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Introduction

Colorectal cancer ranked second as a cause of death in the 
western world. The cumulative lifetime risk is approximately 
5%, the incident rate in the western world is 50/100,000 (1). 
Liver metastasis is the main cause of death in the patients 
with colorectal cancer. Already at the time of detection of 
the primary tumor, 15-25% of the patients present with 
liver metastases, another 20% will develop these metastases 
following treatment of the colorectal primary (2,3). Without 
any treatment, the median survival after the detection of liver 
metastases is approximately 9 months, depending on the 
extent of the disease at the time of diagnosis (4).

In contrast to many other solid tumors, resection of 
liver metastases from colorectal origin has been shown 
to result in long-term survival and even cure. In selected 
patients with metastatic focus confined to the liver, 5-year 
survival rates are generally reported between 35% and 40%, 
depending on the extent of liver involvement (5).

However, only few patients are eligible for resection 
treatment, due to distribution, number and location of 
lesions, previous liver resections, extrahepatic tumor growth, 
and general medical status of the patients. Several local 
ablation techniques, such as radiofrequency, microwave and 

cryosurgery, have been used to treat unresectable colorectal 
liver metastases with promising results. Cryoablation is 
among the first of the thermal ablative techniques that has 
been widely used as treatment of liver tumors. Unresectable 
metastases from colorectal cancer are the most frequent 
indications for cryoablation (6).

Indication

To date, cryosurgical ablation is mainly reserved for 
treatment of unresectable lesions in patients with colorectal 
liver metastases (7,8), for example:

● Multiple tumors in both lobes of liver;
● Tumors which locate at anatomical position that does 

not allow liver resection;
● In patients with co-morbidity and reduced liver reserve 

for whom resection would have involved too high a risk;
● In patients with resectable lesions who refuse to 

undergo liver resection, percutaneous cryosurgery is 
preferably performed.

Technology

As cryosurgery for primary liver cancer, the techniques of 
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cryosurgery include (I) open cryosurgery, which may use 
cryohepatectomy (cryoablation followed by resection of 
the cryotreated tumor), or resection of the main tumor 
plus cryoablation for residual tumor, or cryoablation alone 
without removing the cryotreated tissue; (II) laparoscopic 
cryosurgery; and (III) percutaneous cryoablation under 
guidance of ultrasound or CT.

Clinical results

Colorectal liver metastasis is the most common metastatic 
disease to the liver. Compared with primary hepatocellular 
carcinoma, there is larger number of trials of cryosurgery 
for colorectal liver metastases.

Open cryosurgery

Up to the present, most of cryosurgery for colorectal liver 
metastases is preformed through intraoperative (laparotomy) 
approach (Table 1). The median survival following 
cryosurgery ranges 21-45 months, the 1-, 3-, and 5-year 
survivals range 52-86%, 10-70%, and 5-44%, respectively.

Early in 1991, it was Onik et al. (17) who first reported 
that 18 patients with unresectable colorectal liver metastases 
underwent cryosurgery, and 22% got complete remission 
on CT scans and CEA levels during a mean follow-up 
of 28.8 months. In the same year, Ravikumar et al. (18) 
summarized their 5-year experience with open cryosurgery 
for 32 patients with liver tumors, in whom 24 had colorectal 
liver metastases. After a follow-up period of 5 to 60 months, 
28% of patients remained disease free, 34% were alive with 

disease, and 38% died. Recurrence at the cryotreated site 
occurred in 9% of patients. 

