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Abstract
AIM: To compare effectiveness, safety, and cost of 
photodynamic therapy (PDT) and radiofrequency abla-
tion (RFA) in treatment of Barrett’s dysplasia (BD). 

METHODS: Consecutive case series of patients under-
going either PDT or RFA treatment at single center by 
a single investigator were compared. Thirty-three pa-
tients with high-grade dysplasia (HGD) had treatment 
with porfimer sodium photosensitzer and 630 nm laser 
(130 J/cm), with maximum of 3 treatment sessions. Fif-
ty-three patients with BD (47 with low-grade dysplasia 
-LGD, 6 with HGD) had step-wise circumferential and 
focal ablation using the HALO system with maximum 
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of 4 treatment sessions. Both groups received proton 
pump inhibitors twice daily. Endoscopic biopsies were 
acquired at 2 and 12 mo after enrollment, with 4-quad-
rant biopsies every 1 cm of the original BE extent. A 
complete histological resolution response of BD (CR-D) 
was defined as all biopsies at the last endoscopy ses-
sion negative for BD. Fisher’s exact test was used to as-
sess differences between the two study groups for pri-
mary outcomes. For all outcomes, a two-sided P  value 
of less than 0.05 was considered to indicate statistical 
significance.

RESULTS: Thirty (91%) PDT patients and 39 (74%) 
RFA were men (P  = 0.05). The mean age was 70.7 ± 
12.2 and 65.4 ± 12.7 (P  = 0.10) year and mean length 
of BE was 5.4 ± 3.2 cm and 5.7 ± 3.2 cm (P  = 0.53) 
for PDT and RFA patients, respectively. The CR-D was 
(18/33) 54.5% with PDT vs  (47/53) 88.7% with RFA 
(P  = 0.001). One patient with PDT had an esophageal 
perforation and was managed with non-surgical mea-
sures and no perforation was seen with RFA. PDT was 
five times more costly than RFA at our institution. The 
two groups were not randomized and had different BD 
grading are the limitations of the study. 

CONCLUSION: In our experience, RFA had higher rate 
of CR-D without any serious adverse events and was 
less costly than PDT for endoscopic treatment of BD. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Barrett’s esophagus containing dysplasia 
confers an elevated risk for developing esophageal 
adenocarcinoma. Photodynamic therapy (PDT) and 
radiofrequency ablation (RFA) have both been shown 
in randomized controlled trials to eradicate Barrett’s 
dysplasia (BD) and reduce the risk for disease progres-



gies, the relative efficacy and safety of  the promising 
endoscopic ablation treatment modalities remain unclear. 
There is no previous head-to-head comparison of  photo-
dynamic therapy (PDT) vs radiofrequency ablation (RFA) 
exists. Therefore, we compare efficacy, safety, and cost-
effectiveness of  PDT vs RFA in patients with BD, in IRB-
approved, prospectively collected BE outcome database 
at single center. 

MATERIALS AND METHODS
Study population
The institutional review board at The Methodist Hospi-
tal, Houston, Texas approved this protocol. All patients 
signed an informed consent form prior to being enrolled 
in the study. We retrospective evaluated prospective col-
lected database of  all patients with a diagnosis of  BE 
containing dysplasia [low-grade dysplasia (LGD) and 
high-grade dysplasia (HGD)] between May 2000 and June 
2009 to ascertain eligibility for surveillance and therapeu-
tic intervention. Inclusion criteria were: age > 18 years of  
age and non-nodular BD at enrollment. Exclusion criteria 
were: active esophagitis, esophageal stricture prevent-
ing passage of  a therapeutic endoscope, any history of  
esophageal cancer, esophageal varices, and uncontrolled 
coagulopathy. All patients with BD were counseled about 
antireflux measures and received twice daily oral proton 
pump inhibitors throughout the study. All HGD patients 
underwent surgical consultation and based on age, per-
formance status and co-morbidities were either ineligible 
for surgery or were offered surgery and refused after 
multidisciplinary meeting with gastroenterologist and 
surgeon regarding the risk and benefits related to endo-
scopic therapy and surgery. 

