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Brachytherapy: here today, gone tomorrow?

M R Thomas

become the gold standard therapy for the treatment of

in-stent restenosis (ISR) in bare metal stents. Despite
this, the ‘““uptake” of this treatment by the interventional
community worldwide, and certainly in the UK, was low. In
2005, drug eluting stents (DES) have entered the interven-
tional armamentarium. The potential for DES to lower the
primary incidence of ISR dramatically, and their potential use
to treat ISR, challenges the very existence of intracoronary
brachytherapy.

By the late 1990s intracoronary brachytherapy had

INTRACORONARY BRACHYTHERAPY: THE EARLY
YEARS

The efficacy of intracoronary brachytherapy for the treatment
of de novo coronary disease and ISR was proven in animals' *
and subsequently in a number of human registries,” single
centre* > and multicentre randomised trials® 7 for both  and y
radiation. Setting up a brachytherapy programme was,
however, complex because of the need for cardiologists to
gain therapeutic radiation licenses in association with
medical oncologists and medical physicists. This process led
to a reputation that the procedure itself was “difficult and
complex”” and certainly limited the uptake of the technique
among the interventional community, despite the compelling
clinical data.

During the same period companies who were developing
brachytherapy devices were keen to quickly establish its use
in the treatment of de novo coronary disease. Registries and
randomised trials were started at an early stage (perhaps too
carly) in the development of the technique. The pivotal trial
in this area—the Beta Cath system trial—was probably
performed at a time when many of the lessons of
brachytherapy were still being learned (presentation by
Richard Kuntz at the 2001 meeting of the American College
of Cardiology). The trial randomised 1500 patients to B
radiation or placebo following balloon angioplasty or provi-
sional stenting in the treatment of de novo coronary disease.
All of the pitfalls of brachytherapy were seen in this trial
including geographic miss (where a segment of coronary
artery is injured but not irradiated), the edge effect (where a
segment of coronary artery is injured and receives a low dose
of radiation resulting in an increased neointima and
potentially the “candy-wrapper” effect), and late late stent
thrombosis. Late treatment site (> 30 days) stent thrombosis
was seen in 6.8% of brachytherapy patients compared to 0%
of placebo patients until the antiplatelet regimens were
extended to > 60 days. Prolongation of the antiplatelet
regimen led to an equalisation of the stent thrombosis/late
occlusion rate to 1.3% in each group. This solution to the late
stent thrombosis problem was confirmed in the START
(stents and radiation therapy) trial (a similar randomised
radiation trial, this time in the treatment of ISR) where again
the occlusion rates in brachytherapy and placebo patients
were similar.” The concept that the combination of stenting
or re-stenting and brachytherapy is not a good one because of
a variety of adverse clinical events is established.® In the Beta
Cath trial, because only a 30 mm short source train was
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available, geographic miss was seen in over 80% of the cases.
The combination of these factors in the Beta Cath trial led to
a 44.9% angiographic restenosis rate in stented patients
receiving brachytherapy compared to a 35.3% in similar
patients receiving placebo. This was the “death knell” for the
use of brachytherapy in de novo coronary lesions. This may
have been an opportunity missed. A smaller carefully
performed trial on de novo disease hinted at potentially
spectacular results. This trial started a little later when the
technique was more developed. In the Schneider dose
ranging trial a dose of 18 Gy of B radiation in combination
with balloon angioplasty (with no stents) led to an in-
segment restenosis rate of only 4%.” Interestingly this is lower
than many of the current results for DES in similar lesions
which we are seeing today; with 8.9% in-segment restenosis
in the SIRIUS trial and 5.5-8.6% in the TAXUS II trial." "

