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ABStract
Background: Radiofrequency ablation (RFA) has become the standard of care for patients 

with neoplastic Barrett’s esophagus (BE) confined to the mucosal layer. We investigated 

whether genetic abnormalities in the Barrett’s mucosa are related to response to RFA.

methods: Patients with BE containing high-grade dysplasia (HGD) or intramucosal cancer  

(IMCA) from 4 tertiary referral centers in the United States who underwent RFA between 2012 

and 2015 were studied prospectively. Genetic abnormalities were assessed on pre-treatment 

cytology specimens using fluorescence in situ hybridization (FISH). Baseline characteristics 

including genetic abnormalities were related to response to RFA at 3 months follow-up.

results: We performed an interim analysis of 44 patients (34 men, mean age 64 years, median 

BE length 4 cm). Thirty-nine patients (89%) achieved complete remission of dysplasia (CRD) 

and 27 patients (61%) achieved complete remission of intestinal metaplasia (CRIM). Multiple 

gains was a negative predictor for CRIM after adjusting for age and BE length (odds ratio 0.32; 

95% CI, 0.08 – 1.30). Repeated biomarker assessment shows that the proportion of genetic 

abnormalities for P16 loss, single locus gain and multiple gains pre-RFA was 39%, 14%, and 

43%, respectively and post-RFA this decreased to 7%, 2% and 2%, respectively.

conclusion: In this interim analysis, multiple gains detected by FISH is associated with a 

decreased response to RFA at 3 months follow-up. Evaluation of genetic abnormalities in the 

Barrett’s mucosa may be of value for optimal treatment selection for BE patients with HGD 

or intramucosal cancer.
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IntroDUction
Radiofrequency ablation (RFA) preceded by endoscopic resection (ER) for visible lesions has 

become a well-established technique for the treatment of Barrett’s esophagus (BE) containing 

high-grade dysplasia (HGD) or intramucosal cancer (IMCA) to prevent progression to invasive 

esophageal adenocarcinoma (EAC).1 Multicenter studies have shown an acceptable safety 

profile and high response rates with complete remission of dysplasia (CRD) and intestinal 

metaplasia achieved in 77%-100% of patients and this combination therapy has evolved 

as a less invasive alternative to esophagectomy.2,3 However, in a select group of patients, 

complete removal of BE and/or neoplasia is not achieved with RFA despite multiple therapies. 

In addition, some patients with initial response may experience early recurrence during 

follow-up.4–6 Ongoing reflux esophagitis, duration of neoplasia, uncontrolled acidic reflux, 

size of a hiatal hernia, and BE segment length all have been associated with persistent IM.7,8 

However, as predictors of response are not well-established, non-responders can receive 

multiple treatment sessions with inherent costs and risk of complications that may affect 

the patients’ quality of life. Early identification of patients likely to fail RFA is of importance 

to consider an alternative approach including stepwise endoscopic resection, cryotherapy, 

surgical resection or conservative management with frequent surveillance endoscopies.

Epigenetic and genetic alterations involved in progression can provide valuable 

information regarding the risk of malignant transformation.9–13 Second, molecular markers can 

also inform us about response to therapy and recurrence of disease.14–16 Previously, we have 

investigated the predictive value of genetic markers in response to multimodality endoscopic 

therapy for BE containing HGD/IMCA.17 This was a retrospective, single-center cohort study 

of patients undergoing various combinations of endoscopic therapy including cryotherapy, 

photodynamic therapy, argon plasma coagulation, ER, and RFA. The presence of multiple 

genetic abnormalities (multiple gains) in the Barrett’s mucosa detected by fluorescence in 

situ hybridization (FISH) prior to endoscopic therapy was associated with a lower probability 

of achieving CRD (hazard ratio 0.60, 95% confidence interval 0.41-0.86). Similar results were 

found in a subgroup of patients who were treated with RFA (HR 0.58; 95% CI, 0.31-1.09). 

However, this was not a significant finding.

