
190 Volume 5 Issue 6 • January/February 2011

The role of radiology in oncology is
rapidly evolving. Whilst the
advances made in diagnostic

radiology are well recognised, there has
also been a large growth in the role of
interventional radiology in cancer
treatment. In many areas, interventional
radiology now provides the mainstay of
treatment, either in conjunction with
surgery, or alone. This article aims to
provide a brief overview of the various
treatment options offered by interventional
radiology in oncological treatment. The
main organ specific treatments are
discussed, along with their indications. 

The liver
In the liver, possibly more than any other
organ, interventional radiology has
developed a number of locoregional
treatments that have greatly expanded the
therapeutic options for patients with either
primary or secondary malignant liver
disease. Whilst the ‘gold standard’
treatment for a focal deposit HCC lesion is

partial hepatectomy, this disease is
frequently multifocal and occurs in patients
with a background of cirrhosis, who often
do not have the reserve of hepatic function
to survive this insult. Similarly, while liver
transplantation is the gold-standard
treatment for organ-confined multifocal
HCC, the supply of transplantable livers is
severely limited. These combined factors
mean that locoregional radiological
treatments are often the only treatment
option available to patients. The treatment
options available are varied, each with their
own strengths and weaknesses, and include
radiofrequency ablation (RFA),
cryoablation, microwave ablation,
transarterial chemoembolisation (TACE)
and transarterial radioembolisation (TARE). 

Radiofrequency ablation
This is possibly the most established
percutaneous treatment modality for HCC.
Radiofrequency ablation involves passing a
current through the patient from grounding
pads, usually applied to the patient’s legs,
to an electrode placed within the lesion. As
the current approaches the focal electrode
it leads to heat production, secondary to
ionic agitation. A temperature of 50oC is
enough to cause cell death. The extent of
the kill zone depends on the temperature
obtained and the length of time it is
maintained for [1,2]. A drawback of RFA is
that it can be difficult to identify the
killzone on cross-sectional imaging, and
therefore be sure the lesion has been
successfully treated. A lesion size of

3–3.5cm has been suggested as the upper
size limit at which a good tumour response
is achieved in both metastases and primary
hepatocellular carcinoma [3,4], with some
studies reporting an equal survival as
compared to partial hepatectomy in HCC
lesions up to 5cm [5]. Whilst the
recurrence rate has been reported to be
unrelated to the tumour cell type (i.e.
Colorectal metastases or HCC), [6]
evidence allowing direct comparison is
limited [30]. A technical limitation is that
the treatment can cause significant
discomfort to the patient if the lesion is
close to the diaphragm or abdominal wall.
In these cases many practitioners prefer to
carry out the procedure under general
anaesthetic to ensure that patient
discomfort doesn’t lead to the procedure
being prematurely terminated, thus under-
treating the lesion (Figures 1 and 2). 

Cryoablation
Cryoablation uses a hollow needle through
which cooled liquids are passed that cause
cooling of the adjacent tissues to as low as -
20oC. Three cycles of rapid cooling and slow
thawing are commonly used to induce cell
death. A weakness of cryoablation, as
compared to RFA, is that the kill zone is
smaller per probe, requiring the use of
multiple probes in the case of a large lesion.
Advantages are that the kill zone is visible
as an ‘ice ball’ on cross-sectional imaging
immediately after the treatment, and that
the treatment is associated with less pain for
the patient. Cryoablation has a specific
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Figure 2: CT post-RFA showing the post-ablation appearance. The high attenuation
adjacent to the tumour is due to variation in hepatic flow. 

Figure 1: CT showing the appearance of a solitary HCC lesion in the right lobe of
liver, pre RFA. The lesion is immediately deep to the diaphragm, and cuased 
significant discomfort during the procedure. 
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complication associated with it known as ‘cryoshock’, a condition
which can result in disseminated intravascular coagulation and
multiorgan failure following treatment. This complication, reported as
occurring in less than 1% of patients [7], is probably associated with
increased volume of treated tissue, [8] limiting the size of lesion that
cryotherapy can be used to treat. Comparison of RFA with cryotherapy
has not been adequately studied in the literature. The greatest body of
experience and long term follow-up lies with RFA, but cryoablation
seems to have a slight advantage in ability to cause cell death, [9] with
a slightly reduced local recurrence rate reported, although there are
too many variables present between the relevant studies (i.e. tumour
type, open vs percutaneous ablation) to allow direct comparison. 

