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Introduction
Alopecia is considered an unavoidable consequence of successful 

cancer treatment and the mechanism of which is intertwined with 
the inherent nature of anti-cancer therapy, which targets rapidly 
proliferating cells. Hair loss is a precursor to loss of self-image in 
affected patients and can have a profound negative impact on patients 
[1]. These patients also report poorer quality of life, lower self-esteem 
and heightened self-consciousness [2,3]. While the importance of a 
successful oncological outcome cannot be over-emphasized, research 
focused on prevention of this distressing adverse effect is relatively 
sparse.

The propensity of anti-cancer treatment resulting in alopecia is 
different for each modality, with chemotherapy being most common 
due its systemic nature of administration [4]. With radiotherapy 
and its locally directed nature, alopecia occurs less frequently than 
chemotherapy overall, however it has a higher likelihood of resulting 
in permanent hair loss [5]. The most common radiotherapy treatment 
which causes alopecia is Whole Brain Radiotherapy (WBRT) which is 
used to manage brain metastases [6]. The clinical incidence of brain 
metastases in all patients diagnosed with cancer is 15-30% [6]. With 
the global incidence of cancer expected to reach 17.1 million cases/
year by the year 2020, the number of patients who will eventually 
receive this treatment and be exposed to this side effect is significant 
[7]. Another factor to consider is that with standardized surveillance 
protocols for non-central nervous system malignancies and sensitive 
neuroimaging modalities, brain metastases are being detected earlier 
and more frequently [6,8]. While the improvement in overall survival 
for these patients is debatable (due to a perceived lead-time bias), the 
length of time they will experience the side effects is not. It is also worth 
emphasizing that in recent years, the management of selected patients 
with a favorable prognostic profile has been shifting towards stereotactic 
radiosurgery (SRS) [6,8]. However, the reality of the disease process is 
that the most favorable prognostic subgroup constitutes only 9-16% 
of all patients with brain metastases, thereby limiting the widespread 
utilization of SRS [9].

Radiotherapy (RT) induced alopecia is a part of the spectrum of 
dose-dependent changes which occur when skin is irradiated and can 
be classified radiobiologically on the basis of reversibility (transient 
versus permanent) [5]. RT induces apoptosis in the actively dividing 
matrix cells in the hair bulb thereby interrupting the anagen phase of 
hair cycle and resulting in dystrophic anagen hair loss [10]. The onset is 
abrupt (within 1-3 weeks of treatment initiation), progression is rapid 
and diffusely affects the scalp hair [5,10]. Microscopic changes can be 
appreciated within 1-2 days of exposure represented by reduced mitotic 
index in matrix cells, shrinkage of hair bulb and reduced hair diameter 
[11,12]. The latency between exposure and hair loss corresponds to the 
period during which the matrix cells become progressively depleted. 
The dose threshold for this effect is extremely low, 0.75-2 Gray (Gy) 

delivered in a single treatment session [13]. Regrowth is possible as long 
as a few matrix cells survive along with adequate contact with dermal 
microvasculature and may occur between 3 weeks to 3 months after the 
completion of treatment [11,12]. However the probability of regrowth 
is inversely related to total delivered dose. Permanent alopecia occurs 
after a delivered dose of 7 Gy in a single session or after a total delivered 
dose of 43 Gy in a fractionated treatment regimen [corresponding 
equivalent dose in 2 Gy (EQD2) fractions with alpha/beta ratio of 
2=36.9 Gy] [13,14]. 

In clinical practice, WBRT regimens are fractionated and a relatively 
large single session dose of 7 Gy would be considered unacceptable 
[6,8]. The probability of developing permanent alopecia with the 
recommended regimens for WBRT (30 Gy in 10 fractions of 3 Gy each, 
over 2 weeks with EQD2=37.5 Gy; or 37.5 Gy in 15 fractions of 2.5 Gy 
each, over 3 weeks with EQD2=42.2 Gy) exceed 50% [6,8,14]. From 
a practical standpoint, mitigation of transient alopecia by reducing 
dose delivered to scalp through the utilization of advanced RT delivery 
techniques may not be feasible, due to the extreme radio-sensitivity of 
germinal matrix cells. Consequently, clinical research utilizing novel 
pharmacological agents and advanced RT delivery techniques have 
focused on preventing permanent alopecia. 

Pharmacologic interventions directed at reducing the incidence 
of RT induced alopecia has mostly been studied in pre-clinical animal 
models [15]. The only agent that has been evaluated clinically is Tempol 
(4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl), a member of the 
nitroxide group of chemical compounds. It acts as a radio-protector 
by exerting anti-oxidant activity and counteracting RT induced free 
radical damage (Figure 1) [15]. Besides being membrane-permeable, 
which favors topical application (thereby mitigating concerns with 
respect to systemic administration), it also has negligible systemic 
absorption [16]. A phase I trial performed on patients undergoing 
WBRT (30 Gy in 10 fractions of 3 Gy each, over 2 weeks) with topical 
Tempol application reported moderate protection from hair loss at 3 
months, with a favorable toxicity profile [16]. Based on these results, 
a double blind, placebo controlled phase II trial (NCT00801086) was 
initiated by the same research group and the results are awaited.

