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ORIGINAL ARTICLE: Clinical Endoscopy

Endoscopic spray cryotherapy for esophageal cancer: safety and efficacy
Bruce D. Greenwald, MD, John A. Dumot, DO, Julian A. Abrams, MD, Charles J. Lightdale, MD,
Donald S. David, MD, Norman S. Nishioka, MD, Patrick Yachimski, MD, Mark H. Johnston, MD,
Nicholas J. Shaheen, MD, MPH, Alvin M. Zfass, MD, Jenny O. Smith, MD, Kanwar Rupinder S. Gill, MD,
J. Steven Burdick, MD, Damien Mallat, MD, Herbert C. Wolfsen, MD

Baltimore, Maryland, Cleveland, Ohio, New York, New York, Duarte, California, Boston, Massachusetts, Lancaster,
Pennsylvania, Chapel Hill, North Carolina, Richmond, Virginia, Jacksonville, Florida, Dallas, Texas, USA

Background: Few options exist for patients with localized esophageal cancer ineligible for conventional therapies.
Endoscopic spray cryotherapy with low-pressure liquid nitrogen has demonstrated efficacy in this setting in early studies.

Objective: To assess the safety and efficacy of cryotherapy in esophageal carcinoma.

Design: Multicenter, retrospective cohort study.

Setting: Ten academic and community medical centers between 2006 and 2009.

Patients: Subjects with esophageal carcinoma in whom conventional therapy failed and those who refused or
were ineligible for conventional therapy.

Interventions: Cryotherapy with follow-up biopsies. Treatment was complete when tumor eradication was
confirmed by biopsy or when treatment was halted because of tumor progression, patient preference, or
comorbid condition.

Main Outcome Measurements: Complete eradication of luminal cancer and adverse events.

Results: Seventy-nine subjects (median age 76 years, 81% male, 94% with adenocarcinoma) were treated. Tumor stage
included T1-60, T2-16, and T3/4-3. Mean tumor length was 4.0 cm (range 1-15 cm). Previous treatment including
endoscopic resection, photodynamic therapy, esophagectomy, chemotherapy, and radiation therapy failed in 53 subjects
(67%). Forty-nine completed treatment. Complete response of intraluminal disease was seen in 31 of 49 subjects (61.2%),
including 18 of 24 (75%) with mucosal cancer. Mean (standard deviation) length of follow-up after treatment was 10.6 (8.4)
months overall and 11.5 (2.8) months for T1 disease. No serious adverse events were reported. Benign stricture developed
in 10 (13%), with esophageal narrowing from previous endoscopic resection, radiotherapy, or photodynamic therapy noted
in 9 of 10 subjects.

Limitations: Retrospective study design, short follow-up.

Conclusions: Spray cryotherapy is safe and well tolerated for esophageal cancer. Short-term results suggest that
it is effective in those who could not receive conventional treatment, especially for those with mucosal cancer.
(Gastrointest Endosc 2010;71:686-93.)

bbreviations: IQR, interquartile range; PDT, photodynamic therapy;
D, standard deviation.
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Esophagectomy traditionally has been considered stan-
ard therapy for early-stage esophageal cancer. Because
f age or coexisting medical conditions, many patients are
oor candidates for this procedure, and alternative treat-
ents have been sought. Endoscopic management, par-

icularly endoscopic resection, has been studied exten-
ively and its effectiveness demonstrated in selected
atients.1 Complete endoscopic resection of tumors cov-
ring larger areas is problematic, and repeat resection or
blation is necessary for cancer or dysplasia involving
autery margins to minimize the risk of relapse.2 Endo-
copic resection is also difficult in the presence of an
lcerating tumor or in the setting of significant fibrosis or
tenosis. In more advanced disease, with extension
hrough the esophageal wall or with lymph node metas-
asis, initial treatment commonly consists of concurrent
hemotherapy and external beam radiotherapy. Residual
isease in the esophagus after chemotherapy, surgery,
nd/or radiotherapy in the patient not suitable for esoph-
gectomy presents another management challenge. A sig-
ificant need exists for alternative approaches in these
atients.
Endoscopic spray cryotherapy using low-pressure liq-

id nitrogen was first reported by Johnston et al3 in the
reatment of Barrett’s esophagus. After their initial report,
his group also described a patient with recurrent squa-
ous cell esophageal cancer successfully treated with this
odality.4 Recent single-site studies have demonstrated

he safety and efficacy of cryotherapy in treating dysplasia
nd cancer of the esophagus.5,6 In this study, we describe
he results of a multicenter study evaluating spray cryo-
herapy for the treatment of esophageal cancer not ame-
able to more traditional methods.

