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Introduction

As one of eight major cancers in the world and six major 
causes of cancer-related death, esophageal cancer has a poor 
overall 5-year survival rate of 10–15% (1). More than 80% 
of esophageal cancer occurs in developing countries, and 
among them, over 90% of patients suffer from esophageal 
squamous cell carcinoma (ESCC) (2). Especially in China, 
the burden of the disease is heavy, and almost half of new 

cases and deaths of ESCC in the world occur in China (1,3).
The presence of esophageal squamous cell neoplasia 

(ESCN) is the essential risk factor in progressing to ESCC (4). 
Although the prognosis of patients with advanced ESCC 
is poor, ESCN can be clinically cured endoscopically with 
a perfect prognosis while preserving the esophagus. With 
no symptom usually, ESCN can be detected through 
endoscopic screening using Lugol’s chromoendoscopy. 
Recent advances in endoscopic imaging techniques have 
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aided our ability to detect ESCN (5). 
In China, ESCNs are classified histologically in three 

progressive stages: low-grade intra-epithelial neoplasia 
(LGIN), moderate-grade intra-epithelial neoplasia (MGIN) 
and high-grade intra-epithelial neoplasia (HGIN) with 
1/3, 2/3 and 3/3 of the epithelium containing neoplasia, 
respectively (6). The degeneration of ESCC is a gradual 
process: from normal squamous epithelium to LGIN, to 
MGIN, to HGIN, and eventually progressing to invasive 
carcinoma. According to the follow-up studies in the high-
risk areas of China, there is a significant difference between 
LGIN (24% at 13.5 years follow-up), MGIN (50%) and 
HGIN (74%) in the rate of progression to ESCC, which 
indicates that MGIN and HGIN are regarded as indications 
for treatment due to the possibility of progression to cancer, 
while LGIN only needs follow-up monitoring (7,8).

The endoscopic treatment techniques of ESCN are 
mainly divided into two categories: endoscopic resection 
(ER) and endoscopic ablation. please define methods, 
including endoscopic submucosal dissection (ESD) and 
endoscopic mucosal resection (EMR), enable en bloc 
resection of the neoplasia, thereby allowing adequate 
pathological assessment of the resected specimen to evaluate 
the prognosis and the situation that may require additional 
treatment (9-11). However, ER is a complicated procedure 
which requires a high level of endoscopic expertise and 
has a long learning curve, especially for ESD which is 
associated with a risk for complications (9,12,13). In 
addition, widespread ER has been reported to be associated 
with esophageal stenosis that may be difficult to treat 
endoscopically and decreases patients’ quality of life (12). 

In contrast to ER, endoscopic ablation therapies offer 
more convenient and safe tehcniques and might have 
more advantages in the selected patients. Multiple studies 
have suggested that ablation is highly effective and safe 
in removing dysplasia in cases of Barrett’s esophagus 
(BE) (14-16). As for squamous dysplasia of esophagus, a 
growing number of clinical studies have demonstrated 
the potential of ablation to eradicate ESCN. Traditional 
ablation methods including photodynamic therapy (PDT) 
or argon plasma coagulation (APC) lost the valuable 
role in clinical practice because of uncomplete ablation 
and high risk of complications (17,18). Radiofrequency 
ablation (RFA) and cryotherapy are the currently two 
most widely accepted techniques used for ESCN. The 
aim of this review is to highlight these advances, with 
special focus on the role of ablation in practice of 
squamous dysplasia of esophagus.

Radiofrequency ablation (RFA)

RFA system

Esophageal RFA therapy has been widely known as a 
thermal ablative technique using a HALO-ablation system 
(Medtronic, Sunnyvale, California) which requires a specific 
catheter to apply the radiofrequency ablation to the mucosa 
of esophagus. The HALO system emits radiofrequency 
energy (RF) to coagulate (ablate) the thin layer of diseased 
squamous epithelium of the esophagus. The heat generated 
by RF delivery can achieve 60–100 ℃ to result in tissue 
vaporization or coagulation and inactivate tumor cells. 
Owing to the fixed energy transmission device along with 
a bipolar ablation catheter, RFA can control the depth of 
coagulation to be limited to 500–1,000 microns (19), thus 
reducing the risk of complications related with damage of 
mucosal structure, such as postoperative stenosis. 