Since RFA has become the standard of care for treatment of HGD and for eradication 

of residual BE after ER of early cancer, the aim of this study was to determine if we could 

prospectively validate our previous findings in a prospective, multicenter cohort of patients 

undergoing RFA. In addition, we evaluated post-RFA genetic alterations in a subset of patients 

and correlated them to recurrence of dysplasia after successful eradication.

With the FISH technique fluorescent labeled probes bind to specific regions of DNA and 

can detect gains and deletions. FISH has the advantage that it can be applied to cytology 

specimens obtained by brushing the entire Barrett’s segment which makes it a technique that 

is that is relatively non-invasive and also less prone to sampling error.
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MethoDS
Study Setting and Patients

This study was performed as part of the Barrett’s Esophagus Translational Research 

Network (BETRNet), a multi-institutional collaboration established to centralize research on 

Barrett’s esophagus and esophageal adenocarcinoma.18 Between September and October 

2015 patients were recruited from four U.S. centers having a tertiary referral function for 

endoscopic treatment of BE. All study procedures were performed by an experienced 

endoscopist who had performed more than 100 RFA procedures each that also collected 

the brushing specimens. The institutional review board of each center approved the study 

protocol. Written informed consent was obtained from all patients. The aim is to include a 

total of 69 patients into the study. 

Patients referred to the participating centers were screened with high-definition 

white-light endoscopy and narrow band imaging with four-quadrant biopsies every 1 cm 

of the Barrett’s mucosa. Patients were eligible to participate if they had biopsy proven 

BE with evidence of specialized intestinal epithelium with HGD and/or IMCA (defined 

as carcinoma confined to the mucosa) confirmed by two experienced gastrointestinal 

pathologists. ER was performed prior to RFA for removal and histological staging of 

focal visible lesions (mucosal irregularity or discoloration). Patients with histological 

evidence of submucosal invasion in ER specimen were referred for surgery if they were 

medically able and were excluded from the study. Patients must have a maximum Barrett’s 

segment length of ≥1 and ≤8 cm. Exclusion criteria were prior endoscopic treatment for 

BE, age younger than 18 or older than 85 year, inability to be compliant with follow-up 

endoscopies. After enrollment, the following baseline data were collected: age, gender, 

height, weight, smoking history, history of reflux surgery, family history of BE and/or EAC, 

BE length, and the highest degree of dysplasia prior to endoscopic therapy. Data were 

extracted from clinical charts and a self-administered patient questionnaire and were 

collected in an electronic database.

rfa technique

All participating centers used focal RFA (HALO90,HALO60, Halo Flex systems) and 

circumferential RFA (HALO360+ system; both Covidien GI Solutions) with an energy dose of 

12-15 J/cm2 times two to eradicate BE. The type of RFA device was used according to standard 

clinical practice and the preference of the endoscopist. Usually, the circumferential device 

was used for longer segments of circumferential BE, whereas small areas of BE were treated 

with a focal device. At each treatment session the gastroesophageal junction was ablated 

irrespective of mucosal appearance. RFA treatment was repeated every 3 months with a 

maximum of 5 RFA sessions. Generally, 15J/cm2 energy was used if there was persistent 

Barrett’s after the initial therapy. The eschar between the first and second applications of 

the RFA system was removed using the scraping cap from Covidien.
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histopathological evaluation

All biopsies were processed in a standard fashion and evaluated by two experienced 

gastrointestinal pathologists who classified the biopsies as either no IM, no dysplasia, 

low-grade dysplasia, HGD, IMC or invasive carcinoma. In case of disagreement, both 

pathologists reviewed the slides again to reach a consensus opinion. 

cytology Specimen acquisition 

Brush cytology specimens were obtained during the endoscopy immediately preceding 

RFA. The specimen was obtained by brushing the entire Barrett’s segment with a standard 

cytology brush after the mucosal surface was sprayed with N-acetylcysteine to dissolve the 

mucus layer. Slides were stored and prepared for FISH as previously described.19 

fluorescence in situ hybridization

All of the FISH interpretation was performed at a single center (Mayo Clinic) using 

standardized methodology. FISH was applied to cytology brushings for evaluation of genetic 

abnormalities in the Barrett’s mucosa. FISH was performed as described previously using 

a standardized protocol with probes directed to 8q24 (MYC), 9p21 (CDKN2A or p16), 17q12 

