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ABSTRACT

Background. Diffuse large B-cell lymphoma (DLBCL) is the
most common non-Hodgkin lymphoma subtype, and approx-
imately 50% of the patients are >60 years of age. Patients
with relapsed/refractory (rr) disease have a poor prognosis
with currently available treatments. Lenalidomide is avail-
able in Italy for patients with rrDLBCL based on a local dis-
position of the Italian Drug Agency.
Subjects, Materials, and Methods. An observational retro-
spective study was conducted in 24 Italian hematology cen-
ters with the aim to improve information on effectiveness
and safety of lenalidomide use for rrDLBCL in real practice.
Results. One hundred fifty-three patients received lenalidomide
for 21/28 days with a median of four cycles. At the end of ther-
apy, there were 36 complete responses (23.5%) and 9 partial

responses with an overall response rate (ORR) of 29.4%. In the
elderly (>65 years) subset, the ORR was 33.6%. With a median
follow-up of 36 months, median overall survival was reached at
12 months and median disease-free survival was not reached at
62 months. At the latest available follow-up, 29 patients are still
in response out of therapy. Median progression-free survivals
differ significantly according to age (2.5 months vs. 9.5 in the
younger vs. elderly group, respectively) and to disease status at
the latest previous therapy (15 months for relapsed patients
vs. 3.5 for refractory subjects). Toxicities weremanageable, even
if 30 of them led to an early drug discontinuation.
Conclusion. Lenalidomide therapy for patients with rrDLBCL
is effective and tolerable even in a real-life context, especially
for elderly patients. The Oncologist 2019;24:1246–1252

Implications for Practice: Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma,
and approximately 50% of the patients are >60 years of age. Patients with relapsed/refractory (rr) disease have a poor
prognosis, reflected by the remarkably short life expectancy of 12 months with currently available treatments. The rrDLBCL
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therapeutic algorithm is not so well established because data in the everyday clinical practice are still poor. Lenalidomide
for patients with rrDLBCL is effective and tolerable even in a real-life context, especially for elderly patients.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common
non-Hodgkin lymphoma (NHL) subtype; DLBCL is a heteroge-
neous malignancy that comprises multiple subtypes based
on cell-of-origin (COO) with differences in terms of clinical
presentation, prognosis, and treatment response [1, 2]. Ger-
minal center B cell (GCB) and non-GCB subtypes can be dis-
tinguished using immunohistochemistry [3]. The incidence of
DLBCL increases with age [4]. Approximately 50% of the
patients with DLBCL are older than 60 years. The main char-
acteristic of DLBCL is the abnormal malignant growth of B
cells. DLBCL develops either in the lymph nodes or outside
the lymphatic system, including bone marrow, spleen, and
thymus [4]. Typically, DLBCL requires an immediate thera-
peutic approach because of the rapid progression of the dis-
ease, and treatment is given with curative intent.

Currently, the most common frontline treatment for DLBCL
is R-CHOP, a regimen that consists of rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone. In fact, clinical
trials have shown that the addition of rituximab to the CHOP
regimen significantly improves patients’ outcomes. For
50%–60% of patients, R-CHOP is curative and thus sufficiently
effective. Patients with DLBCL who are event free at 24 months
generally have a subsequent overall survival (OS) equivalent to
that of the age- and sex-matched general population, although
few relapses (<10%) can still occur after 24 months [5]. How-
ever, the relapsing rate in DLBCL is between 30% and 40% in
the first 2 years after the end of first line, and nearly 10% of
patients display primary refractory disease [6]. Unfortunately,
relapsed and refractory disease remains a major cause of mor-
bidity and mortality in patients with DLBCL [7]. Patients with
relapsed/refractory disease have a poor prognosis with cur-
rently available treatments, reflected by the remarkably short
life expectancy of 12months [6].

Second-line therapy is usually a salvage onewithmultiagent
immunochemotherapy, followed in responder patients by con-
solidation with high dose chemotherapy and autologous stem
cell transplantation (auto-HSCT). Third and later lines are usu-
ally chemo-salvage or palliative care or allogeneic transplanta-
tion (allo-HSCT). Allo-HSCT is reserved to a small proportion of
high-risk patients. Typically, complete response (CR) or near CR
obtained with salvage chemotherapy is needed for patients
before proceeding to the high-dose chemotherapy. Neverthe-
less, many patients with relapsed/refractory disease are ineligi-
ble for transplantation because of age, advanced disease stage,
comorbidities, and/or inadequate response to salvage chemo-
therapy. The SCHOLAR-1 study, a multicohort retrospective
NHL research conducted in 636 patients with refractory DLBCL,
showed an objective response rate of 26% (CR 7%) to the next
line of therapy with a median overall survival of 6.3 months [8].
At relapse, for patients who are unable to undergo transplant,
there is no accepted standard of care, which may include
R-chemo combinations (such as gemcitabine-containing regi-
men or bendamustine), or novel agents in a clinical trial context
[9, 10]. Often, the outcome is poor and the chances to achieve

disease control are highly unlikely [7], even if encouraging
results have been reported in a phase I study with chimeric
antigen receptor T cells [11].

