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Abstract

mAbs can induce antibody-dependent cellular cytotoxicity
(ADCC) via the innate immune system's ability to recognize
mAb-coated cancer cells and activate immune effector cells.
Lenalidomide is an immunomodulatory agent with the capac-
ity to stimulate immune cell cytokine production and ADCC
activity. This phase I trial evaluated the combination of cetux-
imab with lenalidomide for the treatment of advanced colo-
rectal and head and neck squamous cell cancers (HNSCC). This
trial included patients with advanced colorectal cancer or
HNSCC. Treatment consisted of cetuximab 500 mg/m2 i.v.
every two weeks with lenalidomide given orally days 1–21
on a 28-day cycle. Three dose levels of lenalidomide were
evaluated (15, 20, 25 mg). Correlative studies included
measurement of ADCC, FcgRIIIA polymorphism genotyping,
measurement of serum cytokine levels, and flow cytometric

analysis of immune cell subtypes. Twenty-two patients were
enrolled (19 colorectal cancer, 3 HNSCC). Fatigue was the only
dose-limiting toxicity. One partial response was observed and 8
patients had stable disease at least 12 weeks. The recommended
phase II dose is cetuximab 500 mg/m2 with lenalidomide 25
mg daily, days 1–21. Correlative studies demonstrated a dose-
dependent increase in natural killer cytotoxic activity with
increasing doses of lenalidomide. Cetuximab and lenalidomide
were well tolerated. There was a lenalidomide dose-dependent
increase in ADCC with higher activity in patients enrolled in
cohort 3 than those enrolled in cohorts 1/2. Although response
was not a primary endpoint, there was evidence of antitumor
activity for the combination therapy. Further investigation of
lenalidomide as an immunomodulator in solid tumors is
warranted. Mol Cancer Ther; 15(9); 2244–50. �2016 AACR.

Introduction
Characterization of the interactions between the immune sys-

tem and tumor cells has led to the development of novel ther-
apeutic approaches in cancer immunotherapy, and as such,
researchers have developed an arsenal of anticancer tools to
exploit the effector mechanisms of the immune system. mAbs
targeting tumor-associated antigens have been developed and

utilized in a variety of human cancers. In addition to direct
binding of mAbs to tumor antigens, each mAb possesses a
constant or "Fc" region away from its antigen-binding site that
permits the host immune system to recognize and destroy the
antibody-coated tumor cells. Innate immune cells, including
natural killer (NK) cells, bear specialized fragment C receptors
(FcR) for the constant region of mAbs and costimulation of these
effector cells with specific immunoactivating compounds can
significantly enhance the immune response to antibody-coated
tumor cells. Research by our group and others has shown that
cytokines, Toll-like receptor agonists, and immunomodulatory
agents (such as lenalidomide) can markedly and synergistically
enhance the immune response to Ab-coated tumor cells in vitro, in
murinemodels of cancer and in the context of translational phase
I clinical trials (1–5). Although multiple immune cells are
involved in the clearance of antibody-coated tumor cells, NK
cells appear to play a key role (6, 7).

Cetuximab is a chimeric IgG1 mAb directed against the extra-
cellular domain of the EGFR. EGFR is a transmembrane protein
whose overexpression is associated with a malignant phenotype
and the enhanced ability of certain tumors to invade normal
tissues and metastasize (8). The receptor consists of an extra-
cellular ligand-binding site with a cytoplasmic tyrosine kinase-
containing domain. Binding of the appropriate ligand triggers
tyrosine kinase phosphorylation resulting in intracellular sig-
naling for growth and proliferation. The activated downstream
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signaling proteins include P13K-AKT, MAPK, SRC, and STATs 1,
3, 5a, and 5b.

The cytotoxic mechanism of action of cetuximab is two-fold:
the antibody binds extracellular EGFR to prevent ligand binding,
and it mediates an immunologic antitumor effects via antibody-
dependent cellular cytotoxicity (ADCC) conducted by FcR-bear-
ing cells. At least one study specifically investigated the important
role of CD56þ NK cells and ADCC activity with cetuximab in
colorectal cancer, and this trial demonstrated that the response to
cetuximabwas positively correlatedwith tumor infiltration byNK
cells (9).

