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Background
Patients with chromosome 5 abnormalities and high-risk myelodysplastic syndromes or acute
myeloid leukemia have a poor outcome. We hypothesized that increasing doses of lenalido-
mide may benefit this group of patients by inhibiting the tumor clone, as assessed by fluores-
cence in situ hybridization for del(5q31). 

Design and Methods
Twenty-eight patients at diagnosis or with relapsed disease and not eligible for standard ther-
apy (16 with acute myeloid leukemia, 12 with intermediate-risk 2 or high-risk myelodysplastic
syndrome) were enrolled in this prospective phase II multicenter trial and treated with lenalido-
mide up to 30 mg daily for 16 weeks. Three patients had isolated del(5q), six had del(5q) plus
one additional aberration, 14 had del(5q) and a complex karyotype, four had monosomy 5, and
one had del(5q) identified by fluorescence in situ hybridization only.

Results
Major and minor cytogenetic responses, assessed by fluorescence in situ hybridization, were
achieved in 5/26 (19%) and 2/26 (8%) patients, respectively, who received one or more dose of
lenalidomide, while two patients achieved only a bone marrow response. Nine of all 26
patients (35%) and nine of the ten who completed the 16 weeks of trial responded to treat-
ment. Using the International Working Group criteria for acute myeloid leukemia and
myelodysplastic syndrome the overall response rate in treated patients with acute myeloid
leukemia was 20% (3/15), while that for patients with myelodysplastic syndrome was 36%
(4/11). Seven patients stopped therapy due to progressive disease and nine because of compli-
cations, most of which were disease-related. Response rates were similar in patients with iso-
lated del(5q) and in those with additional aberrations. Interestingly, patients with TP53 muta-
tions responded less well than those without mutations (2/13 versus 5/9, respectively; P=0.047).
No responses were observed among 11 cases with deleterious TP53 mutations.

Conclusions
Our data support a role for higher doses of lenalidomide in poor prognosis patients with
myelodysplastic syndrome and acute myeloid leukemia with deletion 5q. (Clinicaltrials.gov iden-
tifier NCT00761449).
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Introduction

Azacytidine was approved for use in Europe in 2009, and
has since then been used as first-line treatment for patients
with high-risk myelodysplastic syndrome (MDS) and the
former MDS category refractory anemia with excess of
blasts. The overall response rate to azacytidine in the piv-
otal multicenter trial was 29%.1 However, there is limited
information about response rates to azacytidine in patients
with previously treated MDS, in patients with acute
myeloid leukemia (AML) that has relapsed after
chemotherapy, and in patients with specific molecular fea-
tures.2
The presence of del(5q) or monosomy 5 in patients with

higher-risk MDS and AML is associated with a poor out-
come, regarless of whether the patients are untreated or
managed with chemotherapy and stem cell transplanta-
tion.3-5 The response rate in AML patients with adverse
cytogenetics including del(5q) or monosomy 5 is around
35% with conventional induction therapy.6 AML patients
with chromosome 5 abnormalities who are not eligible for
standard treatment or have refractory or relapsed disease
have a dismal prognosis.7
Lenalidomide induces a cytogenetic response in two-

thirds of patients with low and intermediate-risk 1 MDS
with del(5q).8 A recent study evaluated the effect of
lenalidomide 10 mg/day for 21/28 days in patients with
intermediate-risk 2 and high-risk MDS and del(5q).3,9
Thirteen of 47 patients achieved a hematologic response,
including seven who had cytogenetic responses. Most
responses were seen in patients with isolated del(5q), and
none of the 27 patients with a complex karyotype respond-
ed to treatment. In two recent studies of patients with
AML, complete remission was achieved in 16-30% of
patients treated with lenalidomide at doses up to 50
mg/day; however, none of the responders had chromo-
some 5 abnormalities.10,11
In vitro studies have shown that lenalidomide selectively

inhibits growth of del(5q) progenitors while sparing normal
progenitors.12,13 These studies also suggested that lenalido-
mide activates certain genes, such as SPARC, Cdc25C and
PP2Acα, located within the commonly deleted region on
5q31, which could potentially explain its therapeutic effect
in the 5q- syndrome. 
Chromosome 5 abnormalities frequently occur within a

complex karyotype and TP53 mutations are common in
this group of patients.14-16 TP53 mutant clones in low-risk
5q- MDS may be resistant to lenalidomide, and there are
studies suggesting that histone modifications may activate
p21 transcription independently of P53.17,18 The P53 path-
way is, therefore, of specific interest both in MDS and in
relation to lenalidomide treatment.
We hypothesized that higher doses of lenalidomide may

induce cytogenetic and clinical responses in patients with
high-risk MDS and AML and chromosome 5 abnormalities
and enrolled 28 patients not eligible for any type of stan-
dard treatment in a phase II trial assessing lenalidomide as
monotherapy. A documented anti-tumor effect would con-
stitute a basis for subsequent combination trials.

