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Abstract

Cutaneous pigmentation disorders are one of the leading causes of dermatological consultation globally. Hyperpigmentation dis-
orders constitute a group of distinct medical conditions that may be either congenital and associated with various concurrent co-
morbidities, or acquired due to cutaneous, environmental, or systemic conditions or factors. Due to numerous causes and an often
atypical clinical picture, diagnosis can be challenging. Furthermore, although the changes in skin color are not inherently harmful,
they can result in significant cosmetic disfigurement and have psychological and social repercussions, particularly given that some
hyperpigmentation is irreversible due to the limited effectiveness of current treatments. This article presents two cases exhibiting
somewhat similar but different acquired localized hyperpigmentation. We review the current literature with emphasis on the diag-
nostic approach to this entity and specific acquired hyperpigmentation disorders, in particular drug-induced and paraneoplastic.
We emphasize the importance of interdisciplinary cooperation among different specialists, particularly in complicated cases and
those that accompany systemic diseases.
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Introduction

Hyperpigmentation is darkening of the natural skin color, typi-
cally due to increased melanin deposition and occasionally to the
deposition of endogenous or exogenous pigments such as hemo-
siderin or heavy metals (1). It is a feature of many clinical condi-
tions, not only inherited and acquired syndromes, but also physi-
ological variations in skin color, particularly in individuals with
darker skin phototypes (1-3). Although benign, hyperpigmenta-
tion may indicate a serious condition and should therefore not be
regarded simply as a cosmetic concern.

This article examines acquired localized hyperpigmentation
and its evaluation using two similar cases. The patients are both
middle-aged men with similar comorbidities, most notably an un-
derlying monoclonal plasma cell disorder. Both presented with a
unique dark hyperpigmentation that required extensive diagnos-
tic workup and multiple skin biopsies.

Case reports
Patient one

A 73-year-old man presented to our clinic in June 2023 with a hy-
perpigmented skin lesion on his upper right thigh. The patient first
noticed the discolored skin during autumn 2021. He had severe
pain in his right hip and developed a fever during the summer of
the same year. He was diagnosed with Staphylococcus aureus sep-
sis that stemmed from either cellulitis with an abscess or pyogenic
myositis in the hip region. He was treated with flucloxacillin for
10 days before being discharged from hospital. When he returned
home, a red discoloration on his right thigh below the hip joint
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developed together with increasing pain followed by edema, and
finally a grayish-black discoloration of the skin appeared. Follow-
ing suspicion of an infection in a right hip prosthesis inserted over
5 years earlier, further diagnostics ruled out joint pathology. In
May 2022, an orthopedic surgeon prescribed oral minocycline at a
dosage of 100 mg twice daily for a protective treatment that was to
last several months. The treatment eliminated the redness and re-
lieved the pain. However, the black color persisted and worsened.
The patient denied the development of skin changes after sun ex-
posure or application of ointments. A skin biopsy in November
2022 revealed mild perivascular and periadnexal mononuclear
cell dermatitis with reticular dermal collagen formation. The his-
tological changes were non-specific. An infectious diseases spe-
cialist recommended eventual discontinuation of treatment with
minocycline because there were no signs of infection. In March
2023, a soft tissue ultrasound indicated subcutaneous fat irrita-
tion and increased blood flow.

The patient had a history of hypertension and benign prostatic
hyperplasia. He has regular hematological checkups for smold-
ering immunoglobulin (Ig) A kappa multiple myeloma. His he-
matologic disease has remained stable, and he has not received
any specific therapy since February 2022. The last follow-up ex-
amination in April 2023 showed no clinical or laboratory signs of
disease progression. He had undergone bilateral hip arthroplasty.
He was taking tamsulosin, telmisartan, carvedilol, acetylsalicylic
acid, and minocycline. He has no family history of dermatological
disorders.

During the clinical examination at our clinic, an area of uneven
blackdiscoloration was present on thelateral part of theright thigh,
consisting of several confluent, mostly round, non-scaly macules.
The skin structure itself was not altered, there was no atrophy or
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sclerosis, and the skin appendages were preserved. The black
discoloration was irregularly spreading into the surrounding
skin, where the pigmentation decreased (Fig. 1). A similar, albeit
smaller, lesion was located on the anterior aspect of the thigh at
approximately the same level. Non-melanin deposition of grayish
and brownish perifollicular pigment was visible on dermoscopy.
Notably, the skin did not show hyperpigmentation in the area of
the hip replacement scar or elsewhere on the body or mucous
membranes.

