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Introduction

Both in the United States and globally, breast cancer is the most
frequently diagnosed malignancy in women (Bray et al., 2018;
Siegel et al., 2018). Despite its high incidence, breast cancer mor-
tality rates have steadily decreased over the past few decades
due to earlier detection from improved screening as well as thera-
peutic advancements (Buchholz, 2009). Randomized controlled tri-
als have demonstrated that adjuvant radiation therapy (RT)
reduces breast cancer recurrence after breast-conserving surgery
(Early Breast Cancer Trialists’ Collaborative Group et al., 2014;
Fisher et al., 2002). As a result, RT has become a standard-of-care
treatment modality for breast cancer (Whelan et al., 2000).

The delivery of ionizing radiation to a tumor induces double-
stranded DNA breaks leading to apoptotic cell death (Leventhal
and Young, 2017). Because DNA repair mechanisms are more
robust in healthy cells compared with malignant cells, RT preferen-
tially targets tumor cells. However, damage may also occur in the
healthy tissues through which radiation beams travel once the
radiation dose surpasses their DNA repair threshold. The skin is
especially sensitive to the toxic effects of radiation due to its high
cellular turnover rate. In fact, an estimated 74% to 100% of patients
who receive RT for breast cancer will experience cutaneous toxic-
ities (Schnur et al., 2011; Wengstrom et al., 2001). A range of der-
matologic adverse effects may occur as a result of RT and although
most develop shortly after treatment, others may be observed
years later.

Breast irradiation is typically administered 5 days per week for
5 to 7 weeks with weekend breaks (Schnur et al.,, 2011). This
intense dosing schedule, coupled with radiation toxicities, can sig-
nificantly disrupt patients’ work, social, and family roles. RT is
associated with higher incidences of depression, anxiety, and fati-
gue in female patients with breast cancer, and dermatologic toxic-
ities from RT have also been shown to negatively impact patients’
quality of life (QoL; Fuzissaki et al., 2019; Lee et al., 2008; Whelan
et al., 2000). As a result, it is imperative that women with breast
cancer have timely access to dermatologic care should cutaneous
toxicities develop.

In this review, we discuss the clinical features and management
of radiation-induced dermatologic toxicities in women with breast
cancer. These conditions include radiation dermatitis, radiation
recall, radiation-induced morphea, radiation-induced fibrosis, and
cutaneous carcinogenesis in irradiated skin.

Radiation dermatitis

Radiation dermatitis is the most common adverse effect of RT,
observed in 90% of patients with breast cancer who receive RT,
with 30% experiencing moderate to severe presentations (Fisher
et al., 2000; Yee et al., 2018). Acute radiation dermatitis typically
presents within the first 90 days of RT, whereas chronic radiation
dermatitis presents months to years later (Singh et al., 2016).

For patients with breast cancer undergoing postmastectomy RT,
risk factors for the development of acute radiation dermatitis
include smoking, darker skin, higher radiation dose, larger breast
size, and higher body mass index (De Langhe et al., 2014; Kole
et al., 2017; Yee et al., 2018). Although no association has been
demonstrated between acute radiation dermatitis and the later
development of chronic radiation dermatitis, risk factors for
chronic radiation dermatitis also include higher cumulative radia-
tion dose, higher total volume of irradiation, older age, concurrent
chemotherapy or targeted therapy, connective tissue disease, and
inflammatory skin disorders such as psoriasis, eczema, and acne
(Collette et al., 2008; Holscher et al., 2006; Hymes et al., 2006;
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Porock, 2002; Spalek, 2016; Tejwani et al., 2009; Toledano et al.,
2006).

