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ABSTRACT
The aim of this special article is to highlight the relevance of NMSC as an occupational disease as well as 
the regulatory gaps at European and Member State level, while at the same time promoting early screen-
ing and raising awareness. 
To support that, we conducted an extensive search (PubMed, Google Scholar) of the most recent scien-
tific work related to NMSC and its epidemiology worldwide and in Europe, the causality of the disease, 
the economic burden of work-related UVR skin cancer, the role of screening and early detection and the 
regulatory gaps.
Non-melanoma skin cancer (NMSC) refers to all the types of cancer of the skin that are not melanoma. 
In recent decades, the incidence of NMSC has continuously increased and will continue to do so in 
Europe and worldwide. NMSC is by far the most common cancer diagnosed in light-skinned people. 
The role of ultraviolet radiation (UVR) in carcinogenesis has been investigated by scientists and solar 
radiation has been classified by WHO/IARC as a Group 1 human carcinogen. Indeed, 90% of NMSC can 
be attributed to excessive exposure to UVR. Outdoor workers are exposed to an UVR dose of at least 2 to 
3 times higher than indoor workers. NMSC has a significant impact in reducing patients’ quality of life as 
they potentially undergo repeated rounds of surgery or recurrence and, as a result, can suffer significant 
consequences for their appearance, self-esteem, and well-being. For these reasons, actions and measures 
are required at European level in order to promote early screening and detection of skin malignancies as 
well as to increase awareness and protection of outdoor workers. 
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InTRoduCTIon 
Non-melanoma skin cancer (NMSC) refers to all the 

types of cancer of the skin that are not melanoma. The 
vast majority (95%) of NMSC cases are basal cell car-
cinoma (BCC) and cutaneous squamous cell carcinoma 
(CSCC) while both types of NMSC can be diagnosed by 
visual inspection by a dermatologist [1].

Exposure to ultraviolet radiation (UVR) is considered 
to be the main risk factor for the development of skin can-

cer [2]. The pivotal role of UVR in carcinogenesis has been 
investigated by scientists, in such level that solar radiation 
has been declared as a Group 1 human carcinogen by the 
International Agency for Research on Cancer (IARC) [3]. 
A systematic review has found that outdoor workers have 
increased risk of developing squamous cell carcinoma 
(SCC) and actinic keratosis (that is to say, intraepidermal 
SCC) by 77%, and for BCC by 43% respectively, compared 
with the general population [4, 5]. More recent European 
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studies reveal that the risk for long-time outdoor work for 
CSCC and BCC is doubled compared to average popula-
tion [6-8]. Considering that Europe has more than 14.5 
million active workers that spend at least 75% of their 
working time outdoors, special attention should be paid 
to this kind of occupational exposure [9]. 

The World Health Organization (WHO) and the 
International Labour Organization (ILO) prioritized this 
topic, including the more specific impact of occupation-
al exposure to UVR, and they are currently developing 
a  methodology to assess the global disease burden of 
work-related skin cancer by solar UVR [10]. 

In addition, the nine co-hosting organizations of 
the Multi-Stakeholder Summit on Occupational Skin 
Cancer in 2019, representing patient advocacy groups, 
trade unions, occupational safety and health profession-
als, social security representatives, dermatologists and 
oncologists, called for the implementation of a systemat-
ic approach to address the Non-Melanoma Skin Cancer 
Epidemic [11]. 

epidemiology
In recent decades, the incidence of NMSC has con-

tinuously increased and will continue to do so, in Europe 
(+43.9% until 2040) and worldwide (+90.2% until 2040) 
(Figs. 1 and 2) [12]. 