Figure 1 | Patient 1 at the time of presentation: hyperpigmentation on the up-
per thigh.

Upon reexamination of the first skin biopsy, pigment was found
deposited within macrophages and freely in the interstitium both
in the dermis and in certain regions of the subcutaneous fat and
along the skin adnexa. The pigment stained positive to histo-
chemical staining with Perls Prussian blue and Fontana—Masson
stain (FM) with an accompanying mild, predominantly chronic
perivascular and partially interstitial lymphocytic infiltrate. The
histologic changes observed were consistent with minocycline
pigmentation (Fig. 2). Positive histochemical reactions to Perls
and FM indicated the presence of a minocycline derivative and
suggested type 2 minocycline pigmentation (Fig. 3 A, B).

Figure 2 | Histopathological findings: dark pigment granules deposited in the
dermis and subcutis, and along the skin adnexa.
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Figure 3 | Positive histochemical reactions to (A) Perls and (B) Fontana—Masson
indicative of type 2 minocycline-induced hyperpigmentation.

We advised strict sun protection and recommended discon-
tinuation of minocycline therapy. After the orthopedic examina-
tion, the patient stopped taking minocycline at the end of August
2023, having taken it for a total of 14 months. During his October
2023 dermatological check-up, the patient reported no change in
pigmentation on the right thigh and no new lesions. However, on
clinical examination, an improvement was noted: the pigmenta-
tion was less pronounced and receding compared to the previous
examination. Because the patient did not express any concerns
about the cosmetic appearance of the lesion and was told that it
would gradually fade, no further treatment was initiated.

Patient two

A 74-year-old male patient first presented to our clinic in March
2023 with a hyperpigmented patch on the tip of his nose, which
he had noticed since the beginning of 2021. Initially, the lesion
caused mild itching, but it then became asymptomatic and re-
mained stable without darkening, spreading, or changing in any
other way. The patient denied any association with nose inflam-
mation or injury, and he was uncertain of its exact onset.

The patient has a medical history of benign prostatic hyper-
plasia, type II diabetes, hyperlipidemia, arterial hypertension,
chronic obstructive pulmonary disease (COPD), and right fibro-
thorax. He was taking metformin, tamsulosin, rosuvastatin, a
combination of enalapril and hydrochlorothiazide, a combination
of fenoterol and ipratropium inhaler, and a combination of be-
clomethasone, formoterol, and glycopyrronium bromide inhaler.
His family history is negative for dermatological disorders.

So far, he has been treated by dermatologists at another hos-
pital, where they have carried out two biopsies. The first biopsy
showed a slightly denser periadnexal chronic inflammatory cell
infiltrate and elastosis in the surrounding dermis. The specimen
was sent for review to another pathologist, who described an ear-
ly actinic keratosis in the background of a solar lentigo. Dilated
vessels, some pigment incontinence, a mild perivascular lympho-
cytic infiltrate, and scattered multinucleated cells were observed
in the dermis, with the multinucleated cells possibly being fibro-
blastic or histiocytic in origin. Although the histologic changes
were uncharacteristic, they did not rule out the possibility of rosa-
cea. Topical therapy with mometasone ointment was prescribed
once to twice daily for several months, but no improvement was
observed.

A second biopsy showed normal nasal skin with only slightly
increased solar elastosis and some deposition of light material in
the dermis. The patient was referred by an otorhinolaryngologist
for several chest X-rays; however, the scans from 2018 showed no
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changes in dynamics from 2018, and no malignant changes were
detected. He was then referred to our clinic for further treatment.

On our initial clinical examination, a single, sharply demar-
cated, irregular, bluish-gray macule was observed on the tip of
the nose, with no papules or scales present (Fig. 4A). No similar
changes were noted on other areas of the skin or mucous mem-
branes. The patient’s skin showed signs of chronic actinic dam-
age. No characteristic features or vessels were noted dermoscopi-
cally, only diffuse bluish-gray dermal pigment deposits and two
shallow scars from previous biopsies (Fig. 4B). In March 2023, a
consensus expert panel of dermatologists from our clinic conclud-
ed that the skin changes could not be etiologically defined at that
time. The recommendation was to review the second biopsy and
take a thorough medical history focusing on possible triggers of
the pigmentation.