Radiation dermatitis can affect patients’ QoL both during and
after treatment, and severe cases may result in dose reduction or
RT interruption (Leventhal and Young, 2017). Several studies have
demonstrated reduced QoL due to the physical burden of radiation
dermatitis and its emotional consequences, such as disturbance of
body image (Fuzissaki et al., 2019; Rossi et al., 2018; Schnur et al.,
2011; Sundaresan et al., 2015). The physical burden of radiation
dermatitis can be significant and includes sleep disturbance, burn-
ing, and pruritus (Schnur et al., 2011). Additional out-of-pocket
costs are also common for women with radiation dermatitis,
including the purchase of new undergarments to replace those that
are less comfortable or stained by topical treatments, altered cloth-
ing choices, makeup or scarves to conceal radiation dermatitis and
telangiectasias, as well as soothing ointments, moisturizers, or pil-
lows to reduce discomfort (Rossi et al., 2018; Schnur et al., 2011,
2012). One study estimated that the mean skin toxicity cost per
patient with breast cancer undergoing RT was $131.64 and that
this cost negatively impacted the functional domain in QoL metrics
(Schnur et al., 2012).

Clinical presentation

The clinical symptoms of acute radiation dermatitis are par-
tially dependent on the cumulative radiation dose. A transient,
faint erythema may occur hours after radiation exposure. Classi-
cally, acute radiation dermatitis occurs during the second week
of RT and presents as a dry, erythematous patch localized to the
field of radiation. After 3 to 4 weeks and high cumulative doses,
dry desquamation may occur (Fig. 1A); in severe cases, worsening
edema, pruritus, tenderness, moist desquamation (Fig. 1B), and
ulceration may ensue (Kole et al., 2017).

Impaired wound healing from irradiation due to inadequate
vascularization, tissue hypoxia, and fibrosis can progress to necro-
sis and skin ulceration, termed radiation necrosis (Bray et al., 2016;
Buboltz and Cooper, 2019; Uzun et al., 2013). Radiation necrosis is
a late sequela that is estimated to occur in up to 5% of patients
(Bray et al., 2016; Buboltz and Cooper, 2019).

Chronic radiation dermatitis encompasses later radiation-
induced skin changes, including postinflammatory hyperpigmen-
tation or hypopigmentation, skin atrophy, telangiectasias, and sub-
cutaneous fibrosis. These findings usually present after the
completion of RT and are a distinct entity from nonhealing acute
radiation dermatitis (Hymes et al., 2006; Singh et al., 2016).
Although many manifestations of chronic radiation dermatitis are
permanent as a result of significant injury to fibroblasts and the
cutaneous microvasculature, transient forms of chronic radiation
dermatitis may occur. For example, the peau d’orange appearance
of irradiated breast skin that is caused by lymphatic edema often
resolves within the first year after therapy, and postinflammatory
pigmentary changes may also slowly regress (Hymes et al., 2006).

Grading and management

According to the Common Terminology Criteria for Adverse
Events, version 5.0, grade 1 radiation dermatitis consists of faint
erythema or dry desquamation, grade 2 consists of moderate ery-
thema with edema and patchy moist desquamation primarily in
the skin folds, grade 3 comprises moist desquamation in areas
other than skin folds and bleeding by minor trauma, and grade 4
involves full thickness skin necrosis and spontaneous bleeding
from the site of radiation (U.S. Department of Health and Human
Services, 2017).

Topical corticosteroids have been robustly investigated for the
prevention of acute radiation dermatitis (Haruna et al., 2017;
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Fig. 1. (A) Acute radiation dermatitis manifesting as erythematous patches with
dry desquamation weeks after radiation therapy for breast cancer. (B) Severe
presentation of acute radiation dermatitis manifesting as moist desquamation.

Meghrajani et al.,, 2013). Randomized controlled trials have
demonstrated that the prophylactic application of mometasone
furoate is superior to topical emollients in reducing the severity
of radiation dermatitis and increasing the time to development
of grade 3 dermatitis (Hindley et al., 2014; Ho et al,, 2018). In
one study, using mometasone cream also positively impacted
patients’ self-reported QoL scores compared with a topical emol-
lient (Hindley et al., 2014). As a result, treating irradiated skin with
mometasone ointment twice daily from the first day of RT to
14 days after completion is often recommended to reduce the
severity of acute dermatitis (Ho et al., 2018). Recent studies have
also demonstrated that barrier creams and films, as well as
melatonin-based creams, may decrease the incidence of radiation
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dermatitis and moist desquamation and delay the development
of radiation dermatitis-associated pruritus (Ben-David et al,,
2016; Laffin et al., 2015; Shaw et al., 2015; Zetner et al., 2019). In
addition, glutamine supplementation, olive oil/calcium hydroxide
emulsions, and many other agents have been shown to reduce
the incidence and severity of radiation dermatitis in small studies
(Chitapanarux et al., 2019; Eda et al., 2016).