Interventions
All endoscopic procedures (biopsy and ablation) were 
performed on an outpatient basis using intravenous 
conscious sedation (narcotic and benzodiazepine) or 
monitored anesthesia care (propofol). Endoscopic biop-
sies for baseline dysplastic grade confirmation, as well as 
for surveillance after ablative therapy, were performed 
using jumbo forceps in at least four quadrants every 1 
cm of  the BE segment. Post-ablative biopsies always en-
compassed the entire original extent of  BE. Additional 
directed biopsies were obtained and placed in a separate 
container if  any other visible abnormalities were noted 
during surveillance. Specimens from each level were fixed 
in formalin and embedded in paraffin to allow mapping 
of  lesions. The blocks were sectioned, applied to glass 
slides, and stained with hematoxylin and eosin. All slides 
were independently evaluated by two gastrointestinal pa-
thologists with expertise in the field of  BE. Each speci-
men was assessed for the presence of  BE, and if  pres-
ent, the worst pathologic grade noted per specimen as 
follows: non-dysplastic BE, LGD, HGD, or cancer. The 
worst pathologic grade used as the grade for that patient 
for that biopsy session. In cases of  discordance between 
independent pathology readings, an open consensus di-
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sion. We compared the effectiveness, safety, and cost 
of PDT and RFA in managing BD in consecutive case 
series performed at single center by single endoscopist. 
We found that RFA had significantly higher rate of com-
plete histological resolution of Barrett’s dysplasia and 
it was five times less costly than PDT at our institute 
compared to PDT. 
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INTRODUCTION
Adenocarcinoma of  the esophagus and gastroesophageal 
junction (GEJ) is a devastating disease with 5-year sur-
vival rate of  less than 15%[1]. Since 1970s, the incidence 
of  this cancer has increased by more than 500% and it 
is considered one of  the most rapidly increasing cancers 
in western society[2,3]. Barrett’s esophagus (BE), defined 
as metaplasia of  the esophageal epithelium, in which 
squamous mucosa is replaced by a specialized columnar 
epithelium containing goblet cells, is a premalignant con-
dition of  the esophagus with increased risk of  developing 
esophageal adenocarcinoma[4]. BE is based on the endo-
scopic findings of  columnar epithelium lining the distal 
esophagus and diagnosis is confirmed by the presence 
of  specialized intestinal metaplasia in esophageal biopsy 
specimens[5]. BE, sometimes also referred as intestinal 
metaplasia (IM), is caused by chronic inflammation and 
injury due to gastroesophageal reflux disease (GERD). 
BE may be present in as many as 10%-15% of  patients 
with GERD and is associated with a significantly elevated 
risk of  esophageal adenocarcinoma[4,6-9]. 

Barrett’s dysplasia (BD) is a histological diagnosis 
that one or more clones of  epithelial cells have acquired 
genetic alterations rendering them neoplastic and prone 
to malignancy. Most recent study suggests the annual rate 
of  cancer development for patients with BE is 0.12%[10]. 
While this rate increases to 6% for patients with BE and 
HGD[11]. Even among experienced pathologists, the ex-
tent of  inter-observer agreement for the diagnosis of  BD 
is a major problem[12-14]. Despite several imperfections 
such as sampling errors and inter-observer variability, 
pathologic classification of  dysplasia on endoscopic bi-
opsy specimens is the single most predictive variable for 
progression to cancer in patients with BD[15]. The degree 
of  dysplasia has been shown to correlate with the risk of  
development cancer. The optimal care of  patients with 
BD is unclear. In uncontrolled studies, satisfactory results 
have been noted in BE with HGD who were managed 
with esophagectomy[16], intensive endoscopic surveil-
lance[17] and various endoscopic ablation techniques[18,19]. 
Although current guidelines[11] endorse various strate-



agnosis was obtained. Patients with visible nodule(s) who 
had endoscopic mucosal resection (EMR) were excluded 
from this study group.

