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ABSTRACT

Background: Intralesional methotrexate injection (IL-MTX) is an appropriate strategy for treat-
ing epithelial crateriform tumors (ECTs) when surgical excision can result in functional or cos-
metic defects; however, not all ECTs are responsive to this treatment.

Objective: This study aimed to evaluate the effectiveness of IL-MTX for ECTs and to determine
the differences in clinical response according to the pathological features.

Methods: The medical records of patients treated with IL-MTX for their ECTs were retrospec-
tively reviewed. Effectiveness was evaluated in terms of size reduction and flattening.

Results: Twenty-five cases of ECTs with biopsy were included in this study. Eight cases of kera-
toacanthoma (KA) and 15 cases of squamous cell carcinoma (SCC) were identified, but 2 cases
could not be clearly distinguished. Seventeen patients (68%) showed a response after injection,
and response rate in KA and SCC were 75% (6/8) and 60% (9/15), respectively. Nine patients
showed complete resolution with IL-MTX. Patients received 3 injections, and regression was
observed in 7.56 weeks after the first injection. According to histopathological results, patients
with KA and SCC received 2 and 3.33 injections, respectively, and complete resolution was
observed after 7 and 7.67 weeks, respectively.

Conclusion: IL-MTX is safe and effective, and could be considered as a useful non-surgical
treatment option for ECTs. Both KA and crateriform SCC showed good response; However,
KA showed a better response.

Keywords: Keratoacanthoma; Methotrexate; Squamous cell carcinoma

SCC, the early and well-developed stages of KA display a gradient of
cellular pleomorphism with most of the pleomorphic keratinocytes

Epithelial crateriform tumor (ECT) is a group of cutaneous neo-
plasms characterized by a central keratin plug. Various epithelial
skin tumors have a crateriform morphology. Ogita et al.! histolog-
ically classified ECTs into keratoacanthoma (KA) and 6 other types
of tumors including crateriform squamous cell carcinoma (SCC).
According to this study, KA is characterized by proliferation of large
pale pink cells with a glassy appearance showing compact kera-
tinization with a few layers of basophilic cells at the margins. In
contrast, SCC shows atypical keratinocytes on whole lesion with
less large pale pink cells. While pleomorphism is usually random in
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at the periphery of the deep lobules. They also reported about 12%
of ECT was KA with a conventional SCC component. Although KA
is well known for its spontaneous involution, SCC exhibits aggres-
sive behavior that leads to local tissue destruction. However, owing
to the clinical and histological resemblances between these entities,
distinguishing these is difficult’. Furthermore, the final size and
resolution cannot be predicted during the initial stage®. Therefore,
early ECT treatment is necessary.

Surgery remains the treatment of choice for both KA and
SCC3. However, surgery can induce cosmetic or functional defects,
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especially when the tumors are large or located in vulnerable areas
like head and neck or hand. Therefore, effective non-surgical alter-
natives have been required for the treatment of ECTs. Previous
studies have described the successful treatment of KA and SCC
with intralesional methotrexate injections (IL-MTXs)*°, which
suggests the possibility of IL-MTX as an alternative to the surgi-
cal treatment of ECTs.

However, not all ECTs are responsive to IL-MTX in clinical
practice. Thus, understanding the exact effects of treatment and
identifying the factors that might affect the therapeutic outcomes
is important. Salido-Vallejo et al.® previously reported that a better
response to IL-MTX is related to increased odds of occurrence of
KA, rather than SCC.

We aimed to evaluate the efficacy of IL-MTX administration in
the treatment of ECTs and to determine the differences in clinical
response according to the pathological features.

MATERIALS AND METHODS

Medical records of patients treated with IL-MTX for ECTs were
retrospectively reviewed. Data were collected from the electronic
database of Korea University Medical Center. This study was
approved by the Institutional Review Board (IRB) of Korea Univer-
sity Anam Hospital (IRB No. 2023AN0342) and informed consent
was waived because of the retrospective nature of the study.

Patients treated with IL-MTX for ECTs between January 2015
and December 2022 were included in the study. Patients without
biopsy result or whose treatment response could not be confirmed
due to a lack of clinical photographs were excluded. Patient’s age,
tumor location, biopsy result, treatment interval, total treatment
duration, and number of injections, and adverse reactions were
collected from the medical records. Clinical photographs taken
before and after the treatment were examined, and histopatho-
logical slides were reviewed. Tumor staging was done according
to National Comprehensive Cancer Network guidelines® for squa-
mous cell skin cancer (version 2. 2022) and computed tomography
(CT) scan was taken if needed.

