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Introduction to Anticancer Therapies

Jennifer Wu and Mario E. Lacouture

Overview: Cancer Incidence and Types of Systemic Anticancer Therapies

Cancer treatments have revolutionized during the past decades with many new anticancer therapies being
developed and approved for a broad variety of cancer types every year (1). More than 10 million people
were diagnosed with cancer every year according to World Health Organization (WHO), and 8 million
cancer-related deaths and 30 million cancer survivors were reported (2). Accompanied by increased
incidence and death, cancer prevention and treatments have become a major issue to public health. Yet
the incidences of adverse events to anticancer therapies have also increased in parallel to the rapid
emergence of novel treatment modalities, new regimens of combination therapies, and prolonged survival.
Different anticancer treatment modalities such as cytotoxic chemotherapy, targeted therapy, immune
checkpoint blockade agents, radiation therapy, adoptive T lymphocyte therapy, and hematopoietic stem
cell transplantation have distinct spectrums of dermatologic adverse events (AEs), which can involve the
skin, hair, nail, and mucous membranes. Dermatologic AEs can not only impair patient’s physical function
and quality of life but result in dose reduction, regimen modification, and discontinuation of anticancer
treatment, which can eventually cause negative impacts on cancer outcomes and even lift-threatening
conditions (3). Understanding the epidemiology and clinical manifestations of anticancer therapy—
related dermatologic AEs in order to facilitate early recognition, and timely and proper management are
important to continue treatments, optimize outcomes, and maintain quality of life. Patient counseling
regarding potential dermatologic AEs and strategies for prevention and management before initiation of
anticancer therapy is therefore highly recommended. This chapter aims to give a brief introduction on
anticancer therapies and their associated dermatologic AEs (Figure 1.1; also see Tables 1.1 and 1.2). The
main subjects of each dermatologic manifestation will be discussed in the following chapters.

Anticancer Therapies and Their Associated Dermatologic Adverse Events
Cytotoxic Chemotherapy
Toxic Erythema of Chemotherapy

Toxic erythema of chemotherapy (TEC) describes the overlapping features of skin toxicity induced by
chemotherapy through a reproducible nonimmune mediated effect. The clinical characteristics of TEC
are erythematous patches or plaques on the axillae and groins, hands, and feet, and, less often, the elbows,
knees, and ears, associated with pain, burning, paresthesia, and pruritus. TEC usually appears within days
to 3 weeks following the administration of chemotherapeutic agents but may occur late at 2—10 months
in patients receiving lower-dose, continuous infusions of 5-fluorouracil (5-FU), or oral agents. Bullae
and erosions within the affected area may be seen. The lesions are often self-limited but may recur with
readministration of the same agents (4). Hand-foot syndrome (HES) is a subtype of TEC involving mainly
palms and soles (4,5). Chemotherapeutic agents more commonly associated with TEC include cytarabine
(AraC), anthracyclines, doxorubicin and pegylated liposomal doxorubicin (PLD), 5-FU, capecitabine
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FIGURE 1.1 Dermatologic adverse events to anticancer therapies. (a) Hand-foot syndrome induced by capecitabine (b)
swelling of fingertips, subungual hemorrhage, and onycholysis related to docetaxel. (c) Papulopustular eruption related
to EGFRI. (d) Paronychia related to EGFRI. (¢) Hand-foot skin reaction related to MKI. (f) Vitiligo-like lesions induced

by ICIs.

(5-FU prodrug), taxanes (docetaxel and paclitaxel), and methotrexate. Bleomycin, busulfan, carmustine,
lomustine, cisplatin, carboplatin, clofarabine, cyclophosphamide, ifosfamide, etoposide, gemcitabine,
hydroxyurea, melphalan, 6-mercaptopurine, mitoxantrone, tyrosine kinase inhibitors (imatinib, sunitinib),
tegafur, thiotepa, and vinorelbine have also been related to TEC.

