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Background
In chronic lymphocytic leukemia lenalidomide causes striking immune activation, possi-
bly leading to clearance of tumor cells. We conducted this study to investigate the mech-
anism of action of lenalidomide and the basis for its unique toxicities in chronic lympho-
cytic leukemia.

Design and Methods
Patients with relapsed chronic lymphocytic leukemia were treated with lenalidomide 20
mg (n=10) or 10 mg (n=8) daily for 3 weeks on a 6-week cycle. Correlative studies assessed
expression of co-stimulatory molecules on tumor cells, T-cell activation, cytokine levels,
and changes in lymphocyte subsets.

Results
Lenalidomide upregulated the co-stimulatory molecule CD80 on chronic lymphocytic
leukemia and mantle cell lymphoma cells but not on normal peripheral blood B cells in
vitro. T-cell activation was apparent in chronic lymphocytic leukemia, weak in mantle cell
lymphoma, but absent in normal peripheral blood mononuclear cells and correlated with
the upregulation of CD80 on B cells. Strong CD80 upregulation and T-cell activation pre-
dicted more severe side effects, manifesting in 83% of patients as a cytokine release syn-
drome within 8-72 h after the first dose of lenalidomide. Serum levels of various cytokines,
including tumor necrosis factor-α, increased during treatment. CD80 upregulation on
tumor cells correlated with rapid clearance of leukemic cells from the peripheral blood. In
contrast, neither the severity of the cytokine release syndrome nor the degree of T-cell
activation in vitro correlated with clinical response. 

Conclusions
Upregulation of CD80 on tumor cells and T-cell activation correlate with unique toxicities
of lenalidomide in chronic lymphocytic leukemia. However, T-cell activation appears to be
dispensable for the drug’s anti-tumor effects. This provides a rationale for combinations of
lenalidomide with fludarabine or alemtuzumab.

Key words: chronic lymphocytic leukemia, lenalidomide, tumor flare, CD80, cytokine
release syndrome.
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ABSTRACT



Introduction

The immunomodulating drug lenalidomide is active
in chronic lymphocytic leukemia (CLL). Response rates
of 47% and 32% have been reported.1,2 However, sever-
al side effects are more severe in CLL than in other dis-
eases and have hindered the widespread use of lenalido-
mide in CLL. Most important among the CLL-specific
side effects is the tumor flare reaction, characterized by
tender lymph node swelling, low-grade fever, pain and
rash.3 Significant morbidity and fatal adverse events
have been attributed to tumor flare reaction, often in
conjunction with tumor lysis syndrome.4,5 Based on
these observations, clinical trials have been modified to
include lower starting doses and close monitoring. In
contrast, lenalidomide 30 mg daily in multiple myeloma
and 25 mg daily in relapsed or refractory aggressive
non-Hodgkin’s lymphoma has not caused tumor flare
reaction or tumor lysis syndrome.6,7 The basis for these
differences in the side effect profile of lenalidomide is
unclear. 

Multiple biological effects of lenalidomide have been
described; however, the relative contributions of indi-
vidual effects to this drug’s anti-cancer activity remain
to be defined. Despite the rapid decrease in leukemic
cell count in patients at the start of treatment,1 lenalido-
mide has no apparent pro-apoptotic effect on CLL cells
in vitro.4,8 Lenalidomide has been thought to modulate
the tumor microenvironment by downregulating
cytokines including tumor necrosis factor alpha (TNFα),
interleukin (IL)-6, and vascular endothelial growth fac-
tor (VEGF). However, clinical studies in CLL have
reported increased serum cytokine levels during
lenalidomide treatment.1,2 A postulated inhibitory effect
on bone marrow angiogenesis could not be confirmed.2

Immune activation is thought to be an important
effect of lenalidomide and related immunomodulating
drugs. Lenalidomide can activate T cells, NK cells, or
both and in some situations can lead to an expansion of
immune effector cells in vivo.9-11 Lenalidomide has been
found to enhance immunological synapse formation,
which could increase the anti-tumor effect of immune
effector cells.12 Upregulation of co-stimulatory mole-
cules and/or surface antigens on CLL cells, which could
render the leukemic cells more immunogenic, has been
described.4,8 A partially overlapping mechanism of
action has been attributed to DNA oligonucleotides
containing CpG motifs that are also known to increase
expression of co-stimulatory molecules and to cause
immune activation.13,14 However, evidence linking
immune activation and clinical response to lenalido-
mide is missing.

