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Introduction

Metastatic disease to the liver is present at the time of diagnosis 
in 20% of patients with colorectal cancer and develops 
in an additional 40% over the course of their disease (1).  
In 30% of patients, the liver is the only site of metastatic 
disease. Liver resection offers the best chance of cure for 
patients with liver metastases with 5-year survivals of up 
to 50%. Unfortunately, only up to 25% of eligible patients 
undergo resection because of co-morbid conditions (1).  
First line chemotherapy with oxaliplatin or irinotecan and 
the addition of a biologic agent have increased median 
survival time to 18-21 months (2). However, after failing 
first line chemotherapy, the response rate to second line 
agents ranges from about 20-35% (3,4). For these reasons 
loco-regional or liver-directed therapies are significant 
for treatment of liver-predominant metastatic colorectal 
cancer (1). Liver-directed therapy may be administered with 
curative or palliative intent via open surgical, laparoscopic 
or image-guided percutaneous techniques. This review 
focuses only on non-operative techniques and their results.

Ablative therapies

Ablation of colorectal hepatic metastases is generally 

reserved for patients with disease confined to the liver. 
Ideally, patients should have three or fewer lesions in 
the liver with each lesion measuring ≤ three centimeters 
in diameter. Ablative therapies include radiofrequency 
ablation (RFA), microwave ablation, laser ablation and 
ultrasound ablation, all of which induce thermal damage 
to tissues. In contrast, cryoablation freezes tissue at 
temperatures ranging from –20 to –40 degrees centigrade 
that leads to cell death. Irreversible electroporation—
an emerging technology that uses electrical energy to 
introduce pores in cellular membranes with resultant 
cellular destruction-is currently under investigation (5). In 
addition, percutaneous instillation of ethanol directly into 
a tumor is often performed in patients with hepatocellular 
carcinoma, though this technique is not yet frequently used 
in colorectal carcinoma.

Radiofrequency ablation (RFA)

RFA, the most extensively studied ablative technique for 
treatment of colorectal liver metastases, is similar in intent 
to surgical resection. Rapidly alternating electrical current 
produces ionic oscillations in bipolar water molecules, 
which then generate frictional heat (Figure 1). An electrode 
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probe (Figure 2) is placed within the metastatic lesion, while 
grounding pads are placed on the lower extremities. Energy 
dispersion is greatest in the vicinity of the probe generating 
temperatures of >100 degrees centigrade. Cell death takes 
place after several minutes at 50 degrees centigrade and 
instantaneously at temperatures of >60 degrees centigrade. 
Current technology can produce lethal burns of >5 cm 

diameter with a single probe (Figure 3). Tissue destruction 
is dependent on heat conduction generated from the active 
elements of the probe; therefore, optimal lesions are <3 cm  
in diameter with incomplete destruction more likely with 
increasing lesion size. Impediments to effective RFA include 
lesion location adjacent to critical structures such as bowel 
or central bile ducts. Flowing blood in vessels >3 mm  
creates a heat sink effect, drawing heat away from the treated 
area. Tissue charring in the vicinity of the active elements 
creates an insulator, which can also limit heat conduction.

For small hepatocellular carcinomas, the results of 
RFA approach those of surgical resection with respect 
to recurrence, time to progression, and overall survival. 
For colorectal liver metastases, multiple retrospective 
case matched comparisons as well as meta-analyses are 
available, which compare surgical resection to RFA (6-8). 
An increased incidence of recurrence in the treated lesion 
(5-13%), decreased time to progression, and decreased 
median survival (1-year, –85%; 3-year, –36%, 5-year, –24%)  
are reported in patients undergoing RFA compared to 
surgical resection (7). In well-selected patients with 3 or 
fewer lesions less than 3 cm in diameter, 5-year survivals of 
up to 33% are reported (9). In patients who are not surgical 
candidates, RFA remains a valuable tool. It is increasingly 
used in conjunction with surgical resection to increase the 
number of surgical candidates. A study by Livraghi in 2003 
demonstrated that RFA followed by incomplete ablation 
or recurrence in the ablative bed did not negatively affect 
subsequent surgical resection (10). The most important 
factor for local recurrence after RFA is tumor size, and 
larger lesions are at higher risk for local failure (Table 1).

