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Fractional epidermal grafting in combination with laser therapy as a
novel approach in treating radiation dermatitis

Thanh-Nga Trinh Tran, MD, PhD,!? Minh Van Hoang, MD,* Quynh-Anh Ngoc Phan, MD,?
Thuy L. Phung, MD, PhD,* Martin Purschke, PhD,?> William A Farinelli,> Sameer Sabir,’
Andrew Ziegler,® Stuart Nelson, MD, PhD,” and R Rox Anderson, MD?

Abstract

Radiation injury to the skin is a major source of dysfunction, disfigurement, and complications
for thousands of patients undergoing adjunctive treatment for internal cancers. Despite the great
potential for affecting quality of life, radiation injury has received little attention from
dermatologists and is primarily being managed by radiation oncologists. During our volunteer
work in Vietnam, we encountered numerous children with significant scarring and
depigmentation of skin from the outdated use of radioactive phosphorus P32 in the treatment of
hemangiomas. This dangerous practice has left thousands of children with significant fibrosis
and disfigurement. Currently, there is no treatment for radiation dermatitis. Here, we report a
case series using the combination of laser treatment, including pulsed-dye laser, fractional CO2
laser, and epidermal grafting to improve the appearance and function of the radiation scars in
these young patients. We hope that by improving the appearance and function of these scars, we
can improve the quality of life for these young patients and potentially open up a new avenue of
treatment for cancer patients affected with chronic radiation dermatitis, potentially improving
their range of motion, cosmesis, and reducing their risk of secondary skin malignancies.

Radiation injury to the skin is a major source of dysfunction, disfigurement, and
complications for thousands of patients undergoing adjunctive treatment for internal cancers.'
The risk, severity, and nature of radiation-induced fibrosis late effects depend on several factors
including treatment-related factors (radiotherapy, surgery, and chemotherapy), patient-related
factors (physiological status and age), comorbidity factors, particularly cardiovascular disease,
preexisting collagen vascular diseases, and hypersensitivity or very rare congenital diseases.”
Despite the great potential for affecting quality of life, radiation injury has received little
attention from dermatologists and is primarily being managed by radiation oncologists. The lack
of multidisciplinary cross-talk means that many doctors who directly see these patients are
unaware of the potential treatment options. During our volunteer work in Vietnam, we
encountered numerous children with significant scarring and depigmentation of skin from the
outdated use of radioactive phosphorus P32 in the treatment of hemangiomas. This dangerous
practice has left thousands of children with significant fibrosis and disfigurement. Currently,
there is no treatment for radiation dermatitis. Here, we report a case series using the combination
of laser treatment including pulsed-dye laser, fractional CO: laser, and epidermal grafting to
improve the appearance and function of the radiation scars in these young patients. We hope that
by improving the appearance of scars, we can improve the quality of life for these young patients
as well as cancer patients who otherwise would go through life with a disfiguring defect, not to
mention pain and limitation of motion, and increased risk of secondary skin malignancies.*¢



Background

Radiotherapy, an essential modality in cancer treatment, frequently induces a fibrotic
process in the skin which can lead to increased risk of malignancy,*¢ poor wound healing,3 pain
and limitation of movement,® and permanent loss of skin appendages with hyper- and
hypopigmentation, decreased sweating and xerosis, all posing significant cosmetic and quality of
life issues.! Long thought to be irreversible, radiation induced fibrosis (RIF) is now believed to
be a dynamic process, characterized by constant remodeling and long-term abnormal fibroblast
activation as well as dysregulation of the normal wound healing process.” Abnormal
keratinocytes also participate in this abnormal feed-back loop, contributing to a “perpetual
wound.”8 Radioactive phosphorus P32 has been used in Vietnam since the 1970s for the
treatment of hemangiomas. The children would go to the Cancer Hospital in Ho Chi Minh City
to get biweekly treatments of radioactive P32 paste on their hemangiomas for up to 18 months.
The result is fibrotic skin with severe scarring, depigmentation, loss of adnexal structure, and
telangiectasias. Biopsies obtained from children with P32-induced dermatitis show either
chronic- or late-radiation changes with features of morphea, dermal collagen sclerosis, vascular
ectasia, loss of adnexal appendages, radiation fibroblasts, epidermal atypia, hyperkeratosis, and
some thickening of upper dermal microvessels (Figure 1). Other biopsies show skin with lichen
simplex chronicus-like changes with hypergranulosis, acanthosis, spongiosis, perivascular
lymphocytic infiltrate, and ectatic papillary dermal vessels with thrombi (Figure 1). Fibrosis in
the dermis after radiation is similar in many ways to other fibrotic lesions such as burn scars and
localized scleroderma. Recent advances in laser therapy have paved the way for the use of
fractional laser treatment in normalizing these scars, though this technique particularly has not
been studied for radiation injury. Given that a significant number of radiation dermatitis scars
also involve telangiectasias, pulsed-dye lasers (PDL) have been used to reduce the erythema
factor.” Based on the characteristics of the radiation scars from these biopsies, we hypothesized
that therapies that can modulate the fibrosis as well as reduce telangiectasias, and may be helpful
in reversing these chronic changes. Particularly, the use of PDL and fractional laser treatments
(FLT) can help improve the appearance and function of a radiation scar. In addition, skin
affected by radiation dermatitis can have significant epidermal damages that can lead to
precancerous lesions and skin cancers, especially with topically applied agents such as
radioactive phosphorus P32. Replacing the epidermis may have the potential to significantly
reduce the occurrence of future malignancies in these patients.