A comprehensive medical history, including the use of various
drugs, ointments, nasal sprays, smoking habits, and exposure to
heavy metals, was documented; however, it did not clarify his
condition. Regular laboratory tests conducted every 6 months
and an abdominal ultrasound scan revealed no significant abnor-
malities. The patient attended regular appointments with a pul-
monary specialist for poorly controlled COPD, presenting with ex-
ertional dyspnea and generalized weakness. The patient reported
no alarming complaints other than an unintentional weight loss
of about 10 kg over the past year.

A revision of the second biopsy showed actinic keratosis with
superficial scarring resulting from the previous biopsy. Solar elas-
tosis was also present, and some hemosiderin pigment deposition
was found in the dermis beneath the scar. The deposition was at-
tributed to a previous procedure. The staining tests for amyloid
and fungi were negative, but the hemosiderin pigment in the der-
mis was Perls positive.

At the dermatological follow-up in April 2023, no change in
nasal hyperpigmentation was observed. Because the biopsy re-
vealed actinic keratosis, a standard treatment plan involving topi-
cal 5% imiquimod cream was prescribed.

As a result of the weight loss, the diabetologist discontinued
the metformin therapy. The examination of complete blood count,
C-reactive protein, erythrocyte sedimentation rate, serum protein
electrophoresis (SPEP) with immunofixation, serum free light
chain (FLC) assay, Ig levels, and urine protein electrophoresis
(UPEP) with immunofixation revealed mild macrocytic macro-
chromic anemia. Significant was the detection of a monoclonal

Figure 4 | Patient 2 at the time of presentation: (A) hyperpigmentation on the
tip of the nose, (B) dermoscopy showing diffuse bluish-gray dermal pigment
deposits and biopsy scars.

IgA kappa protein in the serum at a concentration of 4.0 g/1, an
increase in the free light chain kappa (358.0), and an abnormal
(increased) free light chain ratio (23.71). There were also corre-
sponding findings of monoclonal IgA kappa protein and elevat-
ed free light chain kappa in the urine. Due to the suspicion of
monoclonal gammopathy of undetermined significance (MGUS),
the patient was referred to a hematologist for further diagnostic
clarification. A bone marrow aspiration and biopsy revealed bone
marrow infiltration of about 5% with monoclonal plasma cells ex-
pressing the kappa and lambda light chains in a ratio of about 5:1,
consistent with MGUS. There were also reactive changes in ortho-
topic hematopoiesis. Based on all investigations, the diagnosis of
disseminated plasmacytoma could not be made. A diagnosis of
MGUS IgA kappa with possible renal involvement was made. At
the time of writing of the article, the patient is awaiting nephrol-
ogy evaluation and presentation at the consensus expert hema-
tology—nephrology MGUS council. Computed tomography (CT)
scans with contrast medium of the lungs were ordered to rule out
expansive lesions, which showed no remarkable changes com-
pared to the previous scans.

At his dermatological check-up in October 2023, the hyperpig-
mentation on the nose was still unchanged. The patient did not
use the prescribed therapy with imiquimod. Since discontinuing
metformin therapy, he has regained almost all the weight he had
previously lost. His main complaint was exacerbations of COPD
over the past year, which required short-term treatment with sys-
temic corticosteroids. His follow-up blood work revealed stable
anemia, decreased folic acid and vitamin B12, and abnormal renal
function test results (elevated urea and creatinine and decreased
estimated glomerular filtration rate). No clinical changes were
detected in the hyperpigmentation on the nose and the patient
refused treatment because it did not cause any discomfort, and
so we decided to discontinue dermatological follow-up and only
recommended regular follow-up with other specialists and appro-
priate sun protection.

The diagnosis of his hyperpigmented lesion on the nose re-
mains a mystery. It is most probably a combination of skin
changes caused by chronic sun exposure and a local inflamma-
tory process or injury. The possibility of drug- or tobacco-induced
pigmentation is also intriguing, but the lesion lacks characteristic
histopathologic changes for this diagnosis (or any other).

