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A

Drug-induced hair colour changes

Hair colour modifications comprise lightening/greying, darkening, or
even a complete hair colour change, which may involve the scalp and/or
all body hair. Systemic medications may cause hair loss or hypertrichosis,
while hair colour change is an uncommon adverse effect. The rapidly
increasing use of new target therapies will make the observation of these
side effects more frequent. A clear relationship between drug intake and
hair colour modification may be difficult to demonstrate and the underly-
ing mechanisms of hair changes are often unknown. To assess whether
a side effect is determined by a specific drug, different algorithms or
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scores (e.g. Naranjo, Karch, Kramer, and Begaud) have been developed.
The knowledge of previous similar reports on drug reactions is a key
point of most algorithms, therefore all adverse events should be recog-

nised and reported to the scientific community. Furthermore, even if hair
colour change is not a life-threatening side effect, it is of deep concern
for patient’s quality of life and adherence to treatment. We performed a
review of the literature on systemic drugs which may induce changes in
hair colour.
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air colour changes may occur in a variety
of cutaneous and internal organ diseases, and
include lightening/graying, darkening or even a

ompletely new colour, involving the scalp, eyelashes, eye-
rows, moustache, or all body hair. Hair darkening has
een described in Addison’s disease, neurodermatitis, and
orphyria cutanea tarda, while hair lightening has been
ssociated with hyperthyroidism, acute extensive alopecia
reata, vitiligo, and genetic disorders such as Werner syn-
rome, ataxia-telangiectasia, and Waardenburg syndrome
1]. Systemic medications frequently cause hair loss or
ypertrichosis, while hair colour changes are an uncommon
rug-induced adverse event. Both hair hyperpigmentation
darkening of the original colour or repigmentation of grey
air in older people) and hypopigmentation (lightening,
leaching, graying or reddening) or a completely new hair
olour have been described after drug administration [1].
he underlying mechanisms of drug-induced hair colour
hanges are not clear and the relationship between drug
ntake and colour modification is often difficult to prove. In
linical practice, the widely used estimation tool to assess
dverse drug reactions (ADRs) is the algorithm which con-
ists of a series of queries, each with a defined score, in order
o quantify the probability of a cause and effect correlation
JD, vol. 26, n◦ 6, November-December 2016
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2]. The algorithms are simple tools to assess causality,
owever, unfortunately, although they demonstrate good
pecificity, they also demonstrate poor sensitivity [3, 4].
uring the last 30 years, several algorithms as evalua-

ion tools were developed, such as Karch algorithm [5],
ramer algorithm [6], Begaud algorithm [7], and WHO-
MC (WHO-UMC causality assessment) [8], but none of
these are unanimously acknowledged as a foolproof tool;
indeed, evaluation of the same drug reaction using differ-
ent algorithms showed significantly variable results [3, 4].
Naranjo’s algorithm [9] is a simple and brief ADR evalu-
ation tool which has been shown to increase significantly
the intra-rater agreement (between a panel of expert der-
matologists) from 57% to 97%, as compared to clinical
judgment alone [4]. Therefore, the high specificity of the
Naranjo score makes this algorithm a tool widely used by
pharmacovigilance centres in several countries [4]. How-
ever, the Naranjo’s algorithm is not recommended in the
evaluation of ADRs in children because of its poor reli-
ability [10]. The Naranjo score consists of a series of ten
questions, each scored with a point value ranging from -1
to +2 (maximum score=13). The final score corresponds
to a probability scale (≥9: very probable; 5-8: probable;
1-4: possible; ≤0: dubious). The knowledge of previ-
ous conclusive reports on drug reactions is a key point
of most causality algorithms. We performed a literature
review on drug-induced hair colour changes since 1948
to date, by entering on Pubmed and Google Scholar the
terms “hair colour changes”, “drug hair changes”, and “hair
changes”. The hair colour before and after drug adminis-
tration was described in detail according to the description
531
ur changes. Eur J Dermatol 2016; 26(6): 531-6 doi:10.1684/ejd.2016.2844

reported in the original article, although in most cases,
the terms “depigmentation/hypopigmentation” and “hyper-
pigmentation” have been used to define hair lightening
and darkening, relative to the original colour, respec-
tively. In these cases, we have faithfully retained the terms
reported in the original articles. The data is summarised in
table 1 .

