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Background: Medication-induced oral hyperpigmentation is an oral condition that impacts
patients’ quality of life and has been linked to many systemic therapeutic agents. The exact
pathogenesis of tissue pigmentation varies greatly and is not completely known. This
systematic review aimed to present data on the causal association between medications
and the development of oral/mucosal pigmentation as an adverse drug reaction.

Methods: A systematic review and analysis of literature were conducted using the following
databases: PubMed, Science Direct, ProQuest, Web of Science, and Scopus. The systematic
review included original articles written in English and published between January 1982 and
June 2020. Following the PRISMA statement, eligible articles were systematically reviewed,
and data were extracted from eligible studies and analyzed.

Results: A total of 235 articles were identified, of which 57 met the inclusion criteria and
were included in this review. The mean age of included patients was 46.2+16.38 years
(range: 10-90 years) with a male to female ratio of 1:1.45. Oral mucosal hyperpigmentation
was reported following the use of several classes of medications such as antiviral (eg,
zidovudine), antibiotic (eg, minocycline), antimalarial (eg, chloroquine), anti-fungal (eg,
ketoconazole), antileprotic (eg, clofazimine), antihypertensive (eg, amlodipine), chemother-
apeutic, and antineoplastic drugs. The risk of developing oral pigmentation was significantly
higher with antimalarial medications, antibiotics, antineoplastic and chemotherapeutic
agents. Medication-induced oral hyperpigmentation was most frequent among women and
in the hard palate.

Conclusion: Future research is warranted to better understand the pathogenesis and risk
factors for medication-induced oral hyperpigmentation in order to reassure patients during
prescription and management.

Keywords: medication-induced, oral hyperpigmentation, drugs, adverse reaction, systematic

review

Introduction

The World Health Organization (WHO) defines an adverse drug reaction (ADR) as

an unintended and noxious response to a drug that occurs at doses normally used in

man for the prophylaxis, diagnosis or therapy of disease, or modification of

physiological function.'

An ADR in the oral cavity could present as xerostomia, lichenoid reaction/lichen

planus, aphthous-like ulcers, bullous disorders, pigmentation, fibrovascular hyperpla-

sia, epithelial keratosis, dysesthesia, osteonecrosis of the jaws, and/or angioedema.”
Medication-induced oral hyperpigmentation (MIOH) is an ADR that may

develop rapidly after taking an associated drug once or for several continuous
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days or years.? Clinically, MIOH presents as localized or
generalized zones of blue to ill-defined black pigmentation
affecting any site in the oral cavity, most commonly the
gingiva, tongue, and buccal mucosa.*’> Detailed patient
medical history and information regarding clinical mani-
festations facilitate reaching a proper diagnosis.” While the
exact mechanism of MIOH is still unclear, several
mechanisms have been proposed, including an increase
in the number of melanocytes in tissues, melanin produc-
tion, and/or deposition/accumulation of medication
metabolites.®

Management of MIOH varies and includes, but is not
limited to, the discontinuation of the offending medication,
switching to another drug, or laser photoablation.>® The
oral pigmentation is usually involved in ADRs as common
as cutaneous involvement; the dentist should therefore be
informed regarding medications that cause oral ADRs to
differentiate them from other etiologies and disorders.

There is currently a dearth of evidence-based literature
to prove the relation between medications and oral hyper-
pigmentation; most published reports thus far are based on
individual case studies or repeated observations. This
review aimed to address this gap in the literature by
systematically reviewing different aspects of MIOH and
providing evidence of the causal relationship between
medicinal drugs and subsequent ADRs presenting as
mucosal pigmentation. We believe that the findings of
this review will help familiarize dentists with this oral
condition and thus provide patients with proper evaluation,
diagnosis, and health management.

Materials and Methods

Protocol and Registration

The review protocol was registered with the International
Prospective Register of Systematic Reviews (PROSPERO)
(registration number: CRD42018087955) and followed the
PRISMA statement guidelines.” All study steps were con-
ducted in accordance with the Cochrane Handbook for
Systematic Review of Interventions.®

Inclusion and Exclusion Criteria

The inclusion criteria for this systematic review were as fol-
lows: 1) English language studies published between
January 1982 and June 2020; 2) original studies on the usage
of a medication or medication class associated with MIOH;
and 3) observational cohort studies, cross-sectional studies,

case reports, and case series. We excluded animal studies,

review articles, abstracts, and trials with outcomes irrelevant
to our study or with data that were not reliable for extraction.