There are two kinds of HALO systems with different 
ablation catheters playing a specific role in the treatment 
of ESCN, respectively. First, HALO360 System, a kind 
of circumferential ablation system, includes a balloon-
based catheter wrapped with a 3 cm long electrode having 
tightly spaced bipolar electrode bands, resulting in a 
circumferential ablation. An energy generator is used to 
inflate a sizing balloon positioned within the esophageal 
body to measure the internal diameter of the esophagus at 
the target lesion. Upon determination of the inner diameter 
size, an appropriate sized balloon-based ablation catheter 
is selected for ablation. The generator inflates the ablation 
catheter within the esophagus and delivers the controlled 
amount of RF energy to achieve the desired ablation effect. 
Given the ablation of circumference of esophagus, HALO360 
is mainly designed for multifocal and circumferential 
lesions. Currently, a newly introduced and listed HALO360 

device of second generation called BARRXTM 360 Express 
integrates sizing and ablation into one catheter featuring 
the self-adaption to the esophageal lumen, which helps to 
simplify and reduce procedure time.

The second system is focal ablation including HALO90, 
HALO90 Ultra and HALO60, using a cap-based electrode 
installed on the tail end of an endoscope. The device is 
introduced with the endoscope to provide more focally 
targeted ablation of small areas of dysplasia, either 
primary or secondary therapy. The focal ablation device 
is substantially equivalent to the HALO360 device in terms 
of energy delivery and ablation depth, having the same 
electrode design. The difference is that its superficial 
area is smaller, allowing more focal selective ablation, and 
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this device is designed to be a cap-based, attached to the 
endoscope. Recently, a new kind of focal ablation device 
called BARRXTM Channel has been introduced with an 
endoscopic catheter which could pass through the working 
channel of endoscope. The new device is mainly applied to 
esophagus with stenosis that obstructs other focal ablation 
catheters. 

Treatment efficacy of RFA for ESCN

A great number of RCTs and observation studies suggest 
that RFA is highly effective and durable in the removal 
of Barrett’s mucosa and related dysplasia (14,20-23). 
In recent years, researchers have paid more and more 
attentions to RFA for eradication of esophageal squamous 
neoplasia. A research group of National Cancer Center 
of China conducted a series of studies to evaluate its 
potential to treat ESCN since 2008. The security and 
efficacy of RFA in the eradication of ESCN in patients 
suffering from flat-MGIN, HGIN and early ESCC 
(24,25) were assessed in a prospective trial. Among 96 
enrolled patients in total (45 MGIN, 42 HGIN, 9 early 
ESCC), 84% (81/96) cases were remitted completely (CR; 
absence of MGIN+ in biopsies) at 12 months and showed 
no serious adverse events such as infection, perforation 
or death. Stenosis was observed in 20 (21 %) patients 
who accepted circumferential RFA, and all resolved with 
a median of 4 dilations (25). van Vilsteren and colleagues 
treated 13 ESCN patients (10 HGIN, three mucosal 
ESCC) with complete remission after median 2 RFA 
procedures, and no recurrence after 17 months in median 
follow-up visit (26). Wang et al. (27) reported their 
results in 7 patients with ultralong and extensive ESCNs 
with a mean length of 12.4 cm and more than half of the 
circumference (3 patients had circumferential extension), 
6 of whom achieved a complete response at 6 months. In 
a retrospective study, Wang et al. (28) enrolled 65 ESCN 
patients with length more than 3 cm and extending more 
than 1/2 of the circumference of esophagus, 18 ESCN 
patients received the treatment of RFA, and 47 patients 
received the treatment of ESD. According to the results, 
RFA and ESD have the same effect in the short-term 
treatment of early flat large ESCN, and the treatment 
duration of RFA was greatly shorter than that of ESD 
(126.6 vs. 34.8 min; P<0.001); ESD was correlated with 
a higher incidence of esophageal stenosis (83% vs. 27%, 
P=0.01), and more sessions of dilatation were required to 
relieve the symptoms (median, 13 vs. 3, P=0.04). These 

results of studies of RFA for early ESCN demonstrated 
satisfactory short-term outcome. 

