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Background: First reported by Malherbe in 1880, pilomatricoma is a common benign skin tumor gener-
ally believed to occur mainly in children and adolescents. We conducted this study to better define the
characteristics of pilomatricoma and compare our findings with current knowledge.
Methods: Patients diagnosed pathologically with pilomatricoma from 2016 through 2020 at Nippon
Medical School Musashi Kosugi Hospital were included (1,559 patients, 1,590 tumors). Clinicopathologi-
cal characteristics were analyzed.
Results: The male to female ratio was 1:1.6, and the most common tumor site was the upper limbs
(33.7%). Preoperative diagnosis was correct in 48.5% of the patients, and their average age at resection
was 33.5 years. Resection was carried out in 70% of the patients within 1 year, but time to resection was
more than 1 year in the other 30%. Pathologically, squamous stratifying keratinocytes were observed in
41.7% of the patients, cells with a large pale pink cytoplasm in 38.9%, hair papilla-like structures in
33.9%, ossification in 15.7%, trichohyalin granules in 11.9%, and aggregations of follicular germinative
cells in 7.8%. Of the chronological and morphological stages proposed by Kaddu (stage 1: early, stage 2:
fully developed, stage 3: early regressive, stage 4: late regressive), stage 3 was the most common
(70.6%).
Conclusion: Pilomatricoma is more common in females, regardless of ethnicity or age, but the tumor lo-
cation in the upper limbs commonly observed in Japanese patients may indicate ethnic differences. Pa-
thologically, the fact that cells linked to follicular differentiation are observed suggests that pilomatri-
coma is a complex panfollicular neoplasm. Time to resection appears to correlate with Kaddu stages.
Factors such as age, location, sex, depth, and stage may affect the pathological features of this tumor.

(J Nippon Med Sch 2024; 91: 391-401)
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Introduction
Pilomatricoma is a common benign skin tumor generally
believed to occur mainly in children and adolescents.
First reported by Malherbe' in 1880, it is a firm, asympto-
matic, slow-growing dermal or subcutaneous nodule
with a female predilection, most commonly occurring in
the head and neck'. However, in our daily outpatient
clinics, patients with pilomatricoma are not limited to
young people, and sites vary, with tumors also found in

the trunk and limbs. The aim of this study was to better

define the clinical and pathological characteristics of pilo-
matricoma and compare them with current knowledge.
No other retrospective study of pilomatricoma including
more than 1,000 cases from a single institution has been
reported in the literature. Using pathological reports
from our dermatopathology division, we also examined
the relationships between the clinical and pathological
characteristics of pilomatricoma in a search for factors re-

lated to its pathogenesis.
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Fig. 1 Shadow cells (a) and basaloid cells (b) on HE slides
(a) Shadow cells (female, 12 years old, upper limbs)

(b) Basaloid cells (male, 67 years old, face)

Materials and Methods
This retrospective cross-sectional study was conducted at
Nippon Medical School Musashi Kosugi Hospital,
Kawasaki, Kanagawa, Japan. The research adhered to the
principles of the Declaration of Helsinki and was ap-
proved by the ethics committee of Nippon Medical
School Musashi Kosugi Hospital (approved ID: 638-3-33).
All patients who had been histologically diagnosed with
pilomatricoma by dermatopathologists and had under-
gone surgical resection from 2016 through 2020 were
identified by reviewing the medical database of the hos-
pital’s dermatopathology division. This database contains
digital whole-slide images of all surgically resected speci-
mens fixed in formalin, processed, embedded in paraffin,
and stained with hematoxylin and eosin (HE) by routine
procedures. A NanoZoomer S210 Digital Slide Scanner
C13239-01%, and NDP.view?2 Image viewing software
U12388-01° (Hamamatsu Photonics, Hamamatsu, Shi-
zuoka, Japan) were used for digital imaging. Patient and
clinical details (age at resection, sex, lesion location, pre-
surgical clinical diagnosis, and time to resection) were
also collected and stored in an anonymous dataset. A to-
tal of 1,559 patients and 1,590 tumors (1,561 tumors with
actual slides) were included in this study. Histopathologi-
cal diagnosis of pilomatricoma was made when an ad-
mixture of islands of enucleated shadow (ghost) cells sur-
rounded by nucleated basaloid cells was identified, with
the shadow cells having a distinct border and a central
unstained area representing loss of nuclear detail
(Fig. 1a). Most of the tumors consisted of shadow cells
and basaloid cells (Fig. 1b), but we also included tumors
consisting of shadow cells alone, without basaloid cells.
Basaloid cells are packed and have round pale staining

