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Background
Mantle cell lymphoma accounts for 6% of all B-cell lymphomas and is generally incurable. It is
characterized by the translocation t(11;14) leading to cyclin D1 over-expression. Cyclin D1 is
downstream of the mammalian target of rapamycin threonine kinase and can be effectively
blocked by mammalian target of rapamycin inhibitors. We set out to examine the single agent
activity of the orally available mammalian target of rapamycin inhibitor everolimus in a prospec-
tive, multicenter trial in patients with relapsed or refractory mantle cell lymphoma
(NCT00516412).

Design and Methods
Eligible patients who had received a maximum of three prior lines of chemotherapy were given
everolimus 10 mg for 28 days (one cycle) for a total of six cycles or until disease progression. The
primary endpoint was the best objective response. Adverse reactions, progression-free survival
and molecular response were secondary endpoints.

Results
Thirty-six patients (35 evaluable) were enrolled and treatment was generally well tolerated with
Common Terminology Criteria grade ≥3 adverse events (>5%) including anemia (11%), throm-
bocytopenia (11%) and neutropenia (8%). The overall response rate was 20% (95% CI: 8-37%)
with two complete remissions and five partial responses; 49% of the patients had stable disease.
At a median follow-up of 6 months, the median progression-free survival was 5.5 months (95%
CI: 2.8-8.2) overall and 17.0 (6.4-23.3) months for 18 patients who received six or more cycles of
treatment. Three patients achieved a lasting complete molecular response, as assessed by poly-
merase chain reaction analysis of peripheral blood. 

Conclusions
Everolimus as a single agent is well tolerated and has anti-lymphoma activity in relapsed or
refractory mantle cell lymphoma. Further studies of everolimus in combination with
chemotherapy or as a single agent for maintenance treatment are warranted. (Clinicaltrials.gov
identifier: NCT00516412)
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Introduction

Mantle cell lymphoma (MCL) is a distinct subtype of B-
cell lymphoma composed of small to medium sized lym-
phoid cells, which originate from CD5-positive follicle
mantle B cells.1-3 It is characterized on a molecular level by
the t(11;14)(q13;q32) translocation that results in deregu-
lated aberrant expression of cyclin D1.4,5 MCL patients
typically present with advanced-stage disease at a median
age of 60 to 65 years and have a median survival of
approximately 5 years.6

The first-line treatment of MCL frequently includes rit-
uximab-containing immuno-chemotherapies which can
be successful in achieving durable remissions but overall
long-term survival still remains poor.7-9 Early aggressive
therapy appears to provide an advantage to some young
patients but the impact on overall survival is not yet
defined.10 R-CHOP-like, R-HyperCVAD, R-DHAP or R-
VAD+C polychemotherapy regimens are most frequently
used as front-line therapies for young and/or fit MCL
patients.7,9,11 Those patients achieving a good response to
initial therapy should be considered for consolidation by
high-dose chemotherapy followed by autologous stem
cell transplantation.9,12,13

However, many patients will not be valid candidates for
aggressive immuno-chemotherapy given that MCL is
diagnosed in a substantial proportion of elderly patients.
Additionally, even patients treated with intensive first-line
treatment will relapse and require subsequent therapy.
Drugs commonly used in relapsed patients include ritux-
imab, fludarabine, bendamustine, bortezomib and chlo-
rambucil, as well as other new investigational agents.14-16

Published results in the salvage setting are rare and
response rates vary, but it is well accepted that the dura-
tion of response in this setting is usually short. There is,
therefore, a clear need for additional novel drugs in this
disease.

The presence of a genetic event - translocation
t(11;14)(q13;q32) with subsequent over-expression of the
cyclin D1 protein - has shifted the focus onto molecular
targeted agents and identified the mammalian target of
rapamycin (mTOR) threonine kinase as a potential candi-
date.17 The mTOR pathway is involved in intracellular
pro-survival signaling and its activation leads to G1 to S
phase cell cycle progression. Recent studies have demon-
strated that mTOR inhibitors down-regulate the transcrip-
tion of the cyclin D1 message18 which in turn leads to a
decrease of cyclin D1 protein levels as shown in several
solid cancer models.19,20 One can speculate that inactiva-
tion of mTOR may play a major role in decreasing cyclin
D1 in MCL as well, since rapamycin treatment effectively
induced cell cycle arrest and apoptosis in two MCL cell
lines studied.21 Temsirolimus (CCI-779) was the first intra-
venously administered mTOR inhibitor to be studied in
patients with relapsed or refractory MCL22 and has recent-
ly gained approval for this indication.

