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A substantial proportion of all reported occupational illnesses are constituted by skin cancer, making this disease a serious public health issue. Solar ultra-violet radiation (UVR) exposure is the most significant external factor in the development of skin cancer, for which the broad occupational category of outdoor workers has already been identified as high-risk group. Sun protection by deploying adequate technical, organizational, and person-related measures has to be understood as a functional aspect of workplace safety. To prevent skin cancers brought on by—typically cumulative—solar UVR exposure, outdoor workers must considerably lower their occupationally acquired solar UVR doses. Estimating cumulative sun exposure in outdoor workers requires consideration of the level of solar UVR exposure, the tasks to be done in the sun, and the employees' solar UVR preventive measures. Recent studies have highlighted the necessity for measures to enhance outdoor workers' sun protection behavior. In the coming decades, occupational dermatology is expected to pay increasing attention to sun protection at work. Also, the field of dermato-oncology will likely be concerned with sky-rocketing incidences of occupational skin cancers. The complete range of available alternatives should be utilized in terms of preventive actions, which seems pivotal to handle the present and future challenges in a purposeful manner. This will almost definitely only be possible if politicians' support is effectively combined with communal and individual preventive actions in order to spur long-term transformation.
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1. Introduction

The quantity of individuals diagnosed with skin cancer has progressively increased over the past few decades (1, 2). In this day and age, a substantial proportion of all reported occupational illnesses are constituted by skin cancer (3), making this disease a serious issue of public health all over the globe—especially in fair skinned populations. Solar ultra-violet radiation (UVR) exposure is the most significant external factor in the development of skin cancer (4). The broad occupational category of outdoor workers with direct and indirect occupational solar UVR exposure has already been identified as high-risk group for the development of occupational skin cancer (3, 5, 6). In terms of the number of employees exposed and incidence, solar UVR is the most important occupational carcinogenic exposure (7–9), as solar UVR is the leading cause of non-melanoma skin cancer (NMSC), more precisely referred to as keratinocyte carcinoma (KC), which manifests as actinic keratosis (AK, intra-epidermal SCC), invasive cutaneous squamous cell carcinoma (SCC), and/or basal cell carcinoma (BCC) (10–12). Despite the fact that millions of employees worldwide are exposed to the occupational carcinogenic exposure represented by solar UVR for a huge fraction of their working hours, occupational safety and health directives and legislation in many countries around the world still do not acknowledge this work-related risk factor (10, 13, 14). Moreover, no particular occupational exposure threshold values are broadly accepted; however, the International Commission on Non-Ionizing Radiation Protection (ICNIRP) has proposed an occupational solar UVR exposure limit equivalent to 1.0–1.3 Standard Erythema Doses (SED) per day; 1 SED equals 100 J/m2 of the biologically weighted erythema action spectrum (14, 15).

Sun protection (e.g., by deploying adequate technical, organizational, and person-related measures) has to be understood as a crucial aspect of occupational safety. Outdoor workers must considerably lower their occupationally acquired solar UVR doses in order to prevent skin cancers brought on by—typically cumulative—solar UVR exposure. Estimating cumulative sun exposure in outdoor workers requires consideration of the level of solar UVR exposure, the tasks to be done in the sun, and the employees' solar UVR preventive measures. Recent studies have revealed a low health literacy in outdoor workers, thus highlighting the necessity for (educational) measures to enhance outdoor workers' sun protection behavior (16). As yet, outdoor workers' particular demands for improved sun protection behavior are frequently disregarded. Risk perception and attitudes regarding sun protection strategies are likely to impact practical sun protection behavior at work (17). In the coming decades, occupational dermatology is expected to pay increasing attention to sun protection at workplaces (3). Also, the field of dermato-oncology will likely be concerned with sky-rocketing incidences of occupational skin cancers, as the global need for not only preventive measures against the constantly rising number of skin cancer cases but also their treatment is high (2). Against this background, this article seeks to present and evaluate current developments and future implications for the prevention of occupational skin cancer.



