ABSTRACT

BACKGROUND: Chemexfoliation is widely used
to reverse signs of photodamage. Although
photodamage can eventually lead to skin
cancer, it remains unclear whether chemical
peels also affect photocarcinogenesis. Moreover,
concerns about the systemic and/or cutaneous
toxicity of peeling agents have already arisen.
OBJECTIVE: This review sought primarily to
summarize the data available on the effects

of chemical peels on ultraviolet-induced skin
carcinogenesis, focusing particular attention on
actinic keratoses and cutaneous field cancerization.
In addition, considerations about the systemic
and/or cutaneous toxicity of peeling agents,
particularly trichloracetic acid, are briefly
discussed. METHODS: The PubMed, MEDLINE,
and SCOPUS databases were searched using the

.

keywords “chemical peeling,"“actinic keratosis,”
“cutaneous field cancerization,”“skin cancer,”"skin
cancer prevention,” and “cutaneous and systemic
carcinogenicity,” both alone and in combination
with one another. Additional relevant references
were also isolated from citations in the reviewed
literature. RESULTS: A total of 42 articles
involving both in-vitro and in-vivo human and
animal models were included for analysis. The
data were mainly confined to laboratory animals.
CONCLUSION: Apart from efficacy in clearing
visible actinic keratoses, the findings point towards
the possible clinical use of chemical peeling for
the prevention of skin cancer. To date, no evidence
on systemic toxicity following dermal exposure of
humans to chemical peels has been identified.
KEY WORDS: Actinic keratosis, cutaneous field
cancerization, photocarcinogenesis, field therapy,
photoaging
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Chemical peels, available in a number
of formulations, have long been used to
treat a variety of aesthetic and medical skin
conditions. Topical exfoliative agents, alone or
in combination, are used to induce controlled
cutaneous injury, ultimately resulting in
epidermal turnover and collagen regeneration.
Chemical peeling is not restricted to cosmetic
interventions. Indications for chemical
resurfacing include pigmentary disorders (e.g.,
ephelides, melasma, lentigines), inflammatory
disorders (e.g., acne, rosacea), scarring (e.g.,
acne, traumatic, surgical), chronoaging and
photoaging (e.g., superficial and medium-depth
wrinkles), and precancerous lesions (e.g., actinic
keratoses).”

Chemexfoliation has demonstrated efficacy
in reversing signs of photoaging. However, as a
result of chemical removal of the photoprotective
stratum corneum, an enhanced but reversible
degree of ultraviolet (UV) sensitivity can occur.
Repeated skin resurfacing is also coupled with
chronic tissue damage and inflammatory changes
that might contribute to a long-term risk of skin
cancer.** Moreover, concerns about systemic
toxicity have arisen when studies began linking
specific peel agents, especially trichloracetic acid
(TCA), to cancers in animals.%” The popularity of
TCA peels as expressed in commercial formulas
available to consumers at pharmacy chains and
do-it-yourself videos on the internet prompted
the New York Times to publish a cautioning article
debating possible carcinogenicity in animal
studies.? On the other hand, several lines of

evidence suggest a curative and/or protective
effect on photocarcinogenesis, regardless of

the kind of peeling formula.* As the ultimate
progression of photoaging is skin cancer, it is
important to clarify whether the repetitive
procedure of chemical peeling on photodamaged
skin is safe and whether these chemicals can
reduce or stimulate the formation of UV-induced
skin cancers.

Here, we present a structured review on the
safety profile and effect of chemical peeling on
skin photocarcinogenesis, with special emphasis
on actinic keratoses (AKs) and cutaneous field
cancerization.

METHODS
The PubMed, MEDLINE, and SCOPUS
databases were searched using the keywords

ni ni,

“chemical peeling, actinic keratosis,”“cutaneous
field cancerization,”“skin cancer,“skin cancer
prevention,” and “cutaneous and systemic
carcinogenicity,” both alone and in combination
with one another. Additional relevant references
were also isolated from citations in the reviewed
literature. A total of 42 articles involving both
in-vitro and in-vivo human and animal models
were included for analysis. The data were mainly
confined to laboratory animals.

