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ABSTRACT

Introduction: Cryosurgery has long been used to treat skin lesions, often without
histopathologic confirmation. This can result in the undertreatment of undiagnosed
malignancies. We describe 16 patients with non-melanoma skin cancers (NMSCs) exhibiting
high-risk features following repeated, and at times inappropriate, cryosurgery over months to

years.

Case Series: Among the 16 cases, 13 were invasive squamous cell carcinomas (SCC) and 3
were invasive basal cell carcinomas (BCC), all ultimately treated with Mohs micrographic
surgery (MMS). Of the SCCs, 6 (46.2%) showed perineural invasion (PNI) on frozen section.
PNI was also seen in 1 of the 3 BCC cases. Four carcinomas (3 SCCs and 1 BCC) were

located on the forehead.

Discussion: Emerging evidence suggests that chronic injury may promote carcinogenesis
via stem cell lineage infidelity driven by sustained stress signals in the skin’s
microenvironment. While transient infidelity aids wound healing, persistent dysregulation is a
hallmark of cancer. Repeated cryosurgery may create such a pro-tumorigenic environment,
leading to aggressive transformation of precursor lesions.

Conclusion: These cases highlight a concerning pattern of aggressive NMSC developing
after repeated cryosurgery for lesions initially presumed benign. Current guidelines designate
tumors arising in chronically inflamed or previously treated sites as high-risk. We propose that
repeated cryosurgical destruction should similarly qualify as a high-risk factor. Limitations
include the absence of histologic assessment prior to cryotherapy, emphasizing the need for

biopsy in persistent or recurrent lesions.

INTRODUCTION

Cutaneous squamous cell carcinoma
(CSCC) is the second most common type of
skin cancer, causing an average of 700,000
new cases each year." The death rate has
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been estimated to be 1.5-2.1%, and CSCC
is responsible for 4,000-9,000 mortalities
annually.? Basal cell carcinoma (BCC), the
most common type of skin cancer, accounts
for approximately 3.6 million new cases each
year, but it has a much lower mortality rate,
with deaths being extremely rare." Among
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patients with CSCC, 2.5-14% are
concurrently diagnosed with perineural
invasion (PNI), which confers a more
aggressive subtype with poorer prognosis.3-
PNI is a mechanism by which neoplastic
growth and spread occur in and around
nerves, taking advantage of areas of minimal
resistance. Tumors exhibiting PNI have
elevated risk of distant metastases, and
elevated rates of recurrence, morbidity, and
mortality. Squamous cell carcinoma (SCC)
and basal cell carcinoma (BCC) are among
the most common cutaneous tumors known
to show these phenomena.®’ Poor tumor
differentiation, recurrence, depth  of
extension, and location in the head and neck
region are known risk factors for PNI.57
Additionally, destructive methods such as
cryosurgery have been implicated in PNI
development.®

In the current dermatologic literature, very
litle has been written addressing the
potential deleterious effects resulting from
repeated destruction of malignant lesions
with cryosurgery. A recent report comparing
incidental PNI (IPNI) and clinical PNI (CPNI)
has determined that patients who show
clinical symptoms and/or radiographic
evidence of PNI (CPNI) are at greater risk of
recurrence and death than those for whom
PNI is detected incidentally in histologic
examination during Mohs surgery (IPNI).°
Furthermore, in the absence of such risk
factors, CSCCs that invade smaller caliber
nerves (less than 0.1 mm in diameter) have
been proposed to have better outcomes than
those displaying PNI of large-caliber nerves.’
The local tissue destruction occurring as a
result of use of cryotherapy for removal of
non-melanoma skin cancer might potentially
decrease resistance to tumor growth and
spread.'°