Lenalidomide is an immunomodulatory agent currently
approved for use in hematologic malignancies, but it has shown
no significant antitumor activity in solid tumors as a single agent
(10, 11). Lenalidomide has demonstrated synergistic activity in
combination with several mAbs for hematologic malignancies,
including rituximab (IgG1 anti-CD20 chimeric mAb) and SGN-
40 (IgG1 anti-CD40humanizedmAb; refs. 12–15). In vitro studies
have shown that lenalidomide stimulates the proliferation and
activation of NK cells, thereby enhancing NK cell–mediated
cytotoxicity of Ab-coated tumors (16). Studies in hematologic
malignancies (lymphoma and multiple myeloma) also demon-
strated a role for the presence of lenalidomide in the activation of
natural killer (NK) cells (CD16þ CD56 low; refs. 14, 17). These
findings support the role of lenalidomide in enhancing immune
cell–mediated cytotoxicity (13, 14, 17). Preclinical studies of
lenalidomide in SCID lymphoma mice also demonstrated
enhancement of ADCC due to NK cell activity and increased
cytokine activity (13, 14).

The present phase I clinical trial evaluated the safety, toxicity,
and immunologic activity of the combination of lenalidomide
and cetuximab in patients with colorectal and head and neck
squamous cell cancer.On the basis of preclinical and clinical work
with lenalidomide and mAbs, one of the primary aims was to
evaluate the role of NK-cell–mediated ADCC of cetuximab using
lenalidomide as an immune stimulant.

Materials and Methods
Patient selection

Patients with metastatic KRAS wild-type colorectal cancer or
squamous cell head and neck cancer were eligible to enroll
(HNSCC). All patients provided written informed consent. There
was no limit to the prior number of therapies that could be
received. Prior EGFR-directed therapy (e.g., tyrosine kinase inhi-
bitors and mAbs) including cetuximab, panitumumab, or inves-
tigational EGFR-directedmAbswas allowed.No chemotherapy or
mAb therapy was permitted within 28 days of trial initiation.
Additional eligibility criteria included ECOG performance status
0–2, negative pregnancy test, and use of contraception in women
of child-bearing age and preserved organ function as defined by
the following parameters: leukocytes >3,000/mcL, absolute neu-
trophil count >1,500/mcL, platelets >100,000/mcL, total biliru-
bin < 1.5 mg/dL, AST (SGOT) < 100 U/L, ALT (SGPT) < 120 U/L,
creatinine clearance > 60 mL/min/1.73 m2 as calculated using
modified Cockcroft–Gault formula. Patients with brain metasta-
ses who had received definitive therapy, including radiation, and
did not require ongoing medical therapy (i.e., steroids) for brain
metastases were eligible. Exclusion criteria included history of
allergic reactions attributed to compounds with chemical or
biologic composition similar to lenalidomide or cetuximab, deep

vein thrombosis/pulmonary embolism requiring therapy within
3 months of enrollment, history of toxicity � grade 3 with prior
EGFR-directed therapy, confirmed history of interstitial lung
disease, uncontrolled concurrent illness including, but not lim-
ited to, ongoing or active infection, symptomatic congestive heart
failure, unstable angina pectoris, cardiac arrhythmia, or psychi-
atric illness/social situations that would limit compliance with
study requirements. Pregnant woman and patients less than 18
years of age were excluded. Because of the use of a commercial
supply of cetuximab, KRAS-mutant colorectal cancer was specif-
ically excluded in accordance with FDA indication for this drug.

Study design and patient evaluation
Patients received cetuximab 500 mg/m2 i.v. infusion every 2

weeks (days 1 and 15) with lenalidomide orally on days 1–21 of
the 28-day cycle. There was no dose escalation for cetuximab, but
dose reductions were allowed for toxicity. Three dose levels of
lenalidomide were investigated: 15, 20, and 25 mg daily.

