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SUMMARY
Endoscopic cryotherapy is a new technique for ablation of esophageal dysplasia and neoplasia.
Preliminary studies have shown it to be safe and effective for this indication. The objective of this
study is to characterize safety, tolerability, and efficacy of low-pressure liquid nitrogen endoscopic
spray cryotherapy ablation in a large cohort across multiple study sites. Parallel prospective
treatment studies at four tertiary care academic medical centers in the U.S. assessed spray
cryotherapy in patients with Barrett’s esophagus with or without dysplasia, early stage esophageal
cancer, and severe squamous dysplasia who underwent cryotherapy ablation of the esophagus. All
patients were contacted between 1 and 10 days after treatment to assess for side effects and
complications of treatment. The main outcome measurement was the incidence of serious adverse
events and side effects from treatment. Complete response for high-grade dysplasia (HGD) (CR-
HGD), all dysplasia (CR-D), intestinal metaplasia (CR-IM) and cancer (CR-C) were assessed in
patients completing therapy during the study period. A total of 77 patients were treated for
Barrett’s high-grade dysplasia (58.4%), intramucosal carcinoma (16.9%), invasive carcinoma
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(13%), Barrett’s esophagus without dysplasia (9.1%), and severe squamous dysplasia (2.6%).
Twenty-two patients (28.6%) reported no side effects throughout treatment. In 323 procedures, the
most common complaint was chest pain (17.6%) followed by dysphagia (13.3%), odynophagia
(12.1%), and sore throat (9.6%). The mean duration of any symptoms was 3.6 days. No side
effects were reported in 48% of the procedures (155/323). Symptoms did not correlate with age,
gender, diagnosis, or to treatment early versus late in the patient’s or site’s experience. Logit
analysis showed that symptoms were greater in those with a Barrett’s segment of 6 cm or longer.
Gastric perforation occurred in one patient with Marfan’s syndrome. Esophageal stricture
developed in three, all successfully treated with dilation. In 17 HGD patients, cryotherapy
produced CR-HGD, CR-D, and CR-IM of 94%, 88%, and 53%, respectively. Complete regression
of cancer and HGD was seen in all seven patients with intramucosal carcinoma or stage I
esophageal cancer. Endoscopic spray cryotherapy ablation using low-pressure liquid nitrogen in
the esophagus is safe, well-tolerated, and efficacious.
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INTRODUCTION
Endoscopic spray cryotherapy ablation using low-pressure liquid nitrogen spray delivered
through a standard endoscope is a novel technique for controlled ablation of malignant and
pre-malignant esophageal disease. Preliminary results show this technique to be safe, well-
tolerated, and effective in the ablation of Barrett’s esophagus and esophageal cancer.1,2 The
aim of this study is to characterize the efficacy, safety, and tolerability of endoscopic spray
cryotherapy ablation in a large cohort across multiple study sites.

MATERIALS AND METHODS
Setting

Between September 25, 2005 and November 27, 2007, patients treated with endoscopic
spray cryotherapy ablation from the University of Maryland Medical Center (Baltimore,
MD), Walter Reed Army Medical Center (Washington, DC), Columbia University Medical
Center (New York, NY), and the Cleveland Clinic (Cleveland, OH) were enrolled in single-
site prospective treatment trials.

Patients
Eligible patients included those with Barrett’s esophagus, Barrett’s esophagus with low-
grade dysplasia (LGD), high-grade dysplasia (HGD) or intramucosal carcinoma (IMCA),
esophageal cancer (T1 or T2 N0 M0, adenocarcinoma and squamous cell carcinoma), or
severe squamous dysplasia enrolled in prospective, IRB-approved treatment protocols at
each institution. For patients with Barrett’s esophagus with or without dysplasia and
squamous dysplasia, the goal of therapy was endoscopic ablation of the abnormal mucosa.
For esophageal cancer patients, the goal of the treatment was the elimination or decrease in
size of the tumor. All patients with HGD and IMCA were deemed inoperable based on
medical conditions or refused esophagectomy. Patients with invasive cancer were deemed
inoperable based on medical conditions or refused esophagectomy and had refused, failed,
or were ineligible for systemic therapy including chemotherapy or radiation therapy.
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Cryotherapy
All patients were treated with twice a day proton pump inhibitor therapy beginning at least 1
week prior to first treatment, and maintained on this dose until treatment was complete.
Patients were prepared for EGD in the standard fashion using an overnight fast with only
sips of clear liquids and required medications allowed up to 2 h before the procedure.
Moderate sedation with intravenous meperidine or fentanyl and midazolam or monitored
anesthesia care with propofol was administered. EGD using a standard upper endoscope was
performed in the standard fashion with standard monitoring. During the procedure, a 16
French modified orogastric tube (cryodecompression tube) was passed over a guide wire
through the mouth into the stomach. This tube contains decompression ports spanning the
distal 12 inches of the tube to allow decompression of both the stomach and the esophagus.
This was connected to continuous suction to allow decompression during the cryotherapy
procedure.