dx.doi.org/10.1684/ejd.2016.2844
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hair is usually more brittle and curly or, occasionally, more
tification = EJD Article Identification = 2844 Date: December 6

rugs that induce hair colour changes

hloroquine
hloroquine (CHL) is an antimalarial drug approved by
oth the Food and Drug Administration (FDA) and Euro-
ean Medicines Agency (EMA) for the treatment of lupus
rythematosus and rheumatoid arthritis. Lightening on the
air scalp, and less frequently on the eyelashes, eyebrows,
oustache and body hair, has been shown to be induced by
HL administered at a dosage starting from 250 mg daily

11-23]. Hair hypopigmentation (a brightening of any hair
olour leading to whitening) occurred from four weeks up to
2 months after treatment initiation, and was reversible after
iscontinuation or dosage reduction. Hair hypopigmen-
ation has been also described after hydroxychloroquine
dministration [24, 25], but a revert to normal hair colour
ccurred when CHL was switched to hydroxychloroquine
15, 16, 20]. Skin hypopigmented maculae associated with
air depigmentation have been rarely reported [18]. The
athophysiological mechanism of hair and skin hypopig-
entation during CHL treatment is not fully understood,

ut previous studies showed remarkable affinity of CHL for
hose tissues which have abundant melanin content, such
s the skin and eyes [26]. Hypopigmentation was indeed
ore common in patients with blond, light brown, or red

air, suggesting a greater interaction between CHL and
heomelanin rather than eumelanin [21]. However, even
ubjects with darker hair may experience hair lightening
13, 14, 17].

yrosine kinase inhibitors (TKI)
he c-kit signalling pathway is primed by the ligand stem
ell factor (SCF), and is known to be involved in melanogen-
sis, as well as hair pigmentation, through the downstream
ctivation of MAP kinase Erk-2 and phosphorylation of
icrophtalmia transcription factor [27]. SCF/c-kit interac-

ion during early anagen is a key event for normal pigment
roduction. In most cases, the hair depigmentation due to c-
it inhibitors is reversible after treatment discontinuation,
uggesting that these drugs might determine a temporary
ysfunction of melanocytes rather than having a cytotoxic
ffect. It is not completely clear why c-kit inhibitors may
ause both hypo- and hyperpigmentation. Indeed, the dif-
erent effects of c-kit inhibitors on hair pigmentation could
e explained by the inhibiting activity of these drugs on
ther receptors, such as vasoactive endothelial growth fac-
or receptor (VEGFR) or platelet-derived growth factor
eceptor (PDGFR) [28].

matinib
matinib is an oral TKI approved by FDA and EMA
or the treatment of chronic myeloid leukaemia (CML),
JD, vol. 26, n◦ 6, November-December 2016

astrointestinal stromal tumour (GIST), metastatic der-
atofibrosarcoma protuberans (DFSP), and other chronic
yeloproliferative diseases (i.e. chronic eosinophilic

eukaemia and myelodysplastic syndrome). Imatinib
nhibits BCR-ABL, PDGFR, and c-kit. Both hair
epigmentation (lightening) [28, 29] and hair darkening
repigmentation of grey hair) [30, 31] have been reported
uring imatinib treatment at a dosage of 300-800 mg daily,
Time: 10:21 pm

with onset occurring after a median time of four weeks
(range: 1-14 months) following treatment initiation. In
the majority of cases, the pigmentary abnormalities were
reversible after dose reduction or drug withdrawal. Local-
ized or diffuse skin depigmentation has been observed
in 15-25% of patients [32-48], and cases of cutaneous
[31, 32, 37, 44, 45], nail [40, 42, 47], or gingival
[42, 43, 47] hyperpigmentation have been described. The
fact that such adverse events are relatively frequent and
dose-dependent suggests that they are due to a direct
pharmacological effect of imatinib. C-kit receptors are
widely expressed in different types of tissues and cells (i.e.
hematopoietic stem cells, mast cells, and melanocytes) and
different isoforms of c-KIT exist as a result of alternate
mRNA splicing events. The minor sequence differences
between the c-KIT isoforms might be correlated to dif-
ferences in signalling activation and biological behaviour
[49].

