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ABSTRACT

Purpose: The present study retrospectively analyzed thesafety and efficacy of computed tomography (CT)-guided cryoablationin
the treatment ofunresectable or recurrent advanced colorectal cancer, which did not respond well to or experienced progression
with radiotherapy or chemotherapy.

Materials and Methods: From January 2013 to April 2015, 31 lesions in 27 patients (16 males, 11 females; mean age of 57.2
years) with pelvic unresectableadvanced or recurrent colorectal cancer were included in the study.The tumor diameter was ap-
proximately 3.37 +1.41 cm. The primary tumor included 25 rectal cancers, 1 sigmoid colon adenocarcinoma, and 1 ileocecal
mucinous adenocarcinoma. Cryoablation was performed with 17-gauge cryoprobes and monitored by 64-slice spiral CT. Fol-
low-up was carried out by contrast-enhanced magnetic resonance imaging (MRI). The treatment efficacy was evaluated by
symptom palliation, decreased carcinoembryonic antigen (CEA) serum level, and tumor response.

Results: The cryoablation procedure was well-tolerated in all patients without major complications or procedure-related mortali-
ty. Long-term complications included abscess formation (1 patient), skin frostbite and post-sacrum antrum formation (1 patient).
Pain relief was satisfactory in patients with perineal pain (P<0.001), and the median time of pain relief was 3.0 months. Com-
plete ablations were obtained in 22 lesions of 18 patients, while 9 lesions in 9 patients underwent incomplete ablation. The me-
dian time to local recurrence for lesions with complete ablations was 15.0 months, and that to the progression of tumors with
incomplete ablation was 4.0 months.

Conclusion: CT-guided cryoablation is a minimally invasive, safe, and effective therapeutic option for unresectableadvanced or

recurrent colorectal cancer. The treatment is well-tolerated by patients, and pain relief is achieved rapidly.
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INTRODUCTION

Colorectal cancer (CRC) is the fourth most commonly
diagnosed cancer and the second leading cause of can-
cer-related deaths worldwide. About 132,700 new cases of
large bowel cancer are diagnosed annually, of which
93,090 are colon, and the remaining are rectal cancers (1).
Although surgery remains the primary treatment for colo-
rectal cancer, radiotherapy and chemotherapy are also crit-
ical supplementary treatments. The results of CRC surgery
or chemo-radiotherapy are limited due to the development
of local recurrence that is a great challenge for the treat-
ment. However, no standard care is available for patients
with advanced CRC, who failed the second-line treatment.
In the case of patients who did not respond well to or expe-
rienced progression with radiotherapy or chemotherapy,
various forms of physical ablation treatments controlled the
local symptoms and complications.

In the past two decades, the ablative management of tu-
mors has been acceptedcomprehensively, and several ther-
mal and nonthermal ablation modalities are available (2).
Compared to thermal ablation, cryoablation has unique
advantages. Owing to the ability of well-visualized ice ball
on computed tomography (CT) imaging, an alleviated ef-
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fect, controllable ablation zone, and cryoablation are po-
tential alternatives for treatment strategies in colorectal
cancer. The study retrospectively evaluated the clinical
results of CT-guided cryoablation in the treatment of pa-
tients with unresectable advanced or recurrent colorectal
cancer.

MATERIALS AND METHODS
Patients

This retrospective study was approved by the Ethics
Committee of Fudan University Shanghai Cancer Center.
From January 2013 to April 2015, 27 consecutive patients
with a histologically confirmed diagnosis of advanced co-
lon cancer (TNM stage Illb, Illc, or IV, 7th Edition) were
treated using cryoablation. The inclusion criteria of the
patients were as follows: local recurrence after radical re-
section treated with adjuvant chemotherapy and unresec-
table abdominopelvic metastases after chemotherapy or
radiotherapy within 12 months. The inclusion criteria for
cryoablation were as follows: age >20 years; Eastern Co-
operative Oncology Group (ECOG) performance status 0
or 1; neutrophil count >1.5x10%L; nplatelet count
>75x10%L; prothrombin activity >50%, hemoglobin level
>90 g/L; total bilirubin <1.5-fold of the upper limit of nor-
mal (ULN); aspartate aminotransferase, alanine ami-
notransferase, and alkaline phosphatase <2.5-fold of the
ULN; serum creatinine <1.5-fold of the ULN; provide
signed informed consent. All patients underwent recent (<2
weeks) contrast-enhanced CT or magnetic resonance im-
aging (MRI) documentation of the target tumor (3). Imag-
ing findings, especially tumor size and its correlation to
adjacent structures, were used to plan the ablative proce-
dure.

