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Topical TLR7 Agonist Imiquimod Can Induce Immune-
Mediated Rejection of Skin Metastases in Patients with
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Abstract
Purpose: Skin metastases of breast cancer remain a therapeutic challenge. Toll-like receptor 7 agonist

imiquimod is an immune response modifier and can induce immune-mediated rejection of primary skin

malignancies when topically applied.Herewe tested the hypothesis that topical imiquimod stimulates local

antitumor immunity and induces the regression of breast cancer skin metastases.

Experimental Design: A prospective clinical trial was designed to evaluate the local tumor response rate

of breast cancer skin metastases treated with topical imiquimod, applied 5 d/wk for 8 weeks. Safety and

immunologic correlates were secondary objectives.

Results: Ten patients were enrolled and completed the study. Imiquimod treatment was well tolerated,

with only grade 1 to 2 transient local and systemic side effects consistent with imiquimod’s immunomod-

ulatory effects. Two patients achieved a partial response [20%; 95% confidence interval (CI), 3%–56%].

Responders showed histologic tumor regression with evidence of an immune-mediated response, showed

by changes in the tumor lymphocytic infiltrate and locally produced cytokines.

Conclusion: Topical imiquimod is a beneficial treatment modality for breast cancer metastatic to

skin/chest wall and is well tolerated. Importantly, imiquimod can promote a proimmunogenic tumor

microenvironment in breast cancer. Preclinical data generated by our group suggest superior results with

a combination of imiquimod and ionizing radiation and we are currently testing in patients whether the

combination can further improve antitumor immune and clinical responses. Clin Cancer Res; 18(24);

6748–57. �2012 AACR.

Introduction
Skin metastases of solid tumors remain a therapeutic

challenge. Breast cancer is the second most common
tumor, after melanoma, to metastasize to the skin (1,
2). Breast cancer skin recurrence most frequently manifest
after mastectomy and can present as firm nodules, diffuse
infiltration or ulcerative lesions, often in proximity of the
mastectomy scar. Initial management of recurrences usu-
ally includes resection and radiation, but skin metastases
tend to recur and herald diffuse metastatic spread. Fur-
thermore, cutaneous metastases affect quality of life and

become a debilitating experience for the patient as
progression of disease leads to chest wall ulceration,
bleeding, and super-infection. Therefore, novel treatment
approaches are warranted.

Imiquimod is a synthetic imidazoquinoline and Toll-like
receptor (TLR)-7 agonist (3). TLRs are highly conserved
pattern recognition receptors that alert the host to invading
pathogens, thereby activating an innate immune response
directly and an adaptive immune response, secondarily.
TLR7 is located on endosomal membranes of antigen-pre-
senting cells, includingmyeloid dendritic cells (mDCs) and
plasmacytoid dendritic cells (pDCs), monocytes, and
macrophages. TLR7 activation induces secretion of proin-
flammatory cytokines, predominantly interferon (IFN)-a,
interleukin (IL)-12, and tumor necrosis factor-a, and
enhances DC maturation and antigen presentation (4).
This immunostimmulatory ability can be harnessed to
promote antitumor immunity, either by applying the TLR
agonist locally onto cancers or administering it as an adju-
vant for cancer vaccines. Therefore, TLR agonists are includ-
ed in the ranked National Cancer Institute (NCI) list of
immunotherapeutic agents with the highest potential to
cure cancer (5, 6). Imiquimod is approved by the Food and
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Drug Administration in a topical 5% formulation for the
treatment of external genital warts, superficial basal cell
carcinoma, and actinic keratosis. Topically applied, imiqui-
mod exerts profound immunomodulatory effects on the
tumor microenvironment leading to immune-mediated
clearance of primary skin andmucosal malignancies (7, 8).
Based on imiquimod’s efficacy in primary skin tumors

and encouraged by anecdoctal reports of antitumor efficacy
in skin metastases of melanoma and breast cancer (9, 10),
we tested the hypothesis that treatment with topical imi-
quimod could induce the regression of breast cancer skin
metastases. In a prospective phase II trial, topical imiqui-
mod 5% was applied to all cutaneous metastases and local
antitumor activity and toxicity were measured after an 8-
week treatment course. Tumor punch biopsies were
obtained before and after imiquimod treatment from each
patient to study the immunologic changes in the tumor
microenvironment.

