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Alopecia With Endocrine Therapies in Patients With Cancer
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Learning Objectives Define the incidence and grades of alopecia to endocrine-based therapies in cancer patients.
Differentiate risk of alopecia to various endocrine agents used against cancer.

Design therapeutic, counseling, and supportive care strategies for patients requiring endocrine
agents causing alopecia.

(ABSTRACT

Background. Whereas the frequency of alopecia to cytotoxic
chemotherapies has been well described, the incidence of al-
opecia during endocrine therapies (i.e., anti-estrogens, aro-
matase inhibitors) has not been investigated. Endocrine
agents are widely used in the treatment and prevention of
many solid tumors, principally those of the breast and pros-
tate. Adherence to these therapies is suboptimal, in part be-
cause of toxicities. We performed a systematic analysis of the
literature toascertaintheincidence andrisk for alopeciain pa-
tients receiving endocrine therapies.

Methods. Anindependent search of citations was conducted us-
ing the PubMed database for all literature as of February 2013.
Phase II-1l studies using the terms “tamoxifen,” “toremifene,”

“raloxifene,” “anastrozole,” “letrozole,” “exemestane,” “fulves-
trant,” “leuprolide,” “flutamide,” “bicalutamide,” “nilutamide,”
“fluoxymesterone,” “estradiol,” “octreotide,” “megestrol,” “me-

droxyprogesterone acetate,” “enzalutamide,” and “abi-
raterone” were searched.

Results. Data from 19,430 patientsin 35 clinical trials were avail-
able for analysis. Of these, 13,415 patients had received endo-
crine treatments and 6,015 patients served as controls. The
incidence of all-grade alopecia ranged from 0% to 25%, with an
overall incidence of 4.4% (95% confidence interval: 3.3%-5.9%).
The highest incidence of all-grade alopecia was observed in pa-
tients treated with tamoxifen in a phase Il trial (25.4%); similarly,
the overall incidence of grade 2 alopecia by meta-analysis was
highest with tamoxifen (6.4%). The overall relative risk of alope-
cia in comparison with placebo was 12.88 (p <.001), with selec-
tive estrogen receptor modulators having the highest risk.
Conclusion. Alopecia is a common yet underreported adverse
event of endocrine-based cancer therapies. Their long-term use
heightens the importance of this condition on patients’ quality of
life. These findings are critical for pretherapy counseling, the
identification of risk factors, and the development of interven-
tions that could enhance adherence and mitigate this psychoso-
cially difficult event. The Oncologist 2013;18:1126-1134

Implications for Practice: Whereas the frequency of alopecia in the context of cytotoxic chemotherapies has been well de-
scribed, its incidence with endocrine therapies (i.e., anti-estrogens, aromatase inhibitors) has not been systematically described.
This lack of knowledge precludes comprehensive therapeutic decision-making, appropriate pretherapy counseling, and the es-
tablishment of interventions for patients who experience alopecia. Moreover, this lack of knowledge has negated the importance
of alopecia and its associated psychosocial impact, hindering research endeavors toward its prevention, management, and the
identification of individuals at risk. The data presented here reveal that alopecia is a common and likely underreported adverse
event of treatment with endocrine therapies for cancer. Data also showed a higher relative risk of alopecia for those treated with
selective estrogen receptor modulators than for those treated with aromatase inhibitors. This knowledge represents a step to-
ward a heightened awareness of this condition, which may have an impact on patient adherence and persistence.

INTRODUCTION

Although the frequency of alopecia to cytotoxic chemother-
apyisawell-described event, hair loss in patients treated with
endocrine-based cancer therapies has not been systemati-

cally investigated. These agents are widely used at various
stages of treatment and prevention for many types of solid tu-
mors, including breast, prostate, and endocrine tumors,
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which have a combined incidence of more than 2.2 million
cases worldwide [1]. The use of endocrine-based therapies is
not limited to various stages of metastatic or advanced dis-
ease; they are also used in the preventive, adjuvant, and neo-
adjuvant settings. Consequently, these agents are given to a
large patient population for several years, and these numbers
are expected to grow as endocrine agents are used at earlier
stages of disease [2, 3].