Counseling patients on lifestyle changes to minimize the effects
of friction and unnecessary trauma within the radiation field is
essential. Examples include wearing loose-fitting clothing; avoid-
ing exposure to sun, extreme heat or cold, and irritating products;
using bland emollients; avoiding shaving with straight edge or dis-
posable razors; and using mild soaps. Normal use of deodorants or
antiperspirants does not appear to be associated with an increased
risk or severity of radiation dermatitis (Leventhal and Young,
2017).

Recent studies have shown that decreasing radiation doses and
varying fractionation or delivery methods may reduce the inci-
dence and severity of radiation dermatitis. In particular, the use
of hypofractionated RT, intensity modulated RT, accelerated partial
breast irradiation, and prone positioning have each resulted in
decreased rates of acute radiation dermatitis compared with con-
ventional RT (Buwenge et al., 2017; Freedman et al., 2009; Pignol
et al.,, 2008; Shaitelman et al.,, 2015; Yee et al., 2018).

Fortunately, most cases of acute radiation dermatitis resolve
after treatment is completed. The primary management strategies
include keeping the affected area clean and moist with bland emol-
lients or topical corticosteroids, protecting the area from contami-
nation and infection, and managing pain. Application of dressings
(hydrogel, hydrocolloid, soft silicone, or silver-based dressings)
may reduce mechanical injury to the wound site and promote
healing. In the presence of superinfection, antimicrobials such as
mupirocin ointment or silver sulfadiazine cream may be indicated.
For grade 3 or 4 reactions, brief interruptions of RT along with sup-
portive wound care may be required. Amifostine, zinc, and the
combination of oral pentoxifylline and oral vitamin E have been
investigated in phase 1 and 2 trials for the treatment of acute radi-
ation dermatitis, with variable success (Jacobson et al., 2013).
Other experimental treatments, including autologous fibroblasts,
stem cells, and growth factors (e.g., fibroblast growth factors,
platelet-derived growth factor, granulocyte and granulocyte—
macrophage colony-stimulating factors, and transforming growth
factor-beta modulators), are currently being investigated
(Haubner et al., 2012; Jacobson et al., 2013). In addition, telangiec-
tasias secondary to chronic radiation dermatitis may be treated
with long-pulsed dye lasers (Nymann et al., 2009).

Finally, radiation necrosis may be treated with hyperbaric oxy-
gen therapy, which stimulates angiogenesis (Buboltz and Cooper,
2019; Uzun et al., 2013). Pentoxifylline has also been used with
promising results in a small pilot study (Dion et al., 1990). Severe
cases of cutaneous radiation necrosis may warrant surgical
debridement and/or flap reconstruction of the affected area; grafts
have been employed with varying success (Jacobson et al., 2017;
Oztiirk et al., 2008).

Radiation recall after chemotherapy

Radiation recall dermatitis is a rare and poorly understood phe-
nomenon in which a systemic drug, usually chemotherapy, triggers
an inflammatory reaction in previously irradiated skin (Guarneri
and Guarneri, 2010). Its incidence is approximately 5% to 10%. In
contrast with radiation enhancement, a common phenomenon
occurring within 1 week of irradiation and characterized by
heightened sensitivity to chemotherapeutic agents, radiation recall
reactions occur >1 week after the completion of RT (Bahaj et al,,
2019; Burris and Hurtig, 2010; Guarneri and Guarneri, 2010;
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Melnyk et al., 2012). Importantly, one-third of cases may involve
extracutaneous sites, resulting in mucositis, pneumonitis, or
esophagitis (Burris and Hurtig, 2010; Camidge and Price, 2001).
Interestingly, rechallenge with the offending systemic drug will
not always lead to reappearance of radiation recall (Burris and
Hurtig, 2010; Haffty et al., 2008; Kodym et al., 2005; Mizumoto
et al.,, 2006; Pardo et al., 2013; Sakaguchi et al., 2018).

