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Abstract

Imiquimod (imidazoquinoline 5%) is a topical immune response modifier agent that inhibits angiogenesis, the growth
of new blood vessels. In addition to its stimulation of cell-mediated immunity, imiquimod’s antiangiogenic activity con-
tributes to its clinical efficacy by interfering with pathological neovascularization that promotes disease progression.
The antiangiogenic mechanisms of imiquimod are due to its: 1) induction of cytokines that themselves inhibit angio-
genesis (interferons, IL-10, IL-12); 2) local up-regulation of endogenous angiogenesis inhibitors (TIMP, TSP-1); 3)
local down-regulation of pro-angiogenic factors (bFGE, MMP-9); and 4) promotion of endothelial cell apoptosis. This
report discusses these mechanisms and the rationale for imiquimod’s use as an antiangiogenic agent. Key principles of
antiangiogenic therapy are presented to describe how imiquimod may be applied in a well-tolerated fashion to treat a
broad range of angiogenesis-dependent dermatological conditions, including actinic keratosis (AK), basal cell carcino-

and external genital warts.

a (BCC), squamous cell carcinoma (SCC), lentigo maligna, hemangiomas, Kaposi’s sarcoma, pyogenic granuloma,

Introduction
Imiquimod (imidazoquinoline 5%) is a topical immune
response modifier agent indicated for the treatment of
actinic keratosis (AK), basal cell carcinoma (BCC), and
external genital warts. Because imiquimod does not exert
direct anti-proliferative or antiviral effects on cells in cul-
ture, its mechanism of action is reported to rely upon
cytokine induction through activation of toll-like recep-
tor-7 (TLR7) associated signal transduction in dendritic
cells and peripheral blood mononuclear cells.! TLR7 acti-
vation leads to cellular production of endo
ons (IFN-a, -B, -y) and interleukins (IL-1

which enhance cell-mediated immunity and induce apop~

ous mterfe[

tosis.” We first hypothesized that imiquimod has antian-
giogenic activity due to these cytokines. Recent studies
provide experimental evidence that imiquimod is indeed a
potent inhibitor of angiogenesis, the growth of new blood
vessels.” This mechanism is significant because antiangio-
genic therapy is a new treatment strategy for diseases asso-
ciated with pathological neovascularization, including
cancer and age-related macular degeneration. Imiquimod
is the first topical antiangiogenic agent that can be used by
dermatologists for treating angiogenesis-dependent disor-
ders of the skin (Table 1). This review discusses the specif-
ic evidence supporting imiquimod as an antiangiogenic
agent and describes how this mechanism can be exploited
to treat skin diseases.

e

Angiogenesis in Skin Disease
Angiogenesis, the formation of new capillary blood vessels
from the existing vasculature, is a tightly regulated physio-
logical process. Under normal circumstances, vascular
endothelial cells comprising blood vessels are quiescent,
with one of the lowest mitotic rates in the body.* This non-
proliferating state is governed by the balanced effects of
endogenous stimulators and inhibitors of angiogenesis
present in healthy tissue (Table 2). Positive regulators of
angiogenesis include fibroblast growth factors (FGFs),
cular endothelial growth factor/vascular permeability
E GF/VPF), platelet-derived growth factor
interleukin-8 (IL-8), and more than 30 other
Endogenous angiogenesis inhibitors include

(PDGF),
proteins.
endostatin, tumstatin, tissue inhibitors of matrix metallo-
protineases (TIMPs), interferons (o, B, ), interleukins
(IL-10, IL-12, IL-18), and thrombospondins (TSP-1,
TSP-2), among other factors.
occurs during wound healing, anagen hair growth, and the

Physiological angiogenesis

female reproductive cycle, where local up-regulation and
release of positive factors stimulates brief periods of neo-
vascularization. Angiogenic growth factors activate the
endothelium in local venules to undergo a cascade of
molecular and  cellular events: 1) receptor-binding and
signal transduction; 2) endothelial proliferation; 3) direc-
tional migration; 4) tubular morphogenesis; 5) arterial-

venous patterning; 6) recruitment of bone marrow-derived
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Table 1. Angiogenesis-Dependent Neoplasms of the Skin Successfully Treated with Imiquimod.