(ERBB2 or Her-2/neu), and 20q13 (20q).19 An experienced technician performed the FISH 

analysis by using a fluorescence microscope equipped with different band filters to visualize 

each probe in the probe set. Slides were analyzed by manual scoring of all abnormalities 

observed for each of the probes in 100 consecutive cells. Samples were evaluated for the 

presence of P16 loss, single locus gain (SLG) and multiple gains. A specimen was classified 

as positive for P16 loss if ≥ 6% of cells showed homozygous 9p21 loss, if ≥11% of cells showed 

hemizygous 9p21 loss or a mixture of hemizygous and homozygous 9p21 loss. SLG was 

defined as 5% or more of cells showed gains of 17q11, 28q24 or 20q13. A specimen was 

considered positive for multiple gains if a sample showed gains of 2 or more of the following 

loci, 8q24, 17q11.2, or 20q13. All markers were scored as negative or positive by applying 

the cut-off value for each probe. Cut-off values for the abnormalities were derived from a 

previous study.19

Study outcome parameters

Predictive value of genetic markers for determining initial response to RFA was based on 

analysis of 

1. achievement of complete remission of dysplasia (CRD), defined as no evidence of 

dysplasia or EAC on biopsies at 3 months follow-up.

2. achievement of complete remission of intestinal metaplasia (CRIM), defined as absence 

of IM, dysplasia and EAC on biopsies at 3 months follow up.

In addition, we assessed the differences in genetic abnormalities pre- and post-RFA and 

compared these between responders and non-responders.
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Statistics

Continuous variables were reported as mean ± standard deviation for data with a normal 

distribution and median with interquartile range (IQR) for data with a non-parametric 

distribution. Chi-square test and Fisher’s exact test were used to compare groups with discrete 

or dichotomous variables. The association between characteristics and initial response to RFA 

were expressed as odds ratios (OR) with 95% confidence intervals (95% CI) as determined by 

univariate logistic regression analysis. All variables associated with response on univariate 

analysis with P < 0.10 were subsequently entered in a multivariate logistic regression model. 

P values  <0.05 were considered statistically significant. Statistical analysis was performed with 

the SPSS 21.0 statistical software package (SPSS, Chicago, USA).

ReSUltS
Between September 2012 and October 2015, a total of 89 patients were enrolled in the study 

(Figure 1). 30 patients were still awaiting follow-up or did not complete RFA treatment yet and 

were not included in the interim analysis. From the remaining 59 patients, six patients were 

excluded because the ER specimen showed invasive carcinoma. Nine patients were excluded 

because evaluation for genetic abnormalities could not be performed due to the presence 

of bacteria in the specimen (n=4), poor hybridization (n=4), and lack of Barrett’s cells in the 

brushing specimen (n=1). A total of 44 patients were included in this interim analysis. Baseline 

characteristics are shown in Table 1.

At three months after RFA, thirty-nine patients (89%) achieved a good initial response 

with CRD. Among the patients who did not achieve CRD, 4 patients had low-grade dysplasia  
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At three months after RFA, thirty-nine patients (89%) achieved a good initial response with CRD. 
Among the patients who did not achieve CRD, 4 patients had low-grade dysplasia and 1 patient had 
HGD. Non-responders underwent a median of 3 RFA sessions (IQR, 1.5 – 4.5) whereas responders 
underwent a median of 2 RFA sessions (IQR, 1 – 3) (Mann-Whitney U Test, P = 0.29). In total, 27 
patients (61%) also achieved complete remission of intestinal metaplasia (CRIM) at 3 months follow-
up after a median of 2 RFA sessions (IQR 1 – 2). Those patients who did not achieve CRIM underwent 
a median of 2 RFA sessions (IQR 1.5 – 3.5, P = 0.31). 