Currently, no agents are approved for relapsed/refractory
DLBCL by the U.S. Food and Drug Administration, and the
European Medicines Agency has granted conditional approval
for pixantrone in multiply relapsed/refractory NHL [12].

Lenalidomide is an oral immunomodulator with direct
antineoplastic activity and immunologic effects, including
blocking tumor cell proliferation and angiogenesis, and stim-
ulating T-cell- and natural killer cell-mediated cytotoxicity in
experimental models [13, 14].

Patients with relapsed/refractory DLBCL have achieved
25%–35% overall response rate (ORR) with lenalidomide mon-
otherapy [15–17]. A retrospective analysis reported clinical bene-
fit from single-agent lenalidomide in relapsed/refractory
DLBCL (ORR 28%), with preferential activity in patients with
non-GCB versus GCB disease (ORR 53% vs. 9%, respectively,
p = .006) [15]. Recently, Czuczman and colleagues designed a ran-
domized study using COO-based subtyping to elucidate differ-
ences in activity of lenalidomide over salvage monotherapy
(investigator’s choice) in relapsed/refractory DLBCL [18].
Lenalidomide elicited longer progression-free survival (PFS) in
non-GCB patients (most pronounced in an activated B-cell–like
designated patients).

Since May 2011, lenalidomide has been available in Italy
for patients with relapsed/refractory DLBCL managed in the
real-life context, based on a local disposition of the Agenzia
Italiana del Farmaco issued according to a national law (Law
648/96: “medicinal products that are provided free of charge
on the national health service”). Thus, a large Italian obser-
vational retrospective study was conducted on the use of
lenalidomide in the everyday clinical practice to check if clin-
ical trial results are confirmed even in a real-life context.

SUBJECTS, MATERIALS, AND METHODS

An observational retrospective study was conducted among
patients with relapsed/refractory DLBCL treated with
lenalidomide in 24 Italian centers outside of a clinical trial
context. The study was approved by our institutional board
(Azienda Ospedaliera di Bologna, Policlinico S.Orsola-
Malpighi, coordinating center) and by all involved Ethical
Committees and registered in the Italian Registry of Observa-
tional Studies. All participants gave written informed consent
in accordance with the Declaration of Helsinki. A shared data-
base was used after the approval of all the authors, and vari-
ables were strictly defined to avoid bias in reporting data.

FromMay 2011 to January 2015, 153 patients were treated
with lenalidomide monotherapy according to the Law 648/96.
Patients received a starting dose of 10 or 15 or 20 or 25mg/day
of lenalidomide for 21 days of a 28-day cycle until disease pro-
gression or relapse; the initial dosing and dose adjustments
were at physician’s discretion.
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The primary endpoint of the study was the ORR; the
secondary endpoints were OS, PFS, disease-free survival
(DFS), and the safety profile.

Treatment response was assessed by investigators based
on international criteria [19].

Safety and tolerability were evaluated by recording inci-
dence, severity, and type of any adverse event (AE) according
to National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0. Elderly patients were defined as
those aged >65 years at the first administration of lenalidomide.

OS was defined as the time from initiation of therapy
to death from any cause and was censored at the date of
last available follow-up. PFS was measured from initiation
of therapy to progression, relapse, or death from any cause
and was censored at the date of last available follow-up.
DFS was calculated for CR patients from the first documen-
tation of response to the date of relapse or death due to
lymphoma or acute toxicity of treatment [19].

Demographics and patients’ characteristics were sum-
marized by descriptive statistics.

Survival functions were estimated by using the Kaplan-
Meier method and were compared using log-rank test.

Statistical analyses were performed with Stata 11
(StataCorp, College Station, TX), and p values were set at .05.

RESULTS

Patients underwent baseline assessments including physical
examination and routine hematology and biochemistry eval-
uations as well as imaging prior to therapy.