The mechanism of radiation recall is not established, and vari-
ous theories have been proposed, including idiosyncratic hyper-
sensitivity reaction, increased sensitivity of memory stem cells in
irradiated skin, and reduced threshold for inflammation in irradi-
ated skin, which is then upregulated by chemotherapy (Camidge
and Price, 2001; Melnyk et al., 2012).

Clinical presentation

Radiation recall manifests similarly to radiation dermatitis as an
erythematous eruption that may be painful or pruritic, with
edema, vesicles, or desquamation (Guarneri and Guarneri, 2010).
The reaction ranges from mild erythema to severe skin necrosis
(Burris and Hurtig, 2010; Guarneri and Guarneri, 2010). Multiple
drugs have been implicated, particularly antimetabolites (gemc-
itabine, capecitabine, pemetrexed), as well as anthracyclines (dox-
orubicin) and taxanes (docetaxel, paclitaxel) (Burris and Hurtig,
2010). Gemcitabine, one of the most commonly associated drugs,
may result in extracutaneous recall reactions in two-thirds of cases
(Burris and Hurtig, 2010). Other oncologic drugs, including antitu-
mor antibiotics (bleomycin, actinomycin, adriamycin), alkylating
agents (melphalan), targeted therapies (gefitinib, trastuzumab,
bevacizumab, vemurafenib, sorafenib, sunitinib, erlotinib), and
endocrine therapy (tamoxifen) have also been associated with
radiation recall reactions (Bourgeois et al., 2017; Burris and
Hurtig, 2010; Guarneri and Guarneri, 2010; Levy et al., 2013;
Mehta et al., 2018; Melnyk et al., 2012; Rhee et al., 2014).

Grading, prevention, and treatment

Radiation recall is graded similarly to radiation dermatitis as
described earlier. Given the rare and idiosyncratic nature of this
reaction, no preventive interventions currently exist. In mild cases,
patients may remain on chemotherapy or try a reduced dose.
Symptomatic management with topical steroids, antihistamines,
and nonsteroidal antiinflammatory drugs are also commonly used,
but these treatments have not been shown to decrease time to res-
olution (Burris and Hurtig, 2010; Camidge and Price, 2001;
Guarneri and Guarneri, 2010).

Severe cases may warrant an interruption of chemotherapy,
especially when extracutaneous involvement is present, with reac-
tions subsequently resolving in days to weeks (Burris and Hurtig,
2010). According to one study, systemic steroid prophylaxis upon
rechallenge with the causative agent may reduce the inflammatory
response, but this strategy has otherwise remained unproven
(Camidge and Price, 2001).

Radiation-induced morphea

Radiation-induced morphea (RIM) is an underrecognized
sequela of RT that abruptly presents months to years after radia-
tion exposure. The vast majority of cases occur in patients with
breast cancer, with an incidence of approximately 1 in 500 patients
(Bleasel et al., 1999; Friedman et al., 2018; Fruchter et al., 2017;
Leventhal and Young, 2017; Spalek et al., 2015). The disfigurement
and pain associated with RIM can substantially affect women’s QoL
(Spalek et al., 2015). One recent retrospective study of 25 patients
with RIM noted that autoimmune disorders, obesity, smoking
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history, and breast implantation correlated with more severe pre-
sentations (Mittal et al., 2019).

Clinical presentation

Classically, the presentation of RIM involves two sequential
clinical phases. The initial inflammatory phase is characterized
by an erythematous and sometimes edematous round plaque at
the site of radiation that may mimic cellulitis. Histology demon-
strates perivascular and periadnexal lymphocytic infiltrate and
slight dermal collagen thickening (Friedman et al., 2018; Spalek
et al.,, 2015). The second phase is the burnout phase, marked by
decreased inflammation, the development of fibrosis, and hyper-
pigmentation (Fig. 2). On histology, the burnout phase shows
prominent fibrosis with sclerotized collagen fibers and loss of the
initial lymphocytic infiltrate (Spalek et al., 2015).