Patients with any of the following conditions were ex-
cluded from the study: peritoneal metastases causing ob-
struction or imminent obstruction; synchronous liver or
lung metastasis; a bleeding diathesis or coagulopathy; in-
ternational normalized ratio <1.5 within 2 weeks before
treatment; long-term treatment with high-dose aspirin
(>325 mg/day); uncontrolled active infection.

CT-guided percutaneous cryoablation

Cryoablation was performed under local anesthesia on
an inpatient basis by physicians with >5-year experience.
Before the procedure, 10 mg diazepam was administered
by intramuscular injection as basal sedation, supplemented
with 5 mg analgesic morphine as required. Patients under-
went continuous pulse oximetry and Electrocardiography
(ECG). The Philips 64-slice spiral CT (120 kV, 250 mA,
and 3-mm thickness; Philips Healthcare, Andover, MA,
USA) was used for imaging guidance, localization, and
intraoperative real-time monitoring of the ablation proce-
dures in order to avoid spreading the injured extension into
the surrounding critical structures.

A tabletop argon gas-based cryoablation apparatus (Pre-
cise Cryoablation System; Galil Medical, Yokneam, Israel)

with 17-gauge cryoprobes was used to perform the proce-
dure. The cryoprobes were placed into the lesion within 1.5
cm from the tumor edge, but <2 cm interval between the
probes (4). The number and type of probes used were de-
pendent on the preoperative tumor volume in order to en-
sure producing precise ice balls that encompassed the target
tumor. However, the invasion of the adjacent structures
such as the urinary bladder, uterus, vagina, seminal vesicle,
or small bowel should be under intensive focus. After the
cryoprobes had been placed, the cryosurgery system was
initiated to begin rapid freezing. A double freeze-thaw cy-
cle (15 min/time: freezing for 10 min and thawing for 5
min) was performed according to the standard protocols.
An additional cycle was necessary if the ablation zone was
not satisfied, followed by repeat ablations if the carci-
noembryonic antigen (CEA)-levels were elevated, and
tumor progression or recurrence was noted on CT scan or
MRI.
Postoperative follow-up

The follow-up was performed from day 1 after the final
cryoablation until the patient died or was lost to follow-up
that ranged from 15-34 (average, 19+5.4) months. The
follow-up and staging were carried out by con-
trast-enhanced MRI at the 1-month interval after treatment.
CT or MRI was also performed as required when proce-
dure-related complications were suspected. Positron emis-
sion computed tomography (PET) scan was used selective-
ly. Physical examination, laboratory assessments such as
carcinoembryonic antigen (CEA) levels, and blood routine
test were conducted every month in all patients.
Evaluation of safety and efficacy

Complications were defined as major life-threatening
complications requiring active treatment or minor compli-
cations requiring only symptomatic treatment according to
the Society of Interventional Radiology Clinical Practice
Guidelines (3, 5). The treatment efficacy was confirmed by
symptom palliation, decreased CEA serum level, and tumor
response. The degree of pain palliation was recorded using
the numerical rating scale (NRS) (6). A multidisciplinary
colon cancer team in the hospital confirmed the treatment
response. Low-density ice ball encompassing the whole
tumor on CT during the procedure indicated complete abla-
tion that did not demonstrate any enhancement in the abla-
tion zone on the contrast-enhanced MRI 1-month after
treatment. Local tumor recurrence was defined as the pres-
ence of irregular focal soft-tissue enhancement on fol-
low-up imaging after >1 month of treatment. The progres-
sion of tumor was defined as increased size in at least 20%
of the total diameters according to the modified Response
Evaluation Criteria for Solid Tumors (MRECST) (7).
Statistical analysis

Continuous variables are expressed as mean + standard
deviation (SD)and qualitative data as frequency and rate.
The statistical analysis was performed using the statistical
software SPSS 23.0 (Chicago, IL, USA). The NRS scores
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or the level of CEA between pre- and post-ablation were
compared by Wilcoxon’s signed rank test. The survival
analysis of pain relief, as well as, local recurrent and tumor
progression were estimated by Kaplan—-Meier method.
P<0.05 was considered to indicate a statistically significant
difference.