ETHODS

ubjects
Patients treated with low-pressure liquid nitrogen en-

oscopic spray cryotherapy (CryoSpray Ablation System,
SA Medical, Baltimore, Md) at 10 institutions were en-
olled. Site data were collected retrospectively. Eligible
atients included those with esophageal carcinoma, either
denocarcinoma or squamous cell carcinoma, who re-
eived 1 or more treatments with endoscopic spray cryo-
herapy with either curative or palliative intent. Tumors
ere staged by EUS and/or endoscopic resection. The
oal of treatment was elimination of all endoscopically
vident tumor. All patients with mucosal carcinoma either
ere deemed inoperable based on medical conditions or

efused esophagectomy. Patients with more invasive can-
er either were deemed inoperable based on medical
onditions or refused esophagectomy, had refused or
ere ineligible for systemic therapy including chemother-
py and radiation therapy after oncology evaluation, or
ystemic therapy including chemotherapy and radiation

herapy had failed. Patients who previously had under-
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gone endoscopic resection were confirmed to have resid-
ual cancer for inclusion in the study. Efficacy, but not full
safety, data on 7 patients in this cohort were previously
reported.5,6

Treatment
Informed consent was obtained from all patients. Pa-

tients were prepared for EGD in the usual fashion with an
overnight fast. Sips of clear liquids with required medica-
tions were allowed up to 2 hours before the procedure.
Moderate sedation with intravenous meperidine or fenta-
nyl and midazolam or monitored anesthesia care with
propofol was administered based on physician prefer-
ence. EGD by using a standard upper endoscope was
performed with monitoring of pulse oximetry and blood
pressure. A 16F modified orogastric tube (cryodecompres-
sion tube) was passed over a guidewire through the
mouth into the stomach before initiation of cryospray. This
tube contains decompression ports spanning the distal 12
inches to allow gas venting of both the stomach and the
esophagus during treatment. The tube was connected
to continuous suction throughout the cryotherapy
procedure.

Spray cryotherapy was performed with low-pressure
liquid nitrogen (�5 psi) with energy delivery of 25 W.
After passing the cryotherapy catheter through the work-
ing channel of the endoscope, liquid nitrogen was sprayed
through the catheter, forming a white frost and freezing
the adjacent mucosa (Fig. 1). Each mucosal site typically
was frozen for 20 seconds for 3 cycles, with at least 45
seconds between freezes to allow complete tissue thaw-
ing, as verified by a return to baseline color of the tissue
and complete disappearance of ice crystals after reperfu-
sion. In situations in which the decompression tube
blocked the targeted treatment site, the endoscope tip was
used to gently reposition the tube out of the way, allowing
appropriate treatment. One to 5 sites in the esophagus
were typically treated at each session. Patients were mon-
itored post-procedure in the usual manner and were dis-
charged the same day. Procedures were repeated every 4
to 6 weeks. Treatment was deemed complete by the in-
vestigator after complete local tumor eradication as deter-
mined by the endoscopic appearance (Fig. 2) with endo-
scopic biopsy confirmation of the lack of residual disease
(complete response) or when treatment was halted be-

Take-Home Message

● Effective treatments for localized esophageal cancer in
those who fail or are ineligible for conventional therapies
(surgery, radiation, chemotherapy, endoscopic resection)
are limited. In this study, endoscopic spray cryotherapy is
effective in eliminating luminal disease in a majority of
patients in short-term follow-up.
cause of tumor progression, patient preference, or a co-
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orbid condition precluding further endoscopy (treat-
ent failure). In some cases, cryotherapy was continued

fter tumor ablation to achieve eradication of dysplasia or
esidual intestinal metaplasia. Follow-up endoscopy with
sophageal biopsy at the treatment site was performed
very 3 to 6 months after ablation was complete.

