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Dear Editors,

Epidermal nevi are hamartomas consisting of keratinocytes, melanocytes,
sebaceous glands, hair follicles, apocrine and eccrine glands, and smooth-muscle
cells. Epidermal nevus syndrome (ENS) is a multiorgan disease associated with
epidermal nevi [1]. There are many variants of ENS such as Schimmelpenning
syndrome, Becker nevus syndrome, and cutaneous skeletal hypophosphatemia
syndrome [1]. Of these, cutaneous skeletal hypophosphatemia syndrome manifests
as low serum levels of phosphorus, bone dysplasia, and notably increased serum levels
of fibroblast growth factor 23 (FGF23) [2]. High FGF23 levels induce abnormally low
phosphorus levels by both increasing phosphorus excretion in the urine and preventing
absorption in the intestinal tract, and may lead to hypophosphatemic osteomalacia
(HO) [2]. In this paper, we report a case of ENS with elevated FGF23 levels, which
induced HO and difficulty in walking, that was successfully treated with burosumab, an
anti-FGF23 antibody.

A 36-year-old man was admitted to our hospital with progressive difficulties in
walking due to lower-back and left-leg pain that was so severe he had to use a wheelchair.
The pain had started during his childhood, when he had developed mild difficulty in
walking. He also presented with multiple brown plaques aligned with Blaschko’s lines and
pigmented papules in a segmental pattern that extended from the left side of his head to
his neck (Figures 1A, B). At the age of 12 years, the tumors were excised and pathological
examination revealed papillated epidermal hyperplasia and hypermelanosis (Figure 1C).
Nevus cells were identified in the dermis of the pigmented papules (Figure 1D), leading to
a diagnosis of epidermal nevi. Other than the epidermal nevi, the examination of the
patient was remarkable for the absence of dental abnormalities, café au lait spots, limb
shortening, or relevant family history.
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FIGURE 1

(A,B) Congenital brown plaques and pigmented papules located in the left temporal and anterior neck regions at 12 years of age. (C) Histopathological
examination of the plaque revealed papillated epidermal hyperplasia and hypermelanosis (hematoxylin and eosin staining; scale bars: 250 pm and 1 mm). (D)
Histopathological analysis of the pigmented papules indicated the presence of nevus cells within the dermis (hematoxylin and eosin staining; scale bars:
250 um). (E) Radiographs of the left leg demonstrated osteomalacia with multiple pseudofractures (Looser zones, indicated by arrows). (F) Bone
scintigraphy (99m Tc-MDP) showed increased uptake in the clavicles, ribs, pelvis, and lower extremities, and correlated with the location of pain in the left

lower extremity.
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X-ray imaging of his left leg revealed osteomalacia with multiple
pseudofractures (Looser zones) (Figure 1E). His average hip-joint
bone density was 64% of the value typical for young adults (right:
84%; left: 45%). Blood analysis revealed low levels of inorganic
phosphorus (1.8 mg/dL; reference range: 2.2-5.3 mg/dL) and
elevated alkaline (274 U/L;  reference range:
38-113 U/L), alkaline phosphatase (55.6 ug/L;
reference range: 3.7-20.9 ug/L), and FGF23 (113 pg/mL; reference
range: 19.9-52.9 pg/mL). Bone scintigraphy (99m Tc-MDP)
revealed increased uptake in the clavicle, ribs, pelvis, and lower

phosphatase
bone-specific

extremities, especially on the left (Figure 1F). Somatostatin-receptor
scintigraphy excluded tumor-induced osteomalacia.

Based on the available evidence, we diagnosed the patient as
having ENS with FGF23-associated HO. The differential
diagnosis for this condition includes X-linked hypophosphatemic
(XLH) rickets with dental anomalies and ectopic calcification,
McCune-Albright syndrome, and Jansen-type metaphyseal
chondrodysplasia; however, we ruled out all of these
conditions based on the patient’s clinical history.

We treated the patient with burosumab (1 mg/kg) to block
FGF23 and improve his condition. His pain level on the Brief
Pain Inventory-Short Form pain scale improved from 5 to 2,
and as early as 5 weeks after the initiation of burosumab he was
able to walk without assistance. The alkaline phosphatase level
decreased to 187 U/L and that of inorganic phosphorus
6.3 mg/dL. the of

burosumab therapy, radiographic evaluation of the patient’s

increased to Following initiation
left leg at 3 months showed bone union at the Looser zones, and
after 1 year, the mean bone density of the hip joints increased to
76% (right: 89%; left: 63%) of the young-adult reference value.
After confirming the improvement of both subjective
symptoms and disease signs, we reduced the dose of
burosumab from 1 mg to 0.5 mg at 42 weeks and to 0.25 mg
at 58 weeks. We found no evidence of treatment-related
adverse events.

The standard treatment for ENS with elevated FGF23 levels is
oral phosphate and calcitriol [2, 3]. While this treatment may
temporarily elevate the phosphorus level, it fails to fully restore
the decreased phosphate reabsorption in the kidneys [2]. Thus,
secondary or tertiary hyperparathyroidism and nephrocalcinosis
the

effect on skeletal deformities

frequently occur in these patients [2]. Moreover,
treatment has a limited
and bone pain.

Burosumab is a humanized immunoglobulin G1 monoclonal
antibody that binds to FGF23 and inhibits its function, leading to
an increase in phosphorus levels. To the best of our
knowledge, only four pediatric cases and one adult case of
ENS treated with burosumab have been reported [2-5]. In
those studies, burosumab doses of 0.3-1.4 mg/kg improved
the phosphorus levels of all patients. Moreover, burosumab
alleviated musculoskeletal pain, corrected skeletal anomalies,
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and enhanced physical functioning. Although one patient in
one of those studies developed tertiary hyperparathyroidism,
it was unclear whether this was an adverse effect of
[4], as
were reported.

burosumab no other severe adverse events

Given that the previous studies used burosumab following
conventional oral medication, ours is the first we know of in
which burosumab was used as the first-line therapy. Although we
have no direct evidence showing the advantages of using
burosumab as first-line therapy, one study suggested that early
use of burosumab in children might minimize skeletal
deformities [2]. In our patient, early burosumab treatment
improved multiple bone pseudofractures. Notably, unlike
conventional ENS treatments, burosumab did not cause
nephrocalcinosis.

We prescribed burosumab at 1 mg/kg (the recommended
range for patients with XLH is 0.8-1.0 mg/kg). Although the
patient’s symptoms (bone pain, difficulty in walking) rapidly
improved, the phosphorus level exceeded the normal range.
Thus, we reduced the dose gradually and found that
0.25 mg/kg was sufficient to keep the phosphorus level within
the

improvements. For our patient, a maintenance dose of less

a normal range while maintaining symptomatic
than 0.25 mg/kg may be appropriate.

In conclusion, dermatologists should consider ENS in
the differential diagnosis of patients presenting with
epidermal nevi and difficulty in walking. Diagnostic
procedures, including radiographic imaging and
laboratory data such as serum levels of phosphorus and
alkaline phosphatase are essential. For patients exhibiting
elevated FGF23 levels, burosumab may become a first-line
treatment because it improves hypophosphatemia, skeletal
deformities, and intense pain, seemingly without significant

adverse effects.
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