Hand-Foot Syndrome

Hand-foot syndrome (HFS), previously named palmar-plantar erythrodysesthesia, is a well-described
dermatologic AE induced by certain chemotherapeutic agents (4,5), most commonly capecitabine, 5-FU
cytarabine, taxanes, doxorubicin, and PLD (6-10). HFS manifests as dysesthesia and subsequently
symmetrical painful erythema and edema of palms and soles. The lesions may progress to blisters, crusts,
or ulcerations (10,11). The pathophysiology is not fully understood but believed to be associated with the
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TABLE 1.1
Summary of Anticancer Therapies and Their Associated Dermatologic Adverse Events
Types of Systemic
Anticancer Therapies Dermatologic Adverse Events Common Culprits (Incidence %)
Hand-foot syndrome (HFS) Capecitabine (43—63%), continuously infused 5-fluorouracil,
(palmar-plantar cytarabine, docetaxel (5—10%), doxorubicin, and pegylated
erythrodysesthesia) liposomal doxorubicin (PLD) (45%)
Immediate hypersensitivity Taxanes (30% if without premedication); platinum-based
reactions (IHSRs) regimens (12-24%) (21)
Extravasation reactions Irritants: Platinum-based alkylating agents, taxanes, and

EGFR inhibitors
(EGFRIs)

Multitargeted kinase
inhibitors (MKIs)

BRAF inhibitors
(BRAFIs)

MEK inhibitors

BRAF inhibitors plus
MEK inhibitors

topoisomerase inhibitors
Vesicants: Anthracyclines, vinca alkaloids, and nitrogen
mustards; incidence: 0.1-6% (17,22)
Pigmentary changes Busulfan, cyclophosphamide, ifosfamide, bleomycin, 5-FU,
vinorelbine, fotemustine, docetaxel, etc.
Onychodystrophy Beau’s lines: Bleomycin, cisplatin, docetaxel, doxorubicin,
melphalan, and vincristine.
Onycholysis: Mitoxantrone, docetaxel, anthracyclines, and

paclitaxel
Chemotherapy-induced alopecia
(CI1A)
Chemotherapy-induced acute Taxanes are one of the top CIA-inducing drugs (33,34)

reversible alopecia
Chemotherapy-induced persistent  Busulfan, thiotepa, fluorouracil/epirubicin/
alopecia (CIPAL) cyclophosphamide (FEC) and taxanes
Radiation recall Doxorubicin, taxanes, 5-FU, gemcitabine and capecitabine
were most commonly reported (44)
Papulopustular eruption (PPE) or ~ EGFR inhibitors are used to treat advanced or metastatic
acneiform eruption non-small cell lung cancer (afatinib, erlotinib, gefitinib,
Pigmentary changes necitumumab), pancreatic cancer (erlotinib), breast cancer
(lapatinib, neratinib), colon cancer (cetuximab,
panitumumab), head and neck cancer (cetuximab), and in
even broader clinical settings based on individual
mutations of the tumor (23,49,54)

Changes in hair texture,
nonscarring and scarring
alopecia, facial hypertrichosis,
and eyelash trichomegaly

Paronychia

Nasal vestibulitis (NV)

Hand-foot skin reaction (FHSR) Sorafenib (Nexavar), and sunitinib (Sutent) (9-62% patients

exposed to sorafenib and sunitinib, regorafenib, axitinib,
pazopanib

Nonmalignant hyperkeratotic skin Vemurafenib and dabrafenib
eruptions

Cutaneous squamous cell
carcinomas (SCCs)

Photosensitivity

Maculopapular rash (MPR),
papulopustular eruption (PPE), or
folliculocentric rashes with or
without pruritus (53), keratosis
pilaris (KP)-like skin eruption on
the proximal limbs, trunk, and
face (5-9%) (79), and HFSR (80)

Trametinib, cobimetinib

(Continued)
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TABLE 1.1 (Continued)