ata collection and analysis
The data for the following variables were collected for

ach subject: age, sex, ethnicity, histology, tumor T and N
tages, previous or concurrent treatments, adverse events,
umber of treatment sessions, and results of cryotherapy.
he cohort was divided into 2 groups for analysis. All
ubjects and treatments were assessed for the safety anal-
sis. The outcomes assessed for the safety analysis in-
luded strictures, bleeding, chest pain requiring narcotics,
emorrhage, perforation, and other serious adverse
vents. The efficacy analysis included only those subjects
ho completed treatment (as judged by the treating phy-

ician, described previously). Dropouts and deaths were
ncluded in the efficacy analysis as treatment failures. The
rimary outcome variable of the efficacy analysis was
omplete eradication of all luminal cancer, confirmed by
istological examination of biopsy specimens from the
reated area. Secondary outcomes included complete
radication of all intestinal metaplasia. Mean and standard
eviation (SD) or mean and interquartile range (IQR) are
eported for continuous variables. Proportions are re-
orted for categorical variables.
This study was approved by the institutional review

oard at each site.

ESULTS

Seventy-nine subjects were enrolled at the participating
nstitutions, with 49 of them eligible for efficacy analysis
Table 1). No patients were lost to follow-up. Median age
as 76 years (range 51-93 years, IQR 17), 81% were male,
nd the histology finding was adenocarcinoma in 94% of

igure 1. Endoscopic appearance of frozen esophageal mucosa by using
pray cryotherapy with liquid nitrogen.
atients. The mean (SD) tumor length treated was 4.0 (3.4)

88 GASTROINTESTINAL ENDOSCOPY Volume 71, No. 4 : 2010
cm, with the longest segment measuring 15 cm. The me-
dian number of treatments per subject was 3 (range 1-25,
IQR 3). Tumor stage included T1–60 (76%), T2–16 (20%),
and T3/T4–3 (4%). Characteristics were similar between
the safety and efficacy cohorts. Fifty-three (67%) subjects
had received previous therapy, and 18 (24%) received
concurrent therapy for their cancer (Table 2). Endoscopic
resection was the most common treatment, but other lu-
minal therapies including photodynamic therapy (PDT),
argon plasma coagulation, and radiofrequency ablation

TABLE 1. Demographics and baseline characteristics

Total
Completed
treatment

No. subjects 79 49

Sex, no. (%)

Male 64 (81.0) 41 (88.6)

Female 15 (19.0) 8 (11.4)

Histology, no. (%)

Adenocarcinoma 74 (93.7) 46 (95.5)

Squamous cell
carcinoma

5 (6.3) 3 (4.5)

Age, y, median (range,
IQR)

76 (51-93, 17) 75 (51-88, 16)

Ethnicity, no. (%)

White 72 (96.0) 47 (95.9)

African American 2 (2.7) 2 (4.1)

Not stated 5 (1.3)

Tumor stage, no, (%)

T1

Mucosal 33 (41.8) 24 (49.0)

Submucosal 23 (29.1) 10 (20.4)

Not stated 4 (5.1) 2 (4.1)

Total T1 60 (76.0) 36 (73.5)

T2 16 (20.3) 10 (20.4)

T3 2 (2.5) 2 (4.1)

T4 1 (1.2) 1 (2.0)

Tumor length, mean
(SD)

4.0 (3.4) 4.0 (3.1)

Tumor length, cm,
range

1-15 1-12

No. treatments, median
(range, IQR)

3 (1-25, 3) 3 (1-13, 3)

IQR, Interquartile range; SD, standard deviation.
were also used. Systemic therapies included concurrent or
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equential chemotherapy and external beam radiation
herapy or either of these modalities alone. Four subjects
ho had previously refused surgery ultimately underwent
sophagectomy because cryotherapy failed to eradicate
umor.

