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Abstract. During the past few years, several studies have 
demonstrated that head and neck carcinomas present more 
aggressive forms for smokers, relative to non‑smokers. Our aim 
was to investigate the tumor aggressiveness for patients with 
eyelid carcinomas, in relation to tobacco consumption, as well 
as other demographic and clinical data. For 98 patients with 
eyelid carcinomas, we studied the relationship between the 
duration of their symptoms and their tumor stage at first diag‑
nosis, trying to determine potential correlations with smoking 
status and several other clinical parameters. Our data revealed 
that, for the same duration of symptoms, tobacco consumers 
tended to have higher tumor stages, which did not correlate 
with other variables. For early diagnosed tumors, within the 
first year of symptoms, smokers presented 6.044 times higher 
odds to exhibit more advanced tumor stages, compared to 
non‑smokers, and this value decreased to 4.501, up to 5 years 
of the presence of symptoms (P<0.05). We also noted that, for 
smokers, an increased age was associated with increased tumor 
stages, which was opposed to non‑smokers, regardless of their 
symptom duration [average odds ratio (OR) 1.122, P<0.05]. 
Tumor aggressiveness was therefore associated with tobacco 
consumption, leading to an increased risk of developing more 
aggressive forms of eyelid carcinomas for smokers, compared 
to non‑smokers.

Introduction

Eyelid cancer represents a specific type of tumor that involves 
the skin of the eyelid or glands present at that level. The eyelid 
skin is considered the thinnest skin of the human body and 
may be easily impaired.

Skin cancer has the highest prevalence among cancers 
worldwide (1); head and neck cancers represent the sixth most 
common cancer and is defined by tumors growing in the nose 
or sinuses, mouth, throat, or larynx, or around the eyes, in the 
outer layer of the mucous membranes or the skin (2). Tumors 
located at the eyelid level account for 5 to 10% of all possible 
skin cancers, reflecting a rather common site (3).

There are four types of eyelid carcinomas: basal cell carci‑
noma (BCC), squamous cell carcinoma (SCC), sebaceous cell 
carcinoma, all three considered as non‑melanoma skin cancer 
(NMSC), and melanoma. Almost 90% of all eyelid tumors are 
BCC, which is considered a type of carcinoma with a slow 
progression rate which rarely spreads in the surrounding areas. 
The other types are considered more aggressive, as they form, 
grow, or spread to other sites of the body more quickly.

The main carcinogenic factors for eyelid cancer are 
represented by UV exposure mostly during childhood and 
adolescence, fair skin, increased age, immunosuppression, and 
smoking (3,4). Overall, tobacco is considered the main carci‑
nogenic factor for 16% of all cancers in developed countries; 
in less developed regions, it accounts for around 10%. There 
is a significant difference between sexes: for men, smoking is 
considered responsible for around 25% of all possible cancers, 
while for women, it only accounts for 4% (5,6).

Recent studies performed during the past 5‑6 years have 
demonstrated that smoking may amplify the aggressiveness of 
tumors, especially head and neck carcinomas, favoring a more 
rapid progression to higher stages. Thus, tobacco is considered 
not only a carcinogenic factor, but it is also associated with an 
increased risk of developing aggressive forms of carcinomas. 
In fact, it was demonstrated that cigarette smoke can alter cell 
structures in indirect and direct ways (at the protein and DNA 
level) (7,8) promoting tumoral cell proliferation.

The aim of the present study was to determine whether 
smokers present more aggressive forms of eyelid carcinomas, 
based on their current stage of tumors identified at first diag‑
nosis, and the duration of their symptoms.
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Patients and methods

We conducted a research study between 2016 and 2019, on a 
group of 98 patients admitted to the Ophthalmology Clinic 
from the Emergency County Hospital Craiova, Romania.

The inclusion criterion was a diagnosis of eyelid 
neoplasm, no matter its form. All patients provided their 
informed consent regarding treatment and personal data 
analysis.

For each patient, we acquired the following data: sex, age 
at diagnosis, area of residency, tumor cell type, tumor stage 
and extension, status of relapse, treatment, smoking habit, 
data regarding the duration of symptoms at the moment of the 
initial consultation, as well as several clinical parameters (skin 
type, diabetes mellitus, arterial hypertension, cutaneous infec‑
tions, actinic keratosis).