Design and Methods

Patients, clinical samples, flow cytometry 
and in vitro assays

CLL patients treated with lenalidomide were
enrolled on the institutional review board-approved
NHLBI protocol 07-H-0104 (ClinicalTrials.gov Identifier:

NCT00465127). The patients’ baseline characteristics
are given in Table 1. In this study lenalidomide was
given in cycles: 3 weeks on, 3 weeks off. The starting
dose for the first 10 patients was 20 mg, whereas that
for subsequent patients was 10 mg. Allopurinol was
given for 14 days in cycles 1 - 3. Side effects were clas-
sified according to the NCI common toxicity criteria
(version 3.0). Control peripheral blood mononuclear
cells (PBMC) from healthy volunteers (n=12) were
obtained through the Department of Transfusion
Medicine, NIH. Cells from patients with mantle cell
lymphoma (MCL) (n=12, Online Supplementary Table S1)
were collected under NHLBI protocol 04-H-0012
(ClinicalTrials.gov Identifier: NCT0071045). PBMC isolat-
ed by gradient centrifugation (Lymphocyte Separation
Media, MP Biomedicals, Irvine, CA, USA) were adjust-
ed to 5×106/mL and cultured in AIM V serum-free media
(Invitrogen, Carlsbad, CA, USA). Lenalidomide
(Sequoia Research Products, Berkshire, UK) and CpG
oligonucleotides (Integrated DNA Technologies,
Coralville, IA, USA) were used at doses of 2 µM and 1
µM, respectively. The mean fluorescence intensity
(MFI) of surface antigens was measured by flow cytom-
etry on BD FACSCanto II equipment and analyzed with
BD FACS-Diva software (BD BioSciences, San Jose, CA,
USA). Mouse anti-human antibodies were: fluorescein
isothiocyanate (FITC)-conjugated CD2 and CD19, phy-
coerythrin (PE)-conjugated CD25, CD69, CD80, CD86,
and CD95, CD3 allophycocyanin (APC), mouse isotype
G1 FITC, and mouse isotype G2a PE (BD BioScience,
San Jose, CA, USA). 
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Table 1. Patients’ characteristics at the start of lenalidomide treatment.
Patient Sex Age Rai WBC Bulky Prior GFR

(years) stage (x109/L) disease1 therapies (mL/min)2

1 Male 69 I 4.6 yes 3 59 

2 Male 78 III 23.5 yes 1 63 

3 Male 60 IV 106 yes 1 74 

4 Female 72 I 153 no 1 74 

5 Male 69 IV 8.3 yes 3 59 

6 Male 45 IV 25.5 yes 6 88 

7 Male 77 I 77.6 yes 7 76 

8 Male 68 IV 61.7 yes 3 87 

9 Female 69 III 59 yes 3 62 

10 Female 63 III 111 no 3 77 

11 Male 55 II 11.4 yes 1 105 

12 Male 76 II 95 no 1 49 

13 Male 53 II 56.4 no 4 87 

14 Male 71 IV 146 yes 5 73 

15 Female 63 II 70 yes 1 56 

16 Male 71 II 38 yes 5 64 

17 Male 75 IV 139 yes 4 36 

18 Male 62 I 6.1 no 1 126

Patients 1 and 18 had SLL and visceral lymphadenopathy detected by computed tomography,
all other patients had CLL. 1At least one nodal area >5 cm in largest diameter; 2estimated
glomerular filtration rate (Cockcroft-Gault formula).