Summary of Anticancer Therapies and Their Associated Dermatologic Adverse Events

Types of Systemic
Anticancer Therapies Dermatologic Adverse Events Common Culprits (Incidence %)
Hedgehog inhibitors Alopecia, follicular dermatitis, Vismodegib, sonidegib
hypersensitivity reaction, KAs
and cutaneous SCCs
Immune checkpoint Rash, pruritus, vitiligo Immune checkpoints inhibitors: Anti-CTLA4, anti-PD1,
inhibitors anti-PD-L1
Autoimmune bullous dermatosis ~ Anti-PD1 and anti-PD-L1
Severe cutaneous adverse Anti-CTLA4, anti-PD1 and anti-PD-L1
reactions (SCARs)
Chimeric antigen Rash (cytokine releasing CAR-T cell therapy
receptor modified T syndrome [CRS])
lymphocytes (CAR-T
cell) therapy
Radiation therapy Radiation dermatitis (RD) Ionized radiation
Hematopoietic stem cell Cutaneous graft-versus-host HSCT

transplantation (HSCT)  disease (GVHD)
Other cutaneous adverse Skin infections associated with
reactions from cancer anticancer treatment (63)
treatment Stevens-Johnson syndrome/toxic ~ SJS: Bendamustine
epidermal necrolysis (SJS/TEN) TEN: Bendamustine, busulfan, chlorambucil, fludarabine,
lomustine, and procarbazine (Food and Drug
Administration Adverse Event Reporting System [FAERS])

apoptosis of keratinocytes induced by cytotoxic chemotherapeutic agents or accumulation of metabolites,
which may be enhanced on palms and soles through the transport of sweat (12—14). The involvement of
an inflammatory process mediated by the overexpression of cyclooxygenase 2 (COX-2) was also reported
(15). HFS can significantly affect the patient’s quality of life, limit daily activities, and often necessitates
dose modification or even discontinuation of chemotherapy (16).

Acute Hypersensitivity Reactions

Immediate hypersensitivity reactions (IHSRs) usually occur during or shortly after infusion of the first
two cycles of chemotherapy with a rapid onset, within minutes (17). The clinical manifestations vary,
including nonspecific maculopapular rash, urticaria, angioedema, flushing, and pruritus, with or without
constitutional symptoms and signs such as hypotension, dyspnea, or chills (17,18). IHSRs can present as
life-threatening anaphylaxis, which requires clinical precautions.

Taxanes (docetaxel and paclitaxel) are most commonly associated with IHSRs with an incidence of
30%, if without premedication. Taxanes have been approved and frequently prescribed for the treatment
of metastatic or locally advanced breast cancer, non-small cell lung cancer, prostate cancer, gastric cancer,
head and neck cancer, and ovarian cancers (1,17-19). The underlying mechanism is suggested to be related
to a hypersensitivity reaction to the solvent for paclitaxel (Cremophor EL®, castor oil vehicle), whereas the
solvent for docetaxel (Tween 80, polyoxyethylene-20-sorbitan monooleate) is less frequently implicated
(20). Platinum-based agent-induced THSRs are also observed in 12-24% of patients (21).

Extravasation Reactions

Extravasation reactions occur in 0.1-6% of patients receiving chemotherapy. The severity varies by
the volume, concentration, and type of chemotherapeutic agent. The causative agents include irritants
(such as platinum-based alkylating agents, taxanes, and topoisomerase inhibitors) and vesicants (such
as anthracyclines, vinca alkaloids, and nitrogen mustards) (17,22). Irritants usually cause milder
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inflammatory reaction with the presentation of erythema, edema, and pain. Vesicants can lead to a more
severe effect including blister formation, ulceration, and tissue necrosis (23).

Pigmentary Changes

Alkylating agents such as nitrogen mustards (cyclophosphamide, ifosfamide), alkyl sulfonate (busulfan),
and nitrosoureas (fotemustine) are commonly reported to result in mucocutaneous hyperpigmentation.
Bleomycin, 5-FU, vinorelbine, and docetaxel are also known to cause hyperpigmentation. These skin
conditions usually resolve spontaneously and discontinuation of chemotherapy may not be needed
(24). Cyclophosphamide and ifosfamide may cause localized hyperpigmentation of the nails, palms,
and soles (25,26), whereas busulfan may induce an Addison-like generalized skin hyperpigmentation.
Characteristic flagellate hyperpigmentation occurs in 20% of patients treated with bleomycin (27,28).
Serpentine supravenous hyperpigmentation is associated with 5-FU, vinorelbine, fotemustine, and
docetaxel (29,30).