INTRACORONARY BRACHYTHERAPY: AN
ESTABLISHED TECHNIQUE

By the year 2000 brachytherapy had become an established
technique, the devices had CE marks, and this technique was
generally felt to be the gold standard treatment for ISR. The
Registry Novoste (RENO) prospectively collected data in over
1000 patients receiving brachytherapy in routine clinical
practice throughout Europe and the Middle East.”” The aim of
the registry was to monitor the results of brachytherapy in a
“real world” environment. The data indicated that the
learning curve was complete with a 96% technical success
rate, only one third of patients received a new stent, a
“pullback” to ensure all injured segments were irradiated
was used in 16.3%, the 60 mm source train was in
development, and geographic miss was seen in only 6.1% of
cases. In addition WRIST (Washington radiation for in-stent
restenosis trial )12 had indicated the need for 12 months of
antiplatelet treatment to minimise late stent thrombosis.” In
those patients being treated for ISR (n = 878) the major
adverse cardiac events (MACE) rate at 6-12 months was
17.7%, made up of 1.9% death, 2.6% myocardial infarction,
and 16.3% target vessel revascularisation. This compares very
favourably with the rates seen in the brachytherapy arms of
the randomised trials (18-29%) and is clearly better than the
placebo results in the same trials (25-68%).

However, a combination of deliberate limitation of licensed
centres (at least in the UK), plus a reluctance of physicians to
undertake the time consuming licensing procedures, limited
the access of this form of treatment to patients. Many
patients continued to be treated by other methods for which
there were no data to suggest that these modalities were any
better than balloon angioplasty (including cutting balloon'*
and re-stenting'”). Drug eluting stents then appeared on the
horizon and many clinicians started to assume there was no
need to provide a brachytherapy service or indeed to establish
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referral lines to other centres providing this service. This was
based on the extremely low restenosis rate seen in the early
trials, including the zero restenosis rate seen in the RAVEL
trial.' Many operators also assumed that DES would be an
efficacious and easy treatment of ISR in a bare metal stent.
Until recently optimism by the interventional community for
the use of DES in treating ISR had not been born out in
interventional trials."” ** The data thus far suggests that DES
will be a good treatment for “simple” ISR but complex
patients do less well. In a complex group of patients treated
in Rotterdam, four of 16 patients had an angiographic or
clinical event by nine months.” Most recently Franz-Josef
Neumann presented the final results of the TROPICAL study
(TCT, Washington 2004 ). This was a registry of 162 patients
with relatively straight forward single vessel ISR treated with
the Cypher DES. The results were very impressive, with an in-
lesion late loss of 0.08 mm and a restenosis rate of 9.7%,
resulting in a very low TLR rate of 2.5%. This registry may
well signal the end for brachytherapy in “simple” ISR.

The results of DES deployment in non-simple lesions has
led to a clear indication that the problem of restenosis is not
solved.” " The SIRIUS trial indicated that in diabetics with
long lesions (> 15 mm) in small vessels (< 2.5 mm), the
angiographic restenosis rate is 23.7%.'"° The RESEARCH
registry from Rotterdam has indicated a 10.7% restenosis
rate when 2.25 mm sirolimus stents are used.” Colombo
et al’ have reported an angiographic restenosis rate of 25.7%
and stent thrombosis rate of 3.5% when sirolimus eluting
stents are implanted in coronary bifurcation lesions. The way
in which ISR in a DES will be treated is far from clear.

PATTERNS OF RESTENSOSIS FOLLOWING DES
FAILURE

In-stent restenosis following deployment of DES will be a
small but significant clinical problem. The same clinical
scenario following bare metal stenting proved to be extremely
difficult to treat and led to the “birth” of intracoronary
brachytherapy. It appears clear that the ease with which this
new disease is treatable will now decide the fate of
brachytherapy.

The trials of DES use to date have indicated that restenosis
following DES placement is predominantly focal in nature
and therefore may be easy to treat. In the SIRIUS trial ISR
was focal in 87% of the DES patients and only 42.2% of the
control patients.'” Potentially, patients with focal ISR follow-
ing a DES may be treated by balloon angioplasty alone.
However there will remain a small group of patients who
experience diffuse ISR in a DES.