More importantly, our group firstly reported the 5-year 
effectiveness of RFA for the eradication of MGIN, HGIN 
and early flat ESCC in the aforementioned trial (29). 
In the 78 patients eradicated completely at 12 months 
after baseline RFA, the vast majority (86%) remained 
completely relieved for 5 years after the first treatment. 
A few patients (9%) were recurrent, and repeated focal 
RFA could be used to cure them. All non-flat lesions or 
diagnosis with severer histological grade than baseline 
was defined as progressive disease, which developed in 
5% patients, and ESD could be used to cure half of the 
lesions. In a word, among patients suffering from ESCN, 
RFA led to a sustained eradication of lesion in the majority 
of patients during 5 years of follow-up. 

In contrast, 12 patients who unsuccessfully eradicated 
ESCN at the 12-month showed relatively poor results 
(29), which demonstrated that patients suffering from 
ESCN residues at 12 months more possibly progress to 
invasive disease. Hence, we suggested that patients with 
unsuccessful eradication of ESCN at 12 months should 
receive the treatment of EMR or ESD in order to have 
a complete histological examination and even further 
clinical treatment. In the second place, considering the 
recurrence rate in the treatment region and the appearance 
of metachronous lesions in other area of esophagus, it 
is necessary to make strict endoscopic follow-up visit 
with Lugol’s chromoendoscopy after RFA of ESCN. All 
Unstained lesion (USL) shall be biopsied for histological 
diagnosis after Lugol’s staining. 

Third, our study found that Pink-color sign (HR 3.66, 
95% CI: 1.59–8.41) was an independent risk factor failing 
to realize or maintain CR within 5 years after initial RFA. 
Previous studies showed RFA should be restricted to 
patients with lesions limited to epithelial, i.e., MGIN or 
HGIN. RFA can play its ablation effect over the epithelium, 
which is deficient for invasive tumor (i.e., ESCC) (30-32). 
However, these failure cases highlighted the limitations 
of Paris classification and endoscopic biopsies in staging 
patients and deciding who may be an RFA candidate. 
Pink-color sign refers to the change of red or rose-pink 
color within 2 to 3 minutes after Lugol’s staining, which 
seemingly is an easily recognizable feature of ESCC and 
advanced stages of ESCN (33-35). Therefore, we advise to 
add pink-color sign after Lugol’s chromoscopy as additional 
endoscopic exclusion criteria for RFA treatment. 

In our study, we found two patients with subepithelial 
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ESCC developing a non-flat lesion with normal epithelium 
in white light, NBI and after Lugol’s endoscopy, but 
histologically showed ESCC infiltrated into submucosa and 
covered by normal squamous epithelium. ESCN extends 
downward to the existing ducts of submucosal glands, which 
is seemingly related to the residual ESCN after RFA if the 
ablation is very superficial. Given the potential of residual 
lesions progress to squamous cancer, we would suggest 
cautiously using RFA only for flat MIGN and HIGN 
without any invasive neoplasia, and several “lessons learned” 
had been suggested to optimize RFA procedure in our 
publication (29). 

Adverse events after RFA

Adverse events related to RFA include stenosis, mucosal 
lacerations, hemorrhage, and chest pain. Our prospective 
study reported that mucosal lacerations were observed 
during esophagus diameter sizing in 4 patients (4%), but no 
clinical intervention required. Stenosis of esophageal was 
observed in 20 patients (21%), with circumferential RFA and 
all resolved with median 4 sessions of dilations (25). No new 
stenosis was observed during the follow-up period (29). Wang 
et al. (27) reported stenosis was developed in 2 of 7 patients 
with ultralong and extensive ESCNs with a mean length 
of 12.4 cm and more than half of the circumference, and 
required balloon dilation for 2 and 8 sessions, respectively. 
It has been reported that the incidence of stenosis in 
patients with circumferential extension of more than 75% 
can reach 88–100% when treated with ESD (36-38).  
In the retrospectively comparative study, Wang et al. (28) 
reported that for lesions covering more than 3 quarters 
of the circumference, RFA was superior to ESD with a 
shorter procedure time and lower stenosis rate following 
removal of larger lesions (27% vs. 83%, P=0.01). Based 
on these observations, compared with ER methods, RFA 
demonstrated a lower rate of strictures in treating large and 
extensive ESCNs. 