Design and Methods

Study group
Eligible patients for this prospective clinical phase II multicenter

trial fulfilled the following inclusion criteria: (i) age 18 years or
more; (ii) International Prognostic Scoring System intermediate-
risk 2 or high-risk MDS, or AML with a karyotype including
del(5q) or monosomy 5 confirmed by fluorescence in situ
hybridization (FISH) for del(5q31); (iii) considered, by the treating
physician, in accordance with Nordic Guidelines (a) not eligible for
primary treatment with induction chemotherapy or stem cell
transplantation (MDS, AML in the very elderly), (b) refractory to
induction therapy, (c) not suitable for re-induction chemotherapy
at relapse after induction chemotherapy, (d) not suitable for con-
ventional relapse therapy at relapse after stem cell transplantation;
(iv) signed informed consent; and (v) negative pregnancy test for
women of childbearing potential. Prior therapy with lenalidomide
was an exclusion criterion. The trial was approved by the National
Ethical committees of Sweden, Denmark, and Norway, conducted
in accordance with the Declaration of Helsinki and registered at
www.clinicaltrials.gov: NCT00761449. The Nordic MDS Group
was the sponsor of this trial, for which Celgene provided the study
drug and a research grant.

Study design
The main objective of this prospective non-randomized multi-

center phase II trial was to study the efficacy of lenalidomide at
inhibiting the myeloid tumor clone containing del(5q) or mono-
somy 5. For this reason major cytogenetic response (assessed by
FISH) after 16 weeks of treatment was chosen as the primary
endpoint. Secondary objectives were to study the safety of
increasing doses of lenalidomide and to assess hematologic
response and the predictive value of a series of biomarkers for
response to treatment. The total study period was 16 weeks.
Studies of patients with lower-risk MDS with del(5q) have
shown that there is a significant inter-patient variability regarding
therapeutic sensitivity and drug-induced bone marrow suppres-
sion.8 The intended cohort of patients was also expected to show
a marked variation in terms of age, bone marrow cellularity, pre-
vious treatment and biological sensitivity to lenalidomide. We,
therefore, chose an intra-patient dose-escalation procedure,
allowing for dose titration of individual patients, instead of a
phase I cohort design.19 Oral lenalidomide was given at a dose of
10 mg/day in weeks 1 to 5. The dose was increased to 20 mg/day
in weeks 6 to 9, and to 30 mg/day in weeks 10 to 16, if toxicity
was acceptable, based on data from List et al.20 Toxicity, including
cytopenias, was graded according to National Cancer Institute
toxicity criteria (CTC for Adverse Events, version 3.0). In the case
of suspected drug-related toxicity the dose could be lowered to 5
mg/day. It was expected that several patients would have severe
pancytopenia at the start of treatment, and dose modifications
due to asymptomatic hematologic toxicity were not, therefore,
performed. In the case of worsening cytopenia and/or suspected
drug-related adverse events, the dose could be modified accord-
ing to the clinical judgment of the investigator. Doses were
reduced in the case of grade 3 or 4 non-hematologic toxicity.

Morphology and cytogenetics
Metaphase cytogenetic analysis performed within 6 months

of inclusion was used to establish the karyotype and confirm the
presence of del(5q) or monosomy 5. During the screening phase
the loss of the chromosome region containing the LSI
EGR1/D5S23,D5S721 probe, del(5q) was verified by FISH. FISH
on bone marrow smears was centrally and blindly analyzed at
inclusion, week 8 and week 16. Blood and bone marrow mor-
phology, including a biopsy for assessment of cellularity, was
assessed at inclusion and weeks 4, 8, 12 and 16, and centrally
reviewed at inclusion and week 16, according to the standard
procedures of the Nordic MDS Group.21,22 Ten patients were
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analyzed after 16 weeks of treatment. Bone marrow aspirates at
inclusion and at the end of study were subject to lymphoprep
separation, extraction of DNA from mononuclear cells, further
CD34+ separation by a magnetic activated cell sorting (MACS)
system and isolation of RNA, as previously described.12