Figure 1 Mechanism of radiofrequency ablation (RFA). Rapidly alternating electrical current produces ionic oscillations in bipolar water 
molecules, which generate frictional heat.

Figure 2 RFA electrode probe. RFA, radiofrequency ablation.
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Microwave ablation

Microwave ablation relies on generation of electromagnetic 
radiation in the 900 to 2,450 MHz range from antennae 
placed within the treated lesion. Similar to RFA, ionic 
oscillations occur in response to oscillating electrical 
charge with generation of frictional heat (21). Microwave 
ablation offers a broader field of power density providing 
active heating up to 2 cm surrounding the antenna with less 
dependence on thermal conduction. This differs from RFA, 
where active generation of heat is only a few millimeters 
surrounding active elements and has a greater reliance on 
thermal conduction. Therefore, microwave ablation may 
lead to more uniform tissue heating with the ability to treat 
larger lesions using multiple antennae. There may also 
be less of a heat sink effect from flowing blood and less 
tissue charring. The elimination of the need for grounding 
pads, which carry an associated risk of skin burns, as well 
as shorter procedure times are additional advantages of 
microwave ablation (21).

Microwave ablation is being used increasingly as an open 
or laparoscopic procedure but also percutaneously under 
image guidance (21,22). While there are no randomized 
trials comparing it to RFA, certain advantages may exist. 
As with RFA, the incidence of recurrence in the treated 
lesion, as well as disease-free and overall survival favor 
surgical resection over microwave ablation. Recurrence 
rates following microwave ablation reported in observation 
studies and meta-analyses range from 5-13% with 1-, 
3-, and 5-year survival rates of 73%, 30% and 16%, 
respectively (7). As with RFA, microwave ablation has been 
described in conjunction with surgical resection to achieve 
survival rates similar to resection alone (23) (Table 2).

Cryoablation

Cryoablation is performed through the use of a probe 
within the lesion, where argon is infused, dropping tissue 
temperatures to –40 degrees centigrade and creating an 
ice ball of various sizes depending on probe configuration. 
Within the ice ball there are predictable thermal zones 
ranging from –40 degrees to 0 degrees centigrade. Tissue 
death occurs at –20 to –40 degrees centigrade. Advantages 
of cryoablation include ability to visualize the ice ball 
while using CT guidance and less procedure related 
pain. There are variable survival rates and high rates of  
complications (7). Disadvantages include the need for 
multiple probes and lack of a coagulative effect potentially 
leading to bleeding complications (28). The high rate of 
complications and fear of cryoshock has led to this technique 
falling out of favour as other safer and equally effective 
techniques have evolved (7). Currently cryoablation has 
been replaced by RFA and microwave ablation for ablative 
treatment within the liver (Table 3).

Embolization procedures

Locoregional therapies administered through the hepatic 
artery for the treatment of primary and metastatic hepatic 
cancer include bland particulate embolization, chemo-
infusion, chemoembolization and radioembolization. The 
dual blood supply to the liver enhances the effectiveness 
of these techniques. Hepatic malignancies receive 80% 
of their blood supply from the hepatic artery. In contrast, 
the normal liver receives 80% of its blood supply from 
the portal vein with only 20% from the hepatic artery. 
Therefore, liver directed therapies through the hepatic 

Figure 3 Pre and post-RFA appearance of colorectal hepatic metastasis. (A) Intra-procedural CT demonstrates RFA probe within left lobe 
hepatic metastasis; (B) post-procedure CT 6 months status post RFA demonstrates left lobe liver ablative lesion with no residual perfusion. 
RFA, radiofrequency ablation.
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Table 2 Microwave ablation series—review of survival outcomes and toxicities

Article

No. of 
patients with 

colorectal liver 
metastases

Median No. 
of hepatic 

metastases per 
patient

Tumor 
diameter 

(cm)

Follow-Up 
(mo)

Survival
Local recurrence 

rate (%)

Major 
complications 

(%)

Minor 
complications 

(%)

Seki  
et al. (24)

15.0 1.0 2.2 18.0 Median OS: 
24.2 months

7.0

Shibata  
et al. (25)

14.0 4.1 (mean) 2.7 (mean) 11.3 Mean OS:  
27 months
1 year: 71%
3 years: 57%
5 years: 14%

NR overall 
recurrence =50

6.7

Martin  
et al. (23)