and finely stippled nuclei with prominent nucleoli’.
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We collected clinical data on 1,561 tumors, including
age of the patient at resection, sex, tumor location, clini-
cal diagnosis, and time to resection. Age at resection was
divided into 4 groups by age range: 0-10 years old, 11-19
years old, 20-49 years old, and =50 years old. The tumor
locations were the scalp, neck, face, trunk, and limbs (up-
per and lower). Time to resection ranged from days to
years but was calculated in days (1 week=7 days, 1
month=30 days, 1 year=365 days), and the cases were
categorized as <1 month, 1-3 months, 4-6 months, 7
months-1 year, or >1 year. Average time to resection for
each age range was calculated. Data on time to resection
were available for 430 cases. The clinical diagnoses and
surgical excisions were made either at Nippon Medical
School Musashi Kosugi Hospital or at hospitals that re-
ferred patients to us for histopathological diagnosis. All
histopathological analyses were performed in the derma-
topathology division of Nippon Medical School Musashi
Kosugi Hospital.

We investigated the detailed pathological characteris-
tics of the 1,561 tumors diagnosed as pilomatricoma:
depth, the presence of hair papilla-like structures,
trichohyalin granules, aggregations of follicular germina-
tive cells, ossification, squamous stratifying keratinocytes,
cells with a large pale pink cytoplasm, and the morpho-
logical stages proposed by Kaddu' (stage 1: early, stage 2:
fully developed, stage 3: early regressive, stage 4: late re-
gressive) (Fig. 2, 3). Depth was defined according to
where >50% of the tumor resided (subcutaneously or
dermally) when there was enough surrounding tissue to
determine its depth. Trichohyalin granules are bright red
granules in the cytoplasm of cells in the inner root sheath
of the hair (Fig. 3a)’. Hair papilla-like structures consist

of basaloid aggregations with sharp circumscription and

J Nippon Med Sch 2024; 91 (4)
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Fig. 2 The 4 stages of Kaddu
(a) Stage 1: early (female, 74 years old, head)
(b) Stage 2: fully developed (male, 67 years old, face)

(c) Stage 3: early regressive (female, 22 years old, face)
(d) Stage 4: late regressive (male, 27 years old, upper limbs)

smooth borders, with peripheral alignment surrounded
by compressed fibrous tissues, and dermal protrusion
(Fig. 3b)*". Follicular germinative cells are palisading cells
with oval nuclei, like those in the follicular bulge (Fig. 3
c); they have thin, oval, dark-staining nuclei without dis-
cernable nucleoli or a distinct chromatin pattern’.
Squamous stratifying keratinocytes consist of flat ho-
mogenous multiple-layered cells with a bright cytoplasm
with or without a nucleus, and are similar to the kerati-
nocytes found in the squamous cell layer of the epider-
mis (Fig. 3d)’. Cells with a large pale pink cytoplasm
have an eosinophilic cytoplasm and an oval nucleus;
their glassy appearance is similar to that of keratinocytes
in the outer root sheath of the isthmus (Fig. 3e)*".

Kaddu' categorized pilomatricoma lesions chronologi-
cally into 4 morphological stages and proposed that these
reflect the “life” of a pilomatricoma. Lesions begin as in-
fundibular matrix cysts and end up as calcified and ossi-
fied nodules with no visible epithelial components. The
details of the 4 stages proposed by Kaddu® in 1996, are 1.
early stage (stage 1): small cystic structures lined by

squamoid and basaloid epithelium containing keratin

J Nippon Med Sch 2024; 91 (4)

filaments and shadow cells (Fig. 2a); 2. fully developed
stage (stage 2): large neoplasms lined with basaloid epi-
thelium at their periphery, and composed within of ir-
regularly shaped, densely packed zones of cornified
masses containing shadow cells (Fig. 2b); 3. early regres-
sive stage (stage 3): no apparent epithelial lining but with
basaloid cell foci at the periphery, and composed within
of pink hair matrix material with shadow cells sur-
rounded by granulation tissue with inflammatory infil-
trate and multinucleated histiocytic giant cells (Fig. 2c);
4. late regressive stage (stage 4): no epithelial component
and composed of irregularly shaped, partially confluent
masses of faulty hair material, and calcified (sometimes
metaplastically ossified) shadow cells embedded in a
desmoplastic stroma, with little or no inflammatory infil-
trate (Fig. 2d)*’. We classified the tumors included in this
study accordingly.