2. Skin cancer by solar ultraviolet radiation (UVR)


2.1. Outdoor workers as high-risk group

Outdoor workers are exposed to high amounts of solar UVR due to the fact that they spend most of their work time in the open (18). Thus, they are strikingly more likely to acquire KC than the general population; risk is increased at least 2-fold, with SCC being the cancer most directly related to cumulative UVR exposure (10, 19–21). Examples for occupations with a high share of outdoor work and direct as well as indirect occupational solar UVR exposure are construction workers, agricultural workers, gardeners, child carers, firefighters, police officers, bath attendants, sports people, street vendors, and zoo workers (22).



2.2. Malignant melanoma (MM)

Although UVR exposure has been associated with malignant melanoma (MM), intermittent UVR exposure and particularly UVR exposure in children as well as genetic predispositions appear to play a more significant role (23). Even though several recent studies revealed a potential association between chronic occupational sun damage and some MM subtypes [i.e., lentigo maligna melanoma (LMM)] the correlation between (cumulative) occupational solar UVR exposure and MM is seen as not conclusive (11, 24).



2.3. Non-melanoma skin cancer (NMSC)

Globally, NMSC is increasing, especially among outdoor workers. Employees in this occupational group frequently experience severe actinic damage, which results in a chronic condition with a great number of newly emerging lesions and calls for ongoing treatment (3). Outdoor workers are commonly exposed to daily solar UVR doses that are regularly five times higher than the ICNIRP exposure guidelines and are exposed to solar UVR doses that are at least 2–3 times more than those of indoor workers (14, 15, 18, 25–30). After years of cumulative solar UVR exposure, epidemiologic studies show a notably high frequency of both BCC and SCC among outdoor workers, suggesting a significant relationship between occupational solar UVR exposure and the prevalence of NMSC (19, 20, 31, 32). Given the long latency period of up to 20-years between exposure and (chronic) illness, the disease frequently remains “hidden” to the patient, just as the causing UVR. Over 80% of cases affect those 60 years of age and older (33), with the exception of outdoor workers who are immunosuppressed and frequently develop AK/SCC very early. The prevalence of occupational NMSC is anticipated to increase over time as a result of the demographic shift, placing an even higher burden on global health care needs and insurance systems (3). At this juncture it should be mentioned that NMSC, however, is one of the few cancers that is easily detectable and recoverable; but most importantly even completely avoidable (3).

The identification of particular at-risk groups among outdoor workers has benefited from the use of objective dosimetric measurements (3, 26, 28–30). The occupation and responsibilities connected with this activity within the industrial sector were found to be more important in determining the amount of solar UVR exposure experienced at work than the industrial sector as a whole (3, 29, 30). As a result, the German statutory social accident insurance (DGUV) adopted the “Wittlich's algorithm,” a mathematical model, which evaluates individual occupational lifetime solar UVR exposure based on the gathered dosimetric data. The “Wittlich's algorithm” is currently used to enhance prevention strategies, healthcare options, and compensation for impacted workers (29). It is based on the idea that if a person's lifetime solar UVR exposure increases by 40% as a result of their job, their risk of developing AK/SCC doubles. Consequently, occupational influences are taken into consideration, and skin cancer that develops in body parts exposed to solar UVR at work is recognized as an occupational disease that is eligible for compensation. Given that the extensive dosimetric measuring campaign in Germany by Wittlich et al. with over a thousand outdoor workers for three full April to October periods revealed surprisingly high occupational exposures of up to 600 SED per summer period (30), outdoor workers typically meet the aforementioned requirements if they work for more than 10 years full-time in a high-risk profession.




3. Prevention of (occupational) skin cancer by solar UVR


3.1. Sun protection as occupational safety measure

Sun protection is generally a component of workplace safety. In the main, a significant reduction in occupationally acquired UVR doses is necessary for outdoor workers to prevent skin malignancies brought on by solar UVR exposure. The amount of solar UVR exposure, the specific outside activities, and the employees' solar UVR preventive behaviors all play a role in understanding the cumulative sun exposure for outdoor workers. Recommendations incorporate technical, organizational, and person-related measures and adhere to the so-called hierarchical TOP concept. In this sense, technical measures are the first to be used and seek to limit exposure to sunlight. This spans all types of shade, including sun sails and weather protection tents. Organizational measures follow technical measures and are used to avoid outside work while the sun is particularly bright. Even changing working hours to avoid the midday sun might be crucial for occupational safety. This is especially true in Europe between the months of April and September from ~11 a.m. to 4 p.m. It is advised to move working hours to the morning, take pauses in the shade, and, if possible, complete individual job tasks generally in the shade. Lastly, person-related measures follow the aforementioned measures and include supporting outdoor workers with appropriate Personal Protective Equipment (PPE)—which in Germany must be funded by the employer. Adequate PPE spans sunglasses with wide, solar UVR filtering lenses, protective clothing with a UVR protection factor (UPF; such as long-sleeved shirts, but “better a T-shirt than no shirt,” and pants), and headgear (such as broad-brimmed helmets or hats with sun shields as well as ear and neck guards) (34, 35).

