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Abst rac t
Introduction: While it is clear that individuals with outdoor occupations are at a significantly greater risk of devel-
oping cutaneous squamous cell carcinoma (cSCC), no previous studies have investigated the potential association 
between the tumour grade and occupation in this patient population.
Aim: To assess occupation as a risk factor for the development of high-grade cSCC. Secondarily, to determine the 
association between the tumour grade and other clinical characteristics.
Material and methods: Retrospective analysis of 256 patients treated for head and neck cSCC at our institution in 
2007–2016. The following patient characteristics and variables were assessed: age; sex; tumour location and grade; 
profession; and education level. A univariate analysis was performed to assess the association between each study 
variable and grade 3 tumour differentiation. 
Results: The following variables were significantly associated (p < 0.05) with grade 3 (G3) cSCC tumours: outdoor 
work vs. indoor work; primary school vs. high school education; and age. Additionally, patients with low-grade (G1) 
tumours were significantly younger (mean age: 72) than patients with high-grade (G3) tumours (mean age: 79)  
(p = 0.046). 
Conclusions: To our knowledge, this is the first study to assess the variables associated with the tumour grade 
among outdoor workers. These findings suggest that outdoor workers who develop cSCC are at a greater risk of 
developing more aggressive cancers. These findings provide additional support for classifying cSCC as an occupa-
tional disease. Early education about the dangers of sun exposure during the first years of school is essential to 
minimize the risks of developing high-grade skin cancer.
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Introduction

Cutaneous squamous cell carcinoma (cSCC) is, after 
basal cell carcinoma, the second most common cancer 
in the world [1]. The overall incidence is 16/100,000 in 
Europe and 160/100,000 and 356/100,000 in the United 
States and Australia, respectively [2, 3]. Prognosis is gen-
erally good, although approximately 10% of cases will de-
velop regional metastases and thus significantly higher 
mortality rates [4, 5]. The most important etiological fac-
tor is total lifetime exposure to ultraviolet A (UVA) and B 
radiation (UVB) [6, 7]. Solar UV radiation causes genetic 

damage in skin keratinocytes, thus leading to neoplastic 
changes in the tissue [8]. 

Although the relation between UV radiation and 
cSCC has been well established [9–11], cSCC is not cur-
rently considered an occupational disease. An occupa-
tional disease is defined as an illness caused by the ac-
tion of harmful factors in the work environment or in 
the way the employee works. Although this definition 
would appear to include skin diseases among outdoor 
workers, these diseases are not included in the group 
of occupational diseases in most countries. A notable 
exception to this is Germany, where certain skin can-
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cers – that is, those caused by exposure to soot, paraf-
fin sludge, tar, anthracene, pitch, or similar substances 
– are classified as occupational diseases. UV radiation 
is conspicuously absent on this list of causes [12]. Nev-
ertheless, it is clear that outdoor workers are more likely 
to receive a higher cumulative dose of solar radiation. 
The consequence of this greater exposure is that such 
patients have a greater probability than non-UVB-ex-
posed workers of developing higher grade (i.e. poorly-
differentiated) tumours with a worse prognosis [13–15]. 
Indeed, one author found that the metastasis rate in 
patients with poorly-differentiated tumours was three 
times greater than that of patients with moderately- or 
well-differentiated tumours [16]. While it is clear that in-
dividuals with outdoor occupations are at a significantly 
greater risk of developing cSCC, to our knowledge, no 
previous studies have investigated the potential asso-
ciation between the tumour grade and occupation in 
this patient population. 

Aim

Given this context, we hypothesized that outdoor 
workers would be more likely to develop cSCC than in-
door workers, and that the tumour grade in this subpop-
ulation would be higher. The primary aim of this study 
was to determine the potential association between 
occupation (outdoor vs. indoor work) and the tumour 
grade. A secondary aim was to assess the potential in-
fluence of other patient characteristics on the tumour 
grade.

Material and methods

This was a retrospective study of patients who un-
derwent surgical treatment for cSCC between 2007 and 
2016 at our institution. Inclusion criteria were: a) diag-
nosis of cSCC (any grade or type) and b) surgery as the 
primary oncological treatment. A total of 294 patients 
met the inclusion criteria. Of these, 38 were excluded 
from the final analysis for the following reasons: 16 were 
lost to follow-up, 18 changed their jobs during the study 
evaluation period (and were thus re-classified to another 
occupational group), and another 4 could not be reached 
by telephone query. Therefore, the final sample consisted 
of 256 patients.