Materials and Methods
Patient eligibility
Women �18 years of age with biopsy-proven breast

cancer and measurable skin metastases (chest wall recur-
rence or skin metastases) not suitable for definitive
surgical resection and/or radiotherapy, Eastern Cooper-
ative Oncology Group performance status of 0 to 1,
adequate bone marrow, and organ function were eligi-
ble. Concurrent systemic cancer therapy (hormones,
biologics, or chemotherapy) was allowed to continue
only if, on a stable regimen for �12 weeks, skin metas-
tases did not respond. The trial required completion of
prior radiotherapy and hyperthermia to the target area >4
and >10 weeks respectively, before the study entry.
Systemic disease assessment by CT/PET-CT imaging
pre- and posttreatment was not required by protocol
and was left to the discretion of the treating physician.
All patients provided a written informed consent for
participation in this IRB-approved study (clinicaltrials.
gov identifier NCT00899574).

Trial design
The primary objective of this trial was to determine the

local antitumor effect of topical TLR7 agonist imiquimod
5% cream in breast cancer patients with skin metastases.
Secondary objectives were to assess toxicity and to study the
immunologic effects in the tumor microenvironment
induced by imiquimod treatment. The trial was designed
as an open label, single-arm study to test the null hypothesis
that the local antitumor effect (CCR and PR) was P � 0.05
versus the alternative that P � 0.20. An optimal 2-stage
Simon design was used, in which 10 patients were to be
enrolled in stage 1, with an expansion to stage 2 with an
additional 19 patients if there was at least 1 responder in
stage 1. The overall a level for this design was 0.047 with
power of 0.801. At study entry, patient demographic and
tumor characteristics [pathology, grade of differentiation,
hormone receptor, and human epidermal growth factor
receptor (Her)–2 status], metastatic sites and treatment
history were collected.

Treatment
Imiquimod 5% cream (Aldara�) was donated by Grace-

way Pharmaceuticals, LLC. The cream was self-applied by
patients to all clinically apparent skinmetastases for 5 d/wk
for 8weeks (1 cycle). Additional treatment cycleswere left to
the discretion of patient and treating physician. The cream
was thinly spread onto the lesions, remained on the skin for
approximately 8 hours overnight, and was washed off the
following morning. One single use packet (containing 250
mg of the cream) was used to cover areas up to 100 cm2;
another packet was used for each additional treatment area
of 100 cm2, up to a maximum of 6 packets per day. These
dose determinations were based on extrapolation from
clinical experience with dosing of up to 6 packets per
application in patients with actinic keratoses (11, 12).
Imiquimod application was recorded by means of patient
diaries and compliance was encouraged and monitored by
weekly phone calls of study personnel to patients.

Response evaluation
Tumor assessment was carried out by physical examina-

tion at baseline and after the 8-week treatment course;
visible and/or palpable cutaneousmetastases were outlined
on transparent film and uploaded into the Image J com-
puter program (version 1.42q, provided by the National
Institutes of Health, USA) for digital calculation of the
affected surface area (region of interest, ROI). Computer-
aided image analysis of the ROI was compared before and
after treatment to assess response. As chest wall/skin lesions
can be multifocal, confluent, and highly irregular, response
criteria for this study were chosen based on criteria estab-
lished for chest wall tumors by the European Organisation
for Research and Treatment of Cancermodified fromassess-
ment of Kaposi’s sarcoma skin lesions (13). These response
criteria are defined as follows: complete clinical response
(CCR, absence of any detectable residual disease), partial
response (PR, residual disease less than 50% of original
tumor size), stable disease (SD, 50–99% of original tumor

Translational Relevance
Skin metastases of solid tumors remain a therapeutic

challenge. After melanoma, breast cancer is the most
common tumor to metastasize to the skin. The toll-like
receptor 7 agonist imiquimod, a U.S. Food and Drug
Administration–approved imidazoquinoline, is highly
effective in inducing immune-mediated rejection of
primary skin malignancies when topically applied. Here
we show in a prospective trial of refractory breast cancer
that topical imiquimod can also stimulate local antitu-
mor immunity within treated metastases and induce
their regression. As treatment is easy to apply, well-
tolerated, and can promote a proimmunogenic tumor
microenvironment in metastases, imiquimod can be
easily combined with other treatment modalities.
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size), no response (NR, 100–124% of original tumor size),
and progressive disease (PD, 125% or greater of original
tumor size or new skin lesions).