Eligible patients with HGD who were enrolled be-
tween May 2000 and late 2007 were offered PDT, con-
sisting of  an intravenous photosensitizing agent (2.0 
mg/kg, porfimer sodium, Axcan Pharma, Birmingham, 
AL) 40-50 h prior to endoscopy. During endoscopy, laser 
light (630 nm) was applied to the BE segment using a 
laser catheter without centering balloon (dose 130 J/cm). 
A maximum of  7 cm of  BE was treated per session. In 
longer segments, a second PDT session was performed 
3 mo later to treat the remaining segment. PDT patients 
had upper endoscopy and biopsies at 2 and 12 mo after 
the primary PDT and then annually thereafter, provided 
no HGD or adenocarcinoma was found on biopsy. If  
HGD was detected, PDT was repeated for a maximum 
of  3 total PDT sessions. 

Eligible patients with LGD or HGD who were en-
rolled between September 2007 and June 2010 were of-
fered RFA, consisting of  step-wise treatment with the 
HALO ablation system (Covidien Inc., Mansfield, MA). 
In cases where the BE segment was > 3 cm, the primary 
ablation treatment was performed with the HALO360 
ablation catheter, a balloon-based electrode which creates 
a circumferential 3-cm long ablation zone (40 W/cm2, 
12 J/cm2). In cases where the BE segment was < 3 cm, 
the primary ablation treatment was performed with 
the HALO90 ablation catheter, an endoscope-mounted 
electrode which creates a focal 1.3 cm by 2.0 cm abla-
tion zone (40 W/cm2, 12 J/cm2). After primary ablation, 
patients had endoscopy every 2 mo with assessment 
of  endoscopic response to therapy. If  residual BE was 
detected visually, RFA touch-up with HALO-90 was per-
formed (maximum 2 additional sessions). Upon achiev-
ing a complete visual response or exceeding the maxium 
allowed sessions, biopsies were performed to confirm a 
histological complete response. Thereafter, patients were 
biopsied at two and 12 mo, and then annually provided 
no BD or BE detected.

Post-ablation care
After ablation, all patients were provided with double 
dose proton pump inhibitor medication to enable heal-
ing of  the ablation zone and ensure long-term control of  
GERD. Patients were also provided with pain medica-
tion and anti-emetics to use as needed for 1-2 wk after 
therapy. PDT patients were educated to avoid exposure 
of  eyes and skin to direct sunlight and high intensity vis-
ible light for at least 30 d or longer in patients with lighter 
skin color.

Outcome measures
The primary outcomes for this study were complete histo-
logical response of  BD (CR-BD), defined as no evidence 
of  dysplasia at last available biopsy session. Detection of  
cancer during any follow-up was considered a censor-
ing event for the primary outcome. Secondary outcomes 
include the occurrence of  adverse events, occurrence of  

subsquamous intestinal metaplasia at the last biopsy visit, 
and cost calculated per procedure and per patient.

Statistical analysis
The primary analysis was intention-to-treat (ITT), with 
all lost-to-follow-up patients being considered failures for 
the primary outcomes. The secondary analysis was per-
protocol (PP), evaluating those patients with data avail-
able. Fisher’s exact test and Student’s t test were used to 
compare baseline variables. Fisher’s exact test was used 
to assess differences between the two study groups for 
primary outcomes. For all outcomes, a two-sided P value 
of  less than 0.05 was considered to indicate statistical 
significance. The statistical analysis was performed using 
the SPSS 12.0.1 software for Windows. The costs of  the 
PDT and RFA were calculated with a non-bias formula 
by the Methodist Hospital Cost Center.

RESULTS
There were 86 patients who fulfilled the study criteria 
and signed informed consent. Thirty-three patients un-
derwent primary PDT (all with HGD). Fifty-three pa-
tients underwent primary RFA (6 with HGD and 47 with 
LGD). See Table 1 for baseline patient characteristics and 
Figure 1 for patient flow. Mean baseline BE length values 
were similar between groups (PDT: 5.4 ± 3.2, RFA: 5.7 
± 3.2, P = 0.53), while PDT patients tended to be older 
(PDT: 70.7 ± 12.2, RFA: 65.4 ± 12.8, P = 0.10) and more 
likely to have HGD (PDT: 33/33, RFA: 6/53) as entry 
diagnosis (P < 0.0001).