The time to resection for each Kaddu stage did not
show a normal distribution on the Shapiro-Wilk test (p
<0.05). The Kruskal-Wallis test and Steel-Dwaas test were
used to assess the relationships between time to resection
and Kaddu stage. The relationships between the patho-
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Fig. 3 Pathological characteristics of pilomatricoma found on HE slides
(a) trichohyalin granules (male, 37 years old, neck)
(b) hair papilla-like structure (female, 18 years old, upper limbs)
(c) follicular germinative cells (male, 68 years old, face)
(d) squamous stratifying keratinocytes (male, 14 years old, face)
(e) cells with a large pale pink cytoplasm (male, 67 years old, face)
(f) ossification (female, 30 years old, trunk)

logical characteristics and age, location, sex, depth, and
Kaddu type were assessed with the X* test of independ-
ence for contingency tables, and on the basis of analysis
of the residuals. Statistical significance was set at p<0.05,
and results of p<0.05 on the X* test of independence were
deemed to represent a correlation, with the strength of
correlation indicated by the value of Cramer’s V: the
closer the value was to 1, the stronger the correlation.
Adjusted residuals were calculated by analysis of the re-
siduals. Adjusted residuals >1.96 (p<0.05) indicated a
positive correlation, and adjusted residuals <-1.96 (p
<0.05) indicated a negative correlation. All calculations

and statistical analyses were performed with Microsoft
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Excel® and Bell Curve for Excel®.

Results

a. Clinical Findings

Clinical findings are shown in Table 1. We found 1,590
pilomatricomas in 1,553 patients aged from 0 to 95 years
(average age: 33.5 + 19.0 years, median age: 29.5 + 19.0
years). When classified according to age, patients aged
20-49 years predominated, representing nearly half of the
cases (48.6%). The ratio of males to females was 1:1.6,
and the female ratio was higher in all age ranges. The
most common tumor site was the upper limbs (33.7%).

Presurgical clinical diagnosis was correct in 48.5% of the

J Nippon Med Sch 2024; 91 (4)



Characteristics of Pilomatricoma

Table 1 Case numbers, incidence rate, clinical characteristics, and average time to resection in each age range

N All 0-1(2) l}g&ars 11-121§ears 20—421§ears 2500}l/§ars
Chmca_ll . Age
Characteristics Cases (%)
1,553 139 (9.0) 359 (23.1) 754 (48.6) 301 (19.4)
Sex Male 608 55 117 296 140
Female 943 84 241 457 161
Ratio 1:1.6 1:1.5 1:2.1 1:1.5 1:1.2
Total cases 1,551 139 359 754 301
Location Scalp 94 (6.0) 7 (5.1) 10 (2.8) 29 (3.9) 41 (13.8)
Neck 193 (12.4) 55 (40.1) 100 (28.1) 227 (30.2) 110 (36.9)
Face 500 (32.2) 18 (13.1) 51 (14.3) 91 (12.1) 39 (13.1)
Trunk 147 (9.5) 10 (7.3) 46 (12.9) 71 (9.4) 21 (7.0)
Upper limbs 524 (33.7) 42 (30.7) 16 (4.5) 278 (37.0) 68 (22.8)
Lower limbs 93 (6.0) 5(3.6) 13 (3.7) 56 (7.4) 19 (6.4)
Total cases 1,555 137 356 752 298
Clinical Diagnosis Calcifying epithelioma 754 (48.5) 89 (64.0) 210 (58.8) 373 (49.6) 105 (34.9)
or pilomatricoma
Atheroma 316 (20.3) 13 (9.4) 57 (16.0) 180 (23.9) 70 (23.3)
Skin tumor 133 (8.6) 13 (9.4) 24 (6.7) 55 (7.3) 47 (15.6)
Subcutaneous 132 (8.5) 16 (11.5) 37 (10.4) 78 (10.4) 31 (10.3)
Others 219 (14.1) 8 (5.8) 29 (8.1) 66 (8.8) 48 (15.9)
Total cases 1,554 139 357 752 301
Time to resection <1 month 10 (2.3) 0 0 6 (3.5) 4(44)
1-3 months 118 (27.4) 16 (27.1) 33 (31.4) 32 (18.8) 35 (38.5)
4-6 months 77 (17.9) 10 (16.9) 16 (15.2) 26 (15.3) 25 (27.5)
7 months-1 year 98 (22.8) 19 (32.2) 35 (33.3) 29 (17.1) 13 (14.3)
>1 year 127 (29.5) 14 (23.7) 21 (20.0) 77 (45.3) 14 (15.4)
Total cases 430 59 105 170 91
Average + SD (days) 821 + 2,269.2 409 + 710.0 443 +710.0 1,480 + 3,458.1 408.1 +981.2
Multiple lesions 2 lesions 25 2 8 4 1
3 lesions 3 0 0 2 1
Total cases 28 2 8 6 2
patients. The most common clinical diagnosis was calci- respectively.