In the following years, several reports had shown survival 
benefit of patients with colorectal liver metastases following 
cryosurgery. Sheen et al. (6) reported 41 patients. Median 
survival was 22 months. Postoperative carcinoembryonic 
antigen (CEA) levels were significantly reduced. No severe 
complications were discovered. Kerkar et al. (15) determined 
the long-term outcomes of cryosurgery in patients with  
98 pat ients  with hepat ic  mal ignancies  including  
56 colorectal metastases. Overall survival rates at 1-, 2-, 3-, 
and 5-year were 81%, 62%, 48%, and 28%, respectively. 
Median survival was 33 months and median hepatic 
recurrence-free survival was 20 months. The study pointed 
out that outcomes depending on tumor type were not 
significantly different. Weaver et al. (9) determined the 
effectiveness of cryosurgery as an adjunct to resection in 
treating 47 patients with colorectal hepatic metastases. The 
actual survival at 24 months was 62%. Eleven percent of 
these patients had no evidence of disease at a median follow-
up of 30 months. Two years later, Weaver et al. (19) again 
reported their experience on 158 cryosurgical procedures on 
136 patients with unresectable colorectal hepatic metastases. 
Median survival of all patients was 30 months. Patients with 
a CEA level >100 ng/dL had a statistically worser survival 
rate than those with a level <100 ng/dL. 

The outcome of patients after cryosurgery often 
is comparable or superior to conventional resection.  
Korpan (10) had an interesting prospective and randomized 
study. One hundred and twenty-three patients with liver 
metastases in whom more than 60% had colorectal liver 

Table 1 Results of open cryosurgery for colorectal metastases

Authors
No. of 

cases

Operative  

mortality [%]

Associated therapy 

[No. of patients]

Follow-up  

[mo]

Median survival 

[mo]

Survival [%]

1 yr 2 yr 3 yr 5 yr

Weaver (9) 47 4 Chemotherapy 26 [24-57] 62

Korpan (10) 63 0 Resection 6-120 60 44

Wallace (11) 137 0 Resection 14 [1-60] 23 86 47 29

Ruers (8) 30 Resection 26 [9-73] 32 76 61

Cha (12) 21 Resection 28 [18-51] 70*

Bilchik (13) 153 Chemotherapy 28

Goering (14) 42 Resection 45 82 55 39

Kerkar (15) 98** 54 [9-98] 33 81 62 48 28

Jungraithmayr (16) 17 0 23 [2-650] 21 52 36 10 5

*30-month survival; **Including 56 cases of hepatic colorectal metastases; Parentheses are the range
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metastases were divided into two groups: cryosurgery group 
and conventional surgical group. The 3-year survival rate 
was 60% vs. 51% and the 5-year survival rate was 44% vs. 
36% in both groups, respectively. There were 19% vs. 8%, 
respectively, who survived 10 years.

Cryotherapy of the involved or inadequate resection 
margins after resection of colorectal liver metastases 
considerably improves local disease control and may allow 
a greater proportion of patients to undergo potentially 
curative treatment. Seifert and Morris et al. (20) reported 
44 patients with colorectal liver metastases who underwent 
the freezing for an involved or inadequate resection 
margin after liver resection. Nineteen patients developed 
recurrence in the liver but only in 5 cases the recurrence 
occurred at the resection edge. Median overall and liver 
disease-free survival was 33 and 23 months, respectively.

Cryosurgery alone or in combination with resection 
has been proved to improve the survival. Adam et al. (21) 
reported the outcome of 34 patients with nonresectable 
liver cancer in whom 25 patients had metastases from 
colorectal cancer. Cryosurgery was used either as a single 
treatment or in association with liver resection. There was 
no intraoperative mortality. Mortality within 2 months was 
3%, but was unrelated to the cryosurgery. 2-year cumulative 
survival was 52%. Brooks et al. (22) commented on the 
value of synchronous liver resection and cryoablation for 
colorectal liver metastases in 93 patients for whom complete 
resection is not possible. Eighty four patients were followed-
up for a median of 18 months (range, 1-83 months).  
1-, 3- and 5-year survival was 85%, 43% and 19% 
respectively, with a median survival of 33 months. Onik 
et al. (23) reported 57 patients with unresectable hepatic 
metastases who were treated with cryosurgery. Among 
these cases, 25 (42%) underwent a combination of resection 
and cryosurgery. The number of lesions treated ranged 
from 1-16 with a mean of 4.6. Seventy-three per cent of 
the patients had bilobar disease. Results showed that the 
disease-free survival rate was 27% during a mean follow-up 
of 21 months.