Immunohistochemical studies for p53 protein
Paraffin sections (4 μm) on Super Frost microscopic slides were

pre-treated at 60°C for at least 60 min. The monoclonal antibody,
DO-1 (Santa Cruz, Biotechnology, Inc.), which recognizes both
wild-type and mutant p53 proteins, was used as the primary anti-
body to detect p53 protein expression (Ventana, BenchMark XT
iVIEW DAB v3). The staining of the p53 signals was evaluated at
high magnification (100x objective) in randomly selected fields
and scored as negative, weak (p53+/light brown), or strong
(p53++/dark brown) nuclear staining according to Iwasaki et al.23 At
least 300 cells were counted. Immunohistochemical studies for
p53 were also performed on 20 normal bone marrow samples
(control group). 

Assessment of genetic markers
Poor prognostic factors in MDS and AML following MDS

include quantitative assessment of the WT1 transcript.24,25 In addi-
tion, we assessed P21 expression in relation to P53mutational sta-
tus. Real-time quantitative polymerase chain reaction (PCR) analy-
sis was used to evaluate the expression levels of the WT1 and
CDKN1A (p21) genes in CD34+ bone marrow cells. Pre-developed
TaqMan Assays were used (Assays-on-Demand; Applied
Biosystems, Foster City, CA, USA), and reactions were run on a
LightCycler 480 real-time PCR system (Roche Diagnostics, Lewes,
UK). The expression level of the GAPDH gene was used to nor-
malize for differences in input cDNA.
The coding sequences and splice sites of exons 5-9 of the TP53

gene were scanned for mutations by PCR in combination with
denaturing gradient gel electrophoresis, as previously described.26

Abnormal electrophoretic bands were excised from the gels, the
DNA was eluted in water, then re-amplified, and automatically
sequenced. 

Response criteria 
FISH analysis (percentage of positive bone marrow cells) was

used to establish the baseline percentage of del(5q) cells, against
which the response was calculated. The primary endpoint of the
study was major cytogenetic response after 16 weeks of treat-
ment, as evaluated by FISH. The International Working Group
cytogenetic response criteria for MDS are based on conventional
cytogenetic karyotyping but allow FISH for specific cytogenetic
aberrations. We aimed for a differentiated response scale (3 lev-
els) and, therefore, used the following criteria for cytogenetic
response: complete response: less than 5% (detection level for
FISH) del5(q) or monosomy 5 FISH-positive cells; major
response, 50% or greater reduction in the percentage of del5(q)
or monosomy 5 FISH-positive cells; minor response, 25% or
greater reduction in the percentage of del5(q) or monosomy 5
FISH-positive cells. Secondary FISH endpoints encompassed
minor and complete cytogenetic responses after 16 weeks and
any cytogenetic response after 8 weeks. Hematologic response
was assessed and reported using International Working Group
response criteria for MDS and AML.27,28 Safety was evaluated by
monitoring and recording adverse events.  

Study evaluation and statistics 
This was a single-arm, open-label, phase II clinical trial. The

expected number of patients for this study was calculated
according to a Simon optimal two-stage design. The safety pop-

ulation consisted of all patients, and the evaluable population of
patients was defined as subjects who received at least one dose
of lenalidomide. The predicted cytogenetic response rate (major
+ minor cytogenetic responses) without treatment was consid-
ered to be zero. If two or more cytogenetic responses were
observed in the first 15 evaluable patients, 15 additional patients
were to be recruited; otherwise, the study was to be terminated.
If five or more cytogenetic responses were observed in 30 evalu-
able patients (response rate ≥ 15%), the regimen was considered
sufficiently active to be further evaluated in combination stud-
ies.
Continuous variables were summarized using the mean or

median (range) value depending on the distribution of data, and
frequency tables were used to summarize categorical variables.
A correlation between TP53mutational status and response was
investigated using univariate analysis with a T-test for independ-
ent samples, as the size of the cohort, according to plan, did not
allow for multivariate analysis. c2 tests were used to compare
responders and non-responders. A two-sided α level of 0.05 was
used to determine statistical significance.

