
present, radical surgery is considered the only curative 
option for treatment, however, the majority of patients 
with pancreatic cancer are diagnosed too late to 
undergo surgery. The sensitivity of pancreatic cancer 
to chemotherapy or radiotherapy is also poor. As a 
result, there is no standard treatment for patients with 
advanced pancreatic cancer. Cryoablation is generally 
considered to be an effective palliative treatment for 
pancreatic cancer. It has the advantages of minimal 
invasion and improved targeting, and is potentially safe 
with less pain to the patients. It is especially suitable in 
patients with unresectable pancreatic cancer. However, 
our initial findings suggest that cryotherapy combined 
with 125-iodine seed implantation, immunotherapy 
or various other treatments for advanced pancreatic 
cancer can improve survival in patients with unre
sectable or metastatic pancreatic cancer. Although 
these findings require further in-depth study, the 
initial results are encouraging. This paper reviews the 
safety and efficacy of cryoablation, including combined 
approaches, in the treatment of pancreatic cancer.
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Core tip: Pancreatic carcinoma is a devastating cancer 
of the digestive system. The majority of patients 
present too late to undergo radical surgery and there 
is no standard treatment for patients with advanced 
pancreatic cancer. Cryoablation is considered a palliative 
therapy in the treatment of pancreatic cancer; however, 
our results suggest that cryoablation may be an effective 
and safe treatment that can improve survival and 
quality of life in patients with unresectable or metastatic 
pancreatic cancer, particularly in combination with 
other modalities such as 125-iodine seed implantation 
and immunotherapy. As such, cryoablation may be a 
potential standard treatment for pancreatic cancer.
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Abstract
Pancreat ic carcinoma is a common cancer of 
the digestive system with a poor prognosis. It is 
characterized by insidious onset, rapid progression, a 
high degree of malignancy and early metastasis. At 
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INTRODUCTION
Pancreatic cancer is one of the most common 
and lethal forms of gastrointestinal cancer. It is 
characterized by insidious onset, rapid progression, a 
high degree of malignancy, early metastasis and poor 
prognosis[1]. In 2011, mortality rates of pancreatic 
cancer relative to all cancers worldwide ranked eighth 
and ninth for males and females, respectively[2]. 
Furthermore, there has been almost no improvement 
in survival rates in the past four years and the 
incidence of pancreatic cancer has risen in the United 
States over the last three years[1,3,4]. Currently, radical 
surgical resection is the only curative option but is 
only possible in 5%-25% of cases[5]. The majority of 
patients present with unresectable pancreatic cancer 
and 40%-45% have metastatic disease, primarily 
hepatic. Consequently, the median survival rate is 
only 3-6 mo. Even the most favorable patients who 
undergo resection with adjuvant therapy show 5-year 
survival rates < 29%; for patients with metastatic 
advanced pancreatic cancer, surgery offers no 
advantage over palliative treatment and the prognosis 
is poor[6]. Although the spread of pancreatic cancer 
cells can be controlled in part by chemotherapy, it 
is often administered too late to be of therapeutic 
benefit and the toxic side effects are severe, causing 
some patients to give up treatment. The therapeutic 
effect of chemotherapy is even poorer in advanced 
pancreatic cancer with metastatic disease. As such, 
pancreatic cancer remains one of the most lethal types 
of cancer due to its lack of early symptoms and rapid 
progression.

A large phase Ⅲ trial carried out in 2012 studied 
combination chemotherapy with Folfirinox in 61 
cases of pancreatic cancer. The majority of patients 
(86.9%) had an ECOG (Eastern Cooperative Oncology 
Group) performance status of 0 or 1; 62.3% had 
metastatic disease; and 37.7% had been treated for 
locally advanced or borderline resectable disease. 
The response rate was around 25%, with median 
progression-free survival and overall survival of 7.5 
mo and 13.5 mo, respectively. A total of 21 (34.4%) 
patients were hospitalized as a result of therapy, 
however, there were no therapy-related deaths. 
Therapy was discontinued in 23 (37.7%) patients due 
to adverse events[7]. Although the Folfirinox regimen 
was found to be effective, its application has been 
limited due to adverse side effects and it should be 
administered with caution.