Everolimus (RAD001; 40-O-[2-hydroxyethyl]-
rapamycin) is a potent, orally bioavailable inhibitor of the
mTOR pathway which effectively inhibits the prolifera-
tion and growth of a number of cancer cell lines in vitro and
a range of tumor types in experimental animal models.23

Moreover, everolimus exhibits an anti-angiogenic activity,
which may also contribute to its anticancer activity.
Everolimus has been approved for the treatment of
advanced metastatic renal cell carcinoma24 and is under

consideration for approval for other indications such as
primitive neuroectodermal tumors. The preliminary effi-
cacy of everolimus, given as a single agent to 77 patients
suffering from a broad range of aggressive subtypes of
relapsed lymphoma has recently been demonstrated.25

Apart from a reported overall response rate of 32% for 19
MCL patients, no detailed information on efficacy or tox-
icity was presented for the MCL population. 

Here we report the toxicity and activity profile of
everolimus in a phase II single agent everolimus trial per-
formed by the European Union MCL network specifically
restricted to patients with relapsed or refractory MCL.

Design and Methods

Patients
Patients at least 18 years of age were included in this trial if they

had histologically confirmed relapsed or chemotherapy-resistant
MCL and had a World Health Organization performance status ≤
2. At most, three previous lines of chemotherapy were permitted.
Induction chemotherapy followed by high-dose chemotherapy
with autologous stem cell support was considered as one line of
treatment. A complete medical evaluation within 3 weeks prior to
treatment included history of previous treatments, a physical
examination with classification of performance status, blood
counts, liver and renal parameters. Adequate hematologic values
were defined as a neutrophil count ≥ 1.5¥109/L and platelet count
≥ 100¥109/L or, in the case of bone marrow infiltration, neutrophil
count ≥ 1.0¥109/L and platelet count ≥ 75¥109/L. Women of child-
bearing potential had to use effective anti-contraceptive measures.
Tumor assessments were carried out using computed tomography
scans of the neck, thorax, abdomen and pelvis. At least one meas-
urable lesion of 15 mm in its greatest transverse diameter had to
be present. Bone marrow aspirates and biopsies were performed
at the beginning and the end of treatment. Assessment after each
cycle included physical examination and blood tests (hemoglobin,
white blood cell, neutrophil, and platelet counts, aspartate amino
transferase and/or alanine amino transferase, alkaline phos-
phatase, bilirubin, creatinine and lactate dehydrogenase).

The institutional review boards of all participating centers
approved the study protocol. The study was conducted according
to the international standards of good clinical practice. All patients
had to provide their written informed consent. The trial was reg-
istered at the National Institute of Health (www.clinicaltrials.gov;
identifier number: NCT00234026) and performed in collaboration
with two Italian centers and two European groups [the Swiss
SAKK and the French Groupe Ouest Est d'Etude des Leucémies et
Autres Maladies du Sang (GOELAMS)] of the European Mantle Cell
Lymphoma Network.

Treatment and follow-up
The study drug everolimus (RAD001) was provided by Novartis

Switzerland and all patients were instructed to swallow a 10 mg
dose (two 5 mg tablets) daily. For the sake of consistency, the drug
had to be taken at the same time each day in a fasting state or with
a light fat-free meal. If vomiting occurred, no replacement was
given. Everolimus was taken daily for six cycles (1 cycle = 28 days)
or until disease progression or discontinuation from the study for
any other reason. Patients benefiting from treatment, i.e. achieving
at least disease stabilization as defined by the response criteria
given at the end of cycle 6 were allowed to continue treatment
until disease progression or until medically indicated. However,
patients were transferred to the follow-up phase after six cycles
regardless of whether or not they continued with treatment.
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Adverse events were defined according to the Common
Terminology Criteria for Adverse Events v3.0  (CTCAE). Dose
adjustments and interruptions of treatment had to be performed if
CTCAE grade ≥ 2 occurred and were managed with a delay of
treatment (CTCAE grade 2), a delay of treatment and a dose
reduction to 5 mg (CTCAE grade 3), or discontinuation of treat-
ment (CTCAE grade 4). If a patient had already decreased medica-
tion by two dose levels, no further dose reductions were permitted
and the patient permanently discontinued treatment and was
transferred to follow-up. In addition, the patient was transferred to
follow-up if treatment was interrupted for a period of >14 days, or
if more than 50% of the study medication was missed in a given
cycle.