Figure 1. Pathology of radiation dermatitis from P32. Biopsies show chronic or late radiation
changes with features of morphea, dermal collagen sclerosis, vascular ectasia, loss of adnexal
appendages, radiation fibroblasts, epidermal atypia, hyperkeratosis, and some thickening of
upper dermal microvessels. Other biopsies show skin with lichen simplex chronicus-like changes
with hypergranulosis, acanthosis, spongiosis, perivascular lymphocytic infiltrate and ectatic
papillary dermal vessels with thrombi (these vessels are reminiscent of angiokeratoma-type
vessels.



Increasingly, pulsed-dye and fractional CO2 lasers are used to modulate the symptoms,
function, and cosmesis of the hypertrophic scar.!®!! A recent large prospective cohort study
found that the two combined laser therapies dramatically improved both the signs and symptoms
of hypertrophic burn scars, as measured by objective and subjective instruments, when using the
PDL for pruritus and erythema and the fractional CO2 laser for stiffness and abnormal texture.'?
Over the past decade, multiple studies have demonstrated the effective use of PDL in providing
significant and long-term improvement in hypertrophic scars.'*"!7 Advances in laser therapy have
led to the use of FLT to treat fibrosis associated with hypertrophic scars'>!*-?* and morphea,?!
leading to tissue repair, scar remodeling,???” and relaxation of scar contractures.”®?’ Although the
fractional COz2 laser (10600 nm) is relatively new, the fractional concept has been applied to
other wavelengths, such as the erbium-doped YAG laser crystals (Er:YAG; 2950 nm). A recent
case report noted improvement in atrophy, contracture, texture, and color of a burn scar on the
chest after two treatments with the fractional CO: laser.** The laser’s safety and efficacy in
comparison to dermabrasion was recently confirmed in a trial of 60 patients.*’ It is theorized that
the reason the COz laser has proven to be superior to lasers that utilize other wavelengths is
because it normalizes growth factors in wound healing.*' There have been recent reports
outlining the effectiveness of PDL on keloidal and hypertrophic scars.!>*? It has been proposed
that PDL can down-regulate TGF-1 expression and up-regulate matrix metalloproteinase 13
(MMP-13) activity, as well as increase fibroblast proliferation and collagen type I1I deposition,
resulting in keloidal scar regression.*** Therefore, PDL may be a useful tool to improve
radiation scars both in cosmesis and the fibrotic response. Recently, FLT has also been shown to
decrease the occurrence of senescent fibroblasts in geriatric dermis, increase the dermal
expression of insulin-like growth factor-1 (IGF-1), and correct the abnormal UVB response
observed in untreated geriatric skin.>° By creating zones of ablation at variable depths of the
skin, the fractional laser has been shown to normalize dermal collagen and modulate TGF-1
expression, likely through the coordinated expression of heat shock proteins and other factors,
such as matrix metalloproteinases (MMPs) with the subsequent induction of a wound healing
and collagen remodeling response.’! These ablative zones may also serve as portals to enhance
delivery of drugs and other substances.?>

Blister grafting, a valuable method for epidermal placement, has been widely used in the
treatment of vitiligo by replacing the depigmented epidermis with suction grafts from the normal
skin area.>**” However, large blister grafts are difficult to handle and the larger graft area takes
longer to heal. Minigrafting is a technique developed from hair transplantation techniques in
which fullthickness punch grafts from normal pigmented skin are grafted to depigmented areas.
It typically results in rapid and complete repigmentation in a high percentage of subjects. During
classic minigrafting procedures, both donor and recipient areas are prepared using the same
punch technique. A number of holes in the recipient area are inserted into the upper dermis. The
same number of holes in the donor area are extracted and placed in the recipient holes.
Minigrafting or full-thickness punch grafts result in repigmentation. However, a “cobblestoning
appearance” in the recipient site is a potential adverse effect of this method, which is not
acceptable to most patients. In contrast, cobblestoning does not occur when only the epidermis is
grafted. The fractional epidermal micrografting technology was recently developed at the
Wellman Center for Photomedicine (Boston, Massachusetts, USA) and licensed to MoMelan