Although there are many clinical benefits of endocrine
therapies, there are also adverse events (AEs). Anti-andro-
gens such as flutamide used to treat prostate cancer may lead
to hepatic damage, hot flashes, and diarrhea [4]; aromatase
inhibitors (Als) used in breast cancer can result in hot flashes,
arthralgias, cardiovascular events, and bone fractures [5, 6];
and tamoxifen carries an increased risk for thromboembolic
complications and endometrial cancer [7]. Most of the sys-
temic, neoplastic, and musculoskeletal AEs that occur are re-
ported consistently and are well known by health care
providers and patients; however, alopecia is not always re-
ported, even though patients with cancer say it is one of the
topmost events that negatively affect their quality of life [8].
Anecdotal reports and observation from dermatologic clinical
programs in cancer centers suggest otherwise—namely, that
alopeciaisindeed afrequent, albeit largely underreported, ef-
fect of treatment with endocrine-based cancer therapies
(Fig. 1).

The psychosocial importance of alopecia resulting from
cancer therapies cannot be understated. Approximately 58%
of women receiving treatment for breast cancer state that al-
opecia is one of the most traumatic AEs during their treat-
ment, with 8% indicating they would reject treatmentbecause
of this reaction alone. Indeed, some women refuse chemo-
therapy because of alopecia [9]. Decreased quality of life, so-
cial activity, self-esteem, and body image are all associated
with hair loss [10, 11]. These findings have been attributed to
the severe alopeciathat develops during treatment with cyto-
toxic agents (grade 2); alopecia that occurs during treatment
withendocrine agentsis of lower severity, however, ittendsto
last for the duration of treatment (several years), which
heightens the impact on patients’ quality of life.

A systematic analysis of the literature was performed to
determine the incidence and risk for alopecia in the context of
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Table 1. Endocrine agents analyzed

Class Drug name

Tamoxifen, toremifene,
raloxifene

Selective estrogen receptor
modulators

Anastrozole, letrozole,
exemestane

Aromatase inhibitors

Estrogen receptor downregulator Fulvestrant

Luteinizing hormone-releasing Leuprolide

hormone agonist

Anti-androgens Flutamide, bicalutamide,
nilutamide, abiraterone,

enzalutamide

Androgen Fluoxymesterone

Estrogen Estradiol

Somatostatin analog Octreotide

Progestational agents Megestrol,
medroxyprogesterone
acetate

therapy with the following: selective estrogen receptor mod-
ulators (SERMs) (tamoxifen, toremifene, raloxifene), aroma-
tase inhibitors (Als) (anastrozole, letrozole, exemestane), an
estrogen receptor downregulator (fulvestrant), a luteinizing
hormone-releasinghormone agonist (leuprolide), anti-andro-
gens (flutamide, bicalutamide, nilutamide, abiraterone, en-
zalutamide), an androgen (fluoxymesterone), an estrogen
(estradiol), a somatostatin analog (octreotide), and progesta-
tional agents (megestrol, medroxyprogesterone acetate) (Ta-
ble 1). Knowledge of the incidence and risk for alopecia with
these agents represents the first step toward counseling pa-
tients, identifying individuals with greater susceptibility, and
developing management and anticipatory coping strategies
for patients.

METHODS

Data Source

An independent search of citations was conducted using the
PubMed database for all available literature as of February
2013 (earliestrelevant citation from 1986). The terms “tamox-
ifen,” “toremifene,” “raloxifene,” “anastrozole,” “letrozole,”
“exemestane,” “fulvestrant,” “leuprolide,” “flutamide,” “bi-
calutamide,” “nilutamide,” “fluoxymesterone,” “estradiol,”
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Table 2. Dosage and duration of therapy by study

Trial

Endocrine therapy dosage/duration

Schmid et al. [40]
Pritchard et al.[38]

Chiaetal.[20]

Ingle etal.[29]

Attiaetal.[15]
Chaoetal.[19]
Abeetal.[13]
Fioricaetal.[26]
Wilailak et al. [46]
Buzdaretal.[17]

Abramsetal.[14]

Veenhof et al. [45]
Falandry etal.[25]
Paridaensetal.[37]
Dirix et al.[23]

Mlineritsch et al. [33]
Lonning et al.
Thurlimann et al.