The cryotherapy catheter was passed through the working channel of the endoscope and
extended beyond the distal tip of the scope. Liquid nitrogen was sprayed through the
catheter, forming a white frost and freezing the adjacent mucosa (Fig. 1). At the start of the
study, each mucosal site was frozen for 20 seconds times three cycles, with at least 45
seconds between freezes to allow tissue thawing. Beginning January 2007, tissue was frozen
for 10 seconds times four cycles. This decision was made after a patient with Marfan’s
syndrome developed gastric perforation during treatment (discussed later). By decreasing
the total tissue freeze time from 60 to 40 seconds, the total volume of nitrogen sprayed was
reduced to minimize gastric distension and potentially reduce the risk of further perforations.
In all cases, the freeze-thaw process was repeated throughout the abnormal esophageal
segment, typically until all abnormal tissue had been treated. At the end of the procedure,
the endoscope and orogastric decompression tube were removed. Patients were recovered in
the usual fashion and discharged the same day. Procedures were repeated every 4 to 6 weeks
until the target lesion was ablated or reduced in size (tumors). Prescriptions were given for
narcotic analgesics and anti-emetics to be used as needed after each procedure.

Post-treatment assessment
Patients were interviewed in person or contacted by telephone after every treatment to assess
for side effects or complications. Patients were specifically asked for the presence of
dysphagia, odynophagia, chest pain, abdominal pain, sore throat, irregular heart beat, or
other symptoms. Symptoms were self-reported as mild, moderate, or severe. The duration of
the symptoms was assessed only at some sites, when patients were contacted typically 7
days after their procedure. Symptoms persisting beyond that date were assessed at the next
patient visit, typically a cryotherapy treatment session. Symptom assessment at other sites
was obtained by phone call 1–3 days after the procedure.

Efficacy assessment
Patients who completed cryotherapy and had at least one follow-up endoscopy with biopsy
were assessed for histologic regression of their underlying lesion. The rates of complete
response (regression) of cancer (CR-C) – if appropriate, HGD (CR-HGD), any dysplasia
(CR-D), and all intestinal metaplasia (CR-IM) were recorded for this group.

Statistical analysis
Data were analyzed using SAS version 9.1.3 (SAS Institute, Cary, NC, USA). Descriptive
variables are reported using mean and standard deviation (SD) or median and range.
Cochran-Mantel-Haenszel statistics for independence were calculated for all symptoms.
This showed that symptom occurrence was random in the study. The Spearman rank-order
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correlation coefficient was calculated to assess for symptom differences between groups.
Factors assessed included patient age, diagnosis, gender, likelihood of symptoms at the
beginning versus end of treatment, or timing of treatment within the study period. A
generalized logit model was used to determine the relationship between symptom severity
and length of esophageal segment treated. Tests of significance with multiple comparisons
were calculated using the Bonferroni method.

RESULTS
Seventy-seven patients were enrolled at the participating institutions (Table 1). The mean
age (SD) was 69 ± 12.2 years, with a range of 36 to 93 years, and 74% were male. The mean
esophageal segment length (SD) treated was 4 ± 3.6 cm, with the longest segment measuring
15 cm. The median number of treatments was 4 with a range of 1 to 10 treatments
administered per patient. Procedures were performed in 45 patients with HGD (58.4%), 13
with IMCA (16.9%), 10 with invasive cancer (13%), 7 with Barrett’s esophagus without
dysplasia (9.1%), and 2 with severe squamous dysplasia (2.6%).