Condition

References

Actinic keratosis

Newell, et al. Br ] Dermatol 2003;149:105
Lee, et al. Dermatol Surg 2005;31:659

Basal cell carcinoma

Newell, et al. Br ] Dermatol 2003;149:105
Schulz, et al. Br ] Dermatol 2005;152:939

Bowen’s disease

Nijsten, et al. Br. ] Dermatol 2004;837
Nouri, et al. ] Drugs Dermatol 2003;2:669

Squamous cell carcinoma

Loggini, et al. Pathol Res Pract 2003;199:705
Nouri, et al. ] Drugs Dermatol 2003;2:669

Melanoma

Ribatti, et al. Oncol Rep 2005;14:81
Ray, et al. Int ] Dermatol 2005;44:428

Hemangioma of infancy

Kraling, et al. Am J Pathol 1996;148:1181
Hazan, et al. Pediatr Dermatol 2005;22:254

endothelial progenitor (stem) cells; 7) vascular matura-
tion; and 8) initiation of blood flow.” New blood vessels
deliver oxygen and micronutrients, and endothelial cells
release paracrine survival factors to growing tissues. When
the need for neovascularization is fulfilled, positive regula-
tors are down-regulated and the constitutive state of angio-
genesis balance is restored.

Pathological angiogenesis occurs in a number of condi~
tions, including cancer, arthritis, diabetic r opathy,

a number of skin disorders. The epiderrmsé

tissue layer separated from underlying dermal caplllanes by
the basement membrane. Viable epidermal cells are locat-
ed within 100 to 150 pm, the diffusion distance of oxygen,
from the structure. Beyond this zone, epidermal are kera-
tinized and ultimately die.® Tumor cells are also subject to
growth restriction defined by oxygen diffusion except that
they are capable of releasing high concentrations of multi-
ple growth factors that induce tumor angiogenesis and
override this control mechanism. This concept of tumor
angiogenesis-dependency was pioneered by Judah Folkman
in the 1970s, and new blood vessel formation is now rec-
ognized as a critical pathway in tumor biology.* Certain
stimuli promote a pro-angiogenic microenvironment. For
example, acute ultraviolet (UVB) damage (ie, a sunburn)
causes dramatic changes in growth factor cytokines in nor-
mal skin. Angiogenic stimulators such as VEGF and FGF

become significantly up-regulated within days, resulting in
increased skin microvessels observed histologically. In
addition, there is a significant local reduction in endoge-
nous angiogenesis inhibitors such as IFN- and TSP-1.7

Sun damage due to chronic (UV) radiation induces DNA
damage (a so-called “hit”) in keratinocytes. Clonal expan-
sions of p53 mutant cells occur in photodamaged skin, with
as many as 40 mutant clones per cm’ of skin. Such muta-
s are the hallmarks of skin cancer, with a 50% to 60%
é BCCs, and 60% to 90% frequency in AKs and
s.”" The accumulation of multiple “hits” leads to pre-
neoplastlc and neoplastic transformation in the skin.
Transformed lesions are capable of growth up to 2 millime-
ters in diameter (500,000 to 1,000,000 cells) before their
metabolic demands exceed the available blood supply. To
expand beyond this limit, the “switch” to the angiogenic
phenotype must occur.” So called “precursor lesions,” such
as actinic keratosis (AK) and atypical melanocytic nevi are
already angiogenic and exhibit capillary densities greater
than surrounding normal tissue.” The progression from
hyperplasia to neoplasia is then accompanied by further
intensification of angiogenesis. For example, there is a 1.5-
fold increase in microvessel density between dysplastic
nevi and primary melanoma in the vertical (> 2.0 mm)
growth phase.'* In non-melanoma skin cancer, a similar
increase in angiogenesis is found between precursor
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Table 2. Angiogenesis Regulatory Molecules

Endogenous Stimulators
Adrenomedullin
Angiogenin
Angiopoietin-1
Angiopoietin-related growth factor (AGF)
Brain-derived neurotrophic factor (BDNF)
Corticotropin-releasing hormone (CRH)
Cyrlo6
Erythropoietin (Epo)
Fibroblast growth factors (FGFs)
Follistatin
Granulocyte colony stimulating factor (G-CSF)
Hepatocyte growth factor (GSF)
Interleukins (IL-3, IL-8)
Midkine
Nerve growth factor (NGF)
Neurokinin A
Neuropeptide Y
Placental growth factor (PIGF)
Platelet-derived endothelial cell growth factor (PD-ECGF)
Platelet-derived growth factor (PDGF)
Pleiotrophin
Progranulin
Proliferin
Secretoneurin
Substance P
Transforming growth factor-alpha (TGF-o)
Transforming growth factor-beta (TGF-j)
Tumor necrosis factor-alpha (TNFat)