Tumor biopsies and immune analyses
Tumor biopsies (4-mm-diameter punch) were obtained

at baseline and after imiquimod treatment (3–5 days after
completing an 8-week treatment cycle) from each patient.
Each biopsy specimen was bisected; one half was processed
into paraffin-embedded tissue for subsequent immunohis-
tochemical staining and the other half was cultured for
analysis of tumor supernatant as well as for characterization
of tumor infiltrating lymphocytes (TILs).

Immunohistochemistry. Immunohistochemistry (IHC)
was carried out on formalin fixed, paraffin embedded
tumor tissues. Tissue sections (thickness 4 mm) were
deparaffinizied and rinsed in distilled water. Heat
induced epitope retrieval was carried out in 10 mmol/L
citrate buffer pH 6.0. CD3, CD4, and CD8 antibodies
(Ventana Medical Systems) were ready to use and undi-
luted; Forkhead Box Protein P3 antibody (FoxP3, Ebios-
ciences) was diluted 1:100 and incubations were carried
out at 37�C or overnight, respectively. Detection was
carried out on a NEXes instrument (Ventana Medical
Systems) using the manufacturer’s reagent buffer and
detection kits. Upon completion, slides were washed in
distilled water, counterstained with hematoxylin, dehy-
drated, and mounted with permanent media. Appropriate
positive and negative controls were included with the
study sections. IHC-positive cells were counted manually
in 5 representative high-power fields (HPF, 400�), to
derive the average number per HPF, by a pathologist
blinded to the treatment assignment.

Luminex. To assess the intratumoral immune milieu,
cytokines were measured in the tumor supernatant by
Luminex 200 (Luminex Corp.). Tumor samples were
minced and placed in a 4 mL tube with 1 mL media
(10% FBS/RPMI 1640; Life Technologies) at a constant
tissue weight per milliliter. After incubation in a 5% CO2

incubator for 24 hours, supernatant was collected by cen-
trifugation (2,000 rpm, 10minutes, 4�C), divided in several
aliquots and stored in polypropylene tubes at �80�C until
analysis. IFN-g , IFN-a2, IL-1b, regulated upon activation,
normal T cell expressed and secreted (RANTES), IL-6, IL-10,
and IL17) were measured by Luminex assay, carried out in
duplicate with the appropriate panel of cytokines (Human
Cytokine/Chemokine Panel, Premixed 14 Plex) following
manufacturer’s instructions.

Lymphocyte phenotyping. Breast cancer tissue frombiop-
sies before and after imiquimod treatment was cultured in 1
mLRPMI supplementedwith 10%FBS, gentamicin and IL-2
(10 ng/mL) in 24-well plates at 37�C in a 5% CO2 incuba-
tor, IL-2 media was replenished every 2 to 3 days. For
comparison, peripheral blood mononuclear cells (PBMC)
were purified from the blood of the same patient in parallel,
drawn on the same day as the biopsy and cultured in the
same culture conditions except that they were plated in 96-
well plates at 105 cells/100 mL/well. Once TIL cultures were

successfully established, cells were collected at various days
of culture and subjected to immune phenotyping using
multiparameter flow cytometry. Cells were surface stained
with the following antibodies: CD3-PerCP-Cy5.5, CD4-
Alexa700 or PE, CD8-Pacific blue, CD25-PE, CD45RO-APC
(Biolegend), CCR7-FITC (R&D Systems), and CCR6-biotin
with Streptavidin-APC (BD Pharmingen). For FoxP3, sur-
face staining was followed by intracellular staining using
the FoxP3 Staining buffer set (Ebiosciences) and FoxP3-
Alexa488 antibody (Biolegend). For intracellular cytokine
staining, cells were stimulated for 5 hours at 37�Cwith PMA
20 ng/mL and Ionomycin 500 ng/mL (Sigma-Aldrich) and
Golgistop (BD Biosciences). Cells were then fixed and
permeabilized using the same FoxP3 Staining buffer set
(eBioscience) and stained with IFNg-PeCy7, and IL-4-APC
(Ebiosciences). Stained samples were acquired on an LSRII
flow cytometer (BD Pharmingen). Flow cytometry data
were analyzed using FlowJo software (version 8.8.7; Tree-
Star Inc.).