According to the World Health Organization (WHO), 
between 2 and 3 million NMSC cases are recorded in the 
world every year [13], while white populations are more 
susceptible to develop this type of malignancy [14]. Aus-
tralia (147.5/100.000), New Zealand (138.4/100.000), 
USA (55.4/100.00), Canada (48.5/100.000), Switzerland 
(44.4/100.000), Ireland (43.4/100.000), The Nether-

lands (31.3/100.000), Germany (27.5/100.000), Luxem-
bourg (23.9/100.000), Belgium (23.3/100.000), United 
Kingdom (22.8/100.000) and France (21.1/100.000) 
rank among the countries with the highest estimated 
age-standardized incidence rates of NMSC in 2018, both 
sexes, all ages (Fig. 3) [12].

occupaTioNal expoSuRe
Occupational exposure to solar radiation is an import-

ant factor and it is usually measured by exposure type, i.e. 
whether it is recreational or occupational, or by job type, 
i.e. whether it is indoor or outdoor exposure. Until recent-
ly, not much data existed that clearly defines the differ-
ence between the nature of the UVR exposure (occupa-
tional or leisure), or that provides sufficient evidence on 
the root cause of the disease to support the establishment 
of regulations for outdoor workers. However, exposure 
assessments regarding those who work outdoors taken 
from several countries have shown that those sampled 
are often exposed to significantly higher levels of UVR 
than the general population. More specifically, the level of 
exposure vastly exceeds the recommended limits for eight 
hours working outdoors of 1.3 Standard Erythemal Doses 
(SED; 1 SED = 100 Jm−2 of erythemal weighted UV irradi-
ance, which is sufficient to cause sunburn in fair skinned 
individuals of Fitzpatrick Skin type 1: Highly sensitive, 
always burns, never tans) [15].

Additional data from the European Agency for Safe-
ty and Health at Work (EU-OSHA) showed that UVR 
is a carcinogen, which has been identified in 36 differ-
ent employment sectors within the European Union 
and that about 14.5 million people who work outdoors 
are exposed for at least 75% of their working hours. The 

fig. 1. Estimated number of incident cases of non-melano-
ma skin cancer, from 2018 to 2040 worldwide (both sexes, 
all ages) [9] 

fig. 2. Estimated number of incident cases of non-melano-
ma skin cancer, from 2018 to 2040 Europe (both sexes, all 
ages) [9]

Graph production: Global Cancer Observatory (http://gco.iarc.fr/)© International Agency  
for Research on Cancer 2018

Graph production: Global Cancer Observatory (http://gco.iarc.fr/)© International Agency  
for Research on Cancer 2018
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workers exposed most to UV radiation are in the agri-
culture, hunting and construction sectors. Some of the 
occupations included in this data are farmers, silvicul-
turists/horticulturists, farm workers, commercial gar-
den and park workers, postmen and sorters, newspaper 
delivery workers, physical education instructors, train-
ers, coaches and childcare workers [9].

A recent study from thirteen workplaces in the prov-
inces of British Columbia, Ontario, and Nova Scotia, 
Canada found that exposure for outdoor workers was 
6.1 SED/day [16], accordingly measurements conducted 
in Australian construction workers [17] and road work-
ers from New Zealand [18] and Spain [19] showed very 
high daily solar UVR exposure (9.9, 5 and 6.11 SED/
day respectively). US data from lifeguards (1.7 SED to 
6.2 SED/day) [20], outdoor occupations from France 
[21], gardeners [22] and workers [23] from Denmark 
(receiving a median 224 SED per year and a semi-annu-
al exposure of 361.8 SED respectively), also confirmed 
high exposures. A German study comprising 1,000 out-
door workers from 97 different occupations also showed 
that exposures of up to 5 SED/day are common [24]. 
An additional study, performed with the same state-of-
the-art UVR dosimeters in outdoor workers from the 
construction sector in Romania, with a  duration of 7 
months and comprising two different geographic loca-
tions, found a daily exposure ranging from 1.28 SED to 
6.4 SED [25].

All the above findings highlight the alarming expo-
sure of outdoor workers to UVR and the need for the 
national and European health authorities to take preven-
tive action given that the International Commission on 
Non‐Ionizing Radiation Protection (ICNIRP) guidelines 

suggested limit value of up to 1.33 SED daily is vastly 
exceeded [15].