e ndeln s or (2B 1 ol COPY

Endogenous Inhibitors
Angiostatin
Canstatin
Endostatin
Fibronectin 20 Kd Fragment
Interferons (o,f3,Y)
Interferon-inducible protein-10 (IP-10)
Interleukins (IL4, IL-10, IL-12, IL-18)
Kringle 5
Maspin
Meth-1, -2
2-methoxyestradiol (2-ME)
Pigment epithelium-derived factor (PEDF)
Plasminogen activator inhibitor (PAI)
Platelet factor-4 (PF-4)
Prolactin 16Kd Fragment
Tetrahydrocortisol-S
Thrombospondin-1 (TSP-1)
Tissue inhibitors of matrix proteases (TIMPs)
Troponin-1
Tumstatin
Vasostatin

AK lesions and SCC, by paired analysis (Figure 1)."” Basal
cell carcinoma (BCC) exhibits a 5-fold increase in angio-
genesis compared to normal skin.” Vascular tumors of the
skin, such as Kaposi’s sarcoma, hemangioma of infancy,
pyogenic granuloma, and angiosarcoma, are composed of
proliferating cells of endothelial origin and are also angio-
genesis-dependent.’®'” Benign growths such as warts are
also angiogenic, with increasing vascularity observed
between HPV-negative to HPV-positive warts. Indeed,
pinpoint hemorrhagic capillaries are a gross manifestation
of the neovascularization that accompanies wart growth
and persistence.' Thus, skin diseases for which imiquimod
has shown clinical efficacy share angiogenesis-dependency
as a pathological feature.

Antiangiogenic Therapy

Antiangiogenic therapy is now a validated strategy for can-
cer directed at proliferating endothelial cells. One
approach has been to target growth factors (eg, VEGE
PDGE EGE FGFs), matrix proteases, or vascular adhesion
molecules (eg, integrins, cadherins). Bevacizumab
(Avastin) is a monoclonal antibody that neutralizes
VEGEF-A, and was the first specific angiogenesis inhibitor
to become FDA approved.”” A second approach has been
pharmacological delivery of endogenously occurring angio-
genesis inhibitors, such as interferons, endostatin, 1L-12,
and TIMPs.*# A third approach has been antiangiogenic
immunotherapy and vaccines directed against epitopes
expressed by activated endothelial cells.”* Because

antiangiogenic agents are based on biological targeting of
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Figure 1. Increasing angiogenesis occurs during skin
transformation from normalcy to AK to SCC in patients.
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(Reprined with permission from: Nijisten T, Colpaert CG, Vermeulen
PB, Harris AL, Van Marck E, Lambert ]. Cyclooxygenase-2 expres-
sion and angiogenesis in squamous cell carcinoma of the skin and its
precursors: a paired immunohistochemical study of 35 cases. Br J

Dermatol. 2004;151:837-45.)

proliferating vasculature, these agents are dosed below

their cytotoxicity level.” The normal vasculature remains

unaffected because their endothelia are not proliferating.

Clinical experience suggests that antiangiogenic therapy

may play a useful role for both early intervgisalz and pre-
i

front-line, neoadjuvant, and adjuvant settings.

vention, as well as for managing advance

Antiangiogenic Mechanisms of Imiquimod

We first identified imiquimod’s antiangiogenic activity in
1998 based on its induction of interferons, IL-10, and IL-12. Each
of these cytokines inhibits angiogenesis independently of
their immunomodulatory function. Interferons decrease
cellular production of several pro-angiogenic factors
(bFGE, IL-8, urokinase plasminogen activator), inhibit vas-
cular motility and invasion, and induce endothelial cell
apoptosis.”** The interferon-inducible protein-10 (IP-10)
is itself an angiostatic protein.”” Interferon-02 is already
used clinically for its angiogenesis inhibitory activity to
treat and regress hemangiomas of infancy, pediatric giant
cell tumors, and pulmonary hemangiomatosis.”* IL-12
inhibits endothelial proliferation and tube formation in
vitro and angiogenesis in wivo. Its mechanisms include

upregulation of IFN-y, decreasing production of VEGF and
bFGE and inhibiting endothelial migration and inva-