Statistical analysis
Characteristics of patients are summarized using

descriptive statistics including median and ranges for
continuous variables and frequencies for categorical vari-
ables. Response rates (CCRþPR) were estimated at the
conclusion of the first stage of the trial along with exact
95% confidence intervals. Safety data were summarized
by body system and type and most severe Common
Terminology Criteria for Adverse Events (CTCAE version
3.0) grade of individual events at the patient level.
Changes in tumor supernatant cytokine values from pre-
to posttreatment were evaluated using Wilcoxon non-
parametric signed rank tests (2-sided).

Results
Ten women enrolled and completed the first stage of this

2 stage study. The median age was 50 years. Demographic
and tumor characteristics as well as treatment history are
shown in Table 1. Seven women presented with a chest wall
recurrence, and 3 women presented with skin involvement
of a large primary breast cancer in the setting of systemic
metastases. All women had failed prior treatment for met-
astatic/recurrent disease, ranging from 1 to 3 lines of hor-
monal therapy (average 2) and 1 to 5 lines of chemotherapy
(average 2.5). Based on the skin area involved, 6 patients
applied 1 packet per day, whereas 4 applied more than 1
packet per day. A second treatment cycle was administered
in 2 patients.

Patient compliance, defined as the number of adminis-
tered applications divided by the number of prescribed
applications during the entire study period, was excellent
with 4 patients notmissing any doses, and 6 patients having
a compliance score of 95% or greater (1–2 missed doses).

Safety
The treatment was well tolerated with transient mild

to moderate local and systemic adverse events (AEs) con-
sistent with the expected immunomodulatory effects of

Adams et al.
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imiquimod. There were no serious, life-threatening, or
severe grade AEs and no patient required permanent treat-
ment discontinuation because of AEs. Systemic AEs
occurred in 4 of 10 patients (40%), with flu-like symptoms
being the most frequent (Table 2). One patient who
received 6 packets per day experienced fever, fatigue, and
depression on treatment, similar to symptoms observed
with systemic interferon a treatment (14). The increase of
intratumoral as well as circulating IFN-a2 concentrations
(from 7 to 19 pg/mL in plasma) with imiquimod treatment
in this patient suggests a systemic spillover effect of locally
induced cytokines.

The most frequently observed AEs were local, at the
application site, and were experienced by 7 of 10 patients
(Table 2). Symptoms included itching, burning, and pain at
the target site, whereas signs included erythema, desqua-
mation, and infection. Topical antibiotics were adminis-
tered for superficial infection at the treatment site, as
indicated.

Patient discomfort because of local or systemic AEs,
regardless of grade, was successfully managed with tempo-
rary dosing interruptions (1 patient for 3 weeks) and sub-
sequent reduction of the application frequency from 5� to
3� per week (3 patients).

Table 1. Patient demographics, tumor characteristics at baseline and treatment history (n ¼ 10)

Number of
patients (%)

Ethnicity Caucasian 6 (60%)
Asian 2 (20%)
Black 1 (10%)
Other 1 (10%)

Age Range 44–71 years
Median 50 years

Menopausal status Premenopausal 2 (20%)
Postmenopausal 8 (80%)

Pathology Invasive ductal 9 (90%)
Invasive lobular 1 (10%)

HR status Positive 8 (80%)
Negative 2 (20%)

Her2 status at entry Positive 6 (60%)
Negative 4 (40%)

Grade Poorly differentiated 8 (80%)
Moderately differentiated 2 (20%)

Disease presentation Chest wall recurrence 7 (70%)
Skin involvement of locally
advanced breast cancer
with distant metastases

3 (30%)

Site of metastases Chest wall/skin only 2 (20%)
Also extracutaneous metastases:
– Bone/lymph nodes 5 (50%)
– Lung/pleura/adrenal 3 (30%)

Prior treatments for recurrent
or metastatic disease

Yes 10 (100%)

* Chemotherapy � anti-Her2 (n ¼ 7)
* Bevacizumab (n ¼ 4)
* Hormonal therapy � anti-Her2 (n ¼ 8)
* Surgery (n ¼ 4)
* Radiotherapy (n ¼ 5)
* Hyperthermia (n ¼ 2)
* Investigational compounds (n ¼ 2)

Concurrent therapy
(without prior response)

None 3 (30%)

Chemotherapy � anti-Her2 2 (20%)
Hormonal � anti-Her2 5 (50%)

Abbreviations: HR, hormone receptor; Her2, human epidermal growth factor receptor 2.