Sunitinib
Sunitinib is an oral TKI approved by the FDA and EMA to
treat metastatic renal cell carcinoma, pancreatic neuroen-
docrine tumours, and imatinib-resistant GIST. Sunitinib has
demonstrated direct antiproliferative and antiangiogenic
activity by inhibiting PDGFR, VEGFR, Fms-like tyrosine
kinase-3 (FLT-3) receptor, and c-kit. Hair depigmentation
(bleaching or graying) on the scalp, eyebrows, eyelashes,
or body hair is a dose-dependent side effect reported in
7-14% of patients treated with sunitinib at a dosage of
50 mg daily [50, 51] and in up to 64% of patients receiv-
ing >50 mg daily [52-60]. Hair depigmentation occurred
between Week 1 and week 18 of treatment; in all cases,
it was reversible within two to three weeks after treatment
discontinuation. Alopecia has been shown to occur in 6%
of patients receiving sunitinib, and the hair that may regrow
is more brittle, curly, and pigmented than the patient’s orig-
inal hair [47]. In addition, yellowish facial discolouration
has been described after dosage of at least 50 mg/die of
sunitinib [53, 55, 57, 59].

Sorafenib
Sorafenib has been approved by FDA and EMA for the
treatment of locally recurrent or metastatic thyroid carci-
noma refractory to radioactive iodine treatment, renal cell
carcinoma, and hepatocellular carcinoma. Sorafenib targets
VEGFR 1-3, BRAF, and REarranged during Transfec-
tion (RET) tyrosine kinase, inhibiting the proliferation and
angiogenesis of tumour cells. Alopecia has been reported in
up to 27% of patients receiving sorafenib [52], from two to
16 weeks after treatment initiation. Hair may regrow even
while patients are still receiving sorafenib, although the
533

pigmented than that before treatment [52]. Only one case
of generalized skin depigmentation has been described in
association with hair loss during treatment with sorafenib
(800 mg daily) [61]. Hair loss might be due to the inhibi-
tion of VEGFR since it has been shown that in the anagen
phase, VEGF is able to increase hair growth and diameter
[62], while the change in hair texture might be associated
with inhibition of PDGFR, which regulates the duration of
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he anagen phase. In addition to the c-kit pathway, PDGFR
as also been implicated in skin melanocyte development
nd proliferation [63].

azopanib
azopanib is an oral selective TKI which has been approved
y the FDA and EMA for the treatment of advanced
enal cell carcinoma and advanced soft tissue sarcoma.
azopanib inhibits angiogenesis and tumour growth by tar-
eting VEGFR 1-3, PDGFR-alfa-beta, and c-kit. Reversible
air depigmentation has been demonstrated in 32-44% of
atients treated with pazopanib [64-70], sometimes asso-
iated with skin hypopigmentation [64, 67-69], while only
ne case of skin hyperpigmentation has been described so
ar [68]. A reversible hair depigmentation usually occurs
ithin the first two months of treatment, with involvement
f both scalp and body hair [67].

asatinib
asatinib is an oral TKI, approved by the FDA and EMA,

s first-line treatment for CML Philadelphia chromosome-
ositive in the chronic phase, and as second-line treatment
or CML in the chronic, accelerated or blast phases, as well
s for Philadelphia chromosome-positive acute lymphoid
eukaemia. Dasatinib has a wide spectrum of inhibitory
ffects, including inhibition of bcr-abl, src family kinase,
nd, to a lesser degree, c-kit, PDGFR, and ephtin A recep-
or kinases. A few cases of hair depigmentation have been
eported during dasatinib treatment, probably due to the
ower affinity of the drug for c-kit and PDGFR, as well
s to a less common administration of this drug compared
o other c-kit inhibitors, such as imatinib and pazopanib.
oth isolated hair depigmentation [71-73] and associated
itiligo-like [72] skin patches have been described using
100 mg daily of dasatinib. This effect was fully reversible;

t was lost when anti c-kit treatment was discontinued and
eacquired when treatment was restarted [74].