Hair and Nail Changes

Nail Toxicities

Overall incidence of skin, nail, and hair side effects to chemotherapeutic agents, including taxanes (46%),
PLD (7%), other anthracyclines (19%), topotecan (14%), and other agents (14%), is reported to be 86.8%,
and among them 23.1% developed nail changes (6). Cytotoxic chemotherapeutic agents can damage
the nail matrix and cause transverse ridges across the nail plate, that is, Beau’s lines, which are usually
self-limited (31). Onycholysis occurs when the nail bed is involved. Pain, paronychia, granulation tissue
growth, nail loss, and secondary bacterial infection with abscess formation may complicate onycholysis
which can affect the patient’s activities of daily living and quality of life (32). Common nail changes related
to chemotherapy also include brittle nails, discoloration, splinter hemorrhage, subungual hematoma, and
hyperpigmentation (32).

Chemotherapy-Induced Alopecia

Sixty-five percent of patients receiving chemotherapy are estimated to have chemotherapy-induced
alopecia (CIA). CIA has been considered the most traumatic impact of chemotherapy by 47% of female
patients (33). Taxanes including docetaxel and paclitaxel and anthracyclines are among the most common
CIA-inducing agents (33-36). Risk factors include prolonged treatment, higher doses, or multiple
exposures (33,37).

Chemotherapy-Induced Reversible Alopecia

Anagen effluvium is a common cause of chemotherapy-induced acute reversible alopecia and typically
occurs after the first 4 treatment cycles (37). Any hair-bearing areas including scalp hair, eyelashes,
eyebrows, beard, axillae, pubic, and body hair can be involved. Regrowth of hair may be seen 3—6 months
after the completion of chemotherapy; however, one-third of patients may experience a decreased amount
of hair regrowth and texture and color changes (35).

Persistent Chemotherapy-Induced Alopecia

Persistent chemotherapy-induced alopecia (pCIA) is used to describe the incomplete or absence of hair
regrowth lasting longer than 6 months after the cessation of chemotherapy (34). pCIA usually manifests as
diffuse hair loss or hair thinning, which tends to be accentuated in vertex areas with clinical features similar
to androgenetic alopecia (35,38—42). Eyelashes, eyebrows, axillae, pubic, and body hair can also be affected
(39,40,43). Busulfan, thiotepa, fluorouracil/epirubicin/cyclophosphamide (FEC), and taxanes have been
reported to cause pCIA (39,40,42). The incidence of pCIA in patients treated with docetaxel was estimated
to be around 2% by Kluger et al. but was believed to be underestimated (39). The pathomechanism of pCIA
is unclear. A separation of the matrix cells from the dermal papilla and a direct cytotoxic action of taxanes
on hair matrix keratinocytes or hair bulge stem cells has been hypothesized (34,39,40).
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Radiation Recall

Radiation recall is an acute inflammatory reaction confined to previously irradiated areas triggered by
chemotherapy. Doxorubicin, taxanes, 5-FU, gemcitabine, and capecitabine were most commonly reported
to be associated with radiation recall phenomenon (44). The incidences are drug dependent and vary
from 1.8% to 11.5% (23,45,46). The latency period for radiation recall ranges from several months to
years (45,46). Although the pathogenesis remains unclear, a cytotoxic chemotherapy-induced, memory
cell-mediated hypersensitivity reaction may play a role (44,47).