Radiochemotherapy has been shown to extend 
median survival time in patients with pancreatic cancer 

by 9-13 mo, however, the disease progressed rapidly 
in many cases after therapy was completed[8], and 
its application has been limited due to a high level of 
complications.

Ablative therapies have the advantages of minimal 
invasion with improved targeting and less pain to the 
patients. However, the complex biological characteristics 
of the pancreas mean that radiofrequency ablation 
(RFA) imposes a high risk to the surrounding tissues 
and its impact on patient survival needs further 
clinical research. In contrast, microwave ablation 
is less affected by current conduction, dry tissue or 
carbonization and perfusion compared to RFA. It is 
also faster and can cover a greater area than RFA. 
Multiple applications of microwaves can also be 
administered without impacting on each other[9]. High-
intensity focused ultrasound ablation has been used 
for a relatively long time in the treatment of cancers 
compared to RFA and microwave ablation, especially 
in larger tumors. However, its efficacy is affected by 
various factors in the treatment of pancreatic cancer, 
including the effects of gastrointestinal tract and 
respiratory movement. Research into the application 
of laser ablation in pancreatic cancer is scarce and 
further data are required to support its use. In 
summary, the complex anatomy of the pancreas 
and peripheral vascular tissues, its close association 
with the gastrointestinal tract and the solidity of the 
pancreatic mass mean that ablation therapies are 
usually administered in combination with surgery in the 
treatment of pancreatic cancer. Although they are often 
the treatment of choice as a palliative therapy, their 
clinical application in the treatment of unresectable 
advanced pancreatic cancer has been limited.

Cryosurgery is a novel therapeutic approach in the 
treatment of benign and malignant tumors, especially 
unresectable tumors[10]. A number of clinical trials have 
reported encouraging results in its treatment of lung 
cancer, liver cancer, prostate cancer, kidney tumors 
and breast cancer[11-15]. We have recently shown that 
cryotherapy can be effective in improving survival 
time and quality of life in patients with pancreatic 
cancer[16,17].

SAFETY 
To date, cryoablation has not been widely used in 
the treatment of pancreatic tumors primarily due 
to the small volume of the pancreatic gland, fragile 
pancreatic parenchyma and its proximity to structures 
such as the stomach, duodenum, colon, common bile 
duct and vessels. In comparison, the liver has a large 
volume of normal hepatic parenchyma surrounding the 
tumor-bearing tissue. Based on our clinical experience, 
we believe cryosurgery has several advantages over 
other techniques in the treatment of unresectable 
pancreatic cancer: (1) Conventional management 
of unresectable pancreatic cancer involves a bypass 
operation without removal of the tumor and is 
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primarily used as a palliative therapy; cryosurgery 
can overcome this shortcoming by enabling this 
procedure to be converted to radical surgery; (2) 
Cryosurgery is less invasive and has a lower level of 
complications compared to conventional resection 
procedures; (3) Unresectable tumors can be treated 
with percutaneous cryosurgery under ultrasound 
(US) or computed tomography (CT) guidance, with 
efficacies similar to those achieved with intraoperative 
cryosurgery; (4) Percutaneous cryosurgery can be 
performed simultaneously with other modalities, such 
as 125-iodine seed implantation, for the treatment 
of metastatic tumors; (5) Immune enhancement 
or activation can occur following cryosurgery due to 
quantitative and qualitative changes in antigens on the 
cell-surface components of the tumor cells, termed 
cryoimmunity[18,19]; and (6) The main purpose of most 
pancreatic cancer treatments is to debulk the tumor 
rather than provide “radical treatment”. Cryoablation 
can achieve this goal. It is reported that cryoablated 
cancerous tissue has an increased sensitivity to 
chemo/radiotherapy[20].

