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Abstract

The association between ultraviolet radiation exposure and skin cancer is well established.
Limited studies have reported an association between frostbite and the development of non-
melanoma skin cancer but evidence for a proven link is insufficient and possible carcinogenic
mechanisms have not been fully explored. In this report, 3 cases of non-melanoma skin can-
cer (1 case of basal cell carcinoma and 2 cases of squamous cell carcinoma of the skin) which
developed at a site of previous frostbite caused by exposure to extremely cold temperatures

in Astana, the capital city of Kazakhstan, are described. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

The incidence of basal cell carcinoma (BCC) and squamous cell carcinoma of the skin
(SCQ), the two main types of non-melanoma skin cancer (NMSC), continues to rise globally
[1, 2]. Throughout the world, the incidence varies considerably with the highest rates of BCC
being reported in Australia at >1,000 per 100,000 population and the lowest rates in parts of
Africa (<1 per 100,000 population) [3]. In the United States, more than 3 million new cases
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of NMSC were recorded annually, making NMSC the most common type of cancer in the US
region [4]. In Kazakhstan, NMSC is reportedly the second most common cancer in the coun-
try after breast cancer, with incidence figures of 23.3 per 100,000 population [5]. Interest-
ingly, the incidence in the north of Kazakhstan is greater than in the south (39.8 per 100,000
vs. 7.8 per 100,000). Astana, the current capital city, which lies at latitude 51.6 N and longi-
tude 71.47 E, has a reported incidence of 11.4 per 100,000. Like other regions in the world,
the incidence of NMSC is increasing in Kazakhstan, with an annual increase of 17.9% [5].

The most important risk factor for BCC and SCC is ultraviolet radiation (UVR) exposure,
particularly for individuals with skin type I, red or blonde hair, and light-colored eyes [6, 7].
Sequencing of DNA from SCCs and BCCs showed that many of the mutations were UV signa-
ture mutations such as C>T or CC>TT [8, 9]. Despite the well-established link with UV, re-
search has shown that the relationship between UV exposure and NMSC development is
complex. For example, in one study, episodes of severe sunburn in childhood were reported
to increase the risk of developing BCC, whilst sunburn in adulthood was found not to be as-
sociated with BCC development, suggesting that UV exposures in early life play a more im-
portant role [10]. For SCC, long-term cumulative exposures have been shown to be more
important [11]. More recently, an association between vitamin D receptor polymorphisms
and NMSC risk has been reported, suggesting a potential role for vitamin D in protection
from NMSC [12]. Other factors known to increase susceptibility to NMSC include arsenic
ingestion, exposure to ionizing radiation, immunosuppression associated with organ trans-
plantation, psoralen plus UVA therapy (PUVA), and a family history of skin cancer [6, 10, 13-
16].

Despite extensive research on UVR exposure and skin cancer, there is limited infor-
mation on the effects of cold injury from exposure to extremely cold temperatures on the
development of NMSC. One of the first articles describing an association between frostbite
and skin cancer was published in 1982 [17]. In this article, 10 cases of SCC were reported on
a site previously affected by frostbite (the heel). Another case report published in 1986 de-
scribed a case of SCC at the site of a frostbite scar [18]. Furthermore, there have been reports
of Korean War veterans developing SCC at sites of frostbite after exposure to extreme cold in
Korea in the 1950s [19].

In this report, 3 cases of NMSC (1 case of BCC and 2 cases of SCC) which developed at a
site of previous frostbite caused by exposure to extremely cold temperatures in Astana are
described.

Astana is the second coldest capital city in the world after Ulaanbaatar in Mongolia and
has an extreme continental climate with warm summers and long, very cold winters. Sum-
mer temperatures occasionally reach +35°C, while temperatures of -35°C are not uncom-
mon in the winter. January is the coldest month when temperatures as low as -54°C have
been recorded.

Case Presentation

Case 1

A 54-year-old Caucasian woman developed frostbite on her nose after being outside for
approximately 3 h in temperatures of -45°C (average). The skin on the nose initially turned
pale, followed by desquamation and ulceration that failed to heal (Fig. 1). Six months after
the initial frostbite injury, she attended the Astana Oncology Center where an incisional bi-
opsy of the lesion was performed and the histological diagnosis concluded BCC.
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Case 2

A 65-year-old Caucasian woman developed frostbite on her right cheek after waiting at
the bus stop in temperatures of approximately -42°C (average). Frostbite occurred within
1 h and initially presented as a white patch on the right cheek. Over time, the lesion devel-
oped into a scaly erythematous patch with irregular borders (Fig. 2). The lesion failed to heal
and the patient was referred to an oncologist at the Astana Oncology Center 2 years after the
frostbite occurred. Biopsy was performed and the specimen was sent for histopathological
analysis. The diagnosis was a superficial SCC.

