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Abstract
AIM: To assess the prevalence of colorectal neoplasms (adenomas, advanced adenomas and colorectal cancers) among Israeli military and commercial airline pilots.

METHODS: Initial screening colonoscopy was performed on average-risk (no symptoms and no family history) airline pilots at the Integrated Cancer Prevention Center (ICPC) in the Tel-Aviv Medical Center. Visualized polyps were excised and sent for pathological examination. Advanced adenoma was defined as a lesion >10 mm in diameter, with high-grade dysplasia or villous histology. The results were compared with those of an age- and gender-matched random sample of healthy adults undergoing routine screening at the ICPC.

RESULTS: There were 270 pilots (mean age 55.2 ± 7.4 years) and 1150 controls (mean age 55.7 ± 7.8 years). The prevalence of colorectal neoplasms was 15.9% among the pilots and 20.6% among the controls (P = 0.097, χ2 test). There were significantly more hyperplastic polyps among pilots (15.5% vs 9.4%, P = 0.004) and a trend towards fewer adenomas (14.8% vs 20.3% P = 0.06). The prevalence of advanced lesions among pilots and control groups was 5.9% and 4.7%, respectively (P = 0.49), and the prevalence of cancer was 0.7% and 0.69%, respectively (P = 0.93).

CONCLUSION: There tends to be a lower colorectal adenoma, advanced adenoma and cancer prevalence but a higher hyperplastic polyp prevalence among pilots than the general population. 

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Military and commercial airline pilots are exposed to cosmic radiation and other specific occupational factors. Several epidemiological studies on a possible elevated cancer risk, including colorectal cancer, among flight personnel have yielded contradictory results. We aimed to evaluate the incidence of colorectal neoplasms among Israeli military and commercial pilots and to compare it with the incidence of colorectal neoplasms among the general population. We found that the prevalence of colorectal adenomas, advanced adenoma and cancer is not higher, and tends to be even lower, among aircrew than that of the general population. It seems that ionizing radiation does not constitute a risk factor for colorectal cancer among air crew personal. 
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer and the second leading cause of cancer death among both women and men in the Western countries[1]. It is estimated that up to 90% of CRC cases could be avoided with appropriate screening which allows the detection of asymptomatic cancers that are more amenable to curative therapy as well as the removal of adenomas that could subsequently develop into invasive cancer[2,3]. Several risk factors have been reported to be associated with colorectal adenomas, including obesity, impaired glucose tolerance, hypertension, low high-density lipoprotein cholesterol, and hypertriglyceridemia, as well as lifestyle factors, such as alcohol consumption, cigarette smoking, and lack of physical exercise[4,5]. Airline pilots are recognized as an occupational group at risk for various types of cancers[6]. Although they must be physically fit, mentally stabile and lead an appropriate lifestyle in addition to being under closer medical supervision than most other occupational groups, they are subject to several occupational exposures that may pose physiological challenges to their long-term health. The latter include circadian dysrhythmia, mild hypoxia, and exposure to reduced atmospheric pressure, low humidity, noise, vibration, cosmic radiation and magnetic fields[7-8]. 
Ionizing radiation in higher doses is known, or suspected, to be a cause of several types of cancer[9], and international recommendations regulate such exposure during flights[10,11]. Chromosomal analyses have showed significantly higher numbers of chromosomal translocations among pilots than among controls, and chromosomal translocation frequency was found to be significantly associated with flight years[12,13]. Health studies that have been conducted on this occupational group over the past three decades usually focused on radiation-associated cancer, and those investigations produced inconsistent results[14-20]. An excess mortality from a variety of lesions that were reported in some of these studies include tumors of brain [14], testis, urinary bladder[15], prostate and acute myeloid leukemia[14]. In addition, an excess risk of breast cancer has been observed among female cabin attendants[18], and several studies reported an increased risk for colorectal tumors with standardized incidence ratios ranging from 1.32 to 1.34[19-21].
The recognition that normal colorectal epithelium progresses to adenomas of increasing degrees of dysplasia and then to invasive cancer has been termed the “adenoma–carcinoma sequence”, and it has proved to be an excellent model of human cancer[22]. According to this model, it can be assumed that an increased incidence of colorectal tumors would be associated with an increased incidence of adenomas.
This study aims to evaluate the incidence of colorectal neoplasms among Israeli military and commercial pilots and to compare it with the incidence of colorectal neoplasms among the general population. 