Intraoperative cryosurgery
Cryotherapy of pancreatic cancer can be divided 
into intraoperative cryosurgery and percutaneous 
cryosurgery. Complications associated with intra
operative cryosurgery are similar to those found in 
other abdominal and thoracic surgical operations; 
however, a study into intraoperative cryosurgery 
carried out between 1995 and 1999 in 10 patients 
with unresectable pancreatic cancer reported a 
reduction in cancer-related pain in all cases following 
cryosurgery with no postoperative complications, such 
as pancreatitis, pancreatic fistulas and sepsis, or death 
directly related to surgery[21]. A later study carried 
out in 2008 in 46 patients with pancreatic cancer 
who underwent intraoperative cryosurgery reported 
that 31 (67%) patients presented with gastroparesis, 
there were no surgery-related deaths, 29 patients 
presented with the tumor located in the pancreatic 
head and uncinate process, and in 2 cases the tumor 
was located in the body and tail of the pancreas[22]. 

This gastroparesis may be related to the surgical 
procedure. In general, patients with pancreatic cancer 
respond well to cryosurgery and the method is less 
invasive than conventional pancreatic resection with 
fewer surgical-related complications or occurrences 
of postoperative death. Korpan considered that 
cryosurgery should be the modality of choice in most 
cases of pancreatic cancer[23].

Percutaneous cryotherapy
Freezing has long been used in the treatment of 
cancers; however, the technique is only possible in 
deep-seated tumors by using argon-helium knife 
technology. By exploiting recent advances in imaging 
technology, three novel techniques in percutaneous 
cryosurgery were pioneered: As the liver and stomach 
heal rapidly following surgery, we used transabdominal 
approaches for tumors located in the pancreatic head; 
whereas transdorsal approaches were adopted for 
tumors located in the pancreatic body or tail. The 
percutaneous probe can be administered in four ways 
depending on the position of the needle in the tumor: 
through the stomach (Figure 1); through the left lobe 
of the liver (Figure 2); between the stomach and 
transverse colon (Figure 3); or by using transdorsal 
approaches (Figure 4). 

We have carried out multiple retrospective analyses 
in our institution (Guangzhou Fuda Cancer Hospital) 
into the application of percutaneous cryoablation in 
the treatment of pancreatic cancer. In 2008 Xu et 
al[24] reported that the treatment of locally advanced 
pancreatic cancer by percutaneous cryoablation gave 
satisfactory results. Argon-helium knife percutaneous 
cryosurgery was used in the treatment of 49 cases of 
locally advanced pancreatic cancer between 2001 and 
2008. The technique involved two freeze-thaw cycles, 
each of which involved freezing for 5 min followed by 
rewarming for 10 min. Adverse effects included upper 
abdominal pain with an increase in serum amylase; six 
cases of acute pancreatitis, one of whom developed 
severe pancreatitis; and intra-abdominal bleeding in 
three patients which stopped within four days[24,25]. 
This freeze-thaw treatment was also administered to 
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Figure 1  Percutaneous cryoablation of pancreatic cancer under computed tomography guidance. The images were taken via the stomach. A: The cryoprobe 
(green arrow) was percutaneously inserted into the tumor at the head of the pancreas via the stomach (yellow arrow); B: The ice ball beginning to form (red arrow) 
following the application of argon gas; C: The ice ball (red arrow) surrounding the probe shows a gradual increase in size.
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(1) It provides real-time and accurate monitoring of 
ice ball formation, vascular visualization and optimal 
positioning and control of the cryoprobe throughout 
the procedure; (2) Improved visualization as a result 
of US and CT imaging protects adjacent vascular and 
organs during cryoprobe positioning and freezing; 
and (3) The procedure is simpler and has a shorter 
duration (approximately 1 h) than conventional 
approaches, thereby improving recovery times and 
reducing the length of hospitalization. All of the 
analyses showed that complications resulting from 
percutaneous cryoablation could be minimized by 
symptomatic treatment, and there were no treatment-
related deaths.