TUMORIGENIC ROLE OF CHEMICAL PEELING
Implications about the systemic and/or
cutaneous toxicity of chemical peeling have arisen
when studies began linking such to cancers in
animals, suggesting a tumorigenic potential.®”
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are only briefly mentioned or even omitted from
current treatment recommendations for AKs and

TABLE 1. Studies suggesting a link with skin carcinogenesis

PEELING FORMULATION | MATERIALS/SUBJECTS | RESULTS STUDIES s
[T T field cancerization.”-?

Enhanced redness and swelling without Given the evidence of the carcinogenicity of
GA(1-7mg/cm?, pH3.0)  Guinea pigs increased PGE2 production or COX-2 Park et al®2 TCA, the safety of such products after repetitive

protein expression and long-term performance needs to be
3506 TCA UV-irradiated hairless Tumor formation mostly in TCA-treated Dainich etal® evaluated. However, no information on systemic

’ mice sites; reduced total tumor count ainichieta toxicity following dermal exposure of humans to
Human models chemical peels has been identified.’ Regarding
, Reduced epidermal LCs in treated vs. . cutaneous insults, chemical disruption of the

40% + 60% TCA Normal human skin control area on Day 7 Sl photoprotective barrier of the stratum corneum
Jessner’s -+ 35% TCA, ) Mohr et al®: increases the penetration of UV radiation into the
70% GA + 40%TCA lUEys Eplizbat pren s Coxetal* skin. This enhanced UV sensitivity, however, is

GA: glycolic acid; PGE2: prostaglandin E2; COX: cyclooxygenase; TCA: trichloracetic acid; LCs: Langerhans cells

TCA, a persistent metabolite of trichloroethylene
(TCE), is formed in drinking water as a byproduct
of the chlorination process and as a metabolite of
industrial medications like chloral hydrate. Major
human exposure to TCA directly occurs through
the consumption of water disinfected with
chlorinated solvents.’ However, although TCA has
frequently been detected in the blood of humans
occupationally exposed to TCE, no epidemiological
evidence exists on the carcinogenicity of TCA in
humans.’ The available experimental data, mainly
confined to laboratory animals, appear to be
inconsistent. A number of studies have reported
TCA-promoted carcinogenesis, while others failed
to replicate the same results.

Many studies found liver and/or renal
toxicity in mouse models of TCA when
such was administered in drinking water
or by gavage.5”'*" There is no evidence
of carcinogenicity in rats exposed to TCA,
though.*'” In addition, TCA-induced toxicity
was not observed in Chinese hamster ovary and
mouse lymphoma cells.™2 Although the bulk
of TCA studies involve animals, very few in-vitro
human studies hint at harm.>?' Recent data
have indicated a positive mutagenic effect of
TCA (25, 50, and 100ug/mL) on human blood
lymphocytes, suggesting a carcinogenic activity
in human subjects exposed to TCA-contaminated
water.? On the contrary, prior studies support
that this chemical requires very high doses (2,000
and 3,500pg/mL) to induce DNA mutation,
considering it as a weak genotoxin. %%

As previously reported, TCA has the capability
for reversible binding with plasma proteins that
play an important role in tissue distribution and
elimination of the chemical.*~* Lumpkin et al.
reported 4- to 5-fold higher plasma levels of free
TCA in mice than in rats.Z Moreover, the rate of
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binding of TCA to plasma protein was found to

be consistently greater in humans than in rats

or mice. The degree of binding capability with
plasma protein can influence the noted species
difference in the susceptibility of TCA toxicity.® As
a species-specific carcinogen, TCA might not be
key in inducing human tumors at the low doses
encountered in the environment."