Although RIM tends to manifest as a single round plaque, 50% of
lesions may extend beyond the radiation field. Clinically, RIM can
be distinguished from radiation dermatitis, which tends to present
more diffusely throughout the radiation field and remains localized
within its borders. RIM is also a relatively rare phenomenon, occur-
ring in <1% of patients with breast cancer receiving RT, whereas
radiation dermatitis occurs in up to 90% of patients with breast
cancer (Harper et al., 2004; Leventhal and Young, 2017). In addi-
tion, RIM can be distinguished from radiation-induced fibrosis,
which develops more gradually and remains localized to the radi-
ation field (Fruchter et al., 2017).

Management

Biopsy is essential to rule out metastatic breast cancer, celluli-
tis, fat necrosis, and radiation dermatitis. Multiple treatments with
varying efficacies have been reported, including topical steroids,
calcineurin inhibitors or vitamin D analogs, intralesional steroids,
systemic immunomodulatory agents (e.g., prednisone, methotrex-
ate, mycophenolate, tofacitinib, tetracyclines, and acitretin),

Fig. 2. Radiation-induced morphea presenting as a round erythematous plaque
with a violaceous border on the lateral breast.
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phototherapy (ultraviolet A and narrowband ultraviolet B), as well
as reconstructive surgery for excision of affected skin in refractory
cases (Fruchter et al., 2017; Mittal et al., 2019; Spalek et al., 2015).
Early intervention in the inflammatory phase correlates with treat-
ment response, whereas the burnout phase often results in irre-
versible fibrosis. Combination treatment with topicals, systemics,
or phototherapy is more likely to induce a clinical response
(Cheah et al., 2008; Friedman et al., 2018; Fruchter et al., 2017;
Mittal et al., 2019; Newland et al., 2012; Spalek et al., 2015).

Radiation-induced fibrosis

Radiation-induced fibrosis (RIF) is a complication that typically
arises within the first 3 months after RT (Schaffer et al., 2000). In
contrast to the abrupt onset of RIM, RIF has an earlier yet gradual
presentation and often continues to progress over several years
(Schaffer et al., 2000; Straub et al., 2015).

Both the incidence and severity of RIF are higher in patients
with connective tissue disorders, in particular those with systemic
sclerosis or systemic lupus erythematosus (Barnes and Mayes,
2012; Hélscher et al., 2006; Morris and Powell, 1997; Rees et al.,
2017; Straub et al., 2015). In a study of patients with breast cancer
treated with excisional biopsy and primary RT, breast fibrosis was
observed in 23% of patients, and the severity was dependent on
daily radiation dose (Clarke et al.,, 1983). Other risk factors for
RIF include high volume of irradiated tissue, an accelerated radia-
tion schedule, and concurrent treatment with chemotherapy
(Borger et al., 1994; Geara et al., 1998; Straub et al., 2015).

Clinical presentation

RIF classically presents as fibrosis and scarring of the affected
area, and when the breast is involved, contraction and visible
deformity may develop (Fig. 3). In addition, RIF is confined to the
radiation field and does not extend beyond its borders, unlike
RIM (Clarke et al., 1983; Friedman et al., 2018; Schaffer et al.,
2000). Importantly, RIF can affect any tissue in the radiation field,
including the lungs, gastrointestinal tract, skin, and subcutaneous
tissue (Straub et al., 2015). Its consequences range from cosmetic
concerns to functionally impairing contractures in the skin and soft
tissue (Straub et al., 2015).

Histopathologically, RIF may demonstrate excess collagen
deposition, macrophage infiltration in its earlier stages, differenti-
ation of fibroblasts into fibrocytes, and changes in the vascular con-
nective tissue, such as extracellular matrix protein deposition and
collagen atrophy (Delanian and Lefaix, 2004; Schaffer et al., 2000).