Results

Patients’ characteristics
Twenty-eight patients (7 men and 21 women) from ten

centers were enrolled between October 2007 and
December 2009; the median age of these patients was 69
years (range, 48-87 years) (Table 1). Sixteen patients had
AML and 12 had MDS (9 intermediate-risk 2 and 3 high-
risk), 21 patients were transfusion-dependent and 11 and
19 had grade 4 neutropenia and thrombocytopenia,
respectively, prior to the start of treatment. The median
bone marrow blast percentage was 20% (range, 2-84%).
Three patients had isolated del(5q), six had del(5q) plus
one additional aberration, and 14 had del(5q) plus two or
more additional abnormalities. Four patients had mono-
somy 5, and in one patient with severe marrow fibrosis,
del(5q31) was confirmed by FISH only. In 25 patients both
cytogenetics and FISH showed del(5q) and monosomy 5.
In two patients the cytogenetics showed monosomy 5 but
the FISH showed del(5q). Seven patients had chromosome
17 abnormalities but none had a 17p deletion. Thirteen
patients had received induction chemotherapy prior to
inclusion in the study. Three patients were treated after
failure of azacytidine therapy. One patient had therapy-
related AML. A detailed characterization of all 28 patients
is given in Online Supplementary Table S1.

Treatment results
Two patients died due to rapid deterioration during the

screening phase and received no lenalidomide. More than
two of the first 15 evaluable patients achieved a cytoge-
netic response. The study was closed after a total of 28
patients had been enrolled after the approval of azacyti-
dine by the EMEA and introduction of this drug as first-
line treatment for high-risk MDS. Of the 26 evaluable
patients, ten and eight completed 16 and 8 or more weeks
of treatment, respectively (Figure 1). Eight patients with-
drew before the first follow-up at 8 weeks. Of the 26
evaluable patients, five achieved a major cytogenetic
response (19%), two achieved a minor cytogenetic
response (8%), and another two had a bone marrow
response (8%) resulting in an overall response rate of
35% (CI:19-50%). The total cytogenetic response rate
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was 27% (CI: 13-41%) (Table 2). Four of the patients with
a major cytogenetic response and one with a minor cyto-
genetic response also had a bone marrow response and/or
hematologic response. One patient had both bone mar-
row and hematologic responses, but no cytogenetic
response. All responders completed 16 weeks of treat-
ment. Using the International Working Group criteria for
AML and MDS, the overall response rate in treated

patients with AML was 20% (3/15), while that in patients
with MDS was 36% (4/11).
In 11 patients (39%) the lenalidomide dose was

increased to 20 mg/day, and in six (21%) a further increase
to 30 mg/day was possible (Figure 1). Seven patients who
reached week 6 were not subject to further dose escalation
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Table 1. Patients’ demographics and clinical characteristics.
Characteristics N. %

Number 28
Age, years, median (Range) 69 (48-87)
Sex, female/male 21/7
AML 16 57

De novo 9 56
Relapsed/refractory 5 31

Secondary to MDS 7 44
Relapsed/refractory 5 31

MDS 12 43
IPSS Intermediate 2 9 75
IPSS High 3 25

Previous therapy
No previous therapy 10 36
Induction chemotherapy 12 43
Allogeneic stem cell transplantation 1 3
Other 5 18

Cytogenetics
Isolated 5q- 2 7
5q- and 1 additional abnormality 5 18
5q- and ≥2 additional abnormalities 16 57
-5 and ≥2 additional abnormalities 4 14
5q- (only FISH) 1 4

Bone marrow blasts, median (range) 20 (2-84)
Bood transfusion dependent 21 75
Neutrophils <0.5¥109/L 11 39
Platelets <50¥109/L 19 68

MDS: myelodysplastic syndrome; AML: acute myeloid leukemia; IPSS: International
Prognostic Scoring System.

Table 2. Characteristics of the nine responders in the study.
N. AML/ Cytogenetics BM FISH BM blasts

MDS 5q31 % %
wk1 wk16 wk1 wk16 Cytogenetic Bone marrow Hematologic P53 P53 WT1 P21

Response1 Response2 Response expression4 mutated
(MDS)3

3 AML 5q- 65 90 25 5 NR PR5 NA 0 - - -
5 AML 5q- +≥2 abn 83 46 28 21 Minor CR6 NA 0 No 10.1 2.46
9 MDS 5q- +1 abn 81 12 9.5 4 Major CR Hb 0 Yes 0 0.71
16 MDS 5q- +≥2 abn 26 69 10 30.,5 NR CR Plt 48.8 Yes 0.7 0.76
18 MDS 5q- +≥2 abn 55 14 2 3 Major NA Hb 0 No - -
21 AML 5q- +≥2 abn 60 38 10 15 Minor NR NA 13.3 - - -
23 AML 5q- +1 abn 93 32 62 22 Major No NA 50.3 Yes 14.7 1.41
24 MDS 5q- 93 6 10 4 Major CR Hb 2 No 121 16.5
28 AML 5q- +≥2 abn 70 12 35 2.5 Major CR NA 1 No 48.5 10.2