G. Aue et al. 

| 1268 | haematologica | 2009; 94(9)

Serum cytokines
Serum samples obtained from study subjects prior to

treatment (n=13), on day 4 (n=4) and on day 8 (n=13) of
the first cycle of treatment were stored at -80°C.
Samples from patient 13 were collected on days 1, 2, 3,
4, and 8. The cytokines and chemokines IFN-γ, TNF-α,
IL-1α, IL-1β, IL-1Rα, IL-2, IL4, IL-5, IL-6, IL-10, IL-17,
CXCL5, CXCL8/IL-8, CCL2, CCL3, and CCL4 were
measured using Fluorokine MultiAnalyte Profiling (F-
MAP) kits from R&D systems (Minneapolis, MN, USA)
on a Luminex IS100 instrument (Luminex Corp. Austin,
TX, USA) and analyzed using Masterplex software
(Hitachi Software Engineering America, South San
Francisco, CA, USA) (Online Supplementary Table S2). 

Peripheral blood lymphocyte subsets 
and lymph node analysis

T, B and NK cells stained with CD4 APC, CD3 FITC,
CD8 PE, CD45 PerCP, CD16, and CD56 PE and CD 19
APC using the BD FACS Sample Prep Assistant IVD
(Becton Dickinson, Franklin Lakes, NJ, USA) were quan-
tified at the indicated times on a FACS Caliber using
FACS multiSET software (Becton Dickinson, Franklin
Lakes, NJ, USA). Core biopsies from superficial lymph
nodes obtained prior to lenalidomide treatment and on
day 8 of cycle 1 of treatment in 11 patients were stained
for CD3, CD68 and CD56. The number of CD3+ cells
was scored in five representative high-power fields.
Images were captured at 400x fold magnification on an
Olympus Bx41 microscope (Center Valley, PA, USA).

Statistics
Changes in surface antigen expression and lympho-

cyte subsets were examined by paired t tests. MFI meas-
urements of surface antigens were compared using an
unpaired t test, assuming unequal variances. Pearson’s
correlation coefficient was used to describe correlations.
All tests were two-tailed and a p value of less than 0.05
was used as the criterion for statistical significance.

Results 

Lenalidomide induces expression of co-stimulatory
molecules preferentially on malignant B cells but
responses are weaker than those induced by immune
stimulatory CpG oligonucleotides

Lenalidomide and CpG oligonucleotides can increase
the expression of co-stimulatory molecules on tumor cells.
The effect of CpG differs between various B-cell malig-
nancies.15 Whether the response to lenalidomide also dif-
fers between different types of B cells has not been deter-
mined. We measured the effect of lenalidomide on the
expression of CD80, CD86 and CD95 on tumor cells in
vitro by flow cytometry. Seventeen of the 18 patients with
CLL enrolled on a phase II clinical trial using lenalidomide
were studied. For comparison, we included peripheral
blood B cells from healthy volunteers (n=12), and from
patients with leukemic MCL (n=12). After 48 h of in vitro
exposure to lenalidomide, CD80 or CD95 expression on
normal B cells was unchanged. In contrast, average expres-
sion of CD80 and CD95 increased almost 2-fold on CLL B

cells (Figure 1A). CD86 was upregulated on normal B cells
(average increase 85±30%) and more strongly on CLL cells
(average increase 125±81%). Leukemic MCL cells upregu-
lated all three markers in the same way as CLL cells
(Figure 1A). For comparison we determined the effect of
CpG oligonucleotides on the same samples (Figure 1B).
Upregulation of CD80 was again stronger on CLL and
MCL cells than on normal B cells, but CpG increased
expression of CD86 and CD95 on all three types of B cells
equally and was at least twice as potent as lenalidomide in
inducing CD80 and CD86. Thus, while lenalidomide pref-
erentially upregulated co-stimulatory molecules on malig-
nant B cells, CpG oligonucleotides were less selective but
more potent stimulators. 