The following were obtained from patient medical re-
cords: sex; age at diagnosis; tumour location (forehead, 
nose, eye, cheek, scalp, ear, lip); tumour grade (1–3); and 
educational level: primary school (age: 7–15), secondary 
school (age: 15–19), or high school graduate (age: 19+). 
The patient’s occupation was ascertained by telephone 
query and classified as one of the following: 1) outdoor 
worker (> 4 h/day of outdoor work); 2) mixed worker (be-
tween 2–4 h/day of outdoor work); or 3) indoor worker 
(< 2 h/day of outdoor work).

Statistical analysis

A univariate analysis was performed for all study vari-
ables. The main analysis was performed to determine the 
association between the patient profession and degree 
of tumour differentiation. Similarly, a univariate analysis 
was performed for education and age to check for pos-
sible associations with tumour differentiation. 

The statistical analysis was performed using Statisti-
ca statistical software (StatSoft). The results were consid-
ered significant at p < 0.05. Comparisons were made us-
ing the Kruskal-Wallis test, Dunn’s multiple comparisons 
test, the Mann-Whitney U test, and a logistic regression 
model. Odds ratios (OR) with 95% confidence intervals 
(CI) were calculated using Fisher’s exact test with De 
Wolf’s approximation.

Due to the retrospective nature of the study, the ap-
proval from the Research Ethics board was not obligated. 
Each patient on admission to the Department signed 
written consent to participate in the study.

Results

The sample of 256 patients consisted of 188 (73%) 
males and 68 (27%) females. The median age was  
75 years (range: 28–97). The most common location 
was the lip (92 patients; 36%), followed by the ear  
(65 patients; 25%), and nose (37 patients; 14%) (Table 1). 
The most common tumour grade was grade 2 (G2) 
(149 patients; 58%), followed by G1 (80 patients; 32%), 
and G3 (27 patients; 10%). One hundred and eleven 
patients were classified as outdoor workers (43%),  
82 (32%) as mixed, and 63 (25%) as indoor workers (Ta-
ble 2). Most patients had only a primary school education-
al level (189 patients; 74%), followed by secondary school  
(46 patients; 18%) and high school graduates (21 pa-
tients; 8%) (Table 3). 

Outdoor workers were significantly more likely 
to have a G3 tumour than a G1 tumour (p = 0.0206;  
OR = 41.9; 95% CI: 2.37–748). By contrast, there were no 
G3 tumours within the indoor workers subset (Table 2). 
Due to vast confidence intervals we have combined G2 

Table 1. Tumour distribution according to the location and 
grade

Location Grade 1
N = 80
n (%)

Grade 2
N = 149

n (%)

Grade 3
N = 27
n (%)

Forehead 0 (0) 8 (5.4) 0 (0)

Nose 11 (13.8) 24 (16.1) 2 (7.4)

Orbital 2 (2.5) 2 (1.3) 1 (3.7)

Cheek 10 (12.5) 23 (15.4) 9 (33.3)

Scalp 3 (3.8) 3 (2.0) 1 (3.7)

Ear 20 (25.0) 36 (24.2) 9 (33.3)

Lip 34 (42.5) 53 (35.6) 5 (18.5)
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and G3 subgroups. In this comparison patients working 
outdoors had a 4 times greater risk of developing G2 or 
G3 tumours than those working indoors (p < 0.0001;  
OR = 4.18; 95% CI: 2.12–8.24). Patients with primary edu-
cation were over 3 times more likely to have a G2 can-
cer versus high school education (p = 0.0006; OR = 8.5;  
95% CI: 1.33–8.5) (Table 3). In combined groups patients 
with primary education had a 4 times greater chance of 
developing G2 or G3 tumours in comparison with high 
school graduates (p = 0.0032; OR = 4.028; 95% CI: 1.59–
10.16).

Mean patient age by the tumour grade (G1, G2, G3) 
was 72, 76, and 79 years, respectively (Table 4). The age 
was significantly associated with a higher likelihood 
of developing a G3 tumour, with the risk increasing by  
1.06 per year starting at age 72 when comparing the G1 
group to the G3 group (p = 0.046; OR = 1.06; 95% CI: 
1.01–1.10) (Table 4). 

There was no correlation between the patient sex 
and tumour grade.