In theory, intraoperative cryosurgery should 
offer an advantage over percutaneous cryoablation 
by protecting visceral tissues through cooling while 
the ablation procedure is performed under direct 
vision; however, we found that US or CT imaging 
during percutaneous cryoablation can reveal 
adjacent structures more clearly than laparotomy[16]. 
Furthermore, the complications associated with 
intraoperative cryosurgery were similar to those 
observed in open abdominal or thoracic surgery, 

59 patients with locally advanced pancreatic cancer 
between 2008 and 2009. The adverse effects included 
45 cases of postoperative abdominal pain, 29 cases 
of fever and 34 cases with an increase in serum 
amylase. A further 5 cases developed more serious 
complications including intra-abdominal hemorrhage, 
pancreatic leakage, obstruction and cryoprobe needle 
tract metastasis[26]. US and CT guided percutaneous 
cryoablation was used to treat 32 patients between 
February 2009 and February 2010 with unresectable 
pancreatic cancer or resectable pancreatic cancer 
staged from Ⅱ-Ⅳ which was not amenable to surgery. 
They included 15 tumors smaller than 5 cm (46.9%) 
that were successfully ablated in one session of 
cryoablation. There were no serious complications 
and 27 patients experienced a ≥ 50% reduction in 
pain, 22 experienced a 50% decrease in analgesic 
consumption and 16 experienced an increase in 
Karnofsky Performance Status (KPS) score ≥ 20. In 
addition, partial response and stable disease were 
reported in 9 and 21 patients, respectively, and their 
lesions could be controlled by CT or enhanced CT[16]. 
US and CT guided percutaneous cryoablation has three 
key advantages in the treatment of pancreatic cancer: 

Figure 2  Percutaneous cryoablation of pancreatic cancer under enhanced computed tomography guidance. The images were taken via the left lobe of the 
liver. A: The tumor at the head of the pancreas (yellow arrow) is visible with high intensity; B: The probe (green arrow) was percutaneously inserted into the tumor via 
the left lobe of the liver; the ice ball appears as a dark area (red arrow).

Figure 3  Percutaneous cryoablation of pancreatic cancer under enhanced computed tomography guidance. The images were taken between the stomach 
and transverse colon. A: The tumor at the head of the pancreas (yellow arrow) is visible with high intensity; B: The probe (green arrow) was percutaneously inserted 
into the tumor between the stomach and transverse colon; the ice ball is shown as a dark area (red arrow).
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whereas percutaneous cryoablation in the treatment of 
pancreatic cancer appeared safer with fewer therapy-
related complications. The advantages of US and CT 
guided percutaneous cryoablation, including improved 
accuracy and prolonged patient survival, suggested 
that this approach may provide an alternative inde
pendent or comprehensive therapy in the treatment 
of pancreatic cancer. Most of complications can be 
prevented or mitigated with the improvement of 
cryoablation techniques and in-depth knowledge 
on the anatomy of the pancreas. In summary, 
cryotherapy in the treatment of pancreatic cancer can 
be safe and reliable.

EFFICACY
To date there have been relatively few studies 
on the efficacy of cryotherapy in the treatment 
pancreatic cancer and most have been confined to 
intraoperative cryosurgery or cryosurgery under 
endoscopic ultrasound. Those relating to percutaneous 
cryotherapy are rare, with the majority being carried 
out in Fuda Hospital Guangzhou. A study involving 49 
patients with locally advanced pancreatic cancer who 
received intraoperative cryosurgery or percutaneous 
cryosurgery at our hospital between March 2001 and 
November 2007 showed that median survival was 16.2 
mo and overall survival rates at 6, 12, 24 and 36 mo 
were 94.9%, 63.1%, 22.8% and 9.5%, respectively. 
At the time of this report, the patient with the longest 

survival time (40 mo) is still alive with no evidence of 
tumor recurrence[24]. A retrospective analysis of follow-
up data from 59 patients treated between 2008 and 
2009 found that their median overall survival was 
8.4 mo, with 3, 6 and 12-mo overall survival rates of 
89.7%, 61.1% and 34.5%, respectively[26]. An analysis 
of follow-up data from a further 32 patients with stages 
Ⅱ-Ⅳ pancreatic cancer treated with percutaneous US 
and CT guided cryoablation between February 2009 
and February 2010 found that their median overall 
survival was 12.6 mo, with 6, 12 and 24-mo survival 
rates of 82.8%, 54.7% and 27.3%, respectively (Figure 
5)[16]. Although these patient numbers are too small 
to draw strong conclusions on the effectiveness of 
cryoablation in the treatment of pancreatic cancer, the 
data are encouraging.