Literature Search

A computer-based literature search was carried out using five
authentic electronic databases: Medline (PubMed), Science
Direct, Scopus, ProQuest, and Web of Science. The following
keywords were applied in the search strategy: (“Alkylating
drugs” OR “Cyclophosphamide” OR “Antiarrhythmic drugs”
OR “Amiodarone” OR “Anti-depressant drugs” OR
“Imipramine” OR “Antifungal” OR “Ketoconazole” OR
“Antileprotic drugs” OR “Clofazimine” OR “Antimalarial
drugs” OR “Amodiaquine” OR OR
“Hydroxychloroquine” OR “Quinacrine” OR “Quinidine”
OR “Antimetabolites” OR “5 OR
“Antineoplastic drugs” OR “Cisplatin” OR “Hydroxyurea”
OR “Antipsychotic drugs” OR “Chlorpromazine” OR
OR OR “Zidovudine” OR
“Contraceptives” OR “Oral contraceptives” OR “Cytotoxic
antibiotic drugs” OR “Bleomycin” OR ‘“Doxorubicin” OR
“drug induced” OR “adverse drug effect” OR “adverse drug
events” OR “adverse drug reaction” OR “drugs use” OR
“medication use” OR “Other drugs” OR “Busulfan” OR
“Desipramine” OR “Gold compounds” OR “Imatinib”
OR “Minocycline” OR “Phenolphthalein” OR “Tegafur’)
AND (“Oral hyper-pigmentation” OR “oral auriasis” OR
“oral discoloration” OR “oral melanosis” OR “oral pigmenta-

“Chloroquine”

Fluorouracil”

“Phenothiazine” “Antiviral”

tion” OR “oral staining” OR “oral tanning”).

Selection of Studies

Two authors (NB and MB) reviewed eligible studies in
a two-phase stepwise manner, including screening of
abstracts for eligibility and retrieval of full texts for final
inclusion in our study.

Data Extraction

Data extraction from eligible studies was performed by
two authors (NB and MB) independently using an online
data extraction form that included study design, outcome,
population, medical history relevant to patients, social
history, sample size, and medication (type, dose, and dura-
tion of intake). In addition, the risk of bias assessment for
each domain was conducted in order to establish transpar-
ency of the review. Cases of dispute between reviewers
during data extraction were resolved upon consulting
a third reviewer (SM).
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Quality Assessment

We used the tool proposed by Murad et al’ for critical
appraisal and quality assessment of the risk of bias in case
reports and case series within our study. This tool uses the
domains of selection, ascertainment, causality, and report-
ing for risk of bias assessment. Additionally, we used the
Newcastle-Ottawa scale (NOS) for assessment of bias in
the included cohort and cross-sectional studies.'® NOS
relies on selection, comparability, and outcome domains
for risk of bias revision. Each study’s risk of bias was
classified as low, moderate, or high.

Statistical Analysis

Statistical analysis for included studies was performed using
IBM SPSS Statistics for Windows (Version 24.0. Armonk,
NY: IBM Corp). Continuous variables were presented as
means and standard deviations, categorical data were pre-
sented as frequencies and percentages, and p-values less
than 0.05 were considered statistically significant.

Results

Search Results

We searched five reliable databases: PubMed, Scopus,
Science Direct, ProQuest, and Web of Science. Our search
using pre-specified keywords yielded a total of 235 citation

records. After removing duplicate studies, 175 unique
records remained to be screened based on our intended
inclusion and exclusion criteria. Title and abstract screening
led to the exclusion of 15 studies because they were not
written in the English language. Further screening was
applied to the remaining studies. We excluded 103 full-text
articles because they were either review articles or confer-
ence papers, or did not involve drug exposure or drug-
induced hyperpigmentation in the oral cavity. Ultimately,
57 studies were eligible for our systematic review and statis-
tical analysis.*>'2"* Figure 1 depicts a study flow diagram
for the selection process following the PRISMA guidelines.’

Study Characteristics and Outcomes

We extracted data pertaining to a total of 268 patients
involved in the selected studies. The mean age was 46.2
+16.38 years (range: 10-90 years) and the male to female
ratio was 1:1.44. Data on the characteristics of the enrolled
studies are shown in Table 1. Hyperpigmentation of the oral
mucosa associated with antibiotic use was reported in 24
cases. The most affected sites were the gingiva, palate, and
tongue. In total, 22 cases (91.7%) were associated with
minocycline used for facial acne vulgaris at a dosage of
100-200 mg daily12:13:15.17.18.23.27-303437.44.65 Tpe overall
treatment duration ranged from 2 weeks to 11 years. Clinical
characteristics included a bluish to grayish discoloration with

The Flow of information for phases of a systematic review.

