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 With increasing survival rates across all
cancers, survivors represent a growing
population that is frequently affected by
persistent or permanent hair growth disorders
as a result of

o systemic therapies, radiotherapy, surgical
procedures, and therapeutic transplants
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e There are an estimated 15.5 million cancer
survivors in the United States, equivalent to
4.8% of the population

 Approximately 50% have been treated with
radiotherapy, and 60% have received systemic
anticancer therapies
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e Approximately 7 Jin 4 cancer survivors reports a
decreased QoL related to physical conditions

e An estimated 65% of patients undergoing classic
chemotherapy will experience hair loss, which is an
extremely upsetting adverse event for many.

 the incidence of persistent or permanent alopecia after
cancer was reported in 74% of 14,358 childhood cancer
survivors and in 30% of adult breast cancer survivors
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e Acute Dermatologic Adverse Events (AEs) of
anticancer therapies have received considerable
attention, long-term dermatologic AEs, such as

* hair growth disorders, depigmentation and
scarring
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 The effects of chemotherapy and radiotherapy
on hair regrowth are related to the:



Persistent or permanent alopecia after cancer therapies has
been associated with depression, anxiety, and increased
somatization

head and neck scarring and permanent or persistent has been
reported as the:

% strongest predictors of distress, suggesting that outward
physical appearance played a prominent role in emotional
adjustment of survivors.

The clinical severity of alopecia may not correlate with the
negative impact on a patient’s QoL

Madarosis has a significant emotional impact
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(a) CTCAE Version 4.0 for Alopecia

Grade 1

Grade 2

Alopecia

Hair loss of <50% normal
for that individual that is
not obvious from a
distance but only on close
inspection; a different
hairstyle may be required
to cover the hair loss, but
it does not require a wig
or hair piece to
camouflage

Hair loss =50% nomal for
that individual that is
apparent to others; a wig
or hair piece is
necessary if the patient
desires to completely
camouflage the hair loss;
associated with
psychosocial impact

(b) Modified Dean’s Alopecia Scale for Hair Loss

Dean score
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4

Percentage of hair loss
Mo hair loss

=0 to =25% hair loss
=25 to <b0% hair loss
=50 to =75% hair loss
=75% hair loss




. CIA usually begins 1-3 weeks after the initiation of chemotherapy, with hair
regrowth occurring after a delay of 3-6 months

Texture and color may be different after the regrowth

The total or incomplete hair regrowth 6 months after completion
of therapy

o  pCIA has been mostly reported in breast cancer survivors treated with taxane-based
chemotherapy and cyclophosphamide-based chemotherapy

* |In addition, pCIA has been reported in children who have under?one conditioning regimens
with busulfan, and with other chemotherapies used for stem cell transplantation, such as
thiotepa and carboplatin
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e The most common is (63% of
PCIA reported cases)

A pattern has been reported
in 46.2%o0f cases.

hairlines are frequently involved and
seem to be more sensitive compared to other areas of the
scalp

PCIA may also be associated with madarosis and axillary and
pubic alopecia
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Table 3 Chemotherapaulics and targeted hermapies thal cause chemotherapy-induced alopacia (G a)™19=0

Classic chamolberapeutic drugs

Type of agenl Type of alopacia Fre-quency

Classic Chemotherapeutic Therapies

Antimicrotubul e agents

= Winca alkakoids: Vincriatine, winblastine, vinoredbine, wvinfunine. = onscarming, diffuse. EL i

= Taxanes: Paditaxsl, docetaxsl = Cages of permansent alopecia wilth taxanes.
Topoisomerase inhibibors

= Topolzomerase | inhibitors: Topotecan, innoiecan. = MNomacaming, diffuse. a1 PG
» Topotzomerase |l inhibhors: Eloposide, Eniposide, miloxanimone.

Alkylating agents

= Mitrogen mustands: Bendamustine, cyclophospham kde, = MNomscaming, diffuse. =8G

eagtramustne, fostamide, mechloretamine, melphalan.
= Platinem analegs: Carboplating, cizplatin, oxaliplatin.
= Trazenss: Dacararine, procarhazines, temozokomde.
Aunitiirm etabolites
= Folate aniagoniat Methotrexais. = MNomacaming, diffuse. 10503
= Puringe anisgonist &-Mercapiopurine, G-hioguanine,
arathboprine, fludarabine.
= Pyrimidine anitagonist S-Flueorouracil, capecitabine, cytarabine.

