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Abstract

Background—Endoscopic therapy for the treatment of high-grade dysplasia (HGD) and
intramucosal cancer (IMC) in Barrett’s esophagus (BE) may not always result in complete
remission of dysplasia (CRD).

Objective—To determine if genetic alterations in the Barrett’s mucosa can predict response to
endoscopic therapy.

Design—Retrospective cohort study.
Setting—Tertiary-care institution.

Patients—Selected patients who underwent endoscopic therapy for BE containing HGD/IMC
between 2003 and 2010.

Interventions—Endoscopic therapy combining mucosal resection and different ablation
modalities were performed based on patient characteristics, endoscopic findings, and technique
evolution. Fluorescence in situ hybridization (FISH) was used to evaluate genetic alterations on
baseline endoscopic cytology brushings using probes directed to loci 8g24 (MYC), 9p21
(CDKN2A; alias P16), 17q12 (ERBB2; alias Her-2/neu), and 20913.2 (ZNF217).

Main outcome measurements—Genetic biomarkers predicting achievement of CRD after
endoscopic therapy.

Results—A total of 181 patients were included (145 males; age 66 +10 years). There were 130
patients (72%) who responded to endoscopic therapy with CRD. Multiple gains detected by FISH
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was found to be a negative predictor (HR 0.57; 95% Cl, 0.40-0.82) after adjusting for potential
clinical confounders. Similar results were found when analyses were restricted to patients (n = 66)
undergoing radiofrequency ablation (HR 0.58; 95% CI, 0.31-1.09).

Limitations—Retrospective study, heterogeneity of treatment modalities.

Conclusion—Patients with multiple gains detected by brush cytology specimens may have a
lower response rate to endoscopic therapy. The presence of multiple gains can be an adjunct to
standard histology in prognosticating BE patients with HGD/IMC undergoing endoscopic therapy.

Keywords

Barrett’s esophagus; endoscopic therapy; biomarkers; fluorescence in situ hybridization;
radiofrequency ablation

BACKGROUND

High grade dysplasia (HGD) and intramucosal cancer (IMC) associated with Barrett’s
esophagus (BE) carry a high risk of progression to esophageal adenocarcinoma (EAC).1:2
Endoscopic therapies including endoscopic mucosal resection (EMR) and radiofrequency
ablation (RFA) have shown to be effective for the treatment of HGD and IMC and are less
invasive alternatives to conventional esophagectomy.3-> Despite initial response to
endoscopic therapy with downstaging of dysplasia, a significant number of patients will not
achieve complete remission of dysplasia (CRD).68 This has intensified the interest whether
biomarkers can help predict outcome after endoscopic therapy.

The majority of EACs associated with BE exhibit chromosomal abnormalities.10 In
addition, a number of chromosomal alterations have been associated with increased risk of
progression from non-dysplastic BE and low-grade dysplasia to HGD or EAC. Among them
are several markers of chromosomal instability including DNA content abnormalities such
as aneuploidy (i.e. a cell containing either extra or missing copies of particular
chromosomes), loss or inactivation of tumor suppressor genes (e.g. P53, P16), and
amplification of oncogenes (e.g. Her-2/neu, MYC).11-17 It has been shown that these genetic
alterations can be found in large areas of the Barrett’s mucosa, even in areas without
morphological features of dysplasia.1®19 Hage et al. investigated the effect of ablation
therapy on molecular abnormalities (cellular proliferation, aneuploidy and p53
overexpression) in the Barrett’s mucosa and found that they were still present in a subset of
patients with persistent Barrett’s epithelium, despite intensive ablation with argon plasma
coagulation and photodynamic therapy (PDT).20 In a longitudinal case series of 19 patients
undergoing RFA, somatic mutations (i.e. P16, P53) were evaluated pre- and postablation
therapy. Five patients demonstrated persistence of HGD/IMC as well as persistent mutations
post-ablation, suggesting that persistence of genetic abnormalities may be associated with
persistent pathology.?! However, few studies have investigated the ability of genetic
markers to predict outcome after endoscopic therapy.22:23 If biomarkers can be identified
that can predict outcome after endoscopic treatment, this may help to optimize both
treatment and surveillance strategies.
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Fluorescence in situ hybridization (FISH) is a technique that can be applied to cytology
specimens obtained by easily collected endoscopic brushings. It uses fluorescently labeled
DNA probes that hybridize to multiple chromosomal locations. Abnormal gains or losses of
chromosomes, chromosomal regions or specific chromosomal loci can be visualized with a
fluorescence microscope. We have found that the use of cytological specimens are more
likely representative of the entire Barrett’s mucosa and less subject to sampling bias as
biopsies. Our multi-target FISH assay consisting of locus-specific probes to 8924 (MYC),
9p21 (CDKN2A; alias P16), 17q12 (ERBB2; alias Her-2/neu), and 20913.2 (ZNF217) can
be used to detect gains, amplification, or deletions of four genes that are frequently altered
during neoplastic progression in Barrett’s esophagus.10-24 Gains of multiple probes is an
indicator of increasing chromosomal instability and has been associated with advanced
stages of dysplasia as well as with an increased risk of neoplastic progression. 1°