MDS: myelodysplastic syndrome; AML: acute myeloid leukemia; abn: abnormality; wk: week; WT1: Wilms’ tumor 1, and p21 mRNA expression was assessed in selected CD34+ bone
marrow cells; Hb: hemoglobin; Plt: platelets; NA: not applicable. CR: complete response, PR: partial response, NR: no response. 1Minor is ≥25% reduction and major is ≥50% reduction
as evaluated by FISH, 2Defined according to International Working Group (IWG) criteria for AML and MDS. 3Defined according to IWG criteria for MDS, 4Imunnohistochemistry,
5Incomplete recovery of platelets, 6Fullfilled IWG criteria for CR week 8 and 12.

Figure 1. Summary of dosages and duration of lenalidomide treat-
ment in all 28 patients.



due to neutropenic fever (n=4), neutropenia (n=1), rash
(n=1) and an allergic reaction (n=1). In four patients who
received 20 mg/day the dose could not be increased to 30
mg/day because of progressive disease (n=1), abdominal
pain (n=1), rash (n=1) and hematologic toxicity (n=1).
Among the nine responding patients the maximum dose
of lenalidomide was 10 mg/day (n=5), 20 mg/day (n=1)
and 30 mg/day (n=3). Three of the five patients with a
major cytogenetic response achieved this response at
week 16 and two at week 8. Of the three patients with a
major cytogenetic response at week 16, one received
lenalidomide 30 mg/day according to protocol, while two
did not tolerate dose escalation. Four of the five patients
with a major cytogenetic response were previous untreat-
ed and one had received induction therapy. Two of the
nine responders had a baseline neutrophil count less than
0.5x109/L and five had a platelet count less than 50x109/L.
None of the patients in whom azacytidine treatment
failed responded to therapy with lenalidomide.

Overall survival and follow-up of responding patients
Patients responding at 16 weeks were, according to pro-

tocol, eligible for compassionate use of lenalidomide treat-
ment. Four responders continued lenalidomide with
response durations of 6, 19+, 15+ and 27+ months. Four
patients did not continue lenalidomide and had response
durations of 1, 1, 3 and 8 months. In one patient the dura-
tion of the cytogenetic response could not be assessed
because no further bone marrow samples were taken dur-
ing the follow up. The median overall survival time for the
whole cohort was 5.6 months (range, 0.4-30.9+ months),
while it was 19.0 months (range, 4.8-30.9+ months) in
responding patients (Table 4 and Online Supplementary
Figure S1).

p53 protein expression by immunohistochemistry 
Paraffin blocks were available for 24 patients at inclu-

sion, and in ten of these also at week 16. Cells with strong
nuclear p53 expression (p53++) were seen in 15/24 patients
before the start of treatment (Online Supplementary Table
S1). In the control subjects (n=20) p53++ cells were detected
in two bone marrow samples at levels less than 1%, while
18 samples stained negative. The percentage of p53++ cells
was 1-2% in five patients, and ranged between 13-65% in
the other ten patients. A cut-off of 10% was, therefore,
used when comparing immunohistochemical results and
TP53 mutational status. In six of the nine patients who
responded to treatment, p53 expression was absent or
low. In the remaining three patients, the percentage of
p53-expressing cells decreased in one patient and
increased slightly in the other two patients. 

TP53 mutational status
Material to assess TP53 mutational status was available

from 24 patients. Seventeen different mutations were
observed in 15 patients (Online Supplementary Table S1).
Two patients with confirmed mutations died before start-
ing treatment and are not included in Table 3. The major-
ity of mutations were missense mutations (13/18), while
frame shift mutations were observed in three patients and
a splice mutation in one patient. Post-treatment samples
were available for two patients with TP53 mutations. In
patient SW16 (Figure 2) the relative amount of TP53
mutant cells (R175H) increased after treatment. This
patient had a complete bone marrow response but no