Targeted Anticancer Therapy

Targeted therapies achieve anticancer effects through inhibition of specific signaling pathways that play
a central role in tumor growth; these include the epidermal growth factor receptor (EGFR) and the
intracellular mitogen-activated protein kinase (MAPK) or RAS-RAF-MEK-MAPK pathway (48,49).
The emerging profile of dermatologic AEs to targeted anticancer therapies differs from that of cytotoxic
chemotherapy. However, the potential to cause dose reduction, discontinuation of anticancer therapy,
and impairment of quality of life remain, and may compromise clinical outcomes (50). Therefore, a
comprehensive knowledge of prevention, diagnosis, and management of these dermatologic AEs is of
paramount importance. Dermatologic AEs have been well characterized for tyrosine kinase inhibitors
(TKIs) targeting the EGFR or vascular endothelial growth factor receptor (VEGFR) pathways with
various incidences and severity depending on specific targeted therapies and different doses (23,51-54).
Common dermatologic AEs related to targeted therapies include acneiform rash, hand-foot skin reaction,
Xerosis, pruritus, mucositis, alopecia, skin tumors, pigmentary change, and hair and nail disorders (50).

EGFR Inhibitors

EGFR inhibitors (EGFRIs) have been used in broad clinical settings based on individual mutations of
the tumor, including advanced or metastatic non-small cell lung cancer (gefitinib, erlotinib, afatinib,
osimertinib, necitumumab), pancreatic cancer (erlotinib), breast cancer (lapatinib, neratinib), colon cancer
(cetuximab, panitumumab), and head and neck cancer (cetuximab) (23,49,54). Skin toxicities are the
most common EGFRI-related AEs, and can manifest as papulopustular eruption (PPE; acneiform rash),
xerosis, pruritus, hair, nail, and periungual abnormalities (23,51,52,55). These dermatologic AEs may
be painful and debilitating, and may negatively impact treatment intensity, patients’ activities of daily
living and quality of life (56).

Papulopustular Eruption or Acneiform Eruption

An acneiform rash is the most common dermatologic AE of EGFRI treatment, affecting up to 90% of
patients (55). EGFRIs not only inhibit specific signaling pathways on cancer cells but also interfere with
signal transduction in normal tissues such as epidermal keratinocytes, sebaceous glands, hair follicle
epithelium, and periungual tissues, leading to dermatologic toxicities (23,51,54).

PPE manifests as acneiform follicular and perifollicular papules and sterile pustules on mainly
seborrheic areas (face, scalp, and upper trunk), often associated with xerosis and pruritus or even pain
(57,58). Skin eruptions are usually transient, appearing in the first few weeks; however, xerosis, pruritus,
postinflammatory erythema or hyperpigmentation may persist even after cessation of treatment (56,59).

The development of skin toxicity to EGFRIs was reported to be associated with a favorable cancer
prognosis (60). A meta-analysis showed that the presence of rash is associated with a 60% decrease
in mortality and a 55% decrease in risk of disease progression in patients with non-small cell lung
cancer (60,61).

Pigmentary Changes

A systematic review showed the overall incidences of targeted therapy-induced pigmentary changes of
skin and hair were 17.7% and 21.5%, respectively. EGFRI and imatinib were reported to be the most
common culprits (62).
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Hair and Nail Changes

Paronychia, that is periungual erythema, swelling, pain, with or without periungual pyogenic granuloma-
like lesions can develop 2-3 months after the initiation of EGFRI therapy with an incidence varying
with different EGFRIs between 12% and 58% (52,63). The lesion is initially sterile but can become
superinfected (23). The hypothesized mechanism is periungual inflammation induced by keratinocyte
damage and cytokine dysregulation, an effect that may be aggravated by ingrown nails and local trauma
(23). Changes in hair texture and color, nonscarring and scarring alopecia, facial hypertrichosis, and
eyelash trichomegaly may be seen.