The average length of  follow-up from primary abla-
tive therapy to primary outcome biopsy session was 44 
mo (range 24-60 mo) for PDT and 33 mo (range 24-48 
mo) for RFA. PDT patients had an average of  1.4 PDT 
sessions, while RFA had an average of  2.6 sessions. 
CR-D was achieved in 18/33 (54.5%) PDT and 47/53 
(88.7%) RFA patients (P = 0.0001), Table 2. Eight PDT 
patients demonstrated an initial complete response, but 
then recurred (1 HGD, 7 LGD) at later biopsy sessions 
and were considered failures for the primary outcomes 
with PDT. After recurrence, these patients could not un-
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Table 1  Characteristics factors of the patients  n  (%)

Variable PDT (n  = 33) RFA (n  = 53)

Age (yr)
   Mean ± SD   70.7 ± 12.2   65.4 ± 12.7
   Range 49-80 54-80
Sex
   Female 3 (9) 14 (26)
   Male 30 (91) 39 (74)
Body-mass index
   Mean ± SE 27.8 ± 0.7 31.7 ± 1.3
   Range 21-38 23-47
Length of Barrett's esophagus (cm)
   Mean ± SD   5.4 ± 3.2   5.7 ± 3.2
   Range 1.0-8.0 1.0-9.0

PDT: Photodynamic therapy; RFA: Radiofrequency ablation.

Ertan A et al . PDT vs  RFA for Barrett's dysplasia
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failures for the primary endpoint of  this study and both 
underwent esophagectomy. Surgical pathology showed 
T1NOMO lesions. No RFA patient developed cancer 
progression.

In the PDT cohort, two patients reported photo-

dergo further PDT due to exceeding the maximum PDT 
sessions achieved or intolerance to therapy, therefore all 
underwent salvage therapy with RFA with 100% CR-BD 
(post-hoc analysis). Two PDT patients developed cancer 
during follow-up at 18 and 24 mo. Both were considered 

HGD
n  = 6

LGD
n = 47

50 available for primary 
outcomes for assessment

Lost to F/U n  = 3

0 Cancer 
progression

27 CR-IM
(also CR-D)

20 CR-D
(not CR-IM) 3 Failures

3 Surgery

      RFA

B

Figure 1  Patient flow. HGD: High-grade dysplasia; PDT: Photodynamic therapy; CR-D: Complete histological resolution of Barrett’s dysplasia; IM: Intestinal metaplasia.
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sensitivity reactions (none required therapy), 9 (28.13%) 
developed a stricture necessitating serial endoscopic dila-
tions (mean 3 per patient) with two requiring temporary 
stent placement. One patient developed an esophageal 
perforation that was managed by nonsurgical measures 
in the PDT cohort. In the RFA cohort, 2 patients (4.0%) 
developed a stricture managed with endoscopic dilation 
(one dilation per patient). No perforation was seen in the 
RFA patients. Subsquamous intestinal metaplasia (SSIM, 
“buried glands”) was seen in 4/32 (12.5%) of  patients 
treated with PDT and 3/50 (6%) of  those treated with 
RFA (P = 0.28).

The facility cost for a HALO-360 RFA session vs a 
PDT session was $1888 and $9449, respectively. The fa-
cility cost of  a HALO-90 RFA was slightly lower at $1486. 
Cost per patient was also calculated, including primary 
ablation, follow-up ablation, and salvage ablation proce-
dures, but excluding surgical salvage. According to a cal-
culated cost analysis in our institution, PDT was approxi-
mately five times more costly than RFA per procedure.