In the presence of chronic lymphocytic leukemia cells,
lenalidomide induces T-cell activation

To assess T-cell activation in response to lenalidomide,
we measured expression of CD69 on T cells in the same
PBMC samples used above for B cells (Figure 1C). In nor-
mal PBMC, we found only minimal T-cell activation (aver-
age increase in CD69 8±22%, p=0.1). In contrast, lenalido-
mide induced T-cell activation in CLL (average increase in
CD69 95±95%, p=0.01). T cells from most patients with
MCL (n=12) showed a weak response (average increase in
CD69 25±27%, p=0.03). Consistent with the stronger
effect of CpG oligonucleotides on B cells, we also found
more pronounced T-cell activation in response to CpG
than to lenalidomide (Figure 1D). T-cell activation in
response to lenalidomide correlated strongly with CD80
upregulation on B cells (r=0.57, p=0.0001, Figure 1E) but
not with upregulation of CD86 (r=0.1, p=0.53, data not
shown). 

Clinical presentation of immune stimulation 
in chronic lymphocytic leukemia: a potentially 
life-threatening cytokine release syndrome

The unique side effects of lenalidomide in CLL appear
to be related to immune activation. This is exemplified
by patient 13, who 16 h after his first dose of 10 mg
developed fatigue and back pain. On hospital admission
he was febrile to 40.1ºC, slightly hypotensive, without a
rash or change in lymphadenopathy. Lenalidomide was
withheld and intravenous hydration was started. Within
hours the fever rose to 41ºC and the patient developed
hypotensive shock that was controlled with 8 L of intra-
venous fluids and methylprednisolone. There was no
increase in white cell count, no evidence of tumor lysis
syndrome and a work-up for infection was negative. All
symptoms resolved over 3 days. This clinical presenta-
tion is reminiscent of the acute cytokine release syn-
drome experienced by CLL patients within hours of the
first administration of rituximab16 or with the adminis-
tration of oblimersen,17 a CpG antisense nucleotide. We,
therefore, measured the cytokine serum levels in patient
13 during the acute presentation, finding a striking
increase in inflammatory cytokines, most notably TNFα
and IL6 (Figure 2A). We then measured cytokine levels in
prospectively collected serum from day 8, cycle 1 in an
additional 12 patients (Figure 2B). The levels of the
cytokines and chemokines, IL8/CXCL8, TNFα, CCL2,
CCL3, and CCL4 and the soluble receptor IL-1Rα



showed statistically significant increases on day 8 com-
pared to pretreatment levels (p <0.05, Figure 2B). IFNγ,
IL-1α, IL-1β, IL-2, IL-4, IL-5, and IL-17 were below the
limit of detection in all samples (Online Supplementary
Table S2). An increase in cytokines was already apparent
on day 4 in the four patients available for analysis, sug-
gesting that cytokine release within the first few days of
treatment is a general reaction to lenalidomide. This
interpretation is consistent with the rapid onset of clin-
ical symptoms (see below).

While patient 13 had an exceptionally severe presen-
tation, similar symptoms were noted in the majority of
patients. To standardize the clinical presentation of the

cytokine release syndrome, we uniformly recorded and
graded the main symptoms and findings in all patients
(Table 2). Among the 18 patients enrolled in the study,
the following symptoms were observed within 8 to 72
h (average 38 h) of starting lenalidomide: fatigue (72%),
pain (61%), a greater than 25% increase in lymph node
size and/or in absolute lymphocyte count (ALC) over
baseline (50%), fever exceeding 38°C in the absence of
signs of infection (44%), dehydration (39%), chills
(33%) and a rise in creatinine (33%). Three out of 18
patients (17%) did not experience any of these side
effects. In order to correlate the clinical presentation
with laboratory and biological features we summarized