50.0 2.0 3.0 Median OS:  
36 months

6.0 Major + minor =30

Bhardwaj  
et al. (26)

24.0 2.9 (mean) 2.0 (mean) 48.0 Median OS:  
29 months
3 year: 40%

2.0

Liang  
et al. (27)

21 non-CRC 
mets: 53

2.0 (mean) 3.0 25.1 (mean) Median OS: 
20.5 months
1 year: 91%
2 years: 60%
3 years: 46%
4 years:29%

14.0 0.0 16.2

Median value unless explicitly noted to be mean value. OS, overall survival; cm, centimeters; mo, months; CRC, colorectal cancer. 

Table 3 Cryoablation series—review of survival outcomes and toxicities

Article
No. of patients 
with colorectal 

liver metastases

Median No. of 
hepatic metastases 

per patient

Tumor 
diameter 

(cm)

Follow-up 
(mo)

Survival
Local 

recurrence 
rate (%)

Major 
complications 

(%)

Minor 
complications 

(%)

Seifert and 
Morris (29)

116 3.9 (mean) 4.4 (mean) Median OS:  
26 months
1 year: 82% 
2 years: 56%
3 years: 32%
5 years: 13 %

31.0

Joosten  
et al. (30)

30 3.0 2.0 26.0 1 year: 76 %
2 years: 61%

9.0 30.0

Yan  
et al. (31)

172 4.2 (mean) 3.6 (mean) 23.0 Median OS:  
28 months
1 year: 89%
2 years: 65% 
3 years: 41%
4 years: 24%
5 years: 19%

39.0 28.0

Paganini  
et al. (32)

49 5.1 (mean) 39.3 Median OS: 
23 months
3 years: 31%

26.0 55.0

Median value unless explicitly noted to be mean value. OS, overall survival; cm, centimeters; mo, months. 
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artery preferentially target the neoplasm with relative 
sparing of normal liver parenchyma.

Bland embolization

Bland embolization utilizes inert particles of various sizes 
and composition to obstruct tumor microvasculature, 
leading to tumor infarction. While bland embolization 
is effective in the treatment of hepatocellular carcinoma 
and neuroendocrine tumors, it not frequently utilized for 
colorectal metastases.

Chemoinfusion

Chemoinfusion or delivery of chemotherapy directly into 
the hepatic artery results in high exposure of the liver to 
the chemotherapeutic agent. It can be delivered through 
catheters placed percutaneously into the hepatic artery 
or most commonly through pumps and catheters that are 
surgically implanted. Since placement of the hepatic artery 
infusion pump is most commonly placed via a surgical 
procedure, it will only be briefly discussed in this review. 
Floxuridine (FUDR) is the most commonly used drug and 
has a high first pass clearance by the liver, which enhances 
hepatic exposure and decreases systemic exposure. While 
it has high response rates (up to 85%), and demonstrates 
prolonged progression-free survival (up to 31 months), it 
is not clear that overall survival is improved over current 
first line chemotherapy. In addition it is plagued by 
catheter malfunction, arterial occlusion and hepatic toxicity 
including intra- and extra-hepatic bile duct damage (33,34). 
Its role after failure of first and second line chemotherapy 
as well as adjuvant therapy following liver resection also 
remains to be determined (35).

Chemoembolization

In contrast to simple infusion of chemotherapy through 
the hepatic artery, chemoembolization combines arterial 
obstruction with the delivery of chemotherapeutic agents. A 
commonly employed chemoembolization protocol combines 
the delivery of chemotherapeutic agents emulsified in 
ethiodized oil with particulate embolization. The ethiodized 
oil/chemotherapeutic mixture lodges distally within the 
hepatic arterioles and portal venules, trapping the agent in 
the tumor microvasculature. Bland embolization following 
the delivery of the ethiodized oil/chemotherapeutic mixture 
leads to stasis and increased contact time within the tumor, 

which increases local drug delivery while reducing systemic 
exposure (36). Recently, drug-eluting beads have been 
developed in which the chemotherapeutic agents such as 
doxorubicin or irinotecan are ionically bound to particles 
of various sizes. Following embolization there is a gradual 
prolonged release of the chemotherapeutic agent within the 
tumor with greatly reduced systemic release (37).

