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ABSTRACT
Relapsed/Refractory Diffuse Large B Cell Lymphoma have a dismal prognosis in need of
innovative treatments. This prospective phase 2 study enrolled 32 patients between 2013
and 2017 with Relapsed/Refractory Diffuse Large B Cell Lymphoma treated with Rituximab
and Lenalidomide (R2). Median age was 69 years (40–86), 90.1% had received at least 2 prior
lines of treatment, 81% were defined as having High Risk disease according to our criteria
and ECOG performance status was > 2 in 51.6%. Patients received a median number of 2
cycles of R2 (1–12). With a median follow up of 22.6 months, the objective response rate
was 12.5%. Median progression free survival was 2.6 months (95% CI, [1.7–2.9]) and median
overall survival was 9.3 months (95% CI, [5.1–Not estimable]). This study therefore did not
achieve its primary endpoint and the R2 regimen cannot be recommended in Relapsed/
Refractory Diffuse Large B Cell Lymphoma patients with High Risk features.
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Introduction

Diffuse large B cell lymphomas (DLBCL) account for 30%
of all Non Hodgkin Lymphoma (NHL) with approxi-
mately 150,000 new cases diagnosed yearly in the
world. Despite an advanced stage at diagnosis among
the vast majority of patients, around 60% will be
cured with a R-CHOP treatment [1]. Nevertheless,
patients who fail frontline R-CHOP therapy have a
poor outcome, especially those who are refractory or
relapse shortly after first line treatment. Even though
some patients can be cured with a second line of treat-
ment entailing autologous stem cell transplantation
(ASCT), most of these patients turn out to be refractory
to subsequent chemo based treatments and eventually
only 30%–40% of patients will respond to a salvage
treatment according to the SCHOLAR-1 study [2].

Lenalidomide (LEN) is an oral immunomodulatory
drug (Cereblon E3 ligase modulator; CelMod) with
direct antitumor effects as well as indirect effects on
microenvironnement. In vitro studies have shown
that exposure of lymphoid cells to lenalidomide was
responsible for a down-regulation of MYC and its
genic targets through cereblon and IRF4 as well as
up-regulation of tumor suppressor genes.

A phase 2 study [3] has shown overall response
rates of 28% in DLBCL and 45% in transformed lym-
phoma. Complete responses (CR) ranged from 7% to
21% in those two situations. Due to the observed
single-agent activity of both rituximab and lenalido-
mide, the potential to increase antibody-dependent
cell-mediated cytotoxicity and the lack of overlap-
ping toxicity profiles, we hypothesized that the
combination might prove to be an effective thera-
peutic regimen for patients with relapsed/refractory
NHL.

We therefore conducted a single-stage phase 2
study that enrolled patients with R/R DLCBL. High-
risk patients in this study were defined as having a
refractory disease or patients relapsing within 12
months after frontline treatment and not eligible
to high dose chemotherapy (HDC) and ASCT.
Other high risk features were patients who had
received ≥3 prior therapy lines (HDC and ASCT
included) and patients with high adjusted age inter-
national prognostic index (aaIPI), patients with his-
tological transformation (HT) or patients with a
non-germinal center (non-GC) COO signature at
relapse.
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Materials and methods

Patients

Eligible patients aged ≥18 years had histologically
confirmed CD20+ B-cell relapsed DLBCL after at least
2 prior regimens, or refractory disease to first-line
therapy (and not eligible to HDC and ASCT). Cell of
origin (COO) was assessed at time of entry in the
study. High-risk patients were defined as refractory
patients or patients relapsing within 12 months and
not eligible to high dose chemotherapy and ASCT.
Other high risk features were patients who had
received ≥3 prior therapy lines (HDC and ASCT
included) and patients with high adjusted age inter-
national prognostic index (aaIPI), patients with histo-
logical transformation (HT) or patients with a non-
germinal center (non-GC) COO signature at relapse.
COO signature was defined using immunohistochem-
ical staining according to the Hans classification.

Patients were treated at Institut Paoli-Calmettes,
Marseille, France.