36,37

sion.”” The antiangiogenic mechanism of IL-10 is not

known, but is correlated to increased expression of the

inhibitors TSP-1 and TSP-2.%5%

The antiangiogenic activity of imiquimod in vivo has been
profiled in animal and human subjects (Table 3).** Mice
bearing tumors formed by Skv keratinocytes derived from
human bowenoid papulosis (HPV16) or from murine L1
lung sarcoma were treated with topical imiquimod. To
delineate antiangiogenic from immunomodulatory effects,
mice were immunosuppressed with 600R total body irradi-
ation. Subsequently, 50,000 to 100,000 tumor cells were
injected intradermally and these subsequently induced
tumor angiogenesis in the cutaneous nodules. The skin
overlying the tumor was treated with imiquimod (2.5% or
5%) either once or 3 days in a row. Imiquimod inhibited
tumor angiogenesis in a dose- and schedule-dependent
fashion (Figure 2).’ These effects were abrogated by admin-
istering neutralizing antibodies against IL-18 or IFNy,
implicating these cytokines in the antiangiogenic mecha-
nism of action. Topical imiquimod also suppressed vascular
tumor growth in a mouse model of hemangioendothelioma
(EOMA line), inducing a 14-fold increase in apoptosis in
these endothelioid cells. In this system, imiquimod stimu-
lated a 14-fold increase in TIMP-1 expression and a 5-fold
reduction in matrix metalloproteinate-9 (MMP-9) activi-
ty, thereby altering the balance of angiogenesis regulators
't;(avor of inhibitors over stimulators.*

In human melanoma, imiquimod potently influences gene
expression of angiogenesis regulators. Pre- and post-treat-
ment biopsies of cutaneous melanoma metastasis from a
patient were examined by quantitative real-time reverse
transcription-polymerase chain reaction (PCR) to profile
angiogenesis markers.* The lesion showed a partial clinical

Table 3. Imiquimod—Antiangiogenic Mechanisms of Action.

Production of antiangiogenic cytokines: IFN-a., -B, -7;
IL-10; IL-12; IL-18

Down-regulation of pro-angiogenic factors

(bFGE MMP-9)

Up-regulation of endogenous angiogenesis inhibitors

(IFNs, IP10, TIMP, TSP-1)

Induction of endothelial apoptosis
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Figure 2. Topical imiquimod inhibits tumor-induced angiogenesis. Intradermally-injected human tumor keratinocytes

stimulate intense angiogenesis with new vessels converging upon the tumor (a, arrows). Topical treatment with
imiquimod 5% x 3 days markedly suppressed new and tumor vessel growth (b).

(Reprinted with permission from: Majewski S, Marczak M, Mlynarczyk B, Benninghoff B, Jablonska S. Imiquimod is a strong inhibitor of tumor
cell-induced angiogenesis. Int ] Dermatol. 2005;44:14-9.)

response to topical therapy with prolonged stabilized dis-
ease. At the tissue level, melanoma treated with
imiquimod markedly decreased bFGF and MMP-9 expres-
sion by 76% and 84%, respectively, compared to baseline.
Concurrently, imiquimod treatment upregulated gene
expression of the endogenous angiogenesis inhibitors

[FNo, TIMP-1, and TSP-1 by 202%, 39$,ajdél ‘Zte
respectively, in the melanoma tissue shift

of forces towards angiogenesis inhibition in the

responding malignancy.

The clinic has successfully used imiquimod as an antian-
giogenic agent to regress vascular proliferative lesions such
as hemangioma of infancy, pyogenic granuloma, heman-
giosarcoma, and Kaposi’s sarcoma.” The response of
these vascular lesions to imiquimod confirms its
antiangiogenic activity.

Clinical Application of Imiquimod

as an Antiangiogenic Agent

To understand how imiquimod’s angiogenesis inhibitory
activity may be applied in dermatology practice, several
key therapeutic principles of antiangiogenesis merit discussion.

Antiangiogenic Scheduling

A hallmark of antiangiogenic agents is their biological
activity against proliferating blood vessels at doses below
their cytotoxic threshold. Certain systemic cytotoxic
chemotherapy agents (eg, cyclophosphamide, methotrex-
ate, vincristine) can even be delivered using “low-dose

Ll

systemic side effects.” This concept represents a paradigm
shift in cancer treatment, which has traditionally held effi-
cacy to be eponymous with cytotoxicity. Oncologists are
now delivering antiangiogenic agents according to their
optimal biological dose. Dermatologists prescribing
imiquimod frequently dose the drug until a severe skin

” scheduling to achieve angiostatic and anti-
iyity without direct cytotoxicity on tumor cells or

reaction occurs, viewing this as a surrogate indicator of
tumor response. In our experience, so-called “high doses”
of imiquimod (ie, frequent scheduling or its use under
occlusion) are not required to achieve efficacy.
Antiangiogenic activity and clinical response may be

obtained without erosion and gross inflammation.