Since 2002, Seifert et al. (24) had performed a series 
of works. In a prospective case-control study 71 patients 
with liver cancer, in whom 49 cases had colorectal origin 
and underwent a total of 77 cryosurgical procedures. In 36 
of 71 patients, cryosurgery was used in combination with 
liver resection. Morbidity and hospital mortality were 23% 
and 2.8%. Seventy-four per cent of patients with colorectal 
metastases preoperatively elevated CEA returned to 
normal postoperatively. Tumor recurrence at the cryosite 

was in 17% of patients. Median survival for all patients and 
patients with colorectal metastases was 28 and 29 months 
with a 5-year survival rate of 30% and 33%, respectively. 
In 2004, Seifert and Junginger (25) summarized the 
results of the cryosurgery of 77 patients with malignant 
liver tumors, in whom 55 patients had colorectal liver 
metastases. Forty patients had cryosurgery only and  
37 had an additional liver resection. Median survival was 
29 months with a 3- and 5-year-survival rate of 44% and 
26%, respectively, for the 55 patients with colorectal liver 
metastases. In 2005, Seifert et al. (26) compared morbidity 
and mortality, as well as the recurrence pattern and survival 
after cryosurgery alone or in combination with resection 
for 168 patients with colorectal liver metastases. Five-year 
survival rates following resection and cryotherapy were 
comparable (23% and 26% respectively), while overall 
and hepatic recurrence-free survival was inferior following 
cryotherapy alone.

Percutaneous cryosurgery

There are fewer reports which show percutaneous 
cryosurgery has results comparable to open cryosurgery for 
colorectal liver cancer. Huang et al. (27) reported 15 patients 
who underwent percutaneous cryosurgery for colorectal 
liver metastases. There was no procedure-related mortality. 
Liver metastasis growth was significantly delayed for  
2 months. Serum CEA levels had an immediate rise, 
followed by a fall. Mala et al. (28) made a prospective 
study of 19 patients with colorectal hepatic metastases 
who underwent 24 cryoablation procedures. There were  
16 procedures which were performed percutaneously. Out of 
25 ablations, 18 (72%) were assumed adequate. Total ice-ball 
volume during percutaneous procedures was median 62 cm3  
(range, 32-114 cm3). Excellent imaging of the extent of 
freezing was achieved using MRI. Hospital stay for patients 
treated percutaneously was median 4 days (range, 3-30 days).  
No perioperative mortality occurred. Actuarial 2-year 
tumor-free survival at site of ablation was 48%. At the 
time of analyses, 92% of patients assumed to be adequately 
ablated were alive. 

We would like to introduce results of our study in  
details (29). A total of 326 patients with colorectal liver 
metastases underwent a total of 526 procedures between 
March 2001 and February 2007. There were 151 patients 
who underwent repeated procedures of cryosurgery for 
recurrent tumors in the liver and extrahepatic sites. The 
results were as follows:



133Annals of Palliative Medicine, Vol 2, No 3 July 2013

© AME Publishing Company. All rights reserved. Ann Palliat Med 2013;2(3):130-140www.amepc.org/apm

CEA levels

Increased CEA level was observed in 254 patients (77.9%) 
at the time of the initial diagnosis. Among these patients, 
CEA level decreased to within the normal range in 197 
(77.5%) patients, and increased in 41 patients (16.1%), with 
no significant change in 16 cases (6.3%), at 3 months after 
cryosurgery.

Evolution of tumor size

After cryosurgery, an early increase in the size of lesions 
in relation to the freezing margin >1 cm beyond the limit 
of the tumor was a constant feature. Cryotreated lesions 
appeared as hypoechogenic or hypodense areas. Among 280 
patients who received CT follow-up, complete response 
(CR) was observed in 41 patients (14.6%), partial response 
(PR) in 115 (41.1%), stable disease (SD) in 68 (24.3%), and 
progressive disease (PD) in 56 patients (20%). Two patients 
with CR proven by histology and CT are presented in 
Figures 1,2.

Tumor recurrence

The recurrence rate was 47.2% during a median follow-up 
of 32 months (range, 7-61 months). Recurrence patterns 
were presented in Table 2. Sixty-one percent of recurrence 
was in the liver only and 13.9% in the liver and extrahepatic 
sites. Extrahepatic recurrence was mainly seen in the lungs 
and lymph nodes. The recurrence at cryotreated site, 
including at cryotreated site only as well as cryotreated site 
and the remaining area of liver, accounted 15.3% of cases 
who had recurrence and 6.4% of all cases.