The study was approved by the Institutional Review
Board at Institut Paoli Calmettes, Marseille, France, and
was compliant with institutional guidelines and the
Declaration of Helsinki.

Informed written consent was obtained from all par-
ticipants before enrollment. The study was registered
as NCT01939327.

Additional inclusion criteria include the following:
patients with bidimensional measurable disease;
Eastern Cooperative Oncology Group performance
status of 0,1, 2 or 3; 1 prior line of therapy (prior autolo-
gous stem cell transplant was allowed); a serumbilirubin
concentration <2 mg/dl (except in case of hemolytic
anemia) and calculated creatinine clearance (Cockcroft-
Gault formula) of > 50 mL/min; platelet counts
>60,000/mm3 and an absolute neutrophil count
>1500/mm3; and aspartate amino transferase and
alanine amino transferase concentrations of less than
five times the upper limit of normal. Candidates for auto-
logous StemCell Transplantation (ASCT) or patientswho
had received a prior allogenic stem cell transplantation
were excluded from this trial as well as patients with
active central nervous system lymphoma history, HIV
infection or prior use of lenalidomide.

Study design

All patients received 25 mg oral lenalidomide daily on
days 1–21 of each 28-day cycle and 375 mg/m2 of
intravenous rituximab on day 8 of each cycle and up
to a maximum of 12 cycles.

The study design required a reduction of the lenali-
domide dose from 25 to 20, 15, 10, and 5 mg in a de-
escalating fashion if there were grade 3 or 4 non-hem-
atological toxicities or hematological toxicities.

Adverse events (AE) were assessed weekly during
the first month of treatment and twice a month there-
after based on the National Cancer Institute Common
Terminology Criteria for Adverse Events version 3.0.

Anticoagulants, antithrombotic medication and
prophylaxis for tumor lysis syndrome with allopurinol
were not required by the protocol. Patients were
treated until disease progression or for up to 12
cycles of treatment or withdrawal for toxicity.

The primary efficacy end point was the overall
response rate (complete response (CR) or partial
response (PR) or stable disease (SD)). Response to
treatment was assessed according to the Cheson
2007 criteria every 3 cycles using positron emission
tomography (PET) or PET/CT. Secondary objectives
were duration of response (DOR), progression free sur-
vival (PFS), time to progression (TTP), overall survival
(OS) and safety. The study was supported by Celgene
(Bristol Myers Squibb company).

Statistical analysis

Statistical analyses were performed at the significance
level α = 0.05 by using SAS® 9.4 software. Patients’
characteristics were described with counts (frequen-
cies) for categorical endpoints and medians (ranges)
for quantitative variables. Percentages were calculated
based on available data.

According to East software calculation, 38 eligible
patients were planned to be enrolled to demonstrate
that the true overall response rate (complete response
or partial response or stable disease) was no less than
p0 = 20% (considered unacceptable) with an alpha risk
of 5% and a power of 90% under the opposite alterna-
tive p1 = 40% (desirable rate). This sample size was
taking into account a rate of 10% non-evaluable
patients. Overall response rate was tested to the theor-
etical value of 20% by a right-sided exact binomial test.
Associated 90%-level exact binomial bilateral confi-
dence intervals (CI) were estimated for overall and
objective (complete response or partial response)
response rates. These analyses were performed on all
subjects with at least one post-baseline efficacy assess-
ment (CT/MRI scan) performed at least 56 days
(+/−7days) after Day 1 Cycle 1.

Overall Survival (OS) was defined as the time from
inclusion to death. Progression Free Survival (PFS)
was defined as the time from inclusion to pro-
gression or death. Time to Progression (TTP) was
defined as the time from inclusion to progression.
Patients without considered events were right-cen-
sored at the last follow-up. Time-to-event criteria
and associated bilateral confidence intervals were
estimated by using the classic Kaplan-Meier’s
method. Follow-up were estimated by using the
reverse Kaplan-Meier’s method.
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Results

From October 2013 to October 2017, 34 patients were
enrolled. Patients’main characteristics are summarized
in Table 1. The median age was 69 years and 51.6% of
the population had an ECOG performance status over
2. Most patients had a stage III–IV disease at the time of
enrollment and the cohort entailed mostly high-risk
patients as described above (81.25%). About fifty-
three percent of patients had been highly treated
with at least 3 lines of prior therapies. All patients
had received prior Rituximab-containing therapies.