Some novel research has also been recently reported which may 
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matrix cells and regenerate all the layers of HFs, demonstrating their 
plasticity. After high-dose IR, when both matrix and hair bulb cells 
are depleted, the surviving outer root sheath cells rapidly acquired an 
SC-like state and fuel HF regeneration. Their progeny then homed 
back to SC niche, supporting new cycles of HF growth. The authors 
concluded that IR induces HF dystrophy along with hair loss, and 
suppressed WNT signalling in a p53- and dose-dependent manner 
[17]. Another study showed that mTORC1 signalling is activated 

yield novel agents in the future. In growing hair follicles (HF), quiescent 
stem cells (SC) are maintained in the bulge region, and hair bulbs at 
the base contain rapidly dividing, yet genotoxicity-sensitive transit-
amplifying cells (TAC) that maintain hair growth [17]. HFs mobilize 
ectopic progenitors from distinct TAC compartments for regeneration 
in adaptation to the severity of dystrophy induced by ionizing 
radiation (IR). Specifically, after low-dose IR, keratin 5+ basal hair bulb 
progenitors, rather than bulge SCs, are quickly activated to replenish 

Figure 1: An overview of interaction of electromagnetic radiation with tissue and the resulting biologic effects. The pharmacologic agents which have been studied 
in preventing alopecia are also shown with their predominant mechanism of action.
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after irradiation and is required for timely regeneration of the TAC 
pool of hair follicles, so that hair growth can resume after radiation 
injury [18]. Fibroblast growth factor (FGF) 18 is strongly expressed in 
telogen HFs to maintain the telogen phase and it has now been shown 
that FGF18 is responsible for the radioresistance of telogen HFs, and 
can be a potential radioprotector [19]. Another potential agent could 
be 12-o-tetradecanoylphorbol-13-acetate (TPA), which accelerates 
re-entry of hair follicles into anagen phase. This drug activated AKT 

signalling in the epidermis, hair infundibulum, bulge and hair bulb, 
and WNT signalling after hair follicle stem cells proliferation [20]. 

Prior to discussing advanced RT delivery techniques, interested 
readers may wish to review Figure 2, which is a comparison of dose 
distributions achieved when using conventional radiotherapy and 
volumetric modulated arc therapy (VMAT) and the difference in 
deposited dose measured from the scalp surface to 5 mm depth. The 
potential for prevention of alopecia with these techniques has been 

Figure 2: A comparison of WBRT dose distributions planned via VMAT and conventional parallel opposed techniques. (A) Dose distribution achieved with VMAT 
plan (clockwise from top, axial, sagittal and coronal planes). (B) Dose distribution achieved with conventional parallel opposed plan (clockwise from top, axial, 
sagittal and coronal planes). In both plans, four representative points (labeled 1, 2, 3, and 4 with red ovals) have been highlighted to measure the dose deposited 
from the surface to 5mm depth from surface. (C) Dose profiles from surface of scalp to 5mm depth at the four representative points shown in A and B, with dose in 
centigray (cGy) on Y-axis and depth from surface on X-axis. Note that for all measured points, the dose deposited at 4mm to 5mm depth is higher for conventional 
parallel opposed plan (PLL_OPP, Blue curve) than VMAT plan (TB_IGRT).
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demonstrated in dosimetric studies; however few clinical studies have 
been performed. A phase II trial was recently reported which explored 
the effect of sparing hair follicles during WBRT via VMAT, on 
alopecia-related quality of life (QoL) parameters and investigator based 
assessment of hair loss [21]. Ten patients were prospectively enrolled in 
this trial and received 20 Gy in 5 fractions over 1 week. Alopecia-related 
QoL parameters and hair loss assessment was performed one month 
after completion of RT. The authors reported no improvement in QoL 
scores pertaining to hair loss and reported 75% hair loss at one month 
post-completion of WBRT, which resulted in an early termination of 
the trial. However the chief criticism of this trial is the timing of data 
collection for hair loss, which overlaps with the period during which 
transient alopecia would manifest in patients, due to its low threshold 
dose. A few investigators have reported hair regrowth after transient 
alopecia, 3 to 6 months after completion of RT and rates of permanent 
alopecia ranging from 0% to 31% with the use of advanced RT delivery 
techniques [22,23]. It is also interesting to note that besides sparing 
the scalp, these techniques can be used for memory preservation (by 
sparing the hippocampus) and selectively increasing the delivered 
dose to the brain metastases to increase probability of local control 
(simultaneous integrated boost) [24,25]. Our group has recently 
reported on the combination of scalp and hippocampal sparing WBRT 
along with simultaneous integrated boost in the treatment of solitary 
brain metastasis, with full scalp hair regrowth at 2 months post WBRT, 
memory preservation and near complete response in the lesion [26]. 
Though these techniques are promising, level 1 recommendations for 
their routine use are lacking, for which well-designed randomized 
controlled trials are needed. It will also be of interest to evaluate 
whether a synergistic effect of scalp sparing RT techniques and topical 
tempol application exists. 

In conclusion, radiation induced alopecia secondary to whole brain 
radiotherapy is a significant problem affecting a large population of 
cancer patients. Research on its prevention has focused on the use of 
radio-protectors or advanced RT delivery techniques to spare the scalp. 
Basic research has highlighted some novel pathways that could possibly 
circumvent RT induced alopecia including augmenting the WNT 
signalling, mTORC1 signalling pathway and possibly by up-regulating 
FGF 18. However, due to the low threshold of radiation dose which 
results in transient alopecia, efforts to prevent it may not be feasible 
and therefore the aim of future trials should be to minimize the rate of 
permanent alopecia.
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