DISCUSSION
Professional guidelines endorse various strategies for 
management of  BE with dysplasia[11]. Due to lack of  
head to head comparison, relative efficacy of  interven-
tions like PDT, RFA, and cryotherapy remains unclear. 
Based on the finding that over 40% of  patients with 
HGD undergoing esophagectomy have invasive cancer in 
their pathology specimen[16,20], esophagectomy is still been 
recommended for patients with HGD[11]. The prevalence 
of  a missed cancer in patients may be less with recently 
used aggressive endoscopic biopsy protocols and better 
endoscopic visualization, however it is not been proven 
yet. Moreover, even when an esophagectomy is per-
formed by experienced surgeons in high volume centers, 
it is associated with significant morbidity and mortal-
ity[16,20]. There are no RCTs comparing esophagectomy 
and endoscopic therapy for treatment of  dysplastic BE[21]. 
Although debatable, intensive endoscopic surveillance 

with rigorous biopsy protocol can detect the progression 
from BD to cancer at the curative stage[17], but is associ-
ated with considerable anxiety for these patients with a 
negative impact to their quality of  life. The accumulated 
evidence suggests that endoscopic resection (ER) therapy 
like endoscopic mucosal resection (EMR) and endoscop-
ic submucosal dissection (ESD) or endoscopic ablation 
modalities such as PDT and RFA have become attractive 
alternatives for the management of  patients with BD[22-25]. 
ER of  focal lesions can achieve complete eradication of  
HGD and IMC in 82.5%-95% of  patients and also al-
lows detection of  occult invasive adenocarcinoma[21,26-28]. 
However, metachronous lesions or disease recurrence is 
been seen in up to 14% of  patients within 12 mo, and 
21.5% of  patients over 5 years after ER[21,24,29]. Interna-
tional consortium of  expert clinicians recommends ER 
for focal lesions followed by ablation of  whole Barrett’s 
segment to decrease recurrence rate[30]. Endoscopic abla-
tion modalities are based on the hypothesis that injury to 
the metaplastic and dysplastic epithelium will reverse the 
pathologic progression of  BD to invasive cancer and re-
store a normal squamous epithelium. Despite the attrac-
tiveness of  these endoscopic ablation technologies, no 
previous head-to-head comparison of  PDT vs RFA exists 
in patients with BD. 

In our study, we compared outcomes in patients 
treated with PDT and RFA in a single center by a single 
gastroenterologist in a prospectively collected database. 
These two modalities were compared with regard to 
complete eradication of  BE and BD, adverse events, and 
costs. Our data shows that PDT and RFA eradicated dys-
plasia in 54% and 89%, respectively. Complete reversal 
of  intestinal metaplasia was noted in 39% cases for PDT 
and 51% cases for RFA. 

Overholt et al[31] compared PDT with Photofrin (PHO) 
plus omeprazole (PHOPDT) to omeprazole (OM) only 
to eradicate BE-HGD in a multicenter, randomized 
(2:1 randomization), pathology-blinded trial. At 5 years 
PHOPDT was significantly more effective than OM in 
eliminating HGD [77% (106/138) vs 39% (27/70), P 
< 0.0001]. A secondary outcome measure preventing 
progression to cancer showed a significant difference (P 
= 0.027) with about half  the likelihood of  cancer occur-
ring in PHOPDT [21/138 (15%)] vs OM [20/70 (29%)], 
with a significantly (P = 0.004) longer time to progres-
sion to cancer favoring PHOPDT. In our experience, 
PDT eliminated HGD in 54.5% of  patients compared to 
77% on Overholt et al[31] study. In Overholt et al[31] study 
36% of  the patients developed stricture, and 69% had a 
photosensitivity reaction. Similarly, in our study 28% of  
patients developed strictures requiring serial endoscopic 
dilation. Shaheen et al[32] performed a multicenter, sham-
controlled trial, and randomly assigned 127 patient with 
dysplastic BE in a 2:1 ratio to receive either RFA or a 
sham procedure (control group). In the intention-to-treat 
analyses, among patients with LGD, complete eradica-
tion of  dysplasia occurred in 90.5% of  those in the 
ablation group, as compared with 22.7% of  those in the 

Table 2  Outcomes measures  n (%)

PDT RFA

Primary outcomes
   Complete Response IM
      ITT 13/33 (39.4) 27/53 (50.9)
      PP 13/32 (40.6) 35/61 (57.4)
   Complete Response Dysplasia
      ITT 18/33 (54.5) 47/53 (88.7)
      PP 18/32 (56.3) 56/61 (91.8)
Secondary outcomes
   Complications
      Perforation    1/32 (3.1)   0/50 (0.00)
      Stricture   9/32 (28.1) 2/50 (4.0)
   Cost per session $9449   $1888 (HALO-360)

$1486 (HALO-90)

PDT: Photodynamic therapy; RFA: Radiofrequency ablation; ITT: Inten-
tion-to-treat; PP: Per-protocol; IM: Intestinal metaplasia.