Bruchovsky et al.[16]
Carlsonetal.[18]

Semiglazov et al. [42]
Smith etal.[43]
Gnantetal.[27]

Johnstonetal.[31]
Muss etal.[35]
Mouridsen et al. [34]
Osborne etal.[36]
Chiesaetal.[21]

Grunbergetal.[28]
Schomburgetal.[41]
Jakeszetal.[30]

The Australian and New
Zealand Breast Cancer
Trials Group [12]

Rose et al.[39]

Dimopoulos et al.[22]

Dubsky et al.[24]

11.25 mg leuprorelin as SC injection every 3 months for 2 years

Fulvestrant, three therapies: approved dose (250 mg/month); 250 mg loading dose (500 mg day 0, 250
mg on days 14 and 28 of month 1, and 250 mg every 28 days thereafter); high-dose (500 mg/month plus
500 mg on day 14 of month 1)

For fulvestrant, a loading-dose regimen was used: 500 mg |IM on day 0; 250 mg on days 14, 28, and 250
mg every 28 days thereafter

For exemestane, 25 mg orally once daily

Fulvestrant 250 mgin 5 mL of solution as a single IM injection over at least 2 minutes into the gluteus
maximus muscle.

Octreotide 30 mg IM every 4 weeks

Flutamide, 750 mg/day, orally for 8 weeks

MPA 1,200 mg orally daily for 12 weeks

MA 80 mg twice daily for 3 weeks alternating with tamoxifen 20 mg orally twice daily for 3 weeks
MA (800 mg/day) orally for 28 days and then 400 mg/day for a minimum of 28 days

Patients were either given 0.5 mg letrozole every day, 2.5 mg letrozole every day, or MA (40 mg four
times a day)

Either MA 160 mg/day (1 tablet/day), MA 800 mg/day (5 tablets/day), or MA 1,600 mg/day (10 tablets/
day)

MA 800 mg/day for 1 month followed by 400 mg/day as maintenance
Exemestane 25 mg/day plus either celecoxib 400 mg twice a day or placebo
Exemestane 25 mg or amoxifen 20 mg orally once daily

Either exemestane 25 mg daily or the combination of exemestane 25 mg daily with celecoxib 400 mg
twice daily

Exemestane 25 mg once daily for 4 months
Exemestane 25 mg daily followed, at the time PD was determined, by exemestane 100 mg daily

Patients on aminoglutethimide at daily doses of =500 mg were enrolled; 78 patients received
exemestane (200 mg daily orally)

36-week course of cyproterone and leuprolide

Goserelin 3.6 mg SC monthly; anastrozole 1 mg daily for 21 days was started after the first injection of
goserelin

Anastrozole 1 mg/day or exemestane 25 mg/day for 3 months
Anastrozole 1 mg daily for 16 weeks

Goserelin (3.6 mg every 28 days), anastrozole (1 mg/day), or tamoxifen (20 mg/day) with or without
zoledronic acid (4 mg every 6 months) for 3 years

Daily letrozole (2.5 mg orally) plus lapatinib (1,500 mg orally) or placebo
2.5 mg letrozole orally daily (after 5 years of tamoxifen)

Letrozole 2.5 mg or tamoxifen 20 mg given orally

Tamoxifen (20 mg/day orally) plus gefitinib (250 mg/day) or placebo

Tamoxifen 20 mg/m?/day orally, or tamoxifen plus 13-cis-retinoic acid 1 mg/kg/day orally, or tamoxifen
plusinterferon alpha-2a 3 million units three times a week IM

Oral mifepristone 200 mg/day; median duration of therapy was 35 months
Tamoxifen 100 mg/m?/day, evaluated at 2- to 3-month intervals

Goserelin 3.6 mg/injection SC every 28 days for 3 years (total of 39 injections). Tamoxifen 20 mg orally
once a day for 5 years

20 mg tamoxifen administered orally twice a day

Tamoxifen 10 mg twice a day or tamoxifen 10 mg twice a day in combination with aminoglutethimide
250 mg four times a day, and hydrocortisone 20 mg three times daily, or tamoxifen 10 mg four times a
day in combination with fluoxymesterone 20 mg daily. Therapy was given for at least 3 months

