CASE & REVIEW

Permanent chemotherapy-induced alopecia: Case
report and review of the literature

Ben Tallon, MBChB,? Elizabeth Blanchard, MD,” and Lynne J. Goldberg, MD*
Boston, Massachusetts

Reversible alopecia following chemotherapy is well recognized and typically not evaluated by dermatol-
ogists. However, there are an increasing number of reports of permanent chemotherapy-induced alopecia,
typically following high-dose chemotherapy and subsequent bone marrow transplantation. We describe an
unusual case of permanent alopecia in a patient who received adjuvant chemotherapy for breast
carcinoma, and not a conditioning regimen before bone marrow transplantation. A unique histologic
finding of replacement of anagen hair follicles by linear columns of basaloid epithelium is reported. We
review the clinical and histologic findings of permanent chemotherapy-induced alopecia and speculate on
its pathogenesis. (] Am Acad Dermatol 10.1016/j.jaad.2009.06.063.)

INTRODUCTION

Reversible alopecia following chemotherapy, or
anagen effluvium, typically begins within 2 to 4
weeks after treatment onset, and hair grows back
fully within 6 months." Permanent alopecia occur-
ring after chemotherapy is rare. The existing reports
of permanent alopecia typically follow high-dose
chemotherapy and subsequent bone marrow trans-
plantation (BMT).”® To our knowledge, there is only
one recent report of permanent alopecia in the
absence of BMT.” We describe a case of permanent
hair loss following standard dose chemotherapy with
docetaxel, carboplatin, and trastuzumab for the
treatment of breast carcinoma and report unique
histologic findings.

CASE REPORT

A 72-year-old Caucasian woman with a history of
ductal breast carcinoma presented with a complaint
of persistent hair loss 13 months after completion of
adjuvant chemotherapy. She had a history of inva-
sive ductal carcinoma of the left breast associated
with  ductal carcinoma in situ. Following
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lumpectomy and sentinel lymph node biopsy, her
final pathologic stage was T2, NO, MX, stage ITA
estrogen receptor and progesterone receptor nega-
tive, with HER-2 overexpression confirmed by fluo-
rescent in situ hybridization. Adjuvant chemotherapy
was commenced with a regimen of docetaxel, car-
boplatin, and trastuzumab for 6 cycles every 3 weeks
(weekly for trastuzumab), followed by trastuzumab
every 3 weeks for the next year. Standard doses were
used initially (docetaxel, 75 mg/m* = 150 mg;
carboplatin area under the curve [AUC] 6 = 650 mg,
and trastuzumab, 4 mg/kg = 380 mg). The trastuzu-
mab was given according to a standard weekly dose
of 2 mg/kg for cycles 2 to 5, then 6 mg/kg (500 mg)
every 3 weeks to complete 1 year of therapy. Her first
cycle was complicated by severe neutropenia with
fever, vaginitis, fatigue, and dehydration, leading to
removal of carboplatin from the regimen. Following
her chemotherapy, she received radiation to the
tumor bed with a total dose of 5940 cGy.

Two weeks after the start of her chemotherapy she
began to lose the hair on her scalp, as well as her
eyebrows, eyelashes, and body hair. By the completion
of her chemotherapy, she was completely bald. She
did experience some regrowth, but her hair remained
severely thin, requiring use of a scalp prosthesis.

Before chemotherapy she had no history of hair
loss. Her medical history was significant for treated
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[F2-4/Cllicles  (Fig  2).
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hypothyroidism, and she had a family history of
androgenetic alopecia in her father. Her scalp was
otherwise asymptomatic and she had received no
treatment.

Physical examination revealed severe diffuse hair

[F1-4/CJloss most prominent over the crown (Fig 1). There

was no inflammation or evidence of scarring. A
single eyebrow was noted,
which the patient stated ap-
peared recently. Her nails
appeared normal.

A 4-mm punch biopsy
specimen was taken from
the right frontal scalp, fixed
in 10% neutral buffered for-
maldehyde, bisected hori-
zontally, serially sectioned,
and stained with hematoxy-
lin and eosin. The dominant
finding was a marked reduc-

tion in anagen hair follicles alopecia.

and the presence of multiple « The literature on permanent
chemotherapy is reviewed, and new
histologic findings are described.

linear aggregates of basaloid
epithelium, likely represent-
ing remnants of her hair fol-
These
structures appeared similar
to telogen hair follicles,
though they were more slen-
der and branched, and did
not produce a hair shaft. Counting these as hair
follicles, the total number of follicular units (12) was
normal (0.9 per square millimeter), although there
were only two remaining unaffected terminal ana-
gen hair follicles. There was no significant perifol-
licular inflammation, and only mild perifollicular
fibrosis. Sebaceous glands were preserved.

Because follicular structures were not completely
absent, a trial of topical 2% minoxidil, administered
twice daily, was initiated.

persistent.

DISCUSSION

Chemotherapy-induced alopecia (CIA) is typi-
cally reversible. Many chemotherapeutic agents
have the ability to cause alopecia, the severity of
which depends on the route of administration as well
as the dose and frequency of administration.'
Cytotoxic effects on hair follicles results in temporary
hair loss until the telogen phase is complete and a
new hair cycle begins, typically within 3 to 6 months.

Two of the 3 agents used in our patient’s chemo-
therapy regimen, docetaxel and carboplatin, are well
known to cause reversible alopecia. The World
Health Organization criteria for chemotherapy-in-
duced alopecia is grade 0 = no loss, grade 1 = mild
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CAPSULE SUMMARY

« Chemotherapy-induced hair loss is
typically considered completely
reversible, but this is not always the case.