The characteristics of the 153 patients are summarized
in Table 1. The median age at lenalidomide was 72 years
(range, 25–93 years), and 110 (71.9%) were elderly patients;
75 were males, and 78 were females. Thirty-five (22.9%)
patients had systemic symptoms at baseline.

The median number of prior lymphoma-related sys-
temic regimens was 2 (range, 1–6) including high-dose che-
motherapy and auto-HSCT (n = 26, 16.9%). Ninety-one
(59.5%) patients had disease that was refractory to last
therapy, and 61 patients (39.9%) were considered refrac-
tory to first-line therapy.

Response to Treatment (Table 2)
Median dose for patientswas 15mg/day. Thewide range of dose
depends, at the beginning, on patients’ characteristics, comorbid-
ity, and age in line with what has been decided by the treating
physician. During treatment, dose was de-escalated or escalated
because of toxicities/AEs or resolution of toxicities/AEs, respec-
tively. Escalation was also based on the fact that, despite the fac-
tors that initially determined the option for a lower dose, the
patient tolerated well the first drug administrations. Patients
received lenalidomide for a median of 4 cycles (range, 1–60); a
median of 12 cycles (range, 5–60) was registered in patients who
obtained a CR. Among the 153 patients, 36 (23.5%) achieved a
CR and 9 (5.9%) obtained a partial response (PR) with an ORR of
29.4%; among the remaining patients, 17 (11.1%) had stable dis-
ease and 91 (59.5%) showed progression of disease, respectively.

The best response rate was higher in the elderly subset:
33 (30%) CRs and 4 (3.6%) PRs. We checked if baseline charac-
teristics were different between elderly and younger patients.

The only variable that was statistically significant was the out-
come (relapsed or refractory) after the latest therapy before
lenalidomide. Among elderly patients, 50.1% were refractory,
versus 81.4% in younger ones (p < .001).

Among the 61 patients who were refractory to first line,
15 (24.6%) achieved CR and 1 (1.6%) had PR, with an ORR of
26.2%; in the subset of 91 patients refractory to the last line
prior to lenalidomide, we observed 16 (17.6%) CRs and 5 (5.5%)
PRs, leading to an ORR of 23.1%. At the latest available follow-
up, no patients were still under lenalidomide treatment, but
29 patients showed continuous CR (CCR). This subset (Table 3)
of patients is represented by 14 patients who were refractory
to first-line treatment and by 15 multirelapsed patients (12 of
them were refractory to last previous therapy); among these
29 patients, the median number of previous treatments was
2 (range, 1–5) and, in particular, 17 out of 29 displayed stage IV
disease at the start of therapy with lenalidomide. A statistically
significant correlation between dose and responses occurred
for doses ≥15mg/day.

Outcome
With a median follow-up of 36 months, global OS was
27.7% at 80 months (Fig. 1A), with median reached at
12 months. Global PFS at 80 months was 14.6%, with
median achieved at 6 months (Fig. 1B). Global DFS was
55.5% at 62 months (Fig. 1C): only 7 out of 36 (19.4%) CR
patients relapsed, and 29 patients were in CCR, with a

Table 1. Patient demographics and characteristics at
baseline

Characteristics Total population, n (%)

Patients 153

Median age at diagnosis,
years (range)

68.6 (23.8–93.3)

Median age at lenalidomide,
years (range)

72.0 (25.0–93.0)

Elderly subset 110 (71.9)

Sex

Male 75 (49.0)

Female 78 (51)

Stage at lenalidomide

I/II 37 (24.2)

III 35 (22.9)

IV 81 (52.9)

ECOG performance status

0/1 110 (71.9)

2 30 (19.6)

3 13 (8.5)

Bulky disease 39 (25.5)

B symptoms 35 (22.9)

Refractory to most recent therapy 91 (59.5)

Refractory to first line therapy 61 (39.9)

Previous auto-HSCT 26 (16.9)

Abbreviations: auto-HSCT, autologous stem cell transplant; ECOG,
Eastern Cooperative Oncology Group.
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median duration of response of 12 months. According to
age, median OS was 4 months in younger versus 20 months
in elderly patients (p < .0001; Fig. 2A); median PFS was
2.5 months in younger versus 9.5 months in elderly patients
(p < .0007; Fig. 2B); median DFS was not statistically signifi-
cant because there were only three young patients (50.0%
vs. 57.0%; Fig. 2C). On the basis of the disease status in
respect to last previous therapy (relapsed vs. refractory), at
the time of the analysis, the median OS has not been
reached in the relapsed subset, whereas it was 5 months in
refractory patients (p < .0001; Fig. 3A). The median PFS was
15 months for relapsed patients versus 3.5 months for
refractory patients (p < .0001; Fig. 3B); the median DFS has
not been reached in the relapsed subset, whereas it was
1.5 months in refractory patients (p = .16; Fig. 3C).