A 25-mg/ml solution of methotrexate (MTX) was injected
directly into the tumor mass, until the tumor was filled with the
solution and uniform blanching appears. The injections were
repeated at 1- or 2-week intervals. The effectiveness of IL-MTX
was evaluated in terms of size reduction and flattening of tumors.
If a reduction in size or flattening was observed more than 20%
change, we considered it was responsive and maintained ther-
apy. Surgical removal was performed in the absence of changes
or aggravation. If ECTs were completely or almost flattened,
lesions were evaluated after 1- or 3-month interval. If flattening
was maintained without exacerbation, we considered them as
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completely resolved. If ECTs were completely resolved by IL-MTX
alone, the total duration of treatment and number of injections
were calculated between the date of treatment initiation and that
of confirmation of tumor disappearance. We switched to top-
ical treatment with 5% imiquimod cream if lesions were much
flattened and patients do not want injection therapy anymore.
Surgical removal was performed if pathologic confirmation of
clearance is needed after treatment.

Statistical analysis was done using SPSS software (version
23.0; IBM, Armonk, NY, USA). Fisher’s exact test was used for
comparing response rate. The p-values of <0.05 were considered
statistically significant.

RESULTS

Overall, 25 patients were included in the study. The mean age
was 75.44 (standard deviation [SD], 13.46) years. Thirteen (52%)
were men. In 20 patients (80%), the tumors were located in the
head and neck, and 4 tumors were located on the hands. The nose
(n=5), and cheeks (n=6) were the most commonly affected regions.

Eight patients were diagnosed with KA, and 15 were diagnosed
with SCC. In 2 cases, KA and well-differentiated SCC could not be
clearly distinguished because 2 components of them are accom-
panied, and we defined them as “intermediate.” Among the SCC
cases, 13 were well-differentiated, one was moderately differenti-
ated, and one was confirmed as verrucous SCC.

Patient demographics and tumor characteristics of every
patients are summarized in Table 1.

KA

Eight cases were diagnosed as KA. The mean age of patients was
78.63 (SD, 7.21), and every tumor was located in head and neck
area. The largest diameter of every case was less than 2 cm. Six
patients (75%) showed a response after IL-MTX therapy. Two of
them continued the therapy and complete resolution was shown
with IL-MTX alone (Fig. 1). Two of the others completed a therapy
with topical imiquimod after flattening following IL-MTX. The
remaining patients stopped continuing further management after
size reduction.

SCC

Fifteen cases were confirmed as SCC. The mean age of patients
was 73.6 (SD, 15.37). Nine patients (60%) showed a response after
IL-MTX therapy. Six of them continued the therapy and complete
resolution was shown with IL-MTX alone (Fig. 2). In case of the
other 3 responders, wide excision and topical imiquimod therapy
were done in one case each. The remaining one stopped visiting
the hospital after size reduction.
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Table 1. Demographics and tumor characteristics

No. Sex/Age Location Diagnosis Differentiation Response Size >2 cm LN Staging

1 F/83 Forehead KA R No

2 M/64 Nose KA R No

3 M/74 Nose KA R No

4 M/86 Cheek KA R No

5 M/76 Lip KA R No

6 F/80 Neck KA R No

7 M/81 Temple KA NR No

8 F/85 Cheek KA NR No

9 M/81 Scalp scc Well R Yes ) Il
10 F/91 Scalp Sscc Well R Yes -) Il
11 F/44 Nose scc Well R No -) I
12 M/51 Nose scc Well R No ©) |
13 F/53 Hand scc Well R No )" I
14 M/73 Hand scc Well R No -) I
15 M/86 Hand scc Well R No ) |
16 F/75 Cheek scc Moderate R Yes -) Il
17 M/60 Ankle scc Verrucous R Yes ) Il
18 F/89 Temple scc Well NR No ) |
19 F/78 Cheek scc well NR Yes )" I
20 F/82 Cheek scc Well NR Yes )" I
21 M/84 Cheek scc Well NR No =) |
22 F/91 Lip scc Well NR No =) I
23 F/66 Hand scc Well NR Yes -) I
24 M/93 Nose Intermediate R No -)
25 M/60 Lip Intermediate R Yes )

LN: lymph node metastasis, KA: keratoacanthoma, N: non-responder, R: responder, SCC: squamous cell carcinoma.
“Computed tomography scan was done for evaluation.

Initial

Fig. 2. Histopathologic findings and clinical response of well differentiated
squamous cell carcinoma completely resolved through intralesional methotrexate
injection itself. (A) Clinical resolution after 3 injections. (B) Initial biopsy shows
tumor nests of atypical keratinocytes on whole lesion with less large pale pink
cells compared to keratoacanthoma (hematoxylin and eosin, x40).

Fig. 1. Histopathologic findings and clinical response of keratoacanthoma
completely resolved through intralesional methotrexate injection itself.