Ertan A et al . PDT vs  RFA for Barrett's dysplasia
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control group (P < 0.001)[32]. Among patients with HGD, 
complete eradication occurred in 81.0% of  those in the 
ablation group, as compared with 19.0% of  those in the 
control group (P < 0.001). Overall, 77.4% of  patients in 
the ablation group had complete eradication of  intestinal 
metaplasia, as compared with 2.3% of  those in the con-
trol group (P < 0.001). Patients in the ablation group had 
less disease progression (3.6% vs 16.3%, P = 0.03) and 
fewer cancers (1.2% vs 9.3%, P = 0.045). We observed 
similar rates of  complete response as illustrated in Table 2. 

While making decisions about the management of  
precancerous conditions, potential benefits, risks and 
costs associated with different competing strategies are 
the most important considerations. For less severe disease 
like BE with LGD compared to BE with HGD, safety 
and cost of  the suggested intervention becomes even 
more important[32]. According to the calculated direct cost 
comparison analysis, PDT was five times more costly 
than RFA in our institution. Detail cost effective analysis 
requires calculation for direct and indirect cost related to 
each intervention, as well as cost associated with compli-
cation and treatment failure. PDT patients are required 
to avoid sun and high intensity visible light during four 
weeks after the procedure and this may add significant 
indirect cost, in addition to high direct cost with PDT 
therapy. In our experience, side effects and complications 
of  RFA were also less than PDT therapy. 

In principle, a head-to-head comparison of  PDT and 
RFA requires a randomized, blinded study design but 
this is currently impossible given the limited availability 
of  PDT ablation technology for the esophagus. The 
strengths of  our study are the very low drop-out rate, 
tight control of  technique by a single experienced gastro-
enterologist (AE), and a rigorous biopsy protocol with 
review of  all pathology by two well known gastroenterol-
ogy pathologists and long follow up duration. Our study 
also has several limitations including the lack of  random-
ization, the significant disproportion of  HGD between 
the PDT and RFA groups respectively and difference in 
follow up time for both PDT and RFA group and the re-
sults of  our study should be interpreted accordingly. PDT 
therapy was approved for HGD only and till RFA tech-
nology became available, only patients with BE-HGD 
were offered treatment with PDT. The implications of  
LGD vs HGD in Barrett’s patients are markedly different. 
LGD implies a risk of  progression to cancer of  less than 
1% per patient-year[33], whereas the risk associated with 
HGD may be as high as 10% per patient-year[34,35]. 

In conclusion, in our experience both PDT and RFA 
were successful in eradicating dysplasia in BE. However, 
overall success rate of  RFA was higher than PDT and 
RFA was very well tolerated without any major complica-
tions and fewer side effects. At our center, each session 
of  RFA therapy was five times less costly than PDT 
therapy. However, for head-to-head comparison of  PDT 
and RFA, prospective, randomized, blinded, multi-center 
studies are needed. 
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endoscopic surveillance and various endoscopic resection and endoscopic 
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tion is indicated. 
Innovations and breakthroughs
Various endoscopic ablation techniques like photodynamic therapy (PDT), 
radiofrequency ablation (RFA) and cryotherapy are currently available for treat-
ment of dysplastic Barrett’s esophagus. Both PDT and RFA have been proven 
to be superior to eradicate dysplastic Barrett’s esophagus compared to routine 
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RFA therapy for dysplastic BE in a single center consecutive case series and 
found that RFA was more effective, safe and less costly than PDT therapy.
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