
Research Article Open Access

Hamblin R, J Gastrointest Dig Syst 2023, 13:05

Brief Report Open Access

Journal of
Gastrointestinal & Digestive System

Volume 13 • Issue 04 • 1000764J Gastrointest Dig Syst, an open access journal
ISSN: 2161-069X

Keywords: Barrett’s Esophagus; Firefighters; Esophageal Adenocarcinoma 
(EAC); Endoscopy; Biomarker test

Introduction
Esophageal Adenocarcinoma (EAC) is the most common cancer of the 
esophagus in the United States (US), with an incidence that has been 
increasing over the last 40 years, particularly in white males, for whom 
the incidence increased more than 6-fold since the 1970’s [1-3]. Despite 
advances in Chemotherapy, Radiotherapy, and Surgical Therapy, the 
prognosis for EAC remains poor, with a 5-year survival rate of only 20% 
[4,5]. Barrett’s Esophagus (BE) is a direct precursor to EAC and contrary 
to the lethality of EAC, BE can be successfully treated using endoscopic 
approaches such as radiofrequency or cryotherapy ablation with upwards of 
80% success rates [6-8]. As such, published guidelines from the American 
College of Gastroenterology (ACG) and other Gastroenterological societies 
recommend BE screening in patients with multiple risk factors [9]. Sadly, 
most individuals at elevated risk for disease do not undergo screening [10], 
likely due to barriers of conventional endoscopy including patient fear 
of complications, perception of invasiveness, and concerns about access 
issues/scheduling difficulties due to the need for a specialist provider 
and facility [11]. Most recently, to bridge this gap, non-endoscopic cell 
collection devices such as EsoCheck® have been developed, and when 
paired with a biomarker test such as EsoGuard®, have been endorsed by the 
updated ACG guidelines as a reasonable alternative to conventional Upper 
Endoscopy (UE) for BE screening [9].

Firefighters, by nature of their occupation have ongoing exposure to 
multiple known and suspected carcinogenic agents, such as (but not 
limited to) formaldehyde, benzene, asbestos, and polycyclic aromatic 
hydrocarbons. As such, in July of 2022, firefighting was designated a 
Group 1 carcinogen by the International Agency for Research on Cancer 
(IARC) [12]. Literature has also shown increased cancer mortality in 
firefighters, including excess incidence of cancers of the digestive tract 
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such as esophageal and colorectal malignancies [13,14]. Given the 
incremental malignancy risks associated with their occupation, in addition 
to other traditional risk factors, firefighters could significantly benefit from 
improved education around BE/EAC and increased screening. 

We present data from an initial experience using the EsoGuard/EsoCheck 
(EG/EC) solution in testing several hundred on-duty San Antonio 
firefighters during two health fairs in January 2023. To our knowledge, this 
was the first experience of any large-scale screening for BE/EAC in U.S 
firefighters to date.

Materials and Methods
Population

Two large health fairs for firefighters were organized by over 40 community 
volunteers, including community physicians and other health care 
professionals, and the San Antonio Fire Department in January of 2023. 
The events occurred over the course of two weekends (January 14-15, 
and January 28-29) and focused on skin cancer and BE/EAC screening. 
Resources and support were also provided by Mollie’s Fund (Mollie 
Biggane Melanoma Foundation) for skin cancer screening, and Lucid 
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Diagnostics Inc. (Barrett’s Esophagus and esophageal adenocarcinoma 
screening) provided EC device administrators for the BE/EAC screening. 
Only individuals identified by a physician as being high-risk for BE/EAC 
underwent EG/EC testing. The evaluating physician was an individual 
familiar with current guidelines and made the clinical decision to test/
not test individuals independently of external and/or industry influences.

Ethical Considerations

The study was conducted according to the guidelines of the Declaration 
of Helsinki and approved by the WCG Institutional Review Board (study 
number 1350589, approved on 03-March-23). Given the retrospective 
nature of the analysis, limited extent of health information being collected, 
and satisfactory plan for protecting patient identifiers from improper use 
and disclosure, patient informed consent was waived.

EsoCheck® and EsoGuard®

EsoCheck® (EC) is an FDA cleared, non-endoscopic cell collection device 
(Figure 1) designed to circumferentially sample cells from a targeted region 
of the esophagus (Figure 2); EsoGuard® (EG) is a Laboratory Developed 
Test (LDT) performed in a Clinical Laboratory Improvement Amendment 
(CLIA) certified and College of American Pathologists (CAP) accredited 
lab that utilizes a set of genetic assays and algorithms which examines 
the presence of cytosine methylation at 31 different genomic locations on 
the vimentin (VIM) and Cyclin-A1 (CCNA1) genes. EsoGuard has been 
clinically validated in a developmental study published in 2018 and shown 
to have a >90% sensitivity and >90% specificity in detection of disease 
along the full BE to EAC progression spectrum [15].