Exp. group: Somatostatin analog (lanreotide 30 mg IM every 14 days) and dexamethasone (4 mg tapered
to 1 mg) in addition to androgen ablation by orchiectomy or an LHRH analog (triptorelin 3.75 mg IM
every 28 days)

Prospectively randomly assigned to either 5 years tamoxifen (20 mg daily) or 2 years tamoxifen (20 mg
daily) followed by 3 years of anastrozole (1 mg daily)

Abbreviations: IM, intramuscularly; LHRH, luteinizing hormone-releasing hormone; MA, megestrol acetate; MPA, medroxyprogesterone acetate;
PD, progressive disease; SC, subcutaneously.
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Study name Outcome Risk Ratio and 95% Cl
Buzdar et al (a) 1/201
Rose et al 0/97
Muss et al 14/2578
Semiglazov et al (a) 0/61
Semiglazov et al (b) 0/60
Dirix et al 0/53
Paridaenset al (b) 2/189
Gnant et al (a) 6/450
Chiaet al (b) 5/340
Chiesaet al 0/32
Gnant et al (b) 7/453
Veenhofetal 1/61
Australian & New Zealand BCTG 2/113
Bruchovsky et al 2/109
Abe etal 0/23
Pritchard et al 3/143
Chao et al 0/22
Chiaet al (a) 8/351
Falandry et al 2/83
Mlineritsch et al 2/80
Dimopoulosetal 0/18
Lonninget al 8/298
Abramset al 11/366
Mouridsen et al (b) 14/454
Paridaenset al (a) 7/182
Buzdar et al (b) 19/401
Mouridsen et al (a) 23/453 -
Fioricaet al 3/56 -
Attiaetal 1/15 .
Johnston et al 45/624 8
Ingle et al 6/76 -
Smith et al 8/85 |
Schmid et al 28/294 n
Jakesz et al 51/511 -
Thurlimann et al 8/78 4
Wilailak et al 4/36 0]
Dubsky et al (a) 247/1849 -
Grunbergetal 4728 |
Dubsky et al (b} 274/1865 L
Oshorne etal 28/136 -
Carlson etal 8/32 -
Schomburgetal 15/59 ¢
-1.00 =0.50 0.00 0.50 1.00
Random 867/13415

Figure 2. Incidence of all-grade alopecia.
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“octreotide,” “megestrol,” “medroxyprogesterone acetate,”
“enzalutamide,” and “abiraterone” were used as keywords in
the search. Results were restricted to include only phase lland
phase lll clinical trials. For every citation, the corresponding
full article was searched for the terms “alopecia” and “hair” to
determine whether hair loss or thinning was documented in
the trial. In addition to the PubMed database, abstracts pre-
sented at the American Society of Clinical Oncology (ASCO)
conferences up to February 2013 were searched to identify
relevant clinical trials. Searches of each abstract body were
performed using the listed terms from the PubMed searches,
along with the keywords, “alopecia,” or “hair.” Each result was
reviewed. When duplicate publications of a clinical trial were
found, only the most recent report was included. If only qual-
itative results of hair loss were mentioned, efforts were made
to contact the appropriate investigators for quantitative re-
sults. Details on study characteristics, treatment information,
dosages, enrollment numbers, and rates of alopecia from se-
lected trials were extracted.

Study Selection

The primary difficulty in study selection involved finding trials
that included rates of alopecia in the context of endocrine
therapy for cancer, without including confounding variables

www.TheOncologist.com

Heterogeneity: Q=488.156,12=91.601, p <.001

such as concurrent treatment with additional biologic therapy
or chemotherapy, which could also cause alopecia. Studies
were selected for the final analysis based on the following cri-
teria: (a) prospective phase Il or lll clinical trial in patients with
cancer; (b) assignment of participants to a particular endo-
crinetherapy being studied and no additional biologic therapy
or chemotherapy known to cause alopecia; (c) data available
regarding theincidence of alopecia in the context of the endo-
crine therapy.