A standard phase I 3þ3 trial design was utilized. Starting with
dose level 1, cohorts of three patients were followed to define
dose-limiting toxicity (DLT). An expansion cohort of colorectal
cancer patientswas recruited at theMTD.All patients enrolled into
a given cohort received the same starting dose. DLT was assessed
during cycle 1. Dose delays of up to 14 days were permitted for
toxicity. Patients with myelosuppression (grade 3 or 4 anemia,
thrombocytopenia, or neutropenia without bleeding or infec-
tion) or rash were permitted to continue on study if toxicity
improved to at least grade 2 within 14 days. Patients were
removed from the study if they developed infusion reaction
requiring medical intervention (grade 3 or 4), rash with desqua-
mation or blistering, erythema multiforme, or toxic epidermal
necrolysis. Patients with other nonhematologic toxicities that
did not improve to grade 2 or better within 14 days were also
removed from the study. Those patients requiring a delay in
dosing secondary to toxicity were dose reduced by 1 dose level.
A maximum of 2 dose reductions per patient was allowed. No
dose re-escalation was permitted. No intrapatient dose escala-
tion was allowed.

Supportive care measures were utilized at the discretion of
the individual treating physician. Recommendations for the
treatment of cetuximab-related rash included prophylactic use
of minocycline as well as topical clindamycin or bactroban as
needed. Lenalidomide increases the risk of thrombotic events
in patients who are at high risk or with a history of thrombosis;
when combined with other agents such as steroids (e.g., dexa-
methasone, prednisone) or erythropoietin, the risk of throm-
bosis is increased. Patients on protocol received aspirin (81 or
325 mg) prophylaxis if the patient had a history of thrombo-
embolic disease, known thrombophilia, erythropoietin use, or
ongoing steroid use (>7 days/cycle). No routine thromboem-
bolic prophylaxis was recommended for patients not meeting
the above criteria. Patients were assessed for toxicity by the
clinical provider at the start of each treatment cycle. Patients
were assessed for response with CT imaging every 2 cycles (8
weeks). Treatment was continued until unacceptable toxicity,
disease progression, patient withdrawal from study, or inves-
tigator discretion. Patients were followed for 6 weeks after
removal from study or until death, whichever occurred first.
Patients removed from the study for unacceptable adverse
events were followed until resolution or stabilization of the
adverse event.

Phase I Trial of ADCC with Lenalidomide and Cetuximab
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Correlative studies
Peripheral blood samples were obtained at study entry and

after initiation of lenalidomide therapy at days 15, 30, and
45. Combination therapy (cetuximab and lenalidomide) was
continued beyond day 45 unless patients were removed from
the study due to intolerance or toxicity. Serum and peripheral
blood mononuclear cells (PBMC) were procured and cryo-
preserved using standard techniques and used for further
analysis (18).

ADCC. PBMCs from patients at various time points were plated
in 96-well V-bottom plates and treated with or without IL12
(10 ng/mL) overnight in RPMI supplemented with 10% human
AB serum at 37�C. Eighteen hours later, HT29 human colorectal
cancer tumor cells were labeled with 51Cr for 1 hour, followed
by incubation with either cetuximab or control IgG (50 mg/mL)
for 45minutes. Tumor cells were then added toNK cells at various
effector:target (E:T) ratios. After 4-hour incubation, supernatants
were harvested and chromium release was assayed and percent
lysis determined as described previously (19). The human colo-
rectal cancer cell line HT29 was acquired from ATCC in 2010
and was validated by karyotyping/cytogenetic analysis prior to
use in 2013.