Combination with ER

There are many early ESCNs consisting of a large flat type 
lesion as well as one or more focal non-flat type component. 
As mentioned, the ablation of RFA covers the epithelium of 
esophagus, which is seemingly deficient for eradication of 
non-flat lesions (30-32), and the complete tissue destruction 
does not allow histological assessment after procedure. ER 
has the advantage of providing whole resected specimens 

for accurate histological evaluation, but is also associated 
with higher rates of stenosis for extensive lesions. Regarding 
as extensive and multifocal ESCNs including non-flat 
lesions, endoscopists must consider the advantages of each 
technique in order to achieve optimal treatment efficacy and 
reduce the incidence of adverse event. A combination of ER 
and RFA may integrate the optimal characteristics of the 
two methods, playing an increasing role in the treatment of 
patients with multifocal ESCN. 

As for the treatment of Barrett’s esophagus, the 
combination of ER and RFA has been reported to lead to 
a good treatment result (39,40). Alvarez Herrero et al. (40) 
reported that RFA allied with ER for visible abnormalities 
is also an effective and secure treatment method for 
Barrett’s esophagus longer than 10cm in length containing 
neoplasia. Becker et al. (41) firstly reported the application 
of multimodal endoscopic therapy in 6 consecutive 
patients with multifocal intraepithelial neoplasia and 
superficial squamous cell carcinoma of the esophagus. All 
endoscopically visible lesions received the treatment of 
ER to obtain specimens for histological assessment and to 
reduce the thickness of tumor. Then, RFA was performed 
to the remaining tumor area and the surrounding 3 cm of 
mucosa to eliminate residual or synchronous lesions. During 
the follow-up period, all patients showed no recurrence 
or metastasis. Our group also reported the eradication 
effect of RFA combined with ER on the treatment of early 
widespread non-flat type ESCN (42). Four patients with 
early non-flat ESCC and precancerous lesions occupied 
more than 3/4 circumference were retrospectively analyzed. 
Three cases were CR at 3-month, 1 year and 5 years after 
operation; one case developed HGIN at 3-month and 
MGIN at 1-year and 3-year, and achieved CR after repeated 
RFA. Stenosis occurred in 4 cases, 2 of which were mild 
without treatment, and the other 2 cases were severe and 
relieved by dilation for 5–8 (mean 6.5) times. These studies 
demonstrated that a combined approach of ER with RFA 
has promising results in selected patients, and may provide 
minimally invasive and effective treatment. Prospective 
study involving a larger number of patients is still needed to 
evaluate long-term validity and find the optimal strategy of 
the technique combination.

Cryoablation

Cryoablation systems and efficacy

Endoscopic cryoablation is another ablative modality recently 
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attracting emerging attentions for the treatment of ESCN. 
RFA ablates tissue through heat, while cryoablation relies 
on the quick cooling and thawing to destruct tissue with 
a cryogen, such as liquid nitrogen or carbon dioxide (43). 
These rapid temperature changes lead to the destruction 
of cell membranes and thrombosis in the blood vessels 
resulting in apoptosis and ischemia (44). Approved by 
United States Food and Drug Administration, two kinds 
of systems are currently available in clinical practice. Using 
liquid nitrogen as the cryogen, the TruFreeze system (CSA 
Medical, Lexington, Mass) is delivered via a low-pressure, 
flexible 7-French spray catheter via the endoscopic working 
channel and results in flash freezing the mucosa to −196 ℃. 
While a stomach tube is necessary to provide venting channel 
for continuous decompression of the rapidly expansional 
nitrogen to prevent mucosal perforation. Cryospray ablation 
using liquid nitrogen mainly involves in the management of 
BE associated dysplasia in majority of the studies (45,46) and 
is used as palliative treatment of ESCC (47), but there is no 
data for the treatment of early ESCN. 