Figure 1: EsoCheck® (EC) is an FDA cleared, non-endoscopic cell 
collection device

Figure 2: Non-endoscopic cell collection device designed to 
circumferentially sample cells from a targeted region of the esophagus

EsoCheck administration is a simple, non-invasive, non-endoscopic, 
office-based procedure that can be performed by a variety of healthcare 
providers including physicians, nurse practitioners, physician assistants, 
nurses, or other trained personnel usually in less than 5 minutes and 
without sedation or significant pre-procedure preparation.

Non endoscopic cell-collection devices paired with a biomarker test 
(e.g., EsoCheck/EsoGuard) are deemed an acceptable alternative to UE 
to screen for BE, according to the 2022 ACG guidelines for screening of 
Barrett’s Esophagus [9].

Testing and Follow-up from the San Antonio Firefighter Health 
Fairs
Firefighters deemed by the evaluating physician as appropriate for EG/
EC screening were educated about BE/EAC, risk factors, and the EG/
EC solution; after appropriate counseling they were given the option to 
undergo testing. Patients identified to have concerning symptoms such 
as dysphagia, or escalation of pre-existing symptoms were automatically 
referred for diagnostic upper endoscopy rather than screening. The EC 
cell collections were performed by Lucid personnel who are trained and 
certified according to the Laboratory’s Standard Operating Procedures 
(SOPs), and in accordance with the device Instructions for Use (IFU). 
Samples were then sent to the Central Lab for analysis (LucidDx Labs, 
Inc, Lake Forest, California). EG results were available within two weeks 
of cell collection and sent directly to the ordering physician. The physician 
then made an independent determination of the next step(s) in patient 
management and conveyed both the test results and management plan to 
the patient.

Data Collection and Statistical Analysis

This is a retrospective analysis of prospectively collected data. Given 
the nature of the health fairs (staffed by volunteers and located on-site 
at the firefighter training academy), only a limited data set was collected 
and reviewed due to the absence of Electronic Medical Record (EMR) 
documentation; this consisted of patient demographic information, EG test 
results, and physician referral patterns. All data was compiled in an Excel 
file. No statistical software was utilized for data analysis, and calculations 
were performed with Excel. The results for continuous variables are 
shown as medians with Interquartile Range (IQR). Categorical variables 
are presented as counts and percentages. No comparative tests were 
performed.

Results
Over both weekends, a total of 388 San Antonio firefighters were sent for 
EG/EC testing by the physician leading the health events. An overview of 
basic patient characteristics is provided in Table 1. The rate of successful 
EC cell collection was 99.22% (385/388). Males accounted for 92.99% 
(358/385) of the tested population, and median age was 41.49 years old 
[IQR 14.45].

Table 1: Testing numbers and patient characteristics

Characteristic n %
Firefighters participating in 

EsoCheck/EsoGuard BE/EAC 
screening

388 100

Firefighters unable to swallow 
EsoCheck (i.e., unable to provide 

cell samples for EsoGuard)
3 0.1

Firefighters who successfully 
swallowed EsoCheck 385 99.2

Full Analysis Cohort 385
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Median age (years) 41.5 IQR: 
14.5

Min, max: 
21.6, 77.5

Cohort by sex n %

Male 358 93.0

Median age (years) 41.5 IQR: 
14.5

Min, max: 
21.6, 77.5

Female 27 7.0

Median age (years) 42.3 IQR: 
12.7

Min, max: 
29.6, 63.9

The successful EG analysis rate was 96.62% (372/385), meaning 372 of the 
385 cell samples sent to the lab had binary EG results (positive or negative). 
Only 13 cell samples (3.37%) had DNA ‘quantity not sufficient’ (QNS) to 
complete EG analysis. A total of 28 patients tested positive (7.27%), and 
344 patients tested negative (89.35%); (Table 2). Among those who tested 
EG positive, 100% (28/28) were referred by the ordering physician for 
confirmatory upper endoscopy. No EG negative subjects were referred for 
additional testing.