Overall, cryotherapy was well tolerated. A total of 323 procedures were performed in the
study period. In 155 procedures (48%), no side effects or complications were reported. Side
effects were generally mild in severity and are reported in Table 2. Mild chest pain or
discomfort was the most common complaint, reported in 13.9% of procedures, with more
severe chest pain described in 3.7%. Dysphagia (13.3%), odynophagia (12.1%), and sore
throat (9.6%) were reported with diminishing frequency. Symptoms were no more likely to
occur early in a center’s experience when the 20 second times three dosimetry was used (P =
0.99). Patients also were not more likely to report side effects earlier in their course of
treatment (P = 0.99).

Symptom duration information was available for 100 procedures in which patients were
contacted typically 7 days after the procedure (Table 3). Mean (SD) symptom duration for
all symptoms was 3.6 ± 2.2 days. Chest pain, the most commonly reported symptom, was
reported after 34 procedures and lasted a mean (SD) of 3.7 ± 2.0 days. The duration of
dysphagia and odynophagia were longer, lasting 4.9 ± 2.4 and 4.5 ± 2.5 days after 34 and 18
procedures respectively.

Twenty-two patients (28.6%) reported no side effects or complications during their entire
treatment. For those with symptoms, no statistically significant differences in symptom
frequency or severity was seen in symptoms by diagnosis (P = 0.63), gender (P = 0.91), or
age (less than 65 years compared to 65 years and over, P = 0.49). The correlation of
symptoms to first treatment compared to all other treatments for each patient, and to
treatment of patients early versus later in the endoscopists’ experience, were both negative.
Symptoms did correlate with length of treated segment. Patients were more likely to have a
symptom when the treated esophagus length was greater than 6 cm (P = 0.0105).

We assessed efficacy in 72 patients undergoing 311 cryotherapy procedures. After the initial
procedure (23% of the total), only one patient did not demonstrate reduction in the size of
the esophageal lesion. Cryotherapy resulted in a complete response in 24 patients with HGD
or greater during the study period (Table 4). In the 17 patients with HGD, results for CR-
HGD, CR-D, and CR-IM were 94%, 88%, and 53%, respectively. In the four patients with
intramucosal carcinoma, results for CR-C, CR-HGD, CR-D, and CR-IM were 100%, 100%,
100%, and 75%, respectively. Three patients with stage I esophageal adenocarcinoma
completed therapy, with CR-C, CR-HGD, CR-D, and CR-IM of 100%, 100%, 67%, and
67%, respectively.
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Serious adverse events related to treatment were seen in two patients. Gastric perforation
occurred in a patient with Marfan’s syndrome. This patient completed a cryotherapy
treatment session uneventfully but returned to the hospital later that night with abdominal
pain and free intra-abdominal air. Laparotomy showed a perforation in the posterior wall of
the stomach, not at the cryotherapy treatment site. One lip ulcer developed because of cold
injury from contact with the endoscope. This ulcer resolved in four days without specific
treatment. Minor adverse events included three patients (4%) with stricture that responded to
dilation therapy. All three had Barrett’s HGD from 6 to 12 cm in length. The stricture was
seen after five cryotherapy sessions and resolved after a single balloon dilation in two cases.
The remaining patient had a 6-cm segment of Barrett’s esophagus with HGD and ulcerated
stricture noted prior to ablation therapy likely due to peptic esophagitis. This stricture
developed after one cryotherapy session and required three dilations during the course of
cryotherapy ablation.