Survival

During a median follow-up of 36 months (7-62 months), the 
median survival of all patients was 29 months (range, 3-62 
months). One hundred and ninety six patients (60.1%) died 
during follow-up, and 130 patients (39.9%) are still alive, with a 
median survival of 26 and 36 mos, respectively. Overall survival 
was 78%, 62%, 41%, 34% and 23% at 1, 2, 3, 4 and 5 years,  
respectively (Figure 3). Patients with tumor ≤3 cm, tumor 

A B C

Figure 1 Liver imaging in patients with hepatic colorectal metastases. Complete ablation of histology-proven tumor achieved after 
percutaneous cryosurgery. A. MRI before cryosurgery; B. During percutaneous cryosurgery under CT guidance; C. Twelve months after 
cryosurgery, biopsy for cryosite showed negative result

Figure 2 CT of a patient with hepatic colorectal metastases treated by percutaneous cryosurgery. The massive lesion showed a CR by 
cryosurgery. A. Before cryosurgery; B. Eight months after cryosurgery and TACE

A B
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in right liver lobe, CEA <100 ng/dL, and postcryosurgery 
transarterial chemoembolization (TACE) had a higher survival 
rate. There was no significant difference in terms of survival 
based on tumor number, pre-cryosurgery chemotherapy, 
and timing of the development of metastases (synchronous 
vs. metachronous). Survival was related to the number of 
cryosurgery procedures performed on the patients. Patients 
who underwent two or three procedures had an increased 
survival, compared to those who received cryosurgery once 

Table 2 Recurrence pattern at death or latest follow-up

Cases  

[% of recurrence]

% of all 

cases

Liver only 83 [61.0] 25.5

Cryosite only 7 [5.1] 2.1

Liver other than cryosite only 62 [45.5] 19.0

Cryosite and remaining areas 14 [10.2] 4.3

Extrahepatic metastases only 34 [25.0] 10.4

Lungs 10 [7.4] 3.1

Brain 2 [1.4] 0.6

Bone 4 [2.9] 1.2

Lymph nodes 11 [8.1] 3.4

Peritoneum 3 [2.2] 0.9

Multiple lesion 4 [2.9] 1.2

Liver and some extrahepatic sites 19 [13.9] 5.8

Liver and lungs 8 [5.8] 2.8

Liver and pancreas 2 [1.4] 0.7

Liver and lymph nodes 5 [3.7] 1.7

Liver and bone 1 [0.7] 0.3

Liver and others 3 [2.2] 1.0

Total recurrence 136 [100] 41.7

Figure 3 Survival of 326 patients after cryosurgery
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only. However, patients who received cryosurgery on more 
than three occasions had lower survival (Table 3, Figure 3).

Adverse effects

In our 326 cases of liver metastases from colorectal cancer 
that underwent percutaneous cryosurgery, the minor and 
major adverse effects of cryosurgery were seen in Table 4.  
Major adverse effects included hemorrhage from a 
cryotreated lesion was seen in 5 patients, in whom 3 died of 
the complication. One patient, who underwent cryosurgery 
for more than 50% of liver volume, died of hepatic failure. 
One patient, who received cryosurgery for 8 large metastases, 
died of a cryoshock syndrome. Three patients suffered from 
biliary fistula which resolved with transhepatic drainage. Five 
patients had transient renal insufficiency, which presented 
increased blood urea nitrogen and creatinine levels for 
3-7 days. Two patients developed bacterial hepatic abscess 
within cryosites and recovered with antibacterial agents and 
drainage. There were a total of 7 patients who died of the 
main adverse effects after cryosurgery.

Discussion

Rational of combination of cryoablation with resection

It is difficult to draw definitive conclusions comparing 
the results reported by different authors because of the 
inhomogeneous patient populations, but some studies 
have shown that the actuarial survival rates of patients with 
colorectal liver metastases undergoing cryoablation are 
similar to, if not better than, those of historical controls for 
standard resection (12). It is not certain that cryoablation 
is equivalent to surgical resection, but rather that this 
technique is an alternative option for patients with tumor 
which is considered unresectable. Now, cryosurgery appears 
the only therapy other than standard resection that has been 
demonstrated to provide long-term survival for patients 
with colorectal liver metastases (30).