COMBINATION OF CRYOTHERAPY WITH 
OTHER TREATMENTS
A major limitation of cryoablation is incomplete 
destruction of cells at the border of the treated regions 
where the tissue temperature is greater than -20 °
C. The irregular shape of the pancreas and infiltration 
of surrounding organs also give rise to complications 
during cryotherapy. For these reasons adjunctive 
approaches are required and percutaneous cryotherapy 
is usually combined with other treatments. Adjunctive 
therapy, including irradiation, chemotherapeutic drugs, 

Figure 4  Percutaneous cryoablation of pancreatic cancer under enhanced computed tomography guidance. The images represent transdorsal approaches. 
A: The tumor at the head of the pancreas can be seen with high intensity (yellow arrow); B: The probe (green arrow) was inserted percutaneously into the tumor via a 
transdorsal approach; C: Ice ball formation appears as a dark area (red arrow); D: The size of the ice ball covers the entire area of tumor.
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apoptotic promoters and immunological potentiators, 
has been shown to increase the efficacy of cryosurgery 
in many types of cancer[27] and has been the subject 
of research in our institution in relation to pancreatic 
cancer.

Cryotherapy combined with iodine-125 seed 
implantation 
Radioactive seed implantation has been used in the 
treatment of pancreatic cancer for over 20 years, 
however, the survival benefit has been limited in 
advanced cases[28,29]. Iodine-125 is an isotope that 
emits γ-radiation over short distances, resulting in 
the death of targeted cells. Brachytherapy using 

iodine-125 seed implantation has been successfully 
used in the treatment of prostate cancer, including 
metastatic and recurrent cancer[30,31]. Compared 
to other interventional procedures, this technique 
has the following advantages: radiation from the 
seeds is attenuated within a short distance of the 
target area, ensuring that the highest accumulative 
dose is confined to the tumor with minimal damage 
to neighboring organs[28]; radiation is applied 
continuously throughout the treatment, resulting 
in the protracted killing of tumor cells over several 
weeks or months, ultimately leading to apoptosis of 
tumor stem cells. In contrast, multiple applications 
of external radiotherapy can only target tumor cells 
at limited number of cell cycle phases; radiation from 
radioactive seeds in the treatment of pancreatic cancer 
is unaffected by respiratory movements, whereas 
absorption of radiation with traditional techniques is 
inhomogeneous; the metastatic potential of the cancer 
is decreased due to changes in the immunophenotype 
of tumor cells subjected to the low level of radioactivity 
from the seeds. Together, these advantages suggest 
that iodine-125 seed implantation may be an effective 
complementary therapy alongside cryosurgery in the 
treatment of pancreatic cancer.

A study of 67 patients with pancreatic cancer who 
had been treated with percutaneous cryosurgery 
combined with 125-iodine seed implantation and 
chemotherapy (Figure 6) showed that their median 
survival time was 11 mo, progression free survival was 
5.5 mo and the 6-mo and 12-mo overall survival rates 
were 84.8% and 33.4%, respectively. There was no 
significant differences between patients with stages 
Ⅲ and Ⅳ pancreatic cancer (Figure 7). In addition, 
54 patients reported a > 50% decrease in their pain 
scores, the level of analgesia was decreased by > 50% 
in 50 cases, and the total response rate was 80.6%[32].

A retrospective analysis of 145 patients with 
stage Ⅳ pancreatic cancer treated at our hospital 
between October 2008 and August 2010 compared 
survival times between different treatments[33]. The 
patients included those who presented with primary 
cancer without metastases and those who presented 
with metastatic pancreatic cancer. The patients were 
categorized into the following treatment groups and 
sub-groups: cryoablation combined with 125-iodine 
seed implantation; 125-iodine seed implantation 
alone; those who were treated within two months 
of diagnosis; and those who were treated 2-14 mo 
after diagnosis. The results showed that the median 
survival time of patients who received the combined 
therapy was significantly longer than those treated 
with particle implantation alone (8 mo vs 4 mo, P = 
0.001); similarly, the median survival times of patients 
with non-metastatic and metastatic pancreatic cancer 
who received combined treatment within two months 
of diagnosis were significantly higher than those who 
received treatment from 2-14 mo after diagnosis (13 
mo vs 6 mo, P = 0.0034); whereas metastatic patients 