DISCUSSION
Safety and tolerability are important factors impacting physician choice and patient
acceptance of ablation procedures for esophageal neoplasia. Adverse events of other
ablation modalities, including photodynamic therapy (PDT), argon plasma coagulation
(APC), and multipolar electrocoagulation (MPEC) are well studied. In a randomized multi-
center study,3,4 94% of patients treated with PDT for Barrett’s HGD developed adverse
events or side effects. Most serious were photosensitivity (69%) and stricture formation
(35%). Side effects of this therapy included vomiting (32%), chest pain (20%), fever (20%),
dysphagia (19%), nausea (11%), and hiccups (10%). Serious adverse events and side effects
are also associated with APC.5–12 Perforation (0–3.6%), stricture (0–15.4%), and major
bleeding (0–3.9%) are the most serious events recorded. Chest pain was reported in all
studies (1.8%–54.5%), with one study reporting dysphagia and odynophagia in over half the
patients.8 In MPEC, strictures were reported in 0–6.5% of patients. The reported rate of
significant bleeding was 3.2%, with side effects including chest pain (0–37.5%), throat pain
(0–56.3%), and dysphagia (0–37.5%) noted.5,11,13 Published data on radiofrequency
ablation (RFA) is limited, with one paper reporting on results using dosimetry (10 J/cm2)
less than currently used in ablation of HGD (12 J/cm2).14 In this study, no serious adverse
events were reported. Twenty-four minor adverse events were seen in 106 circumferential
ablation procedures (23%) in 16 patients, and included chest/throat pain (9), nausea (8),
fever (2), superficial linear mucosal injury (1), and minor bleeding (1). A registry study of
RFA in patients with HGD and dosimetry of 12 J/cm2 reported no serious adverse events
and stricture rate of 0.4%.15 Tolerability and minor adverse events were not reported. A
recent abstract comparing the side effects of PDT, RFA, and cryotherapy showed that
dysphagia, odynophagia, and chest pain were the most common complaints for all
modalities; however, stricture and weight loss were only seen after PDT and RFA.16 An
alternative means of assessing the safety profile of a device is the Manufacturer and User
Facility Device Experience (MAUDE) database, an FDA-maintained database of device
adverse events reported by manufacturers and others
(http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM). In this
database (updated on October 31, 2008, accessed on November 14, 2008), 24 adverse events
are reported for RFA including stricture (16), perforation requiring surgery (1), esophageal
tear requiring surgery (1), gastrointestinal bleeding (1), superficial mucosal tear (3), pleural
effusion (1), and unknown (1).

Cryotherapy differs from other thermal ablative modalities in that the mucosal surface of the
esophagus is intact immediately after the procedure rather than destroyed.17,18 In animal
studies, the immediate effect of cryotherapy is hemorrhage seen in the submucosa with
minimal inflammation. Mucosal hyperemia is typically the only endoscopic finding seen at
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the conclusion of an endoscopic cryotherapy session (Fig. 2). Blistering and sloughing
occurs in the following days to weeks with subsequent healing. A study using carbon
dioxide based cryotherapy showed that treatment time of 15 seconds resulted in minimal
esophageal necrosis or injury limited to the mucosa alone, while a 30-second treatment time
produced treatment effect into the submucosa.19

This study is the largest to date evaluating the safety and efficacy of endoscopic low-
pressure spray cryotherapy for treatment of diseases of the esophagus. Overall, cryotherapy
appears to be safe and efficacious. In the 17 patients completing therapy within the study
interval, the response to therapy for HGD is comparable to other modalities, with complete
elimination of HGD in 94% and complete elimination of intestinal metaplasia in 53%.
Impressive response was also seen in three patients with stage I cancer and four with
intramucosal carcinoma who were not candidates for traditional therapies, with all seven
patients showing complete regression of cancer and six showing complete regression of
dysplasia.

Gastric perforation occurred in one patient with Marfan’s syndrome. Liquid nitrogen
expands almost 25 times in volume as it evaporates, and proper venting of the esophagus
and stomach are required during endoscopic cryotherapy. This is accomplished by a 16
French orogastric tube inserted prior to treatment and placed on continuous suction during
liquid nitrogen spray. Continuous monitoring for gastric distension is performed by nursing
personnel during the procedure, further minimizing the risk of over distension. It is theorized
that abnormal gastric distensibility because of abnormal collagen formation contributed to
the perforation in this patient. Cryotherapy is now contraindicated in patients with Marfan’s
syndrome and in those with limited ability to distend the stomach such as partial or total
gastrectomy. In addition, a new version of the cryotherapy decompression tube appears to
minimize esophageal and gastric distension during the procedure. The lip ulcer because of
contact freezing occurred early in the treatment trial and has not recurred in this or any other
patient.

Cryotherapy appears to be well tolerated, with no side effects reported in almost half of all
procedures performed. As in other modalities, chest pain was the most common complaint
after treatment; however it was usually mild and short-lived. Chest pain, dysphagia, and
odynophagia are likely due to tissue injury from the therapy, while sore throat is a
consequence of endoscope and decompression tube placement. The change in dosimetry
from 20 second freeze times three to 10 second freeze times four did not appear to change
symptom frequency or severity. Stricture formation, a known complication of ablation
therapy, occurred in 3/77 patients (4%). This stricture rate is lower than PDT, higher than
reported for RFA in non-dysplastic Barrett’s esophagus, and comparable with the rate
reported in a recent study of RFA in Barrett’s dysplasia.20 The resolution of the stricture
after one dilation in 2/3 cases suggests the formation of minimal fibrotic tissue, which likely
developed in the mucosa/submucosa as a consequence of repeated cryotherapy sessions.