Mammalian Target of Rapamycin Inhibitors

The phosphatidylinositol 3-kinase (PI3K)-Akt-mammalian target of rapamycin (mTOR) signaling pathway
is upregulated in multiple malignancies. Dermatologic AEs to mTOR inhibitors, such as temsirolimus
and everolimus, are common and include stomatitis, eruptions, and nail changes, including paronychia.
mTOR inhibitor-related stomatitis has been reported in 44% of patients and differs from that associated
with chemotherapy by presenting as discrete aphthae on nonkeratinizing epithelium (64). Skin eruptions
can be seen in one-third of the patients and usually present a maculopapular or papulopustular rash similar
to EGFRI-induced PPE (64), which are thought to be related to the inhibition of the PI3K-Akt-mTOR
signaling, one of the downstream effector pathways of the EGFR (50).

Multitargeted Kinase Inhibitors

The multitargeted kinase inhibitors (MKIs) such as imatinib, sorafenib, sunitinib, regorafenib, axitinib,
and pazopanib achieve their anticancer effects by interfering with molecular signaling pathways involved
in cell growth and angiogenesis (65). Dermatologic AEs are most commonly reported in patients receiving
MAKIs and share overlapping features due to the commonalities among these targeted signaling pathways
(23,66,67).

Hand-Foot Skin Reaction

Hand-foot skin reaction (HFSR) is one of the most common dermatologic AEs occuring in 9-62%
of patients receiving MKIs such as sorafenib, sunitinib, regorafenib, axitinib, and pazopanib
(48,65,68-75). Symmetrical acral erythema associated with desquamation and fissures, followed by
hyperkeratosis (presenting as yellowish painful plaques surrounded by an erythematous/edematous
halo on pressure areas of the sole) with occasional blister formation is a characteristic feature of
HFSR (68).

The proposed mechanism of HFSR include direct pressure and friction to the palms and soles causing
the blistering and capillary endothelial damage; disruption of endothelial healing by inhibition of VEGFR
and PDGFR; and direct cytotoxic effect to keratinocytes related to dysregulation of the Fas/FasL signaling
pathway (48,65,71).

BRAF Inhibitors

BRAF s a serine—threonine protein kinase functioning in the RAS-RAF-MEK-MAPK signaling pathway
that regulates cellular proliferation, differentiation, migration, survival, and apoptosis (48,53,76,77).
BRAF is mutated in approximately 40-60% of cutaneous melanomas and one of the most frequently
mutated protein kinases found in human cancers including hairy cell leukemia, papillary thyroid, serous
ovarian, colorectal, and prostate cancers (64).

Dermatologic AEs are one of the most significant and frequent AEs associated with the use of
vemurafenib and dabrafenib, occurring in up to 95% of patients (77,78) with a distinct profile including
maculopapular rash, photosensitivity, hyperkeratotic lesions, or skin tumors (53). Paradoxical activation
of wild-type BRAF cells or cells that harbor a RAS mutation that potentiates the activity of the MAPK
pathway results in subsequent keratinocyte proliferation or tumor formation (53,76,77).
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Skin Rashes

Rashes are the most common dermatologic AEs, affecting 64—75% of patients treated with BRAFTs,
more commonly with vemurafenib than with dabrafenib. A variety of skin rashes can be seen in patients
receiving BRAFIs including maculopapular rash (MPR), papulopustular eruption (PPE), or keratosis
pilaris (KP)-like skin eruption on the proximal limbs, trunk, and face (5-9%) (79); folliculocentric rashes
with or without pruritus (53), and HFSR (80). The occurrence of skin rashes is often within 2 weeks after
initiation of treatment.

Photosensitivity

Photosensitivity is a well-known AE occurring in 30-52% of patients receiving vemurafenib, manifesting
as acute-onset erythema, burning, and painful blistering with a predilection to sun-exposed areas (53).

Nonmalignant Hyperkeratotic Skin Eruptions

Squamoproliferative/keratinocytic lesions may affect 60—-85% patients receiving BRAFIs. Verrucal
keratosis is the most common presentation seen in >60% of patients and usually appears early within
weeks in the treatment course (53,76,77). Other lesions include palmar/plantar hyperkeratosis over
pressure or friction points (40%), skin papillomas, verruca vulgaris, seborrheic keratoses (SKs), warty
dyskeratomas, inflamed actinic keratoses (AKs), and keratoacanthomas (KAs) (53).