Tumor assessment was performed every three cycles as at base-
line according to the International Working Group criteria pub-
lished in 1999.26 Bone marrow aspirate, gastroscopy and a
colonoscopy were only performed for the final evaluation in the
case of initial involvement of the bone marrow, stomach or colon.
All patients were followed up until either documented objective
disease progression, the start of any other anticancer treatment or
death.

Central pathology review and molecular follow-up
Patients’ biopsy samples underwent central pathology review

including assessment of the MIB-1 index, immunophenotypic pro-
filing and fluorescence in situ hybridization (FISH) analysis for the
t(11;14)(q13;q32) translocation.27 The mutational status of the vari-
able immunoglobulin heavy chain (IGHV) genes was determined
as described elsewhere.27,28 Cases with a homology rate lower
than 98% when compared to the closest germ-line IGHV-
sequence in the IMGT database (https://imgt.cines.fr/) using the
IMGT/V-QUEST software were considered mutated.29

In addition, bone marrow and peripheral blood samples were
analyzed in a central laboratory by polymerase chain reaction
(PCR) at baseline for the presence of the chromosomal transloca-
tion t(11;14)(q13;32) and, in negative cases, for monoclonal IGHV
rearrangement, which were to be used as molecular markers dur-
ing the follow-up. The t(11;14) was evaluated as described else-
where,27 while monoclonal IGH rearrangements were assessed
using the IGH Gene Clonality Assay targeting the FR3-JH seg-
ments (InVivoScribe Technologies, San Diego, CA, USA). Samples
were scored according to the kit manufacturer’s guidelines. Briefly,
at baseline, a sample was scored positive when a PCR product
could be demonstrated within the size range expected from the set
of primers in use. A sample was scored negative when it did not
show a PCR product within the size range expected from the set
of primers in use, in the presence of a positive control and if the
same DNA sample had given the expected products using a set of
primers to evaluate its quality. For follow-up samples, a sample
was scored positive when it showed a PCR product of the same
size as at baseline; a sample was scored negative as defined at
baseline. Only samples positive at baseline were analyzed during
the follow-up.

Statistical analysis
The primary endpoint was defined as the best objective

response (complete remission and partial remission) as determined
by the International Working Group criteria of 1999.26 Secondary
endpoints included: (i) adverse drug reactions as assessed by NCI
CTCAE v3.0; (ii) progression-free survival as calculated from reg-
istration until progression of disease or until death;26,27 (iii) molec-
ular response as defined by a negative PCR after treatment in a
patient with a previously positive PCR result at baseline.

The total number of patients was calculated using Simon’s opti-
mal two-stage design. Everolimus was to be considered uninter-

esting if the objective response rate was ≤ 10% and promising if ≥
30%. For a 5% significance level and a power of 90%, a total sam-
ple size of 35 treated patients assessable for the primary endpoint
was required with 18 patients needed for stage I. At stage I, if there
were two or fewer responders among the first 18 patients, then
the trial would be closed and everolimus would be rejected for fur-
ther investigations. If, at the end of stage II, there were fewer than
six responders the trial therapy would be considered not promis-
ing. 

Adverse events were summarized by event type and grade over
the total number of therapy cycles administered as well as within
patients (worst recorded adverse event grade per event type per
patient). Best response while on treatment for all patients was con-
sidered as well as the best response for all patients completing all
treatment cycles. For time-to-event endpoints such as progression-
free survival patients not showing an event were censored at the
time of the last follow-up or at the end of treatment when appro-
priate. The data were analyzed using SAS (Statistical Analysis
Systems, version 9.2) and R 2.12.0 (www.r-project.org) based on the
intention-to-treat principle.

Results

Patients’ characteristics
Between August 2007 and January 2010, a total of 36

patients (35 evaluable) were recruited from 19 centers in
Switzerland, Italy and France (Table 1). One patient had
progressive disease before receiving the first dose and was
replaced according to the protocol. A central pathology
review was performed in 33 cases and confirmed the diag-
nosis of non-blastoid MCL. Morphologically, the tumors
corresponded to typical MCL with a proliferation index as
measured by the nuclear MIB-1 immunoreactivity (31
patients) ranging from 0.3% to 72% (mean, 26%). All 33
cases were invariably positive for cyclin D1 protein and
the presence of the t(11;14)(q13;q32) chromosomal
translocation was shown in 30/30 cases by FISH analysis.
Ten out of 22 (45%) cases had mutated IGHV.