Lenalidomide-induced immune activation in CLL
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Figure 1. Upregulation of co-stimulatory molecules and T-cell activation. Upregulation of CD80, CD86 and CD95 on malignant B cells
from patients with CLL, MCL and on normal B cells with (A) lenalidomide or (B) CpG. CD69 upregulation on T cells in the same sam-
ples: (C) lenalidomide, (D) CpG. (E) correlation between B-cell and T-cell responses to lenalidomide: CLL (open squares), MCL (gray dia-
mond), normal donors (black triangles).
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the number and clinical grade of the individual manifes-
tations into a score (Table 2). This score captures the
degree of an inflammatory state induced by lenalido-
mide well, as shown by its close correlation with C-reac-
tive protein (CRP) levels, a laboratory marker of inflam-
mation that was rapidly induced in most patients (Figure
2C and D). Both the clinical score and CRP levels illus-
trate the considerable variability in lenalidomide-
induced immune activation between different patients.

In vivo effects of lenalidomide on lymphocyte
subsets in chronic lymphocytic leukemia

Recently, Ferrajoli and colleagues described that over-
all CD3 T-cell numbers remained stable at 3 and 6
months in 19 patients receiving continuous administra-
tion of lenalidomide.2 However, there are no reports on
early changes during the time of the most pronounced
clinical side effects and an analysis of lymphocyte sub-
sets is not available. We, therefore, monitored B, T, and
NK cell numbers during the first cycle of lenalidomide
treatment (Figure 3). In the first week, almost all patients
had a rapid reduction in circulating lymphocytes averag-
ing 30-40% for B, T, and NK cells (p<0.01, Figure 3A).
By the end of week 3 the normal lymphocyte subsets
started to recover and after the 3-week period off drug
had reached pre-treatment levels (Figure 3B). In contrast,
the CLL cell count continued to decrease and by day 21,
ten of 12 patients who completed 3 weeks of treatment
had an average reduction of 62% (p<0.001). After the 3-
week drug-free period the leukemic cell count exceeded
pre-treatment levels in two patients, while the remain-
ing patients maintained an average reduction of 38%
(p=0.002).

The tender lymph node swelling commonly observed
with lenalidomide in CLL could reflect recruitment of
immune effector cells into tumor sites or cell prolifera-
tion. To address this issue, we obtained lymph node
biopsies pre-treatment and on day 8 of cycle 1 of treat-
ment in 11 patients. T cells (CD3) were counted in all
biopsies and were slightly increased in two patients,
while there was no change or even a slight decrease in
nine patients (Figure 3C). CD56 and CD68 stained few

Figure 2. Cytokine release in CLL patients treated with lenalido-
mide: (A) daily after the initiation of lenalidomide in patient L13
and (B) in patients pre-treatment (squares, n=13), on day 4 (trian-
gle, n=4) and on day 8 (diamonds, n=13) of lenalidomide treat-
ment. (C) CRP serum levels. (D) Correlation of CRP (maximal
value week 1) and cytokine release score. 
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Table 2. Adverse events during cycle 1 of lenalidomide therapy define a clinical cytokine release syndrome.
Patient 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Lenalidomide (mg)1 20 20 20 20 20 20 20 20 20 20 10 5 10 10 10 10 5 10 
Onset (hours) 24 40 48 48 8 48 24 24 48 72 16 12 72 72 24 
Lymph node size ± ALC I II I I  I I III I I
Fever I I I I I I I III
Pain I III  IV I II II II I II III I 
Fatigue I II II I I I III I II I I I II
Chills     I    I    I    I II        I
Hypotension/ dehydration I II II II II I III
Creatinine I I I I I I
Hospitalization  Yes Yes Yes Yes Yes
Score 2.5 2.5 6 2 5.5 0 3 2 1 5 5.5 0 9 0 4 1 1.5 1.5 

Patients 6,12 and 14 did not experience a cytokine release reaction. 1After patient 10, the starting dose was lowered to 10 mg daily for the first two cycles and lenalidomide
dose was adjusted according to renal function (patients 12 and 17).Grading of each adverse event is given in Roman numerals according to CTCAE v3.0.The cytokine
release score was calculated as follows: 0.5 point for each adverse event, plus 3 points for grade III, 4 points for grade IV



NK cells and macrophages, respectively, but the num-
bers of these cells did not change in response to
lenalidomide (data not shown). Collectively, our analysis
of paired lymph node biopsies provides little evidence
that tumor-infiltrating T cells are responsible for lymph
node swelling in the context of flare reactions.