Patients received a median number of 2 cycles of
Rituximab-Lenalidomide (1–12) and the median total
dose of Lenalidomide received was 1050 mg (200–
6200 mg).

Dose adjustment related to toxicity occurred 16
times in 13 patients. The main reason for dose adjust-
ment of Lenalidomide was hematological toxicity in
50% of the cases.

Safety

In regards to safety, most frequent adverse events
occurring in more than 15% of patients were neutrope-
nia in 28% (16 events in 9 patients), anemia in 24%,
fatigue in 38%, fever in 26%, nausea in 18%, diarrhea
in 18% and constipation in 15% with the majority
being of grade 1 or 2.

Thirty-seven grade >2 treatment-emergent adverse
events (TEAE) occurred in 28 patients (82% of the
cohort). Most common AE were neutropenia (32.4%),
febrile neutropenia (13.5%), infections (10.8%), throm-
bopenia and anemia (8.1% each), hematuria (5.4%) and
cutaneous rash, acute kidney injury, nausea, diarrhea,
pulmonary embolism, deep thrombosis, fatigue and
myocardial infarction (2.7% each). Those are summar-
ized in Table 2.

Efficacy

Thirty-two out of 34 patients were evaluated for
response (2 patients interrupted treatment before

completing first cycle because of premature death
for 1 patient and 1 for protocol deviation). Median
follow-up was 22.6 months (95% CI, [9.6–54.8]) at the
moment of the final analysis. Six patients responded
(18.8%, 90% exact binomial CI, [8.5%–33.7%]). This
response rate was not significantly greater than the
unacceptable rate of 20% (p = 0.64, exact binomial
right-sided test), and primary objective was not
reached.

Two patients obtained a CR, two a PR and two
achieved a SD as best response.

The overall response rate was 18.8% and the objec-
tive response rate (CR + PR) was therefore 12.5% (90%
exact binomial CI, [4.4%–26.4%]). All the responders (4)
had a high risk aaIPI score of 2-3.

For those patients, median duration of response
(mDOR) was 9.3 months (95% CI, [3–32.7]). Only 2
out of 32 patients (both in CR) completed the 12
cycles of treatment. Most patients (27/32; 84%) discon-
tinued treatment because of disease progression
(missing data 3/32).

The median PFS (mPFS) of the cohort was 2.6
months (95% CI, [1.7–2.9]; Figure 1) and median OS

Table 1. Baseline patients characteristics.
Characteristics Statistics

Age (range) 69 (40–86)
Gender female/male (%) 11/23 (67.65/

32.35%)
Median prior lines of therapy (range) 3 (1–8)
Stage III–IV disease at relapse 23/33 (70%)
LDH median [min – max] 266UI/L [164–745]
ECOG > 2 16/31 (51.6%)
High risk patients (%) 26/32 (81.25%)
Histological transformation (%) 15 (48.8%)
COO non GC type (%) 10 (31.2%)
Age adjusted International Prognostic Index > 1
(%)

26 (81.2%)

Refractory to last line (%) 4 (12.5%)
>2 prior lines of therapy (%) 17 (53.1%)

Table 2. Treatment-emergent adverse events (TEAE) > 2.
Preferential term Number of grade > 2 TEAE (37) (%)

Neutropenia 12/37 32.4
Febrile neutropenia 5/37 13.5
Infections 4/37 10.8
Thrombopenia 3/37 8.1
Anemia 3/37 8.1
Hematuria 2/37 5.4
Cutaneaous rash 1/37 2.7
Acute kidney injury 1/37 2.7
Nausea 1/37 2.7
Diarrhea 1/37 2.7
pulmonary embolism 1/37 2.7
Deep veinous thrombosis 1/37 2.7
Fatigue 1/37 2.7
Myocardial infarction 1/37 2.7

Figure 1. Kaplan-Meir analysis of progression free survival.
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(mOS) was 9.4 months (95% CI, [5.1–Not estimable],
Figure 2). Median TTP (mTTP) was 2.5 months (95%
CI, [1.7–2.9]).