CUTANEOUS FIELD CANCERIZATION

Actinic keratoses (AKs) are thought to
represent a spectrum along the continuum to
invasive skin cancer. Chronic UV exposure is the
major contributing factor for these precancerous
epidermal lesions. The term cutaneous field
cancerization was proposed to describe a common
UV-induced precancerous skin state characterized
by multiple clinical and subclinical AKs lesions
occurring in areas of photodamaged skin. These
multiple patches of premalignant disease can
potentially progress into squamous cell carcinoma
(SCQ), a type of nonmelanoma skin cancer
(NMS().272

Given the high prevalence of AKs, several
modalities have been used to prevent
potential evolution to SCC. The concept of field
cancerization has initiated a paradigm shift in AK
therapy from lesion-directed (e.g., cryotherapy,
curettage) to field-directed therapies. The latter
address the entire field damage and thus target
both clinically apparent and subclinical lesions
expanding in perilesional sun damaged skin.?%

In this context, chemical resurfacing might
theoretically decrease the risk of SCC through
ablating premalignant cells. Whereas chemical
peeling is widely performed in cosmetics to
combat signs of photodamage, its role in treating
and/or preventing photocarcinogenesis has yet to
be determined. As a consequence, chemical peels

reversible and recovers to normal after one week.
Chronic inflammation secondary to repeated skin
damage during peeling might also stimulate
carcinogenesis in the long run.** However, no
evidence of inflammatory infiltrates was seen
with 30% salicylic acid (SA) in macrogol at 70
days in animal sun-damaged skin.*®

STUDIES SUGGESTING A POSSIBLE
LINK BETWEEN PEELS AND SKIN
CARCINOGENESIS

A number of studies have suggested a
possible link between chemical peeling and skin
carcinogenesis (Table 1). Although the medical
use of chemical peels has been complicated by
cutaneous and ocular adverse events, ' the link is
not proven in any human studies.

Animal studies. Although the application
of glycolicacid (GA) to the skin of guinea pigs
was reported to enhance UVB-induced skin
sensitivity (i.e., redness and swelling), it was
not accompanied by increased prostaglandin E2
(PGE2) production or cyclooxygenase (COX)-2
protein expression.*2

As reported by Dainichi et al,* TCA-treated
mice exhibited UVB-induced skin tumors in the
form of SCC mainly located in the experimental
area, suggesting a TCA-induced susceptibility of
the peeled skin to UV-promoted tumorigenesis.
However, the number and size of tumors were
comparable in the treated versus the control mice,
while the formation of tumors outside of the
experimental area was significantly decreased in
TCA-treated mice. This latter fact was attributed
to the activation of systemicimmunosurveillance
by inflammatory cells recruited from the TCA-
treated area. Although TCA did not exert a direct
preventive effect, it was not photocarcinogenic
itself.

Human studies. Sakai et al** supported
that 40% and 60% TCA peeling applications on



normal human skin can significantly reduce the
number of epidermal Langerhans cells (LCs) in
the treated area relative to liquid nitrogen-treated
skin. This change was considered indicative of

the temporary impairment of skin immunity that
might be involved in skin carcinogenesis.

Two cases of eruptive keratoacanthomas
following peeling application (Jessner’s solution
plus 35% TCA, 70% GA plus 40% TCA) to nonfacial
skin on a background of extensive solar damage
have also been published. All lesions completely
resolved spontaneously or after topical diclofenac
application without further complications.

The authors concluded that keratoacanthomas
represent an abnormal reaction to different types
of skin injury, pointing toward a benign dlinical
course.

STUDIES SUGGESTING A PROTECTIVE
LINK BETWEEN PEELS AND
CARCINOGENESIS

Animal studies. Photodamage can eventually
lead to skin tumorigenesis. Since chemical peels
have been used to reverse photodamage, several
animal studies were designed to determine the
effect of peels on UV-induced skin cancers. Mouse
models provide convincing evidence for a positive
association between chemical peels and skin
cancer prophylaxis.>*’=

In the mouse study by Hong et al,” GA reduced
UVA+B-induced skin tumor incidence as well as
the number of both large tumors (>2mm) and
tumors per mouse by 20 percent, 47 percent,
and 55 percent, respectively. GA also delayed
the timing of tumor development.’ Bair et al®®
conducted an in-vivo experiment to determine
the efficacy of topical aspirin and sodium
salicylate (NAS) in preventing UVB-induced
NMCS. In the SKH-1 mouse model, both NAS (10
or 40umol) and aspirin (40umol) significantly
inhibited the rate of tumor development
compared to the vehicle control (p<0.05).
Contrary to aspirin, NAS was found to prevent
UVB-induced thymine dimer formation in the
mouse epidermis, most probably via a sun-
screening mechanism of action.®