Previously, we demonstrated that allelic loss of P16 detected by FISH is a predictor of a
decreased response in patients undergoing PDT for Barrett’s dysplasia.?® At present, a
variety of endoscopic techniques including endoscopic resection and ablation techniques are
used for the treatment of Barrett’s dysplasia. The aim of this study was to determine the
predictive value of genetic biomarkers in BE patients undergoing multiple-mode endoscopic
therapy. Recently, RFA has become the standard of care for patients with HGD due to the
increasing evidence for its efficacy and its favorable side effect profile. Therefore, in
addition, we performed a sub-analysis in patients who underwent RFA.

METHODS
Study design

Patients

This was a retrospective cohort study. Medical records of all BE patients who had
undergone endoscopic therapy at our tertiary referral center between April 2003 and
December 2010 as well as had cytology obtained for FISH analysis were reviewed. This
analysis was performed with approval from the Institutional Review Board of the Mayo
Clinic.

We included BE patients with histologically confirmed HGD or IMC who underwent
endoscopic therapy with or without preceding EMR in case of any visible lesions. BE was
defined as the presence of a columnar-lined distal esophagus, visible as pink mucosa
extending above the top of the gastric folds during endoscopy confirmed by the presence of
specialized intestinal metaplasia on biopsies. Inclusion was limited to (1) patients in which
endoscopic brushing specimens used for FISH analysis were obtained up to 3 months before
endoscopic therapy, and (2) availability of biopsy results after endoscopic treatment.
Patients with signs of lymph node metastasis or distant metastasis on EUS or CT scan were
excluded from the study as well as patients who were diagnosed with invasive EAC during
the initial treatment endoscopy. Relevant clinical and endoscopic data were collected from a
prospectively maintained database of electronic medical records and FISH results were
obtained by review of our FISH database. Extracted data included age, sex, smoking,

Gastrointest Endosc. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Timmer et al. Page 4

alcohol use, body mass index (BMI), details of endoscopic treatment, Barrett’s segment
length, and results of post-treatment biopsies.