fying epithelioma or pilomatricoma in all age groups (35-
64%). Among the 430 cases for whom we knew the time
to resection, the average time was 821.3 + 2,269.2 days
(about 2 years), with 29.5% of them falling into the >1
year group, the largest of the time to resection groups.
However, about 70% of the tumors were resected within
1 year of being identified. The median time to resection
was 240 + 2,269.2 days. There were 28 cases (1.8%) of
multiple lesions.

b. Pathological Findings

Pathological findings are shown in Table 2. Squamous
stratifying keratinocytes were the most common (41.7%),
followed by cells with a large pale pink cytoplasm
(38.9%), hair papilla-like structures (33.9%), ossification
(15.7%), trichohyalin granules (11.9%), and aggregations
of follicular germinative cells (7.8%). Of the four Kaddu
stages, stage 3 (70.6%) was the most common, with
stages 1, 2, and 4 accounting for 0.9%, 11.8%, and 16.7%,

J Nippon Med Sch 2024; 91 (4)

We evaluated the relationships between ossification,
follicular germinative cells, hair papilla-like structures,
squamous stratifying keratinocytes, cells with a large
pale pink cytoplasm, and trichohyalin granules and the
following factors: age at resection, location, sex, depth,
and Kaddu stage. The X* test of independence showed
the following results: for age, X*(27)=170.99, V =0.12, p
<0.05; for location, X*(45)=119.02, V=0.07, p<0.05; for sex,
X*(12)=25.05, V =0.01, p<0.05; for depth X*(9)=203.53, V =
0.26, p<0.05; and for stage X*(27)=1,520.87, V =0.34, p
<0.05. Statistically positive and negative correlations are
summarized in Table 3.

Ossification was positively correlated with age 20-49
years, tumor located in the upper limbs or subcutane-
ously, and Kaddu stage 4. Hair papilla-like structures
were positively correlated with age >50 years, being
male, and Kaddu stages 2 and 3. Squamous stratifying

keratinocytes had a positive correlation with age of 20-49
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Table 3 Summary of correlations between pathological features and age at resection, location, sex, depth, and stage

Clinical and Pathological features

Age at resection

Pathological (years old) Location Sex Depth Kaddu stage
features
Correlation
Positive Negative Positive Negative Positive Negative Positive Negative  Positive Negative
Ossification 20-49  11-19,250 Upper Face, Subcutaneous Dermis 4 2,3
limbs  scalp
Follicular  germi-
native cells
Hair papilla-like 250 Male Female 2,3 4
structures
Squamous stratify- 20-49 2,3 4
ing keratinocytes
Cells with a large =250 20-49 Scalp  Trunk Dermis Subcutaneous 2,3 4
pale pink cyto-
plasm
Trichohyalin gran- 250 20-49 Neck 3 4
ules
Table 4 Time to resection in Discussion

relation to stage

Stage Average + SD (days)

1 158.8 +126.4
2 389 +£736.2
3 649.0 £ 427.5
4 2,924.9 +4,907.9

years and Kaddu stages 2 and 3. Cells with a large pale
pink cytoplasm had a positive correlation with age >50
years, tumor location in the scalp or dermis, and Kaddu
stages 2 and 3. And trichohyalin granules were positively
correlated with age >50 years, tumor location in the
neck, and Kaddu stage 3.