Multivariate analysis was not possible due to the lim-
ited number of subjects with G1 and G3 tumours.

Discussion

In this study, we assessed the association between 
the occupation type (indoor, outdoor, or mixed) and tu-

mour grade in patients with cSCC. The main findings 
were that patients who worked outdoors had a signifi-
cantly greater risk (42 times) of developing a high grade 
(G3) tumour compared to those who worked indoors. In 
addition, we also found that a low educational level (pri-
mary school education only) was significantly associated 
with G3 cancers. Age was also correlated with tumour 
differentiation, with G3 tumours significantly more com-
mon in older patients. To our knowledge, this is the first 
study to evaluate the association between the tumour 
grade and cSCC among outdoor workers.

Most patients in this sample were older males (me-
dian age: 74), a finding that is consistent with previous 
reports showing that males are more likely to develop 
cSCC, in part because of their greater exposure to so-
lar UV radiation through both occupation and outdoor 
hobbies [17]. Indeed, over half of the sample worked 
outdoors and of these, the large majority (99 patients; 
89%) were males. The most common tumour locations 
were the lip, ear and nasal regions, all of which are areas 
that receive significant sun exposure, as noted by other 
authors [18, 19].

Work environment conditions

The main findings in this study were with regards 
to the association between the work location (out-

Table 2. Tumour differentiation according to profession

Profession Grading I
N = 80

Grading II
N = 149

Grading III
N = 27

Statistical 
significance 

I vs. II

Statistical 
significance 

I vs. III

Statistical 
significance 

II vs. III

OR 
95% CI
I vs. II

OR 
95% CI
I vs. III

OR 
95% CI
II vs. III

Outdoor 22 75 14 0.0009 0.0206 0.9611 3.52
1.77–6.98

41.9
2.37–748

12.1
0.7–209

Mixed 26 43 13 0.5671 0.1440 0.0477 1.71
0.85–3.4

33.1
1.88–583

19.6
1.12–341

Indoor 32 31 0 0.0019 0.0001 0.0090

Table 3. Tumour differentiation according to education

Education Grading I
N = 80

Grading II
N = 149

Grading III
N = 27

Statistical 
significance

I vs. II

Statistical 
significance

I vs. III

Statistical 
significance

II vs. III

OR 
95% CI
I vs. II

OR 
95% CI
I vs. III

OR 
95% CI
II vs. III

Primary 47 119 23 0.0006 0.0125 0.5193 3.37
1.33–8.5

12.37
0.7–218

3.74
0.21–66.4

Secondary 21 21 4 0.0234 0.2245 0.9214 1.33
0.46–3.83

5.23
0.25–105

3.97
0.19–81.5

High 12 9 0 0.0251 0.0327 0.1899

Table 4. Tumour differentiation according to age (mean ± SD)

Grading I
N = 80

Grading II
N = 149

Grading III
N = 27

Statistical 
significance  

I vs. II

Statistical 
significance

I vs. III

Statistical 
significance 

II vs. III

OR 
95% CI
I vs. II

OR 
95% CI
I vs. III

OR 
95% CI
II vs. III

72 ±14.2 76 ±11.5 79 ±8.8 0.1043 0.0460 0.7131 1.03
1.01–1.05

1.06
1.01–1.10

1.03
0.99–1.07
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door, mixed, or indoor) and tumour grade. Patients 
who worked outdoors were significantly more likely  
(> 40 times) to present a high grade tumour than pa-
tients who worked indoors. These findings were not en-
tirely unexpected – indeed, our working hypothesis was 
that outdoor workers would have higher-grade tumours – 
given that previous studies have estimated that outdoor 
workers receive UV doses that are 2 to 9 times higher 
than those received by indoor workers [20]. This differ-
ential exposure is crucial for the development of cSCC 
because it is believed that cSCC tumour cells develop 
from multiple genetic hits, mostly in the p53-tumour sup-
pressor gene. Interestingly, a normal p53 gene is actually 
upregulated by sunlight exposure and acts as a tumour 
suppressor by increasing DNA repair, arresting the cell 
cycle, and inducing apoptosis of damaged keratinocytes; 
however, excessive UV exposure can cause mutations 
in this gene, thus allowing cells to become resistant to 
apoptosis. In a mouse model, Brash [13] found that when 
UVB exposure was halted, clone growth also ceased. 
However, the same author found that frequent UV ra-
diation acts as a selection pressure by killing apoptosis-
normal cells and favouring mutated cells, which eventu-
ally increase in numbers and expand. This mechanism 
could partially explain our results as outdoor workers 
presumably received continuous exposure [13, 20, 21]. 
Another study supporting our results was conducted on 
organotypic cultures with normal healthy keratinocytes 
and premalignant cells. The normal ratio of healthy to 
premalignant cells was 4 : 1, leading to elimination of the 
diseased cells. However, when the ratio was equal (1 : 1), 
the premalignant cells survived, proliferated and became 
invasive. Even a minimal erythemal UVB dose allowed 
the diseased cells to form clones and overwhelm normal 
keratinocytes [22]. 