Fluorescence in situ hybridization

Endoscopic brushings were obtained using a standard cytology brush (Hobbs Medical Inc,
Stafford Springs, CT) by brushing the whole Barrett’s segment during upper endoscopy.
Brushings were collected during the referral endoscopy or at the first treatment endoscopy
before any treatment was performed. Cytology specimens were prepared for FISH analysis
as previously described.24 Slides were evaluated by FISH with a multicolor probe set
consisting of probes to 8q24 (MYC), 9p21 (CDKN2A; alias P16), 1712 (ERBBZ2; alias
Her-2/neu), and 20q13.2 (ZNF217) (Abbott Molecular Inc, Des Plaines, IL) to detect allelic
loss of P16, single locus gain (SLG), and multiple gains (gain of = 2 probes). FISH analysis
was performed using a fluorescence microscope with unique band filters designed for
imaging each of the probes by an experienced cytotechnologist trained in FISH analysis who
was blinded to the histopathological diagnosis and the clinical history. Cut-off values for the
different probes were adapted from a previous study in which they were determined by the
use of receiver operator characteristic curves.2* A specimen was considered positive for P16
loss if at least 6% of the cells showed homozygous 9p21 loss (i.e. zero copies of the 9p21
probe) or if at least 11% of the cells showed hemizygous 9p21 loss (i.e. one copy of the
9p21 probe) or if at least 11% of the cells showed a mixture of hemizygous and homozygous
9p21 loss. A case was scored as showing “single locus gain” (SLG) if =25% of the cells
demonstrated gains of 8924, 17q12, or 20g13.2. Multiple gains was defined as gains of 2 or
more of the 4 probes in >4 cells.

Surveillance

During follow-up, all patients received proton-pump inhibitors (dose 40-80 mg/day) and
were enrolled in an active surveillance protocol with endoscopies performed every 3 months
during the first year after treatment. The surveillance interval was increased to 6 months in
the second year, if biopsies showed an absence of IM. All histological diagnoses were based
on biopsies obtained using the Seattle biopsy protocol (4-quadrant biopsies for every 1-2
centimeters of the entire length of the BE segment and neosquamous epithelium). From the
third year onwards, patients with absence of IM underwent annual follow-up. An expert
gastrointestinal pathologist assessed all biopsies and resection specimens. Every diagnosis of
dysplasia or carcinoma had to be confirmed by a second experienced gastrointestinal
pathologist.

Outcomes

The main outcome was based on analysis of achievement of CRD during follow-up. CRD
was defined as the endoscopic and histologic absence of dysplasia and IMC, after 2 serial
endoscopies at least 3 months apart with biopsies from every 1-2 centimeters of the (former)
BE segment. Follow-up time was measured from the date of the first treatment endoscopy to
the date of CRD or to the date of the last follow-up endoscopy for those who did not achieve
CRD.
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Statistical Analysis

Data were analyzed using JMP 9.0.3. (SAS Institute, Cary, NC). Continuous variables were
expressed as mean with standard deviation (SD) or median with interquartile range (IQR,
25%- 75%), based on normality of distribution. The value of all clinical parameters and
FISH abnormalities for predicting response to therapy were evaluated using univariable Cox
regression analysis. All variables associated with CRD on univariable analysis with P < 0.10
were entered in a multivariable Cox regression model. Individual hazard ratios (HR) for
each of the biomarkers were adjusted for the clinically relevant variables. For all analyses, a
two-sided P value less than 0.05 was considered statistically significant. Time-to event data
were analyzed with the use of Kaplan-Meier estimation and the log-rank test.

RESULTS

A total of 181 patients (145 male patients) with a mean age of 66.0 (+ 9.5) years and with a
median BE length of 4 cm were included. There were 147 patients (81%) with a baseline
diagnosis of HGD and 34 patients (19%) with IMC. Baseline characteristics are summarized
in Table 1. In 174 patients (96%), endoscopic resection was performed. In addition, a variety
of ablative techniques were used including RFA, n=66 (37%), PDT, n=27 (15%),
cryotherapy, n=7 (4%), bipolar coagulation, n=38 (21%), multipolar coagulation, n=48
(27%), and argon plasma coagulation, n=15 (8.3%). A combination of treatment modalities
was used in 177 patients (98%). All endoscopic procedures were performed by two expert
endoscopists. Median follow-up after the initial treatment endoscopy was 36 months (IQR,
22-59). There were 130 patients (72%) who achieved CRD with 2 consecutive negative
endoscopies for dysplasia and carcinoma after a median follow-up time of 13 months (IQR
7-25). From the 51 patients (28%) who did not achieve CRD, there were 28 patients (15%)
who showed absence of dysplasia at only one of the follow-up endoscopies. Recurrence of
dysplasia occurred in 21/130 patients (16%) who had achieved CRD. Recurrence was
observed in only 12% of patients (11/92) who had achieved complete remission of intestinal
metaplasia at two consecutive endoscopies (5 cases of HGD, 6 cases of LGD), but in 26% of
patients (10/38) with residual non-dysplastic BE in which 3 cases of HGD and 7 cases of
LGD were observed (P=0.07).