Given the available data, a patient was considered as a 
smoker if he/she was an active smoker, or he/she was a former 
smokers for a significant period of time (at least 1 year); other‑
wise, the patient was considered a non‑smoker. Based on this 
status, we divided our study lot into two groups.

We determined the histopathological type of tumor as 
recommended by the World Health Organization (WHO) 
Classification of skin tumors (9). Tumor stage was assessed 
based on the TNM system (tumor, node, and metastasis) 
according to AJCC Cancer Staging 8th edition, which is a 
general classification of tumors according to their size and 
extent, relative to the original location (10). Following these 
criteria, tumors were divided in four ordered stages, named 
from T1 to T4.

Aggressiveness is a cancer characteristic, and it expresses 
the rapidity to which the tumor evolves from lower stages to 
higher stages. We assessed the aggressiveness level based on 
the tumor stage and the duration of symptoms at diagnosis.

Statistical analysis. We used Statistical Package for Social 
Sciences (SPSS), version 20 (IBM Corp.) to regroup patient 
data, to convert inputs into categorical parameters, and 
to perform a statistical analysis upon the acquired values. 
Chi‑square and Fisher's exact tests were used to evaluate the 
studied group distributions and to compare different results. 
For each predefined interval of symptom duration, we used 
ordinal or binominal logistic regression to analyze the relation 
between tumor aggressiveness and smoking status, adjusting 
the result with sex and the age at first diagnosis.

We also determined the relative risk (RR) and 95% 
confidence intervals (95% CI) for smokers compared with 
non‑smokers, in relation with several tumor‑related param‑
eters (P‑value <0.05 was considered statistically significant). 
For risk calculation, tumor stage was dichotomized in mild 
(T1‑T2) and severe (T3‑T4) and non‑smokers represented the 
reference group.

Results

The study lot had an almost equal distribution of sexes, with 
51 males (52.04%) and 47 females (47.96%). More than half 
of the male patients were active smokers (28 patients, repre‑
senting 54.90% of males), while only 17 females (representing 
36.17% of females) smoked constantly (Table I).

Patients included in our study lot had age at diagnosis of 
a range between 39 and 91 years, mean value and standard 
deviation 67.4±12.53, thus covering a significant age interval. 
To ease the subsequent analysis, the lot was divided into 
age decades, starting from 30‑39 years. We obtained thus 
6 decades, up to 90‑99 years of age. To be consistent with the 
patients' real age, we named the decades from 3 to 9, instead 
of 1 to 6. Our study lot was composed mainly of patients 
with middle to high ages. Decades 5 and 6 each had almost 
a quarter of the entire group, decade 7 covered approximately 
20%, while decades 3, 4, 8 and 9 represented the rest.

Table  II contains the distribution of active smokers 
among the study lot, divided by age decade. Thus, decade 8 
was the most affected, with 62.5% active smokers and 37.5% 
non‑smokers. Decades 4 and 7 were equally divided (50%), 
while the other decades were dominated by non‑smokers. 
Greater differences in terms of smoking habit distribution 
were present for decades 5 and 8.

Concerning the area of residence, most patients were 
from a rural environment (64 patients, representing 65.31%), 
28 females and 36 males, and almost half of all rural resi‑
dents (48.44%, mostly males) were smokers (31.63% of the 
entire lot). The rest of the 34 patients had an urban residence 
(34.69%), 19 females and 15 males, and only 41.18% of the 
urban residents were active smokers (14.29% of the entire lot) 
(Table I).

Two types of neoplasms were identified within our study 
lot: 87.76% (86 patients, 43 males and 43 females) had basal 
cell carcinoma (BCC), while 12.24% (12 patients, 8 males and 
4 females) had squamous cell carcinoma (SCC). Less than 
half of the patients with BCC were active smokers (46.51%, 
40/86 patients, 60% of them being males) (40.82% of the entire 
lot). Among the patients with SCC, 41.67% were smokers 
(5/12 patients, only 1 female) (only 5.10% of the total lot). 
All 4 tumor stages (from T1 to T4) were identified among the 
patients (Table I).