A preparation of 30% SA dissolved in
polyethylene glycol (PEG) resulted in both
delayed and reduced skin tumor formation in the
treated versus the control mice after repetitive
UVB irradiation. This SA-PEG formulation also
restored phototoxic histological changes by
suppressing p53 expression and normalizing
keratinocyte differentiation in UVB-irradiated

mice.**The United States National Toxicology
Program evaluated the effects of synthetic
solar light on the skin of hairless mice treated
with creams containing GA (4% or 10%) or

SA (2% or 4%). Although GA had no effect on
photocarcinogenesis, SA was observed to be
photoprotective, reducing the incidence of skin
tumors.”

Abdel-Daim et al*** conducted mouse studies
to investigate the chemopreventive effect of three
types of chemical peels (35% GA, 30% SA, and
10% and 35% TCA) after UV irradiation (UVB or
UVA+-B). All modalities achieved significantly
decreased rates of cancer incidence mostly in the
treated but also in the nontreated area compared
to nonpeeled mice. Moreover, peeling reduced
the p53-positive keratinocytes and suppressed
the messenger RNA expression of COX-2 in the
treated skin. Serum PGE2 level was also decreased
in the treated versus the control mice.

Human studies. Despite the scarcity of
data, a number of human studies have also
noted that chemical resurfacing offers benefits
in terms of skin cancer prophylaxis.#~* Ahn
et al® demonstrated the ability of GA to inhibit
UVB-induced cell cytotoxicity, apoptosis, and
the expression of apoptosis-requlatory genes
(p53, p21) in cultured immortalized human
keratinocyte HaCaT cells.In human facial skin,
which is primarily photoexposed, the SA-PEG
formulation eliminated immature cornified cells

and induced normal cornification of keratinocytes.

Restoring this UV-induced structural atypia
allows the stratum corneum to recover its barrier
function.®

In line with animal observations, positive
results were described in high-risk patients
with precancerous skin lesions and extensive
solar damage. In a split-face study comparing
a combined formulation of Jessner’s solution
and 35% TCA with topical 5% fluorouracil (FU)
in patients with widespread facial AKs, both
modalities reduced the number of visible AKs
by 75 percent through 12 months. TCA was
observed to be as effective as fluorouracil in
preventing lesion recurrence for at least one year,
but was superior in terms of morbidity. However,
the prophylactic effect of peeling, although
pronounced, was not sustained at 32 months.*
Another study with the same design but
conducting pretreatment with 0.025% tretinoin
also noted a reduction in AKs at the 12-month
follow-up.®

In a randomized, prospective five-year trial,
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Hantash et al* compared three facial resurfacing
techniques—carbon dioxide laser, 30% TCA
peel, topical 5% FU—in 34 patients with severe
actinic damage or a history of NMSC. TCA peeling
produced equivalent reductions in mean AK
count at three months posttreatment compared
with fluorouracil and laser ablation (89% versus
839% and 92% for FU and laser, respectively).
Significantly decreased rates of cancer incidence
and a trend towards a longer timespan until the
occurrence of new NMSC was recorded with all
three modalities relative to the control group. Of
note, a remarkably lower incidence of NMSCin
the TCA-treated group was observed compared
to in the FU- and laser-treated groups (0.04 vs.
0.15and 0.21 in laser- and FU-treated groups,
respectively; p< 0.001). No adverse events were
experienced.*

A prospective study evaluated the efficacy,
safety, and recurrence outcomes of phenol peels
in precancerous lesions of AKs and Bowen's
disease (BD). Of the 46 cases (32 AKs and 14
BD), 39 (84.8%; composed of 29 AKs and 10
BD) experienced a complete response after 1to
8 treatment sessions over a median follow-up
period of 2.8 to 3.5 years. Concerning recurrence,
only two cases (4.3%; one AKs and one BD)
recurred over a period of one year. No systemic
side effects, such as serious arrhythmia, were
observed.”