« This paper describes a patient
remarkable for permanent hair loss
following chemotherapy for breast
cancer in the absence of bone marrow
transplantation, the usual setting for
permanent chemotherapy-induced

Physicians and patients need to be
aware of the rare possibility that alopecia
following chemotherapy can be
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hair loss, and grade 2 = pronounced or complete hair
loss. Docetaxel, a taxane anticancer drug extracted
from the European yew, exerts its cytotoxic effect by
promoting and stabilizing microtubule assembly. In
phase II trials of docetaxel at a dose of 100 mg/m?,
the incidence of alopecia was 83.4%, with all hair loss
categorized as grade 1 or 2.'° The DNA alkylating
agent carboplatin, at a dose
of 250 to 400 mg/m?, causes
mild alopecia in only 5% of
cases."" Trastuzumab is a
monoclonal antibody against
HER2, a tyrosine kinase that
is part of the human epider-
mal growth factor receptor
family. It lacks the common
side effects of neutropenia,
mucositis and alopecia, and
does not appear to increase
the rate of hair loss when
combined with standard che-
motherapy for metastatic
breast cancer.'*'® The com-
bination of docetaxel, 70
mg/m®,  and carboplatin
AUC 5 has been reported to
result in 26 of 26 patients
experiencing grade 1 or 2
alopecia.'*

Permanent CIA, defined
as an absence of or incomplete hair regrowth 6
months beyond completion of chemotherapy,' is
rare. It was first described in 1991 in 6 patients
following chemotherapy conditioning for bone mar-
row transplantation.” All but one of the subsequent
reports>®® have been in patients receiving BMT,
usually for hematologic malignancies. One series of
patients had permanent alopecia following BMT for
advanced breast cancer.”

Two patients, in whom severe, irreversible alo-
pecia developed following standard-dose docetaxel
and paclitaxel for local recurrence of breast cancer,
were recently reported.” The clinical findings were
similar to those of our case with diffuse, marked
thinning of scalp hair and, in one patient, general-
ized over the body without signs of scarring.

Permanent CIA has been described following the
use of busulphan, cyclophosphamide, thiotepa,
melphalan, etoposide, carboplatin, docetaxel, and
paclitaxel.” 1Its reported incidence varies widely,
ranging from 0.9% to 43%.*” Busulphan is the most
commonly implicated agent. The data regarding the
relationship between chemotherapy dose and per-
sistent alopecia are conflicting. Increased quantita-
tive exposure to carboplatin and thiotepa® and
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Fig 1. Diffuse thinning of hair on the scalp without
inflammation or scarring.

~ 2 s& £ ,‘\ubl 3 ~kfanl
Fig 2. Punch biopsy specimen from right frontal scalp
revealing linear aggregates of basaloid epithelium with
only mild perifollicular fibrosis. (Hematoxylin-eosin stain,
original magnification X20.)

higher busulphan® concentrations have been linked
to an increased risk, whereas no dose response was
seen with cyclophosphamide.* Permanent alopecia
has also been described in low-dose regimens,
causing reduced peak plasma levels.* While AUC
exposure, cumulative dose, and combined chemo-
therapeutic agent effects are important variables,”
individual variation in the bioavailability of chemo-
therapeutics is seen'> and may influence the occur-
rence of toxicity.

Description of the histopathology of permanent
alopecia following chemotherapy is limited to 4 of
the published reports.®>”? In all cases there was a
severe reduction in the total number of hairs, as in
our patient, and no inflammation or fibrosis was
present. One of the two recent cases’ showed an
increased number of vellus hairs, whereas the
other had a peribulbar lymphocytic infiltrate. The
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unique finding in our patient was that of thin
epithelial structures thought to represent remnants
of the secondary hair germ of late-stage telogen
follicles. Their significance is uncertain, but it
appears that these structures may be insufficient
to induce formation of a new hair bulb to generate
a new hair shaft. Why these changes were not
noted in the previous reports is unclear. There do
appear to be similar structures seen in a photo-
micrograph in the report by Baker et al.” Perhaps
these residual follicular epithelial aggregates were
present but not obvious, or maybe they are
transient and had already undergone complete
involution.

Why some patients develop permanent, rather
than temporary, alopecia following chemotherapy is
unknown. Chemotherapy targets replicating cells
within the hair matrix, resulting in rapid shedding
of anagen hairs,'® and also appear to be capable
of inducing a shift into telogen.'” High-dose or
repeated chemotherapy is thought to delay hair
regrowth because of a telogen effluvium accompa-
nying the usual anagen effluvium.” It is postulated
that permanent damage to the hair follicle may result
from direct toxicity of high-dose chemotherapy on
stem cells or hair matrix cells, or separation of the
matrix cells from the dermal papilla.” Alternatively,
maybe the chemotherapy affects the signaling to the
secondary hair germ,'®'? resulting in the appearance
of poorly developed telogen germinal units seen on
histology.

This is the second report of permanent alopecia in
a patient who received adjuvant chemotherapy for
breast cancer and not a conditioning regimen prior to
BMT. The lack of evidence for alopecia with trastu-
zumab, and the exposure to only a single infusion of
standard dose carboplatin, suggests that docetaxel is
the implicated agent. The morbidity of chemother-
apy-associated hair loss should not be underesti-
mated, particularly given the increasing reports of
permanent alopecia. This case demonstrates the risk
of permanent hair loss following adjuvant chemo-
therapy for breast cancer. The histologic finding of
replacement of anagen hair follicles by linear col-
umns of basaloid epithelium has not been previously
reported, to our knowledge, and likely portends a
poor prognosis for regrowth. Whether this finding is
due to toxic damage to stem cells or specific inter-
ference with active signaling pathways in susceptible
individuals is unknown and requires further
research.
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