Records identified through database searching
(n=235)

Records after duplicates removed
(n=175)

}

Records Screened

Non-English records excluded

(n=175) (n=15)
l Full-text articles excluded for the
Full-text articles assessed following reasons (n = 103):
for eligibility —
(n=160) Review articles

l

Conference papers
Not related to oral mucosa
Not related to drug exposure

| Included | | Eligibility | | Screening | |Identification |

Studies included in
qualitative synthesis
(n=57)

Figure | A flow diagram of the study selection process following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Notes: Liberati A, Altman D, Tetzlaff ), et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration.J Clin Epidemiol. 2009;62: 107
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Table | Summary of Characteristics of Included Patients

Characteristics Mean Standard
Deviation
Age (years) 46.20 16.38
Frequency | Percentage
Gender Male 110 41.04%
Female 158 58.95%
Race Indian 30 11.19%
White 19 7.09%
Caucasian 75 27.99%
Black 14 5.22%
NA 115 42.9%
Other 4 1.5%
Drug type Antibiotic 24 8.96%
Antimalarial 68 25.37%
Antineoplastic 125 46.64%
Antiviral 14 5.22%
Chemotherapy 30 11.19%
Antihypertensive | 0.37%
Antileprotic drug | 0.37%
Antifungal | 0.37%
Immunosuppressive | 2 0.75%
Hormonal therapy | 0.37%
Antiepileptic | 0.37%
Pigmentation Hard palate 11 41.42%
location Tongue 61 22.76%
Lip 2 0.75%
Buccal mucosa 13 4.85%
Gingiva I 4.15%
Multiple locations 70 26.12%
Pigmentation Black 21 7.84%
color* Brown 71 26.49%
Blue 9 3.36%
Gray 140 52.24%
Melanotic Macule 14 5.22%
Cutaneous Yes 107 39.93%
involvement No 161 60.07%
Teeth Yes 7 2.61%
pigmentation No 261 97.39%
Bone Yes 7 2.61%
pigmentation No 261 97.39%

Note: *Each case may count for multiple pigment colors.
Abbreviations: NA, not available; SLE, systemic lupus erythematosus; RA, rheu-
matic arthritis; HTN, hypertension; MCL, mantle cell lymphoma.

variable size and site. Few cases reported cutaneous, tooth, or

bone pigmentation. Additionally, linezolid and clindamycin

use were reported in two other cases (4.1%).>%*

Antimalarial medications were linked to MIOH in 68

cases affecting the palate, gingiva, and lips. Quinacrine

18,39

hydrochloride,*”**®  hydroxychloroquine, quinidine

sulfate,>>*' Daraclor,* a\modiaquine,42 and chloroquine

compound3 1,33,39,45,60

were the most commonly-reported
offending medications. Oral melanosis occurred with dif-
ferent doses, in various populations, within fluctuating
periods. The lesions varied in size, color, and involvement

of skin, teeth, and/or bone (Supplementary Table 1).

Oral hyperpigmentation induced by chemotherapeutic
and antineoplastic agents was reported in 30 and 125
patients, respectively. The most prevalent agent was

imatinib 18,21,22,24,36,46,48-55,57,62 included

other agents
capecitabine,'® cyclophosphamide,>>*°  5-fluorouracil,*
irinotecan,”® and hydroxyurea.'' The risk of oral pigmen-
tation in association with imatinib therapy increased as the
duration of intake increased (an average of 7 years) and
occurred most commonly in the hard palate.”® Other
affected sites included the gingiva and tonsils.?**>’
Zidovudine, an antiviral agent, was associated with
melanotic macules in the buccal mucosa and lips in 14
cases.” Other reported medications included golimumab'®
and cortisone® (immunosuppressants), ketoconazole (an
anti-fungal agent),®* amlodipine (an antihypertensive
agent),'® retigabine (an antiepileptic agent),’® and clofazi-
mine (an antileprotic agent).®* All baseline data of enrolled
in the

Supplementary Table 1.

patients included studies are presented in

Risk of Bias Assessment
The majority of the included studies were case reports and

4,5,11-19,21-32,35-42,44-46,48,54,58,62-66 most of

case series,
which achieved a moderate quality level based on Murad
et al’s method.” The NOS was used for the assessment of
bias in the included cohort and cross-sectional studies.
Included cohort studies achieved a moderate level of

quality,>'284%6% while the cross-sectional study achieved
a high level of quality.**>® The quality of each included

study is summarized in Supplementary Table 2-4.

Discussion

In this systematic review, we aimed to provide evidence of
the causal relation between medicinal drugs and subse-
quent ADRs presenting as oral/mucosal pigmentation and
highlight the characterization of MIOH. Clinically, medi-
cation- and non-MIOH may share the same clinical fea-
tures with no specific criteria for differentiation. To
differentiate them, a thorough investigation should be con-
ducted to consider the site, color, and duration of the
lesion, patient’s medical and social history, and medica-
tions used.®®
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The current literature describes oral/mucosa hyperpig-
mentation as an adverse event due to the usage of several
medications such as antibiotic (eg, minocycline), antiviral
(eg, zidovudine), antimalarial (eg, chloroquine), che-
motherapeutic, antineoplastic, anti-fungal drugs (eg, keto-
(cg,
antihypertensive drugs (eg, amlodipine). The pathophy-