Our series of patients in this clinical trial was represen-
tative of patients with MCL in general  with a median age
of 69 years, a male predominance (63%), a World Health
Organization performance status of predominantly 0-1
and the majority of patients (80%) presenting with
advanced (stage IV) disease. Bone marrow involvement
was diagnosed in 16 patients (52%) by histomorphologi-
cal criteria and in 14 (56%) out of 25 evaluable bone mar-
row samples using the more sensitive PCR technology.
Five patients presented with bulky disease, defined as a
lymphoma mass bigger than 10 cm in its greatest diame-
ter. Twenty-four patients (69%) had received at least two
prior treatment regimens and almost all patients (31 of 35)
had received at least one rituximab-containing regimen.
Three patients had been previously treated with high-
dose chemotherapy followed by autologous stem cell sup-
port. A detailed list of previous treatment regimens is
given in Online Supplementary Table S1.

Clinical results
Primary endpoint

The predefined criterion of three responders at the inter-
im analysis was met, which allowed the study to be con-
tinued and finished as planned. Seven out of 35 evaluable
patients achieved either a complete remission (n=2, 6%)
or partial remission (n=5, 14%) leading to an objective

Everolimus treatment of relapsed MCL
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response rate of 20% (95% CI: 8-37%). In addition, 17
patients (49%) achieved disease stabilization while 10
patients (29%) did not respond to treatment at any time.

Secondary endpoints
The study drug was well tolerated as the administered

dose of everolimus was stable throughout all cycles for
patients still on treatment (Table 2). Eighteen patients
received six or more cycles of everolimus treatment, while
17 patients had to stop treatment prematurely. The major
reason for treatment discontinuation was progressive dis-
ease (13 patients). 

Analysis of adverse events per cycle showed that there
was no clear link of toxicity to time of occurrence and
adverse events were equally distributed throughout all
cycles. Hematologic adverse events (Table 3) were gener-
ally mild with grade 3/4 anemia and thrombocytopenia
(n=4, 14%) being the most frequent ones. Non-hemato-
logic adverse events of any grade included fatigue (n=14,
40%), mucositis of the oral cavity (n=12, 34%), rash

(n=11, 31%), pain (n=10, 29%), anorexia (n=8, 23%), diar-
rhea (n=6, 17%), nausea (n=6, 17%) and pruritus (n=6,
17%). None of the grade 3/4 non-hematologic adverse
events occurred at a frequency higher than 3%.
Pneumonitis/pneumonia was reported once (grade 2) as an
adverse event and twice (grade 3) as a serious adverse
event (out of a total of 11 serious adverse events) with
likely relationship to the study drug.

With a median follow-up of 6 months, median progres-
sion-free survival on an intent-to-treat basis was 5.5
months (95% CI 2.8-8.2) (Figure 1) for the entire popula-
tion. When divided into responders (including patients
with complete or partial remission and stable disease) and
non-responders, the median progression-free survival was
17.0 months (95% CI 6.4-23.3) for the former group and
2.7 months (95% CI 1-3) for the latter group. There were
no significant differences regarding progression-free sur-
vival or objective response rate when patients were ana-
lyzed according to IGHV mutation status. 

The peripheral blood of 30 patients was analyzed at
baseline by PCR for the presence of a molecular marker,
which was detected in 21/30 (70%) patients: t(11;14) in six
cases and clonal IGHV rearrangement in 16 samples.
Three out of 16 (19%) patients evaluated during follow-up
achieved a molecular remission, defined as peripheral
blood negative for the marker, which was maintained at
the last follow-up (at 5, 6 and 7 months in the three
patients). One of these patients had achieved a complete

C. Renner et al.

1088 haematologica | 2012; 97(7)

Table 1. Patients’ baseline characteristics.
Characteristic (n=35) N. %

Age, years
median 69
range 40-85

Female sex 13 37
Diagnosis type

relapsed 30 86
refractory to chemotherapy 5 14

WHO performance status
0 14 40
1 18 51
2 3 9

Ann Arbor Staging
I 1 3
II 2 6
III 4 11
IV 28 80

Presence of B-symptoms 7 20
Prior radiotherapy

yes 12 34
no 17 49
unknown 6 17

N. of prior systemic treatments
1 11 31
2 16 46
3 8 23

Bone marrow
involved 16 46
normal 14 40
indeterminate 1 3
not done 4 11

IGHV genes*
mutated 10 45
unmutated 12 55

Ki-67 index**
< 10% 7 23
10-30% 11 35
> 30% 13 42

*not done for 13 patients.
**not done for 4 patients.