At baseline, 28 patients (64%) showed abnormalities for at least one of the FISH abnormalities. P16 
loss was observed in 17 patients (39%), of which hemizygous loss (loss of one allele) was observed in 
9 patients (21%), homozygous loss (loss of both alleles) in 12 patients (27%) and a combination of 
hemi- and homozygous loss in four patients (9%). Six patients (14%) had gain of a single locus (SLG) 
and 19 patients (43%) had multiple gains. 

Multiple gains detected by FISH was significantly associated with lack of CRD at 3 months (Table 2). 
All patients who did not achieve CRD had genetic abnormalities in their brushing specimen. Multiple 
gains was observed in all 5 patients, whereas in patients who did achieve CRD this was only seen in 
14 of 39 patients (36%) (Fisher’s Exact test, P = 0.011). An odds ratio could not be computed since 
logistic regression analysis was invalid due to the presence of a category with a frequency equal to 
zero (patients who did not achieve CRD without multiple gains). In three of the five patients who did 
not achieve CRD, also P16 loss was observed. Age, BE length, and other biomarkers were not 
significant predictors of CRD on univariate analysis. 

figure 1. enrollment of patients.
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and 1 patient had HGD. Non-responders underwent a median of 3 RFA sessions (IQR, 1.5 – 4.5) 

whereas responders underwent a median of 2 RFA sessions (IQR, 1 – 3) (Mann-Whitney U Test, 

P = 0.29). In total, 27 patients (61%) also achieved complete remission of intestinal metaplasia 

(CRIM) at 3 months follow-up after a median of 2 RFA sessions (IQR 1 – 2). Those patients who 

did not achieve CRIM underwent a median of 2 RFA sessions (IQR 1.5 – 3.5, P = 0.31).

At baseline, 28 patients (64%) showed abnormalities for at least one of the FISH 

abnormalities. P16 loss was observed in 17 patients (39%), of which hemizygous loss (loss 

of one allele) was observed in 9 patients (21%), homozygous loss (loss of both alleles) in 

12 patients (27%) and a combination of hemi- and homozygous loss in four patients (9%). Six 

patients (14%) had gain of a single locus (SLG) and 19 patients (43%) had multiple gains.

Multiple gains detected by FISH was significantly associated with lack of CRD at 3 months 

(Table 2). All patients who did not achieve CRD had genetic abnormalities in their brushing 

specimen. Multiple gains was observed in all 5 patients, whereas in patients who did achieve 

CRD this was only seen in 14 of 39 patients (36%) (Fisher’s Exact test, P = 0.011). An odds ratio 

could not be computed since logistic regression analysis was invalid due to the presence 

of a category with a frequency equal to zero (patients who did not achieve CRD without 

multiple gains). In three of the five patients who did not achieve CRD, also P16 loss was 

observed. Age, BE length, and other biomarkers were not significant predictors of CRD on 

univariate analysis.

table 1. Baseline characteristics 

characteristic cohort

number of subjects 44
age – year 63.6 ± 10.5
male sex - n (%) 38 (86.4)
Body mass index - kg/m2 31.0 ± 6.1
Smoking 

current smoker – n (%)
former smoker – n (%)
never smoker – n (%)

2 (4.5)
29 (65.9)
13 (29.5)

reflux surgery – n (%) 3 (6.8)
maximum Barrett’s segment length - cm¶ 4 (2 - 7)
Baseline histology

hGD, n (%)
imc, n (%)

37 (84.1)
6 (13.6)

Use of proton-pump inhibitors - n (%) 44 (100)
family history of Be or eac – n (%) 7 (15.9)
Years since diagnosis of Be 4.1 ± 6.3
no. of rfa sessions¶ 2 (1 - 3)
emr, n (%) 32 (72.7)

Plus-minus values are means ± standard deviation. ¶ Data are shown as median (interquartile range). 
Tobacco use (defined as ever smoking), use of proton-pump inhibitors, and family history of Barrett’s 
esophagus or esophageal cancer were self-reported. 
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For the achievement of CRIM at 3 months follow-up, univariate analysis identified 

increasing BE segment length (odds ratio [OR] 0.75; 95% confidence interval [CI], 0.59-0.95) 

and multiple gains (OR 0.23; 95% CI 0.06-0.84) as significant negative predictors. A normal 

FISH result (i.e. no P16 loss, SLG or multiple gains) was a positive predictor of CRIM (OR 4.33; 

95% CI, 1.01-18.62). In a multivariate analysis, adjusted for BE segment length and age, multiple 

gains was still associated with lack of CRIM, but this was not a significant finding (OR 0.32; 

95% CI, 0.08 – 1.30). Also a normal FISH results was not a significant predictor on multivariate 

analysis (OR 2.80; 95% CI 0.57 – 13.8).