Ossification had a negative correlation with age 11-19
years or =50 years, tumor location in the face, scalp, or
dermis, and Kaddu stages 2 and 3. Hair papilla-like
structures had a negative correlation with being female.
Cells with a large pale pink cytoplasm had a negative
correlation with age 20-49 years, tumor located in the
trunk or subcutaneously, and Kaddu stage 4. Trichohya-
lin granules had a negative correlation with age 20-49
years, and Kaddu stage 4.

The relationships between time to resection and Kaddu
stage are shown in Table 4. Average time increased in or-
der from stages 1 to 4 (X*(3)=94.91, p<0.05), with signifi-
cant differences between stages 1 and 2, 2 and 4, and 3
and 4 (Steel-Dwaas, p<0.05). Time to resection for stage 4

was significantly longer than for the others.

J Nippon Med Sch 2024; 91 (4)

This retrospective study was larger in scale than any
other previously reported in the literature: it presents
both clinical and pathological data on pilomatricoma di-
agnosed pathologically in 1,559 patients with 1,590 tu-
mors from 2016 through 2020 at a single institution. A
comparison with past studies is shown in Table 5.

Unlike in other studies, where age was reported at
clinical diagnosis, on examination or presentation, or not
specified, we report age at resection'””. Although meth-
ods varied slightly, the average age in other studies, both
international and domestic, was lower than in ours (33.5
years), and median age was not mentioned in other re-
ports. The most common age range overall was 11-20
years old, which again was lower than in our study'"™*.
One possible explanation is that because pilomatricoma
is commonly thought of as a condition affecting the
young, it is more likely to be diagnosed in them. Also,
because our study included the largest population of pa-
tients with pilomatricoma (1,559) visiting a single center,
the concentration of cases might have led to a more di-
verse age range. But pilomatricoma was certainly not
limited to the young in our study.

As for tumor location, the most common site reported
in 5 previous Japanese studies was the upper
limbs™"*** This was also the most common location in
our study and, in fact, the percentage of tumors in the
upper limbs was higher in our study than in the other 5.
Neither our study nor any of the other 5 mentioned the
ethnicity of the patients, but they can be assumed to

have been predominantly Japanese. By contrast, the most
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Table 5 Comparison of clinical findings overseas and in Japan

Most Most
Coun-  Average Common . Common  Clinical =~ Multiple  Time to
Year Cases t M:F . .
Ty age Age Tumor Accuracy  Lesions  resection
Range Location
Moehlenbeck!0 1973 1,569  Various 1:1.5 Scalp
Julian and Bowers!! 1998 209 UK 1:1.5 Scalp 21% 1.9% 1 week
52% to 30
years
Pirouzmanesh et 2002 336 USA 1:1.8 26%
al.12
Guinot-Moya et 2011 205  Spain 27 <20years 1:1.1 Scalp 2.4%
al.13 old 46.4% 35%
Hernandez-Nunez 2014 239 Spain 26.4 124  Scalp and 54%
etal.l4 neck 50%
Matsui et al.1> 1985 152 Japan 22.5 <20 years 1:2.4 Upper 4.6% Few
old 50.7% limbs days to
31% 40 years
Noguchi et al.16 1994 355  Japan 21.3 11-20 1:2.2  Face 42% 9.3%
years old
32.2%
Kawakami et al.2! 1996 156 Japan 11-20 1:2  Face 35% 2.0%
years old
33%
Iwasaki et al.20 1997 52 Japan 23.7 11-20 1:1.6 Upper 1.9% 1 week
years old limbs to 10+
26.9% 30% years
Takata et al.22 1997 37  Japan 17.4 11-20 1:1.5 Upper 8.0% 1 day to
years old limbs 60 years
40.5% 25%
lizuka et al.1? 1998 71  Japan 26.5 11-20 1:1.6 Upper 4.2%
years old limbs,
35.2% Shoul-
ders 45%
Akabane et al.18 2004 301  Japan <10years 1:1.7 Face 41% 8.3%
old 38.9%
Fukuda?” 2004 35  Japan 29.4 20-29 1:1.5 Upper 53% 2.9% 1 week
years old limbs to 29
37.14% 50% years
Our data 2022 1,590  Japan 33.5 20-39 1:1.6 Upper 49% 1.8%
years old Limbs
34.1% 34%