Table 2. Number of cycles and dose administered.
Cycle Patients Dose/patient      Dose reductions         Dose

N. (%) (mg)                     N. (%)          interruptions
                                                 N. (%)

1 35 (100) 241                            1 (3)                      1 (3)
2 31 (89) 246                           4 (13)                     0 (0)
3 26 (74) 254                           4 (15)                     0 (0)
4 20 (57) 246                            1 (5)                      0 (0)
5 19 (54) 239                            1 (5)                      0 (0)
6 18 (51) 233                            1 (6)                      1 (3)

Table 3. Adverse events occurring in at least 10% of the patients.
All grades Grade 3 or 4

Adverse event N. (n=35) % N. (n=35) %

Fatigue 14 40 1 3
Mucositis (clinical 12 34 1 3
exam): oral cavity
Rash 11 31 0 0
Pain (various) 10 29 1 3
Anorexia 8 23 0 0
Anemia 6 17 4 11
Thrombocytopenia 6 17 4 11
Diarrhea 6 17 1 3
Nausea 6 17 0 0
Pruritus 6 17 0 0
Cough 4 11 0 0
Heartburn 4 11 0 0

Weight loss 4 11 0 0
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remission, one a partial remission and one stable disease
according to nodal status analyzed by computed tomogra-
phy. All the other 13 patients remained PCR-positive up to
their last follow-up analysis (two at 2 months, five at 3,
two at 4, three at 6, and one at 7 months).

Discussion

Here, we report on the results of a multicenter European
prospective phase II trial of the orally available mTOR
inhibitor everolimus in 35 patients with relapsed or refrac-
tory MCL. The treatment resulted in an objective response
rate of 20% and 49% patients had stable disease. The
median progression-free survival was 5.5 months for the
entire population and 17.0 months for the patients who
received six or more cycles of treatment. Three patients
achieved a long-lasting complete molecular response, as
assessed in the peripheral blood.

Inspired by the observation that the PI3K/AKT/mTOR
pathway is constitutively activated in MCL, clinical trials
using mTOR inhibitors as single agents have gained much
attention in recent times. So far, temsirolimus is the most
extensively studied mTOR inhibitor approved in Europe
for the treatment of patients with refractory or relapsed
MCL. This approval was based on a randomized, open-
label phase III trial demonstrating that, in 54 patients who
received a loading dose of temsirolimus with 175 mg
weekly for 3 weeks followed by 75 mg weekly until dis-
ease progression, the objective response rate was 22%,
including one complete remission and 11 partial responses
(95% CI, 11–33, P=0.0019).22 Progression-free survival was
significantly longer in the temsirolimus arm than in the
control arm, defined as the investigator's choice of therapy
(4.8 versus 1.9 months, P<0.0009). These efficacy data cor-
respond well with our results presented here on
everolimus with an objective response rate of 20% and 5.5
months median progression-free survival in a similar set-
ting. Importantly, everolimus has some properties that
might render it more attractive than temsirolimus or the
parent compound rapamycin.30 Everolimus is rapidly
absorbed after oral administration and, in cancer patients,
has a terminal half-life of 30 hours favoring daily oral
intake.30 In contrast, temsirolimus is a naturally occurring
water-soluble ester analog of rapamycin with a low oral
bioavailability and is metabolized to rapamycin with both
molecules exhibiting a similar potency of mTOR inhibi-
tion.30 However, the terminal half-life of rapamycin is
about three times that of temsirolimus (54.6 hours versus
17.3 hours) indicating that both molecules are present in
blood after intravenous administration at different levels
over time.30 The long half-life of rapamycin suggests that a
weekly dosing schedule for temsirolimus should be pre-
ferred in order to avoid accumulation of its derivative
rapamycin. These differences in drug metabolism might
be the reason for the slightly different toxicity profile seen
for everolimus and temsirolimus in MCL patients.
According to data from Hess et al.,22 the hematologic toxi-
city of temsirolimus, with grade 3/4 thrombocytopenia of
59% and anemia of 20%, seems to be higher than that of
everolimus (11% for both adverse events) in our study.
This difference might be advantageous when planning tri-
als with combination treatments in the future. However,
as a note of caution, the number of prior treatment regi-
mens in the temsirolimus trial was not restricted which is

reflected by a mean of three prior treatment regimens
compared to two in our trial. A major concern related to
both drugs is their potential to cause severe pneumonitis.
Three patients in our study developed pneumonitis-like
syndromes of grade 2 (n=1) or grade 3 (n=2) with a likely
or more definitive attribution to the study drug. 