Cutaneous Squamous Cell Carcinomas

Cutaneous squamous cell carcinomas (SCCs), usually KA type, presenting as rapid-growing, dome-
shaped crateriform nodules on sun-exposed skin areas (4-36%) (53,76,77), usually appear early after
initiation of BRAFIs such as vemurafenib, with a median onset of 8 weeks (53).

MEK Inhibitors

Upstream mutations at the level of EGFR, RAS, or BRAF can drive constitutive activation within the RAS-
RAF-MEK-MAPK pathway, converging on MEK proteins leading to tumor growth (64). Dermatologic
AEs of MEK inhibitors (MEKIs), such as trametinib and cobimetinib, share a similar spectrum with that
of EGFRISs, including PPE, xerosis, pruritus, alopecia, paronychia, hyperpigmentation, trichomegaly of
eyelashes, changes in hair texture, and hypertrichosis of face. PPE is the most common dermatologic AE
of MEKIs occurring in 52-93% of treated patients. Secondary bacterial infection to the affected skin
area is not uncommon (77,81).

BRAF Inhibitors plus MEK Inhibitors

Combination therapy of a BRAFI plus a MEKI seems to show an improved skin toxicity profile than
a BRAFT alone due to the effect of downstream MEK inhibition on the paradoxical activation of the
MAPK pathway by BRAF inhibitors (64). The combination of dabrafenib with trametinib showed a
significant decrease of incidence of cutaneous SCCs (0% versus 26.1%), verrucal keratosis, and Grover’s
disease compared to that of dabrafenib alone, but a higher frequency of folliculitis (40% versus 6.7%)
(76,77,82,83).

Hedgehog Pathway Inhibitors (Vismodegib, Sonidegib)

Abnormal activation of hedgehog pathway signaling is a key driver in the pathogenesis of basal cell
carcinoma (BCC). Vismodegib and sonidegib, small molecule inhibitors of hedgehog pathway signaling,
are approved for the treatment of adults who have metastatic BCC or locally advanced BCC in selected
patients. Commonly observed AEs include muscle spasms, ageusia/dysgeusia, alopecia, weight loss, and
fatigue (84).

Alopecia is a common dermatologic AE to hedgehog pathway inhibitors affecting 46-66% of
treated patients and has a relatively delayed onset than that with cytotoxic chemotherapy, developing
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after 2 months of treatment (84—87). The mechanism may be related to the important role that the
hedgehog pathway plays in the normal hair follicle cycle. Follicle-based toxicities, such as alopecia
and folliculitis, are hypothesized to be possible surrogate markers of tumor response (85). Follicular
dermatitis, hypersensitivity reaction, KAs, and cutaneous SCCs have also been reported (84-91).

Immune Checkpoint Inhibitors

The cytotoxic T lymphocyte antigen-4 (CTLA-4) signaling pathway, and the programmed cell death
receptor-1 (PD-1)/PD ligand-1 (PD-L1) signaling pathway are immune checkpoints of immunologic
homeostasis and tumor-induced immune suppression (92). As immune checkpoint inhibitors (ICIs) restore
antitumor immunity by interrupting the inhibitory signals and immune escape mechanisms induced by
tumor cells, they may concurrently induce autoimmunity and inflammation of various organ systems,
most commonly the skin, gastrointestinal tract, endocrine glands, and liver, referred to as immune-related
adverse events (irAEs) (93-95).

The precise pathogenesis underlying dermatologic irAEs remains to be elucidated. Possible mechanisms
include increasing T-cell activity against common antigens that are presented in both tumors and healthy
tissue, for example, vitiligo; increasing levels of preexisting autoantibodies, for example, bullous pemphigoid;
and increasing levels of inflammatory cytokines, for example, psoriasis and psoriasiform rash (95).