T-cell activation and leukemic cell clearance 
are distinct effects of lenalidomide

The severity of clinical side effects summarized in the
cytokine release score correlated with the in vitro
response to lenalidomide (Figure 4A) measured by
upregulation of CD80 on CLL cells (r=0.71, p=0.001),
and CD69 on T cells (r=0.75, p=0.001), and inversely
with treatment-induced changes in T-cell numbers (r =-
0.64; p=0.006, data not shown). There was no correlation
between the clinical score and the decrease in leukemic
cell count, age, RAI stage, number of prior therapies,
renal impairment, or bulky disease. The average score in
all patients was 2.89 (range, 0-9) with no difference

between the 20 mg and the 10 mg cohort (mean scores
of 2.95 and 2.81, respectively, p=0.9).

Next we tested the association of clinical and biologi-
cal characteristics with leukemic cell clearance. We
found a strong correlation between the in vitro response
of CLL B cells to lenalidomide, measured by CD80
upregulation, and the reduction in leukemic cells during
the first cycle of treatment (Figure 4B). In contrast,
upregulation of CD86 and CD95 was not correlated
with treatment response. Metrics of immune activation,
including CD69 upregulation on T cells (Figure 4B), the
cytokine release score, individual cytokine serum levels,
or CRP did not correlate with leukemic cell clearance in
vivo, suggesting that T-cell activation and anti-leukemic
activity of lenalidomide are separate effects. 

Discussion

The clinical use of lenalidomide in CLL has been com-

Lenalidomide-induced immune activation in CLL
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Figure 3. Effect of lenalidomide on lympho-
cytes: (A) percent change compared to pre-
treatment cycle 1 day 8. Patient 11: no data.
(B) Mean and standard deviation of cell
counts. (C) CD3 T-cell content in lymph node
biopsies pre-treatment (white columns) and
on day 8 of cycle 1 (black columns). (D) CD3
staining in lymph node core biopsies. 
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plicated by unexpected toxicities at doses that are well
tolerated in multiple myeloma and aggressive non-
Hodgkin’s lymphomas.4-7,17 A major concern in CLL has
been the occurrence of tumor flare reactions, the etiolo-
gy of which is not understood. Here, we provide an
explanation for the exacerbated reaction to lenalidomide
in CLL. We identify the tumor flare reaction as part of a
cytokine release syndrome, which is the main immedi-
ate toxicity of lenalidomide in CLL patients, and which
was severe enough to cause hospital admissions and/or
dose interruptions in 28% of our patients during cycle 1.
The 83% incidence of the cytokine release syndrome in
our study was higher than the 30%2 to 58%1 described
for the tumor flare reaction and was present in all our
patients manifesting with flares. Consistent with clinical
impressions, serum measurements confirmed the release
of several pro-inflammatory cytokines and chemokines,
including TNFα, IL-6, CCL2, CCL3 and CCL4. The
source of these cytokines and the interactions leading to
their release remain to be defined. CLL cells are an
unlikely source for many of them, and in vitro studies
failed to detect IL-6 or TNFα production by leukemic
cells.4

