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Alopecia is one of the side effects of chemotherapy that
patients fear most; to the point that, just for that reason,
up to 14% of women refuse chemotherapy. In fact, che-
motherapy drugs destroy cancer rapidly growing cells,
but do not spare other rapidly growing cells, including
hair keratinocytes. In temporary alopecia, full regrowth
is, however, possible. Within 96 h, DNA is repaired and
hair bulb structures are restored [1], and within 3-6
months, new hairs are visible [2]. In 65% of patients, they
acquire temporary different features, including curliness
in 35% of cases [3]. Permanent or persistent alopecia (PA)
is another possible outcome. High-dose busulfan and cy-
clophosphamide regimens, but breast cancer protocols as
well, often including taxanes, are reported to cause it [4].
Almost constantly, all hairy areas are involved. The sever-
est forms occur in up to 10% of cases and seem to be as-
sociated with regulatory variants in the ABCB1 gene [5].

The literature on the topic is remarkably vast and well
documented but fails to answer an intriguing question:
why do only some of the treated patients lose their hair,
no matter the quality and dosage of the drug? The issue is
quite complicated possibly because most of the research-
ers are not fully aware of the multifaceted aspects of tri-
chology. Dermatologists as well often fail to deliver reli-
able data, as Tosti et al. [6] properly pointed out. Accord-
ing to Tallon et al. [7], for example, the histopathology of
PA does not reveal any inflammatory sign, while scarring

alopecias have been described [2] quite probably result-
ing from inflammation, and trichodynia [8], which may
depend on peribulbar inflammation, has been reported in
up to 87% of cases [9].

Fig. 1. AE of scalp hairs 5 days after the first infusion of docetaxel.
Numerous dystrophic hairs are visible. In the small picture, a typ-
ical dystrophic root.
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Fig. 2. a Right cheek of the same patient as
in Fig. 1, 1 month after the first docetaxel
infusion. Empty spaces are clearly visible.
Black dots and white dots correspond to
hairs that have been truncated at their ori-
gin (cadaverized hairs) as the result of AE.
Many white hairs have grown up though
and seem to be unaffected by dystrophy.
b Left cheek, 55 days after the first docetax-
el infusion and 3 days after the fifth infu-
sion. Black and white dots are still present.
Surviving white hairs are grown up but less
than expected. Note the different magnifi-
cation of the picture. AE, anagen effluvium.

Indeed, apparently, irrespective of the quality and dose
of the employed drugs, not all the treated patients com-
plain of hair loss. In a series of Sengelov et al. [10], for ex-
ample, the combination of docetaxel at 75 mg/m? and cis-
platin at 75 mg/m? every 21 days caused alopecia in only
44% of patients. In another series, hairs were maintained
in 31.3% of patients, regardless of the type of cancer and
quality of the cytostatic drug [11]. In addition, seldom has
mention been made of beard hairs [12] as if they were in-
vulnerable. Other body hairs, such as eyebrows and pubic
and axillary hairs, may be attacked as well.

The current understanding of the problem takes into
main consideration the high mitotic rate of hair keratino-
cytes, which, in fact, “approach the maximum prolifera-
tive rate of keratinogenic epithelial cells” [13]. Hair kera-
tinocytes are, just for that reason, particularly susceptible
to any cytostatic insult. Stem cells are ordinarily spared,
but in PA, they become the likely target of an undue an-
timitotic activity [2].

Oncologists, who are obviously concerned with this
problem, acknowledge that “several factors may contrib-
ute to the severity of hair loss including drug, dose, and
schedule” [14]. Purpose of this essay is to discuss some of
those “several” unspecified factors that come into play.
Three of them deserve to be considered here, focusing on
the peculiar aspects of the target, the hair follicle, rather
than on the drugs: the different mitotic rates of hair fol-
licles in the various hairy areas, the effect of age on cell
division rates, and the prevalence of androgenetic alope-
cia (AGA).

Post-Chemotherapy Hair Loss

Fig. 3. Some of the white beard hairs in Fig. 1, which have how-
ever grown up, have been plucked and examined under a micro-
scope. They were dystrophic hairs, except one possibly telogen
hair.