conazole),  antileprotic clofazimine),  and
siology of MIOH is still poorly understood and could
differ based on the type of medication. For instance, one
proposed theory of the underlying mechanisms focuses on
the precipitation of minocycline metabolites in addition to
a colored quinone derived from the aromatic ring.®’
However, imatinib is reported to have caused hyperpig-
mentation of unknown mechanisms and hypopigmentation
in in-vitro studies due to the inhibition of the ¢-KIT path-
way, which is usually involved in melanocyte development
and regulation. Other agents in the same antineoplastic
drug category as ipilimumab have shown yet another
mechanism of reaction involving inhibition of cytotoxic
antigen-4 (CTLA-4)
immune system activation.®®

T-lymphocyte and subsequent

The most common category of medication associated
with oral pigmentation was found to be Antineoplastic.
Imatinib-associated hyperpigmentation was described by
several studies that reported treatment duration as a major
risk factor leading to larger and darker lesions.’”*®’ In
addition, antimalarial was the second most common cate-
gory caused MIOH. A long duration (up to 15 years) of
use of antimalarial drugs was observed to be associated
with severe blue-black and gray diffused lesions in the
hard palate with cutaneous involvement.*'~*>** An impor-
tant development of used hydroxychloroquine in the treat-
ment or prophylaxis of Coronavirus Disease-2019
(COVID-19) addresses the need for further analysis and
follow up of MIOH in this population.”®

Minocycline, which is the most common antibiotic
agent associated with MIOH, was reported to be asso-
ciated with a diffuse bluish-gray discoloration affecting
any site in the oral cavity within a relatively short duration
around one month of use.**® Bone pigmentation was only
associated with the use of minocycline, and teeth pigmen-
tation was seen in patients who consumed either minocy-
cline or imatinib,'”-'?-7-3%-33

Several antiviral agents were also linked to MIOH.
Notably, Ficarra et al reported 14 cases of hyperpigmentation
of the buccal mucosa and lips associated with zidovudine.
This cohort study’ included human immunodeficiency virus
(HIV)-seropositive who administered

patients were

zidovudine. At the two-year follow-up, 14 (out of 217) HIV
patients had developed pigmented lesions in the oral mucosa.
Similarly, Almeida et al’' conducted a systematic review and
meta-analysis comparing a group of patients on highly active
antiretroviral therapy (HAART) to a non-HAART group in
terms of oral lesions. They analyzed data from five studies
and reported that 78 out of 724 (10.77%) patients who
received HAART ultimately developed MIOH compared to
37 (8.5%) patients of the non-HAART group, with a risk
ratio of 1.65 (95% Confidence Interval: 1.16-2.32).”" This
could be explained by the augmented melanin production in
the epithelium associated with the increased release of the
melanocyte-stimulating hormone as a result of the systemic
ketoconazole and zidovudine therapies.””> Few cases of
hyperpigmentation induced by antihypertensive drugs have
been reported.'

Thus far, no malignant transformation potential or ser-
ious complication with MIOH has been reported and no
treatment is required. However, follow-up for the lesions
is still advisable for the timely detection of any changes.
Discontinuation of minocycline, imatinib, and hydroxy-
chloroquine yielded persistence of pigmentation, not

disappearance, 7+18:39-52:55.57

while few reports did docu-
ment regression of pigmentation after discontinuation of
medication.'®'®® In some cases, MIOH raises aesthetic
concerns for patients based on the location of the lesions in
the oral cavity. Few articles have reported the removal of
minocycline-induced pigmentation by Q-switched Nd:
YAG (neodymium-doped yttrium aluminum garnet),
ruby, or alexandrite lasers.'®> The best management stra-
tegies for MIOH should depend on proper diagnosis by
a specialist and comprehensive patient education.
Therefore, oral and maxillofacial specialists should be
well-informed of all medications that can induce pigmen-
tation in the oral mucosa in order to reassure patients about
this unexpected hyperpigmentation.

This systematic review had several limitations. First, the
included studies had a lower evidence level because the
majority were case reports (class III evidence). Second,
the heterogeneity of the study designs and outcome mea-
sures of the included studies affect the comparison of out-
comes. Third, a correlation analysis between the risk
factors, patient characteristics, and outcomes of the

included studies was not feasible due to the lack of raw data.

Conclusion
In conclusion, there was a significant association between
oral/mucosal

hyperpigmentation among middle-aged

Patient Preference and Adherence 2020:14
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adults and prescribed medications, with most of the cases

being caused by the use of antineoplastic, antimalarial and

antibiotic agents. The practitioners and dentists should be

aware of medications associated with hyperpigmentation

to

reassure the patients and monitor the potential side

effects. Future research is required to better understand

the risk factors, patients at risk and pathogenesis of

MIOH to assist in patient management.
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