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Objective: The aim of this study was to describe the clinical and histopathological char-
acteristics of seborrheic keratosis (SK) with secondary tumor and identify associated factors.
Methods: This study was a monocentric retrospective case-control study describing the
factors associated with the development of tumors in SK. A total of 1365 patients with SK
were admitted to our department between 2018 and 2021. All of the histopathological
specimens and medical records of these patients were reviewed. We compared the data of
36 patients with tumors arising in SK with those of the remaining 1329 patients with only
SK, which were designated the control group.

Results: The incidence of tumors arising in SK that were biopsied was 2.6%. The tumor
types included squamous cell carcinoma (SCC), basal cell carcinoma (BCC) and keratoa-
canthoma (KA). Compared with other patients with SK, elderly patients with immunosup-
pression, patients presenting surrounding erythema or ulceration, and those with SK in
exposed areas had an increased possibility of developing a secondary tumor. Tumors arising
within SK have the histopathological features of ulceration, cytologic atypia, mitosis,
“malignant horn”, trabecular cell cords, solar elastosis and severe inflammatory infiltration
in the dermis.

Conclusion: SK can show malignant progression in a small fraction of SK cases that are
biopsied. This study is the first report on the clinical and histopathological characteristics of
tumors arising in SK and identifies relevant factors in an Asian population.
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Introduction

Seborrheic keratosis (SK) is considered the most common benign cutaneous neoplasm
lacking malignant potential. In general, the pathogenesis of SK is not clear. Studies
have shown that it is characterized by genetic stability; however, multiple somatic
alterations, such as activating mutations of FGFR3, PIK3CA, HRAS, KRAS, AKT1, and
EGFR, exist in 89% of the lesions.! Heidenreich et al” identified high allele frequencies
of BRAF, CDKN2A4 and TERT and DHPH3 promoters, in addition to those previously
identified, in SK. In addition, they found that a positive feedback loop between FGFR3
and FOXNI stalls affected keratinocytes in a pro-differentiation manner and may
prevent the malignant progression of SK. However, in recent years, the rate of
tumorigenesis in SK has been reported to be higher than previously supposed; the
incidence of tumors arising in SK was recently reported to be 7%.> Some estimation

bias may exist, as the biopsy rate depends on whether SKs are removed only if they are
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in some way atypical. Studies have reported that SK lesions
in the presence of ulceration, bleeding and crusting may
herald malignant progression.* However, whether these fac-
tors are associated with tumorigenesis in SK has not yet been
identified. Large-scale clinical and histopathological ana-
lyses of SK secondary tumors remain lacking. To shed light
on this issue, we studied the clinical and histopathological
characteristics of malignant tumors arising with or in SK
(tumor-SK) and identified relevant factors.

Materials and Methods

Materials

Ethics approval was granted from the Ethics Committee
of the First Affiliated Hospital of Chongqing Medical
University. A retrospective review of patients seen at
the First Affiliated Hospital of Chongqing Medical
University, Chongqing, China, between January 2018
and March 2021 was conducted. All patients who under-
went complete excisional biopsy and histopathological
examination diagnosing SK were included in this study.
All slides stained with hematoxylin-eosin (HE) were
taken from the Dermatological Department of the First
Affiliated Hospital of Chongqing Medical University.
The clinical data were collected from inpatient or out-
patient medical records, pathology application forms, etc.
All cases had complete and detailed medical records. All
of the patients had provided written informed consent to
present their clinical data with no associated identifying
information.

Methods

All patients were identified through a computer-generated
search using the term “seborrheic keratosis™ in the pathol-
ogy results from the database of the First Affiliated
Hospital of Chongqing Medical University (n = 1365).
Thirty-six patients with SK and secondary tumor were
enrolled in the study, and the remaining 1329 patients
with only SK were designated the control group. We retro-
spectively analyzed the sex, age, clinical manifestations,
histopathological characteristics and history of immuno-
suppression of the 36 patients with tumor-SK and the
remaining 1329 patients with only SK. The histological
changes in SK components were compared between the
two groups. A clinical and pathological review of the
lesions was performed independently by 3 dermatologists

including corresponding author.

Statistical Analysis

Descriptive analyses were conducted to evaluate the clin-
ical and histological data, including sex, age and location
of SK, as well as the characteristics of secondary tumors
associated with SK. Age is presented as the mean (range)
age and was compared using Student’s ¢-test. Categorical
variables were compared using the x*-test and Fisher’s
exact test. A P value less than 0.05 was considered statis-
tically significant. Statistical analysis was performed using
the statistical software SPSS for Windows version 23.0.