MATERIALS AND METHODS
Study design
We performed a retrospective case–control study at the Tel-Aviv Sourasky Medical Center from 2003 to 2011. During this period, a total of 270 colonoscopies were performed on military and commercial pilots. All of these individuals were at average-risk for colorectal cancer and underwent colonoscopy for the first time and had all been referred for screening colonoscopy as a primary prevention procedure. Individuals were excluded if they reported a personal history of colorectal adenoma or carcinoma at any time; if they had a family history of colorectal adenoma or carcinoma (one first-degree relative aged < 70, or two or more family relatives at any age); if they had a personal history of inflammatory bowel diseases; if they reported symptoms suggestive of neoplasia (rectal bleeding, change in bowel habit, abdominal pain, or unexplained weight loss during the previous 6 months); or if they had a positive fecal occult blood test (FOBT), or laboratory abnormalities such as iron-deficiency anemia. A comparison group was randomly selected from an average-risk, age- and sex-matched control group (n = 1150) from the same institution who underwent colonoscopy during the same time period for similar indications. 

Endoscopic procedures 
All participants were interviewed and examined by a gastroenterologist. Colonoscopy was performed according to the usual protocol in our institute by experienced gastroenterologists using high-resolution Pentax endoscopes. It was complete to the cecum in 98.7% of patients, and the present analyses were restricted to subjects who underwent a complete colonoscopic examination. All the lesions that had been found during colonoscopy were sampled, removed and sent for pathological examination. The size of the polyp was estimated with the use of open-biopsy forceps. If more than one lesion was detected, the colonoscopic findings were classified according to the most advanced lesion. Advanced adenomas were defined by the presence of any of the following adenoma characteristics: size ≥ 10 mm, any villous histology, high-grade dysplasia or colorectal cancer that was either invasive (through the muscularis mucosa) or in-situ. For analyses of advanced adenoma, the subjects were classified according to their most advanced pathological finding. 
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Statistical analysis
The proportion of individuals with polyps in the pilot and control groups was compared using the chi-square and Fisher’s exact tests. A P value less than 0.05 was considered statistically significant, and the SPSS (Chicago, Illinois, United States) for Windows software, version 13.0 was used for the analysis.
[bookmark: N65913]
RESULTS
The pilot group was comprised of 270 males whose average age was 55.2 years at the time of the index screening colonoscopy. They were compared to an age-matched control group of 1150 males (average age 55.7 years at time of the index screening colonoscopy) who were also undergoing routine colonoscopy.

Polyp, adenoma and advanced lesion detection 
Eighty-three (30.7%) pilots were found to have polyps of any type (hyperplastic and/or adenomatous) compared to 342 (29.7%) controls (P = NS). There was a significant difference in the number of pilots and controls who had hyperplastic polyps [n = 42/270 (15.5%) vs n = 108/1150 (9.4%), respectively; P = 0.004]. Adenomas were detected in 41 (14.8%) pilots compared to 234 (20.3%) controls (P = 0.06). Similarly, the number of detected advanced adenoma was not significantly different between pilots and controls [n = 16/270 (5.9%) vs n = 54/1150 (4.7%); P = 0.49] (Table 1). 