Microwave ablation
A relatively new treatment, microwave ablation causes tissue
heating leading to cell death. The main advantage of percutaneous
microwave ablation over RFA and cryoablation is the speed with
which the treatment can be given. Recent studies showed no
difference in tumour recurrence rates when comparing RFA and
microwave ablation for the treatment of hepatocellular carcinoma
[10,31]. In these studies the complication rates are similar. This is
despite concerns that microwave ablation would be associated with
higher complication rates due to the larger bore size of the needle
and the theoretical risk of non-target organ injury due to the reduced
heat-sink effect. The reduced heat sink effect was hoped to lead to
reduced local recurrence [32]. The main disadvantage of the
treatment is the limited long term follow-up available at present. 

Transarterial chemoembolisation (TACE)
The above therapies all deal with focal liver lesions. Other
radiological treatments also exist which treat the entire

liver/segment of liver affected by the disease. These treatments are
regional embolisations, where materials are infused via the hepatic
artery into the liver substance. Most commonly used with
hypervascular tumours, these materials are preferentially taken up
by the tumour and exercise a toxic affect on the tumour cells. The
process of regional embolisation has evolved significantly over the
past few decades. Originally TACE was carried out with lipiodol, an
iodinated poppy seed oil. Lipiodol is taken up by tumour cells and
causes cell lysis. Lipiodol is phagocytosed by Kupffer cells over a few
days in normal liver. HCC, which does not contain Kupffer cells,
cannot clear lipiodol. As such, lipiodol can remain visible on
imaging in areas of HCC for months or years. Lipiodol treatment was
augmented by the addition of chemotherapeutic agents, which are
emulsified with lipiodol and infused into the liver. Whilst this has
been found to be associated with improved survival [11], the
chemotherapeutic agents wash rapidly through the liver into the
systemic circulation rather than remaining with the lipiodol in the
liver, and may be associated with the side effects. 

The most recent development in regional embolisation therapy
has been drug eluting beads (DEBs), which ionically bind to
chemotherapeutic agents, most commonly doxorubicin. These beads
act as embolisation particles, which slowly elute the chemotherapy
into the tumour over a period of days. This results in a low systemic
level of chemotherapy, but a high regional dose. (Figures 3 and 4) A
randomised controlled trial comparing doxorubicin DEB
chemoembolisation versus doxorubicin/lipiodol showed improved
tolerance and a reduced rate of liver failure in doxorubicin DEB [12].

Transarterial radioembolisation
This is the most recent form of regional embolisation for neoplastic
liver disease. With transarterial radioembolisation (TARE), beta
emitting isotope (usually Yttrium) microspheres are infused via the
hepatic artery into the liver. Lodging in the pre-capillary arterioles,
these microspheres act as a form of brachytherapy, causing tumour
regression. Whilst the concept is similar to TACE, there are a number
of important differences between the two procedures. TARE is much
more time consuming and expensive to carry out as great care must
be taken to ensure that there are no extrahepatic collaterals arising
from the hepatic vessels which the drug is to be administered into,
as these could cause radiation injuries to other organs. As such
TARE consists of a two, or three stage process, as opposed to TACE
which can be carried out at a single stage. TARE is also considerably
more expensive, per treatment, than TACE. 

A positive difference is that the particles in TARE are not intended
to be occlusive, unlike the embospheres/DEB/lipiodol used in TACE.
As such, it is postulated that TARE is safer in patients with more
severe liver disease or portal venous thrombosis. Kulik et al. [13]
found TARE to be indicated in patients with branch/lobar portal vein
thrombosis. A recent metaanalysis found that TARE was an effective
treatment for metastatic colorectal carcinoma, especially when used
in association with chemotherapy [14].

In a study comparing TACE with TARE, TARE was found to be
associated with improved tumour regression. Overall survival also
favoured TARE [15]. 