Results

General Data of Patients with SK

A total of 1365 patients with SK were identified. The
general data are presented in Table 1. Among all the
patients with SK, men accounted for 49.1% and women
accounted for 50.9%, with no significant bias with respect
to sex. The age of the patients with SK ranged from 15 to
93 years, with a mean age of 57.5 years. SK was most
commonly found in exposed areas, predominately the face
(35.9%), followed by the head and neck (28.1%), the trunk
(25.3%), and the limbs (10.7%).

Clinical Presentation

The clinical data regarding the tumor-SK and SK groups
are presented in Table 2. Mean age in the tumor-SK group
and SK group was 72.9 and 57.1 years, respectively
(P<0.001). The statistical analysis revealed significant dif-
ferences between the groups in the presence of clinically
surrounding erythema (86.1%; P<0.001) and ulceration
(41.7%; P<0.001). SK in an exposed area (face, neck and
V-area of the chest, outer forearms or the dorsum of hands)
and immunosuppression were prevalent factors in the
tumor-SK  group, occurring in 94.4% (P=0.002) and

Table | Characteristics of Patients with SK (n=1365)

Characteristics Percentage
Gender Female 695 (50.9%)
Male 670 (49.1%)
Age (y) <30 54 (4.0%)
3149 348 (25.5%)
=50 963 (70.5%)
Locations Scalp and neck 384 (28.1%)
Face 490 (35.9%)
Limbs 146 (10.7%)
Trunk 345 (25.3%)
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22.2% (P<0.001) of patients, respectively. Patients who
had undergone transplant, had HIV, or had a history of
oral immunosuppressive drugs were classified as immuno-
suppression patients. Among the 36 patients in the tumor-
SK group, 6 patients presented bleeding (16.7%), 2
patients presented with new neoplasms appearing on the
skin lesions of SK (5.6%), and 15 patients had symptoms
such as pain and pruritus, accounting for 41.7%, which
demonstrated a nonsignificant difference (P>0.05).

Histological Examination

Among the 1365 patients with SK, 36 had secondary
malignancies (2.6%) (Table 3). Thirty patients had second-
ary squamous cell carcinoma (SCC), accounting for 83.3%
of patients in the tumor-SK group, and comprised 26
patients with SCC in situ (Figure 1) and 4 patients with
invasive SCC (Figure 2). There were 5 cases of secondary
basal cell carcinoma (BCC) (Figure 3), comprising 3 cases
of the nodular type, 1 case of the infiltrating type and 1
case of the superficial type; patients with secondary BCC
accounted for 13.9% of the total malignant progression
population in the tumor-SK group. One patient had tumors
secondary to keratoacanthoma (KA) (Figure 4), account-
ing for 2.8% of patients in the tumor-SK group. In KA, the
tumor architecture lacks the classical lipping of the edges

Table 3 Histological Features of 36 Patients with Tumor-SK

Tumor-SK N (%)
SCC SCC-in-situ 26 (72.2)
Invasive-SCC 4 (11.1)
BCC Nodular type 3 (8.3)
Infiltrating type 1 (2.8)
Superficial type 1 (2.8)
KA 1 (2.8)

Abbreviations: Tumor-SK, tumor arising with or in seborrheic keratosis; BCC,
basal cell carcinoma; SCC, squamous cell carcinoma; KA, keratoacanthoma.

of the lesion. Pseudoepitheliomatous hyperplasia and very
early verrucous carcinoma are alternative diagnoses to
consider. The most common tumors associated with SK
were SCC, followed by BCC and KA.

The frequencies of histopathological variables in the
tumor-SK and SK groups are presented in Table 4.
Significant between-group differences were revealed for his-
tological ulceration (55.6%; P<0.001), cytologic atypia
(100.0%; P<0.001), mitosis (55.6%; P<0.001), “malignant
horn” (41.7%; P<0.001), trabecular cell cords (38.9%;
P<0.001), solar elastosis (77.8%; P<0.001), and severe
inflammatory infiltration in the dermis (91.7%; P<0.001).
Among the 36 patients in the tumor-SK group, acantholysis

Table 2 Clinical Characteristics of Patients with Tumor-SK and SK n (%)