RESULTS
Patients’ baseline characteristics

A total of 27consecutive patients (16 males and 11 fe-
males), with a mean age of 57.2 + 10.7 (range, 33-75)
years were included in the study. Twenty-four patients
presented solitary lesions, and 3 patients were treated for
more than one tumor, with a total of 31 tumors. The tumor
diameter was 1.2-6.3 (mean, 3.37 £ 1.41) cm. The primary
tumor included 25 rectal cancers, 1 sigmoid colon adeno-
carcinoma, and 1 ileocecal mucinous adenocarcinoma. Of
the 25 rectal cancers, 4 cases were well-differentiated ade-
nocarcinoma, 1 was melanoma, and 1 was a neuroendo-
crine neoplasm, while the remaining 19 cases (76%) were
moderate-to-low differentiated adenocarcinomas. Twen-
ty-six (96.3%) patients exhibited pelvic recurrence after
curative resection, and only 1 case presented an unresec-
table advancedcolorectal cancer. The median recurrence
time after resection was 19.5 (range, 3-121) months. The
abdominoperineal resection (Miles operation) was per-
formed on 20 patients, low anterior resection (Dixon oper-
ation) on 5 patients, and ileocecectomy on 1 patient. Two
patients underwent palliative care combined with adjuvant
chemotherapy as an initial treatment. Subsequently, after
recurrence, all patients underwent radiotherapy or chemo-
therapy, and the lesions failed to respond to chemoradio-
therapy. Prior to cryoablation, 7 patients were asympto-
matic, while 14 experienced perineum pain, 4 had single
lower limbnumbness, and 2 showed urinary symptoms
such as frequent urination, or dysuria. The patients’ base-
line characteristics are summarized in Table 1.
Complications

The median number of cryoprobes was 3 (range, 1-14),
that of the freezing time for each patient was 20 (range,
20-30) min, and the median rewarming time was 10 (range,
10-15) min. The cryoablation procedure was well-tolerated
in all patients without major complications or proce-
dure-related mortality (Fig. 1).Seven patients complained
about neuralgia or dull pains during the ablation procedure;
however, ablation was paused, and 5 mg morphine was
administered to control pain only in 4 patients. Plain CT
was performed immediately after ablation did not demon-
strate any procedure-related complications.

In the 3 days after cryotherapy, dysuria and urinary re-
tention were observed in 3 patients (11.1%), and neuralgia,
lower limb paralysis, and walking function impairment
emerged in 2 patients (7.4%). Moreover, 4 patients (14.8%)
had fever (body temperature up to 39 °C) during hospital-
ization. The short-term complications were transient and

managed with antibiotics, analgesia, and supportive treat-
ment. Long-term complications included abscess formation
(1 patient required percutaneous drainage), skin frostbite,
and post-sacrum antrum formation (1 patient). Other major
complications were not noted in the current study, all com-
plications are summarized in Table 1.

Table 1 Characteristics of patients (n=27).

Characteristic N (%)
Age (years) 57.2+ 10.7 (33-75)
sex
male 16 (59.3)
female 11 (40.7)
ECOG performance status
PS0O 10 (37.0)
PS1 17 (63.0)
Primary tumor
Rectal cancer 25(92.6)
Sigmoid colon cancer 1(3.7)
lleocecal cancer 1(3.7)
Number of tumors 31/27
Solitary 24
Multiple 3
Tumor location
anterior sacral 16/14 (51.6)
perineum 9/9 (29.0)
iliac region 6/4 (19.4)
Major symptom
perineum pain 14 (51.9)
single lower limb numbness 4(14.8)
urinary symptoms 2(7.4)
asymptomatic 7(25.9)