Imiquimod for the Treatment of Breast Cancer Skin Metastases
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Tumor response
Local tumor response after an 8-week cycle of imiquimod

treatment was observed in 2 patients (20%; exact 95% CI
3%–56%), both of whom achieved a clinical PR at the chest
wall (Table 3). Five patientsmaintained SD, 1had aNR, and
2hadPD (development of new cutaneous lesions outside of
the treatment field during the study).

The decision to close the single-agent trial, even though
the criterion for moving to the second stage was met with a
response rate of 20% in stage 1, was based on the fact that a
new combination trial of imiquimod and local radiother-
apy was designed, reflecting promising preclinical findings
of a combination of imiquimod and local radiotherapy
(companion manuscript submitted). The decision to con-
clude the trial after stage 1 was supported by the NYUCI
Data Safety Monitoring Committee because the achieved

response rate of 20% with its 95% CI was reassuring that
imiquimod as single agent has efficacy.

Interestingly, 2 of the 10 patients treated in this study
(both with local SD on study) experienced a complete
clinical remission upon treatment with a subsequent sys-
temic regimen (fulvestrant). In both women, the complete
remission in the skin lesion was associated with a systemic
complete response (pulmonary and osseous in 1 patient,
mediastinal lymph node, and adrenal metastases in the
second patient) and have been maintained for over 1 year
(details are being reported separately).

Immune correlates
To monitor the immune response at the tumor site, we

examined TILs in paraffin-embedded tissue sections (Fig. 1)
and in vitro cultures as well as local cytokines in tumor

Table 2. Numbers of patients with one or more possibly, probably or definitely related adverse events (only
highest grade per patient shown)

CTCAE v 3.0

Adverse event Grade I Grade II Grade III/IV

Dermatologic (local at tumor site)
Local pain 2 1 0
Inflammation/redness 2 1 0
Infection 1 0 0
Itching 3 0 0
Burning 1 0 0
Desquamation/ulceration with oozing 2 1 0
Summary of patients with 1 or more dermatologic adverse events 5 2 0

Systemic (constitutional, mood, gastrointestinal)
Depressed mood 0 1 0
Fatigue 0 1 0
Myalgias 1 1 0
Arthralgias 1 0 0
Fever/chills 1 1 0
Lymphadenopathy 1 0 0
Nausea/vomiting 0 1 0
Dehydration 0 1 0
Summary of patients with 1 or more systemic adverse events 2 2 0

Summary of patients with 1 or more adverse event of any type 4 4 0

Table 3. Local antitumor response

Response ROIchange ¼ (ROIposttreatment/ROIpretreatment) � 100% Patients (%)

CCR Absence of any detectable residual disease None
PR >0% to <50% 2 (20%)
SD �50% to <100% 5 (50%)
NR �100% to <125% 1 (10%)
PD �125% or new skin lesions 2 (20%)

NOTE: Percentage change in ROI after 8-week imiquimod treatment (n ¼ 10).
Abbreviations: ROI, region of interest; CCR, complete clinical response;PR, partial response; SD, stable disease;NR, no response;PD,
progressive disease.
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supernatants (Fig. 2). Viable tumor punch biopsies were
successfully obtained from all patients before and after
treatment. The supernatant after 24 hours ex vivo culture
was obtained from all samples, and TIL cultures were
successfully grown from 7/20 punch biopsy specimens.
Histologic evaluation revealed tumor involvement of