FcgRIIIA genotyping.DNAwas isolated frompretreatment patient
PBMCs using a QIAmp kit according to the manufacturer's
instructions (Qiagen) and quantified. Genotyping of the
FcgRIIIA-158V/F polymorphism was performed using a nested
PCR followed by allele-specific restriction enzyme digestion as
described previously (20). The amplified DNA (10 mL) was then
digested with 10 U NlaIII (New England Biolabs) at 37�C for 12
hours and separated by electrophoresis on 8% polyacrylamide
gel. After staining with ethidium bromide, DNA bands were
visualized under UV light. For homozygous FcgRIIIA–158F
patients, only one undigested band (94 bp) was visible. Three
bands (94 bp, 61 bp, and 33 bp) were seen in heterozygous
individuals, whereas for homozygous FcgRIIIA -158V patients
only 2 digested bands (61 bp and 33 bp) were obtained. All
samples were analyzed in duplicate.

Cytokine analysis.Patient serum samples fromvarious timepoints
were thawed on ice and analyzed in duplicate for levels of
cytokines (IL2, IL12, IFNg and TNFa) and growth factors (VEGF
and FGF-basic) using a Bio-Plex kit following the manufacturer's
specifications (Bio-Rad).

Flow cytometric analysis for immune cell subtypes. Percentage of T
regulatory cells, T cells, NK cells, and monocytes per microliter of
whole blood was determined by flow cytometry. Immune cell
subtype classification is as follows: T regulatory cells CD4þ/
CD25þ/CD127�; T cells CD3þ; NK cells CD3�/CD56þ/CD16þ;
NK cells and monocytes CD16þ.

Statistical analysis
A mixed effect model was used to analyze the data (21). The

change in ADCC from baseline to posttreatment was compared
within cohort 3 or cohort 1 and 2 (combined) and between
cohorts. This change was further compared within patients that
exhibited clinical benefit versus those with progressive disease.
Data analysis was conducted by using SAS, version 9.4 (SAS, Inc).

Results
Patient characteristics

Twenty-two patients (6 women, 16 men) were enrolled. Nine-
teen patients had colorectal cancer (KRAS wild-type) and 3
patients had squamous cell carcinoma of the head and neck. The
average patient age was 61 years old (range 44–71 years); most
patients were Caucasian (20 Caucasian, 2 African-American). All
but one patient had received prior EGFR-directed therapy: 11
patients had received cetuximab, 6 patients had received panitu-
mumab, and 4 patients received both cetuximab and panitumu-
mab. The patients were heavily pretreated, most patients received
at least 4 prior regimens in the metastatic setting (2 prior regi-
mens, 1 patient; 3 prior regimens, 8 patients; 4þ prior regimens,
12 patients). No patients received immunotherapy such as PD/
PDL1 or CTLA-4 inhibitors. Patient demographics are summa-
rized in Table 1.

Dose escalation and DLTs
Dose escalation followed the predetermined dosing sched-

ule. Three patients were treated at dose level 1 (cetuximab 500
mg/m2 plus lenalidomide 15 mg daily). Seven patients were
treated at dose level 2 (cetuximab 500 mg/m2 plus lenalido-
mide 20 mg daily). One patient on dose level 2 was removed
from the study during cycle 1 due to progressive disease and
was replaced. A DLT of fatigue was observed at dose level 2 and
this dose was expanded to include a total of 6 evaluable
patients. No further toxicity was observed at dose level 2.
Twelve patients were treated at dose level 3 (cetuximab 500
mg/m2 plus lenalidomide 25 mg daily) without incident. The
only DLT observed was fatigue at dose level 2. Additional
common treatment-related toxicities included fatigue, vomit-
ing, cytopenias (particularly lymphopenia/leukopenia), diar-
rhea, electrolyte abnormalities (hypocalcemia, hypokalemia,
hypomagnesemia, hypophosphatemia), and skin toxicity
(acneiform rash, dry skin). Grade 4 toxicities included hypo-
kalemia and hypomagnesemia in a patient receiving multiple
cycles of cetuximab; electrolyte abnormalities started with cycle
4 and were managed with electrolyte replacement. Of note, 6
thromboembolic events were reported at dose levels 2 and 3.
None of these events proceeded to pulmonary embolus and
were managed with anticoagulation only. No patients required
dose reductions. No treatment-related grade 5 toxicity was
observed. Toxicities are further detailed in Table 2.