In some cases, cryosurgery in combination with resection 
is the choice of treatment. If tumors are present near the 
hepatic hilum or within both lobes of the liver, patients 
will often be deemed unresectable. The combination 
of cryoablation with a resective procedure permits the 
preservation of as much functioning hepatic tissue as possible, 
reducing the scope of resection, and could potentially result 
in long-term survival. For example, a patient with multiple 
lesions in the right lobe and a solitary lesion in the left lobe 
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Table 3 Survival based on patient characteristics and tumor features

Median survival (months)
Survival rate (%)

1-year 3-year 5-year

All patients 29 78 41 23

Tumor size

≤ 3 cm* 39 92 64 34

> 3 cm 21 70 41 21

Tumor number

<3 38 81 40 20

>3 40 78 41 22

Tumor location

Right lobe* 33 87 57 39

Left lobe 25 72 39 21

Bilobar 17 65 32 14

Detection of metastases

Synchronous 30 76 43 24

Metachronous 29 81 41 21

Metastases detected to cryosurgery

<3 months 31 74 41 22

>3 months 29 79 42 23

Pre-cryosurgery chemotherapy

Yes 30 75 40 24

No 29 77 41 21

Pre-cryosurgery CEA

<100 ng/dL* 44 90 57 41

>100 ng/dL 20 73 39 17

Cryosurgery procedure

Once 21 70 34 19

Twice* 38 87 55 36

Thrice* 39 90 54 34

More 12 69 25 13

TACE

Yes* 38 84 57 47

No 18 76 25 15

*P<0.01

would not be a good candidate for either cryoablation alone 
or a standard resection. However, a right hepatic lobectomy 
in combination with cryoablation of the lesion in the left 
lobe may bring about satisfactory effects (31).

Other options for unresectable hepatic malignancies, 
such as radiofrequency or microwave ablation and 
percutaneous ethanol injections, have been used, but 

postoperative higher recurrence, painful procedure or need 
of multiple procedures limit their use.

Position of percutaneous cryosurgery

Open cryosurgery is still a more invasive therapy to the 
patient. With the advancement of imaging guidance and 
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improvement of cryosurgical apparatus, percutaneous 
cryosurgery, a less invasive procedure, has been used for 
treatment of tumors. Our cases who received percutaneous 
cryosurgery had survival similar to that of chemotherapy 
or resection. The result is encouraging, if considering in 
terms of unresectability of tumor and therapy-associated 
modalities (29).

Similar to open cryosurgery, the main problem in the face 
of percutaneous cryosurgery is recurrence of disease. The 
liver is a main site of recurrence, and extrahepatic recurrence 
is mainly seen in the lungs. It is noted that according to 
our data, the overall recurrence rate was lower than 44% 
in a mean follow-up of 16 months reported by Adam  
et al. (21) and much lower than the 78% reported by Weaver  
et al. (9). Moreover, the recurrence rate at the cryosite, 
including at cryosite only as well as both cryosites and the 
remaining areas of liver, was only 15.3% for cases who had 
recurrence, and 6.4% for all cases. This is significantly 
lower than the 58.8% reported by Jungraithmayr et al. (16). 
We discovered that the higher recurrence rate was mainly 
seen in patients who received cryosurgery at an early period 
after starting this technique. It is evident that gathering 
experience is an important factor for an increased effect.

Factors influencing survival

Distribution of metastases, operation type, total number 

Table 4 Adverse effects within 30 days after cryosurgery

Adverse effects No. of patients %

Minor

Pain 103 31.6

Fever (>38 ℃) 108 33.1

Increased liver enzymes 124 38.0

Thrombocytopenia 58 17.8

Pleural effusion 20 6.1

Major

Hepatic bleeding 5 1.5

Cryoshock 1 0.3

Biliary fistulae 3 0.9

Liver failure 1 0.3

Renal insufficiency 5 1.5

Liver abscess 3 0.9

Acute myocardial infarction 

and severe arrhythmias

2 0.6

of metastases, number of cryotreated metastases, largest 
size of cryotreated metastasis, and pre- and postoperative 
CEA have been considered the possible factors influencing 
prognosis of patients with colorectal liver metastases.