afety analysis
A total of 332 treatments were performed in the 79

nrolled subjects. No serious adverse events, including
erforation and hemorrhage, were reported. Benign stric-
ure was noted in 10 (13%) subjects. All 10 had undergone
revious tumor therapy, including endoscopic resection (5
ubjects), external beam radiation therapy (2 subjects),
DT alone (1 subject), PDT and endoscopic resection (1
ubject), and concurrent chemotherapy and external beam
adiation therapy (1 subject). Five subjects received addi-
ional endoscopic therapy during or after cryotherapy was
ompleted, including endoscopic resection (3 subjects),
ndoscopic resection and argon plasma coagulation (1
ubject), and argon plasma coagulation alone (1 subject).
ine of the 10 subjects were noted to have narrowing of

he esophageal lumen before initiation of cryotherapy.
wenty (27%) subjects reported posttreatment pain requir-

ng the use of narcotic analgesics.

fficacy analysis
Forty-nine subjects were available for the efficacy anal-

sis. The remaining 30 subjects were still receiving cryo-
herapy treatment at the time of data collection. Overall, 30
61.2%) of 49 subjects demonstrated a complete response
ith cryotherapy for luminal disease with mean (SD)

ollow-up after treatment of 10.6 (8.4) months (Table 3). In

TABLE 2. Therapies used in addition to spray cryotherapy

Therapy*

Endoscopic resection

Concurrent chemotherapy/external beam radiotherapy

Photodynamic therapy

External beam radiotherapy

Concurrent chemotherapy/external beam radiotherapy, then esop

Argon plasma coagulation

Chemotherapy

Esophageal stent

Radiofrequency ablation

Esophagectomy

*Some patients received more than 1 type of therapy. Count is the number of
therapy is 53 and the number receiving concurrent therapy is 18.
his cohort, T1 tumors were present in 36 (73.5%) of 49

ww.giejournal.org V
subjects, and endoscopic remission was seen in 26 (72.2%)
of 36 of all T1 tumors and in 18 (75%) of 24 mucosal (T1a)
tumors with mean (SD) follow-up of 11.5 (2.8) months.
The median number of cryotherapy sessions in the com-
plete response group was 3 (range 1-13, IQR 3) and 3
(range 1-12, IQR 5) in the treatment failure group. In the
complete response group, 63% underwent other treat-
ments before cryotherapy compared with 68% in the treat-

TABLE 3. Treatment results by endoscopic
tumor status

Complete
endoscopic

response
Persistent

tumor

No. % No. %

Total 30 61.2 19 38.8

By tumor stage

T1

Mucosal 18 75.0 6 25.0

Submucosal 6 60.0 4 40.0

Not stated 2 100.0 0 0.0

Total T1 26 72.2 10 27.8

T2 3 30.0 7 70.0

T3 1 50.0 1 50.0

T4 0 0.0 100.0

Previous Concurrent

No. % No. %

27 42.2 9 45

12 18.8

11 17.2

7 10.9 2 10

ctomy 2 3.1

2 3.1 3 15

1 1.6

1 1.6

1 1.6 2 10

4 20

cts receiving each therapy. The total number of subjects receiving previous
hage

subje
ment failure group (p � not significant). Final histology

olume 71, No. 4 : 2010 GASTROINTESTINAL ENDOSCOPY 689
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fter successful treatment was normal squamous mucosa
n 16 (53%) subjects, intestinal metaplasia in 9 (30%),
ow-grade dysplasia in 4 (13%), and high-grade dysplasia
n 1 (3%).