Diabetics will be most at risk of ISR following DES. The
current epidemic of obesity will lead to an increasing number
of diabetic patients requiring interventional treatment for
obstructive coronary disease. A total of 44 913 angioplasty
procedures were performed in the UK in 2002. In the recent
past there has been an annual growth rate of 15-20% in the
UK. If one assumes the following:

® a continued growth rate of 20% per annum
® an increase of diabetes to 25% of our population

® angiographic ISR will occur in 15% of diabetics and will be
diffuse in nature in 3%

then by 2006 there will be the need to treat 600 patients with
diffuse ISR following DES placement in diabetics alone. As a
percentage of the total angioplasty workload this will be
small, but for these individuals it is clearly a problem that
needs to be solved. This will be the next major challenge for
the future and potentially is the “lifeline” for brachytherapy
because the potential solutions appear to lie between further
DES placement, surgery, or brachytherapy. Data suggest that
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the benefits of brachytherapy for ISR in bare metal stents are
similar in diabetic and non-diabetic patients.” **

There has been some concern over the use of brachyther-
apy following DES but one may take the view that if the
vessel remains capable of a biological response (as proven by
the presence of neointima after DES) then the use of
brachytherapy carries no more “risk” than after its use in
bare metal ISR.

BRACHYTHERAPY: THE FUTURE?

The role and very existence of brachytherapy in the future is
far from clear. It may be that there will be a role in the
treatment of diffuse ISR following DES but data for this type
of therapy remain limited. At our own institution we have
performed this type of treatment in six cases. Maximum
follow up to date is one year and no clinical events have been
seen. A number of registries are ongoing to monitor the
results of this form of treatment. Certainly this will be a niche
role carried out in a very limited number of centres in any
given country. Investment of any centre in a ‘‘new
brachytherapy programme would seem unwarranted.
Currently only two systems are in general use (Novoste and
Guidant, both B radiation systems) and the development of
these systems will be limited by the companies because of the
low numbers being performed. The support of the companies
for this type of technology may be a factor in the
sustainability of brachytherapy in the future.
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CONCLUSION

Brachytherapy is backed by an impressive literature demon-
strating its efficacy in the treatment of diffuse ISR following
the placement of a bare metal stent. Centres performing the
technique are now well established and experienced in safely
delivering radiation therapy. Until a solution is found for the
treatment of diffuse ISR following the placement of a DES, it
would be premature to abandon this technology and there-
fore it is wunlikely that brachytherapy will be ‘“‘gone
tomorrow”’.

ADDENDUM

In March 2005 brachytherapy centres were informed that the
Novoste device was being withdrawn by the company. It is
clear from this stance that the demand for brachytherapy
procedures does not make economic sense to the industry.
Therefore the decision has been made for the interventional
community; interestingly not by ““us” but by industry based
on the economics of supporting this niche procedure.
Brachytherapy really has gone.

Correspondence to: Dr MR Thomas, Department of Cardiology, King's
College Hospital, London SE5 9RS, UK; mttwins@aol.com

REFERENCES

1 Waksman R, Robinson KA, Crocker IR, et al. Endovascular low-dose
irradiation inhibits neointima formation after coronary artery balloon injury in
swine. A possible role for radiation therapy in restenosis prevention.
Circulation 1995;91:1533-9.

2 Verin V, Popowski Y, Urban P, et al. Intra-arterial beta irradiation prevents
neointimal hyperplasia in a hypercholesterolemic rabbit restenosis model.
Circulation 1995;92:2284-90.

3 Condado JA, Waksman R, Gurdiel O, et al. Long-term angiographic and
clinical outcome after percutaneous transluminal coronary angioplasty and
intracoronary radiation therapy in humans. Circulation 1997,96:727-32.

4 Tierstein PS, Massullo V, Jani S, et al. Three-year clinical and angiographic
follow-up after intracoronary radiation: results of a randomized clinical trial.
Circulation 2000;101:350-1.

5 Waksman R, Bhargava B, White RL, et al. Intracoronary radiation for patients
with refractory in-stent restenosis: an analysis from the WRIST-crossover frial:
Washington radiation for in-stent restenosis trial. Cardiovasc Radiat Med
1999;1:317-22.