The median progression-free survival observed in our
trial was comparable to that reported for temsirolimus
give at a dose of 250 mg or 25 mg weekly with median
times to progression of 6.5 months (95% CI, 2.9–8.3
months) and 6 months (95% CI, 3–11 months), respective-
ly.31,32 The small sample size of our study did not allow any
meaningful correlation of response to treatment or dura-
tion of response to patients’ baseline characteristics. In
addition, stratifying patients into three groups according
to whether their MIB-1 index was less than 10% (n=7),
10% to 30% (n=11), or more than 30% (n=13) did not
reveal any significant differences in the progression-free
survival analysis (P=0.99).

The presence of minimal residual disease (MRD) after
combined immunochemotherapy can be a powerful pre-
dictor of treatment outcome in MCL patients.33 Recent
data suggest that the absence of MRD is a major goal for
MCL therapy and the re-appearance MRD, as a sign of
molecular relapse, could be counteracted by prompt ritux-
imab treatment.34 In our trial, three patients became PCR
negative in the peripheral blood under everolimus treat-
ment. The clearance of circulating neoplastic cells occurred
early during treatment (in one case during cycle 2 and in
the other two cases during cycle 3) and lasted during the
follow-up (up to 7 months). MRD negativity in the blood
was not paralleled by a complete remission of nodal
lesions in all three patients since only one achieved a nodal
complete remission; one of the two other patients, one
had a partial remission, the other had stable disease.
Several study groups, including ours, reported similar

Everolimus treatment of relapsed MCL

haematologica | 2012; 97(7) 1089

Figure 1. Kaplan Meier estimate of progression-free survival (PFS)
for the whole population (––––) with a median PFS of 5.5 months
(95% CI 2.8-8.2). The median PFS is 2.7 months (95% CI 1.0-3.0)
for non-responders (– – –) and 17.0 months (95% CI 6.4-23.3) for
responders (.–. –.). By definition, there can be no events within the
first 6 months for the responders.
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observations for single-agent rituximab in MCL or follicu-
lar lymphoma;35,36 the clinical significance of these findings
is unclear. The number of patients who achieved a nega-
tive MRD status was too small to correlate this occurrence
with any other primary or secondary endpoint. However,
to our knowledge this is the first report of such a result in
lymphoma patients treated with an mTOR inhibitor. The
demonstration of clearance of circulating neoplastic cells
suggests that the drug might be able to remove MRD ren-
dering it a candidate drug for consolidation regimens. 

Previous data from the European Union MCL network
showed that four to six cycles of standard CHOP
chemotherapy did not significantly reduce levels of MRD
and no patient achieved a molecular response after induc-
tion.37 When rituximab chemotherapy was introduced, the
molecular response rate increased to 56% among all treated
patients and increased molecular response rates were paral-
leled by superior clinical response rates. Achievement of a
molecular response after induction treatment correlated
strongly with prolonged duration of remission. A molecular
response is, therefore, a desirable goal in the treatment of
patients with MCL. Our observation that everolimus was
able to remove circulating lymphoma cells should be fur-
ther studied in future trials evaluating the drug either as
part of a multi-drug regimen such as in combination with
rituximab38 or as single-agent maintenance therapy. 

mTOR inhibitors seem to have a similar efficacy profile
as other drugs used as single agents for the same indica-
tion. The recently updated multicenter phase 2 PINNA-
CLE study on bortezomib confirmed an objective
response rate of 32% and a median time-to-progression of

6.7 months (95% CI, 4–7.3 months).39 Bortezomib was
well tolerated with lymphcytopenia (34%) and neuropa-
thy (13%) being the most frequently reported grade 3 or
higher adverse events. A direct comparison with upcom-
ing new drugs is appealing but still very difficult since pre-
liminary data have only been reported so far.
Immunomodulatory drugs such as lenalidomide seem to
produce a high objective response rate (42%) but similar
progression-free survival (5.7 months).40 When focusing on
the mTOR pathway, interesting data have been reported
for PI3K inhibitors (such as CAL101), which block the
same PI3K/AKT/mTOR pathway upstream of mTOR. Six
out of seven MCL patients with relapsed or refractory
hematologic malignancies responded to PI3K inhibitor
treatment indicating that this new class of compounds
might be very active in this disease entity.41

In summary, our data suggest that everolimus is a ther-
apeutic option worth further testing either as a single
agent for consolidation treatment or in combination with
other drugs to improve the still very poor survival of
patients with MCL. 
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