Clinical Endpoints

Clinical endpoints were determined by examining the safety
profile of each trial. The National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0 divides al-
opecia into two grades. Grade 1, which is mild, is marked by
partial hair thinning, with hair loss less than 50% of what
would be considered normal for that person, and not obvious
from a distance but only on close inspection. For grade 1 alo-
pecia, a different hairstyle may be required to cover the hair
loss, but it does not require a wig or hairpiece for camouflage.
Grade 2 alopecia is moderate to severe noticeable hair loss,
with the absence of more than 50% of what would be normal
for that person, and readily apparent to others. A wig or hair-
piece is necessary to mask the alopecia completely.

©AlphaMed Press 2013
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Statistical Analysis

All statistical analyses for patients with all-grade and high-
grade alopecia were performed using version 2 of the Com-
prehensive MetaAnalysis program (Biostat, Englewood, NJ,
http://www.meta-analysis.com/); 95% confidence intervals
(Cl)and rates of alopecia were determined for each study. Rel-
ative risk (RR) for alopecia was calculated by comparing data
from patients receiving endocrine treatments with data from
controls.

Both the fixed-effects (weighted with inverse variance)
and the random-effects models were given consideration for
meta-analysis. To determine the heterogeneity of the rele-
vant results, Cochran Q statistic was calculated for each meta-
analysis. If the p value was found to be < .1, the random-
effects model was employed because the assumption of
homogeneity was considered invalid. Barring this phenome-
non, findings from both the fixed-effects and random-effects
models were assessed. When these findings were compara-
ble, results from only the fixed-effects model were given. A
statistically significant two-tailed p value was established
when p <.05.

RESULTS

Search Results

Aliterature search of PubMedretrieved atotal of 1,429 results
for phase Il and phase lll clinical trials that included the se-
lected keywords. Of these, 1,346 did not include data on alo-
pecia (94.2% of search results). Of the 83 results that did
include descriptions of alopecia (5.8% of overall search re-
sults), 35 clinical trials (2.4% of search results) met the neces-
sary parameters to be included in the final analysis [12—46]. A
search of ASCO abstracts was also performed, but of six poten-
tially relevant abstracts, no trials met the minimum inclusion
criteria. In summary, 35 phase Il and Il clinical trials were con-
sidered relevant to the meta-analysis (Table 2).

Patients

A total of 19,430 patients from the 35 clinical trials was avail-
able foranalysis. Of these 19,430 patients, 13,415 patients re-
ceived endocrine therapies and the remaining 6,015 patients
were controls. Of the 35 clinical trials, 15 trials included con-
trol therapies. Alopecia was not listed as a preexisting condi-
tion in any of the selected trials. Underlying malignancies
included those of the breast (26 trials) [12-14, 17, 18, 20, 21,
23-25, 27, 29-40, 42—-44], hepatocellular (2 trials) [15, 19],
endometrial (1 trial) [26], ovarian (2 trials) [45, 46], prostate (2
trials) [16, 22], renal cell (1 trial) [41], and meningioma (1 trial)
[28].

Incidence of All-Grade Alopecia

Data forall-grade alopecia in the context of specific endocrine
therapies was available for 13,415 patients. The incidence of
all-grade alopecia ranged from 0% to 25.4%, with no reported
cases of alopecia with flutamide therapy for prostate cancer
or with medroxyprogesterone acetate for breast cancer [13,
19]. Inaphaselltrial of anastrozole and goserelin used to treat
breast cancer, 25% of patients experienced alopecia [18], and
in a phase Il trial using tamoxifen to treat renal cell carcinoma,
25.4% of patients experienced alopecia [41]. Inthe 35 relevant
trials with a total of 13,415 patients, the overall incidence of
all-grade alopeciawas 4.4% (95% Cl: 3.3%—-5.9%), according to

©AlphaMed Press 2013

Table 3. Incidence of all-grade alopecia by therapy

Incidence of all- Incidence of grade 2

grade alopecia alopecia
(n/number of (n/ number of
patients receiving patients receiving

