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Current limitations of
radiofrequency ablation
in renal cell carcinoma

For the past 50 years, the standard treat-
ment for renal cell carcinoma (RCC) has
been radical nephrectomy [1]. Apparently,
equivalent cancer control is now being ob-
tained with partial nephrectomy, or neph-
ron-sparing surgery (NSS) for smaller tu-
mours [2, 3, 4]. The only established cur-
ative treatment for RCC remains surgery.
Although morbidity rates from surgery
have decreased with improved techniques,
they are still significant.

Today, most new RCCs are detected as
incidental small renal masses on imaging.
The natural history appears to be one of
slow growth [5, 6]. The current standard
approach of immediate surgery needs to
bere-evaluated. A number of minimallyin-
vasive techniques designed to ablate small
renal masses while preserving renal func-
tion are being investigated. Energy has be-
en delivered percutaneously, extracorpore-
ally or by laparoscopy and the pathophys-
iology of the treatment effects have been
described [7]. The largest experience has
been with cryotherapy. This technique ap-
pears to be safe and has short-term effec-
tiveness and can be delivered laparoscopi-
cally. However, tumour recurrence has be-
en described [8]. An alternative approach
is localised heating. This has the ability to
destroy cancerous tissues while avoiding
thermal damage to surrounding healthy
structures. Among the high-temperature
thermal therapy modalities, microwave,
interstitial laser fibre-optic, high-intensi-
ty focused ultrasound (US), high-energy
shock wave and radiofrequency (RF) have
been described for the ablation of small re-
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nal tumours in animals and small human
series with short follow-up.

RF has been tested on animals, kidney
models, and some encouraging human
experiences have been reported. We ha-
ve: (1) developed a percutaneous RF abla-
tion technique in an in vivo and ex vivo
porcine kidney model, (2) described a po-
tential method to ensure that critical struc-
tures surrounding the kidney are not ther-
mally damaged during treatment, and (3)
described the findings from our human ex-
periments with this technique [9].

From our in vivo porcine experiment
we observed that lesion size was not repro-
ducible and that the time required to create
these lesions varied considerably. We believe
the variability in size is due to the effect of re-
nal blood flow;, where flow per gram of tissue
is greater in the kidney than in the liver and
other organs. These variations suggest that
each case presents unique conditions that
could impact upon the interaction between
energy administration and tissue response.
As opposed to liver lesions produced by
RE renal lesions were wedge-shaped. This
wedge shape may be explained by the pat-
tern of renal circulation with blood flowing
segmentally from the medulla outwards to
the cortex. When blood flow is occluded cen-
trally, the rest of that segment becomes isch-
aemic and undergoes infarction.

Real-time monitoring of lesion progres-
sion is a very important clinical issue. Pre-
diction of lesion size by US immediate-
ly after treatment is inaccurate; however,
grey-scale US at day 7 predicted accurate-
ly lesion size. Lesion size as measured by

power Doppler US was not accurate, but it
may have potential for follow-up of ablated
tumours when perfusion loss is used as a
marker for long-term treatment success.

Heat injury to adjacent tissues and or-
gans was observed. This raised significant
safety issues. To overcome this problem,
we developed a technique to dissect the
tissues surrounding the area to be treated
with saline solution or CO,. After the im-
plementation of this adjunctive technique,
no complications were observed.

Histology consistently demonstrated
thermal changes in the pigs that were sacri-
ficed immediately after RF treatment. For
the lesions removed at day 7 post-REF, the
findings were consistent with ischaemic-
type infarction and morphologic chang-
es ascribed to thermal injury. These find-
ings correlate with the wedge-shaped RF
lesion, which is explained by thrombosis
of major vessels feeding the renal tissue
from the medulla to the cortex and by the
heat itself. This implies that in the kidney,
the “kill zone” is not only formed by the
cytomorphologic correlate of thermal in-
jury, but also by the occlusion of the seg-
mental pattern of blood flow causing isch-
aemia downstream. A thin, well-defined
rim of inflammation was observed in the
periphery of the lesion and viable renal tis-
sue was found beyond this rim.

As lesion size and time required to pro-
duce the lesion were not reproducible, we
conducted an ex vivo porcine kidney exper-
iment where different input power settings
and heating times were tested to determine
the optimum parameters that would make
lesion formation more reproducible.