Yan et al. (32) critically evaluated the prognostic 
determinants for disease-free survival (DFS) after 
cryoablation in135 patients who underwent cryoablation 
with or without resection. In multivariate analysis, resection 
plus cryoablation, ≤7 liver metastases and ≤3 cm cryotreated 
metastasis were independently associated with an improved 
cryosite DFS. Our study showed patients with lesions ≤3 cm  
had an increased survival rate compared with those with 
lesions >3 cm, with a median survival of 39 and 21 months, 
respectively. This may have been due to the larger tumor 
in the vicinity of large vessels and exposure to the heat-
sink effect (29). The warming effect of blood flow can cause 
insufficient cryodestruction of the tumor. Pearson et al. (33) 
reported that 66.7% of local recurrence occurred directly 
near the vena cava or a large vessel.

Contrast to Yan’s study, our study showed no significant 
correlation between the number of metastases and 
survival. This may be related with the difference between 
percutaneous and open approaches of cryoablation. In 
our study, patients with tumor in the right hepatic lobe 
have higher survival compared with those with left lobe or 
bilateral tumors, which may be due to the latter location is 
closer to large vessels.

Our study also showed a correlation between poor 
survival and CEA level >100 ng/dL, with a median survival 
of 18 mo, which is lesser than the 38 mo median survival 
for patients with lower CEA (P<0.01).The result is 
consistent with the report by Weaver (9,19) who showed 
that patients with CEA >100 ng/dL prior to cryosurgery 
had only 10 mo median survival, while the median 
survival of patients with CEA lower than that level was 
17-19 months (29). Preoperative CEA of ≤5 ng/mL was 
independently associated with an improved overall and 
extrahepatic disease-free survival (34). The poor outcome 
of patients with higher CEA may be related to the 
biological behavior of CEA-secreting tumors or spreading 
of tumor.

According to the results of our study, the possibility of 
repeat percutaneous cryosurgery may be a factor which 
brings about better survival and low recurrence. Patients 
who received two or three cryosurgery procedures had 
longer survival. In contrast to operative cryosurgery, 
percutaneous cryosurgery may be performed many times 
because of its convenience and low intervention. As a 
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result, the recurrence in liver and extrahepatic metastases 
may be simultaneously treated. In this series, there were 
12 and 6 patients, respectively, with lung and pancreas.

Compared with hepatocellular carcinoma, patients with 
colorectal liver metastases appear to have a trend toward 
increased survival after cryosurgery. The reason may be due 
to the associated liver cirrhosis and reduced liver reserve in 
most of the former case (18).

Most metastases from noncolorectal primaries are 
unlikely to benefit from local therapies because the majority 
of these patients almost certainly have extra-hepatic disease 
at the time of the diagnosis of the liver disease. Therefore, 
local control of the liver disease is unlikely to significantly 
affect the clinical course and outcome. There are a few key 
exceptions. These include breast cancer, which can have 
a relatively indolent natural history in some patients such 
that local control of hepatic metastases will have a positive 
impact on the ultimate outcome (25,35). Neuroendocrine 
tumors and renal cell carcinoma can have some benefits in 
the cases of isolated metastases (36). For some metastases 
from other primary sites, cryoablation should be considered 
based on case-by-case basis. 

Ways to increase the cryoablative effect

There are few data on ways to increase the cryoablative 
rates for colorectal liver metastases. However, in term 
of actual effect to remove cancerous tissue, cryosurgery 
is similar to resection, the modalities aiming to increase 
the resection effect are presumed to be adaptable for 
cryosurgery. Moreover, in contrast to primary liver cancer, 
which is often associated with liver cirrhosis and poor 
hepatic reserve function, colorectal liver metastases have 
a background of a relatively normal liver, therefore, the 
following adjunctive modalities can be safely applied.