Case 3

Approximately 20 years ago, a 72-year-old Caucasian man developed frostbite whilst
hunting in cold, dry, windy conditions at temperatures of around -35°C. Frostbite appeared
after roughly 1 h of extreme cold exposure and presented initially as a white patch which
later turned red. The lesion failed to heal, and after approximately 1 year, multiple scattered
crusted plaques developed on the forehead at the site of previous cold injury (Fig. 3). Around
20 years after the frostbite incident, the man attended the Astana Oncology Center where an
incisional biopsy was performed and a diagnosis of invasive SCC was made.

Discussion

This report describes 3 clinical cases where the diagnosis and medical history revealed
an NMSC at the site of previous frostbite and suggests a possible association between cold
injury and the development of NMSC. At the same cancer center, 538 NMSC cases were diag-
nosed between January 2007 and October 2016. In only 3 of these cases was a history of
frostbite at the cancer site identified; therefore, the number of cases linked to frostbite is
small. One possibility is that cold injury could promote the development of NMSC induced by
UVR. Another possibility is that frostbite can induce modifications to DNA resulting in the
development of cancer. Alternatively, the association is coincidence but further research and
awareness is required to determine if the connection is real or not. UVR is the major envi-
ronmental causative factor for the induction of NMSC and is known to induce a range of
acute and chronic effects on the skin. Acute effects of UVR include DNA damage /mutations,
erythema, inflammation, immune suppression, vitamin D synthesis, and melanogenesis.
Chronic effects include photo-aging and photo-carcinogenesis, the latter of which can be
induced by DNA damage and photo-immunosuppression [20]. DNA is known to absorb UVR
optimally between the wavelengths 245 and 290 nm, implicating UVB (280-315 nm) as an
important mutagen in skin photo-carcinogenesis. Mutations are thought to be the first step
in the induction of NMSC and have been reported to occur in genes encoding proteins such
as the tumor suppressor protein p53 [9, 21]. Additionally, UV absorption by other chromo-
phores in the skin can result in production of reactive oxygen species (ROS), which can cause
damage to DNA, lipids, and proteins [22].

The DNA-damaging effects of cold injury caused by exposure to extremely cold tempera-
tures have not been fully explored. Human and animal models have shown that the patho-
physiology of frostbite involves 3 concurrent pathways of tissue freezing, hypoxia, and the
release of inflammatory mediators. Tissue freezing causes damage to cell membranes and
the osmotic release of water leading to cellular dehydration and cell death. Continued expo-
sure to extreme cold induces local vasoconstriction and thrombosis resulting in tissue hyp-
oxia. In the third pathway, the release of inflammatory mediators, such as prostaglandin
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PGF2 and thromboxane A2, stimulates more vasoconstriction and thrombosis, which exac-
erbate hypoxia and cell death [23]. Inflammatory mediators and cells such as neutrophils
and mast cells have been shown to be upregulated in cold-injured skin [24].

In summary, both UVR and cold injury from extreme cold exposure can cause structural
damage and inflammation in the skin. Inflammation has been associated with the develop-
ment of cancer, with a proposed mechanism being modification to the DNA by ROS produced
by infiltrating neutrophils and as a by-product of prostaglandin synthesis [25]. Indeed, ROS
have been shown to cause a number of modifications to DNA, including mutations in the p53
gene [26]. Mast cells have also been associated with the promotion of skin tumor growth via
the release of mediators that suppress the antitumor immune response and factors that
promote tumor growth and survival [27]. Other changes that have been reported to occur in
the skin following extreme cold exposure include an increase in cellularity and thickness of
the granular cell layer of the epidermis and squamous metaplasia of the sweat glands [28,
29].

The high incidence of NMSC in many countries inflicts a significant burden on health
care systems. The association between cold injury and NMSC has not been fully investigated
and further research is necessary to determine if cold injury really can promote the devel-
opment of NMSC and if so, what the mechanism is. Such research could advance scientific
understanding of the harmful effects of cold injury and is particularly relevant for countries
such as Kazakhstan where there is a high risk of frostbite from exposure to extremely low
temperatures.
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Fig. 1. Case 1.

Fig. 2. Case 2.
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