Table 1. Patient demographics

Characteristic Number of patients

Male 16
Female 6
Colorectal cancer 19
Head and neck cancer 3

Prior therapies
Cetuximab 11
Panitumumab 6
Cetuximab and panitumumab 4
Chemotherapy 19
Bevacizumab 17

Best response to last EGFR-directed therapy
Stable disease 3
Progressive disease 15
Unknown 3

Bertino et al.
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Antitumor activity
Evaluable patients received an average of 4 treatment cycles.

One patient had a partial response to treatment that began with
cycle 2. They received a total of 8 cycles of therapy prior to
progression of disease. Eight patients had stable disease as their
best response; 10 patients had progressive disease after 2 cycles.
Patients with stable disease received an average of 6 cycles of

therapy (range 4–10 cycles). All but one of the patients with
clinical benefit (partial response or stable disease) had received
prior EGFR-directed therapy. Patient characteristics and response
evaluation detailed in Table 3.

Correlative studies
Because of small patient numbers, cohorts 1 and 2 were

combined and compared with cohort 3 for statistical analysis.
In cohort 1 and 2, the mean change in ADCC between day 45
posttreatment and baseline samples was �2.45% [95% confi-
dence interval (CI), �7.18–.27; P ¼ 0.305], indicating no signif-
icant increase in ADCC activity. In cohort 3, the mean change in
ADCC between day 45 posttreatment and baseline samples was
7.53% (95% CI, 1.65–13.4, P ¼ 0.0125), which is significantly
greater than that in the combined cohorts 1 and 2 (P ¼ 0.01;
Fig. 1). Likewise, therewas a trend toward increasedADCCactivity
in patients with clinical benefit (those patients with either stable
disease or response) compared with patients who did not expe-
rience clinical benefit. For patients who experienced clinical
benefit, the mean change in ADCC at day 45 (compared with
baseline) was 6.87% (95% CI, �0.22–13.97; P ¼ 0.0573); in
patients with progression after 2 cycles, the mean difference
at day 45 (compared with baseline) was 2.69% (95% CI,
�3.74–9.63; P ¼ 0.4210) (Fig. 2). Five of 8 patients with clinical
benefit and 4 of 9 patients with progressive disease also had
increased ADCC (Fig. 3).

No high affinity Fc gamma receptor polymorphisms (VV)
were identified. The group was evenly split with 11 VF and 11
FF polymorphisms identified (dns). There was no significant
association between polymorphism status and clinical benefit,
toxicity, or ADCC activity. In addition, levels of IL2, IL12, IFNg ,
TNFa, VEGF, and FGF-basic were measured in serum drawn at
baseline and days 15, 30, and 45; however, no significant
differences in serum cytokine levels were seen in patients with
clinical benefit compared with patients who did not experience

Table 2. Treatment-related toxicities

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Fatigue 5 6 1 0
Rash – acneiform, maculopapular 13 6 2 0
Dry skin 7 1 0 0
Skin infection/paronychia 1 2 1 0
Dehydration 0 0 1 0
Anorexia 1 1 1 0
Thromboembolic event 0 6 0 0
Anemia 8 4 2 0
Lymphopenia 11 9 1 0
Leukopenia/neutropenia 14 9 0 0
Thrombocytopenia 7 0 1 0
Nausea 5 2 0 0
Vomiting 4 1 0 0
Diarrhea 4 2 0 0
Constipation 2 0 0 0
Dry mouth/mucositis 4 1 0 0
Transaminase elevations (ALT/AST) 7 1 0 0
Hyperbilirubinemia 1 1 0 0
Renal insufficiency 1 0 1 0
Hypocalcemia 6 1 0 0
Hypokalemia 6 1 2 1
Hypomagnesemia 8 2 1 1
Hypophosphatemia 4 1 1 0
Edema of extremities 2 2 0 0
Fever 2 0 0 0
Infection 1 2 2 0
Dyspnea 0 3 0 0

Table 3. Patient outcomes

Dose level

Number of
treatment
cycles

Best
response Diagnosis

Prior
EGFR-directed
therapy?