Prevention and treatment

Prevention of RIF involves adjusting the dose, schedule, and vol-
ume of radiation (Straub et al., 2015). With the advent of intensity
modulated RT, in which radiation beams are conformed to the
shape of the tumor for homogenous dose delivery, decreases in
breast induration have been observed (Donovan et al., 2007;
Straub et al., 2015). Once RIF occurs, the scarring and contractures
are often irreversible, and treatment is aimed at improving func-
tionality. Physical therapy and mechanical massage techniques
can improve patients’ range of motion as well as pain and skin
induration (Bourgeois et al., 2008; Straub et al., 2015). Pharmaco-
logic interventions, such as the combination of oral vitamin E
and oral pentoxifylline, have demonstrated decreased fibrosis in
patients with breast cancer and RIF according to some reports
(Delanian and Lefaix, 2007; Jacobson et al., 2013). Pirfenidone, an
antiproliferative and antifibrotic agent, also improved range of
motion in a small pilot study (Simone et al., 2007).
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Fig. 3. Radiation-induced fibrosis presenting as marked contracture and breast
deformity. Note the surrounding chronic radiation changes, including dyspigmen-
tation and telangiectasias.

Postradiation cutaneous carcinogenesis

Secondary skin neoplasms are late sequelae of RT and are
thought to arise from radiation-induced mutations that drive car-
cinogenesis (Li and Athar, 2016). Postradiation atypical vascular
lesions (AVLs) and cutaneous angiosarcomas are almost exclu-
sively described in the literature as sequelae of chest wall radiation
for breast cancer. In addition, nonmelanoma skin cancers (NMSCs),
particularly basal cell carcinoma (BCC), followed by squamous cell
carcinoma (SCC), make up a substantial proportion of postradiation
skin cancers in women with breast cancer (Cuperus et al., 2013;
Mattoch et al., 2007).

Vascular proliferations

Radiation-induced vascular proliferations include AVLs and
angiosarcomas, which are most commonly described in the mam-
mary skin of patients with breast cancer after RT. AVLs are benign
vascular proliferations thought to represent the dilation of superfi-
cial vascular channels as a result of lymphatic obstruction from
radiation or surgery (Ronen et al., 2019). The terms benign lym-
phangiomatous papules, lymphangiomas, and acquired lymphang-
iectasias are also used. Classically presenting 3 to 4 years after RT,
AVLs can appear as well-circumscribed, red-to-bluish papules or
vesicles that are usually <5 mm in diameter (Fig. 4A), which is dis-
tinct from the telangiectasias of chronic radiation dermatitis
(Fig. 4B; Gengler et al., 2007; Mattoch et al., 2007; Ronen et al.,
2019). Histologically, the lesions are generally well circumscribed
and located in superficial or mid dermis, where they are com-
posed of dilated or irregular and jagged vascular channels lined
by a single layer of bland endothelial cells. The lesions can
demonstrate either a predominately lymphangioendothelioma-like
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Fig. 4. (A) Atypical vascular lesion presenting as a red papule on an irradiated chest.
(B) Radiation-induced telangiectasias localized to the radiation field.

or lymphangioma/lymphangioma circumscriptum-like growth pat-
tern (Gengler et al., 2007).

Biopsy is indicated in the management of AVLs to rule out cuta-
neous metastasis and more aggressive angiosarcomas. Of note,
although AVLs are benign, there is clinical and histologic overlap
with malignant angiosarcomas (Billings et al., 2004; Mattoch
et al., 2007). Most studies demonstrate that AVLs do not progress
to angiosarcoma, but rare cases of malignant transformation have
been reported (Fraga-Guedes et al., 2014; Patton et al., 2008;
Ronen et al., 2019). Resampling is warranted for lesions that recur
or rapidly increase in size, and some recommend complete
removal with close clinical follow-up to avoid recurrence
(Mattoch et al., 2007).