skin for all patients before and after imiquimod treatment,
with diffuse infiltration extending from the superficial der-
mis to the subcutis, and variable density of tumor cells
occupying from 10% to 80% of the tissue examined. No
significant differenceswere observed in vascularity or degree
of apoptotic changes when pretreatment biopsies were
compared with posttreatment ones. Intratumoral T-cell
infiltrates were present in all specimens at baseline, varying
from a sparse infiltrate (<5 CD3þ cells per HPF) to strong
infiltration (65 CD3þ cells per HPF). Although it was
feasible to culture TILs from small tumor punch biopsy
specimens, the rate of success in establishing ex vivo TIL
cultures was related to lymphocyte density: 7 cultures were
established from 14 tumors that had >12 CD3þ cells per
HPF, althoughnone could be grown from the 6 tumorswith
<12 CD3þ cells infiltrating the metastasis. TILs commonly
displayed a CCR7�/CD45ROþ effector memory and
CCR6þ phenotype compared with PBMC, as shown in an
example (Fig. 3A).

Across all patients, quantitative assessment of TILs and
pDCs by IHC in tumor sections failed to show consistent
trends pre- to posttreatment. In addition, levels of IFN-g ,
IFN-a2, IL—1b, RANTES, IL—6, and IL-10, as measured in
tumor supernatants after 24 hours ex-vivo culture, did not
show a significant change with imiquimod treatment (P >
0.05; Fig. 2A). Circulating IL-10 was only detectable in 4 of
10 patients (Fig. 2B).

The2 clinical responders, however, showed in situ changes
consistent with an immune-mediated response. In respond-
er 1, the minimal pretreatment T-cell infiltrate changed to a
brisk infiltrate posttreatment, composed of both CD4 and
CD8 T cells (Fig. 1A). Importantly, there was histologic
evidence of tumor regression with marked reduction in
tumor cell density (from 60% to 15%) and CD8 T cells
found indirect contactwith tumor cells (Fig. 1B). Consistent
with the induced TILs infiltrate and the histologic appear-
ance of tumor rejection, TILs could be successfully cultured
only posttreatment in this patient and were composed of
Th1 and cytolytic T cells, of effector memory phenotype,
capable of secreting IFN-g (Fig. 3B). IFN-a2 markedly
increased in the tumor supernatants posttreatment, and
IFN—g became detectable, albeit at a low level (Fig. 2A).

In contrast, responder 2 displayed a substantial T-cell
infiltrate pretreatment. TILs evaluated by IHC included
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Figure 1. In situ immune changes with imiquimod treatment in the 2 responders. A (responder 1), in situ TILs analysis by IHC shows minimal T-cell infiltrate
before treatment but a marked increase in CD8þ and CD4þ T cells infiltrating the tumor cell nests posttreatment and histologic evidence of tumor
regression after 8weeks of topical imiquimod treatment (H&E stain and IHC for CD3, CD4, CD8, and FoxP3, 200�). Numbers in the boxes indicate the number
of cells positive for the indicated marker in 1 HPF (average of 5 HPF, 400�). B, high power microphotographs showing lymphocytes, many positive for
CD8, in close contact with cancer cells in the posttreatment biopsy. C (responder 2), in situ TILs analysis by IHC shows a moderate T-cell infiltrate before
imiquimod treatment. After an 8-week imiquimod treatment course, there is a reduction in CD8þ T cells and FoxP3þ T cells, whereas CD4þ T cells
remain unchanged (H&E stain and IHC for CD3, CD4, CD8, and FoxP3, 200�). Numbers in the boxes indicate the number of cells positive for the indicated
marker in 1 HPF (average of 5 HPF, 400�).
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CD8þ T cells, and an approximately equal number of
CD4þ and FoxP3þ T cells (Fig. 1C). TILs were successfully
cultured only pretreatment and included a large percentage
of CD4þ T cells coexpressing CD25 and FoxP3, consistent
with a regulatory T-cell phenotype aswell as a subset of IL-4-
producting CD4þ T cells (Fig. 3C). Posttreatment IHC
sections showed a reduction in tumor cell density (from
40% to 20%) accompanied by an overall reduction in T
cells. Interestingly, posttreatment tumor supernatants
showed decreased concentrations of IL-6 and IL-10, sug-
gesting the reversal of an immune-suppressive milieu
(Fig. 2A). Overall, these data suggest that the response
to imiquimod may be achieved by activation of Th1 and
Tc1 T-cell responses, and/or by decrease in immunoregu-
latory cells/cytokines, depending on the preexisting tumor
microenvironment.