Hepatic artery chemoembolization is appropriate for 
patients with liver dominant metastatic disease, ECOG 
performance status of 0-2, and preserved liver function 
with serum bilirubin of less than 2 mg/dL. Ideally the 
portal circulation is preserved and tumor volume is 
less than 50%. Standard chemoembolization protocols 
include a variety of agents but often include mitomycin, 
doxorubicin and cisplatin emulsified in ethiodized oil (38). 
Treatment is performed in a lobar distribution starting 
with the more affected lobe and followed by treatment of 
the contralateral lobe in 15 to 30 days. Bilobar treatment 
is considered one cycle. Response is assessed with CT 
or MR imaging at 30-90 days and treatment cycles are 
repeated as necessary for disease progression. Most often, 
chemoembolization is considered after failure of first and 
second line chemotherapy. In a report by Albert et al.,  
using the previously mentioned standard method of 
chemoembolization with mitomycin C, doxorubicin, and 
cisplatin mixed with ethiodized oil, the authors reported 
partial response, stable disease, and disease progression 
in 2%, 41%, and 57% of patients, respectively. Median 
time to liver progression was 5 months and overall disease 
progression was 3 months. Median survival following the 
first chemoembolization was 9 months (38). These results 
are similar to other series reporting median survivals of  
8-14 months from the time of first chemoembolization  
(39-41). Complications of chemoembolization are common 
but most often minor, including the anticipated post 
embolization syndrome of fever, nausea, vomiting and 
abdominal pain, which are usually easily controlled and of 
limited duration. More serious complications including liver 
failure, renal failure, liver abscess, cholecystitis, myocardial 
infarction and pulmonary embolus have also been reported

Advances in drug delivery systems have led to further 
control of the release of chemotherapeutic agents within 
hepatic metastatic lesions, increasing contact time, 
while decreasing systemic exposure. These include 
hydrogels, microspheres, and polymer implants. The 
most extensively studied of these are non-biodegradable 
polyvinyl alcohol (PVA) microspheres (beads) (DC Bead, 
Biocompatables, West Conshohocken, PA, USA). The 
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beads are modified with the addition of a sulfonic acid 
containing a moiety resulting in a charge that permits the 
interaction and binding with oppositely charged drugs, 
such as doxorubicin and irinotecan (37). Drug eluting beads 
loaded with irinotecan (DEBIRI) provide an alternative 
for chemoembolization of colorectal cancer metastatic to 
the liver. Beads of varying diameter (70-900 microns) are 
loaded with irinotecan, and based on disease distribution 
they are delivered in a lobar, segmental or superselective 
arterial distribution. For lobar administration, a single 
lobe is initially treated, while the second lobe is treated 
approximately 14-28 days later, with bilobar treatment 
considered a single treatment cycle. Cycles can be repeated 
if disease progression is noted.

In most reports, prior to DEBIRI chemoembolization, 
patients had undergone previous chemotherapy and failed at 
least one line of chemotherapy, with some having failed two or 
three regimens of chemotherapy. In general, patients tolerate 
DEBIRI well with the most common adverse event being the 
post-embolization syndrome. Abdominal pain, occasionally 
severe, is reported in 40-63% of patients. Hypertension 
is also frequently reported but is most often transient and 
related to pain. Aliberti reported results in 82 patients  
who failed initial lines of chemotherapy with response to 
DEBIRI of 78% at three months, progression free survival 
of 8 months and median survival of 25 months (42).  
These results are similar to those reported by Martin 
with response at 6 and 12 months of 66% and 75%, and 
progression free and overall survivals of 11 and 19 months, 
respectively (43). Other reports and meta-analyses report 
response to treatment in 18-78% of patients with median 
survival rates of 15-25 months (44). Patients failing only 
first line chemotherapy exhibit better overall response and 
survival compared to patients having failed multiple lines of 
chemotherapy. In a randomized trial comparing DEBIRI 
to 5-fluorouracil (5-FU)/leucovorin/irinotecan in patients 
failing first lines of chemotherapy, time to progression and 
overall survival favored DEBIRI at 7 and 22 versus 4 and  
16 months,  respect ively  (44) .  Toxic i ty  including 
neutropenia, diarrhea, and mucositis were less frequent in 
the DEBIRI group (44). Both standard chemoembolization 
and DEBIRI have been reported to downstage up to 20% 
of patients to surgical resectability (45) (Table 4).