Observed FISH abnormalities included P16 loss; single locus gain of 8g24 (MYC), 20q13.2
(ZNF217), or 17912 (Her-2/neu or ERBB2); and multiple gains (see Figure 1). P16 loss was
observed in 52 patients (29%) and single locus gain in 35 patients (19%). Multiple gains was
the most common abnormality, being observed in 88 patients (44%). Some patients showed
2 or more genetic abnormalities (e.g. single locus gain and P16 loss). There were 69 patients
(38%) with a normal FISH result (i.e. no P16 loss, SLG or multiple gains was observed).

Univariable analysis identified increasing BE length (HR 0.83; 95% CI, 0.78-0.88), BMI
(HR 0.94; 95% ClI, 0.91-0.98), and multiple gains (HR 0.57; 95% CI, 0.40-0.82) as
significant negative predictors of response to therapy and a normal FISH result (HR 1.77;
95% Cl, 1.24-2.52) as a positive predictor. Sex, age, smoking, and a baseline diagnosis of
HGD were not significantly associated with achievement of CRD (Table 2).
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Multivariable Cox regression analysis demonstrated that multiple gains detected by FISH
was an independent negative predictor of CRD (HR 0.60; 95% CI, 0.41-0.86) when adjusted
for age, BMI, and BE segment length (Table 3). In total, 60% of patients with multiple gains
achieved CRD, whereas 81% of patients in which no multiple gains were observed achieved
CRD. Within all patients who did not achieve CRD, multiple gains was observed in 32 of 51
patients (63%) whereas it was observed in 48 of 130 patients (37%) who did achieve CRD
(P =0.003).

Patients with a normal FISH results were significantly more likely to achieve CRD (HR
1.53; 95% Cl, 1.06-2.21). Kaplan-Meier analysis revealed that there was a significant
difference in time to achieve CRD between BE patients with multiple gains and those
without multiple gains (P = 0.001, Log-rank; Figure 2).

A subgroup of 66 patients underwent RFA, of which 62 patients (94%) also underwent
endoscopic resection. RFA was performed using the HALO system consisting of the
HALO360 Balloon catheter for circumferential ablation and the smaller HALO90 electrode
for focal ablation. RFA patients underwent a median of 2 ablation sessions (IQR 2-3) per
patient. CRD was achieved in 71% (47/66) of these patients. BE segment length and
multiple gains were predictors of a decreased response, but not age and BMI (Table 2).
However, on multivariable analysis, the predictive value of multiple gains was not a
significant finding (HR 0.58; 95% CI, 0.31-1.09, Table 3). Kaplan Meier analysis restricted
to patients who underwent RFA resulted in largely similar results when patients with
multiple gains were compared to patients without multiple gains (Figure 3).

DISCUSSION

In this large cohort study, we evaluated the predictive value of FISH analysis for
determining response to endoscopic therapy in BE patients having HGD or IMC. The
finding of multiple gains by FISH was associated with a lower probability of achieving
CRD, which was defined as the absence of dysplasia/IMC after 2 serial surveillance
endoscopies. Other clinical factors that were independent predictors of a decreased response
included BE length and higher BMI.

Endoscopic therapy has become a well-established treatment for HGD and IMC in BE.
Various endoscopic techniques have been introduced in the last decades with different
success rates.3225 However, no technique is perfect and residual dysplasia may be present,
sometimes despite multiple treatment sessions. The use of biomarkers such as the alterations
detected with the FISH probe set used in this study may help predict treatment response and
can eventually provide knowledge to individualize treatment strategies for each patient.