Targeted therapies

EGFR i il rs:

= Monoclonal antbodies 0 EGFR: Cetusdmal, panibumesmah = Monscaming, diffuse. 50-90%
= Tyrosine kinase inhibitors apectic for EGFA: Erotini, geditind. = Cases of erdotinib-induced coatricial alopecs.

» Dusl kinase inhibhors of EGFR and HER2: Lapatini
= Inhilbitors of ermB receptors: Cansrini.
Tyrosine knass inhibilors

= Inhibitors of tyrosine protedn Mnases: Sorafenib. = Monscaming, diffuse. 5-2 %% {sunilinih)

= Multhangeted receptor tynosins kinase inhibitors: sunitini, = [Hair deplymentathon. 8-10°% (panopanily)
pazopanit

RAF inhiibitors

» B-RatMBEK step inemuption on the B-RatMERERK = Girade 2 nonacaming alopesa, +— har curing. U 1o 30RG

patway: Vemurafenid, dabrafeni
MEK inhibitors
= Trametinih, cobimetini, binimetinib, selumetinib, = Monscarming, diffuse, wsually grade 1. Ly ey 176
= Eyslagh mchomegaly.
= Hair deplgmeniathon.
Hed g oy sigraling pathway inhibilors
= Wismodegih = Monacaming, reversibke. 58-83% (ol grades)
101 4% [grade 2]
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Some of the most typical
CIA trichoscopical findings: pig
tail hair (A),

ingrown circle hair (F), flame hai
(B, C, and

D white arrow), comma hair (D,

red arrow),

yellow 3D dot (D, yellow arrow),
pohl

pinkus (E)







Review

Intermational Joyrnal of
Dermatnrﬂgy

Pathogenesis and treatment options for chemotherapy-
induced alopecia: a systematic review

Belen Rubio-Gonzalez', MD, Margit Juhasz®, MD, Jamie Fortman®, MSc (5, and
Matasha Atanaskowva Mesinknvskaz, MD, PhD

Table 2 Trichoscopic patterns’'~

Follicular Hair shaft
patterns characteristics

Interfollicular patterns

White dots Specific features seen

Yellow dots in hair shaft with

Black dots various physical,
genetic, and
inflammatory
disorders.

Examples include:

(1) Hair shafts of
various lengths in
trichotilomania.

(2) Beaded hair shaft
iNn monilethrix.

(3) Brush-like hair
fractures in trich-
orrhexis nodosa.

(4) Exclamation
hairs in alopecia
areata.

(5) Peripilar tubular
casts in lichen
planopilaris.

Vascular patterns (interfollicular
simple red loops, interfollicular
twisted loops, arborizing red
lines)

Pigment patterns
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A nonscarring pattern is usually described in pCIA, with an

e Other reported histopathologic features of pCIA include:
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Hair regrowth generally occurs months
after radiation to the head and neck.

PRIA is the total or incomplete hair
the completion of radiotherapy and is

commonly related to high-dose

correlated with radiotherapy dose to the hair follicles
in a particular radiotherapy field(a 50% risk of pRIA
with fractionated follicular dose of >43 Gy)
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e Clinical presentation of pRIA includes

and is usually asymptomatic

scalp are commonly
focal sites of radiotherapy for brain metastases and
central nervous system tumors, such as glioblastoma
and astrocytoma
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* In pRIA the predominant features are
compatible with a scarring alopecia and itis
likely that similar histopathologic features are
present in permanent surgery-induced

alopecia (

).



Endocrine therapies (ETs) are standard of care in survivors of
hormone receptor-positive breast cancer

ETs, including :
selective estrogen receptor (ER) modulators (eg,

)
ER antagonists ( )

Aromatase inhibitors (eg, )
{the highest incidence (25%)}

Gonadotropin-releasing hormone agonists ( )

usually administered for 5 to 10 years in the adjuvant setting to
reduce the risk of recurrence
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* In a retrospective study of 112 breast cancer patients with EIA, causal agents
included in 67% and in 33% of patients. The mean
time to alopecia development was 16.8 months (range 1-91 months).