Endocrine therapy therapy) therapy)
Aminoglutethimide and 8/78 (10.3%) —
exemestane
Anastrozole 15/599 (2.5%) —
Anastrozole and goserelin 8/32 (25%) —
Cyproterone and leuprolide 2/109 (1.8%) —
Exemestane 24/1,096 (2.2%) 1/80 (1.3%)
Flutamide 0/22 (0%) —
Fulvestrant 11/494 (2.2%) —
Fulvestrant® 6/76 (7.9%) —

Goserelin and tamoxifen 51/511 (10%) —

Letrozole 101/4,056 (2.5%) 1/624 (0.2%)
Leuprorelin 28/294 (9.5%) 3/294 (1.0%)
Medroxyprogesterone acetate 0/23 (0%) —
Megestrol acetate 17/664 (2.6%) 2/366 (0.5%)
Megestrol acetate and tamoxifen 3/56 (5.4%) —
Mifepristone 4/28 (14.3%) —
Octreotide 1/15 (6.7%) —
Somatostatin analog (lanreotide), 0/18 (0%) —

LHRH analog (triptorelin),
and dexamethasone
Tamoxifen 314/3379 (9.3%) 11/172 (6.4%)

Tamoxifen followed by anastrozole  274/1865 (14.7%) —

@Patients were already receiving a third-generation aromatase
inhibitor.
Abbreviation: LHRH, luteinizing hormone-releasing hormone.

the random-effects model (heterogeneity test: Q = 488.156,
12 =91.601, p < .001) (Fig. 2). When a single endocrine ther-
apyagentwas used, the overallincidence of all-grade alopecia
was 3.6% (95% Cl: 2.5%-5.3%) (heterogeneity test: Q =
399.148,12 = 91.482, p < .001).

Incidence of High-Grade Alopecia

High-grade alopecia was reported in 6 of the 35 relevant clini-
caltrials[12, 14,31, 33,40,41]. Theincidence of high-grade al-
opeciaranged between 0.2% and 16.9%; the lowest incidence
(0.2%) was reported in a phase lll clinical trial of letrozole ther-
apy for breast cancer [31], and the highest incidence (16.9%)
wasobservedinaphaselltrial studying the use of tamoxifenin
the treatment of renal cell carcinoma [41]. Overall, the six
studies examined a total of 1,536 patients, resulting in an
overall incidence of high-grade alopecia of 1.2% (95% Cl:
0.2%—6.4%), according to the random-effects model (hetero-
geneity test: Q = 49.209, 12 = 89.839, p < .001).

Variation of Alopecia in Patients With Different
Endocrine Therapies

We investigated whether different endocrine therapies re-
sulted in varying incidences of alopecia (Table 3). Endocrine
therapies were grouped as follows: selective estrogen recep-
tor modulators (SERMs) (tamoxifen, toremifene, raloxifene);
Als (anastrozole, letrozole, exemestane); estrogen recep-
tor downregulator (fulvestrant); luteinizing hormone-re-
leasing hormone agonist (leuprolide); anti-androgens
(flutamide, bicalutamide, nilutamide, abiraterone, enzalu-
tamide); androgen (fluoxymesterone); estrogen (estradi-
ol); somatostatin analog (octreotide); and progestational