Technologies for commercial development (Cambridge, MA).?® In this strategy, a 25-cm? array
of 100 small blisters was raised, simultaneously harvested, and captured directly onto an
adhesive dressing (Tegaderm, 3M Company, St Paul, Minnesota, USA). This dressing with the
micrografts was then transferred to the prepared recipient site, thereby repopulating the
epidermis. In this case series, we evaluated whether PDL and/or FLT can help improve radiation-
induced fibrosis and induce normal scar remodeling and whether replacing the damaged
epidermis with fractional blister grafting will improve the epidermal barrier function and restore
normal keratinocyte function. Understanding and correcting this underlying fibrotic process can
help restore normal skin functions in patients affected with chronic radiation dermatitis and other
debilitating fibrotic diseases in dermatology such as scleroderma, morphea, or nephrogenic
systemic fibrosis.

Material and methods

In this case series, we treated 3 patients with either PDL followed by FLT, PDL alone, or
FLT alone depending on the nature of the radiation scars. All patients received epidermal grafts
on a portion of their scars after the laser treatment. A 595-nm PDL (V-beam Perfecta, Candela
Corp, Wayland, MA) with a dynamic cooling device (DCD) was utilized for all treatments. This
device is cleared by the US Food and Drug Administration (FDA) for clinical treatment of
vascular lesions. Protective eyewear for the patient and all participants in the treatment room was
provided. A spot size of 7 mm or 10 mm was used with an average fluence (energy delivered per
unit area, in J/cm?) of 7-9 J/em?. Fluence will vary according to patient and telangiectasias
characteristics, including age, skin type, location, size of the vessels, and response to treatment.
A 30-50 ms cryogen spray cooling (CSC) duration preceded the laser pulse duration of 0.4-1 ms.
Each PDL treatment (up to 2 passes) lasted no longer than 10 minutes each. Treatment was
performed with a spot overlap of ~20% as needed to achieve even coverage of the entire lesion.

The UltraPulse Encore COz laser (Lumenis, Yokneam, Israel) was used for fractional
laser treatment using the Deep FX handpiece. Very low density FLT (5%-10%) and pulse energy
(20-50 mJ) was used to stimulate remodeling. The Active FX handpiece was used to remove the
epidermis at higher density (50%) and low energy (10-15 mJ). Appropriate wound care
instruction and follow-up was given to all patients. The Active FX handpiece of the UltraPulse
laser produces relatively broader superficial columns of ablation and dermal heating and was
used to prepare the recipient site for epidermal grafting. The Deep FX handpiece produces
deeper, narrower columns of ablation and dermal heating. This theoretically allows the operator
to customize treatment parameters based on scar size, thickness and desired outcome (ie,
deeper/narrower for improved fibrosis, broader/superficial for improved cosmesis, and epidermal
removal).

Finally, we also evaluated the use of an epidermal blister grafting technology, using a
harvesting and grafting process designed by MoMelan Technologies (Cambridge, MA).*® The
overall concept is to harvest an array of many small epidermal blisters from a normal skin area
(such as the thigh) using the Cellutome device (now Kinetic Concepts, Inc or KCI; San Antonio,
Texas, USA), that adheres the micrografts of normal skin to a sterile wound dressing (Tegaderm,
3M Company, St. Paul, MN). The recipient skin site is prepared by removing its epidermis,



which we performed under local anesthesia with 1% intradermal lidocaine with epinephrine,
using a CO2 Laser (Ultrapulse; Lumenis, Yakum, Israel) delivering 10-14 J/cm? fluence in a
single pass. After removal of the epidermis from radiation-exposed skin, the array of epidermal
blisters is applied, using the epidermis-carrying Tegaderm dressing. A bolster dressing and tape
were then applied, to ensure good contact of the epidermal blister array with the skin. This
system combines the advantages of blister generation and minigrafting procedures. Both blister
generation and the laser resurfacing procedures only removed the epidermis and did not breach
the dermis. Blister generation is painless and did not require any anesthesia. The donor site for
these patients was the thigh, and healing was completed within a week without scarring.