ntiepileptics and anticonvulsivants

alproic acid (VPA)
PA is a widely used antiepileptic drug, approved by the
DA and EMA for seizures and maniac-depressive disorder,
hich has pleiotropic effects on the g-amino-butyric acid

eceptor, as well as on membrane conductance, metabolic
athways, and the fatty acid composition of membranes.
ose-dependent, reversible hair loss has been shown in up

o 20% of long-term users of VPA, while changes in hair
olour and/or hair structure have been rarely reported [75-
8]. Both bleaching (from black or brown to blond hair)
76, 78] and darkening of the hair (from blond to dark hair)
77] on the scalp have been described after 5-10 months
f treatment with VPA. No skin colour changes have been
ocumented. Some authors suggest a significant correlation
34

etween VPA dosage and detection of VPA in hair, further-
ore VPA concentration seems to be higher in dark/brown

ather than blond/grey hair [79].

henytoin and phenobarbital
henytoin and phenobarbital are anticonvulsant drugs used

n the management of partial seizures and tonic-clonic
Time: 10:21 pm

seizures. Hair depigmentation has been described in one
patient after toxic epidermal necrolysis due to phenytoin
[80], and skin and hair depigmentation (from black to blond
hair) in another patient after Lyell’s syndrome due to pheno-
barbital [81]. It is still not clear whether the depigmentation
might be due to the direct cytotoxicity of the anticonvulsants
to melanocytes. Some evidence showed that phenytoin con-
centration in hair scalp is dose-dependent and is related to
patients’ hair colour, such that black and brown hair have
significantly higher levels compared to either blond or grey
hair [79].

Other drugs
Hair loss is one of the most common side effects of anti-
neoplastic drugs and hair regrowth is usually very fast
after treatment discontinuation, although in some cases,
hair shape and colour may be different. Post-alopecia
regrowth of hair with both lighter or darker colour has
been shown with cisplatin [1], while hair darkening has
been reported with tamoxifen, busulfan, cyclofosfamide,
and antimetabolites [1, 82, 83]. The information about spe-
cific chemotherapeutic agents is limited and based on case
reports.
Reversible hair whitening and changes in hair shape have
been reported in up to 18% of patients treated with low
doses of interferon-a. An MHC-related cytotoxic T-cell
activity against melanocytes is believed to be the underlying
causative mechanism [84, 85].
Hypertrichosis is a well-known, dose-related side effect of
cyclosporine (Cs), occurring in up to 50% of transplant
patients who take high dosages of the drug, and rarely
(3%) in patients affected by skin disease and treated with
a maximum of 5 mg/kg daily [84]. Two cases of hair
darkening induced by Cs have been described, suggest-
ing that Cs may promote the production of growth factors
or cytokines which are capable of stimulating tyrosinase
activity [86, 87].
Sporadic cases of hair whitening/discolouration or darken-
ing have been described with vitamin A derivatives, such as
acitretin [84] and etretinate [88]. Isolated cases of hair dark-
ening with indinavir, zidovudine, and verapamil [1, 84],
hair discolouration with mephesin, and reversals from grey
to the original hair colour with p-aminobenzoic acid have
been reported [1]. Additional hair colour changes include
reversible changes from light brown to green in both pubic
and scalp hair [89].

Discussion

The exact mechanism of drug-induced hair colour changes
is not completely known for most of the currently used med-
ications. To establish the relationship between drug intake
EJD, vol. 26, n◦ 6, November-December 2016

and hair colour modification, it is important to review the
patient’s complete medical history and consider all drugs
taken by the patient up to one year before the onset of the
colour change [84]. Furthermore, the knowledge of previ-
ously reported cases of ADRs is crucial in order to use
causality algorithms [5-9]. Once the causative role of a
specific drug in hair colour modification is suspected or
proven, the case should be reported to the dermatology
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