However, skin cancer from occupational exposure to 
UVR is not widely recognized as an occupational dis-
ease. Furthermore, there remains only a limited number 
of studies on cutaneous malignancies occurring from 
occupational exposure. A review from 2010 supports the 
link between occupational UV exposure and SCC while 
at the same time pointing out an unclear link with BCC 
due to significant methodological limitations in the pub-
lished studies [26]. A more recent meta-analysis by Bauer 
et al., which included 23 scientific articles with sufficient 
data, found that outdoor workers are at significant-
ly increased risk for BCC (p = 0.014) [4]. Additionally, 
a large multicentre European case–control study, which 
compared the risk of developing BCC, SCC, melanoma 
and actinic keratosis (AK) between 1416 outdoor and 
1863 indoor workers found that outdoor workers were at 
a significantly increased risk of developing AK, SCC and 
BCC over the indoor workers included in the study, with 
additional strong trends observed in the case of melano-
ma. Increased number of years of outdoor work (i.e. five 
or more) were associated with a threefold risk of all types 
of skin cancer and AK [27]. In addition, a cohort study 
based on the Cancer Registry of Norway, which included 
24,917 men also supported claims that UVR exposure 
is a significant factor in the elevated risk of skin cancer 
(Cutaneous melanoma-CM and NMSC) observed in 
North Sea offshore workers [28]. Further evidence comes 
from a recent Italian study which found that fishermen, 
sailors, and lifeguards (Odds Ratio (OR): 4.3; 95% Con-
fidence Interval (Cl): 1.1-16.4), foundry and metallurgy 
workers (OR: 5.58; 95% CI: 1.14-27.3), and mechanics, 
fixers, and welders (OR: 8.2; 95% CI: 1.76-37.9) are at 

ASR (world) per 100 000
≥ 8.2
4.1-8.2
2.5-4.1
1.4-2.5
< 1.4

fig. 3. Estimated age-standardized incidence rates (world) in 2018, non-melanoma skin cancer, both sexes, all ages [9]

Graph production: Global Cancer Observatory (http://gco.iarc.fr/)© International Agency for Research on Cancer 2018
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an increased risk for developing NMSC [29]. A  final 
example, the EPIDERM study in United Kingdom (UK) 
from 1996 to 2012, revealed that sun/sunlight/ultravio-
let light was the cause in 99% of the reported cases of 
work-related skin neoplasia [30]. A recent large German 
case control study showed a  twofold risk for SCC and 
BCC in highly exposed outdoor workers compared to 
the average population [6, 7]. Loney et al. 2020, recently 
provided a comparative overview on the existing global 
data on the association of outdoor work and BCC and 
CSCC, respectively [8].

The fInAnCIAl BuRden
The economic burden of skin cancer due to UVR 

has continuously put national governments and their 
healthcare systems under significant economic strain. 
In Europe, the annual direct costs for the treatment 
of patients with advanced melanoma, is estimated to 
a  range from €2,916 in Italy all the way up to €22,671 
in Sweden, which remains three times higher than the 
next highest costs which are to be found in (€7,005) 
and the UK (€6,887) [31]. In addition, mortality costs 
in England are six times greater than those in Sweden 
(€20,408 vs €3,511 respectively), while morbidity costs 
vary between €103 in Sweden and €4550 in England. 
These costs in England are found to be seven times over 
costs in Denmark (€658) and forty times over the costs 
in Sweden (€103) [31].

Data from the Danish Ministry of the Interior and 
Health also showed that the direct yearly costs of malignant 
melanoma and NMSC were more than €30 million in the 
3 years after diagnosis, corresponding to 0.2% of the total 
Danish health budget (€14.3 billion), [32] and approxi-
mately to 5% of the hospital budget for cancer patients [33].

For Canada, on the other hand, the direct and indirect 
costs of occupational NMSC cases are CAN $28.9 million 
($15.9 million for BCC and $13.0 million for SCC) while 
for intangible costs are $5.7 million ($0.6 million for BCC 
and $5.1 million for SCC) [34]. Cases of NMSC in Austra-
lia comprise 75% of all cancers and account for AUD$511 
million in 2010 [35], making NMSC the most costly can-
cer type which places an increasing burden on the coun-
try’s healthcare sector, while in the US, the estimated total 
annual cost for NMSC care amounts to $650 million [36]. 