cytogenetic response, indicating that the 5q- clone was
resistant to lenalidomide. In patient SW23 the mutant
clone (E258D) was reduced by lenalidomide. This patient
had a major cytogenetic response and a reduction of bone
marrow blasts from 62% to 22%. However, E258D is a
conservative substitution that may not have a dramatic
influence on p53 function. The results of immunohisto-
chemical staining for p53 correlated well with TP53muta-
tional status in that all patients with more than 10% pos-
itively stained cells had a TP53 mutation. However, only
12/15 patients with a mutation had more than 10% p53++
cells, according to the immmunohistochemical staining.
Two of the patients with a TP53 mutation whose cells
stained negative for p53 had a frame shift mutation lead-
ing to a premature stop codon, and one had a G266V
mutation. 

p21 and WT1 expression 
CD34+ cell separation yielded sufficient cells for extrac-

tion of RNA in 22/28 patients at the start of treatment
(Online Supplementary Table S1, Online Supplementary Figure
S2). The levels of expression of p21 and WT1 mRNA in
patients’ CD34+ cells were compared to those of normal
CD34+ cells from two healthy donors. Both p21 expres-
sion  (19/22, P=0.001) and WT1 expression (18/22,
P=0.004) were significantly higher in patients than in con-
trols (Online Supplementary Figure S2). 

Markers for a response to treatment
There were no significant differences in clinical and

morphological inclusion variables between responders
and non-responders (Table 3). However, no patient with
monosomy 5 responded. The response rates in patients
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Table 3. Characteristics of responders and non-responders in 26*
lenalidomide-treated patients.
Characteristics                     Responders      Non-responders

N.                                                     9                               17
Age, years, median                     69 (48-85)               71 (58-87)                   
Sex, female/male                                8/1                            12/5                    P=0.3
AML/MDS                                             5/4                            11/6                    P=0.6
Previous chemotherapy                                                                                     

Yes/No                                           5/4                            10/7                    P=0.9
P53 expression**                                                                                               

High                                                 3                                6                      P=0.5
Low or absent                               6                                7                            

P53mutation                                                                                                        
mutated                                          2                               11                   P=0.047
unmutated                                     5                                4                            

WT1***                                                                                                                  
High                                                 2                                8                      P=0.5
Low                                                  4                                6                            

P21***                                                                                                                   
High                                                 2                                8                      P=0.5
Low                                                  4                                6                            

Cytogenetics                                                                                                          
5q- + 0-1 abn                                 3                                6                      P=0.5
5q- + ≥2 abn                                  6                                7                            

MDS: myelodysplastic syndrome; AML: acute myeloid leukemia; abn: abnormality; WT1:
Wilms tumor 1, and p21 mRNA expression was assessed in selected CD34+ bone mar-
row cells. *Two patients who did not start treatment are excluded. Numbers of patients
in the different analyses vary because of lack of adequate material in some cases.
**Immunohistochemistry, high defined as ≥10% and low as ≤2% strongly positive.
***The median level was used as the cut-off.



with del(5q) alone, del(5q) plus one abnormality, and
del(5q) plus two or more abnormalities were 67%, 17%
and 46%, respectively. Two of 13 patients with a TP53
mutation compared to five of nine without a mutation
responded (P=0.047). Importantly, no patients with delete-
rious mutations responded to treatment. p53++ expression,
categorized as absent or low (≤2%) versus high (>10%),
was not associated with a response to treatment, and
expression of  WT1 and P21 genes did not differ signifi-
cantly between the groups.

Safety evaluation 
Sixteen patients terminated therapy early due to pro-

gressive disease (n=7), infection (n=6), central nervous sys-
tem hemorrhage (n=1), fatigue and pain (n=1) and pain
and syncope (n=1). Five of these patients died due to infec-
tion (n=3), progressive disease (n=1) and central nervous
system hemorrhage (n=1) (Table 4). Five AML patients
progressed between weeks 3-12, and three MDS patients
progressed to AML at weeks 1, 4 and 10.
Six patients developed grade 3-4 neutropenia and seven

developed grade 3-4 thrombocytopenia. Thirteen patients
experienced grade 3 or 4 infections or febrile neutropenia.
Other grade 3 or 4 toxicities included skin rash (n=3,

whereof one blistering), intracerebral hemorrhage (n=2),
abdominal pain (n=2), syncope (n=1), thromboembolism
(n=1), bleeding (n=1), arthritis (n=1) and mucositis (n=1).
Details of the adverse events are presented in Online
Supplementary Table S2).
Twenty-six serious adverse events were reported in 18

of the patients. The main criterion for a serious adverse
event was admission to hospital as an in-patient (92%). In
five patients the outcome of the serious adverse event was
death. The cause of death was the underlying disease or
complications of the underlying disease. For these patients
the causality/relationship with lenalidomide was judged
as not suspected or not related. 