Radioembolization

Radioembolization incorporates Yttrium-90, a radioactive 
beta emitter (maximum energy 2.27 MeV and mean range 

of 2.5 mm in liver tissue) embedded in resin (SIRSpheres, 
SIRTEX) or glass microspheres (Theraspheres, MDS 
Nordion) for delivery of high dose radiation to the tumor 
with reduced radiation exposure to the remaining normal 
liver parenchyma. The radioembolization procedure 
consists of a femoral artery catheterization approach to the 
hepatic artery through which Yttrium-90 microspheres 
are delivered. Once in the tumor’s vascular network, these 
particles occlude the smallest capillaries leaving the majority 
of the microspheres within the tumor whereby they emit 
radiation therapy, which is known to be one of the most 
effective cancer therapies for solid tumors. Traditionally, 
the concern about radiation delivery to the liver has been 
the risk of radiation induced liver disease (RILD). Due to 
the hepatic artery-dominant blood supply for about 80% 
of liver tumors, the Yttrium-90 microspheres preferentially 
flow to the tumors. Pathological studies have confirmed the 
distribution of the microspheres (47). In patients treated 
with radioembolization, RILD consists of a constellation 
of icteric ascites, hepatomegaly, and mild transaminitis in 
relationship to the bilirubin, which is markedly elevated. 
Patients who have received chemotherapy prior to RE 
are at higher risk for RILD (48). This technique helps to 
overcome the radiosensitivity of the liver parenchyma. 

As the half-life of Yttrium-90 is 64.8 hours, the particles 
are radioactive for a period of about 14 days but most 
of the radioactivity is delivered over five days. Although 
SIRSpheres and TheraSpheres are used interchangeably, 
SIRSpheres are FDA-approved for colorectal cancer 
metastases and Therasphers for hepatocellular carcinoma.

The radioembolization process is conducted in at least 
two parts. The first session, the mapping portion consists 
of a Technicium-99 macro-aggregated albumin SPECT 
scan during which particles mimicking the Yttrium-90 
microspheres determine the percentage of lung shunting 
which may occur with the radioembolization procedure. If 
greater than 20% lung shunting occurs, then the patient is 
not eligible for radioembolization. Likewise, the Yttrium-90 
dose may be modified based on the percentages of lung 
shunting. Also during this procedure, occlusion of the 
gastroduodenal artery or other collateral vessels may be 
performed to prevent retrograde flow of the microspheres, 
which can result in gastric and duodenal ulcers (15%). 
The radiation dose is calculated by the body surface area 
method or an empiric dose may be administered but is 
thought to carry higher rates of toxicity (49). The next 
procedure consists of the administration of the Yttrium-90 
microspheres, which may be performed in a whole liver 
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approach or sequential lobar treatments. The advantage 
of sequential treatments is to observe the effect of first 
radioembolization and to assure that sufficient contralateral 
liver reserve exists. Patients may be then monitored on an 
every 2-3 month basis after completion of therapy (Figure 4).

Appropriate patient selection for this procedure helps 
to ensure that the maximum benefit of this therapy will 
be provided. For colorectal cancer patients with liver 
metastases, it is preferable that the patient has liver-limited 
confirmed metastatic disease to achieve maximal benefit 
with RE. Small volume extrahepatic disease is permitted. 
Relative contraindications include a history of ascites or 
portal vein thrombosis, both conditions are more likely with 
hepatocellular carcinoma. Other requirements are a Zubrod 
performance status of 0-2; bilirubin <2 and ideally <1;  
creatinine <1.5× upper limit of normal, WBC >1.5×109/L; 
Plt >100×109/L; albumin >30 g/L.

The risks of this procedure include constitutional 
symptoms and abdominal pain, gastric/duodenal ulcer 
for which prophylactic proton pump inhibitors are 
initiated, and radiation induced liver injury. Results of 
radioembolization are shown in Table 5.