We reported a dose-response protocol called IMTD
(Individualized Maximum Tolerated Dose) designed to
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Figure 3. Individualized Maximum Tolerated Dose
(IMTD) protocol for titrating application of imiquimod
to find optimal biological dose for individual patients.
(Source: Angiogenesis Center Clinic, Boston)

IMTDEM Protocol

Frequency of application:

| 2xiweek x 2 weaks |

,

[ axiweek x 2 weeks | —s | Evaluate Patient

!

| M-F x # wesks |

,

| Daily x 2 weeks | —F | Evaluate Patient

|

| Twice daily x 2 weeks |

'

| Daily under occlusion x 2 weeks

achieve a therapeutic response based on antiangiogenesis
rather than inflammation (Figure 3).* In this protocol,
patients apply imiquimod to their lesion

IMIQUIMOD AS AN ANTIANGIOGENIC AGENT

reaction is obligatory for treatment success.” The evidence
from targeted molecular therapies in oncology suggests it is

Although

reaction—similar

inducing local  skin
the effects  of
cytotoxic chemotherapy—is clearly associated with treat-

not. a severe

to destructive
ment efficacy, the paradigm of an antiangiogenesis
approach that targets the tumor’s vasculature demonstrates
that cytotoxicity is not necessary for tumor response and
certainly is not desirable from a patient’s quality of life per-
spective. Nevertheless, high rates of tumor clearance
depend on optimizing dosing frequency. Data generated
from our practice indicate that there is a tremendous het-
erogeneity of dose response among individual patients that
determines at which dose imiquimod induces a severe local
inflammatory reaction.* In the absence of knowing a priori
which patients will respond to any given dosing frequency,
the IMTD allows for a titration to reach the highest fre-
quency at the lowest possible dose to avoid undesirable
local skin reactions. In a case series of 56 lesions (AK, SCC
in situ, and BCC) successfully eradicated with imiquimod,
the IMTD protocol resulted in complete response without
any gross inflammation.* Dosing frequency ranged from
3x/week (50% of patients) to 5 days/week (4% of patients)
to daily (38% of patients) to twice daily (5% of patients).
This wide variability implies that a single dosing schedule
is likely not applicable to all patients. In our practice, hun-
dreds of patient lesions have been treated using IMTD
with excellent tolerability and similar successful outcomes.

Mg a_titrati Iﬁd Therapy to Prevent Lesion Progression
schedule and stop at a dosing frequencSéc rﬁﬁﬁfﬁ Q\p>¥lr)lic therapy may be used to suppress the pro-

inducing true skin inflammation. We use the term “skin
activation” to describe the observed erythema (vasodila-
tion) and mild epidermal desquamation, which are com-
monly seen and often asymptomatic. Although microscop-
ic inflammation and infiltration of mononuclear cells are
invariably present in imiquimod-treated tumors and pre-
malignant lesions, use of the IMTD protocol can avoid the
classic signs of true inflammation, first described by Celsus
over 2,000 years ago as rubor (redness), calor (warmth),
tumor (swelling), and dolor (pain) occurring together.

While it has been reported that there are statistically sig-
nificant higher rates of histologic clearance when more
intense erythema, erosion, or scabbing/crusting are
observed at the treatment site of superficial BCC, it is
important to question whether a severe inflammatory

gression of clinically visible lesions as well as subclinical
lesions in the skin. Because photodamage occurs in all
exposed skin areas, mutational clones develop throughout
UV-exposed body surfaces, resulting in a field of evolving
malignancies. One clinical strategy for addressing this
problem is to apply imiquimod over large regions of skin,
rather than just over individual lesions. We term this
approach “field therapy,” defined as the application of
medical therapy to treat and suppress disease over the
entire region of at-risk tissue. The goal of field therapy is
three-fold: 1) to treat clinically visible lesions; 2) to supress
the subclinical lesions; and 3) to regress pre-malignant
lesions in order to prevent their progression to malignancy.
In this fashion, imiquimod may be used to prevent in situ
or invasive skin cancer.
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Figure 4. Patient with actinic keratosis at baseline (left panel) treated for 8 weeks with topical imiquimod 5%
(2x/week) using IMTD dosing has successful clearance of lesion with excellent cosmesis (middle panel).
By contrast, topical 5-FU (1x/day) has destructive side effects with undesireable cosmesis at 4 weeks (right panel).