common location reported in previous overseas studies
was the scalp'™. Tumor location may differ by ethnicity,
and the predominance of the head and neck in previous
reports may be due to the fact that the patient popula-
tions tended to be Caucasian. As far as sex is concerned,
however, ethnicity does not seem to be a factor, with all
of the reported studies, including ours, showing a higher
female occurrence of pilomatricoma.

Thanks to the increased use of techniques such as ul-
trasound and radiographic imaging, diagnostic accuracy
has increased recently, with accuracy ranging from 21%
to 54.4% in the reported studies"'*”. Two had accuracy
rates of around 50%, similar to our 49%"". As in our
study, reported time to resection varied from days to
years. The presence of multiple lesions ranged from 1.9%

tO 9.30/011,13,15,17*22'

398

Few studies have analyzed the percentages of the
Kaddu stages or described their characteristics. However,
Kaddu stages 3 and 4 were the most common stages in
our study and two others”. The original paper by
Kaddu et al.* reported on a total of 118 lesions from 116
patients. There were 8 cases (6.8%) of early lesions (stage
1), 27 (22.9%) of fully developed lesions (stage 2), 37
(31.4%) of early regressive lesions (stage 3), and 42
(35.6%) of late regressive lesions (stage 4). Ishige et al.”
studied 16 lesions and found only stage 3 and stage 4 le-
sions (11 [68.8%] and 5 [31.2%], respectively). In our
study, stage 3 accounted for the highest percentage of
cases (70.6%). A possible explanation is that the later the
stage, the larger the size of the tumor, with pain caused
by inflammation making the lesions more noticeable.

Time to resection in past studies ranged from 1 day to

J Nippon Med Sch 2024; 91 (4)
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Table 6 Comparison of percentage of pathological features observed overseas and in

Japan

Our study (n=1,561)

Simi et al.3 (2010, n=20)

Pathological features

Percentage (%)

Ossification

Infundibular keratinization
Isthmic keratinization
Trichohyalin granules

Follicular germinative cells

Hair papilla-like structure
Squamous stratifying keratinocytes
Cells with pale pink cytoplasm
Outer root sheath differentiation

15.7 10

55

15

11.9 20
7.8
33.9
41.7
38.9

40

11,15,17,20,22

40 years . In our study, average time increased
from Kaddu stage 1 to 4, supporting Kaddu’s suggestion
that pilomatricoma progresses from stage 1 to 4 (Table
4). Time to resection for stage 4 was significantly longer
than for the other types.

Few studies have assessed the detailed microscopic
features seen in pilomatricoma®", but a comparison of
the microscopic features reported by Simi et al.’ is pre-
sented in Table 6. Our study looked at pathological fea-
tures linked with follicular differentiation, including sev-
eral unrecognized in other studies (perhaps because ours
included a much higher number of cases than previous
studies): neither hair papilla-like structures nor
squamous stratifying keratinocytes, for example, have
been reported in past studies™”. Simi et al. reported in-
fundibular keratinization, isthmic keratinization, outer
root sheath differentiation, and sebocytes’, and Nishie et
al” reported aggregations of follicular germinative cells.
In general, pilomatricoma has been thought of as a tu-
mor with differentiation towards cortical cells of the nor-
mal hair shaft’. However, the microscopic features seen
in our study (squamous stratifying keratinocytes, cells
with large pale pink cytoplasm, presence of a hair
papilla-like structure, trichohyalin granules, and aggrega-
tion of follicular germinative cells) and previous studies,
suggest follicular differentiation besides the hair shaft
and variety in the stages of development of the hair folli-
cle’*”. Due to follicular differentiation, the following fea-
tures besides the hair shaft are found in a normal hair
follicle. Squamous stratifying keratinocytes are found in
the follicular infundibulum. Cells with pale pink cyto-
plasm are found in the follicular isthmus. Trichohyalin
granules are found in the inner root sheath. Hair papilla-
like structures develop in relation with the hair bulb con-