Education

Another novel finding of our study is the association 
between education and cSCC tumour grade. We found 
that patients with a low educational level (primary school 
only) were more likely to present a G3 tumour compared 
to patients with higher levels of education (secondary 
education and high school graduates). The logical expla-
nation for these findings is that, presumably, individu-
als with lower educational levels are more likely to work 
outdoors and, additionally, may be less aware of the risks 
of sun exposure. Reeder et al. noted that postal workers 
(whose educational level was higher than the comparison 
groups) had better knowledge of how to protect them-
selves from UV exposure [23]. Nahar et al. in his research 
discovered that only 35% of state park workers believed 
that their risk of developing skin cancer is higher than 
average [24]. Similarly, Buster et al. found that patients 
with lower educational levels were less worried about 
developing skin cancer, had less knowledge of methods 
of prevention, and “those without a college degree more 

often agreed that there are too many SC prevention rec-
ommendations to know what one should do“ [25].

Age

Patients with G1 tumours were younger (mean age; 
72), on average, than those with G3 tumours (mean: 
79 years). In other words, G3 cancers were more com-
mon among the older patients in our cohort, and we 
found that the risk of developing a high grade, poorly-
differentiated tumour increased by 1.06 per year. Several 
authors have found that age is the strongest risk factor 
for developing cancer, although other authors indicate 
that the interaction between cancer and aging is com-
plex, but that the increased risk of cancer development 
can be explained by accumulation of genomic mutations 
throughout life [26, 27]. Nevertheless, we were unable to 
find any other studies (apart from ours) reporting a direct 
relationship between aging and an increased risk of de-
veloping poorly-differentiated cancers.

Overall, the data in this retrospective study strongly 
suggest that outdoor work, low educational level, and 
age are factors that substantially increase the risk of 
developing a high-grade cSCC tumour. It is important to 
stress that although the presence of a high-grade tumour 
is undoubtedly an important risk factor, it is only one of 
the characteristics of “high-risk” cSCC, together with 
recurrent disease, perineural invasion, and incomplete 
excision [28, 29].

Our findings underscore the importance of teaching 
young people early in their school years about the risks 
of developing skin cancer, particularly in farming popula-
tions in which many individuals may be less likely to con-
tinue their education beyond primary school. Available 
data (mostly from Australia) clearly demonstrate that 
early and wide-ranging educational programs can help 
to slow the rapidly increasing incidence of skin cancer 
[30, 31]. Although students need greater education about 
skin cancer risks, workers in at-risk occupations should 
also be targeted because prevention – especially in those 
likely to develop high-grade tumours – is a more effective 
intervention than treatment. 

Strengths and limitations

Our study has several limitations. First, we were un-
able to perform a multivariate analysis because the sam-
ple size of patients with G1 and G3 tumours was insuf-
ficient. Another limitation is that many patients reported 
changing jobs during the course of their working lives 
and thus it was difficult to clearly assign them to a spe-
cific category. However, to overcome this limitation, we 
divided patients into 3 larger subgroups (outdoor, mixed 
and indoor work) after asking detailed questions about 
their work history. Finally, direct comparisons with other 
countries are difficult due to differences in the educa-
tional systems: in Poland, most students graduate from 
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primary school at the age of 15, whereas primary school 
graduates may be younger in other countries. 

Conclusions

This is the first study to report differences in tumour 
differentiation between outdoor and indoor workers. Our 
findings confirm that people with outdoor occupations 
are at a greater risk of developing higher malignancy 
tumours. This finding may provide additional support 
for the inclusion of cSCC in international lists of occupa-
tional diseases. The results of this study underscore the 
importance of prevention programs in at-risk populations 
and educational programs during primary school. 
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