Recent half-side intrapatient studies
comparing TCA peeling with 5-aminolevulinic
acid photodynamic therapy (PDT) for the
treatment of patients with multiple facial
or scalp AKs also pointed toward beneficial
effects.®# Although methylaminolevulinate PDT
consistently performed better than 50% TCA peel
in terms of clinical efficacy, the mean clearance
rate of preexisting AKs by TCA was 66.1 percent
at three months and remained stable at the
six-month follow-up. Considering prevention, the
recurrence rate after 12 months was 17.6 percent
inthe TCA group.® In the series by Holzer et al,*
35% TCA peel was compared with aminolevulinic
acid (ALA) PDT. Here, the mean clearance rate by
TCA at the three- and 12-month follow-up points
was 78.6 percent and 48.8 percent, respectively
(vs. 88.9% and 73.7% for PDT). At the 12-month
follow-up, the reduction in total lesion count
by TCA was 31.9 percent (vs. 58.0% for PDT).
However, no significant differences were observed
between TCA and ALA PDT with regard to AK
prevention. In both studies, treatment-related
pain, evaluated by visual analog scale, was



As presented, chemexfoliation has not only
demonstrated efficacy in clearing visible AKs but
also offers the benefit of treating the background
of subclinical lesions (Figure 1). Various peeling

TABLE 2. Select studies suggesting a protective effect on skin carcinogenesis

PEELING FORMULATION | MATERIALS/SUBJECTS | RESULTS STUDIES

GA (8mg/cm?) UV-irradiated hairless mice Reduced and delayed tumor formation  Hong et al”’ L. )

- ) formulas have shown promising results in terms
aspirin (10, 40umol), UW-irradiated hairless mice 40pmol aspirin and both NAS doses Bair et al® f ski hvlaxis in both h d
NAS (10, 40umol) inhibited tumor formation rate OFSkin cancer prophylaxis In both human an

Reduced and delayed tumor formation;  Dainichi et al*’; animal studies. Although the precise mechanisms
' ) remain elusive, the findings suggest the possible

30% SA-PEG UV-irradiated hairless mice

histological atypia restoration Dainichi et al® - . ; .
National clinical use of chemical peeling for the prevention
GA (4,10%),5A (2,4%)  Inradiated mice SA was photoprotective Toxicology of skin tumors, Fhus repdenng itan alternative
Program*! strategy for patients with extensive field damage.
Abdel-Daim et In addition, chemexfoliation is a versatile and
0, 0, 0, i .
zg; ?CA . 30%SA10%+ . iradiated hairess mice E;;i:zced tumor counté skin pSsggzdl 2l Abdel-Daim safe therapy that can be applied repeatedly at
’ CHPIESSION, and sertim FREZ VL ot g frequent intervals. It demonstrates superiority in

procedural ease, tolerance, healing time, patient

6A (0.01-10mM) Human keratinocyte cell  Inhibition of UV-induced cytotoxidity . adherence, and cost-effectiveness. Peels can also
Soem line, HaCaT and apoptosis neta be combined with other resurfacing techniques,
Jessner's & 350 TCA Humans 75% AKs clearance at 12 months; no Lawrenceetal such as 5% FU, in an attempt to optimize
’ recurrence for at least one year outcomes and allow clinicians to tailor the
89% AKs clearance at 3 months; treatment based on individual patient needs.
0/ 4 46
30%TCA Humans reduced and delayed NMSC onset Hantash etal The need for further prospective studies with
84.8% complete response (29 AKs, 10 longer follow-up periods when utilizing chemical
100% pure phenol Humans BD) after 1-8 sessions; two recurrences  Kaminaka et al*? peels as preventive agents for carcinogenesis
over one year might sound trivial. However, as chemical peeling
50%TCA Humans 66.1 OA> AKs clearance at 3and 6 months; |\ g becomes increasingly sqph|st|cated, itis regllstlc
17.6% recurrence at 12 months to expect that more optimized formulas will
0 . . . )
35%TCA Humans 78.6% and 48.8% AKs learanceat3 further improve the success in tumor prevention

and 12 months in photoaged skin.

GA: glycolic acid; UV: ultraviolet; NAS: sodium salicylate; SA: salicylic acid; PEG: polyethylene glycol; TCA: trichloracetic
acid; PGE2: prostaglandin E2; COX: cyclooxygenase; AKs: actinic keratoses; mo: months; NMSC: nonmelanoma skin
cancer; BD: Bowen’s disease
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