Discussion

The diagnosis of acquired hyperpigmentation can be challenging
due to a variety of possible causes. The literature suggests an al-
gorithmic approach based on a detailed history and careful physi-
cal examination, including extracutaneous sites. Information
should be obtained on the onset, duration, progression, localiza-
tion, definition, pattern, and association of pigmentation with in-
flammation, injury, systemic disease, medications, smoking, sun
exposure, and chemical exposure. A thorough inspection of the
skin should be performed to determine the extent, color, shape,
distribution (e.g., sun-exposed areas), and pattern of pigmented
lesions. Concomitant cutaneous and extracutaneous signs and
symptoms should not be overlooked because they can point to the
correct diagnosis, especially in cases in which hyperpigmentation
is associated with genetic and systemic syndromes (1, 2).

A Wood’s lamp is a valuable diagnostic tool to identify the pre-
dominant site of pigment deposition in the skin. Epidermal hy-
permelanosis appears light to dark brown under natural light and
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is further emphasized by a Wood’s lamp. The contrast between
affected and unaffected skin is also increased. In contrast, dermal
hypermelanosis appears bluish or gray with less sharply defined
borders than epidermal hypermelanosis. In addition, this type of
hypermelanosis is not enhanced by a Wood’s lamp (4). Dermosco-
py is another useful tool to identify and differentiate pigmentary
disorders and to assess response to treatment (5). A skin biopsy is
another conventional diagnostic method used to evaluate hyper-
pigmentation disorders, although its use is nowadays limited to
atypical clinical presentations or when malignancy is suspected.
Standard and special stains such as FM indicate the localization,
amount, and type of deposited pigment and melanocytes in the
skin (6).

Drugs and chemicals are one of the most common causes of
acquired localized and, more frequently, diffuse cutaneous hyper-
pigmentation. The condition results from increased production of
melanin and/or deposition of drug complexes or metals in the skin
(1, 7). The list of suspected agents is long, although there is little
evidence of a causal relationship for most drugs (8). The diagnosis
of drug-induced hyperpigmentation is a dermatologic challenge
due to the lack of direct evidence or insufficient information. As
more patients, especially the elderly, receive polypharmacy, it is
increasingly difficult to associate a pigment change with a specif-
ic drug, especially when the chronology between taking the drug
and the onset of hyperpigmentation is unknown. A differential di-
agnosis with hyperpigmentation caused by endocrine and meta-
bolic disorders, the most closely related disorders to drug-induced
hyperpigmentation, and with hyperpigmentation of idiopathic
origin, should be performed (9). Among the best-known and most
common drugs causing hyperpigmentation are chemotherapeutic
agents, antimalarials, hormones, heavy metals, prostaglandin ag-
onists, nonsteroidal anti-inflammatory drugs, amiodarone, tetra-
cyclines, zidovudine, psychotropic drugs, tobacco, and psoralens
(10).

Our first patient was diagnosed with minocycline-induced hy-
perpigmentation (MIH). This is a well-documented adverse effect
of this tetracycline antibiotic, which is used to treat rosacea, acne,
rheumatoid arthritis, and orthopedic infections (11-14). The inci-
dence varies from low in patients with acne vulgaris to high in pa-
tients with chronic infections undergoing long-term therapy (12,
15, 16). It has been suggested that higher dosage and long-term
therapy together with advanced age may be associated with an
increased risk of hyperpigmentation (11, 12, 15-17).

The exact mechanism of MIH remains unknown. Multiple
theories have been proposed, including siderosis, melanocyte
enhancement, and derivatives of minocycline forming insoluble
complexes chelated to iron and calcium (14, 15, 18). MIH may af-
fect several body sites, not only the skin, including the thyroid,
bones, teeth, fingernails, toenails, eyes, cartilage, mucus mem-
branes (oral cavity), cardiac valves, and breast milk (11, 15, 19).

Traditionally, three types of MIH have been described, with a
fourth one found in a few case reports (17, 20). Type 1, the most
common, is characterized by bluish-black macules localized to
areas of scarring or previous inflammation. They mainly occur on
the face in the context of acne scars, although they have also been
reported on other parts of the body; for example, on various sites
of inflammation caused by lepromatous leprosy or on the legs
after sclerotherapy. On histopathology, the bluish-black pigment
stains positive with Perls Prussian blue (iron) and is found in the
dermis and scar tissue, extracellularly, and intracellularly in mac-
rophages. It is likely caused by the deposition of pigmented gran-
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ules, thought to be iron chelates of minocycline (8, 9, 11, 13, 17).