Reduction of quality of life is also an important issue 
to consider for NMSC patients as they potentially under-
go repeated rounds of surgery and, as a result, can suffer 
significant consequences for their appearance, self-es-
teem, and well-being. In fact, the impact of NMSC on 
a patient’s life derive from the cancer itself, from the way 
that the doctor will choose to intervene and from what 
follows the intervention. Many NMSCs appear on the 
face or other visible part of the body [37] and many may 
be symptomatic causing bleeding, pain, pruritus, func-
tional and cosmetic concerns [38]. In addition, the vast 
majority of the NMSC cases are treated with surgery and 

this has an important effect in patients’ daily life routine 
and financial status which is disrupted while repeated 
treatments or recurrences may prolong this situation. 
Generally, NMSC on the bases of long-term sun dam-
age are characterized by a high chronicity, and not rarely 
the need for continuous medical attention for the rest of 
the patient’s life. Further, in many cases treatment results 
on cosmetic and functional abnormalities from scarring 
which can further affect the psychology of the patients 
and the course of the treatment and healing [38].

 Several studies in the past tried to depict the most 
important factors of NMSC, in terms of the quality of life 
for the patient. Some of the most frequently identified 
are physical deformity, cosmetic concerns, and psycho-
social function [39, 40]. Consequently, costs for NMSC 
are estimated to be even higher, approximately, €1,040 to 
€2,040 million per year in Europe [34]. In addition, it has 
also been shown that BCC and SCC patients experience 
similar levels of anxiety and depression following diag-
nosis and treatment [41]. All the above, demonstrate the 
importance of prevention with regards to NMSC. 

PRevenTIon meASuReS
Prevention measures such as primary prevention, 

early detection, treatment and regular follow-up, tar-
geting outdoor workers could reduce the costs and be 
beneficial from a health economic perspective [42, 43] 
and also increased quality-of-life, functional ability and 
overall health [42]. 

Health surveillance and regular skin cancer screen-
ing are pivotal for early detection. Apart from the regular 
inspection of the skin from a dermatologist or another 
healthcare professional, raising awareness by providing 
outdoor workers with information about the risks and 
available assistance is also important. However, scientific 
data shows that outdoor workers with higher UVR expo-
sure are less likely to have received a skin examination 
from health care providers than the average (indoor) 
worker [44, 45].

Increasing investment on screening and early 
detection is indeed a  reciprocating strategy, a  strate-
gy that pays off both sides, the health system and the 
patient outcomes. Results from a population based study 
(SCREEN) conducted in Germany showed that intro-
ducing widespread skin cancer screening in Germany 
resulted in savings potential calculated at over €575 mil-
lion annually [6, 7], and more specifically, the inspection 
of the body by a healthcare professional resulted in earli-
er diagnosis of melanoma, BCC and SCC [42].

Following the recommendations of the International  
Commission on Non‐Ionizing Radiation Protection, 
UVR exposure can be reduced for outdoor workers also 
by taking sun‐protective measures, such as adjusting out-
door working hours or seeking shade whenever possible 
and using shading structures for lunch and other breaks. 
In additions, appropriate use of personal sun‐protective 
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measures such as wearing hats, protective sunglasses, 
long‐sleeved shirts and trousers, and applying sunscreen 
to the remaining skin areas are necessary to protect the 
outdoor workers from UVR exposure [15].

PolICy And legISlATIon 
Despite the solid evidence that outdoor workers in 

various workplaces across Europe are exposed to highly 
elevated levels of UVR and are consequently at a signifi-
cantly increased risk of developing NMSC, this evidence 
has yet not been translated into a  common European 
regulatory approach towards standards for UVR preven-
tion on work sites in the form of management protocols 
for work-related skin cancer and/or a  common Euro-
pean agreement regarding financial compensation for 
patients with a work-related skin cancer history [5].

In addition, only a few countries cover compensation 
for occupational NMSC. In detail:
•	 in Australia, legislation for NMSC as an occupational 

disease comes from state legislation [46],
•	 in Canada, it is organized by provinces and territories 

[46],
•	 in Europe, only seven countries (Germany-DE, 

France-FR, Czech Republic-CZ, Denmark-DK, 
Romania-RO, Italy-IT and Portugal-PT) recognize 
cutaneous squamous cell carcinoma in outdoor work-
ers as an occupational disease while basal cell carci-
noma (6 EU countries: DE, FR, DK, RO, IT and PT), 
actinic keratosis (5 EU countries: DE, FR, DK, RO and 
IT), Bowen’s disease (5 EU countries: DE, FR, CZ, DK 
and RO) and malignant melanoma (3 EU countries: 
DK, RO, PT) are not regularly approved as potentially 
work-induced diseases. Finally, only three countries 
(FR, DE, DK) which participated in the StanDerm 
survey established a national programme for the pre-
vention, management or compensation of occupa-
tional skin cancers acquired due to work-related UVR 
exposure [46]. 