Discussion

This phase II hypothesis-generating study shows for the
first time that monotherapy with higher doses of lenalido-
mide than conventionally used for low-risk del(5q) MDS
was able to inhibit the del(5q)-containing tumor clone in a
cohort of patients with extremely advanced MDS or AML
and a karyotype involving a deletion of 5q. In fact, five of
ten patients who completed 16 weeks of lenalidomide
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Table 4. Time on study and survival.
Patient Diagnosis Prior  treatment Weeks Response Cause of early Survival (months) Cause of death
N. on study discontinuation Infection

1 AML Induction 2 No Death 0.4
2 AML Induction 8 No Progressive disease 9.8 Progressive disease
3 AML Induction 16 Yes 27.0 Progressive disease
4 MDS None 14 No Death 3.4 Infection
5 AML None 16 Yes 6.4 Progressive disease
6 AML Induction 14 No Infection 11.6 Progressive disease
7 MDS None 3 No Fatigue and pain 19.1 Progressive disease
8 AML Induction 12 No Progressive disease 3.5 Progressive disease
9 MDS Erythropoietin 16 Yes 30.9+
10 AML Induction 1 No treatment 3.0 Progressive disease
11 MDS Induction 15 No Death 3.5 CNS hemorrhage
12 MDS Hydroxyurea 13 No Pain and syncope 7.4 Progressive disease
13 MDS FC 1 No treatment 1.5 Progressive disease
14 AML Induction 3 No Death 0.6 Progressive disease
15 MDS Erythropoietin 10 No Progressive disease 3.6 Progressive disease
16 MDS None 16 Yes 19.0 Progressive disease
17 AML Induction+Aza 3 No Progressive disease 2.5 Progressive disease
18 MDS None 16 Yes 27.2+
19 AML Induction 2 No Death 1.0 Infection
20 MDS Induction+Aza 4 No Infection 1.9 Progressive disease
21 AML Induction 16 Yes 7.9 Sepsis
22 MDS None 16 No 10.0 Progressive disease
23 AML Induction 16 Yes 4.8 Progressive disease
24 MDS None 16 Yes 19.4+
25 AML Azacytidine 10 No Infection 2.6 Progressive disease
26 AML None 5 No Progressive disease 0.9 Progressive disease
27 AML None 3 No Progressive disease 14.6+
28 AML None 16 Yes 14.6+
FC: fludarabine and cyclophosphamide, Aza: azacytidine; CNS: central nervous system.



treatment had a major cytogenetic response. One of the
patients subsequently underwent allogeneic stem cell
transplantation and remains in remission after 2 years. This
shows that recent in vitro findings demonstrating a selective
inhibitory effect of progenitors containing del(5q) may be
translated into a therapeutic response in vivo.12,13 There was
no difference in response between patients with isolated
del(5q) and those with complex cytogenetic patterns, indi-
cating that lenalidomide may have an anti-tumor effect
also in the latter group of patients. A recent study evaluat-
ing an average dose of 7.5 mg daily in patients with high-
risk MDS showed limited effects in patients with del(5q)
and additional chromosomal abnormalities, hence the
higher doses may have been important in our study.9 It is,
however, likely that the patients who completed 16 weeks
of trial and reached the highest lenalidomide dose may
constitute a selection of patients with more favorable fea-
tures, and that the high response rate in this cohort should
not be extrapolated to the population of high-risk del(5q)
MDS and AML without further studies. The complete
remission rate in AML patients who started treatment in
our study was 13%. In two recent AML studies with
lenalidomide none of the patients with chromosome 5
abnormalities had a response.10,11
The enrolled cohort was characterized by multiple risk

factors and patients generally had very advanced disease.
Of the 26 patients who started treatment, 15 had AML
and 15 were refractory to or relapsing after chemotherapy,
and all patients treated de novowere elderly. However, nei-
ther previous treatment nor age showed any association
with response to treatment. WT1 expression, which has
been associated with poor prognosis in MDS and AML
evolving from MDS, as well as P21 expression, which is
associated with P53 function and is frequently dysregulat-