6 Raizner AE, Oesterle SN, Waksman R, et al. Inhibition of restenosis with beta-
emitting radiotherapy: Report of the proliferation reduction with vascular

energy trial (PREVENT). Circ 2000;102:951-8.

www.heartjnl.com


http://heart.bmj.com

iii34

7 Popma JJ, Sunfharahngdm M, Lansky AJ, et al for the Stents and Radiation
Therapy (START) Investigators. Randomised trial of 90Sr/90 Y beta-radiation
versus placebo control for treatment of in-stent restenosis. Circulation
2002;106:1090-6.

8 Cha DH, Mdlik IA, Cheneau E, et al. Use of restenting should be minimized
with intracoronary radiation for in-stent restenosis. Catheter Cardiovasc Interv
2003;59:1-5.

9 Verin V, Popowski Y, de Bruyne B, et al. Endoluminal beta-radiation therapy
for the prevention of coronary restenosis after balloon angioplasty.

N Engl J Med 2001,344:243-50.

10 Moses JW, Leon MB, Popma JJ, et al. SIRIUS Investigators. Sirolimus-eluting
stents versus standard stents in patients with a stenosis in a native coronary
artery. N Engl J Med 2003;349:1307-9.

1 Colombo A, Drzewiecki J, Banning A, et al for the TAXUS II Study Group.
Randomised study to assess the eF?ectiveness of slow- and moderate-release
polymer-based paclitaxel-eluting stents for coronary artery lesions. Circulation
2003;108:788-94.

12 Coen V, Serruys P, Saverwein W, et al for the RENO Investigators. Reno, a
European postmarket surveillance registry, confirms effectiveness of coronary
brccﬁy?hercpy in routine clinical practice. Int J Radiat Oncol Biol Phys
2003;55:1019-26.

13 Waksman R, Ajani AE, Pinnow E, et al. Twelve versus six months of
clopidogrel to reduce major cardiac adverse cardiac events in patients
undergoing gamma-radiationtherapy for in-stent restenosis: Washington
radiation for in-stent restenosis trioF(WRIST) 12 versus WRIST PLUS.
Circulation 2002;106:776-8.

14 Albiero R, Silber S, Di Mario C, et al. Cutting balloon versus conventional
balloon angioplasty for the treatment of in-stent restenosis: results of the

www.heartjnl.com

22

Thomas

restenosis cutting balloon evaluation trial (RESCUT). J Am Coll Cardiol
2004;43:943-9.

Alfonso F, Zueco J, Cequier A, et al for the Restensosis Intra-Stent Balloon
Angioplasty Versus Elective Stenting (RIBS) Investigators. A randomised
comparison of repeat stenting with balloon angioplasty in patients with in-stent
restenosis. J Am Coll Cardiol 2003;42:796-805.

Morice MC, Serruys PW, Sousa JE, et al for the RAVEL Study Group. A
randomised comparison of a sirolimus-eluting stent with a standard stent for
coronary revascularisation. N Eng J Med 2002;346:1773-80.

Tanabe K, Serruys PW, Grube E, et al. TAXUS Ill trial: in-stent restenosis
treated with stent-based delivery of paclitaxel incorporated in a slow-release
polymer formulation. Circulation 2003;107:559-64.

Degertekin M, Saia F, Lemos PA, et al. Sirolimus-eluting stents for the
treatment of in-stent restenosis. Minerva Cardioangiol

2003;51:485-92.

Lemos PA, Arampatzis CA, Saia F, et al. Treatment of very small vessels with
2.25-mm diameter sirolimus-eluting stents (from the Research registry).

Am J Cardiol 2004;93:633-6.

Colombo A, Moses JW, Morice MC, et al. Randomised study to evaluate
sirolimus-eluting stents implanted at coronary bifurcation lesions. Circulation
2004;109:1244-9.

Gruberg L, Waksman R, Ajani AE, et al. The effect of intracoronary radiation
for the treatment of recurrent in-stent restenosis in patients with diabetes
mellitus. J Am Coll Cardiol 2002;39:1937-42.

Naber CK, Baumgart D, Bonan R, et al. Intracoronary brachytherapy,

a promising treatment option for diabetic patients: Results from a

European multicenter registry (RENO). Catheter Cardiovasc Interv
2004;61:173-8.


http://heart.bmj.com