Characteristics Tumor-SK (n=36) SK (n=1329) P value
Mean age 72.9 (Years) 57.1 (Years) P<0.001
Sex Male 11 (30.6) 659 (49.6) P=0.167
Female 25 (69.4) 670 (50.4)
Surrounding erythema Yes 31 (86.1) 196 (14.7) P<0.001
No 5(13.9) 1133 (85.3)
Bleeding Yes 6 (16.7) 95 (7.1) P=0.067
No 30 (83.3) 1234 (92.9)
Neoplasma Yes 2 (5.6) 13 (1.0) P=0.057
No 34 (94.4) 1316 (99.0)
Ulceration Yes 15 (41.7) 39 (2.9) P<0.001
No 21 (58.3) 1290 (97.1)
Symptoms (pain, pruritus) Yes 15 (41.7) 452 (33.3) P=0.339
No 21 (58.3) 877 (66.7)
Exposed Area Yes 34 (94.4) 942 (70.9) P=0.002
No 2 (5.6) 387 (29.1)
Immunosuppression Yes 8 (22.2) 28 (2.1) P<0.001
No 28 (77.8) 1301 (97.9)
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Figure | Clinical image and histological appearance of SCC in situ arising in seborrheic keratosis. (A) SCC in situ presented as a round-like nodule with a raised surface with
crusting on face. (B and C) The nest of squamous epithelial cells can be noticed (B, original magnification x10). Red-lined sections are presented in (C and D) (C, original
magnificationx40; D, original magnificationx400). (D) Mitosis and disorderly arrangement of cells are present. (B—D, Hematoxylin-eosin stain).

(38.9%), spongiosis (55.6%), squamous eddies (50.0%), dys-
keratocytes (75.0%), necrosis (8.3%), basal layer liquefac-
tion (72.2%), and pigment incontinence (52.8%) were
prevalent, all of which showed nonsignificant differences.

Discussion

SK is by far the most common cutaneous tumor encountered
in clinical practice and primarily affects middle-aged and
elderly people. The etiology of SK remains unclear; associa-
tions with human papillomavirus (HPV), melanocyte hyper-
plasia, genetic predisposition, and sun damage have been
identified.” Although SK appears to be genetically stable,
multiple somatic alterations, such as FGFR3 and PIK3CA,
HRAS, KRAS and EGFR mutations, exist in SK, which allow
for the malignant transformation of seborrheic keratoses.'
According to recent studies, the incidence of tumorigenesis
in SK varies between 1.4% and 7%.>° Our results revealed
that among the 1365 patients diagnosed with SK who under-
went biopsy, 36 (2.6%) were found to have nonmelanoma

skin cancer. In previous publications, the most common
tumors reported to arise in SK were BCC followed by
SCC. However, a variety of tumors may arise secondarily
in SK, including adenocarcinoma, trichilemmal carcinoma,
primary
ganglioneuroma.” '" In the series of 36 patients with tumors

eccrine  porocarcinoma  and cutaneous
arising in SK, there were 26 patients with SCC in situ, 4
patients with invasive SCC, 5 patients with BCC and 1
patient with KA. Although previous studies showed that
BCC was the most common malignant neoplasm occurring
within SK, our results are consistent with another study that
showed SCC in situ to be the lesion most commonly asso-
ciated with SK,'? although the number of invasive SCC cases
was higher in that study than in the present study.

To the best of our knowledge, comparisons of clinical and
histopathological characteristics between patients with
malignant tumors arising in SK and a control group to
identify associated risk factors have not been reported to

date. Our study shows that the mean age in the tumor-SK

https://doi.org/10.2147/TCRM.S316988
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Figure 2 Clinical image and histological appearance of invasive SCC arising in seborrheic keratosis. (A) Invasive SCC presented as a neoplasm from the gray-black papule on
face. (B and C) Pseudohorn cysts and trabecular cell cords can be observed (B, original magnification %20). Red-lined sections are presented in (C and D) (C, original
magnificationx | 00; D, original magnificationx 100). (D) The nest of squamous epithelial cells, mitosis and disorderly arrangement of cells are present in the epidermis and

dermis. (B-D, Hematoxylin-eosin stain).