Cryosurgery was first introduced as an
effective method of treatment for non-
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melanoma skin cancers in 1907."" Because
of limitations in the delivery of liquid air,
cryosurgery was initially = abandoned;
however, it was later reintroduced in the
treatment of non-melanoma skin cancers,
and the open-spray technique was found to
be a safe, low-cost, effective method with a
high cure rate.'>'® Liquid nitrogen is now
accepted as the most effective and widely
used cryogen to treat common skin lesions.
This low-cost, easily performed technique
has an additional advantage of not requiring
patients to adhere to long-term application of
topical medications, such as in the treatment
of actinic keratosis, which have a 75-99%
efficacy when used properly.’s
Disadvantages of cryosurgery include
blistering, crusting, hypopigmentation, and
general discomfort from direct application of
liquid nitrogen.’™® Herein, we describe 16
cases: 8 diagnosed histologically as
moderately differentiated SCC, 4 diagnosed
as poorly differentiated SCC, 1 diagnosed as
a well-differentiated SCC, and 3 diagnosed
as infiltrative BCC. Of the 16 cases, 7
exhibited PNI (43.8%), and all tumors had
been repeatedly subjected to liquid nitrogen
therapy over the course of months to years.

CASE SERIES

Patient 1

A 63-year-old white man presented to our
dermatology clinic with a chief complaint of a
skin lesion above his left eye. He reported
prior therapy at a different local
“‘dermatology” clinic, where he was treated
with cryotherapy with liquid nitrogen on 4
separate occasions over the course of 12
months. That clinic, owned and operated by
a board-certified pediatrician, did not perform
a biopsy during that period. Over time, the
lesion persisted; because of the lack of
response to liquid nitrogen therapy, the
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patient sought a second opinion at our
dermatology clinic.

Physical examination revealed a 4 cm
erythematous plaque with a central
depressed region and associated
telangiectasia (Figure 1A). Because of
concern for non-melanoma cutaneous
malignancy, a shave biopsy was obtained
and sent for histologic analysis, from which
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the patient received a diagnosis of
moderately differentiated SCC. Furthermore,
evidence of small-caliber perineural invasion
was observed (Figure 1B). The patient was
scheduled for MMS, given the size, location,
and histopathologic findings associated with
the diagnosis. Clear margins were eventually
obtained after 3 stages of MMS, which left a
5 cm x 4 cm defect (Figure 1C).

Figure 1. (A) Left. Gross inspectio‘oft

he left supraorbital lesion exposed to 4 rounds of liquid

— ,'-..,\',\ &

SEE gk RS
_—

/./‘u C '.-. Baces

nitrogen cryotherapy over the course of 1 year, without biopsy. (B) Middle. Perineural invasion
of a small-caliber nerve sheath (arrows) observed at the time of histologic diagnosis and during
Mohs micrographic surgery (MMS). (C) Perioperative defective after confirmation of clear
margins during MMS.

Patient 2

A 62-year-old white man presented to our
dermatology clinic with a chief complaint of a
skin lesion in front of his right ear. He
reported having sought care at the same
dermatology office as patient 1. He reported
that he was administered cryotherapy on 7
occasions over the course of 24 months, and
that the lesion was never biopsied. Because
of failed therapy and continued lesion growth,
the patient sought a second opinion.

Gross inspection of the patient's head
revealed a 7 cm erythematous plaque with
crusting and raised borders that raised
concern for a cutaneous neoplasm (Figure
2A). Histopathologic examination of a tissue
biopsy obtained at the time of presentation
was highly suggestive of infiltrative BCC with
perineural involvement (Figure 2B). The
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patient was scheduled for definitive therapy
with MMS, which necessitated a large defect
to obtain positive margins, as depicted in
Figure 2C.

We observed a clear correlation between
repeated use of liquid nitrogen cryotherapy
and heightened aggressiveness  of
malignancies (Table 1). Of the 16 cases, 7
exhibited PNI (43.8%). Among patients with
a diagnosis of SCC, 6 exhibited PNI (46.2%),
including the 1 case of well-differentiated
subtype (100%), 2 of the 4 cases of poorly
differentiated subtype (50%), and 3 of the 8
cases of moderately differentiated subtype
(37.5%). Additionally, 1 of the 3 cases of
infiltrative BCC exhibited PNI (33%).
Moreover, carcinomas located on the
forehead (3 SCC and 1 BCC) were often
associated with PNI (75% of cases).
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Figure 2. (A) Left. Gross appearance of the rlght preaurlcular lesion subjected to 7 prior rounds

of cryotherapy over 2 years. (B) Middle. Evidence of basal keratinocytes invading the perineural

sheath of a local small-caliber cutaneous nerve. (C) Right. Surgical defect after confirmation of
tumor excision during MMS.