During follow-up, there were 130 patients (72%) patients who achieved CRD. The CRD rate
in our study was lower than has been described in previous studies although results vary
considerably among the different endoscopic techniques.#>-26-28 Dye to the heterogeneity of
our study population and the different treatment modalities used it is difficult to make a
direct comparison of our results with other studies. One of the reasons for this discrepancy
may be our more stringent definition of CRD as being an absence of dysplasia/IMC at 2
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serial surveillance endoscopies instead of negative biopsies at a single surveillance
endoscopy. We chose for a more stringent definition of CRD to decrease the chance that the
absence of dysplasia on biopsies was due to sampling error. Moreover, patients in our cohort
had a relatively long BE segment which has been associated with lower response rates.23:29

Few studies have investigated whether genetic markers such as FISH can improve prediction
of response to endoscopic therapy beyond that provided by clinical risk factors. We
previously reported that P16 allelic loss is a predictor of decreased response to PDT where
“response” was defined as the absence of carcinoma and dysplasia at 3-months follow-up.23
In our current study, patients received a variety of different endoscopic treatment modalities
including RFA, cryotherapy, and multipolar coagulation. P16 loss was also associated with a
decreased response to endoscopic therapy on univariable analysis, but not in a multivariable
model.

Chromosomal instability refers to an abnormal cellular DNA content due to chromosomal
gains or losses and is a hallmark of cancer cells. The gains and losses of chromosomes are
often a result of chromosome segregation errors during mitosis and are found commonly
when chromosomal instability occurs. Defects in mitotic checkpoints may lead to
aneuploidy and contribute to carcinogenesis. In BE, aneuploidy has been associated with
increased risk of malignant progression using different techniques including flow cytometry,
image cytometry, and FISH.10.15:30 We have previously shown that multiple gains,
involving the assessment of gains of particular oncogenes, detected by the FISH assay used
in this study has a higher sensitivity and specificity than DNA ploidy analysis by digital
image analysis for the detection of HGD and EAC in BE. In addition, patients with multiple
gains progressed to HGD or EAC significantly earlier than patients with a normal FISH
results or with other FISH abnormalities such as SLG or P16 10ss.10 In our study, we
detected a new predictor of a decreased response to endoscopic therapy; multiple gains
detected by FISH. However, It should be noted that the sensitivity and specificity of multiple
gains as a biomarker is moderate. This test would identify the majority of nonresponders to
endoscopic therapy. However, about a third of patients without multiple gains detected by
FISH in their brush specimen, would still have persistence of dysplasia.

It could be argued that BE cell clones that have acquired multiple genetic abnormalities (e.g.
multiple gains) may be more resistant to endoscopic therapy or may be typically spared from
ablation resulting in persistent dysplasia despite these interventions. This has very important
clinical ramifications as it suggests that the population of patients at highest risk of
progression may well be those that are resistant to endoscopic therapy. This would add
evidence to the recommendation to completely eliminate Barrett’s esophagus in these
patients.

The use of RFA has expanded rapidly over the last decade and has become the standard of
care for patients with HGD.3! In a sub-analysis restricted to patients who underwent RFA,
similar results were found with regard to the predictive value of multiple gains. (HR 0.58;
95% ClI, 0.31- 1.09). Although this was not a significant finding, it still may be of clinically
importance, as this study was probably underpowered to assess the genetic markers in the
subgroup of RFA patients.
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To our knowledge, this is the largest study to date examining the use of biomarkers in
predicting response to endoscopic therapy. The study provides support for the hypothesis
that genetic abnormalities may be associated with persistence of dysplasia. However, a few
limitations should be considered. In this retrospective cohort, we identified multiple gains as
a marker of decreased response to endoscopic therapy. However, clinical implementation of
such a marker would require independent validation in a prospective setting. In addition, a
wide variety of endoscopic treatment modalities were used in this study. Therefore, the
evidence generated by this study is insufficient to draw firm conclusions about the
association of genetic abnormalities and response to a specific endoscopic treatment.

In conclusion, multiple gains detected by FISH on cytology brushings may predict a
decreased response to endoscopic therapy. The presence of multiple gains can be an adjunct
to standard histology in prognosticating patients at high risk undergoing endoscopic therapy.