« These patients usually present with frontoparietal hairline recession
« Trichoscopic features observed in patients with EIA include the concomitant

presence of vellus and terminal hairs, also a hallmark of androgenetic
alopecia.
« latrogenic hirsutism has been reported in<10% of survivors receiving ET for
breast cancer
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* |n patients treated with cytotoxic chemotherapy followed by E1
(the majority of hormone receptore positive breast cancers):

A complete medical history must be obtained to define
whether alopecia is attributed to the actual ET (EIA) or to the
previous chemotherapy (pCIA), or a combination of both (pCIA

+ EIA).
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 Alopecia and scarring in cancer survivors usually appears in
sites from which

o specimens were oblained, placement of ,
and to resect scalp and brain primary or metastatic
tumors.

 The clinical presentation of surgery induced alopecia includes
the

« When additional radiotherapy is combined with surgery, a

is also observed
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* Results from a hair follicle ablation may extend
beyond the field of surgical intervention,
partially by pressure atrophy of the
surrounding skin appendages, and by
infiltration of the fibrotic-associated tissue into
neighboring skin appendages
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 Anticancer therapies, such as

have reportedly caused persistent alopecia
after drug interruption or discontinuation.

e Chronic Graft Versus Host Disease after stem cell
transplantation may induce both
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* Direct toxicity to the

(As the hair matrix

and dermal papilla are very sensitive to toxins, some
chemotherapeutics may lead to rapid apoptosis.)

in the bulge region of the hair follicle are thought to
play a crucial role in PCIA.



e eHFSCs in the bulge have a low proliferation rate and are
generally less sensitive to chemotherapy but are highly
sensitive to ionizing radiation.

 anticancer therapies associated with pCIA deplete the eHFSC

pool that is vitally required for hair follicle regeneration during
the next hair cycle.
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e Estrogens and Androgens act as potent hair
growth modulators

e Androgenetic alopeciain women likely results
not only from the undesired effects of
androgen stimulation of androgen-sensitive
hair follicles but also from a relative /ack of
hair follicle stimulation by estrogens



Table L. Incidence, case reports, and clinical features of alopecia attributed to articancer thempies in cancer survivors

Predomd nant Re ported cases and
Anticance r thera ples canoer ity pe Incldenoe Climbcal feateres
Cytotoxic chemotherapy (pClA)
Taxane-based chemotherapy Breast 259 (30) Monscarring diffuse alopeda and lightening in 53% of cases; a pattern
Cydophosphamide-based chemotherapy Leukemias, &7 (17.5) similar to androgenetic alopecia in 46.2%; persistent changes in
lymphomas, and texture are commaon; scaring has been reported in 2 cases; eyelash,
solid tumors eyebrow, axillary, and pubic hair frequently associated
Busulphan-based chemotherapy Hematologic 35 (9.2)
malignandes
Other chemotherapies (incloding cisplatingk  Solid tumors and 21 (55)
et hotrexate, and vincrstine) b rmatol ogic
malignandes
Radiotherapy (pRIA)
FPhoton radiation Primary CMS tumors 227 (in ~70) Scarring and nonscarring features depending on dose; geometric
and metastasis alopecia and atrophic skin; diffuse alopecia in total cranial iradiation
Proton radiation Medulloblastoma and 13 (75) and when combined with cytotoxic chemotherapy; commaonby
ependymoma affects the occipital, parietal, and temporal areas
Endocrine therapies (E1A)
Selective estrogen receptor moadulators Breast and owarian 625 (in ~15) Monscarring features; predominantly women with a pattemn similar to
(tamoxifen, toremifene, and raloxifiere) cancers androgenetic alopecia; diffuse hair thinning and lightening over the
Aromatase inhibitors (anastrozole, Breast and owvarian 223 (in ~25) entire scalp is also reported
letroznle, and exemestane) cancers
Estrogen receptor downregulator Breast and owarian 17 {in —5)
(fulwest rant) CAncers
Luteinizing hormone—releasing hormone Breast and prostate 2B (in —10)
agonist (leuprolide)
Somatostatin analog (octreotide) Growth hormone— 3 (in ~7)
producing

Surgery
Meurosurgical and scalp procedures

[CMS and scalp tumor biopsy
and excisions, catheter placements)

Flaps leq, radial forearm flap)

tumoar [pituitary)

Primary CHS tumaors
and tumors in
hair-bearing
areas

Head and neck
tumarns

Scarring/disfigure ment
1143 (in —100)

Linear scar on the scalp; hypertrophic scars may be observed; could be
associated with persistent radiotherapy-induced alopecia

Terminal hairs in undesirable areas, such as the oral cavity or face
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General recommendations

have realistic expectations of therapy outcome
follow-up at least 3 months after alopecia therapy started

laboratory analysis including, may be
requested if other causes of alopecia (eg, androgenetic, telogen effluvium, or thyroid-
related) are suspected

camouflage techniques should be provided (eg, crayons, powder, volumizers, hair
weaves/hair extension, scalp micropigmentation/tattoo, and hairpieces)

If emotionally affected, psychological counseling is recommended; involve nurses and
other health care providers in the cancer survivor’s care
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* Two recent studies, a randomized control trial by Nangia et al, and a
prospective cohort study by Rugo et al, showed that more than 50%

of patients maintained more than 50% of their hair after treatment
using scalp cooling machines .

