Lymphoma study (salvage chemotherapy and
ASCT for relapsed and refractory DLBCL).7 Though prognosis
may not be as poor as with early relapse, late relapse with
DLBCL still represents a life-threatening event.

Our results have implications for clinical practice and
clinical trial design. It is critical to counsel patients that
achieving EFS24 does not mean a cure and the late-relapse
risk is not trivial, with particular attention not only to those
with advanced stage or a high IPI score (higher risk of
DLBCL relapse) but also those with concurrent indolent
lymphoma or the GCB subtype (higher risk of indolent
lymphoma relapse). Although routine surveillance imaging
has no demonstrated survival benefit,25 it is important for
the patients and the primary care providers to recognize the
signs and symptoms of lymphoma relapse. The distinct
outcome of DLBCL relapse and indolent lymphoma relapse
highlights the need of repeated biopsy. In terms of clinical
trials, longer follow-up may be necessary for some frontline

DLBCL trials, because patients with advanced-stage dis-
ease, high IPI score, or the GCB subtype have continued
risk of relapse even after passing the EFS24 mark. Like
COO, the genetic subtypes of DLBCL26,27 may also be
associated with risks of relapse and may also affect clinical
trial follow-up in the near future. Patients who experience
a late relapse of DLBCL still have a poor outcome, and novel
therapies such as chimeric antigen receptor T-cell therapy
should be evaluated in clinical trials for these patients.
There is a need to develop biomarkers such as minimal
residual disease, circulating tumor DNA,28 or gene profiling
that could capture early and late relapses, which, in turn,
could be incorporated in frontline DLBCL clinical trials,
hopefully to guide future studies to improve the long-term
outcome of DLBCL. Furthermore, given the substantial
competing risk of nonrelapse mortality, progression-free
survival (excluding unrelated death as progression) and
lymphoma-specific survival would be important end points
when reporting long-term outcomes in DLBCL clinical trials.

In conclusion, patients with newly diagnosed DLBCL who
achieve EFS24 after immunochemotherapy have a risk of
late relapse of almost 10% at 5 years after EFS24. Patients
with a concurrent indolent lymphoma at initial diagnosis
have a higher incidence of late relapse compared with those
with DLBCL alone at diagnosis, because of the added risk of
indolent component relapse. GCB DLBCL has a higher in-
cidence of late relapse compared with non-GCB DLBCL,
owing to more relapses with indolent lymphoma. Patients
who had a relapse with DLBCL had a worse prognosis than
those who had a relapse with indolent lymphoma. A repeated
biopsy at the time of late relapse is essential.

TABLE 2. Treatment of Late Relapses

DLBCL
(n = 45)

Indolent
Lymphoma
(n = 24)

Unknown
(n = 9)

First-Line Treatment at Relapse No. % No. % No. %

Intensive chemotherapy* 20 44.4 1 4.2 2 22.2

R-CHOP 1 2.2 1 4.2 — —

R-CHOP like† 2 4.4 2 8.3 1 11.1

R-Bendamustine 4 8.9 9 37.5 1 11.1

CNS-directed chemotherapy‡ 3 6.7 — — — —

Others§ 7 15.6 4 16.7 — —

Observation only 1║ 2.2 7 29.2 1║ 11.1

Unknown 7 15.6 — — 4 44.4

ASCT 18 40.0 5 20.8 2 22.2

Abbreviations: ASCT, autologous stem-cell transplantation; DLBCL, diffuse large
B-cell lymphoma; MRT, methotrexate, rituximab, temozolomide; R, rituximab;
R-CEOP, rituximab, cyclophosphamide, etoposide, vincristine, prednisone;
R-CEPP, rituximab, cyclophosphamide, etoposide, procarbazine, prednisone;
R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and
prednisone; R-CVP, rituximab, cyclophosphamide, vincristine, prednisone;
R-DHAP, rituximab, dexamethasone, high-dose cytarabine, cisplatin; R-GDP,
rituximab, gemcitabine, dexamethasone, cisplatin; R-Hyper-CVAD, rituximab,
hyperfractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone,
alternating with rituximab, methotrexate, cytarabine; R-ICE, rituximab, ifosfamide,
carboplatin, etoposide.
*R-ICE, R-DHAP, R-GDP, and R-Hyper-CVAD.
†R-CVP, R-CEOP, and R-CEPP.
‡MRT, high-dose methotrexate.
§Rituximab, corticosteroids, radiotherapy, everolimus, pembrolizumab, and

enzastaurin.
║Patient refused treatment.
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FIG 4. Postrelapse survival in patients with late relapses with diffuse
large B-cell lymphoma (DLBC) or indolent lymphoma.
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