In 21 patients we obtained a second brushing specimen after RFA after a median duration 

of 12 months after the first brush (IQR, 6 – 18 months). There was a substantial decrease in the 

table 2. Predictors of complete remission of dysplasia (crD) or intestinal metaplasia (crim) at 
3 months follow-up evaluation on univariate analysis.

Complete remission of dysplasia Complete remission of intestinal metaplasia

Variable respond-
ers

(n=39)

non-re-
sponders

(n=5)

or 
(95% ci)

P value respond-
ers

(n=27)

non-re-
sponders

(n=17)

or 
(95% ci)

P value

age (yrs), 
mean (SD)

64.7±8.7 55.0±18.9 1.08 
(0.99-1.17)

0.07 64.5±9.57 62.2±12.0 1.02 
(0.96-1.08)

0.47

male sex, 
n (%)

34 (87) 4 (80) 1.70 
(0.16-18.44)

0.66 23 (85) 15 (88) 0.76 
(0.12-4.72)

0.78

Barrett’s 
segment 
length (cm), 
mean (SD)

4.5±3.2 6.0±2.0 0.87 
(0.66-1.14)

0.31 3.7±2.6 6.2±3.2 0.75 
(0.59-0.95)

0.017

histology 
(hGD), n (%)

33 (845) 5 (100) ¶ 1.00 21 (78) 17 (100) ¶ 0.26

Bmi (kg/m2), 
mean (SD)

31.5±6.0 27.6±6.2 1.14 
(0.94-1.39)

0.19 31.5±6.7 30.2±5.1 1.04 
(0.94-1.15)

0.48

ever smoked, 
n (%)

26 (70) 3 (60) 1.58 
(0.23-10.78)

0.64 19 (70) 12 (71) 0.99 
(0.26-3.74)

0.99

P16 loss,  
n (%)

14 (36) 3 (60) 0.37 
(0.56-2.51)

0.31 8 (30) 9 (53) 0.37 
(0.11-1.32)

0.13

Single locus 
gain, n (%)

5 (13) 1 (20) 0.59 
(0.05-6.38)

0.66 3 (11) 3 (18) 0.58 
(0.10-3.29)

0.54

Polysomy, 
n (%)

14 (36) 5 (100) ¶ 0.01 8 (30) 11 (65) 0.23 
(0.06-0.84)

0.026

any marker, 
n (%) 

23 (59) 5 (100) ¶ 0.14 14 (52) 14 (82) 0.23 
(0.05-0.99)

0.049

normal fiSh 
result, n (%)

16 (41) 0 (0) ¶ 0.14 13 (48.1) 3 (18) 4.33 
(1.01-18.62)

0.049

CI, confidence interval; HR, hazard ratio; FISH, fluorescence in situ hybridization; HGD, high-grade 
dysplasia; OR, odds ratio; SD, standard deviation
Odds ratios were calculated with the use of univariate logistic regression analysis.
¶ Odds ratios could not be computed due to the frequency of “0” for one of the groups and P values were 
calculated using Fisher’s Exact test.
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proportion of genetic abnormalities assessed after RFA. P16 loss was found in 17/44 patients 

(39%) prior to RFA and after RFA this was seen in only 3/21 patients (7%). SLG was observed in 

6 patients (14%) pre-RFA and in 1 patient (2%) post-RFA. Multiple gains was found in 19 patients 

(43%) prior to RFA and in only 1 patient (2%) post-RFA.  Prior to RFA 16/44 patients (36%) had a 

normal FISH result and post-RFA 19/21 patients had a normal FISH result (90%). 