Sunscreens in itself are not classified as PPE. They should, however, be used in situations where other forms of protection in terms of other measures are impractical (i.e., on the back of the hands and in the facial area). Adequate sunscreens must block UV-A and UV-B rays (i.e., have a so-called broad-spectrum UV filter), have a Sun Protection Factor (SPF) of at least 30, but preferably 50+, and be water- and sweat-resistant as well as simple to apply so that they can be reapplied regularly during the entire day (i.e., ideally every 2 h) in adequate amounts of 2 mg/cm2 (34–37). The so-called “two finger rule” can be helpful in this regard; it suggests applying this amount, namely 2 mg/cm2, of sunscreen to certain areas, such as the head, neck, and face, by squeezing two strips of sunscreen from the tip to the base of the index and middle fingers.



3.2. Primary, secondary, and tertiary prevention

Primary prevention is defined by the International Agency for Research on Cancer (IARC) as any preventive action that reduces the risk of developing cancer in humans (35), with the collective level and the individual level being further sub classified (34). Primary prevention shouldn't be restricted to the corporate sphere; rather, it could be a component of a larger strategy that also includes institutional, governmental, and societal preventative policies and initiatives, as well as the adoption of norms, standards, and prevention-related initiatives (34, 38). The first stage in primary prevention in the workplace is the establishment of an efficient risk assessment procedure, which must be reviewed and updated on a regular basis. The risk assessment's findings can be used to choose the best course of action, which may include technical measures at first (34). Key tactics for collective prevention include the development and distribution of specialized health-pedagogical training programs. The prevention of skin cancer in outdoor workers is thought to depend heavily on initiatives that include health education, which can help employees better comprehend and perceive the occupational solar UVR risk (13, 34, 39).

Secondary prevention includes screening and early diagnosis as two main components, as stated by the IARC, which shall ultimately result in the early identification of precancerous conditions or malignancies in the beginning stages (35). One of the most important approaches of secondary prevention at work is occupational health surveillance of employees who are exposed to solar UVR and are thus more likely to suffer from subsequent adverse effects. Workers with conditions that may affect their susceptibility to the risk (such as fair skin phototypes I and II, those using hydrochlorothiazide, or those who are under immunosuppression) should be given additional caution. A frequent component of health surveillance involves periodic health examinations of the personnel by licensed occupational health specialists. Additional medical specialists, such as dermatologists, should also be involved in supplemental health management on an individual basis (13, 24, 38).

Tertiary prevention refers to intervention strategies used after adverse effects have already developed. Tertiary preventive measures aim to offer a safe return to work, recovery from the condition, and a good quality of life along with compensation; they further include medical and occupational rehabilitation of employees with UVR-related skin cancers after treatments (15, 38).




4. Discussion

A wide range of studies report on high levels of individual solar UVR exposure at work and inadequate adoption of sun-protective activities and routines by outdoor workers (13, 39, 40). The risks of exposure to solar UVR at work are mostly neglected; legal recognition, medical care, and compensation seem, however, to appear as obvious future issues (3). Improved sun protection through legally enforceable laws and regulations is equally pivotal to lowering cancer risks for outdoor workers as general prevention—in this, the role of health professionals is crucial (3). Dermatologists will likely become increasingly important in improving patient care and outcomes in dermato-oncology in the future, especially in light of novel diagnostic and therapeutic approaches for both early and advanced skin cancer, as well as the expanding range of abilities, skills, and knowledge needed to manage this heterogeneous spectrum of diseases (2). Nevertheless, it is crucial that cases are reported to the appropriate authorities to showcase occupational causation. Recently, open access notification forms with a variety of uses for notifying the appropriate authorities of suspected cases were provided (41).