Limitations of this study include lack of a standardized scale to characterize post-treatment
symptoms and the use of different time points to contact patients at different study sites. The
cross-sectional design of this study did not allow complete evaluation of efficacy since some
patients had not completed therapy within the study interval. Efficacy data was available for
only a subset of patients who completed treatment and had at least one follow-up endoscopy
with biopsy during the study period.

In summary, low-pressure liquid nitrogen endoscopic spray cryotherapy ablation is a new
ablative modality with significant promise for the treatment of dysplasia and neoplasia in the
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esophagus. The treatment is well tolerated and effective, and serious complications are rare.
Studies are ongoing to further determine effectiveness, safety and tolerability.
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Fig. 1.
Endoscopic appearance during endoscopic cryotherapy in the esophagus. The
decompression tube is seen in the lumen of the esophagus.
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Fig. 2.
Endoscopic appearance of the esophagus (a) before and (b) immediately after endoscopic
cryotherapy ablation. The mucosa appears hyperemic but remains intact.
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Table 1

Clinical characteristics of 77 patients undergoing endoscopic cryotherapy ablation

Mean age (years) (SD) 69 ± 12.2

Gender (No. [%])

 Female 10 (36)

 Male 57 (74)

Mean length of esophagus treated (cm) (SD) 4 ± 3.6

Median number of treatments (range) 4 (1–10)

Diagnosis (%)

 Barrett’s esophagus 7 (9.1)

 Barrett’s esophagus with HGD 45 (58.4)

 Barrett’s esophagus with IMCA 13 (16.9)

 Esophageal cancer 10 (13.0)

 Severe esophageal squamous dysplasia 2 (2.6)

HGD, high-grade dysplasia; IMCA, intramucosal carcinoma.
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Table 2

Number and percent of side effects for all cryotherapy procedures (total procedures = 323)

None Mild Moderate Severe

Chest pain (n [%]) 266 (82.4) 45 (13.9) 10 (3.1) 2 (0.6)

Dysphagia (n [%]) 280 (86.7) 24 (7.4) 19 (5.9) 0 (0)

Odynophagia (n [%]) 284 (87.9) 27 (8.4) 11 (3.4) 1 (0.3)

Sore throat (n [%]) 292 (90.4) 29 (9.0) 1 (0.3) 1 (0.3)

Nausea (n [%]) 307 (95.0) 16 (5.0) 0 (0) 0 (0)

Abdominal pain (n [%]) 309 (95.7) 10 (3.1) 1 (0.3) 3 (0.9)

Irregular heartbeat (n [%]) 315 (97.5) 8 (2.5) 0 (0) 0 (0)

Fever (n [%]) 320 (99.1) 3 (0.9) 0 (0) 0 (0)
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Table 3

Duration of symptoms after endoscopic cryotherapy

No. of procedures Mean duration (days) (SD)

All symptoms 100 3.6 ± 2.2

Chest pain 34 3.7 ± 2.0

Dysphagia 18 4.9 ± 2.4

Odynophagia 12 4.5 ± 2.5

Abdominal pain 11 2.7 ± 1.8

Sore throat 9 1.9 ± 1.0

Nausea/Vomiting 4 2.2 ± 1.2

Fever 3 1.7 ± 1.1
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Table 4

Efficacy of cryotherapy in 23 patients completing therapy

Barrett HGD Barrett intramucosal carcinoma Barrett carcinoma

n 17 4 3

Complete response – cancer – 100% 100%

Complete response – HGD 94% 100% 100%

Complete response – dysplasia 88% 100% 100%

Complete response – intestinal metaplasia 53% 75% 67%

Mean segment length (range, cm) 4.1 (1,12) 4 (2,8) 2.7 (1,6)

Mean number of treatments (range, cm) 4.7 (1,9) 4.3 (3,6) 3.7 (3,4)

Mean follow-up (range, months) 9.9 (2,20) 13.8 (10,18) 9.3 (3,13)
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