Fc gamma
polymorphism

1 6 SD CRC Yes VF
1 2 PD CRC Yes FF
1 2 PD CRC Yes VF
2 8 SD CRC Yes FF
2 1 NE CRC Yes FF
2 4 SD CRC Yes VF
2 1 PD CRC Yes FF
2 2 PD CRC Yes FF
2 2 PD CRC Yes VF
2 8 PR CRC Yes FF
3 1 NE CRC Yes VF
3 2 PD HEAD Yes VF
3 6 SD HEAD No VF
3 2 PD CRC Yes VF
3 4 SD CRC Yes FF
3 10 SD CRC Yes FF
3 4 SD HEAD Yes FF
3 2 PD CRC Yes FF
3 1 NE CRC Yes VF
3 2 PD CRC Yes VF
3 2 PD CRC Yes FF
3 6 SD CRC Yes VF

Abbreviations: CRC, colorectal cancer; HEAD, head and neck squamous cell cancer; NE, not evaluable for response; PR, partial response; SD, stable disease.
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clinical benefit (Supplementary Fig. S1A and S1B). The per-
centage of T regulatory cells, T cells, NK cells, and monocytes
was determined by flow cytometry for 10 patients enrolled in
cohort 3; however, no significant differences in any of these
populations were noted or were indicative of patient outcome
(Supplementary Fig. S2A–S2D).

Discussion
This phase I trial of cetuximab and lenalidomide demonstrated

that the combinationwaswell tolerated andno excessive toxicities
were observed. The observed toxicities were within the expected
range for these agents, with the exception of the increased risk of
thromboembolic disease (27% in this trial). On the basis of
clinical tolerability, the recommended phase II dose for further
evaluation of this combination is cetuximab 500 mg/m2 i.v. days
1 and 14with lenalidomide being dosed at 25mgondays 1–21of
28-day cycle.

Thromboembolism is a known risk of lenalidomide therapy.
Initial trials leading to drug approval in theUnited States reported
thrombosis in up to 10% of multiple myeloma patients treated
with lenalidomide and dexamethasone (6, 7). Studies of lenali-
domide in solid tumors demonstrated a variable rate of venous
thromboembolism: thyroid cancer (11% pulmonary embolism;
ref. 22), pancreatic cancer (18%; ref. 22), and phase I study of
multiple cancer types (13%; ref. 10). It is also noted that solid
tumor patients have an increased risk of thromboembolic disease
compared with the general population. In particular, gastrointes-
tinal tumors carry one of the highest risks of this complication
[OR, 16.8 (4.1–69.1); ref. 23]. In this context, the increased risk of
venous thrombosis suggests that a more aggressive prophylaxis

regimen may be indicated for this population of patients if
lenalidomide is utilized with cetuximab.

The observed response rate of combination therapy suggests
lenalidomide may play a role in improving single-agent activity
of cetuximab, particularly in pretreated patients. Cetuximab
was initially approved as a single-agent therapy in colorectal
cancer based on a phase III trial demonstrating a partial
response rate of 8% and stable disease in 31% of patients
(24). When only KRAS wild-type patients were included, the
response rate was 12.8% (25). Similarly, a noninferiority trial
of cetuximab versus panitumumab demonstrated a response
rate of 20%–22% with stable disease in 47%–49% of patients
without prior exposure to EGFR inhibitors (26). Likewise,
single-agent cetuximab demonstrated response rate of 13% in
recurrent/metastatic squamous cell head and neck cancer (27).
The potential benefit of rechallenging patients with single-
agent EGFR-directed therapy after prior exposure is less clear.
One published trial evaluated the efficacy of using panitumu-
mab in patients who had progressed on cetuximab, and a small
phase II trial observed no responses, but 45% of patients had
stable disease for at least 2 cycles (28). A second small study
reported a clinical benefit rate of 15% in patients with cetux-
imab resistance (29). Thus, the use of immunostimulatory
agents including lenalidomide may have the greatest benefit
in patients who have had prior EGFR-directed therapies.