After failing treatment, 20 patients (64.5%) received
subsequent line of treatment.

At the time of last follow-up 18 patients (56%) had
died from lymphoma.

Discussion

The results of both the responses and survival rates in
this study were disappointing compared to what had
previously been published.

Therefore, this study did not meet its primary
endpoint.

Lenalidomide has since been studied many times as
a single agent [3–9] or in combination with anti CD20
monoclonal antibody [10–13] in different types of
aggressive B cell lymphomas. This has been done in
prospective trials [3,4,10–12] or in a retrospective
way [5,7–9,13].

Some studies included different subtypes such as
mantle cell lymphoma, DLBCL, histological transform-
ation or grade 3 follicular lymphomas [3,4,10,12]
while others only addressed DLBCL [5,7–9,11,13].
Drawing clear conclusions from such various studies
is difficult.

Overall, the use of LEN monotherapy provided ORRs
ranging from 27.5 to 43.5% (CRs 12 to 23.5%). Median
DOR and mPFS ranged from 6.2 to 12 months and 2.4
to 34 months respectively.

When combined to an antiCD20 monoclonal anti-
body, LEN demonstrated ORRs of 33.3%–41.2% (CRs
18.3%–35.3%). Some studies seemed to demonstrate
a significant better outcome in patients with non
GCB subtypes [5,7] but mostly in retrospective reports.

As an example, the same year we started enrolling
patients, Wang et al. [12] published the results of a
phase 2 study entailing 45 patients with mostly R/R
DLBCL or HT lymphoma or FL grade 3. When it
comes to analyzing baseline characteristics of the
cohort, there was no significant difference with their
patients except for being younger (median age
66yo). Patients received Lenalidomide 20 mg com-
bined with Rituximab (administered weekly over the
first cycle). The ORR in this study was 33.3% with a
CR rate of 22.2%. Median PFS was 3.7 months and
median OS was 10.7 months. The major difference
with our study is that the Rituximab-Lenalidomide
regimen was not a stand-alone treatment since 9 in
15 patients who achieved a response, proceeded to
ASCT with 8 patients out of 9 being still alive at the
time of analysis (median follow up 29.1 months). The
authors also performed an analysis without censoring
at the time of ASCT, and the median PFS was still 3.7
months but the mDOR extended from 10.2 to 30.9
months.

Another prospective study published by the LYSA in
2018 [10] showed similar results by combining Obinu-
tuzumab with Lenalidomide in 71 patients with R/R
DLBCL. ORR was 35.2% and CR/CRu was estimated at
18.3%. Median PFS and OS were of 4.1 and 10.6
months respectively. There was again a trend of a
better activity in non-GCB subtypes as well as among
non-refractory patients. In that study, patients had
received a median of 2 prior therapies but 68% of
them were refractory to Rituximab and/or prior line
of therapy.

To explain such a discrepancy with our results is
difficult since direct comparison of cohorts of patients
turns out to be challenging. Some of the baseline
characteristics may nevertheless have contributed to
those poor results. Indeed, our patients had a
median age of 69yo, a high-risk aaIPI in 81.25%,
almost half had a history of histological transformation,
53.1% had received at least 3 prior lines of therapy and
finally 51.8% of them had an ECOG status of 3 or more
which are common poor prognosis factors throughout
all lines of treatments. Therefore, 81.25% of our
patients met our predefined High-Risk DLBCL features.
Important information missing in our study is the
number of patients who had received prior autologous
stem cell transplant, which could also have worsened
prognosis. Nevertheless, one study didn’t seem to
show any difference with or without prior ASCT [6].

The very few responders precluded any analysis of
the response according to the COO. It is very likely
that the high-risk features of our patients erased the
possible better prognosis of non-GCB subtype.