We did not identified correlations between smoking status 
and sex, area of residence, tumor stage or neoplasm type 
(P>0.05) (Table I).

All patients had unilateral tumors, extended on the orbit for 
8 patients (8.16% from the entire study lot). All 8 patients with 
orbit extensions had T4 stage tumors (87.5% of them are from 
rural areas), and half of them are smokers. From the entire 
study lot, only 3 patients had relapse (3.06%) with stages T1 
and T2, all middle‑aged males. All 3 were from rural areas, 
and two of them (66.67%) were active smokers.

Analysis of symptom duration. During the initial consultation, 
patients were requested to declare for how long they presented 
clinical manifestations of their eyelid neoplasm; thus, we 
obtained the duration of the symptoms. Patients were divided 
in 3 categories: symptoms present for less than 1 year, symp‑
toms present for a period between 1 and 5 years, and symptoms 
present for a period between 5 and 10 years (Table I).

Fig. 1 summarizes the evolution of smoker and non‑smoker 
distribution among the study lot, indicating the increased 
tendency of the smoker proportion by stage, for patients with 
symptoms present for less than 5 years.

From the entire study lot, 42 patients (representing 42.86%) 
came to the doctor after a few months of symptoms (less than 
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1 year): 17 females and 25 males (smokers represent 52.38%) 
(22.45% of the total lot). Mean age was 66.09±13.19 years. 
Tumor distribution was the following: 32 patients (76.19%) 

(32.65% of the entire lot) had T1 tumors and 50% were 
smokers; 10 patients (10.20% of the entire lot) had T2 tumors, 
60% of them were smokers.

Table I. Distribution of patients according to the duration of symptoms, tumor stage and type, sex, and smoking habit.

Parameter	 Total n (%)	 Smoker n (%)	 Non‑smoker  n (%)	 P‑valuea (M, F)

Sex				  
  Male (M)	 51 (52.04)	 28 (28.57)	 23 (23.47)	 0.06
  Female (F)	 47 (47.96)	 17 (17.35)	 30 (30.61)	
Residency				    0.49 (M, 0.88; F, 0.59)
  Urban	 34 (34.69)	 14 (14.29)	 20 (20.41)	
  Rural	 64 (65.31)	 31 (31.63)	 33 (33.67)	
Tumor stage				  
  T1	 37 (37.76)	 17 (17.35)	 20 (20.41)	 0.99 (M, 0.77; F, 0.85)
  T2	 31 (31.36)	 14 (14.29)	 17 (17.35)	
  T3	 22 (22.45)	 10 (10.20)	 12 (12.24)	
  T4	 8 (8.16)	 4 (4.08)	 4 (4.08)	
Type				    0.75 (M, 0.76; F, 0.63)
  BCC	 86 (87.76)	 40 (40.82)	 46 (46.94)	
  SCC	 12 (12.24)	 5 (5.10)	 7 (7.14)	
Duration of symptoms				  
  <1 year	 42 (42.86)	 22 (22.45)	 20 (20.41)	 0.11 (M, 0.77; F, 0.03)
  1‑5 years	 37 (37.76)	 12 (12.24)	 25 (25.51)	
  5‑10 years	 19 (19.39)	 11 (11.22)	 8 (8.16)	

aValue obtained using Chi‑square/Fisher exact tests. BCC, basal cell carcinoma; SCC, squamous cell carcinoma.

Table II. Distribution of patients according to age decade and smoking habit.

Age decade	 30‑39 n (%)	 40‑49 n (%)	 50‑59 n (%)	 60‑69 n (%)	 70‑79 n (%)	 80‑89 n (%)	 90‑99 n (%)

Smoking habit							     
  Smoker	 0 (0)	 3 (50)	 9 (34.61)	 11 (45.83)	 10 (50)	 10 (62.50)	 2 (40)
  Non‑smoker	 1 (100)	 3 (50)	 17 (65.39)	 13 (54.17)	 10 (50)	 6 (37.50)	 3 (60)

Figure 1. Distribution of smokers and non‑smokers, according to TNM stage and symptom duration.
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Figure 2. Trendlines for tumor stage and age, for symptoms (A) <1 year; (B) between 1 and 5 years; (C) between 5 and 10 years.
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The second duration category was 1‑5 years and included 
37 patients from the entire study lot (37.76%, 19 females and 
18 males). Mean age was 66.13±11.71 years. Only 32.43% of 
patients in this category were smokers (12.24% of the total 
lot). Tumor stage distribution was the following: 5 patients 
had T1 tumors and 20% were smokers; 16 patients had T2 
tumors and 25% were smokers; 12 patients had T3 tumors and 
41.67% were smokers; 4 patients had T4 tumors and 50% were 
smokers.