group and the SK group was 72.9 and 57.1 years, respec-
tively. This finding is consistent with the increasing incidence
of tumorigenesis in SK as individuals age and strongly sug-
gests that cumulative factors such as chronic photodamage
may contribute to the development of tumors in SK. We also
found that patients with immunosuppression have an
increased possibility of developing secondary tumors in
SK. Owing to the impairment of immune function, the fre-
quency and presentation of skin disease, particularly skin
tumors, change dramatically in patients with immunosup-
pression. Common diseases present in uncommon forms,
and uncommon diseases present more commonly.
Therefore, patients with immunosuppression have an
increased risk of developing secondary tumors in SK.
Under immunosuppression, the immune monitoring function
of the body is weakened, and under the reductions in the
functioning and number of local dendritic and CD4 cells,

mutant cells can survive and proliferate.’ In addition, in

elderly patients, immune function is weakened. This may
be because B and T cells lose the ability to proliferate as
aging progresses, leading to the loss of lymphocyte
diversity."

Although a previous study cannot claim to support sun-
light as a possible factor in the malignant transformation of
SK,'* our results confirmed a positive correlation between an
exposed SK location and the incidence of tumor in SK. Our
data demonstrated that tumorigenesis was more likely in
cases where SK was in exposed areas, raising the possibility
that sun exposure is important for the development of sec-
ondary tumors in SK; reducing sun exposure might help
prevent such development. Heidenreich et al found that the
mutational pattern in SK exhibited a typical ultraviolet (UV)
signature, with the majority of alterations being C>T and
CC>TT base changes at dipyrimidinic sites, which demon-
strated a high proportion of UV-associated mutations.”
Seborrheic keratoses can be considered clinical markers of
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Figure 3 Clinical image and histological appearance of BCC arising in seborrheic keratosis. (A) BCC presented as a black nodule with collapsing crust in the center on face.
(B and C) The nests of basophils cells can be noticed (B, original magnification x20). Red-lined sections are presented in (C-F) (C, original magnificationx200; D, original
magnificationx | 00; E, original magnificationx 100; F, original magnificationx200). (D) The tumor cells are basaloid cells, with palisading of the cells. (E) Pseudohorn cysts can
be observed. The basaloid cells show attachment to the epidermis. (F) Mucin deposition is present. (B—F, Hematoxylin-eosin stain).

Figure 4 Clinical image and histological appearance of KA arising in seborrheic keratosis. (A) The gray-black papule with crusting on the surface of face. (B and C)
Pseudohorn cysts, trabecular cell cords and solar elastosis can be observed (B, original magnification % 10). Red-lined sections are presented in (C and D) (C, original
magnificationx 100; D, original magnificationx200). (D) Large, pale squamous cells with keratinization. (B—D, Hematoxylin-eosin stain).
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Table 4 Frequency of Histopathology Variables in Tumor-SK and SK n (%)

Pathological Feature Tumor-SK (n=36) SK (n=1329) P value
Malignant hyperkeratosis 15 (41.7) 143 (10.8) P<0.001
Ulceration 20 (55.6) 151 (11.4) P<0.001
Acanthosis 14 (38.9) 462 (34.8) P=0.608
Spongiosis 20 (55.6) 590 (44.4) P=0.184
Squamous eddies 18 (50.0) 479 (36.0) P=0.086
Necrosis 3(83) 40 (3.0 P=0.071
Dyskeratocyte 27 (75.0) 936 (70.4) P=0.553
Cytologic atypia 36 (100.0) 708 (62.8) P<0.001
Mitosis 20 (55.6) 297 (53.3) P<0.001
Trabecular cell cords 14 (38.9) 129 (9.7) P<0.001
Basal layer vacuolization or liquefaction 26 (72.2) 765 (57.5) P=0.079
Pigment incontinence 19 (52.8) 594 (44.7) P=0.336
Solar elastosis 28 (77.8) 477 (35.9) P<0.001
Severe inflammatory infiltration 33 (91.7) 289 (21.7) P<0.001

Abbreviation: Tumor-SK, tumor arising with or in seborrheic keratosis.

sun damage. UV light is a known risk factor for malignant
epithelial tumors, such as BCC and SCC, and future research
may reveal its potential role in the development of secondary
tumor in SK."?

We also found that the clinical presentations of sur-
rounding erythema and ulceration were likely relevant to
tumorigenesis in SK and showed significant differences
between the tumor-SK and SK groups. We found that
surrounding erythema was usually pathologically asso-
ciated with severe inflammatory infiltration in the dermis.
Bleeding and symptom differences were not significantly
different between the tumor-SK and SK groups, which
suggested that these characteristics were the least impor-
tant clinical signs of malignant progression. We think these
changes are most likely subsequent to the presence of
malignant cells manifested as clinical signs of secondary
tumors rather than the cause of tumor formation.
Clinicians and pathologists should be aware of the possi-
bility of SCCs arising in SK and have increased suspicion
when evaluating these types of lesions in patients who are
immunosuppressed and present with surrounding erythema
and ulceration on exposed sites.