S e v e r a l  t r i a l s  c o m b i n i n g  c h e m o t h e r a p y  a n d 
radioembolization have demonstrated encouraging outcomes. 
van Hazel et al. (59) evaluated 5-FU and leucovorin with or 
without radioembolization in a phase II randomized trial in 
21 patients. Radioembolization was administered on the 
3rd or 4th day of the second cycle of chemotherapy. The 
response rate, median survival for 11 patients receiving 
combination therapy was significantly greater than those 
who received chemotherapy alone. Sharma et al. (60) 
evaluated combined radioembolization with modified 
FOLFOX4 in a phase I study of 20 patients. Grade  
3 abdominal pain occurred in 25% of patients (with a 10% 

rate of radioembolization-related gastric ulcers), grade 
3-4 neutropenia in 60% of patients, and one episode of 
transient grade 3 hepatotoxicity. Partial responses occurred 
in 90% of cases. Median progression-free survival was 
9.3 months, and median time to progression in the liver 
was 12.3 months. Hendlisz et al. (61) conducted a phase 
III trial comparing continuous infusion 5-FU alone or 
with radioembolization for liver-limited metastatic CRC 
in 46 patients. Median time to tumor progression was  
2.1 months for the 5-FU alone group versus 5.4 months 
in the combination group. Over half of patients (25/44) 
went on to receive further treatment after progression. 
Median overall survival was 7.3 months in the 5-FU arm 
and 10.3 months in the combination arm (P=0.80). Van 
Hazel also conducted a study of irinotecan concurrently 
with radioembolization and evaluated three dose levels 
of irinotecan, and did not reach a maximum tolerated 
dose, so a dose of 100 mg/m2 on days 1 and 8 of a 3-week 
cycle was recommended (62). Based on the available data, 
radioembolization is most often administered independently 
of chemotherapy to patients with liver-limited metastases to 
aid in prolonging survival and time to progression.

Stereotactic body radiotherapy (SBRT)

SBRT also known as stereotactic ablative body radiotherapy 
(SABR) denotes a precise delivery of high doses of radiation 
to an extracranial target in a small number (usually up to 6) 
of fractions (63). Standard fractionation of 1.8-2.0 Gray per 
day is effective because of the differential response of tumor 
and normal tissue to radiation therapy, with the repeated 
fractions allowing repair of normal tissues. In contrast, 
SBRT is thought to be more effective relative to standard 
fractionation radiation with apparent improvements 

A B C

Figure 4 (A) Pre-radioembolization CT demonstrates enhancing colorectal hepatic metastasis; (B) immediate post-radioembolization 
bremsstrahlung scan demonstrates activity within the hepatic metastasis consistent with selective uptake of radioactive Y90 microspheres by 
the lesion; (C) 6-month post-treatment CT demonstrates complete response of the lesion. 
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Table 5 Radioembolization series—review of methods and outcomes

Author
Number of 

patients

Volume of 

disease (%)

Median 

prescription 

dose

Extra-hepatic 

metastases 

(%)

Response 

(%)

Progression-

free survival 

(months)

Median survival 

from radioembo 

(months)

Patients with 

decrease in 

CEA (%)

Murthy  

2005 (50)

12 <25%: 33

25-50%: 25

>50%: 42

396 mCi NR CR: 0

PR: 0

SD: 50

PD: 50

NR 4.5 33%

Mulcahy 

2009 (51)

72 <25%: 78

25-50%: 19

>50%: 3

118 Gy 40 CR: 3.1

PR: 37.5

SD: 44.5

PD: 14.8

15.4 14.5 NR

Cianni

2009 (52)

41 <25%: 61

25-50%:15

>50%: 24

1.82 GBq 10 CR: 5

PR: 41

SD: 34

PD: 20

9.2 12 100

Chua

2011 (53)

140 <25%: 55

25-50%: 36

>50%: 9

1.8 GBq 36 CR: 1

PR: 31

SD: 31

PD: 37

NR 9 NR

Seidensticker

2011 (54)

29 <25%: 10.3

25-50%: 89.6

>50%: 0

1.76 GBq 48.3 CR: 3.4

PR: 41.4

SD: 17.2

PD: 37.9

5.5 8.3 NR

Martin

2012 (55)

24 NR 1.72 GBq 54 CR: 3.4

PR: 41.4

SD: 17.2

PD: 37.9

3.9 8.9 21

Cosimelli

2010 (56)

50 <25%: 40

25-50%: 60

1.7 GBq NR CR: 2.0

PR: 22

SD: 24

PD: 44

3.7 12.6 NR

Stubbs

2006 (57)