O%ecologist“
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Study name Events/Total Risk Ratio and 95% CI
Risk ratio Intervention Control
Chaoetal 4174 0/22 13/2591 $ — '
Anti-Androgen 4.174 0/22 13/2591 —?—
Mussetal 1.082 14/2578 13/2591
Semiglazovetal (a) 1548 0/61 13/2591 Iz
Semiglazov etal (b) 1574 0/60 13/2591 L
Dirix et al 1778 0/53 13/2591 L
Chiaetal (b) 2931 5/340 13/2591 ——
Gnantetal (b) 3.080 7/453 13/2591 —
Falandry et al 4.803 2/83 13/2591 i
Mlineritsch et al 4983 2/80 13/2591 4
Lonning et al 5.351 8/298 13/2591 —a—
Paridaens et al (a) 7.666 7/182 13/2591 —
Buzdar etal (b) 9.444 19/401 13/2591
Mouridsen et al (a) 10.119 23/453 13/2591
Johnston et al 14.373 45/624 13/2591
Smithetal 18.758 8/85 13/2591
Thurlimann et al 20.442 8/78 13/2591
Aromatase Inhibitors 5.988 148/5829
Carlson et al 49.827 8/32 —
Aromatase Inhibitors = LHRH agonists 49.827 8/32 i
Pritchard et al 4,181 3/143
Chiaetal (a) 4543 8/351
Ingle etal 15.735 6/76 13/2
ER downregulator 6.899 17/570 39/7773
Bruchovsky et al 3.657 2/109 13/2591 -
Dimopoulos et al 5.053 0/18 13/2591 -
Schmidetal 18.982 28/294 13/2591 —
LHRH agonists 9.052 30/421 39/7773 et ——
Placebo 1.000 13/2591 13/2591
Placebo 1.000 13/2591 13/2591
Grunberg et al 28.473 4/28 13/2591 —
PR antagonist 28.473 4/28 13/2591 | —n——
Buzdar etal (a) 0.992 1/201 13/2591
Veenhof et al 3.267 1/61 13/2591 =
Abeetal 4.000 0/23 13/2591 L
Abramsetal 5.990 11/366 13/2591 —a—
Fioricaetal 10.677 3/56 13/2591
Wilailaket al 22,145 4/36 13/2591
Progestational agents 6.799 20/743 78/15546
Roseetal 0.980 0/97 13/2591 »
PGaridaens Iet al (b) 2.109 é; igg g; %ggi &
nant et al (a) 2.657 /4 /259 p—l—
Chiesaetal 2.909 0/32 13/2591 »
Australia& New Zealand BTG 3.528 2/113 13/2591 &=
Mouridsen et al (b) 6.146 14/454 13/2591 —
Dubsky et al (a) 26.625 247/1849 13/2591 ——
Osborneet al 41.034 28/136 13/2591 " —
Schomburg et al 50.671 15/59 13/2591 —
Selective ER modulators 8.511 314/3379 117/23319 e
Jakesz etal 19.892 51/511 13/2591 ——
Selective ER modulators + LHRH agonists 19.892 51/511 13/2591 et
Dubsky et al (b) 29.282 274/1865 13/2591 ——
Selective ER modulators « Aromatase Inhibitors 29,282 274/1865 13/2591 g
Attiaetal 13.287 1/15 13/2591 B
Somatostatin analog 13.287 1/15 13/2591
Overall 10.756 880/16006 559/111413 !
Variation with drug classes p <.001 0.1 .10 . 100
Placebo Endocrine Therapies

Figure 3. Relative risk for all-grade alopecia.

agents (megestrol, medroxyprogesterone acetate) (Table
1). Statistical analyses were performed for each endocrine
group. There was significant difference among different
classes of endocrine therapies (p = .002). The highest en-
docrine therapy incidence occurred with a SERM therapy
(tamoxifen), followed sequentially by treatment with an Al
(anastrozole) (14.7%) [24]. In contrast, anti-androgen ther-
apy exhibited the lowest event rate, with no alopecia re-
ported in this setting [19].

Increased Risk for Alopecia With Combination of
Endocrine Therapies

When endocrine therapies were used in combination, the
overall incidence of all-grade alopecia was 10.5% (95% Cl:
7.1%—-15.4%) (heterogeneity test: Q = 25.036, 12 = 76.035,
p <.001)[17,18,22,24,26,30,44]. There was a significant
difference between combination and single-agent thera-
piesinalopecia(RR:2.92;95%Cl:2.56-3.38; p =.002), sup-
porting an additive or synergistic effectin the development
of alopecia when agents are combined. The highest inci-
dence of alopecia (25%) occurredin a phase Il study of anas-
trozole and goserelin for metastatic breast cancer [18].

RR for Alopecia
RR for alopecia with endocrine therapy compared with pla-
cebo was calculated to account for any potential confounding
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variables. Theincidence of alopeciain 2,591 patients receiving
placebo was 0.5% (95% Cl: 0.3—0.9%). RR was found to be
12.88 (95% Cl: 7.46-22.24; p < .001) when compared with
controls. Because of the statistically significant variation of al-
opecia in patients undergoing different endocrine therapies,
RR was also calculated for each endocrine class (Fig. 3). Of
note, RR for SERM therapies compared with controls was 8.51
(95% Cl:3.54-20.49; p < .001), RR for Als compared with con-
trols was 5.99 (95% Cl: 3.63-9.88; p < .001), and RR for anti-
androgens was 4.174 (95% ClI: 0.26-68.14; p = .316)
compared with controls.