Within our study lot, we also had 19 patients (19.39%, 
11 females and 8 males) who sought medical treatment after more 
than 5 years from their first clinical manifestations. Mean age 
was 72.73±11.71 years. More than half of them (11/19 patients, 
57.89%) were smokers (11.22% of the total study lot).

Tumor stage distribution was the following: 4 patients had 
T2 tumors and 75% were smokers; 11 patients had T3 tumors 
and 54.5% were smokers; 4 patients had T4 tumors and 50% 
were smokers.

We identified a significant correlation between smoking 
and symptom duration only for females (P<0.05).

For the first two categories, the smoker proportion 
increased with the stage tumor; thus, the higher the stage, 
the higher percentage of smokers. Thus, for patients with 
symptoms present for less than 5 years, smokers had tumors of 
higher stages, more aggressive, compared to non‑smokers. For 
category 5‑10 years, the percentage of smokers decreased with 
the tumor stage. Smokers with symptoms present for more 
than 5 years apparently have less aggressive tumors, compared 
to non‑smokers.

Age plays a role in tumor progression as well. For smoker 
patients whose symptoms were present for less than 1 year, 
tumor stage increased with age, compared with non‑smokers, 
where the trend line indicated a decrease in stage with age 
(Fig. 2A). Only T1 and T2 stages are present in this category, 
thus we used a binomial logistic regression model to deter‑
mine the potential effect of smoking status, sex, and age, upon 
the current tumor stage at first diagnosis. We initially used the 
Box‑Tidwell procedure to test the linearity of age (the only 
continuous variable), and the results confirmed that it was 
linearly related to the logit of the tumor stage (P=0.972, which 
was greater than the standard value 0.05, and also value 0.0125, 
computed using the Bonferroni correction). Our model was 
statistically significant, with χ2(4)=27.402, P<0.0005. Only 2 
of the 3 variables used as predictors were significant: age and 
smoking status. Smokers presented 6.044 times higher odds to 
have more advanced tumor stages, compared to non‑smokers 
(95% CI, 1.240‑54.141), χ2(1)=4.768, P=0.029). Similarly, older 
patients had 1.141 times higher odds, compared to younger 
patients (95% CI, 1.203‑14.171), χ2(1)=4.167, P=0.041).

A similar evolution was identified for patients with symp‑
toms present between 1 and 5 years, where tumors were more 
aggressive with age for smokers, compared to non‑smokers 
(Fig. 2B). Given the fact that patients from this category exhib‑
ited all 4 types of tumors, we used ordinal logistic regression 
to identify the potential effect of smoking status, sex, and age, 
upon the current tumor stage at first diagnosis. We assessed the 
proportional odds through a full likelihood ratio test (our fitted 
model was compared to a model characterized by varying 
location parameters), obtaining χ2(6)=7.221, P=0.301. The 
final model was able to assess the tumor stage, χ2(4)=12.891, 

P=0.005. The computed odds of smokers having advanced 
tumor stages were 4.501 times greater than for non‑smokers 
(95% CI, 1.076‑18.820), χ2(1)=4.246, P=0.039. Sex had no 
statistically significant influence over more advanced tumor 
stages, χ2(1)=1.410, P=0.235. We identified an association 
between a higher age and an increase of odds for patients 
presenting higher tumor stages, with a computed odds ratio 
of 1.077 (95% CI, 1‑1.119), χ2(1)=3.697, and a borderline value 
of P=0.05.