Pruritus, Rash, and Vitiligo

Immune-related dermatologic AEs are among the earliest and most common AEs of ICIs, which include
pruritus, rash, and vitiligo. Vitiligo is more frequently seen in patients with melanoma (94,96-98).
Autoimmune bullous dermatoses (99), lichenoid dermatitis/mucositis, exacerbated psoriasis, psoriasiform
rash, alopecia areata/universalis, Stevens-Johnson syndrome (SJS), and toxic epidermal necrosis (TEN)
have been anecdotally reported (93,98,100-104). Increasing evidence suggest that vitiligo and/or rash
developing during ICI treatments are correlated to favorable clinical outcomes (92,103,105-107).

Bullous Pemphigoid

Bullous pemphigoid (BP) may develop in patients receiving an anti-PD1/PD-L1 treatment and is
thought to be mediated by both T-cell and B-cell immunity (99,108). BP associated with ICIs may occur
accompanied or preceded by pruritus within months after the initiation of ICIs, and may persist after
cessation of treatment. Skin biopsy, direct and indirect immunofluorescence study of skin and serum
autoantibodies such as anti-BP180 and anti-BP230 may be helpful for diagnosis (99).

Severe Cutaneous Adverse Reactions

Severe cutaneous adverse reactions (SCARs) are rare, but SJS, TEN, and drug reaction with eosinophilia
and systemic symptoms (DRESS) syndrome associated with ICIs were reported in the literature (109-111).
A comprehensive review of clinical and drug history is necessary for accurate diagnosis and attribution
of the culprit.

Chimeric Antigen Receptor-Modified T Lymphocytes Therapy

Adoptive cell therapy is a powerful and promising approach to cancer therapy. Cytokine release syndrome
(CRS) can be observed shortly after administration of chimeric antigen receptor-modified T lymphocytes
(CAR-T cell) therapy (92). Autoimmunity induced by administered T cells may occur when a T-cell
receptor (TCR) targeting a protein is expressed in normal tissue, for example, when proteins of
melanocytic origin are targeted with TCRs against melanoma antigen recognized by T cells 1 (MART-1)
and glycoprotein 100, cutaneous, ocular, and internal ear toxicities occur (92).

Radiation Therapy

Radiation Dermatitis

Radiation dermatitis often occurs approximately 2—3 weeks after the initiation of radiotherapy (112).
Acute radiation dermatitis, usually manifesting as erythema, dry and moist desquamation, and ulceration,
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is self-limiting and usually resolves after 2—-3 months. Late toxicities usually occur later in the treatment
course at greater than 90 days. Skin lesions include telangiectasia, atrophy, fibrosis, edema, and ulceration,
which may persist and result in a prolonged negative impact on a patient’s quality of life (55,112,113).

Hematopoietic Stem Cell Transplantation

Cutaneous Graft-versus-Host Disease

Graft-versus-host disease (GVHD) is a major complication of allogeneic hematopoietic stem cell transplant
(allo-HSCT) recipients with an incidence of 40—60%, and accounts for 15% of treatment-related deaths
(114,115). Cutaneous GVHD is the most common to appear, affecting 60—80% of patients, which can result
in long-term complications such as cosmetic, functional, and even life-threatening sequelae (114,115).
Characteristic manifestations of cutaneous GVHD are poikiloderma, lichen planus—like eruptions, lichen
sclerosus—like lesions, morphea-like sclerosis, and deep sclerosis or fasciitis (114).

Conclusion

Maintaining patients on an anticancer treatment is critical for cancer survival. The rapid development
of novel therapies brings promising anticancer efficacy along with a wide variety of undesirable AEs.
Dermatologic AEs are among the most frequently observed and may seriously impair patients’ quality of life.
Increasing evidence suggests that these dermatologic AEs are preventable and manageable by comprehensive
pretreatment counseling, preemptive treatment, early diagnosis, and proper management. Dermatologists
play a critical role in minimizing the impact of dermatologic AEs. Early and prompt dermatology referral
and a multidiscipline team including dermatologists are beneficial for optimal cancer care.
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