ed in myeloid malignancies, were also similar in respond-
ing and non-responding patients.29
As expected, we identified a high frequency of TP53

mutated cases (15/24; 62.5%) in the cohort, all but one of
which were most likely associated with disruption of
TP53 function. Interestingly, the presence of a TP53muta-
tion was significantly associated with failure of lenalido-
mide treatment and only two cases with mutations
responded to this treatment. In case 23 (E258D) a major
response was observed with a reduction of the mutant
clone, but in case 16, with a hot spot mutation R175H, the
mutant clone increased in spite of morphological and
hematologic responses (Figure 2). It is well known that
alterations of different TP53 codons are associated with
different phenotypes. The R175H is a deleterious change
which has been shown to abrogate both protein confor-
mation and DNA binding.30 The E258D mutation has less
frequently been involved in cancer. The glutamine to
aspartate change is a conservative amino acid substitution
and is located in the very last codon of the zinc binding
domain L3 and may thus be less important for p53 func-
tion. All together these observations indicate that clones
with deleterious TP53 mutations are insensitive to
lenalidomide. 
In a recently published study by our group we identified

small subclones of mutated TP53 in ten of 55 patients with
low- and intermediate-1 risk MDS with del(5q) using deep
sequencing by Roche 454 technology.31 Importantly, muta-
tions were associated with a significantly higher risk of
leukemic transformation, and also a poorer survival in
patients with intermediate-risk 1 MDS. There was no rela-
tion between mutational status and other risk factors such
as isolated versus other karyotypes, or percentage of blasts.
In one patient treated with lenalidomide there was a clear
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Figure 2. Denaturating gradient
cell electrophoresis and
sequencing analysis of DNA
from bone marrow cells isolated
before (week 1) and after treat-
ment with lenalidomide (week
16).  In patient SW16 (A) the
relative amount of TP53 mutant
cells (R175H) increased after
treatment, while in patient
SW23 (B) the mutant clone
(E258D) was reduced by
lenalidomide.
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reduction in FISH-positive cells, but no effect on the size
of the mutated clone, indicating that the TP53 mutation
rendered the subclone resistant to the drug. A similar neg-
ative effect of TP53 mutations on the probability of
response is also suggested by the present study, in which
treatment had no effect on the majority of mutated cases.
A recent phase I study did, however, indicate that the
combination of lenalidomide and azacytidine may have
an effect that is superior to that of each drug alone.32
Overall there was a good correlation between TP53

mutational status and protein expression. Importantly, all
patients with more than 10% cells stained positively by
immunohistochemistry had TP53 mutations, suggesting
that immunohistochemistry could be used as an easy and
cost-effective screening method. Lack of immunohisto-
chemical expression does not, however, preclude a muta-
tion so sequencing techniques may be indicated in nega-
tively stained cases. All but one of the missense mutations
were associated with greater than 10% p53 expression,
and immunohistochemistry was negative in the two cases
which only had frame shift mutations leading to a prema-
ture termination codon. Since p21 acts downstream of p53
in the regulation of cell cycling and apoptosis it has been
suggested that p21 up-regulation by lenalidomide may
compensate for p53 deficiency.17,29 Surprisingly, p21
expression levels at diagnosis were not particularly low in
the TP53mutant cases, and the importance of p21 expres-
sion levels in this cohort remains unclear. 
Lenalidomide treatment was associated with a relatively

high rate of adverse events, and neutropenic infections, in
particular, were frequent. Many of these were probably

related to the underlying severe disease and patients with
major responses tolerated the treatment well. We con-
clude, however, that increased doses of lenalidomide
should by viewed as a relatively toxic treatment in high-
risk MDS and AML with del(5q). 
The primary aim of this study of patients with advanced

disease was to evaluate the effect of lenalidomide on the
del(5q) tumor clone and hence to develop a basis for sub-
sequent trials using lenalidomide in combination with
other treatments. Importantly seven of the ten patients
who completed the trial achieved a cytogenetic response.
Six of these had a median response duration of 9.5 months
(range, 1-20 months), and one underwent stem cell trans-
plantation. It is, therefore, conceivable that lenalidomide
given upfront together with azacytidine or induction
chemotherapy may actually lead to higher response rates
and potentially reduce the risk of relapse after stem cell
transplantation. Based on these promising results, we pro-
pose that subsequent studies should evaluate the addition
of lenalidomide in the primary treatment of del(5q) high-
risk MDS and AML. 
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