Concurrent treatments were performed in 8 subjects in
his cohort. In the complete response group, this included
ndoscopic resection/argon plasma coagulation (1 sub-
ect), endoscopic resection alone (1 subject), and radiofre-
uency ablation (1 subject). In the treatment failure group,
oncurrent treatments included esophagectomy (4 sub-
ects) and argon plasma coagulation (1 subject). No signif-
cant difference was seen between the complete response
nd treatment failure groups based on age, tumor length,
r number of subjects receiving previous or concurrent
herapy. If subjects who received concurrent therapies are
xcluded, 27 of 41 subjects (66%) demonstrated a com-
lete response for luminal disease. In this cohort, T1 tu-
ors were present in 29 (71%), and endoscopic remission
as seen in 23 of 29 (79%) of all T1 tumors and in 16 of 19

84%) of all mucosal (T1a) tumors.
This study contained a limited number of subjects with

2 and T3 disease. Of the 16 subjects with stage T2,
reatment was complete in 10 with 1 to 17 months of
ollow-up, with only 3 subjects attaining a complete re-
ponse. Two subjects with T3 disease were treated in this
tudy. Both received chemotherapy and radiation before
ryotherapy, and one also underwent esophagectomy be-
ore disease recurrence developed. The cryotherapy re-
ponder required 8 treatment sessions at 4- to 6-week
ntervals, with biopsy 1 month after the last treatment,
emonstrating the absence of luminal cancer. The 4 pa-
ients with T2/T3 disease who completed treatment and
ere free of luminal disease had follow-up ranging from 2

o 6 months.
Eight subjects died of disease during the study period.

stage in this group included T1–2 (T1a–1, T1b–1), T2–5,
nd T3–1. All subjects had received previous treatment
ncluding PDT (1 subject), radiation (2 subjects), concur-
ent chemoradiation (4 subjects), or PDT and chemoradia-
ion (1 subject). They received 2 to 12 cryotherapy treat-
ents and survived up to 12 months after cryotherapy was
alted.

ISCUSSION

Endoscopic management of superficial esophageal can-
er is becoming more common because of the increasing
ncidence of this disease and the lack of suitability of
sophagectomy in the high-risk population in which it is
ften diagnosed.7,8 Recent studies comparing survival
ates with endoscopic and surgical management have
hown comparable results in both population-based stud-
es9 and centers with specialized expertise in managing
his condition.7,8 A recent decision analysis suggests that

ndoscopic management is cost-effective as well.10

90 GASTROINTESTINAL ENDOSCOPY Volume 71, No. 4 : 2010
In highly selected patients, endoscopic resection can be
curative for superficial cancer. However, in a recent study,
only 100 of 329 patients screened met criteria for low-risk
disease, which justified endoscopic resection. In this select
group, treatment was very successful, with 99 of 100 pa-
tients ultimately achieving complete response.1 Complete
endoscopic resection of intestinal metaplasia and superfi-
cial adenocarcinoma has demonstrated high rates of tech-
nical success, but development of strictures limits applica-
bility in longer esophageal segments.11 Porfimer sodium
PDT with or without previous endoscopic resection has
been used with mixed results in this setting, with remis-
sion of cancer seen in 20 of 24 (83%) using endoscopic
resection followed by PDT,12 but in only 4 of 9 (44%)
subjects using PDT alone.13 Endoscopic resection fol-
lowed by radiofrequency ablation is effective for focal
cancers,14 but the superficial depth of injury with radiofre-
quency ablation makes it unsuitable as a primary cancer
treatment.

For more advanced esophageal cancers, conventional
therapies include esophagectomy or concurrent chemo-
therapy and external beam radiotherapy (chemoradia-
tion). Although the success rate for esophagectomy in
stage 1 disease is high and the mortality rate lower than
commonly quoted,15 the morbidity and altered quality of
life with this surgery have driven the search for alternative
therapies. Concurrent chemoradiation is widely used be-
fore esophagectomy (neoadjuvant therapy) in advanced
disease and as definitive therapy in those deemed to be
poor surgical candidates.16 Pathological complete re-
sponse to therapy is reported to be as high as 40%,17 with
2-year local control rates between 41% and 57%.18,19 Suc-
cess has been reported with salvage esophagectomy in
those with local persistence or recurrence, but it is asso-
ciated with increased mortality and complications, includ-
ing anastomotic leak.20