Another system applying liquid nitrous oxide as the 
cryogen is called cryoballoon focal ablation system (CbFAS, 
C2 Therapeutics, Redwood, California), which consists 
of a small hand-held controller and a through-the-scope 
catheter with a self-sizing balloon. The catheter can rotate 
360 degrees by applying the handheld controller and deliver 
liquid nitrous oxide into an inflated balloon to freeze the 
targeted mucosa to −85 ℃. CbFAS has several advantages 
over the TruFreeze system, including the unnecessary of 
decompression channel, the targeted equally delivery of the 
cryogen and being easy to carry and operate (44). Previous 
studies showed promising ability of CbFAS to eliminate 
BE (48,49). Canto et al. (50) firstly reported the possibility 
of treating early ESCN with the CbFAS. Ten patients 
suffering from LGIN (n=2), HGIN (n=7), or ESCC (n=1, 
after EMR) in 24 USLs showed no major adverse events, 
and all patients achieved complete remission after 3 months 
of follow-up. Furthermore, a larger prospective study was 
performed to measure the efficacy and safety of CbFAS for 
treatment of early ESCN (51) by our group. We enrolled 80 
flat-type ESCNs (59MGIN, 21HGIN) lack of pink-color 
sign with a median USL length of 3cm and circumferential 
extent of 60 degrees. Seventy-nine patients were ablated 
successfully with focal cryoballoon ablation and the cryogen 
was delivered for 10 seconds at each ablation site. After the 
first single treatment, among 78 patients, 70 patients (90%) 
achieved CR, and 1 did not make follow-up visit. The 
remaining 8 patients suffering from residual USLs received 

the re-treatment of CbFAS, and all exhibited CR after the 
second ablation. At the 12th month after the first ablation, 
among 78 patients (97%), 76 patients sustained CR and 
recurrent MGIN occurred in 2 (3%) patients. No stenosis 
or other serious adverse events were observed. Superficial 
mucosal lacerations occurred in four patients (5%) when 
balloon inflation, and none of patients need further clinical 
intervention. Our short-term outcomes demonstrated 
that CbFAS is secure and effective in eradicating ESCN 
with small size and no pink-color sign. Moreover, long-
term follow-up data and more studies of larger lesions are 
necessary to evaluate the effect of cryoballoon ablation in 
the treatment of ESCN.

Depth of ablation, cryoablation vs. RFA 

Scholvinck et al. described the short-term and long-
term histopathological effects and security of the CbFAS 
in porcine and human models. Four patients scheduled 
to undergo esophagectomy received eight 6-second 
cryoablations. In the acute phase, necrosis was confined 
to the mucosa or muscularis mucosa, and then extended 
to the submucosa at 4 days. The 6-second cryoablation 
resulted in necrosis in the mucosa and submucosa at 
median 2 mm from the mucosa surface. Hence, the depth 
of necrosis introduced by CbFAS has been claimed to 
be deeper than that of RFA (limited to 0.5–1 mm), and 
may be more sufficient for successful ablation of ESCN. 
However, comparative study between cryoablation and 
RFA are necessary to assess the security and efficacy in the 
treatment of ESCN. 

Further perspectives in ablation for ESCN

Over the last few years, it has been proved that ablation 
therapy is highly effective, convenient and safe in eradicating 
ESCN, and recently claims its important role in clinical 
practice. However, given the lack of histological evaluation, 
careful selection of patients before ablation is important 
when regard it as primary treatment tools, and endoscopic 
surveillance should be continued to detect any recurrence. 
More studies aiming at the optimal treatment and follow-
up protocol, long-term durability results, comparison with 
other methods will help us better understand the role of 
ablation. Furthermore, combination of ablation therapy and 
ER will be more effective for the management of ESCN in 
the future, and studies of the optimal combined treatment 
regimens are necessary. 
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