D iScUSSion
RFA has become a standard treatment modality for patients with neoplastic BE to prevent 

further progression into invasive EAC. Although the reported response rates for RFA are 

high, some patients do not achieve complete remission and some patients may experience 

recurrence shortly after treatment.4,5 If we can identify accurate predictors of response 

ineffective treatment with potential side effects and associated costs may be avoided. In 

addition, recently described catastrophic DNA events such as chromothripsis could lead to 

rapidly evolving cancer formation which would require a much more aggressive approach 

than RFA which generally takes over 6 months to complete.20,21 Knowledge of DNA status 

could help prevent progression in these patients at risk.

In this prospective study, we collected baseline endoscopic brushings from patients with 

BE containing HGD or IMC to assess for genetic abnormalities within the Barrett’s mucosa to 

identify potential predictors of response to RFA. Our interim analysis of 44 patients shows an 

association between the presence of multiple genetic abnormalities, detected by FISH and a 

decreased response to RFA at 3 months follow-up.

In our cohort, 89% of patients achieved CRD at 3 months follow-up. In all patients who 

did not achieve CRD multiple gains were found in their baseline brushing where this was 

only seen in 36% of patients who did have a good response with CRD. Unfortunately, logistic 

regression analysis rendered invalid due to insufficient frequencies. For the achievement of 

CRIM, multiple gains was found to be a significant negative predictor on univariate analysis 

together with BE segment length, but not in a multivariate model. Also P16 loss was associated 

with a decreased response to RFA, but this was not a significant finding.

For both outcome parameters we did not find independent predictors of response and 

therefore we need to be careful interpreting our data. Due to the limited number of patients 

included in the current analysis, we cannot draw firm conclusions from these preliminary 

results. Nevertheless, our data seem to indicate that patients with multiple gains are less 

likely to have a good initial response to RFA. This is in line with our previous study where 

we have shown that multiple gains was associated with a lower probability of achieving a 

consistent response to RFA (defined as CRD at two serial endoscopies) in a large cohort 

of patients who received a variety of endoscopic treatment modalities. Multiple gains as 

investigated in our study involves the assessment of gains of specific oncogenes and is an 

indicator of chromosomal instability.12,13 Previously we have shown that this is associated 

with an increased risk of progression to HGD or EAC. A possible explanation may be that 
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the presence of multiple genetic abnormalities in the Barrett’s mucosa represents a more 

advanced stage of the disease that is more refractory to endoscopic therapy.

Another observation is the substantial decrease in all genetic abnormalities in the repeat 

brushes after treatment with RFA. This is in line with our findings in patients treated with 

PDT.22 In patients treated with PDT, persistent abnormalities were related to recurrence after 

treatment. The prediction of remission duration and risk of recurrence is an important area 

that is currently unaddressed in our study due to lack of follow-up data. Recurrence after 

RFA may occur and warrants continued surveillance after treatment. However, there are 

no clear recommendations for the optimal surveillance intervals. Age, BE segment length, 

and non-Caucasian race have been associated with risk of recurrence.23 Gupta et al studied a 

large cohort of 592 patients who underwent RFA with or without ER.4 Recurrence of IM was 

seen in 33% of patients 2 years after CRIM and in 22% of all recurrences were dysplastic BE. A 

recent meta-analysis of 41 studies reported a pooled incident rate after RFA of recurrent IM, 

dysplastic BE and HGD/EAC of 9.5%, 2.0%, and 1.2%, respectively.5

Unfortunately, we did not obtain post-RFA brushes yet from patients who did not achieve 

CRD. Post RFA brushes contained 14 specimens from patients who did achieve CRIM and 

7 specimens from patients who did not achieve CRIM. So far, no significant differences were 

found in genetic abnormalities post-RFA between patients who did and did not achieve CRIM. 

Research on the role of molecular markers to improve risk stratification after RFA is an 

area that needs further investigation to facilitate a more tailored approach of treatment and 

surveillance strategies.
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