From a safety perspective, there was no new signal.
In most cases, there were significantly less AE in our
cohort than in previous studies especially the one pub-
lished by Wang et al. This is unfortunately probably

Figure 2. Kaplan-Meir analysis of overall survival.
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reflecting the shorter exposure to treatment (patients
in our study received only a median number of 2
cycles before discontinuation when 185 cycles were
delivered in 45 patients).

Explorations on the role of lenalidomide in
2022

Even if the prognosis of the patients with R/R DLBCL
remains poor (especially in those patients failing or
ineligible to autologous stem cell transplant), it has
improved with the advent of Chimeric Antigen Recep-
tor (CAR) T cell therapies (CART) as third line treatment.

Whether bridging therapy is useful or not is still
debatable. In the different studies published so far,
many different bridging regimen have been used
and no data has arisen showing the superiority of
one over another [14,15]. Some of these patients
could therefore benefit from LEN +/− anti CD20 mono-
clonal antibody (mAb) as a bridging therapy while
awaiting CAR-T cells reinjection (especially those with
a non-GCB subtype) since its safety compares favorably
to other chemotherapy combination and would help
preserve a good performance status prior to
reinfusion.

Furthermore, based on preclinical studies [16] it has
been suggested that LEN could improve CAR-T cells
efficiency by enhancing antitumor functions via T
cells. In a recent retrospective study published by Thie-
blemont et al. [17] patients relapsing after CART
received different subsequent therapies at different
times. Among those 59 patients, 41 patients received
LEN +/− antiCD20 mAb. Eleven patients started treat-
ment before day 15 post CAR-T infusion and had a
higher ORR and CR than the rest of the cohort. Interest-
ingly this was associated (in 6 assessable patients) with
a higher CAR-T cells expansion in blood during the first
28 days as compared to other patients (relapsing or
not). Whether this translated into better long-term out-
comes was not discussed.

In another recent study [18], a group of 7 patients
was exposed to LEN as soon as day 15 until pro-
gression and compared to a group of 9 patients with
similar characteristics without administration of LEN.
Noticeably, 94% of those patients had non-GCB
subtype. The whole cohort had an ORR of 81.3%.
With a median follow up of 9 months, even if there
was no difference in PFS, there was a significant
improvement in OS in favor of the group of patients
treated with LEN (1yOS 100% vs 33.3% in the control
group).

Nevertheless, some patients are not eligible to such
treatment. In those patients, a combination of LEN
with Tafasitamab, a Fc-modified, humanized, anti-
CD19 monoclonal antibody, has been recently
approved in the R/R setting, according to the results
of the L-MIND study [19]. In this study, even if the

patients’ characteristics were more favorable, results
showed an outstanding ORR of 57.5% (CR 40%) and
a median duration of response of 43.9 months in
responders (mPFS and mOS of 11.6 and 33.5 months
respectively) with a subset of patients likely experien-
cing cure. In comparison, the phase 2 study [20]
using Tafasitamab as a single-agent in 35 R/R DLBCL
had shown a median DOR of 20.1 months and a
mPFS of 2.7 months (even if the median number of
prior therapies was higher in this study compared to
the L-MIND study: 3 vs 2).

More recently, a phase 1 study [21] combining Bren-
tuximab-Vedotin and Lenalidomide in R/R DLBCL has
shown a promising 57% ORR (CR 35%) and 10.2
months of mPFS in 37 patients. Higher response
rates were seen in CD30+ DLBCL. This led to exploring
this combination with Rituximab in the ongoing phase
3 ECHELON 3 trial [22].

Conclusion

To summarize, even if Lenalidomide remains an impor-
tant drug in management of R/R DLBCL, this study
failed to achieve its objectives. The contradictory
results observed here compared to other studies
might be explained by the enrollment of frailer
patients and the higher number of poor prognostic
factors. Therefore, the R2 regimen cannot be rec-
ommended as a standalone treatment after second
line treatment. Other combinations seem more
promising.
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