High-grade dysplasia and carcinoma detection 
A total of 16 advanced lesions was detected in 270 pilots, 2 (0.7%) of which were carcinomas and 2 were high-grade dysplasia (0.7%). The control group had similar rates of advanced lesions: 8 of the 1150 subjects had carcinomas (0.69%) and 9 (0.78%) had high-grade dysplasia (P = 0.93) (Table 1).
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DISCUSSION
Over the last 30 years, studies conducted on airline pilots usually focused on radiation-associated cancer, and their results were inconsistent. Nicholas et al[23] reported that US pilots and navigators experienced significantly increased mortality due to cancer of the kidney and renal pelvis, and had a tendency towards increased mortality due to cancer of the prostate, brain, colon, lip, buccal cavity, and pharynx. In their first study which was based on small numbers of subjects, Band et al[20] had found excess deaths for brain cancer and for rectal cancer (n = 3; SMR = 4.35; P = 0.033; 95%CI: 1.20-11.20) and an excess cancer incidence for non-melanoma skin cancer, brain cancer and Hodgkin's disease. In a later study, however, the same investigators found a significantly decreased mortality among pilots for all types of cancers, except for prostate cancer and acute myeloid leukemia, which were significantly increased[21]. 
Unlike previous studies that examined the presence of CRC or death from CRC, the present study systematically compared the presence of premalignant lesions of CRC among pilots with that of age- and gender-matched subjects randomly chosen from the general population. Our study demonstrated no difference and an even lower rate of polyps and adenomas, regardless of size or polyp pathology, between the two groups. The findings of our study are compatible with those of a recent systematic review of the epidemiological literature on health of aircrew members since 1990, which included 65 relevant publications[6]. It reported that the overall cancer incidence and mortality was generally lower among aircrew members than in the comparison population, however, consistently elevated risks were reported for breast cancer incidence among female aircrew members and for melanoma among both male and female aircrew members. The conclusion of that review was that ionizing radiation was considered to contribute little if anything to elevated risks for cancers among an aircrew, whereas excess ultraviolet radiation was a probable cause of an increased melanoma risk among them. 
One explanation for the low incidence of colorectal tumors among the crew members was the relative absence of risk factors among that professional group. Risk factors for colorectal cancer and adenomas have been extensively studied and include nutritional as well as lifestyle habits. Compelling evidence indicates that avoidance of smoking and heavy alcohol use, prevention of weight gain, and maintenance of a reasonable level of physical activity are associated with markedly lower risks of colorectal cancer[24]. The systematic monitoring of the health status of aircrew members presumably contributes to reducing the risk factors and pre-malignant as well as cancer rates. 
One interesting finding of the current study is the significantly increased rate of hyperplastic polyps among air crew members compared to controls. Hyperplastic colonic polyps have traditionally been considered to have no malignant potential, and are generally regarded as being of little or no clinical consequence. However, recent evidence has suggested that some hyperplastic polyps may develop into cancer via the serrated or microsatellite instable pathways[24]. Chan et al[25] suggested that right-sided or large hyperplastic polyps appear to be the ones of concern. We have no explanation for the greater number of hyperplastic polyps among our cohort of pilots, however, they all were relatively small lesions, and none of them were on the right side of the colon
In conclusion, we found that the prevalence of colorectal adenomas, advanced adenoma and cancer is not higher and tends to be even lower among aircrew than that of the general population. There was an increased number of small, left-sided hyperplastic polyps among the pilots compared to the general population, but the significance of this observation is not clear and further studies are needed to confirm it. 
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COMMENTS
Background
Several occupational exposures may present physiological challenges to the long-term health of airline pilots. These include circadian dysrhythmia, mild hypoxia, exposure to reduced atmospheric pressure, low humidity, noise, vibration, and exposure to cosmic radiation and magnetic fields. Previous studies have shown an excess mortality from a variety of cancers such as brain, testis, urinary bladder, prostate, leukemia, breast and colorectal tumors.

Research frontiers
According the “adenoma–carcinoma sequence” model, normal colorectal epithelium progresses to adenomas of increasing degrees of dysplasia and then to invasive cancer. It can be assumed, therefore, that an increased incidence of colorectal tumors would be associated with an increased incidence of adenomatous polyps. In this study, the authors demonstrate that the prevalence of colorectal adenomatous polyps is not increased among male pilots.

Innovations and breakthroughs
In contrast to previous studies that examined the presence of colorectal cancer (CRC) or death from CRC among air crew, the present study is the first one that evaluated systematically the presence of premalignant lesions of CRC among pilots. Our study demonstrated no difference and an even lower rate of polyps and adenomas, regardless of size or polyp pathology, between pilots and the general population. 

Applications
Colorectal cancer screening program among pilots should be equal to that of general population

Terminology
Colorectal cancer is the third leading cause of cancer deaths among men and women in the Western world. Colorectal cancer is preventable, and curable, if detected early. Colorectal adenomas are considered as established precursors of colorectal cancers. 

Peer review
The present study is the first to compare the rates of adenomas among pilots with that of age- and gender-matched subjects in the general population. It is a retrospective study with low number of pilots (n = 270), however a large control group (n = 1150) helps in the statistical analysis. 
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Table 1 Endoscopic findings in the study vs control groups n (%)
	
	Pilots 
Total n = 270

	Controls
Total n = 1150
	P Value

	Age, yr (range)
	55.2 (39-74)
	55.7 (40-75)
	

	Endoscopic finding 
	
	
	

	Normal 
	185 (68.5)
	805 (70)
	0.65

	Hyperplastic polyps 
	42 (15.5)
	108 (9.4)
	0.004

	Adenomatous polyps 
	41 (14.8)
	234 (20.34)
	0.06

	Advanced adenoma 
	16 (5.9)
	54 (4.7)
	0.49

	> 3 polyps
	5 (1.85)
	32 (2.8)
	0.51

	High-grade dysplasia 
	2 (0.7)
	9 (0.78)
	0.94

	Cancer 
	2 (0.7)
	8 (0.69)
	0.93