Pre-cryoablative and post-cryoablative chemotherapy
In contrast to primary liver carcinoma, colorectal liver 
metastases are relatively sensitive to chemotherapy. 
It is known that the combination of resection with 
chemotherapy (neoadjuvant and adjuvant therapy) has 
survival benefits for patients with colorectal cancer or 
colorectal liver metastases. In 15-30% of the patients with 
colorectal liver metastases which initially was considered 
unresectable, these metastases were given macroscopically 
curative resection after chemotherapy (37,38). Therefore, 
the cryosurgery in combination with chemotherapy can be 
considered.

Portal vein embolisation
Resection of  l iver  metastases  may lead to severe 
postoperative liver failure if the functional reserve of the 
remaining liver remnant is too small (37). To overcome this 
problem, preoperative portal vein embolisation (PVE) can 
be considered. Portal vein occlusion leads to atrophy of the 
homolateral liver lobe and compensatory hypertrophy of 
the contralateral liver lobe (39,40). Hepatocyte regeneration 
starts within 1 day after PVE and reaches a peak at  
12-14 days (41,42). The increase in volume of the remnant 
liver ranges from 7% to 27% (median 12%) after PVE (43).  
In this way, the functional reserve of the liver can be 
increased within 2-4 weeks.

From 1986 to 2000, 16 series had been published about 
PVE including 409 patients (44). The complication rate 
of PVE ranged from 0% to 10% (45). The 5-year survival 
rate was significantly higher in the PVE group than that 
in the transarterial embolization group (71.9% vs. 45.6%). 
Therefore, it is assumed that PVE before cryosurgery can 
be helpful for treatment of larger tumor of colorectal liver 
metastases as well.

Staged cryosurgery
A strategy has been suggested that in patients with multi-
nodular metastases of the liver, staged liver resection can 
be performed as an alternative for conservative treatment. 
During the first operation, the larger tumors are resected. 
After operation, the liver remnant regenerates and is 
accompanied by an increase of the reserve capacity of 
the liver. During this period, systemic chemotherapy is 
given to hamper outgrowth of metastases. At a later stage, 
as the functional capacity has been restored, a second-
stage curative resection of the residual liver metastases 
is performed. Whether this strategy can be used for 
cryosurgery is noteworthy.

Regional chemotherapy and isolated liver perfusion
The use of hepatic arterial infusion chemotherapy is based 
on the principle that the regional administration of certain 
drugs can lead to higher drug concentrations within the 
tumor with less systemic side effects. The hepatic arterial 
chemotherapy is often used for treatment of colorectal 
metastases, but controlled studies fail to show a significant 
benefit in overall survival. 

To increase the response rates of chemotherapy, isolated 
hepatic perfusion (IHP) was applied. Aigner et al. (46) 
treated 29 patients with colorectal metastases with IHP 
using 5-FU under hyperthermic condition, and the median 
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survival was 8 months. Vahrmeijer et al. found an overall 
response rate of 29% and a median survival of 19 months 
in 24 patients treated with IHP using melphalan in patients 
with colorectal metastases (47,48). The addition of tumor 
necrosis factor (TNF) to the perfusate may improve the 
response rate (49). 

Molecular targeted therapy
The newer targeted therapies, such as bevacizumab and 
cetuximab, alone and in combination with chemotherapy 
are used for colorectal liver metastases. The addition 
of bevacizumab/cetuximab to fluoropyrimidine-based 
chemotherapy, with or without irinotecan or oxaliplatin, 
in both the first- and second-line treatment of metastatic 
colorectal cancer, significantly increased the median 
progression-free survival or time to disease progression in 
most randomized controlled trials (50-53).

Conclusions

Cryosurgery is feasible and safe for treatment of colorectal 
liver metastases. The technique is primarily palliative 
but may provide a possibility of cure in selected patients. 
Advances in instrumentation and intra-procedural imaging 
technique are making cryosurgery a viable surgical 
therapeutic alternative in the management of patients with 
unresectable colorectal liver metastases. Percutaneous 
cryosurgery can yield effects similar to that of open 
cryosurgery in hands of experienced surgeons.
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