Discussion
This is the first report on the efficacy of topical imiquimod

in breast cancer skin metastases in patients studied in a
prospective trial. Despite the fact that the 10womenaccrued
were heavily pretreated andhad refractory breast cancer skin
metastases, the response rate was 20%, with a partial
response achieved in 2 patients. Imiquimod 5% was ap-
plied 5� per week, the dosing frequency used for the treat-
ment of superficial basal cell carcinoma (sBCC) and in a
report of 2 breast cancer patients who experienced a CR at
6 months (9). Our trial showed feasibility and excellent
compliance with self-administration of imiquimod. The
safety profile of imiquimod was consistent with the previ-
ously published experience in the treatment of sBCC,main-

ly limited to transient application site reactions and flu-like
symptoms.

Immunohistochemical and gene expression analyses
suggest that imiquimod-induced regression in primary
skin tumors (melanoma, BCC, squamous cell carcino-
ma) is characterized by significant upregulation of IFN-a
and IFN-g signaling, enhanced Th1 skewing and CD8 T
cell homing to the tumor, reversal of T regulatory cell
(Treg) function and modulation of the vasculature facil-
itating cellular infiltration, although the direct induction
of apoptosis in superficial tumors as well as mDC-
and pDC-mediated toxicity have also been described
(7, 15–20). Until now, data from cutaneous metastases
treated in prospective studies with topical imiquimod
alone were lacking. In this study, preexisting lymphocytic
infiltrates within the cutaneous metastases were highly
variable and ranged from sparse to diffuse. Biopsies after
an 8-week treatment course of imiquimod showed lack
of consistent quantitative changes of the infiltrate. Fur-
thermore, no increases in pDCs were seen posttreatment
(not shown). These observations are in contrast to both
our prior study showing that percutaneous stimulation
of TLR7 via imiquimod in healthy skin (without immune
cell infiltrates pretreatment) attracts pDCs and induces
an inflammatory infiltrate mainly composed of T cells
(21), and to the results of a recent study of preoperative
imiquimod treatment of primary malignant melanoma
showing an increase in T-cell infiltrates (15). Effects of
imiquimod may depend on the preexisting tumor micro-
environment, although the timing of biopsy in our trial
compared with the other 2 studies (after 8 weeks vs. 1–2
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Figure 2. Changes in the
intratumoral cytokine milieu after
imiquimod treatment and plasma
IL-10 levels in all patients. A,
cytokine analysis of tumor
supernatants before and after an
8-week imiquimod cycle is shown
for all patients. Supernatants were
obtained by 24-hour culture of the
tumor samples in medium at a
constant tissue mg/mL. Variability
among patients is noticeable, as
well as a marked increase in
proinflammatory cytokines in
responder 1 (red lines) and
decrease of counter-regulatory
cytokines in responder 2 (green
lines). IFN-g was only detectable in
responder 1 after treatment; levels
were below assay detection
sensitivity for all other patients.
IL-17 was not detectable in pre-
and posttreatment supernatants of
any patient. B, IL-10 levels in
plasma are shown for all patients
with detectable levels in only 4 of
10 patients.
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weeks of imiquimod application) might also have con-
tributed to the difference.
The biopsied metastases of the 2 responders displayed

posttreatment changes highly suggestive of a local anti-
tumor immune response induced by imiquimod, even
though the tumors greatly differed in the extent of the
preexisting lymphocytic infiltrate and local cytokine
milieu as well as in their response to treatment with
imiquimod. In responder 1 without a preexisting lym-
phocytic infiltrate, imiquimod treatment was associated
with development of a Th1-polarized immune response.
In responder 2 with a baseline lymphocytic infiltrate

including a substantial percentage of Treg and evidence
of Th2 polarization, imiquimod response was associated
with a reduction in immunosuppression. The extent of
chest wall involvement and bone and lymph node metas-
tases was similar in the 2 patients, only tumor histology
was different: responder 1 had an infiltrating ductal
carcinoma (IDC), whereas responder 2 had an infiltrating
lobular carcinoma (ILC; Supplementary Table S1). This
difference may have contributed to the disparate
response, as we have previously observed differences
between IDC and ILC in their interaction with the local
immune system (22). Overall, the variability of TILs