ECOG: Eastern Cooperative Oncology Group

Efficacy

Before cryoablation, 14 patients (51.9%) had perineal
pain with median NRS score 6.5 (range, 4-9), while 4 pa-
tients (14.8%) had single low limb numbness and sciatic
pain with median NRS score 4 (range, 2-6). One week
after treatment, the median NRS score was 3 (range, 0-6)
and 2 (range, 1-4), respectively. All patients experienced
relief from painful symptoms with reduced use of analge-
sics. The pain relief was unsatisfactory in patients with
lower limb numbness and sciatic pain (P=0.059) as com-
pared to those with perineal pain (P<0.001, Table 3). The
tumors associated with perineal pain were localized at the
anterior sacral and liable to complete ablation. Of these,
only 2 patients, with index tumor infiltrate to urinary blad-
der or close to perineum presented a reduced NRS score <2.
The median time of pain relief was 3.0 months [95% con-
fidence interval (CI): 0-7.16] in patients with perineal pain
and4.0months (95% CI: 2.5-5.5) in patients with lower
limb pain (Fig. 2a).



Volume 1 = Number 2 = May = 2018

95

Table 2 Post-cryoablation adverse events (n=27).

Symptom N (%)
Severe pain 4 (14.8%)
High fever 4 (14.8%)
Symptom of urinary system 3(11.1%)
Symptom of nerve 2 (7.4%)
Abscess formation 1(3.7%)
Skin frostbite 1(3.7%)
Post-sacrum antrum formation 1(3.7%)
Table 3 Efficacy of pain control (n=27).
) No. NRS NRS
Pain i .
(%) pre-cryoablation post-ablation
Perineal 14
i 6.5 (4-9) 3(0-6) 0.001
pain (51.9)
Sciatic
. 4(14.8) 4 (2-6) 2(1-9) 0.059
pain

The low-density ice ball encompassing the whole tumor
on CT during treatment was observed in 27 lesions (23
patients), 4 patients with large lesions adjacent to the uri-
nary bladder, and perineum skin that accepted incomplete
ablation. However, complete ablations were obtained in 22

lesions of 18 patients that were confirmed by MRI 1 month
post-cryoablation (Fig. 1d). A total of 9 lesions were in-
complete with irregular enhancement of the tumor margin
as observed by MRI, of which, 3 tumors were close to iliac
vessels. A total of 15 patients displayed increased CEA
levels before treatment (normal value, 5 ng/mL); of these,
11 showed significantly decreased levels as a result of cry-
oablation (P=0.005).

During the 11.0 £ 7.8-month follow-up, 3 (11.1%) pa-
tients died, 1 (3.7%) was lost to follow-up, and 23 (85.2%)

were alive. Five (18.5%) alive patients were free of disease.

The median time to progression of the tumor with incom-
plete ablation was 4.0 months (95% CI: 1.2-6.8). Moreover,
the median time to local recurrence in lesions with com-
plete ablation was 15.0 months (95% CI: 13.1-16.9) (Fig.
2b). Of the 9 patients, who could not obtain achieve tumor
ablation, 2 presented lung metastasis at the end of the fol-
low-up. In 3 patients, repeated cryoablation was performed
to treat the local recurrences. Also, percutaneous transarte-
rial embolization was performed through the internal iliac
artery for further treatment in 5 patients with tumor pro-
gression.

Figure 1. A 42-year-old male with rectal adenocarcinoma underwent Abdominoperineal resection and chemoradiotherapy 13 months before recurrent. a) CT-guided

percutaneous cryoablation was performed with 7 cryoprobes placed into the anterior sacral tumor. b) The low density ice ball covering whole tumor on CT scan

immediately after ablation procedure. c) Axial contrast-enhancement T;-weighted MRI showing pelvic recurrent before cryoablation. d) The treated lesion was com-

plete ablated with lack of enhancement on MRI one month after cryoablation.
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Figure 2. The survival curves of pain relief, local recurrent and tumor progression. a) Survival of pain relief in patients with lower limb pain and perineal pain. b)

Probability of progression in patients with incomplete ablation and recurrent in patients with complete ablation after cryoablation.