100 <25%: 60

25-50%: 21

>50%: 19

2 GBq 25 CR: 1.0

PR: 73

SD: 20

PD: 6

NR 11 96

Kennedy  

2006 (58)

208 <25%: NR

25-50%: NR

>50%: NR

1.75 GBq NR CR: 0

PR: 36

SD: 55

PD: 10

NR 10.5 NR

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NR, not reported.
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in tumor cell kill. SBRT is complicated by the need to 
work with irregularly shaped targets and tumors that 
are influenced by organ and diaphragm motion. SBRT 
requires accurate immobilization, a method to manage the 
respiratory motion of the target, and image guidance to 
ensure proper alignment and delivery of the radiation dose. 
Historically SBRT has been used to treat smaller lesions 
(<6 cm in diameter) in the liver, and it may also be used for 
larger sized liver metastases as well (63).

SBRT requires careful radiation design with the first 
step of simulation to create a reproducible position of 
the patient, using a large rigid pillow conforming to the 
patient’s external contour with a reference coordinate 
system beneath and around the patient, which allows for 
a 3-dimensional localization of the patient. After creating 
of the immobilization device, a high resolution computed 
tomography (CT scan) with IV and oral contrast generates 
an image of the patient, target, and immobilization 
device. Acquisition of a 4-dimensional CT scan provides 
information about target and respiratory motion. CT 
images may be obtained with contrast and can be registered 
to diagnostic images, such as PET scans or MRIs. 
During simulation, the method of liver immobilization is 
determined with options based on institutional availability 
including controlled breath holds, shallow breathing, 
abdominal compression devices, beam gating timed to the 
respiratory cycle, or tumor tracking via implanted fiducial 
markers (64).

Manual delineation of the target and normal organs 
by the physician is followed by determination of a beam 
arrangement to meet specific dose constraints. This process 
may take several days to generate a highly conformal 
treatment plan via multiple iterations and discussion 
between the physician and physics team. Radiation beams 
may be delivered through a multi-field 3-dimensional 
conformal plan with a combination of coplanar and non-
coplanar beams or intensity modulated radiation therapy 
(IMRT). To achieve an adequate SBRT plan, numerous 
beam angles must be employed (6 or more) such that each 
beam is sufficiently weak to spare radiation dose to normal 
organs, and at the convergence of the beams, the maximal 
radiation dose is delivered. Similarly, IMRT employs 
multiple angles, but within each angle, the shields within 
the linear accelerator (multileaf collimators) dynamically 
move to spare organs at risk. IMRT is less ideal for SBRT 
due to the interplay effect.

During each treatment, assessment of patient position 
is conducted via image guided radiation therapy, with 

fluoroscopy, megavoltage or kilovoltage X-rays or cone beam 
CT scans (CBCT) to assure accuracy of liver positioning. 
Alternatively, tracking may occur after the placement of 
fiducials. Although this is a relatively new modality for liver 
directed therapy, the non-invasive nature of therapy makes 
it particularly appealing.

Candidates for liver SBRT should have a sufficient 
performance status (ECOG 0-1) and liver function and 
no extrahepatic disease. The uninvolved liver volume 
should be 700 mL or greater (64). Based on the volume of 
disease, patient comorbidities, baseline liver function, and 
performance status, the multidisciplinary team can begin 
to make treatment recommendations for liver-directed 
therapy. For diffuse disease, the embolization procedures 
may be appropriate therapy. Although outcomes appear 
similar in chemo- and radio-embolization, it is important 
to recognize that the volume of disease in the available 
literature may be inconsistent. Likewise, most SBRT series 
allow for larger lesions than RFA despite having apparently 
similar outcomes (Table 6).

Summary

Decision making

We provide various cases to demonstrate the decision-
making and representative images for each scenario.

Case discussion 1 (Figure 5) 
A 67-year-old woman with a history of adenocarcinoma of 
the sigmoid colon status post sigmoidectomy presents with 
new onset fatigue and a rise in carcinoembryonic antigen 
(CEA). A CT of the chest, abdomen and pelvis, reveals new 
liver lesions in segments I and V, and a CT guided biopsy of 
the segment V reveals adenocarcinoma. As the patient had 
tolerated any of her chemotherapy with difficulty, medical 
oncology recommended liver-directed therapy. Interventional 
radiology reviewed her films but did not this that was an 
optimal situation for RFA due to possible heat sink of the 
central lesion and possible gastric injury for the segment 
V lesion. Given her low volume of disease, chemo- or  
radio-embolization was not warranted. Therefore, SBRT 
was proposed and delivered to the patient.