Figure 3. Example of TILs profiles
following ex vivo culture (from 3
patients). A (patient with SD,
posttreatment), breast cancer
biopsies and PBMCs (purified from
the blood, drawn on the day of the
tumor biopsy) were cultured in IL-2
containing media. Cells were
collected at the indicated days of
culture and subjected to immune
phenotyping. FACS plots show the
proportions of CD4þ and CD8þ T
cells in PBMCs and TILs, the different
subsets of CD4þ T cells based on the
surface expression of CD45RO,
CCR7, and CCR6 (left), and the
intracellular cytokine profile of CD4þ
andCD8þT cells (right). B (responder
1, posttreatment), phenotype of TILs.
Cells were collected at the indicated
days of culture in IL-2 and subjected
to immune phenotyping. FACS plots
show the percentages of CD4þ and
CD8þ T cells, their expression of
CCR7, CD45RO, and FoxP3, as well
as their intracellular cytokine profile.
C (responder 2, pre-treatment),
phenotype of TILs. Cells were
collected at the indicated days of
culture in IL-2 and subjected to
immune phenotyping. FACS plots
show the percentages of CD4þ and
CD8þ T cells, their expression of
CCR7, CD45RO, and FoxP3, as well
as their intracellular cytokine profile.
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infiltrates (Supplementary Fig. S1) and local cytokine
milieu among all patients after and even before treatment
points to the complexity of the interactions between
tumor and host immune system in the setting of skin
metastases. Genetic features of the patient may contribute
to the differential response. Single-nucleotide poly-
morphisms have been described for TLR7 including
alleles that are associated with treatment outcomes for
viral infections (23). Similarly, a TLR4 loss-of-function
allele has been shown to impact outcome of breast cancer
patients posttreatment (24), suggesting that genetic var-
iation might account for the diverse response to TLR
agonists.

Limitations of this study are the small number of patients
which precludes the identification of significant differences
between responders and nonresponders, the single-arm
design without a comparator group as well as the option
for patients to continue on a systemic regimen concurrently
(if no prior response in skin), which may have affected the
immunological response.

As mentioned, 2 patients who had SD on imiquimod
and were subsequently switched to fulvestrant, an estro-
gen receptor antagonist, had a complete clinical response
to that regimen. Because CRs were rarely seen in a phase
III trial of fulvestrant (only 4 of 362 women) (25), it is
reasonable to hypothesize that immune effects of imiqui-
mod may have contributed to their outcome. Unexpect-
edly higher response rates to chemotherapy have been
reported in several solid tumors, when chemotherapy was
preceded by cancer vaccination (26–30). Recent evidence
that antitumor immunity contributes to the response to
chemotherapy (24) raise the possibility that immuno-
therapy may condition the host immune system to
achieve an antitumor effect synergistic with at least some
cytocidal treatments.

Activation of TLRs not only induces inflammatory cyto-
kines but can also trigger negative regulatory circuits, for
example by promoting the secretion of IL-10 (31, 32), as
recently showed in the neu-transgenic mouse model of
breast cancer in which IL-10 upregulation was shown to
limit imiquimod’s therapeutic effect (33). In our series,
local levels of IL-10, as measured in tumor supernatants,
did not show a significant change with imiquimod treat-
ment, although a decrease was seen in 2 patients including
responder 2 (Fig. 2A). Circulating IL-10 was detectable in 4
of 10 patients, but there was no trend to increase with
imiquimod treatment (Fig. 2B).

In summary, we have shown that topical imiquimod
can be a useful treatment modality for breast cancer
metastatic to skin or chest wall. Importantly, data indi-
cate that imiquimod is able to promote a proimmuno-

genic tumor microenvironment in metastatic breast can-
cer. To improve the efficacy of topical imiquimod, we
have studied a combinatorial approach with local radio-
therapy in the TSA murine model of breast cancer with
cutaneous involvement. Radiotherapy is a frequently
used treatment modality for chest wall recurrences and
has been shown to synergize with immunotherapies (34,
35). In this preclinical model, the combination with
topical imiquimod and local RT showed synergistic anti-
tumor efficacy, with complete regressions, prolonged
survival and improved systemic tumor control. A com-
bination clinical trial is ongoing (clinicaltrials.gov iden-
tifier NCT01421017).
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