At the latest follow-up, 61 (39.9%) patients were alive
and 92 deceased: 89 of lymphoma, 2 of secondary malig-
nancies (namely, acute myeloid leukemia, 12 and 15 months
after lenalidomide, respectively), and 1 of a car accident.

Safety
All patients were included in the safety analysis. In general,
the treatment was well tolerated and the toxicity profile
was very similar to previously published data. Forty-three
patients had hematologic toxicity, and 40 patients showed
extrahematologic toxicity (both toxicities were observed in
12 patients). Among hematologic side effects, grade 3/4 was
reported in 36 patients: 31 neutropenia, 3 thrombocytope-
nia, and 2 anemia, all related to lenalidomide; no febrile
neutropenia was observed. On the other hand, grade 3/4
extrahematologic toxicity was observed in six patients: four
pulmonary infections and two episodes of diarrhea.

Thirty patients had early discontinuation and 44 patients
had dose reduction due to AEs. Globally, 17 severe AEs
were reported, and 3 of them resulted in death as stated
above (acute myeloid leukemia, 12 and 15 months after
lenalidomide, respectively, and one car accident). For the
complete AEs list, refer to Table 4.

DISCUSSION

Patients with relapsed DLBCL not eligible for auto-HSCT or
having relapse after auto-HSCT have a low likelihood of cure.
Lenalidomide is an oral immunomodulatory agent that exerts
anticancer effects through multiple mechanisms, including the

Table 2. Response to lenalidomide

Response
<65 years
(n = 43)

≥65 years
(n = 110) p value

Total
(n = 153)

CR, n 3 33 36

PR, n 5 4 9

SD, n 3 14 17

PD, n 32 59 91

CR rate, % 6.9 30 * 23.5

ORR, % 18.6 33.6 ns 29.4

Response

Refractory
at latest
therapy
(n = 91)

Relapsed
to latest
therapy
(n = 62) p value

Total
(n = 153)

CR, n 16 20

PR, n 5 4

SD, n 6 11

PD, n 64 27

CR rate, % 17.6 32.3 ns

ORR, % 23.1 38.7 *
*Significant.
Abbreviations: CR, complete response; ns, not significant; ORR, overall
response rate; PD, progression of disease; PR, partial response; SD,
stable disease.

Table 3. Demographics and characteristics of the 29 patients
in continuous complete response after lenalidomide

Characteristics n (%)

Patients 29

Median age at diagnosis, years (range) 71.5 (47.9–88.1)

Median age at lenalidomide, years (range) 74.2 (59.7–90.7)

Sex

Male 14 (48.3)

Female 15 (51.7)

Stage at lenalidomide

IV 17 (58.6)

Bulky disease 4 (13.8)

B symptoms 4 (13.8)

Refractory to most recent therapy 12 (41.4)

Refractory to first-line therapy 14 (48.3)

Figure 1. Survivals in the whole sample (n = 153), estimated by the Kaplan-Meier method. (A): Overall survival. (B): Progression-
free survival. (C): Disease-free survival.
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inhibition of angiogenesis, recruitment of natural killer cells,
upregulation of CD80 and CD40, impairment of inflammatory
cytokines, and effects on the tumor microenvironment [20].
Lenalidomide as single agent showed activity in multiple NHL
subpopulations, including heavily pretreated relapsed/refractory
DLBCL [15–17]. In a phase II trial investigating lenalidomidemon-
otherapy, patients with DLBCL achieved an ORR of 28% and a
median PFS of 2.7months [16].

Recently, we reported a retrospective multicenter study
conducted in patients with relapsed/refractory NHL treated
with lenalidomide monotherapy through a Named Patient Pro-
gram in Italy; in the 19 evaluable patients with DLBCL, ORR was
42.1%, with a 31.6% CR rate. The ORR was higher in patients
who responded to last previous therapy compared with those
who were refractory; mean duration of response in patients
receiving any lenalidomide dose was 10.5 months [21].

Figure 2. Survival comparison (estimated by the Kaplan-Meier method and compared by log-rank test) between elderly (n = 110)
and nonelderly (n = 43) patients. (A): Overall survival. (B): Progression-free survival. (C): Disease-free survival.