(Source: Angiogenesis Center, Boston).

Field therapy is particularly well-suited as a primary
approach to treating AK, and offers certain advantages
over locally destructive treatment modalities (ie, cryother-
apy) or topical chemotherapy (ie, 5-FU) (Figure 4).
Cryotherapy destroys only visible lesions, while cytotoxic
chemotherapy is accompanied by severe tissue reaction,
necrosis, and inflammation that are undesired and poorly
tolerated by most patients. By dosing to achieve antiangio-
genic but not gross inflammatory activity, field therapy of
AKs with imiquimod overcomes both limitations. Unlike
with topical chemotherapy, imiquimod is
normal skin; in fact, during safety studies f
of genital warts, daily use of imiquimod was less irritating
than Vaseline intensive care lotion.” This should provide
a comfort level to clinicians in recommending application
of imiquimod to broad surface areas over a prolonged
period of time. In practice, we usually treat patients with
AKs 2x/week or 3x/week for 12 weeks or longer.

Field therapy using imiquimod on visible AKs often leads
to pharmacological unmasking of nearby subclinical
lesions, probably through the diffusion of cytokines
throughout the treatment area. A study of 131 patients
whose AKs were treated and cleared with imiquimod
showed long-term prevention of AK recurrence in a dose-
dependent manner.” Importantly, at 16 months after AK
regression, there were no long-term adverse changes in

Eiselalf

Imiquimod field

skin quality associated with treatment.
therapy offered a well-tolerated and efficacious strategy for
pre-cancerous skin lesions.

Combinatorial Therapy
Combinatorial antiangiogenic therapy, exploiting the syn-
ergistic effects of multiple angiogenesis inhibitors, is an
important therapeutic approach for skin and other can-
cers.**® Imiquimod has been combined with other topical
agents possessing antiangiogenic activity in a “cocktail”
ion. We developed and reported the efficacy of a com-
gimen (OLCAT-005) consisting of the topical
drugs imiquimod, diclofenac, tretinoin, calcipotriene, and
hydrocortisone valerate. These were mixed in equal parts
and administered topically to biopsy-proven invasive SCC
in immunosuppressed patients using the IMTD protocol.
OLCAT-005 achieved complete tumor regression of squa-
mous neoplasia (n = 60) in 97% of patients after 12 weeks
of treatment, confirmed by surveillance biopsy of the site.”
Histopathological analysis demonstrated increased angio-
genesis in the initial cancer. OLCAT-005 therapy appeared
to revert microvessel density back to normal skin levels
following complete remission. This protocol is now under
investigation for a variety of solid tumors in animals and
humans.
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Conclusions

Angiogenesis inhibition is a validated new strategy for the
treatment of cancer employing biologic, small molecule,
and immunomodulatory agents. Imiquimod is a novel,
immune response modifying agent that stimulates antian-
giogenic cytokines, downregulates the expression of pro-
angiogenic factors, upregulates the expression of endoge-
nous inhibitors, and induces endothelial cell apoptosis.
Thus, topical imiquimod impedes pathological tissue
growth by interfering with its supporting microcirculation.
Combined with its effects on cell-mediated immunity,
imiquimod’s antiangiogenic activity has potent anti-tumor
effects. Clinically, imiquimod is indicated for genital warts,
AK, and BCC, but it has been used successfully to treat a
number of angiogenesis-dependent skin conditions,
including SCC, lentigo maligna, hemangiomas, and

pyogenic granuloma.’*”

Field therapy is an important application of imiquimod as
an antiangiogenic agent is as field therapy aimed at sub-
clinical and clinical angiogenic lesions (AK, BCC, SCC)
in areas of sun damaged skin. Long-term studies substanti-
ate imiquimod’s effectiveness in treating primary AK and
in preventing its recurrence. By titrating its dosing for
angiogenesis inhibitory activity, imiquimod can be applied
in an efficacious and well-tolerated fashion for AK and
non-melanoma skin cancers. Combinatorial therapies
incorporating imiquimod with other topical or systemic
antiangiogenic agents may be an even more potent
approach for invasive or advanced skin canears. Our clini

cal experience with OLCAT-005 demonst];stafm J
invasive SCC and prevention of recurrence. As the f1elds
of immunotherapy and antiangiogenic therapy begin to
merge, agents such as imiquimod will assume an even
the of

dermatological disorders.

greater role in medical management
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