 Efficacy of scalp cooling varies based on multiple factors, including
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'« Scalp cooling devices are postulated to prevent CIA via 2
mechanisms:

(1) vasoconstriction causing decreased delivery of cytotoxic agents
to hair follicles, and

* (2) reduction in metabolic and biochemical activity of the hair follicle,
resulting in less damage and turnover
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scalp cooling does not increase the incidence of scalp metastases

SC should be considered a potential preventive option for CIA in patients with
solid tumors who are receiving high-risk CIA regimens.

Given its risk for scalp skin metastasis, Should be avoided in:

Caution in patients with liver dysfunction because of reported poorer efficacy
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Manual Scalp Cooling or Machine Scalp Cooling

Cold Caps Systems
-Rented by the patient and brought to infusion center -Purchased by the facility and maintained at the infusion
by patient center
-Stored in either freezers provided by the facility or -Requires one-time cap fitting

dry ice coolers provided by patients
¥ P L -Machine delivers a coolant throughout the cap, keeping

-Typically requires changing caps ~ every 20- 30 the scalp at a constant temperature

minutes before, during, and after chemotherapy . . .
-Patient wears cap ~30 minutes before, during, and

treatment . . .

typically 90 minutes after chemotherapy with no cap
-Brands include: Penguin Cold Caps™, Arctic Cold changes required
Caps™, Wishcaps™, Warrior Caps™, Chemo Cold ) o )
Caps™ -Brands include: DigniCap™ or Paxman™ (FDA approved in

2015 and 2017, respectively)

-Usually rented on a per monthly basis ) .
-Pay for use of machine +/- facility fee
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 One study assessed the efficacy of minoxidil 2% applied twice
daily in preventing alopecia in patients with solid tumors
treated with doxorubicin-containing chemotherapy.

 |n asecond trial performed in breast cancer patients receiving
adjuvant chemotherapy with fluorouracil,doxorubicin, and
cyclophosphamide supplemented with methotrexate and
vinblastine, topical 2% minoxidil did not prevent alopecia,



(A) baseline and (B) 6 months after therapy with topical minoxidil foam 5%
twice a day
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Topical bimatoprost (0.03%) is a prostaglandin analog that successfully

enhances eyelash growth in patients with alopecia areata affecting the
eyelashes.

In a randomized trial of 130 patients with idiopathic or chemotherapy-
induced eyelash loss. Clinical improvement was noted in the 37.5%

Results were most pronounced at 12 months from the baseline
assessment



Topical bimatoprost 0.03% solution for pCIA of the eyelashes (A) baseline and (B) 6 months
after therapy.
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« Soref et al. evaluated the efficacy of
In preventing radiotherapy and chemotherapy-
Induced hair loss in mouse studies

« Hypoxia signaling may help follicular cells to maintain their function
and promote neogenesis, as well as reduce the amount of
chemotherapeutic reaching the hair bulb.

» Topical vasoconstrictors have the advantage of easier and long-
lasting administration,



cyclin-dependent kinase-2
topical
systemically and topically administered

Pharmacologic strategies to
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Table 4 Current preventive and therapeutic approaches for
chemotherapy-induced alopecia (CIA)Z' 48

Preventive approaches to reduce CIA

No proven Currently under
Proven efficacy efficacy investigation
« Scalp hypothermia - Topical calcitriol - Topical
“DigniCap” = Topical minoxidil vasoconstrictors;
“Paxman” (2% or 5%) Epinephrine

- x-Tocopherol Norepinephrine

= Cyclin-dependent
kinase-2

« Intereukin-1

= pS3 inhibitors

- Epidermal growth
factor

- Fibroblast growth
factor

Therapeutic approaches to speed regrowth after CIA

= Topical minoxidil 2%
- Bimatoprost ophthalmic solution 0.03%

Armaghan Gh.Zare Dermatologist