Figure 3. Survival comparison (estimated by the Kaplan-Meier method and compared by log-rank test) between relapsed (n = 62)
and refractory (n = 91) patients. (A): Overall survival. (B): Progression-free survival. (C): Disease-free survival.

Table 4. Toxicities

Toxicity
Patients
involved, n Events, n Grade 1, n Grade 2, n Grade 3, n Grade 4, n Grade 5, n

Hematological toxicity 43 59 16 7 32 4 0

Neutropenia 24 33 2 28 3 0

Leukopenia 6 6 2 4 0 0 0

Anemia 8 10 7 1 2 0 0

Thrombocytopenia 5 10 7 0 2 1 0

Febrile neutropenia 0 0 0 0 0 0 0

Extrahematological toxicity 40 42 25 9 5 1 2

Fever 14 14 12 2 0 0 0

Nausea 12 14 11 3 0 0 0

Diarrhea 4 4 2 0 1 1 0

Vomiting 4 4 0 4 0 0 0

Pulmonary infection 4 4 0 0 4 0 0

Secondary malignancy 2 2 0 0 0 0 2
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In addition, Mondello et al. published a retrospective real-
life analysis assessing the efficacy and toxicity of lenalidomide
in 123 cases of relapsed/refractory DLBCL. During a median
follow-up period of 4.5 years, CR was achieved in 21% of cases,
with an ORR of 37% and a median PFS of 34 months [22].

Our retrospective analysis on 153 patients reports that
ORR and CR rate were comparable to those observed in clinical
trials investigating similar DLBCL populations treated with
lenalidomide as single agent [13–17]. In fact, 23.5% of patients
treated in monotherapy with lenalidomide achieved a CR,
and 5.9% obtained a PR, with an ORR of 29.4%. In addition,
the best response rate was observed in elderly (>65 years)
patients, probably because of a higher incidence of patients
refractory to the last therapy in the younger group.

The strengths of this work are represented by the large
sample size (to our knowledge, this is the largest report on
lenalidomide for DLBCL used in daily clinical practice ever
published) and the long follow-up (median of 3 years). Of
note are the interesting data in terms of CR rate in the
elderly patients for whom, according to the therapeutic
algorithm of DLBCL, there is a real unmet clinical need. In
addition, our study describes a subset of 29 patients in CCR
with a median DFS that was not reached at 5 years (55.5%
at 62 months). Correlations between dose and responses
were calculated, but analyses were possible only on the
average dose; thus, no incisive conclusions can be drawn.

The main limitation of this study is a lack of a central-
ized histological review of the tissue samples: this situation
did not allow comparing the response to treatment based
on the COO.

Mondello and coworkers observed ORR and CR rates (37%
and 21%, respectively) similar to the ones we reported but
with a higher median PFS (34 months) [22]. However, that
study included a different population because the median age
was 64 years (vs. 72 years in our series) and the median num-
ber of prior treatment regimens was 1 (range, 1–3 [vs. 2, range
1–6 in our study population]); in addition, data on patients in
CCR or DFS estimation are lacking.

CONCLUSION

Despite the known potential bias of all observational studies,
the present study, which represents the largest report on
lenalidomide in patients with relapsed/refractory DLBCL in the
standard daily clinical practice outside a trial setting, shows that
lenalidomide is a feasible treatment option for patients with
relapsed/refractory DLBCL in real life. For this reason, it must be
considered in the therapeutic algorithm of relapsed/refractory
DLBCL as a targeted approach, even for elderly subjects.
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For Further Reading:
Patrizia Mondello, Normann Steiner, Wolfgang Willenbacher et al. Lenalidomide in Relapsed or Refractory Diffuse
Large B-Cell Lymphoma: Is It a Valid Treatment Option? The Oncologist 2016;21:1107–1112.

Implications for Practice:
Despite the advent of new treatment strategies, many patients with diffuse large B-cell lymphoma (DLBCL) relapse or
die of the disease; hence, novel therapeutic approaches are urgently needed. This study confirms that lenalidomide is
a valid and well-tolerated treatment option for relapsed/refractory (R/R) DLBCL. Superior outcomes were observed in
non-germinal center B-cell (GCB) DLBCL, probably because of inhibition of the nuclear factor-κB pathway. Similarly,
high drug doses resulted in greater clinical benefits. Overall, lenalidomide is a suitable therapeutic option for R/R
DLBCL, especially in non-GCB DLBCL, and 25 mg/day dosing should be preferred.
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