Results

Patient 1 was treated with Deep FX fractional COz treatment followed by epidermal blister
grafting. Prior to the fractional treatment, the patient had significant fibrosis of her skin, skin
hardening, and depigmentation. Given the amount of depigmentation, we chose to do the blister
grafting procedure after fractional laser treatment to see whether we could restore her epidermis.
The procedure was repeated a year later (Figure 2). Patient 2 had significant telangiectasias and
depigmentation on her temple after radioactive P32 treatment but less fibrosis of the dermis. We
chose to give her 3 PDL treatments prior to epidermal grafting (Figure 3). Patient 3 had
significant fibrosis of the skin as well as depigmentation. She was treated with the Deep FX
fractional COz laser and epidermal grafting, followed by one or more fractional CO: treatment
(Figure 4). Patients 1 and 3 both had skin hardening and depigmentation with radioactive
phosphorus treatment, while Patient 2 had mostly depigmentation and telangiectasias. We used
FLT at a very low fluence and density for Patients 1 and 3 followed by epidermal grafting. In
both of these patients, softening of the skin was noticed and patients reported more flexibility of
the skin in the area treated with the fractional laser. Both patients had significant repigmentation
of the skin after epidermal grafting and the skin surface was soft and smooth, resembling normal
skin. However, we also noticed that the surfaces of the skin after FLT, despite softening and
improvement in texture, also retained tiny pixelated indentations that corresponded to the
fractional laser columns of ablation 3 months after treatment. We also observed that the pixelated
indentations are no longer visible after two years. While we do not have biopsy results to
evaluate whether these are tiny scars, it is clear that post-radiation may not heal normally after
FLT. Patient 2 was treated with a PDL three times prior to epidermal grafting. Her
telangiectasias were clearly improved by the PDL. Epidermal grafting only partially improved
the depigmented area (Figure 3). One of the difficulties in epidermal grafting is to ensure the
adherence of the micrografts to the prepared wound beds. Concave surfaces are much harder to
ensure tight compression after epidermal transfer than convex surfaces. Location also makes a
big difference, with facial location being more difficult for a graft transfer and adherence than
the extremities or the trunk. The area affected by radiation dermatitis also showed softening and
improvement in texture after PDL treatment.



Figure 2. A) Patient 1 before treatment, B) after first fractional laser and epidermal grafting, and
C) after second fractional laser and epidermal grafting procedure.



Figure 3. A) Patient 2 before treatment, B) after first PDL, C) second PDL, D) third PDL, E)
epidermal graft: immediately after procedure, and F) 3 months after procedure.

Figure 4. A) Patient 3 before treatment, B) after fractional CO2 and epidermal grafting:
immediately after procedure, C) 3 months after procedure, and D) after second fractional COsx.



Discussion

Radiation fibrosis and dermatitis is a permanent and disfiguring outcome of many life-saving
radiation procedures. In addition, outdated procedures such as the use of radioactive phosphorus
P32 in the treatment of childhood hemangiomas poses significant scarring and depigmentation
on many young children in developing countries such as Vietnam. There is a range of skin
reaction to radioactive phosphorus as well as radiation treatment. Biopsies obtained from
children with P32-induced dermatitis show chronic- or late-radiation changes with features of
morphea, dermal collagen sclerosis, vascular ectasia, loss of adnexal appendages, radiation
fibroblasts, epidermal atypia, hyperkeratosis, and some thickening of upper dermal microvessels.
Other biopsies show skin with lichen simplex chronicus-like changes with hypergranulosis,
acanthosis, spongiosis, perivascular lymphocytic infiltrate, and ectatic papillary dermal vessels
with thrombi. In the appropriate clinical context, the histological findings are consistent with late
radiation dermatitis with scleroderma/morphea-like changes in the biopsies (similar to patients 1
and 3) whereas their biopsies show a subacute spongiotic dermatitis with associated vascular
ectasia, thrombosis and chronic inflammation (similar to patient 2). Cutaneous scars are complex
modalities that require multiple approaches for therapeutic results, from reducing erythema and
pruritus to improving function. A staple in the treatment of hypertrophic scars and restrictive
scars has been intralesional corticosteroids.*> Moreover, additional options are now available
with recent advances in laser technology. Driven by the desire to help these children, we
investigated whether laser treatment in combination with fractional epidermal grafting could
restore a more normal appearance. We hypothesized that patients with late radiation changes
similar to morphea may benefit from fractional laser treatment, whereas patients with more
thrombosis and telangiectasias may benefit from PDL. In addition, both types of radiation
dermatitis showed significant abnormality in the epidermis. We hypothesized that replacing this
diseased epidermis can lead to normalization of not only the epidermis, but the dermis as well
through feedback loops and stem-cell involvement.

Despite the limitation of the case series where patients are being treated in a developing
country with limited resources (ie, the equipment used was donated by laser companies to our
nonprofit organization dedicated to the free, safe, and effective treatment of children with
disfiguring birthmarks in Vietnam),* we have shown some promising results for the potential
use of laser therapy as well as fractional epidermal micrografting in improving radiation-induced
dermatitis and fibrosis. More studies as well as immunohistochemical and histological analyses
may help us better understand the skin’s response to these interventions and design the most
effective strategy to help these young children achieve a normal function and appearance.
Potentially, this strategy may be used to help cancer patients with severe fibrosis and scars from
radiation treatment and can pave the way to help patients with other debilitating fibrotic diseases
in dermatology such as scleroderma, morphea, or nephrogenic systemic fibrosis.
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