The in vitro response to lenalidomide, measured by

CD80 expression on CLL B cells and CD69 expression
on T cells, was strongly correlated with the occurrence
and severity of the cytokine release syndrome. The pre-
dictive value of these markers for severe clinical reac-
tions will have to be validated in an independent cohort.
Given the severity of side effects, it is conceivable that a
test based on the in vitro response to lenalidomide could
be used to stratify patients; such a strategy could reduce
the need for low starting doses that is currently pursued.
Our first ten patients started treatment with 20 mg daily
before the dose was changed to 10 mg. This dose reduc-
tion has not had any noticeable impact on the cytokine
release syndrome and two of the most severe reactions
occurred in the 10 mg cohort. Because lenalidomide
induces expression of co-stimulatory molecules on
responsive cells over a wide concentration range,4 it is
likely that doses much lower than 10 mg have to be used
to avoid reactions in patients at risk. 

Whether or not immune activation is required for the
clinical activity of lenalidomide is controversial. In sup-
port is the observation that flare reactions may herald
better clinical responses.3 However, other investigators
have not made this observation.2 A recent report sug-
gested that tumor-infiltrating immune cells may be
responsible for the lymph node swelling and, by exten-
sion, for anti-tumor activity.4 In contrast, our analysis of
matched lymph node biopsies obtained pre-treatment
and on day 8 of cycle 1 from 11 patients, i.e. during the
peak of the flare reaction, did not confirm increased T-
cell infiltration. Differences between our study and that
Andritsos et al. include the type of biopsies and their
timing. Andritsos and colleagues compared a tonsil that
had been surgically removed on day 28, a week after
lenalidomide had been stopped, to a pre-treatment
lymph node biopsy. Thus the observed differences in T-
cell content could be related to the different tissues ana-
lyzed or to a rebound of T cells in the period off
lenalidomide. Consistent with earlier reports,1 we
observed a rapid reduction in ALC even in the first cycle.
However, T-cell activation, the presence of a cytokine
release syndrome or tumor flare reaction, and upregula-
tion of FAS (CD95) on tumor cells did not correlate with
the decrease in leukemic cells. Thus, we found no evi-
dence to link T-cell activation or the occurrence of a
cytokine release syndrome to clinical responses in CLL.
Also, our finding that MCL tumor cells responded to
lenalidomide in a manner similar to CLL cells but only
induced minimal activation of autologous T cells in vitro
is consistent with the notable absence of flare reactions
in this disease. These observations, in light of a 50%
response rate to lenalidomide in MCL, support the
notion that anti-tumor effects may be independent of T-
cell activation. The severity of the cytokine release syn-
drome in CLL appears to be determined by tumor char-
acteristics, which raises the possibility of prospectively
identifying patients at risk of severe reactions.

The main predictor of leukemic cell clearance, which
reached an average of 62% by day 21, was lenalido-
mide-induced upregulation of CD80 on CLL cells in vitro
(Figure 4B). Response data are currently not mature
enough to test whether CD80 could serve as a predictor
of overall response, and this should be addressed

Figure 4. Pearson’s correlation between the upregulation of cell
surface markers in response to lenalidomide in vitro and clinical
outcome: (A) for the cytokine release score (n=17), and (B) for
peripheral blood response of patients measured as reduction in B-
cell count on day 21 compared to pre-treatment (n=10). 
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prospectively. It will also be interesting to test whether
CD80 upregulation on tumor cells correlates with clini-
cal responses in other B-cell malignancies. Whether
CD80 expression is just a marker of unidentified biolog-
ical effects of lenalidomide on CLL cell biology or
whether it has a functional role in mediating leukemic
cell clearance remains to be determined. In this regard it
is interesting to note that CD80 is a signaling molecule
that has been reported to transmit growth inhibitory
and pro-apoptotic signals in B-cell lymphoma cells.18,19

While we cannot exclude that lenalidomide could
have different mechanisms of action in different dis-
eases, we favor the hypothesis that T-cell activation in
CLL causes increased toxicity independently of anti-
tumor effects. This provides a rationale to test the com-
bination of lenalidomide with immunosuppressive

agents such as glucocorticoids, purine analogs or alem-
tuzumab.
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