DISCUSSION

PNI is known to occur in a wide variety of both
cutaneous and non-cutaneous malignancies.
Cutaneous SCC and BCC tend to spread
through PNLI." In a review of 520 patients with
cutaneous SCC of the face, Goepfert et al.
have reported a diminished rate of survival in
patients with PNIL.2 In a prospective study of
1263 patients treated with MMS between
1993 and 2002, Leibovitch et al. found that
lesser degrees of differentiation on histology
are associated with prior recurrence.® The
same study has also indicated that
destructive modalities such as cryotherapy,
when used to treat recurrent skin
malignancies, may potentially induce
architectural changes in the surrounding
tissue and subsequently lead to difficulties in
margin control for later excisions. The second
part of that study, involving a 5-year follow-up
of 70 patients diagnosed with PNI, showed
that PNl was associated with more
aggressive tumors. PNI was also associated
with greater numbers of prior surgical
excisions and cryotherapy treatments.

Maintaining a high index of suspicion is
important in the determination of certain PNI-
specific characteristics, so that the most
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effective treatment modality can be used. For
instance, distinguishing between clinical
perineural invasion (CPNI) and incidental
perineural invasion (IPNI) is key to
understanding the degree to which a certain
tumor exhibits PNI. Most patients (60—70%)
present with IPNI, and have no prior
radiological or clinical evidence of any such
symptoms pertaining to PNIL.22 In contrast, a
minority of patients (30—40%) present with
CPNI, which describes tumors with clinical
findings secondary to the presence of PNI,
such as numbness, tingling, paralysis, and
formication.?® In a retrospective cohort study,
Karia et. al. have reported a significantly
greater risk of local recurrence and death
from CSCC in patients who present with
CPN|.2

Moreover, the size of the involved nerves is
another important prognostic factor in PNI.
Carter et. al. have determined that the
involvement of larger named nerves in tumor
growth and spread correlates with poorer
outcomes in patients with PNI than in patients
whose PNl is limited to smaller caliber nerves
less than 0.1 mm in diameter.” Therefore,
physicians must assess the degree of nerve
involvement according to size, as well as the
presence/absence of any clinical symptoms
associated with nerve involvement by the
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Table 1. Patient information, showing an association between liquid nitrogen exposure and
aggressive neoplastic behaviors in 16 patients treated by the same board-certified pediatrician

advertising dermatolo

services

Prior Exposure

to Liquid

Nitrogen

Histologic Evidence of
Diagnosis PNI

Patient 1, 63-year- . 4 times in 12 Moderately
old white man Left supraorbital months differentiated SCC
Patient 23 64-year- nght pre- 7 times in 24 Infiltrative BCC Yes
old white man auricular months
Patient 3, 73-year- , 5 times in 17 Moderately
old white man Right forehead months differentiated SCC No
Patient 4, 52-year- . . 2 timesin 3 Moderately
old white man gl Joraver (i months differentiated SCC Ve
Patient 5, 69-year- Right pre- 5 times in 24 Poorly Yes
old white man auricular months differentiated SCC
Patient 6, 79-year- 4 times in 14 Moderately
old white man N 2 months differentiated SCC e
Patient 7, 77-year- . 6 times in 16 . .
old white man Left ear, helix months Infiltrative BCC No
. Left : .
e forehead/tempor 2O U= J7 Infiltrative BCC Yes
old white woman al area years
Patient 9, 77-year- 3 times in 12 Moderately
old white man Scalp months differentiated SCC Yes
Patient 10, 83- . .
o 8 times in 24 Poorly
year-rzlgnwhlte Scalp months differentiated SCC e
Patient 11, 71- . .
" . >8 times in 36 Poorly
year-old white Right temporal months differentiated SCC No
woman
s o sumesnis Moy
y months differentiated SCC
man septum
Patient 13, 81- . .
o 7 times in 24 Moderately
year-old white Scalp months differentiated SCC No
Patient 14, 60- . . . .
' . 4 times in 12 Well differentiated
year-old white Left supraorbital months SCC Yes
man
Patlfn’tl(;IS,hﬁi— Lower i 3 times in 15 Moderately No
yea 'r‘:]an"" ! P months differentiated SCC
Patient 16, 72- . .
" >10 times in 27 Poorly
year-;lgnwhlte Leftear months differentiated SCC Ve
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tumor, to decide on the aggressiveness of the
treatment approach. Patients with CPNI
and/or histologic evidence of large-caliber
nerve involvement are candidates for
aggressive treatment and close surveillance
for recurrence.