Secondary angiosarcomas from RT are aggressive vascular
tumors with a poor prognosis and typically occur 5 to 6 years after
RT, although latencies ranging from 1 to 40 years have been
reported (Billings et al., 2004; Mattoch et al., 2007; Meattini
et al.,, 2014; Weaver and Billings, 2009). Its incidence in patients
with breast cancer has been estimated at 0.1% to 0.3%, but some
reports indicate incidences up to 1% in patients who have survived
>5 years (Sholl et al., 2017).
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Clinically, postirradiation angiosarcoma can present as red-pur-
ple plaques or nodules on irradiated skin. In contrast to AVLs,
which are typically <5 mm in diameter, angiosarcomas tend to be
much larger with an average diameter of 7.5 cm (Ronen et al.,
2019; Weaver and Billings, 2009). In addition, angiosarcomas are
ecchymotic-appearing, violaceous in color, and more likely to have
multiple foci compared with AVLs (Weaver and Billings, 2009).

Diagnosis of angiosarcoma is ultimately made with biopsy and
histologic examination, and increased Ki67 and MYC expression
can help distinguish angiosarcoma from AVLs (Ronen et al,
2019). Treatment for angiosarcoma is wide local excision, but there
is a high rate of local recurrence due its propensity to form satellite
lesions (Weaver and Billings, 2009). Several case reports and a
single-institution retrospective analysis have demonstrated suc-
cessful management of primary angiosarcomas with Mohs surgery,
but this has not been studied in patients with postirradiation
angiosarcoma (Buehler et al, 2014; Bullen et al., 1998). Patients
with postirradiation angiosarcoma have a poor overall prognosis
with a median survival of 18 months after diagnosis (Weaver and
Billings, 2009; Ronen et al, 2019).

Nonmelanoma skin cancer

Patients who have undergone RT are at elevated risk of develop-
ing NMSCs within the radiation field, particularly BCCs followed by
SCCs, (Karagas et al., 1996; Lichter et al., 2000). Multiple BCCs may
present clinically, and the nodular pattern is most frequent histo-
logically, though the fibroepithelioma of Pinkus variant has also
been associated with irradiated skin (Cuperus et al, 2013). The
average latency period from the time of RT to the development
of NMSC was approximated to be at least 20 years (Lichter et al.,
2000); however, incubation periods ranging from 2 to >50 years
have also been reported (Meibodi et al., 2008). Higher cumulative
doses of radiation, exposure of irradiated skin to ultraviolet light,
and younger age may be associated with shorter latency periods
(Marin-Gutzke et al., 2004, Cuperus et al, 2013).

The management of NMSCs in the setting of RT is complex
because these tumors tend to have ill-defined margins and are
more aggressive than their ultraviolet-induced counterparts. One
study found that SCCs arising in irradiated skin had an associated
5-year survival of 50%, compared with 90% in ultraviolet-
associated SCCs (Edwards et al., 1989). Therefore, surgical excision
is the recommended treatment, and there is expert consensus that
Mohs micrographic surgery is appropriate for ensuring histological
clearance in previously irradiated skin, regardless of subtype, size,
or depth (Connolly et al., 2012; Karagas et al., 1996). Dermatolo-
gists should be cognizant of the increased risk for cutaneous car-
cinogenesis in patients with a history of RT, and routine total
body skin examinations may allow for prompt diagnosis and
treatment.

Conclusion

The dermatologic sequelae of RT in women with breast cancer
are diverse and can significantly impact patients’ QoL. RT-
associated cutaneous toxicities range from acute dermatitis, which
develops shortly after treatment initiation, to chronic radiation
dermatitis, RIF, RIM, and cutaneous carcinogenesis, which may
arise years later. As the number of breast cancer survivors grows
each year, dermatologists will likely encounter women who have
received RT with dermatologic adverse effects. Familiarity with
the range of cutaneous toxicities will allow for prompt diagnosis
and management. A collaborative and multidisciplinary approach
among dermatologists, radiation oncologists, and medical oncolo-
gists is critical for the overall care of women with breast cancer.
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