Indeed, the drug interrupts the anagen phase of the
hair cycle [15], arresting the mitoses of keratinocytes in
the hair matrix. The expected consequence is a profuse
loss of dystrophic hairs (anagen effluvium [AE]) (Fig. 1).
However, as it often occurs in biology, things are not so
simple. When an antimitotic insult affects an ordinary
cell, the final result depends on 2 factors: the strength of
the injury and/or its duration. Different from other epi-
thelial tissues, though, the hair follicle is a dynamic target,
going through regular periodic phases of mitotic activity
and rest (the hair cycle). The eventual result of the insult
depends, therefore, not only on the force of the drug but
also on the phase or subphase in which the insult finds the
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Fig. 4. Left upper lip, 62 days after the first
infusion and 10 days after the fifth. There
is an evident rarefaction of the hairs, nu-
merous black and white dots (cadaverized
hairs) are present that do not seem having
grown up. Some of them, instead, have
originated short hairs (black circles). Nu-
merous white hairs that have grown up at-
taining some length are visible. They all are
dystrophic hairs (Fig. 3).

follicle, being ineffective, whatever the potency of the
drug, in the phases that are mitotically silent. In brief, 2
additional pathogenetic factors should be taken into ac-
count when considering the effect of any antimitotic
agent on the hair: the phase of the hair cycle in which the
insult finds the hair follicle and the coexistence of factors
that modify the normal length of the cycle phases.

Back to the “several factors” mentioned earlier, the in-
formation available in the literature concerning the rates
of the hair growth is regrettably scanty. Vogt et al. [16]
report that scalp and beard hairs grow at roughly the same
rate (0.35and 0.38 mm/day, respectively), while eyebrows
grow more slowly (0.16 mm/day). Racial differences have
been described [17] and, indeed, in Japanese, the growth
rate on the vertex (0.44 mm/day) is higher than on the
temporal area (0.39 mm/day) and, in general, than in
Caucasians. In Japanese, beard hairs, instead, would not
grow as fast (0.27 mm/day) as scalp hairs [18]. Overall,
though, scalp and beard hairs display a high rate of growth
and, thus, are extremely susceptible to any cytostatic in-
sult. Incidentally, beard hairs undergo seasonal varia-
tions, growing faster in July and reaching a minimum in
January and February [19]. How this may influence the
effect of chemotherapy on hair should be studied.

As for the effect of age on the cell division rates, Toma-
setti et al. [20] report significantly slowed division rates
with age in the human self-renewing tissues they studied.
If this were true even for the hair, therefore, in elderly
people undergoing chemotherapy alopecia should be less
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frequent or even less extensive than in youngsters. Actu-
ally, age is reported to be associated with neither the se-
verity nor the frequency rates of chemotherapy alopecia
[21], but the regrowth of eyebrows, eyelash, and body
hairs is accelerated in the premenopausal patients [21]. In
apparent contrast to this view, white beard hairs, which
are obviously more common in aged people, grow more
than twice as fast (1.12 mm/day) as pigmented hairs (0.47
mm/day) [22] and, therefore, are supposedly more sus-
ceptible to antimitotic agents. In the direct experience of
one of us, in fact, the beard thinned out after docetaxel (50
mg/m? every 15 days) along with scalp hairs, and both its
black and white hairs exhibited the highest degree of dys-
trophy (“cadaverized” hairs) (Fig. 2a, b). Yet, most white
hairs continued to grow during the treatment though ex-
hibiting, once plucked, some dystrophy (Fig. 3), some-
how confirming the laypeople belief that white hairs are
tougher than pigmented hairs. In fact, white (gray) hairs
have a broader shaft than pigmented hairs [23], and dys-
trophy may find it difficult to affect their whole shaft, pre-
venting its full break and hair shedding. This may explain
why, despite the prevalence of white hairs, the black ca-
daverized hairs predominate (Fig. 2b, 4).

Last, AGA isa condition that modifies the length of the
various phases of the hair cycle. AGA, however, has sel-
dom been considered in chemotherapy-induced hairloss,
and even the comprehensive essay of Rugo and Lacouture
cites it only incidentally [2]. Yet, AGA is a very peculiar
affection being more common than normality, no matter
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the gender, at least among Caucasians, to the point that a
renowned biologist like William Montagna wrote, per-
haps a little too boldly, “normally, all human beings be-
come progressively balder” [24].