Although clinical benefit/response rate was not a primary
endpoint in this trial, we did observe clinical benefit in 9 patients
(47% of patients completing at least 2 cycles) with one partial
response. The patient with a partial response had been previously
treated with panitumumab in combination with irinotecan as
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Figure 1.

Change in antibody-dependent cellular cytotoxicity between baseline and day
15, day 30, and day 45 for cohort 1 and 2 versus cohort 3. Purified PBMCs from
patients enrolled in the trial were incubated overnight with medium
supplemented with 10 ng/mL IL12. The lytic activity of patient PBMCs cells was
assessed in a standard 4-hour chromium release assay using cetuximab-
coated HT29 human colorectal cancer cells. The change in mean percent lysis at
25:1 effector:target ratio for 10 patients enrolled in cohort 1 and 2 and the
remaining 12 patients enrolled in cohort 3 between baseline and day 15, baseline
and day 30, and baseline and day 45 is shown in box plots, represented as
baseline ADCC values subtracted from ADCC values at later time points.
The box plots represent the median and interquartile range, with I bars
showing the range for each group. � , P ¼ 0.01.
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Figure 2.

Change in antibody-dependent cellular cytotoxicity in patients with progressive
disease versus patientswith clinical benefit (response or stabledisease). Purified
PBMCs frompatients enrolled in the trial were incubated overnightwithmedium
supplemented with 10 ng/mL IL12. The lytic activity of patient PBMCs was
assessed in a standard 4-hour chromium release assay using cetuximab-coated
HT29 human colorectal cancer cells. The change in mean percent lysis at 25:1
effector:target ratio for 9 patients who had progressive disease (PD) and
the 8 patients who experienced clinical benefit (partial response and stable
disease, PRþ SD) at various time points are shown in box plots, represented as
baseline ADCC values subtracted from ADCC values at later time points.
The box plots represent the median and interquartile range, with I bars
showing the range for each group. � , P ¼ 0.05.
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well as cetuximab. For this patient, the previously observed best
response with cetuximab was stable disease. The patient response
to the combination of cetuximab plus lenalidomide suggests
activity of the combination therapy above and beyond expected
response with single-agent treatment. Interestingly, patients with
clinical benefit were noted at all three dose level, and the patient
with partial response was treated on dose level 2. This finding is
consistentwith other immunologic therapies—although there is a
dose-dependent increase in response, individual patient
responses are likely related to intricacies of that individual's
immune response.

The correlative studies focused on the immune response to
the combination therapy. Measurement of ADCC was the
main marker of immune activation and the results did dem-
onstrate a lenalidomide dose-dependent increase in cytotoxic
activity in vitro. As stated above, this effect did not clearly
correlate with response rates in individual patients. Compar-
ing patients with clinical benefit to those with progressive
disease, however, the ADCC results suggested the existence of
a more sustained immunologic enhancement in patients with
clinical benefit. These endpoints are exploratory but suggest
that immunologic activity may underly the benefit for indi-
vidual patients.

Cetuximab plus lenalidomide is a well-tolerated combination
therapy. Clinical benefit was observed with tolerable toxicity. In
addition, immune activity was observed and improved with
increasing doses of lenalidomide. Given the limited activity
observed in this small patient population, it would be interesting
to explore the use of lenalidomide with other EGFR-directed
therapies.
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Figure 3.

Increased antibody-dependent cellular cytotoxicity is generally correlated to clinical benefit. Purified PBMCs from patients enrolled in the trial were incubated
overnight with medium supplemented with 10 ng/mL IL12. The lytic activity of patient PBMCs was assessed in a standard 4-hour chromium release assay
using cetuximab-coated HT29 human colorectal cancer cells. The change in mean percent lysis at 25:1 effector:target ratio for 9 patients who had progressive
disease (PD) and the 8 patients who experienced clinical benefit (partial response and stable disease, PR þ SD) between baseline and day 45 are shown
in paired fashion.
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