(A) Clinical resolution after 2 injections. (B) Initial biopsy shows large pale
pink cell proliferation with a glassy appearance and symmetrical crateriform
architecture with peripheral collarette (hematoxylin and eosin, x40).
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Fig. 3. Moderately differentiated squamous cell carcinoma completely
resolved through intralesional methotrexate administration itself. (A) Complete
resolution after 6 injections. (B) Initial biopsy shows pleomorphic atypical
tumor nests invading deep dermal layer (H&E, x100). (C) Complete resolution
was pathologically confirmed after excision and cytologic atypia was not found
in epithelial component (H&E, x40).

H&E: hematoxylin and eosin.

Among 15 SCC cases, 7 cases had size over 2 cm, and 4 of
them were responders (57.1%). Among the 8 tumors less than 2
cm, 5 of them were responders (62.5%). Significant difference in
response rate according to tumor size was not shown in Fisher’s
exact test (p>0.05).

Remarkable lymph node involvement was not detected under
palpation in most patients. CT scan was taken in 5 cases with
suspicious lymph node enlargement and there was no evidence
of lymph node involvement.

Other than 13 well-differentiated cases, one case of SCC
with moderate differentiation and one case of verrucous SCC
were included in our study, both of which showed a response to
IL-MTX. For moderately differentiated SCC, the therapy was com-
pleted with wide excision, and complete resolution was confirmed
pathologically (Fig. 3).

Overall response
Response rate to IL-MTX was higher in KA than SCC, but dif-
ference was not proven to be statistically significant (p>0.05).
Regardless of pathologic diagnosis, 17 patients (68%) showed a
response after IL-MTX therapy (6 KA, 9 SCC, and 2 intermedi-
ate). Patients with no significant response underwent surgical
removal. No critical adverse events were observed during the
treatment period.

ECTs on the head and neck showed a response rate of 65% and
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Table 2. Treatment response of overall cases and completely resolved cases

Cases Total No.of  Injection Duration
No. of responders (times) (wk)
cases (rate)

Overall cases

Total 25 17 (68%)

Diagnosis
Keratoacanthoma 8 6 (75%)
Squamous cell carcinoma 15 9 (60%)
Intermediate 2 2 (100%)

Completely resolved cases

Total 9 3 7.56

Diagnosis
Keratoacanthoma 2 2 7
Squamous cell carcinoma 6 3.33 7.67
Intermediate 1 3 8

every patient with lesions located on the nose showed a response.
ECTs on the hand showed a response rate of 75% (3/4).

Analysis of completely resolved cases

Nine cases that showed complete resolution with IL-MTX admin-
istration itself. They were confirmed as KA (n=2), SCC (n=6), or
intermediate (n=1) through biopsy. The patients underwent 3 ses-
sions of IL-MTX administration (mean; SD, 1.5), and complete
resolution was observed at 7.56 weeks (mean; SD, 3.00) after the
first day of injection.

Based on histopathological diagnosis, patients with KA and
SCC underwent 2 (mean) and 3.33 (mean; SD, 1.75) times of injec-
tions, and complete resolution was observed after 7 (mean; SD
1.41) and 7.67 (mean; SD, 3.72) weeks, respectively. In one inter-
mediate case, complete resolution was confirmed after 8 weeks
and 3 injections were administered.

Treatment response of overall cases and completely resolved
cases are summarized in Table 2.

DISCUSSION

In our patient group, 92% (23/25) of the patients with ECTs who
underwent histological confirmation were diagnosed with KA or
well-differentiated SCC. In the case of KA, although the wait-and-
see approach until spontaneous regression can be considered, the
final size until regression is unpredictable. SCC shows aggressive
behavior, which leads to local tissue destruction and even metasta-
sis. Therefore, treatment is required as soon as possible for ECTs,
regardless of the histological diagnosis. Furthermore, 96% (24/25)
of the ECTs were located on the head, neck, or hand, which is
cosmetically and functionally important anatomical areas. These
findings highlight the need for treatment modalities other than
surgical resection.

MTX is an effective strategy for rapidly growing tumors
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because it prevents the synthesis of deoxyribonucleic acid nucle-
otides via competitive inhibition of folate reductase’. Intralesional
application enables the direct delivery of MTX without systemic
toxicity, and previous studies have described successful results of
IL-MTX administration on KA and SCC>.

Annest et al.® and Smith et al.’ reported that IL-MTX for KA
achieved treatment success in 83% and 95.7% of cases, respec-
tively, in a retrospective analysis. In the case of SCC, the effect of
neoadjuvant IL-MTX has been studied because complete surgical
excision remains the treatment of choice. These studies reported
tumor size reduction or better outcomes in the neoadjuvant
IL-MTX group'®®. Bergén-Sendin et al.”? confirmed that 92.5% of
SCC cases showed a reduction in tumor thickness on ultrasound
measurements after neoadjuvant IL-MTX. However, data on a SCC
treated with IL-MTX alone are limited. Only one case of success-
ful IL-MTX treatment has been reported, and the patient showed
complete resolution after 3 monthly-interval sessions™.