For patients in the last category of symptom duration, 
there was an increased tendency to higher stages with age, for 
both smokers and non‑smokers (Fig. 2C). With 3 tumor stages 
identified for this category, from T2 to T4, we ran a similar 
ordinal logistic regression model. Odds were proportional for 
our parameters: χ2(3)=3.055, P=0.383. The final model was 
able to assess the tumor stage, χ2(3)=8.915, P=0.030. Smoking 
status or sex had no significant effects over advanced tumor 
stages, with χ2(1)=1.464, P=0.226, respectively χ2(1)=0.154, 
P=0.695. However, we also identified an association between 
a higher age and an increase of odds for patients presenting 
higher tumor stages, with an odds ratio of 1.150 (95% CI, 
1.028‑1.287), χ2(1)=5.942, P=0.015.

We also performed various analyses upon clinical and 
demographical data, by sex and age decades, but we did not 
find any specific tumor progression correlations (P>0.05). 
Table III contains the relative risk analysis for smokers with 

Table III. Risk estimation for smokers compared to 
non‑smokers.

Parameter	 Smokers RR (95% CI)

Sex	
  Female	 0.667 (0.429‑1.039)
  Male	 1.434 (0.978‑2.102)
Residency	
  Urban	 0.824 (0.473‑1.437)
  Rural	 1.106 (0.830‑1.474)
Type	
  SCC	 0.841 (0.287‑2.469)
  BCC	 1.024 (0.884‑1.187)
Tumor stage	
  T1‑T2	 0.987 (0.758‑1.285)
  T3‑T4	 1.031 (0.567‑1.873)
Symptoms <1 year	
  T1	 0.909 (0.649‑1.273)
  T2	 1.364 (0.449‑4.141)
Symptoms 1‑5 years
  T1‑T2	 0.781 (0.413‑1.478)
  T3‑T4	 1.389 (0.643‑3.000)
Symptoms 5‑10 years
  T1‑T2	 2.182 (0.275‑17.322)
  T3‑T4	 0.831 (0.532‑1.299)

RR, relative risk; CI, confidence interval; SCC, squamous cell carci‑
noma; BCC, basal cell carcinoma.
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non‑smokers as reference, determined for sex, residency, cell 
type, tumor stage and symptom duration.

Discussion

Tobacco smoking has been around for more than 2000 years 
ago, either part of religious ceremonies, or simply for enter‑
tainment in more recent times. Before 1800, there were just 
a few attempts to link smoking with diseases. But this habit 
(later defined as a vice) started to be considered dangerous 
only around the 1920's; studies continued in a more organized 
manner until 1950‑1960, when a series of major results were 
clearly reported and confirmed that tobacco smoking led to 
lung cancer (11).

Almost half of the patients included in our study lot 
were smokers. The simple notion of a smoker is however 
complex since several types of smoking are defined: active (or 
first‑hand) and passive (or second hand). A series of studies 
have demonstrated that passive smoking is frequent. Whether 
it is smoke from a burning cigarette, or the smoke exhaled by a 
smoker nearby, we may consider that most people are exposed 
to tobacco smoke. Data from the literature indicate that more 
than a quarter of non‑smokers (27.5%) are exposed to second‑
hand smoke; women being more exposed than men (12‑14). 
Similar results were obtained by Oberg et al (15) in Easter 
Mediterranean and South‑East Asia, with other authors also 
reporting that women are at least 50% more susceptible of 
passive smoking than men (16,17).

Several years ago, a series of studies analyzed the remainder 
of particles from first‑hand tobacco smoke. These particles get 
attached to dust and various surfaces and they remain there for 
a long period after the original smoke is no longer present. In 
this case, individuals present in this area are exposed to third 
hand smoke (also known as residual tobacco smoke) (18).

From our study lot, 45.92% were active smokers, thus 
exposed to first‑hand tobacco smoke. People who smoke 
actively, or simply stay in an environment where there is 
cigarette smoke, are exposed to an ensemble of more than 
7000 chemicals; among them, there are at least 250 toxins with 
carcinogenic potential. Some of them have an upregulatory 
effect on several oncogenes and transcriptional constituents 
that may favor carcinogenesis  (19). Others are involved in 
carcinogenesis through various mechanisms that interact 
with cancer genes or may produce changes at the molecular 
level and alter the normal cell cycle, deregulate apoptosis 
or autophagy processes, or increase the ability to invade the 
surrounding areas (20‑23). Studies have found that residues 
from smoke may combine with gases from the surrounding 
air, thus forming cancer‑inducing components that remain on 
hands or on surfaces (24‑26). These substances have the poten‑
tial to damage human DNA or impact blood clotting (27‑29).