Type 2 appears as bluish-black, brown, or slate-gray pigmenta-
tion occurring on healthy skin, predominantly on the lower ex-
tremities (shins and ankles). Perls Prussian blue and FM (mela-
nin) colorations are positive in this type. The pigment is found in
the dermis and subcutis, outside and within macrophages, and
in myoepithelial cells. It is thought to be due to the deposition of
pigmented metabolites of minocycline (8, 9, 11, 13, 17).

Type 3, also called dirty skin syndrome, presents as a muddy-
brown, generalized, and symmetrical discoloration of healthy
skin that is accentuated in sun-exposed areas (11, 21). It resem-
bles a persistent deep-brown tan and is associated with elevated
melanin levels. The pigment stains positive for melanin but not
for iron and is found in the epidermis, dermis, and macrophages
(8, 9, 11, 13, 17, 21).

Finally, type 4 is a bluish-gray pigmentation that occurs in
scarred areas on the back. It has the same etiology as type 3 but
is localized and not limited to sun-exposed areas. The pigment is
positive with von Kossa staining for calcium in addition to mela-
nin staining (FM) (8, 13, 17, 20).

In our case, the MIH obviously developed at the site of a pre-
vious inflammation on the right thigh and nowhere else on the
body, which is emphasized by the fact that the scar on the left hip/
thigh was not affected. This observation and the color of the le-
sion are characteristic of type 1, but the histopathological changes
clearly correspond to type 2. It is therefore plausible that this is a
mixed type of MIH because it has features of both type 1 and type
2. Patients with features of several different types of MIH have
been described in the literature (11), but to our knowledge not in
a single lesion.

Upon diagnosis of MIH, immediate discontinuation of minocy-
cline is recommended to prevent potential pigmentation darken-
ing (11). Patients should also be advised to use photoprotection
and cosmetic camouflage, if needed (22). Whereas type 1 and 2
cases usually resolve within months to years after discontinuation
of the drug, type 3 pigmentation can be permanent along with
pigmentation of other parts of the body (11). Successful treatment
with a Q-switched laser has been reported (23). Although MIH is
considered a harmless condition, it can lead to permanent cos-
metic disfigurement. Therefore, physicians must inform their pa-
tients about the possibility of developing MIH during minocycline
therapy and monitor them accordingly (11, 12, 18).

In addition, physicians prescribing minocycline need to be
aware of this potential adverse effect to avoid confusion and un-
necessary testing to rule out other causes of acquired hyperpig-
mentation (11). This leads to the second patient, who presented an
even greater diagnostic challenge and for whom the exact cause
of his hyperpigmentation is still unknown. This patient also had
an underlying monoclonal plasma cell disease, similar to the first
patient. This is likely only a coincidence and not clinically signifi-
cant.

It should be noted that acquired hyperpigmentation of the skin
can be a rare but significant indicator of a hematologic malig-
nancy; specifically, polyneuropathy, organomegaly, endocrinopa-
thy, monoclonal plasma cell disorder, and skin changes (POEMS)
syndrome. POEMS syndrome is a rare multisystem paraneoplastic
condition characterized by a monoclonal plasma cell disorder,
peripheral neuropathy, and other characteristic features. Skin
lesions are one of the minor criteria for the diagnosis of POEMS
syndrome and are present in a large majority of patients, most of
whom present with multiple dermatologic manifestations (24, 25).
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Skin changes linked with the syndrome include hyperpigmenta-
tion, hemangiomas and telangiectasia, hypertrichosis, acrocya-
nosis, white nails, sclerodermoid skin changes, Raynaud’s phe-
nomenon, flushing, clubbing, rubor, and hyperemia/erythema.
Hyperpigmentation is the most common cutaneous manifestation
and is present in almost half of patients. It mainly affects the ex-
tremities, but it can also affect other areas of the skin, such as
the trunk, nipple complex, head, and neck, or it can be general-
ized. The hyperpigmentation on the affected areas is diffuse and
non-patterned, and it has a dark brown color. Treatment of the
underlying hematologic disorder has been associated with im-
provement of all skin manifestations, including hyperpigmenta-
tion (25).

The diagnosis of POEMS syndrome was unlikely in the second
patient because peripheral neuropathy, a mandatory diagnostic
criterion, was absent. Remarkably, that patient had bone marrow
biopsy findings comparable to most POEMS patients. Normally,
the median level of plasmacytosis in the bone marrow is less than
5%, and so it can easily be missed on a sporadic bone marrow
analysis. Similarly, serum monoclonal protein levels may also be
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