DISCUSSION

Our analysis demonstrates that endocrine treatments against
cancer place individuals at a significantly increased risk for al-
opecia. The overall incidence of all-grade alopecia was 4.4%
(95% Cl: 3.3%—-5.9%), and the incidence of high-grade alopecia
was 1.2% (95% Cl: 0.2%—6.4%). The RRof 12.88 (95% Cl: 7.46—
22.24; p < .001) demonstrates the higher risk for alopecia
when using endocrine therapies versus placebo.

The increased risk, however, is not uniform across all en-
docrine drug classes; no patients experienced alopecia with
anti-androgens. This is not unexpected, as anti-androgens
such as flutamide have been used to treat female-pattern hair

©AlphaMed Press 2013



1132

Alopecia With Endocrine Therapy

loss [11], a hereditary disorder involving thinning of the hair
thatis believed to be caused by androgen activity [47].

Hair growth involves three defined phases: anagen, cata-
gen, and telogen. Androgenetic alopecia is marked by a grad-
ual shortening of the anagen or growth phase (normally
lasting 2—6 years), leading to miniaturization of the hair folli-
cles [48]. Catagen is a short (2—3 weeks) apoptosis-driven re-
gression phase that follows anagen and signals the end of
active hair growth. The telogen phase of hair growth is a rest-
ing stage, normally lasting three months [11]. The presence of
a higher proportion of hair follicles in the telogen stage of hair
growth may lead to excessive shedding [48]. The putative
mechanisms by which endocrine therapies result in alopecia
include hairloss during telogenand a decrease in the diameter
of the shafts, leading to fragility, breakage, and subsequent
loss [49].

The properties of hair growth and the underlying mech-
anisms of androgenetic alopecia may help explain why
SERMs and Als exhibited event rates of 4.79% (95% Cl:
2.28%—-9.78%) and 3.50% (95% Cl: 2.07%—5.87%), respec-
tively, whereas tamoxifen and anastrozole in sequence re-
sulted in an event rate of 14.7% (95% Cl: 13.2%—16.4%)
[24]. Animal models treated with a tamoxifen-loaded gel
experienced arrested hair growth, with no growth persist-
ing even after discontinuation of this treatment [50]. Fur-
ther, the affected hair follicles were arrested in the telogen
phase [50]. Estrogens have been found to alter hair growth
by means of binding with locally expressed high-affinity es-
trogen receptors [50]; alopecia related to tamoxifen has
been shown to exhibit a distribution similar to that of fe-
male-pattern alopecia, primarily affecting the crown and
frontal scalp [49]. Both men and women with androgenetic
alopecia have lower levels of cytochrome P-450 aromatase
inhairfollicles located withinthe frontal region of the scalp,
which would make these follicles more susceptible to Al ef-
fects [47]. Therefore, itis possible that Als mimic the hered-
itary deficiency typically seen in androgenetic alopecia.

There are important limitations to consider in this meta-
analysis. First, alopecia is reported infrequently as an adverse
eventin published manuscripts on endocrine therapiesin can-
cer:94.1% ofthe 1,429 PubMed search results did not indicate
the incidence of alopecia. Notably, although 94.1% of search
results for tamoxifen did not report alopecia, studies report-
ing it showed between 1% and 25.4% alopecia incidence [12,
21,24,27,34,36,37,39,41]. In addition, only 6 of 35 relevant
clinical trials differentiated between all-grade and high-grade
alopecia[12,14,31,33,40,41]. Furthermore, PubMed and ab-
stracts from the American Society of Clinical Oncology served
as the databases for biomedical literature in this meta-analy-
sis, and it is possible that alternate sources of scientific litera-
ture may have yielded additional results. Finally, there is
always a possibility that other confounding variables were not
accounted for, such as prior or concurrent diseases or medica-
tions causing alopecia.
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