Figure 5  Comparisons between computed tomography images of 
pancreatic carcinoma before, during and 1.5 mo after cryoablation. A: The 
tumor at stage Ⅳ (red arrows) is 4.5 × 4.6 × 3.8 cm in size; B: The cryoprobe 
was inserted via the stomach approaching the tumor mass (yellow arrow); 
cryoablation was performed after the pancreatic tumor was completely encased 
within the ice ball (green arrows); C: The center of the tumor mass (red arrows) 
1.5 mo post-cryoablation displays shrinkage with no enhancement of the tumor.
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who received the delayed combination treatment 
showed no significant survival advantage compared 
to those treated with 125-iodine seed implantation 
alone (5 mo vs 3 mo, P = 0.0415). Further analyses 
demonstrated that repeated application of the 
combined treatment resulted in significantly longer 
median survival times than a single application (11 mo 
vs 7 mo, P = 0.0389); no such benefit was observed if 
seed implantation was administered alone (P = 0.990). 
In addition, patients who received repeated treatment 
within 2-14 mo also showed longer survival times, 
however, this may have been associated with pre-
treatment with chemotherapy[33].

A follow-up study was conducted to determine 
overall survival rates in 49 patients with locally 
advanced pancreatic cancer who were treated at our 

hospital with combined cryosurgery and iodine-125 
seed implantation (Figure 8). During a median follow-
up period of 18 mo, the median overall survival 
time was 16.2 mo, with 6, 12, 24 and 36-mo overall 
survival rates of 94.9%, 63.1%, 22.8% and 9.5%, 
respectively. While in another study, 59 patients with 
locally advanced pancreatic cancer were treated 
percutaneous cryosurgery alone. The median survival 
was 8.4 mo. The overall survival rates at 3, 6 and 12 
mo were 89.7%, 61.1% and 34.5%, respectively. 
These results confirmed that combined treatment could 
achieve longer overall median survival and higher 6-mo 
and 12-mo survival rates than cryosurgery alone[34].

Together, the results of our analyses have demon
strated that combination of percutaneous cryosurgery 
with iodine-125 seed implantation is feasible, 
potentially safe and may be a promising option for 
the treatment of patients with locally advanced and 
unresectable pancreatic cancer, leading to longer 
survival times. The combined approach appears to 
achieve greater control of the tumor as the 125-iodine 
particles reduce damage to the target organ and 
surrounding normal tissue. The benefit was greatest 
where the anatomy was complex, such as those 
involving tumors at the head of the pancreas. This is 
an important consideration in the treatment of locally 
advanced pancreatic cancer.

Cryosurgery combined with immunotherapy
The local tumor microenvironment can inhibit immune 
cells, weakening the immune system and resulting 
in the rapid growth of tumors[35]. Immunotherapy 
with dendritic cells loaded with autologous tumor 
cells (antigen-loaded dendritic cells) has been shown 
to be important in preventing tumor recurrence and 
improving the quality of life in cancer patients. This 
recent development enables cytokine-induced killer 
cells (dendritic cell-cytokine induced killer, DC-CIK) to 
restore the number of T lymphocytes in the body that 
can directly kill tumor cells[35]. Cryotherapy not only 
promotes tumor cell necrosis but also enhances the anti-
tumor immune response. As a result, immunotherapy 
can play an auxiliary role in cytoreductive surgery. In 
2013 Niu et al[36] retrospectively assessed the effect 
of immunotherapy with comprehensive cryosurgery 
(ablation of intrapancreatic and extrapancreatic 
tumors) in 106 patients with metastatic pancreatic 
cancer. The patients were divided into the following 
treatment groups: cryoimmunotherapy (31 patients); 
cryotherapy (36 patients); immunotherapy (17 
patients); and chemotherapy (22 patients). The 
results showed that the median overall survival 
times in the cryoimmunotherapy and cryotherapy 
groups (13 and 7 mo, respectively) were longer than 
those in the chemotherapy group (3.5 mo; both P 
= 0.001). The median overall survival time in the 
cryoimmunotherapy group was also significantly higher 