We have treated small renal masses in
patients with RF [10]. Initially, the tumours
were treated during surgical exposure of
the kidney. In these patients the tumours
were removed immediately after the RF
treatment. In the remaining patients, the
tumours were treated percutaneously un-
der local anaesthesia with RF 7 days before
the partial or radical nephrectomy. The ap-
proximate average of tumour ablation de-
termined by histology was 93%. Complica-
tions due to the RF treatment can occur.

However, to date in our experiments,
the efficacy of this treatment, as demon-
strated by histologically proven ablation of
the entire tumour volume, has not yet be-
en observed. The inability to ablate the en-



tire tumour appears to be due to the heat
sink effect of high renal blood flow and to
the segmental architecture of the kidney.
These factors make the kidney a unique or-
gan and therefore preclude any extrapola-
tion of data obtained from the treatment
of liver tumours.

Percutaneous RF is a promising tech-
nique for the ablation of small renal masses;
however, further investigation is required be-
fore it may be offered as definitive treatment
in humans. To improve the reproducibility
of RE we have developed a phantom model
in our thermal biophysics laboratory to stu-
dy the relationship of renal blood flow and
the delivery of thermal energy.

We are also studying methods to deliv-
er thermotherapy with high-energy extra-
corporeal US.
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Metastasectomy for renal
cell carcinoma

Although the role of surgery for metas-
tases from renal cell carcinoma (RCC) is
not yet clearly defined, we believe that it
should be considered for selected patients
with solitary and limited metastases, a re-
sidual mass after systemic therapy, local re-
currence, and symptomatic metastases.

Metastasectomy for solitary metastasis
was firmly established as potentially effec-
tive by the mid-1970s, and the 5-year sur-
vival rate is still widely quoted to be about
35%. Kavolius recently reported on 94 pa-
tients who underwent resection of a soli-
tary metastasis as first recurrence [1]. Pa-
tients with completely respected solitary
metastasis fared better than those who un-
derwent complete resection of multiple me-
tastases, with a 5-year overall survival rate
of 52% compared with 29% (p<0.005).

At The University of Texas M.D. Ander-
son Cancer Center, 179 (8.5%) of 2,100 pa-
tients with metastatic RCC underwent re-
section for an apparently solitary metastat-
ic lesion between 1984 and 1997. Sites re-
sected included lung (50), axial bone (29),
appendicular bone (27), visceral organ
(23), brain (23), locoregional location, in-
cluding renal fossa or regional lymph no-
des (17), and skin (10). The overall 5-year
survival rate was 29%. Disease-specific 5-
year survival rate for all sites was 19% and
rates were dependent upon the location
of the metastasis. Patients who developed
a metachronous solitary metastasis fared
better than those with a synchronous sol-
itary metastasis (5-year survival rates of
39% and 22%, respectively) regardless of
the site of metastasis.

Resection of multiple metastases may
be worthwhile in selected patients, espe-
cially those who are anticipated to havelon-
ger survival times. However, the presence
of one or more adverse prognostic indica-
tors such as high nuclear grade (or sarco-
matoid histology), poor performance sta-
tus, synchronous metastases or short dis-
ease-free interval after nephrectomy, meta-
static sites other than lung, and multiple or-
gan site involvement argues against aggres-
sive surgical resection of metastases.

Lung metastases are the most frequent-
ly diagnosed and generally most easily re-
sected renal metastases. Typically, the si-
ze and number of lung metastases, whe-
ther they can be completely resected, and
the disease-free interval are important pre-
dictors for survival. Pastorino reported on
4,572 patients who underwent complete
surgical resection and compared them
with 634 patients who had incomplete re-
sections [2]. The actuarial 5- and 10-year
survival rates after complete metastasecto-
my were 36% and 26%, respectively, com-
pared with 13%, and 7%, if incomplete.

Tanguay addressed the potential bene-
fits from combining surgery with system-
ic therapy in 51 patients who had 68 tho-
racotomies at our institution [3]. Twenty-
two patients had initial surgical resection
(20 had only one or two nodules). The re-
maining 29 patients (20 had 4 or more re-
sidual nodules) underwent thoracotomy
for residual disease after a partial response
to systemic therapy. Of 22 patients who un-
derwent initial surgery, 12 (55%) were ali-
ve after median follow-up of 48 months,
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