Case discussion 2 (Figure 6) 
A 45-year-old woman with a diagnosis of diffuse liver 
metastases due to colon cancer requires a chemotherapy 
holiday due to neuropathy from therapy. She has been 
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treated with FOLFOX and FOLFIRI. Given the diffuse 
nature of her liver metastases and clinical situation, Y90 
radio-embolizaiton was recommended. Chemoembolization 
was considered to be an option but available results have 
shown better outcomes for smaller volume disease.

Case discussion 3 (Figure 7) 
A 54-year-old man with a remote history of rectal cancer 
is found to have a new solitary liver metastasis measuring  
2 cm. The patient has agreed to receive chemotherapy. 
RFA was recommended by the multidisciplinary liver 
tumor board given its long track record and good success in 
tumors <3 cm.

Table 6 Stereotactic body radiation therapy outcomes

Author, year, 

prospective/

retrospective

No. of patients/

No. of liver 

metastases

Organ of origin Tumor volume RT dose Complications Results

Blomgren  

1995 (65), 

retrospective

14 11 CRC, 1 anal 

canal, 1 renal,  

1 ovarian

3-260 mL 7.7-45 Gy/1-4 fx Hemorrhagic 

gastritis (2)

50% response 

rate

Katz 2007 (66), 

retrospective

69/174 20 CRC, 16 

breast, 9 

pancreas, 5 lung

0.11-950 mL 30-55 Gy/5-15 fx No grade 3 or 4 

toxicities

Infield local 

control at 10 

months: 76% at 

20 months: 57%

Rusthoven  

2009 (67), 

prospective

47/63 15 CRC, 10 

lung, 4 breast,  

3 ovarian

0.4-6.8 cm

0.75-97.98 cm3

36-60 Gy/3 fx No grade 4 or 5 

toxicities

IY LC 95%

MS 20.5 months

Lee 2009 (63), 

prospective

686 CRC 40

Breast

Gastric

1.2-3,090 cm3 27.7-60 Gy/6 fx gastritis, nausea, 

thrombocyoenia

1Y local control: 

58-95%

MS 17.6 months

Chang 2011 (68), 

retrospective, mult-

institutional

65 CRC 102 30 mL  

(0.66-3,088)

22-60 Gy No grade  

4 toxicities

1Y LC: 62%

Mendez Romero 

2008 (69), 

prospective

17/34 37 CRC, 2 lung, 

4 breast, 1 

carcinoid

0.5-7.2 cm 5 Gy 5 or  

30 Gy ×10

3% duodenal ulcers Local control at 

1 year: 94% and 

at HCC: 82%

Goodman  

2010 (70), 

prospective

26/32 6 CRC, 5 IHCC, 

2 HCC, 27 other 

primary

0.8-147 cc 18-30 Gy/1 fx 2/31 with duodenal 

ulcers

2/31: 

musculoskeletal

Median survival: 

28.6 months

Hoyer 2006 (71), 

prospective

64/44 (lung and 

other organs 

also included)

NR 45 Gy/3 fractions 1 hepatic failure,  

2 duodenal ulcer,  

1 colonic perforation

NR for liver 

metastases 

alone

Figure 5 Two colorectal metastases at locations not amenable 
to RFA were treated with SBRT. RFA, radiofrequency ablation; 
SBRT, Stereotactic body radiotherapy.
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Conclusions

While there have been many exciting developments in liver 
directed therapy, most of our understanding of treatment 
outcomes is derived from observational studies. This 
limits our ability to critically compare techniques and to 
incorporate them into the treatment armamentarium of 
metastatic colorectal cancer. Randomized control trials of 
liver-directed therapy are necessary to elucidate the optimal 

Figure 6 A solitary lesion in a non-surgical candidate, treated with 
RFA. RFA, radiofrequency ablation.

Figure 7 Diffuse liver metastases treated with radioembolization.

A

B

management for patients with hepatic metastases. In the 
interim, multidisciplinary discussion at tumor boards is 
necessary to carefully decide on the optimal therapy for 
each patient.
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