The criteria for the diagnosis of tumor in SK include
cytologic atypia and mitosis with features of SK such as
hyperkeratosis, parakeratosis, papillomatosis, and pseudo-
horn cysts;’ these criteria are consistent with the findings
of our study. In our series, in addition to ulceration, cyto-
logic atypia, mitosis and solar elastosis, we found that
malignant horn and trabecular cell cords were significant
features of SK with secondary tumor. The “malignant

horn” is a compact, eosinophilic stratum corneum with

hyperchromatic brick-like parakeratosis.'® In this study,
most of the trabecular cell cords were found in cases
where SK was in an exposed area, which may be asso-
ciated with sunlight damage.'” The rapid growth of kera-
lead to
acantholysis. In addition, we observed that severe inflam-

tinocytes may necrosis, ulceration and
matory infiltration in the dermis is associated with second-
ary tumor in SK. Inflammatory infiltration may cause
damage to the basement membrane, leading to basal
layer vacuolization or liquefaction and even pigment
incontinence. Some epidermal and dermal changes were
observed in SK, such as acantholysis, spongiosis, squa-
mous eddies, dyskeratocytes, necrosis, basal layer vacuo-
lization or liquefaction, and pigment incontinence, all of
which showed nonsignificant differences between the
tumor-SK and SK groups. Our study revealed significant
between-group differences in histological findings, such as
the presence of malignant horn, trabecular cell cords, solar
elastosis, and severe inflammatory infiltration in the der-
mis, in addition to cytologic atypia and mitoses, which
may be helpful information to consider when examining a
specimen histologically.

SK is a common benign tumor that is rarely compli-
cated by other tumors. Therefore, most cases of SK do not
need treatment, only follow-up. However, when SK has
atypical symptoms or the patient has aesthetic needs, treat-
ment can be considered.'® In addition to surgical resection,
cryotherapy, curettage or laser treatment can be consid-
ered. Seborrheic keratoses that have undergone recent
clinical changes or appear inflamed or irritated should be

considered for biopsy and histological examination.
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Controversy exists in the literature as to whether malig-
nant epithelial tumors actually arise from SK or are simply
concurrent with them. Some scholars believe that BCC
may arise directly from the wall of pseudohorn cysts,"”
and SCC arises from the eosinophilic spinous cell popula-
tion around pseudohorn cysts,”® which indicates that sec-
ondary tumor may be associated with components in SK.
However, a clear delimitation exists between the SK com-
ponent and the associated carcinoma component, as we
observed via microscopy in some cases in our series.
Therefore, the possibility of collision tumor is present.

There are several limitations of this study. One limitation is
its retrospective study design, which limited our ability to
analyze data. In addition, restrictions have been imposed
regarding the use of electronic medical records and search
engines. A second limitation is that the incidence of SK with
secondary tumor in this study seems higher than that pre-
viously supposed, which might be attributable to the fact that
the object of our study was SK after biopsy and not all SK.
This measurement does not reflect the frequency of tumors
arising in all cases of SK,, only that of tumors arising in SK that
were biopsied. A third limitation is that although SK appears
to be genetically stable, multiple somatic alterations, such as
FGFR3 and PIK3CA, HRAS, KRAS and EGFR mutations,1
exist that allow for the malignant transformation of seborrheic
keratoses. To verify this possibility, molecular analyses of
tumor cell subpopulations is needed to establish whether the
clonal somatic mutations that characterize SK cells are also
present in malignant tumor cells arising in SK lesions.

In conclusion, our study demonstrated that tumors
arose in a small fraction of all SK cases that were biopsied.
The most common secondary tumor of SK was SCC,
followed by BCC and KA. The appearance of secondary
tumor in SK occurs more often in immunosuppressed
elderly patients with clinically surrounding erythema and
ulceration in the exposed area than in other patients with
SK. Histologically, malignant tumors arising in SK show
ulceration, cell atypia, mitosis, “malignant horn”, trabecu-
lar cell cords and severe inflammatory infiltration in the
dermis, which may serve as signs of tumors arising in SK
and deserve attention in clinical practice.
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