Sadly, to this day, even in the few nations where NMSC is recognized as an occupational disease, affected workers are largely denied the benefits of legal recognition because of the massive underreporting: the responsible physician or rather dermatologist does not notify, as the correlation between the disease and the occupation is not yet routinely made (3). Since skin cancer was added to the list of occupational diseases in 2000, only 36 instances have been reported in Denmark (42). The situation is the same in Italy, where UVR-induced NMSC is listed as one of the country's occupational diseases: Between 2002 and 2017, there were, on average, only 34 instances recorded annually (24); other nations also experienced a major underreporting problem (38). When some types of NMSC (i.e., SCC, multiple AK) were formally recognized in the national decree of occupational diseases in 2015, the situation in Germany changed. More than 7,700 cases of occupational skin cancer were reported in the first 12 months after it was introduced. With 9,931 reports in 2019, skin cancer was the second-most commonly legally recognized disease and the third-most frequently reported occupational disease. It is important to note that a financial incentive has been implemented to encourage physicians to report, which has undoubtedly played a crucial role in the high notification rates. Additionally, patients with recognized occupational skin cancer are given priority medical attention and, in more serious circumstances, significant compensation.

A striking advancement in health and safety laws has been made in Germany as a result of the unexpectedly high UVR exposures among outdoor workers by recent measuring campaigns in this nation (30) and repeatedly in many other countries (14, 18, 25–28). For the first time, as of 12 July 2019, companies are explicitly obliged to carry out a unique solar UVR exposure risk assessment, provide personal protective equipment (plus sunscreens), and give solar UVR-exposed workers a triennial occupational physician consultation (43). The recent German example demonstrates that politicians tend to only act when they receive notifications. In order to combat underreporting and collect better, more accurate disease data worldwide, the 11th edition of the World Health Organization (WHO) International Classification of Diseases (ICD), adopted on May 25, 2019, can be seen as a significant milestone. For the first time, NMSC, including AK, can be categorized as an occupational disease, and BCC and SCC are now distinct entities (44). As a result, ICD 11, implemented in January 2022, will probably show the full epidemiological scope of work-related solar UVR-induced skin cancer and could offer essential new worldwide public health information for preventing cancer among outdoor workers (3). Recent research by Loney et al. (10) has shown that there is currently a dearth of information on skin cancer among employees who are exposed to solar UVR at work in many parts of the world. The WHO and the International Labor Organization (ILO) are actively evaluating the global disease burden of NMSC within the United Nations (UN) Sustainable Development Goals 2030 framework due to the urgency of the growing number of NMSC cases connected to occupational solar UVR exposure. It is included by both UN agencies as one of the top 10 occupational risk factors and health outcomes that are extremely likely to account for a significant burden of disease but have never been taken into consideration in prior global estimating techniques (5, 6).

The urgent need for interventions to improve outdoor workers' sun protection behavior has previously been acknowledged. Whilst designing interventions, the risk perception and attitudes of outdoor workers regarding sun protection measures should be taken into account, as in a recent study it was shown that these variables may have an impact on actual sun protection behavior at work (17). Another recent study discovered that, despite the fact that many occupational groups have shown a tendency to be generally willing to improve their sun protection behavior, the special demands of the outdoor workers are rarely considered (3, 16, 37). Essential new methods for assessing secondary performance attributes [i.e., bio-stability on the skin, eye irritation (burning), absorption time, grip and subjective skin feeling, compatibility with textiles, dust and dirt absorption, and whitening effect] of sunscreens in order to specifically design them for use in the occupational field and thus increase acceptance in professional outdoor work have recently been developed (37). Further, a curriculum in accordance with the “Template for Intervention, Description and Replication” (TIDieR) (45) for multipliers training for prevention of occupational skin cancer in outdoor workers has been presented by Ludewig et al. (46). It seems crucial to further investigate the effectiveness of interventions to prevent occupational skin cancer in outdoor workers, and consequently provide reliable indications for the actual reduction of skin cancer incidence in this professional group (47).



5. Conclusion

In conclusion, the complete range of available preventive actions should be utilized for combating occupational skin cancer. This seems pivotal to handle the present and future challenges in a purposeful manner. This will almost definitely only be possible if politicians' support is effectively combined with communal and individual preventive actions in order to spur long-term transformation.
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