Most previous studies have separately investigated the effects
of IL-MTX administration on KA and SCC. However, in clinical
practice, when an epithelial tumor with a crateriform morphol-
ogy is encountered, distinguishing between KA and SCC without
total excision of the tumor is difficult, which leads to disfiguring
scars. Less invasive biopsy techniques such as a punch or an inci-
sional biopsy can be attempted; however, they do not guarantee
precise diagnosis. Although some pathological features of KA such
as an epithelial lip around the periphery with an extension over
the crater and dermal islands of glassy eosinophilic hyaline kera-
tinocytes have been reported™, clearly distinguishing KA from
SCC is challenging. The “intermediate” cases in our study corre-
spond with this well-known fact. Therefore, a systematic study of
all ECTs is necessary.

In this study, most ECTs were KA or well-differentiated SCC
through histological analysis, which can provide a supportive
background for the application of IL-MTX to ECTs. The over-
all response rate of ECTs to IL-MTX administration was 68%
(17/25). The complete resolution with IL-MTX administration
was confirmed in 9 patients. In previous studies, a systematic
review showed 74%-100% of success rate in KA®, and neoadju-
vant IL-MTX in SCC showed size reduction in 93% of the cases™.

According to clinical response, a larger ratio of KA to SCC
was observed in the responder group than in the non-responder
group (75% vs. 60%). This is accordant to a previous study with 89
patients, which showed that the well-responsive group had 10.5-
fold increased odds of having KA®. Furthermore, we could know
KA showed a better response to IL-MTX in terms of the number of
injections and the duration until complete resolution was achieved
in this study (Table 2). Therefore, differences in pathological fea-
tures seem to exist according to the clinical response to IL-MTX,
and we speculate that the response may help discriminate between
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KA and SCC, as a previous study implied®.

In the case of SCC, previous studies have applied IL-MTX as a
neoadjuvant aspect!®®, followed by surgical excision. Our results
show 20% of low-grade SCC was resolved by multiple IL-MTX, and
unnecessary surgery can be avoided in some patients. This implies
the possibility of IL-MTX administration as an early therapeutic
option for some SCC rather than an auxiliary treatment. Moreover,
one case of moderately differentiated SCC showed complete res-
olution with IL-MTX administration. Although further research
should be done, pre-surgical IL-MTX administration can also be
an option for patients with SCC of an unfavorable pathological
type. However, it should be noted that all of our SCC cases were
limited to stage I or II. There was no patient with tumor more than
4cm or lymph node involvement. We considered IL-MTX as first
line therapy only for low grade localized lesions with small size.

To the best of our knowledge, this is the first study to analyze
the effects of IL-MTX on tumors with a crateriform morphology
independent of pathology, which may contain both KA and SCC.
In contrary to previous studies reported effectiveness of IL-MTX
for individual tumors, this study shows 68% of crateriform tumors
were responsive to IL-MTX therapy regardless of pathologic diag-
nosis and KAs responded more favorably than SCCs. This study
presents a useful treatment guide for ECTs for real-world practice.
It can be considered affirmatively as early intervention for ECT in
terms of as a treatment option or as a neoadjuvant therapy.

Although considering ethnic differences is important when
dealing with various skin cancers, data on ECTs in Asian patients
are insufficient. Yoo and Kim" confirmed that Korean patients
with KA required more IL-MTX treatment sessions despite a short
interval. The pharmacogenomics of MTX may influence the effect
of IL-MTXY, which requires further evaluation for each ethnic
group. Although success rate showed some differences, IL-MTX
administration may be a useful treatment option for Asian patients
with crateriform tumors.

This study had several limitations other than its retrospective
nature and small number of cases. First, considering the mech-
anism of action of IL-MTX’, ECTs in the non-proliferative stage
might not respond well. Furthermore, because there was no con-
trol group, we could not exclude the spontaneous regression effect
of each tumor, and further studies are necessary to evaluate the
predictive value of tumor stage, and large controlled trials are
warranted. Moreover, additional study comparing the effect and
prognosis of IL-MTX with those of excision-only or excision with
neoadjuvant IL-MTX would further elucidate the significance of
IL-MTX. Finally, IL-MTX is not approved officially as a treatment
for cutaneous SCC yet, although there are many studies reporting
the benefit of this treatment. Further research with many patients
under randomized control to evaluate the efficacy and safety of
IL-MTX for ECTs are required.
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In conclusion, we suggest that IL-MTX administration is a
safe and effective method and could be considered as a therapeu-
tic or neoadjuvant option for epithelial tumors with crateriform
morphology. Although IL-MTX was effective for both KA and cra-
teriform SCC, it was more effective for KA.
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