Figure 6  Pancreatic computed tomography scans before and after 
cryosurgery combined with 125-iodine seed implantation. A: Pancreatic 
lesions before treatment; B: Shrinkage of the pancreatic tumor one month post-
treatment; C: Total shrinkage of the pancreatic tumor 6 mo post-treatment.
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Figure 7  Survival plots of 67 patients with advanced pancreatic cancer after percutaneous cryoablation combined with 125-iodine seed implantation 
and chemotherapy. A: Progression-free survival curves for all 67 patients following treatment; B: Overall survival curves for all 67 patients following the combined 
treatment; C: Progression-free survival curves for patients with stages Ⅲ and Ⅳ advanced pancreatic cancer post-treatment; D: Overall survival curves for patients 
with stages Ⅲ and Ⅳ advanced pancreatic cancer post-treatment.
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Figure 8  Pancreatic computed tomography scans of patients who received cryosurgery combined with 125-iodine seed implantation before and after 
treatment. A: Before treatment; B: 3 mo post-treatment; C: 12 mo post-treatment.
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compared to both the cryotherapy group (P = 0.05) 
and immunotherapy group (5 mo; P = 0.001). Longer 
median overall survival times could be achieved by both 
cryoimmunotherapy and cryotherapy when multiple 
cryoablation procedures were administered compared to 
a single application (cryoimmunotherapy group: 15 mo 
vs 10 mo, P = 0.0048; cryotherapy group: 9 mo vs 7 
mo, P = 0.041, respectively; Figure 9). In both groups, 
patients with normal immunologic function achieved 
longer median overall survival times than those with 
immune dysfunction (cryoimmunotherapy group: 14 
mo vs 7.5 mo, P = 0.0001; immunotherapy group: 6 
mo vs 2 mo, P = 0.0004, respectively; Figure 10).

Our findings have demonstrated that cryotherapy 
combined with immunotherapy can significantly 
improve the curative effect on metastatic pancreatic 
cancer compared to conventional chemotherapeutic 
techniques, suggesting that this approach may offer a 
novel therapy for improved treatment of patients with 
metastatic pancreatic cancer.

CONCLUSION
Patients with pancreatic cancer have a very poor 
prognosis, therefore new treatment modalities are 
urgently needed. Our experience in this field along with 
analyses of current treatment data has demonstrated 
that cryoablation is a feasible, potentially safe and 
promising option for the treatment of patients with 
locally advanced and unresectable pancreatic cancer. 
Percutaneous cryoablation, either alone or com
bined with 125-iodine seed implantation, was found 
to increase survival in patients with advanced or 
metastatic pancreatic cancer; further improvements 
in survival times could be achieved with repeated 
treatments or when cryotherapy was combined 
with immunotherapy. We also found that a plurality 
of probes or the use of chemical reagents, such as 
anhydrous alcohol injection, increased the area of 
freezing within the tumor; for patients with larger 
tumors, treatment combined with transcatheter arterial 
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Figure 9  Correlation between overall survival and the number of cryoablation treatments in patients with pancreatic cancer. A: Comparisons of overall 
survival in the cryoimmunotherapy group between 13 patients who underwent repeated cryoablation and 18 patients who received a single cryoablation procedure; 
B: Comparisons of overall survival in the cryotherapy group between 15 patients who underwent repeated cryoablation and 21 patients who underwent a single 
cryoablation procedure. The analyses were performed by the Kaplan-Meier method with long-rank tests.
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Figure 10  Correlation of overall survival with pretreatment immunologic indexes. A: Comparison between overall survival in 21 patients with immunologic 
indexes ≥ the reference range and 10 patients with immunologic indexes < the reference range in the cryoimmunotherapy group; B: Comparison between overall 
survival in 10 patients with immunologic indexes ≥ the reference range and 7 patients with immunologic indexes < the reference range in the immunotherapy group. 
The analyses were performed by the Kaplan-Meier method with long-rank tests.
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chemoembolisation was found to be effective. These 
observations need to be confirmed by further studies. 
For most patients with pancreatic cancer, cryosurgery 
can substitute conventional surgery. We now apply 
cryoablation as the standard approach in patients 
with unresectable pancreatic cancer. However, further 
research in a larger number of cases is necessary to 
support these encouraging results.
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