DISCUSSION

In recent years, significant improvements have been ob-
served in the treatment of patients with colon and rectal
cancers. Combined with neoadjuvantor adjuvant chemo-
therapy, the indications of curative surgery were extended,
and advanced tumors including liver or lung metastasis
could convert to resection, which provided additional ben-
efit to those patients. However, local recurrence always
occurs within 5 years after primary treatment, especially
within the first 2-3 postoperative years, and is usually close
to the pelvic side walls and internal iliac vessels (8, 9).
Moreover, several advanced tumors respond to radiothera-
py or chemotherapy, supportive care, palliative treatment,
or symptom control. In this study, we described our expe-
rience of utilizing cryoablationin pelvic recurrence orunre-
sectableadvanced colorectal cancer after the previous fail-
ure with chemoradiotherapy.

Cryoablation causes the formation of ice crystals within
the cells, inducing membrane rupture and cell death via
cellular dehydration and local tissue ischemia. Furthermore,
low temperature can lead to microvascular contraction,
leading to ischemic necrosis of the tumor cells. In the cur-
rent study, the target lesions that were primarily fixed to the
pelvic wall or urinary system were not resectable, rather
associated with systemic or local complications, such as
pain, kinetic abnormalities (walking or sitting impairment),
lower limb edema, hematuresis, or dysuria (6, 10). For
these patients, image-guided ablation could be considered
as a local treatment.Furthermore,ablation therapy was re-
garded as a promising method for tumor regression, for
which, recent evidence suggested survival advantage as
compared to the best supportive care (6). Few studies have
explored the application of radiofrequency ablation (RFA)
to pelvic recurrence of rectal cancer (9, 11). Belfiore et al.
reported that 14 unresectable patients with recurrent rectal
cancer received RFA treatment, 11 patients achieved satis-
factory pain reduction, and 10 patients showed locoregion-

al control of tumor progression (12). RFA combined with
surgical debulking was also feasible in locally advanced
abdominopelvic malignancies (13, 14). Although a majori-
ty of the patients in these studies showed adequate pain
palliation and tumor necrosis, while analgesia management
was frequently needed during intolerable pain. In addition,
heat-based ablation rapidly created coagulation necrosis
that caused irreversible damage. Nevertheless, cryoablation
exhibited specific advantages on tolerability and safety as
compared to RFA (11). Since the margin of the freeze zone
showed low-density changes on CT imaging, physicians
can assess of the ablated region exactly during the proce-
dure, thereby avoiding damage to the adjacent vulnerable
structures. In the current study, 1 patient had skin frostbite
due to the close distance between the lesion and haunch
skin, while the neural functional injury referring to the
cryoablation zone was transient and would be regenerated
over time. The neurological symptoms were recorded in
only 2 patients. Hence, cryoablation is safe in treatment
lesions involving pelvic nerve plexus.

In addition, cryoablation efficiently controlled pain and
improved the related disability and quality of life (15).
Patients with pelvic recurrence of rectal carcinoma exhib-
ited a poor quality of life due to painful symptoms. In this
study, a total of 18patients (66.7%) suffered pain before
treatment, and the primary objective of treatment for these
patients was to control pain that was palliated significantly
1 week after cryoablation as measured by NRS. Moreover,
the median time of pain control was >3 months, which
suggested significant improvement in the quality of life.

Although complete ablation was obtained in only18 pa-
tients, the cases without complete lesion ablation also
achieved satisfactory pain control and local tumor control.
In these patients, the ablation zones encompassed >90% of
the target lesions that sufficiently avoided severe complica-
tions. At the end of follow-up, 8/9 patients, who did not
obtain complete tumor ablation, showed tumor progression;
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of these 3 underwent repeat cryoablation and 5 accepted
further transarterial chemotherapy and embolization.

Nevertheless, the present study had several limitations.
This was a retrospective study with small cohort and
short-term follow-up, and no control group was included.
Thus, we could not analyze the overall survival. In addition,
the clinical stage of colorectal cancer in this study was
inhomogeneous, and the locations of the target lesions were
variable. Only patients without obviously invading adjacent
structures were included in the present study, which limited
the sample size that might potentially underestimate the
incidence of complications. Nonetheless, the distance be-
tween the lesion andadjacent major structures should be
measured accurately before cryoablation. The potentially
curative effect of cryoablation in the management of pa-
tients with pelvic malignancy necessitates furtherrandom-
ized controlled trials.

Cryoablation seemed to be an attractive alternative for
pelvic recurrence or metastasis with satisfying tumor re-
gression and symptoms control.
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