The kidney
Surgery is still the standard treatment for renal cell carcinoma (RCC),
either radical nephrectomy, or a nephron sparing resection in lesions
less than 4cm. However, this is not always the optimal treatment for
all patients. Patients with a high anaesthetic risk, or those prone to
developing recurrent RCC due to inheritable syndromes (e.g. von
Hippel Lindau) may not be suitable for surgery. In these cases, a
percutaneous approach may offer the best form of treatment. (Figure
5) The literature indicates that RFA is an effective treatment for
smaller RCC lesions (<3.7cm) [16].  As with RFA for HCC, treating
larger lesions is associated with an increased risk of tumour
recurrence. RFA also compares favourably to nephron sparing
surgery in cost-effectiveness [17]. 

A further indication for interventional radiology is pre-operative
embolisation of renal cell carcinoma to reduce the vascularity of the

Figure 3: Subselective catheterisation of hepatic artery supplying focus of HCC
(arrow pointing to enhancement bounded by circle). Image obtained prior to
chemoembolisation with doxorubicin DEB. 

Figure 4: Same patient post TACE. Note reduced flow in treated arterial branch and
absence of tumour enhancement. 
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tumour and limit intra-operative blood loss [18,19]. This procedure
has been reported to not improving survival in RCC patients [20].
However, unlike the previously described procedures, pre-operative
embolisation is mainly carried out to facilitate successful surgery,
rather than to treat the tumour. 

The lung
As with the kidney, interventional radiology has a limited role in
treatment of lung neoplasms, often being confined to treating
recurrences, or lesions in patients unsuitable for surgery. RFA and
percutaneous transthoracic cryotherapy (PTC) are the two modalities
most frequently used for this purpose. Experience with RFA vastly
outstrips PTC. Most studies looking at efficacy of RFA or PTC include
a significant bias, in that patients enrolled for these studies tend to
be unfit for surgery, and are therefore a higher risk patient group.
This limits the ability to compare with the results of surgery for
survival, or recurrence rates. Lesions less than 3cm are frequently
described as being optimally treated with these locally ablative
methods [21,22]. Recurrence rates are higher for T2 lesions (64%)
than for T1 lesions (25%) [21]. However, this is similar to surgical
results; limited surgical resection (e.g. wedge resection) is often
favoured for smaller lung neoplasms over lobectomy or
pneumonectomy, due to the reduced morbidity and mortality. As
with RFA, it has been suggested that local recurrence increases if
limited surgical resections are carried out for lesions over 3cm in size
[23].

A further limitation of RFA is that it can be difficult to access
lesions depending on their site within the chest, with central lesions

being relatively contraindicated, although this is evolving [33].
Apical lesions and those anterior to the scapula are difficult to access
[24]. Nevertheless, whilst long term data is limited, the literature
indicates that in patients unfit or reluctant for surgery RFA does offer
an effective means of local control for T1 lung lesions.

A recent development is microwave ablation of lung tumours.
Early data with this modality also indicates that is may be a
successful method of percutaneous ablation [34].

Skeletal disease
There is growing interest in the role of interventional radiology in
the treatment of skeletal metastatic disease. RFA has an established
role in musculoskeletal medicine in the treatment of painful and
benign bone lesions. There is also evidence to suggest that this role
also extends to the treatment of skeletal metastatic lesions for
palliative purposes [25,26]. 

A recent additional therapy has been added to the
armamentarium for the treatment of skeletal metastatic disease –
cementoplasty. Cementoplasty is a procedure where a needle is
guided into a bone lesion allowing injection of a synthetic bone
cement (often polyethylmethacrylate). This procedure is often
combined with RFA of the lesion to attempt to ablate the metastatic
deposit prior to cement injection. Small studies have found that this
treatment gives effective symptom relief, although the long term
data is not yet available [27,28].

Vertebroplasty involves performing cementoplasty in the spine.
Kyphoplasty is a variation in this procedure, where a balloon is
inflated first within the vertebral body to regain some of the lost
height prior to cement injection. A systematic literature review found
that both vertebroplasty and kyphoplasty were effective treatments
for spinal metastatic disease, with universally successful pain
outcomes and low procedural morbidity [29].

Summary
There is a varied role for interventional radiology in the treatment of
malignant disease in many organs. In some areas this role is only
now developing, indicating a potentially increased role in the future.
In particular, in treatment of early disease or disease in patients with
significant co-morbidities it is expected that interventional
radiological procedures will be able to provide a significant help to
patients and their physicians in disease treatment. n
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