Endoscopic salvage therapies for local control include
PDT and endoscopic resection. In one study, complete
response was seen in 8 of 13 patients treated with PDT
after definitive combined chemoradiation failed, with 6
patients disease free at 12 months.21 Complications were
common in this study, including 1 fatal tracheoesophageal
fistula, 1 patient with mediastinitis, and 3 patients with
strictures requiring dilation. In another series, complete
response was seen in 8 of 15 patients (53%) receiving
salvage PDT. Complications developed in 7 of 15 (47%)
compared with 8% in those receiving PDT as primary
therapy. These complications included fatal esophageal
perforation in 2 subjects and esophageal stricture requir-
ing dilation in 5 (33.3%).22

In selected patients, endoscopic resection after defini-
tive chemoradiation has been shown to control local dis-
ease. In one study, 16 of 93 patients with residual cancer
after chemoradiation had disease limited to the mucosa/
submucosa and underwent salvage endoscopic resection.

Complete response was seen in half, with a 3-year survival

www.giejournal.org
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ate of 56% compared with 38% in the total group of 93
atients.23 In a similar study, 8 (38%) of 21 patients were
live without disease recurrence, with a 5-year overall
urvival rate of 49%.24 Endoscopic resection was limited to
atients with disease confined to the mucosa and submu-
osa and without deep ulceration. No serious adverse
vents were reported in either study, although bleeding,
tricture, and perforation have been reported in other
tudies using this modality in early cancer.11,25

Endoscopic spray cryotherapy with low-pressure liquid
itrogen is a novel method for the treatment of malignant
nd premalignant conditions of the esophagus. It is de-
igned to deliver a high rate of thermal energy transfer via
7F catheter in a noncontact manner. This form of cryo-

herapy delivers approximately 25 W (joules per second)
f energy to the targeted area, approximating the energy
ransfer of a laser and many times the energy transfer
ssociated with cryotherapy using a standard cryotherapy
robe.26 This rapid delivery of thermal energy by using
iquid nitrogen at �196°C effectively snap-freezes the tis-
ue and results in immediate cell death.27 Although the
egree of cell death is similar to those of the heat-related
hermal modalities such as radiofrequency ablation and
rgon plasma coagulation, spray cryotherapy preserves

igure 2. Endoscopic images of a patient with persistent luminal ca
chemoradiation) for T2N0 esophageal adenocarcinoma. A, Initial appea
sophagitis but no cancer is detectable. C, Appearance 5 months after che
, After 3 cryotherapy sessions, residual cancer is no longer visible. Endos
arking the previous site of the tumor.
he underlying tissue architecture and extracellular matrix,

ww.giejournal.org V
producing a favorable wound response with little evi-
dence of long-term scarring.28 Spray cryotherapy is cur-
rently being used to treat a variety of different disease
processes including glottic and subglottic stenosis,29 ma-
lignancy in the pleura,30,31 and radiation proctitis.32,33

In 2007, Cash et al4 reported the first use of spray
cryotherapy in the palliation of recurrent esophageal squa-
mous cell carcinoma 3 years after definitive chemoradia-
tion. After 2 treatment sessions, the patient remained free
of disease at 2-year follow-up. A recent study evaluating
the safety and efficacy of spray cryotherapy included 7
patients with superficial esophageal cancer, and elimina-
tion of cancer in the esophageal lumen was seen in all 7
with follow-up ranging from 3 to 18 months.6 A recent
case series of 31 patients included 5 with intramucosal
carcinoma, with response to therapy seen in 4 of 5 and no
cancer recurrence seen in 3 of 5.5

In this study, we evaluated 79 cryotherapy patients
from 10 institutions with esophageal carcinoma in whom
other therapy failed or who refused or were ineligible for
any other therapy. Because of the concern for disease
extension beyond the mucosa and the potential for lymph
node metastases, all of these subjects were considered for
conventional therapy. Subjects entered therapy with the

after concurrent chemotherapy and external beam radiation therapy
of cancer before chemoradiation. B, One month after chemoradiation,

diation, with adenocarcinoma and residual intestinal metaplasia present.
biopsy specimens showed no evidence of cancer. An ink tattoo is visible
ncer
rance
mora
copic
express goal of tumor palliation; however, endoscopic
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