Tumor aggressiveness. Recent studies have reported 
increased tumor progression rates for smokers, compared to 
non‑smokers. This aggressiveness is due to catabolic trans‑
porters and oxidative stress, since tobacco smoke may favor 
tumor stroma shifting toward glycolysis  (2). Stroma cells 
have a supporting role within the tumor itself and represent 
more than half of all tumoral cells. Fibroblasts are the most 
common stroma cells and promote tumor progression by 

generating metabolic products that act like a fuel for cancer 
cells. Domingo‑Vidal et al reported that fibroblasts exposed 
to cigarette smoke favor increased glycolysis, thus generating 
more metabolites for tumor cells, which accelerated their 
proliferation (2). Moreover, tumor cells become more resistant 
to apoptosis and acquire increased mobility (30). Based on 
tumor cell types, smokers from our study had similar rates of 
prevalence for basal cell carcinoma (BCC) and squamous cell 
carcinoma (SCC); however Leonardi‑Bee et al reported that 
tobacco consumption increases the risk of developing SCC 
with 52% (1). Still, the number of our SCC patients was rather 
small, thus we will continue research in this direction. Other 
authors have reported that there also are other factors activated 
by nicotine that favor tumoral cell proliferation (31‑34). Overall, 
our findings are similar, as active smokers present higher 
stage tumors, compared to non‑smokers. Periodic screening 
and early risk assessment may shift this balance in the future 
years, as the use of artificial intelligence, especially machine 
learning, increases the efficiency of these processes and 
diminishes the burden of physicians in this direction (35‑38).

According to our data, eyelid carcinoma and smoking 
status are correlated with females, and similar results have 
been reported by MercuŢ et al (39) and Wojno (40). In addi‑
tion, smokers present a higher risk to develop severe forms 
of tumors in the first months/years of symptomatology. 
From all patients with symptoms present for less than a 
year, for all tumor stages in this category (only mild), the 
number of smokers was at least equal or higher compared 
to non‑smokers. T1 was predominant in this group, since 
patients sought medical treatment from their very first symp‑
toms. T2 group was dominated by smokers. A similar status 
was valid for patients with a symptom duration between 
1 and 5 years. As the tumor stage increased, so was the 
number of smoker patients within that category. Therefore, 
comparing the distribution of smokers vs. non‑smokers, 
tobacco consumers had, once again, more advanced tumor 
stages, supporting the fact that smoking accelerates tumor 
progression rates, which indicates more aggressive behav‑
iors. The same analysis yielded different results for group 
with symptoms between 5 and 10 years. This category was 
the smallest, with only 19 patients, from whom 13 had a 
rural residency (61.54% of them were smokers). After at least 
5 years, it was obvious that there were no patients with T1 
tumors, but most smokers had T2 tumors, followed by T3 and 
T4 tumors. Compared to the other two groups, the number 
of smokers was decreased when the stage was increased. 
We can only say that, at this point, smokers are either no 
longer smoking (they quit smoking before the diagnosis), or 
this is possible evidence that smoking, in association with 
carcinomas, does not sustain a long‑life expectancy.

Our study presents several limitations. The smoker status 
was assessed only based on active smoking or former smoking 
for a significant period of time, as we encountered difficulties 
in gathering data regarding the smoking period, expressed in 
number of years, estimated number of cigars/day, or type of 
cigarettes/pipe. Also, the duration of symptoms was the one 
reported by each patient before inclusion in our study, without 
having a consistent method of definition, and it is based on their 
personal perception of symptoms, which may be a subjective 
estimation as it lacks a common reference.
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In conclusion, tobacco smoke contains many components 
that are involved in carcinogenesis and tumor progression 
and aggressiveness. Smoking accelerates the progression rate, 
thus reaching a higher stage if the patient is an active smoker, 
compared to non‑smokers for whom the tumor stage evolution 
is less rapid.
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