In 2017, the European Parliament, the Council and 
the Commission committed themselves to the European 
Pillar of Social Rights, which consists of 20 key principles 
for more effective rights for citizens. Principle 10, in par-
ticular, states that: “a) Workers have the right to a high 
level of protection of their health and safety at work. b) 
Workers have the right to a working environment adapt-
ed to their professional needs and which enables them to 
prolong their participation in the labour market”, setting 
the ground for the introduction of targeted measures for 
outdoor workers exposed to UVR protection [47]. 

Scientific work from across the EU and worldwide 
provides solid evidence to put prevention of UVR expo-
sure for outdoor workers as priority and highlights the 
importance and necessity for new policies and legisla-
tion adaption. 

The White paper [48] for the improved protection 
of outdoor workers from solar ultraviolet radiation, also 

provides recommendations for policymakers, doctors, 
employers, workers and patient advocacy groups on five 
fields of action to address the unmet needs of NMSC 
patients, which are:
•	 Policymakers should improve the legislative frame-

work to protect outdoor workers more effectively and 
build accessibility for regular screenings of this high 
risk group of workers and thus earlier treatments. In 
the European Union, NMSC should be officially rec-
ognized as an occupational disease within the next 
legislative period.

•	 Healthcare professionals and policy makers should 
work together to ensure a common European registra-
tion for NMSC in cancer registries.

•	 Employers should find appropriate ways to monitor 
UVR exposure and implement cost-effective tech-
niques for protective behaviours and skin cancer 
screenings for outdoor workers.

•	 Health professionals should improve reporting of 
occupational NMSC.

•	 Patient advocacy groups, doctors and other health pro-
fessionals as well as employers should collaborate to 
promote skin cancer prevention and protective work-
ing practices and to address the unmet needs of retired 
outdoor workers with chronic persisting NMSC [48].

Additional evidence shows that unregistered employ-
ment in many sectors with an elevated level of UV radi-
ation exposure (agriculture, hunting and construction) 
[9] is something that European policy makers and leg-
islative authorities should take into account. Recent data 
shows that although 1 to 25 of the EU28 workforce is in 
the agriculture, forestry and fishing sector., 15% of the 
agricultural workforce and 32% of all employees in the 
agricultural sector have no formal employment contract 
[49], while in the construction sector the unregistered 
employment is 19% [50]. As such, the population at risk 
is much larger than the official records or trade unions 
report. European and national organizations should 
consider measurements that will work synergistically 
in order for prevention measures to have a meaningful 
impact to the real extent of the working population with 
elevated exposure to UVR and consequently to increased 
NMSC risk.

The latest WHO World Cancer Report also high-
lights the need for protective measures against hazard-
ous exposure to sunlight [51]. Finally, Europe’s Beating 
Cancer Plan, calls for: “further legislative and soft mea-
sures to reduce exposure to carcinogenic substances in 
the workplace, in products and in the environment, and 
to UV and ionising radiations from natural and artificial 
sources” [52].

ConCluSIonS 
Outdoor workers in various workplaces across the 

world are exposed to intense UVR, which results in the 
high incidence of NMSC. For patients, NMSC is a poten-
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tially life-threatening, highly chronic and recalcitrant 
disease, which, inter alia, has a  huge impact on their 
quality of life and it thus affecting their social life and 
mental health stability.

However, NMSC is not yet recognized as an occu-
pational disease at pan European level and there is no 
effective legislation to protect outdoor workers.

This paper is a call for action to increase awareness 
among and protection for those who work outdoors and 
to establish the necessary preventive methods such as 
regular screening for early detection and treatment, and 
to increase the use of protective methods currently at 
disposal including protective clothing and sunscreens in 
order to prevent further NMSC incidences. 
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