In both genders, AGA is characterized not only by the
progressive reduction of the number of terminal hairs but
also and especially by the simultaneous increase in the
number of vellus hairs, the so-called miniaturization.
Hair miniaturization is the currently accepted pathoge-
netic mechanism of AGA. Actually, it clarifies why, in the
balding subject, the hair shafts become progressively
thinner but hardly explains why they also rarefy [25].
What matters here, however, is that the normal rhythm
of the hair cycles is, in balding subjects, accelerated, with
a relative prevalence of catagen-telogen phases. This de-
tail is not futile but deeply influences the outcome of che-
motherapy on scalp hairs.

The phase of the cycle in which the insult finds the fol-
licle is a crucial point. If the follicle is in a subphase with
the topmost mitotic activity (anagen subphases I-1V), a
quantity of mitoses would be blocked and the hair would
be shed as a dystrophic hair (AE). Conversely, if the in-
jured follicle is approaching the end of the anagen phase
(anagen phases V and VI), in which the mitotic rate is
already spontaneously declining, what occurs is the sim-
ple acceleration of its normal progress to telogen. As a
mitotically inactive phase, telogen will, then, become a
sanctuary for the insulted hair to take refuge for 3 months
(the normal length of telogen) before being normally
shed (telogen effluvium [TE]).

When AGA coexists, the ratio between the length of
anagen and that of telogen becomes a critical factor for
the quality of the hair response to the insult. If this ratio
is low, as in AGA, in which the anagen length is abbrevi-
ated, the chances for the insult to find keratinocytes with
a high mitotic rate are reduced. As AGA is very common
among Caucasians, therefore, the anagen/telogen length
ratio is, in most patients, but especially in men, particu-
larly low, with the prevalence of the telogen duration. The
type of shedding would be, therefore, not only an early AE
but also a late TE, which occurs only when the telogen
phase is terminated, that is, 3 months later.

In brief, the same antimitotic insult may cause AE or
TE, irrespective of its quality. Even a combination of both
effluvia is possible.

Again, in biology, nothing is simple. When a hair dys-
trophy occurs, hairs are supposed to shed immediately
and profusely. Actually, oncologists maintain that hairs
start shedding 2 or 3 weeks after the first course of che-
motherapy [2], an observation also suggested by trichos-

Post-Chemotherapy Hair Loss

Fig. 5. A tuft of scalp hairs 108 days after the first infusion and 39
after the last one. All hairs have been converted to telogen hairs,
although some of them have an irregular shape.

.

Fig. 6. One of the white beard hairs, which survived the docetaxel
infusions, has grown up further (3 months after the first infusion
and 4 days before the last one), though severely dystrophic. Note
the Pohl-Pinkus constriction (arrow) that probably corresponds to
one of the infusions.

copy [26]. According to Yun et al. [11], instead, hairs start
to shed 7-10 days after the initiation of chemotherapy
and, in the mentioned personal experience of one of us,
began shedding just 4-5 days after the first docetaxel in-
fusion, continuing to do so for at least 3 weeks. Hair loss
became gradually less copious even in constancy of treat-
ment and, about 3 months later, converted to TE (Fig. 5).

Such difference in times is difficult to explain as there
are no apparent biological reasons for any delay in be-
tween the initiation of the antimitotic treatment and its
eventual result on the hair shaft (dystrophy). Being dys-
trophic, however, does not mean that the affected hairs
shed immediately. A number of dystrophic hairs, includ-
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ing even some of the “cadaverized” ones, survive the first
antimitotic attack and continue to grow (Fig. 2, 4) even
during the treatment, though less than expected, con-
firming that the damaged bulb structures are rapidly re-
stored [2]. Regrettably, an equivalent process might occur
to the cancer cells as well, probably depending on the
specificity of the drug. It may be, in any case, that people
who do not complain of hair loss after chemotherapy
have, in fact, undergone dystrophy but not such as to
cause an immediate shedding.

Another possible, and not mutually exclusive, expla-
nation is given by the TE type of shedding. In such a case,
hairs start falling about 3 months after the insult, that is,
the time that the hair takes to stay in the telogen phase
before shedding spontaneously. This time lag is usually
ignored by patients. Late hair shedding may be over-
looked and its pathogenetic connection with the chemo-
therapy disregarded. The immediate AE is a dramatic
event and cannot be ignored, while the late TE may go
unnoticed, especially if affecting an already impoverished
scalp.

In conclusion, all patients undergoing chemotherapy
are likely to display hair dystrophy of, mainly, scalp and
beard hairs as they are characterized by a high mitotic
rate. Such dystrophy, however, does not always result in
an immediate hair shedding. Some hairs, in fact, though
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