sisting of matrical cells’. Follicular germinative cells are
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similar to normal germinative cells such as embryonic
follicular germ cells or follicular stem cells in the follicu-
lar bulge, which are seen in earlier stages of the develop-
ment of the hair follicle, before follicular differentiation
occurs™. Some reports have suggested pilomatricoma can
differentiate towards the hair matrix, hair cortex, follicu-
lar infundibulum, outer root sheath, and hair bulge™.
Nishie et al.” suggested that the neoplastic cells of pilo-
matricoma had a pluripotent faculty of differentiation to-
wards all parts of the hair follicle-like follicular stem
cells, and the follicular germinative cells may be precur-
sors cells of pilomatricoma. The features observed in our
study and others suggest that pilomatricoma could be a
complex panfollicular neoplasm™**.

Although previous studies have not analyzed the rela-
tionships between the pathological and clinical features

¥ our results show notable relation-

of pilomatricoma
ships with age at resection, location, sex, depth, and
Kaddu stage (Table 3). We found, for example, that ossi-
fication had a positive correlation with age 20-49 years,
tumor location in the upper limbs, subcutaneous loca-
tion, and Kaddu stage 4. The fact that ossification was
most common in patients aged 20-49 years old may be
due to age-related increased cell activity. Foreign body
reaction-induced macrophages have been suggested to
induce calcification and ossification in pilomatricoma®.
Foreign body reaction may also induce inflammation that
results in a deeper location of the tumor in the subcuta-
neous tissue. The positive correlation with stage 4 is due
to categorizing according to the definition of the Kaddu
stage. The positive correlation between ossification and
tumor location in the upper limbs with may be due to
this site being more subject to external stimuli than the
face and scalp. Subcutaneous and intramuscular injec-

tions such as vaccinations may be possible stimuli*™.
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Hair papilla-like structures had a positive correlation
with age >50 years, being male, and Kaddu stages 2 and
3; they were negatively correlated with being female and
Kaddu stage 4. We can suggest no plausible explanations
for these correlations. Squamous stratifying keratinocytes
had a positive correlation with age 20-49 years and
Kaddu stages 2 and 3. This age group had the longest
average time to resection, which may have allowed pilo-
matricoma to become more advanced with more follicu-
lar differentiation, leading to the presence of squamous
stratifying keratinocytes. But again, we cannot currently
offer any plausible explanation for the correlation with
the Kaddu stages. Cells with a large pale pink cytoplasm
were positively correlated with age >50 years, location in
the scalp and dermis, and Kaddu stages 2 and 3; they
were negatively correlated with age 20-49 years, tumor
location in the trunk and subcutaneous tissue, and
Kaddu stage 4. The positive correlation with the scalp lo-
cation may be due to isthmic keratinization, a type of
hair differentiation more likely to occur in the scalp,
where there are abundant hair follicles. But we cannot
yet explain the correlation with age, depth, and Kaddu
stage. Trichohyalin granules had a positive correlation
with age =50 years, tumor location in the neck, and
Kaddu stage 3, but we are unable to explain why.

To conclude, our study was the first to look at the de-
tails of the clinical features of pilomatricoma in Japanese
patients, and to investigate the factors involved in its
pathological features. Female predisposition seems to be
a clinical feature of pilomatricoma, regardless of ethnicity
or age, but the tumor location in the upper limbs com-
monly observed in Japanese patients may indicate ethnic
differences. Pathologically, the fact that cells linked to fol-
licular differentiation are observed suggests that piloma-
tricoma is a complex panfollicular neoplasm, and time to
resection correlates with Kaddu stages. The pathological
features of pilomatricoma may be affected by certain fac-
tors such as age at resection, sex, tumor location and
depth, and Kaddu stage. Although no definitive relation-
ships have been established as yet, further accumulation
of knowledge should clarify the pathogenesis of piloma-

tricoma as well.
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