CSCC is a type of skin cancer known for its
aggressive behavior and recurrence risks,
partly because of perineural invasion (PNI),
thus extending the clinical implications of
PNI.2> Recent research has highlighted the
importance of stem cell lineage infidelity in
CSCC progression, wherein cancer stem
cells’ deviation from their original lineage
pathways leads to tumor heterogeneity and
increased malignancy.?® Guan et al have
emphasized the role of ETS2 in inducing
stem cell lineage infidelity in skin epithelia,
which resemble activated stem cells during
wound repair and tumorigenesis.?® Moreover,
SOX2 has been shown to be a biomarker
involved in regulating cutaneous cancer stem
cell function, thus suggesting a continuum
between tumor initiation and progression in
skin SCCs.?”

Understanding the molecular mechanisms
underlying stem cell lineage infidelity in
CSCC is crucial for prognosis and treatment
strategies. The reciprocal communication
between the epidermis and dermis, along
with the cellular heterogeneity and plasticity
within epidermal stem cells and their niches,
substantially influences skin development,
repair, and cancer progression 2829
Additionally, the expression of PITX1 controls
transcriptional circuits governing self-renewal
and differentiation in SCC, thus underscoring
the importance of lineage relationships
between normal and malignant progenitor
cells.3°

The implications of stem cell lineage infidelity
in CSCC research extend to potential
therapeutic targets. The skin epithelium
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provides a model for determining lineage
relationships between normal and malignant
progenitor cells, which may offer insights into
the development of targeted therapies.°
Furthermore, the presence of pre-malignant
mutations in sun-exposed skin suggests
positive clonal selection even under normal
physiological conditions, thus emphasizing
the need for targeted interventions to address
early molecular changes associated with
CSCC.%

Another factor that should be considered in
CSCC is the underlying genetic components
potentially driving tumorigenesis. UVB light is
well known to contribute to the formation of
CSCC, and is believed to induce mutations in
transcription factors such as p53, nuclear
factor-kappa B (NF-kB), and activator
protein-1  (AP-1).32Mutations in these
transcription factors lead to hallmarks of
tumor formation, such as resistance to
apoptotic  signals, limitless replicative
potential, and metastatic capacity. UVB-
induced mutations in the p.Ser24Phe region
of the KNSTRN gene might potentially
enhance in vivo tumorigenesis.®? Micro-
RNAs (miRNAs) have also been implicated
as drivers of CSCC development. Recent
reports focusing on miRNAs, specifically,
miR-365, have yielded promising insights into
the genetic pathway underlying CSCC
tumorigenesis.®* Genetic analysis supports
that both Nuclear Factor I/B (NFIB) and BAX
are targeted by miR-365, thus facilitating in
vivo growth and development of apoptosis-
resistant CSCC.35-36 Whether the application
of liquid nitrogen might hasten the
development of the  aforementioned
mutations and subsequently promote the
growth and spread of cutaneous non-
melanoma skin cancer remains to be
determined.
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CONCLUSION

Our case series prompts a critical question
of whether recurrent and/or inappropriate
use of cryosurgical destruction might lead to
aggressive progression of relatively stable
tumors. Our patients’ lesions had been
assumed to be actinic keratoses or
superficial non-melanoma skin cancers by
the treating physicians. Currently, accepted
practice suggests that tumors that are
recurrent or located at sites of chronic
inflammatory processes should be
considered high risk. We believe that
repeated and prolonged courses of
cryosurgical destruction might be considered
qualifying events for these two guidelines.
This rudimentary report has several
limitations, including a lack of histologic
evaluation before cryosurgical treatment.
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