Table 2: EsoGuard® results

EG Result n %
Total 385  100% 

Positive 28 7.3
Male 26 92.9

Female 2 7.1
Negative 344 89.4

Male 319 92.7
Female 25 7.3

DNA Quantity Not Sufficient (QNS) 13 3.4
Male 13 100

Female 0 0

Among the EG (+) firefighters, two (7.14%) were female and the remainder 
were male. All QNS results were from males. When the EsoGuard (+) 
results are analyzed based on characteristics of patient sex and age (Table 
3), it was noted that the EG (+) rate was similar among females and males, 
at 7.41% and 7.26%, respectively. However, the sample size of females is 
too small to draw statistical conclusions.

Table 3: EsoGuard® positive results by age and sex

Characteristic n EsoGuard 
(+) Total n Positive rate 

(%)
Male sex 26 358 7.3

Female sex 2 27 7.4
Age<30 years 0 37 0
Age<50 years 15 295 5.1

Age 50 years or greater 13 90 14.4
Age 70 years of greater 3 6 50

Discussion
One of the earliest suggestions of an association between firefighters and 
esophageal malignancy arose from a registry-based case-control study 
published in 2007. Based on records of 3,659 California firefighters, there 

was evidence that firefighting could be a risk factor for esophageal cancer, 
with an odds ratio of 1.48 (95% CI 1.14- 1.91) [16]. In a pooled cohort of 
U.S firefighters from San Francisco, Chicago, and Philadelphia, evaluating 
mortality and cancer incidence from 1950 to 2009 (later with updated 
mortality data through 2016), the standardized mortality ratio (ratio of 
observed to expected number of deaths) was 1.31-1.39 for esophageal 
cancer; the standardized incidence ratio (ratio of observed malignancies 
to the expected number of cases estimated using U.S incidence rates) 
was 1.62 [13,14]. Similar results were found by the National Institute for 
Occupational Safety and Health (NIOSH) in their study of California 
firefighters from 1988-2007 with an odds ratio of 1.6 for esophageal cancer 
[17]. In Western countries, the most common type of esophageal cancer 
is EAC, which is known to arise from the pre-malignant condition of BE 
[18]. 

We present an initial experience with a non-endoscopic cell collection 
device (EsoCheck) paired with a biomarker test (EsoGuard) for BE/EAC 
screening within a high-risk firefighter population. In the commercial 
setting the EG/EC solution is utilized as a triage test to aid physicians in 
identifying individuals who would warrant more invasive, endoscopic 
work-up for BE/EAC. The solution was designed to bridge the known 
diagnostic gap of numerous high-risk individuals who don’t undergo 
recommended ‘traditional’ screening evaluations [10]. Given the 90% 
sensitivity and specificity of EG for detection of disease along the full BE to 
EAC spectrum, a negative EG result indicates a low probability of disease 
and may serve as a better-tolerated alternative to screening endoscopy for 
‘ruling out’ individuals [15]. This is supported by findings from the San 
Antonio health fairs, as no EG negative firefighters were referred by the 
physician for additional endoscopic workup. In contrast, all 28 EG positive 
firefighters were referred to an endoscopist for confirmatory evaluation. 

EC was successfully swallowed in >99% of patients with no complications 
reported, suggesting excellent tolerability. All firefighters were able to 
immediately return to their shifts following the EC cell collection, as 
the absence of sedation meant no post-procedure observation period 
was required. The observed EG positivity rate of 7.27% is also consistent 
with BE prevalence rates from the literature (5-15%) [19]. As seen in this 
firefighter screening experience, EC can be administered to many patients 
(nearly 400 firefighters over only four days) in an efficient and well-
tolerated fashion.

This study was also not intended to validate the EG assay performance, but 
rather to demonstrate the clinical utility of the EG/EC solution as a triage 
test to endoscopy for detection of BE/EAC. Our experience demonstrates 
the EG/EC solution can be readily implemented in even non-traditional 
(i.e., non-office) settings like health fairs, and rapidly executed for busy 
individuals like on-duty firefighters. Future directions for study would 
include evaluation of an even larger and geographically diverse population 
of firefighters, more comprehensive collection of individual risk factors, 
and longitudinal follow-up which could be powered for subgroup analysis.

Conclusion
We present the largest experience to date of BE/EAC screening in on-duty 
firefighters. This was done by utilizing EG/EC, a non-endoscopic solution, 
to triage high-risk individuals to upper endoscopy. This enabled effective 
and efficient management of nearly 400 firefighters who might otherwise 
not have been screened. Overall, the test was well tolerated, had high result 
yield, and effectively drove physician management decisions.
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