These findings need to be confirmed in large prospective studies in the context of currently
used endoscopic treatment modalities like RFA. Eventually, this may help to stratify patients
and select the optimal management strategies.
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Figure 1. FISH signal patterns
Representative FISH signal patterns in Barrett’s esophagus with a probe set for 8g24 (MYC)

[aqua], 9p21 (P16) [red], 17q12 (ERBB2) [green], and 20q13.2 (ZNF217) [yellow].
Clockwise from top left: a normal cell (2 signals of each probe), homozygous P16 loss (no
red signals), hemizygous P16 loss (one red signal), single locus gain (amplification of MYC
probe).
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Time to achievement of complete remission of dysplasia based on the presence of multiple
gains in a subgroup of 66 patients who underwent RFA.
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Table 1
Baseline patient characteristics and FISH results

Variable | Whole cohort | Patients receiving RFA
No. of subjects | 181 | 66
Age, yrs | 66.0 + 9.5 | 65.6 £ 8.7
Sex, N (%0)

Men 145 (80) 60 (91)

Women 36 (20) 6 (9)
Barrett length, cm 1 4(2-7) 6 (4-8)
Baseline histology

HGD, N (%) 147 (81) 61 (92)

IMC, N (%) 34 (19) 5 (8)
Body mass index, mean (SD), kg/m? | 30.0+4.5 | 30.7+£4.5
Smoking, N (%) | 1o | 6 (9)
Alcohol use, N (%) T | 31(17) | 10 (15)
Normal FISH result, N (%) | 69 (38) | 17 (26)
P16 loss, N (%) | 52 (29) | 22 (33)
Single locus gain, N (%) | 35(19) | 13 (20)
Multiple gains, N (%) | 0w | 37 (56)

FISH, fluorescence in situ hybridization; SD, standard deviation; HGD, high-grade dysplasia; IMC, intramucosal carcinoma.
*

Plus-minus values are means + SD.
ﬂDatal are shown as median (IQR).

TAlcohol use was defined as a self-reported intake of more than two units a day.

¢The expected normal signal pattern for all probes is two signals per nucleus. If the percentage of nuclei showing abnormal signal patterns is less
than the cut-off value for all possible abnormalities (i.e. P16 loss, single locus gain, multiple gains), the result is designated as normal.
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Genetic biomarkers as potential predictors of a complete response to endoscopic therapy.

a. Whole cohort (N=181)

Variable HR 95% ClI P value
Normal FISH result 148 1.03-2.14 0.035
Barrett’s segment length,cm  0.84 0.78-0.90 <0.001
BMI 0.94 0.90-0.98  0.002
P16 loss 0.97 0.64-1.48 0.90
Barrett’s segment length,cm  0.83 0.77-0.88  <0.001
BMI 0.94 0.90-0.98  0.005
Single locus gain 0.67 0.43-1.06 0.09
Barrett’s segment length,cm  0.83 0.77-0.88  <0.001
BMI 0.94 0.90-0.98  0.003
Multiple gains 0.60 0.41-0.86  0.006
Barrett’s segment length,cm  0.83 0.78-0.89  <0.001
BMI 0.94 0.90-0.98  0.003
b. Patients undergoing RFA (N=66)

Variable HR  95%ClI P value
Normal FISH result 1.23 0.62-2.44 0.55
Barrett’s segment length, cm 091 0.82-1.02 0.10
P16 loss 0.87 0.45-1.69 0.68
Barrett’s segment length, cm 091 0.81-1.02 0.09
Single locus gain 125 0.63-2.48 0.53
Barrett’s segment length, cm 0.90 0.81-1.00 0.06
Multiple gains 0.58 0.31-1.09 0.09
Barrett’s segment length, cm 0.92 0.83-1.03 0.14

HR, hazard ratio; FISH, fluorescence in situ hybridization

A complete response was defined as the absence of dysplasia and/or carcinoma after 2 serial endoscopies with Seattle protocol biopsies.

Table 3

*
Values were calculated with the use of multivariable Cox regression analysis.
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