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INTRODUCTION AND HISTORICAL
BACKGROUND
ExTeERNAL BEAM (EBR) and brachytherapy (BRT) (from the
Greek meaning at a short distance) are the two principle types
of radiotherapy. This article reviews the current trends and
future developments in BRT. It is a highly selective means of
delivering radiation by insertion of radioactive sources
directly into tumours. There are two main forms of BRT:
interstitial therapy where the sources are implanted directly
into the tumour (for example, a cancer of the base of the
tongue) (Figure 1) and intracavitary therapy where the sources
are inserted into a natural body cavity, for example, the uterus.

It can be used alone or in combination with EBR to boost
medium- or small-sized target volumes. BRT often allows
higher doses (70-90 Gy) to be delivered to the target volume
compared with conventional EBR (60-70 Gy). This is due to
a rapid fall off in dose with increasing distance from the
source. In contrast, the inclusion of larger volumes with EBR
compared with BRT often limits the dose of EBR that can be
given within normal tissues. As a result, very high local con-
trol rates can be obtained, e.g. in small primary tumours of
the cervix and head and neck cancers.

Radium (?*°Ra) has been in use from the beginning of this
century up to the 1960s and even 1970s in many countries.
However, in the 1950s with the development of high-energy
linear accelerators able to deliver safely high doses to deep-
seated tumours, the use of BRT declined. There were three
main reasons. First, the fixed shape of the sources limited
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their adaptability in treating different tumour volumes. Sec-
ond, high-energy beams required heavy and expensive lead
shielding. Third, there was unacceptable radiation exposure
to medical and nursing staff. Furthermore, as one of the
decay products of 22Ra was a radioactive gas, radon (**’Rn),
frequent checks on the quality of the sealed sources were
mandatory. Finally, the long period of decay of ??Ra (1620
years) might be considered as a major environmental hazard,
especially in case of source leakage, breakage or loss.

The last 20 years has seen an expansion in the use of BRT
particularly of solid-state caesium (*3>7Cs) and iridium (*%2Ir).
For instance, a typical 192Ir source for high-dose rate after-
loading contains 10 Curies in a capsule 2-4 mm long and less
than 1 mm in diameter, replacing the old and heavy equiva-
lent 10mg 2?%Ra sources. Indeed, the miniaturisation of
sources is one of the major advances in BRT and the basis of
modern afterloading techniques, especially in interstitial
BRT.

Principles of afterloading

Having defined precisely the target volume, the brachy-
therapist implants the vectors for the sources. These vectors
may be hollow plastic tubes or rigid needles. The target
volume is defined by clinical observation and radiological
findings based on pre- or intra-operative imaging techniques
e.g. echography, CT scan, MRI, and moreover by surgical
findings (inspection, palpation, frozen sections) which pro-
vide important additional information. The next step is
insertion of the radioactive sources into the vectors. This two-
step procedure significantly reduces the radiation exposure to
staff.
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Figure 1. Brachytherapy of the oropharynx. After 60 Gy EBR,
a BRT boost has delivered 25 Gy in the base of the tongue. **Ir
wires are located before and behind the hoid bone.

Alternatives to afterloading: the permanent implants

In situations where the insertion of vectors is difficult
(deep-seated tumours, uneven surfaces) or less comfortable
for the patient, radioactive sources with particularly low-
energy beams, such as iodine (}?5I), can be implanted defi-
nitely and safely into the target volume.

Organ motion

With EBR, organ movement, e.g. lung, prostate, bladder,
tongue, may interfere with the daily reproducibility of
radiation fields. This problem is overcome by interstitial
implantation of sources which are moving with the organ
implanted.

Dose rate

BRT technologies can deliver radiation at different dose
rates. These are classified as (1) low-dose rate (LDR) (0.4-
2 Gyperh), (2) medium-dose rate (MDR) (>2-12 Gyperh)
and (3) high-dose rate (>12Gyperh). LDR has remained
the safest dose rate, with respect to the tolerance of critical
organs. The very low-dose rates (<0.4Gy/h) allow re-irra-
diation of tissues, with the lowest risks of late side-effects.
MDR and HDR have the advantage of shortening overall
treatment times.

ESTABLISHED TECHNIQUES IN
BRACHYTHERAPY

1921y and 137Cs are the main isotopes used in afterloaded
LDR or MDR. Different systems of irradiation and dosimetry
are used internationally—the Paris and Manchester systems are
mainly used in Europe and the Quimby systems in the United
States. Patients are confined to shielded rooms in hospital for
4-8 days depending on the total dose and dose rate.

Interstitial BRT

Head and neck cancers. Interstitial BRT is a useful con-
servative and non-mutilating procedure for early stage
tumours of the head and neck such as those of the oral cavity
[1-3] or oropharynx [4-6] or as a boost after EBR for bulky
tumours of the oropharynx [7-10]. BRT allows higher radia-
tion doses (80-90 Gy) to be delivered than is possible with
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EBR [7-10]. For carcinoma of the base of the tongue, it
increases the 5-year local control rates from 65% for EBR
alone to 70% for T4 and 87% for T1 tumours. However, the
escalation in dose is accompanied by an acceptable 10% rate
of transient necrosis of adjacent soft tissue and bone.

Prostate cancers. In stage T2c¢c and T3 prostate cancer,
recent techniques combining °?Ir BRT and EBR can deliver
75-85 Gy to the target volume with a high degree of pre-
cision. This combination in non-randomised studies increased
the local control rate to 89-92% [11-13]. Compared to EBR,
ultrasound-guided insertion of the source vectors have
improved the accuracy of irradiation and reduced major
morbidity (grade III and IV) te <5% [11-14). Excluding the
problem of prostate motion met with EBR high-precision
techniques, it is particularly advantageous in protecting the
rectal mucosa from excessive dosage.

Encouraging results have also been recently reported by
using permanent 12T and palladium (*°>Pd) implants in the
treatment of early-stage prostate cancer (T1b-T2b). Bio-
chemical control (PSA < 1.0ng/ml) is obtained in more than
90% of cases [14]. These methods maintain the highest sex-
ual potency rates (>85%) and do not require more than two
days hospitalisation.

BRT combined with surgery or EBR. As a conservative and
less mutilating procedure, there is a growing literature on
BRT combined with surgery and/or EBR in the treatment of
selected sarcomas [15, 16}, rectal [17], anal [18], breast [19],
bladder [20-22] and advanced cervical cancers [23]. For
example, in a recent prospective phase III trial, patients ran-
domised to intra-operative BRT following surgery for undif-
ferentiated sarcomas had a local recurrence rate of 18%
compared with 31% after surgery alone (P=0.0025) [16].

For skin cancers of the eyelid, inner canthus, paranasal
grooves, external ear, simple BRT techniques offer good
cosmesis and can be a good alternative to EBR or to more
mutilating or time-consuming surgery [24].

Intracavitary therapy

The principles of intracavitary therapy for cancer of the
cervix are well established [25,26]. Combining EBR and
BRT remains the most common treatment for cancer of the
cervix [27]. Alternative initial BRT for TIB-TIIb proximal
tumours can sterilise microscopic deposits adjacent to the main
tumour mass and can be followed by less radical pericervical
dissection with lower risks of major complications [26].

Where radiotherapy alone is the primary treatment for
cervical or endometrial cancer [25,27-30], it has been
established that BRT combined with EBR doubles the local
control rates compared with EBR alone.

LIMITATIONS OF CLASSICAL
BRACHYTHERAPY

Lack of randomised trials

While the efficacy of BRT has been demonstrated at many
tumour sites, very few randomised trials have been carried
out to demonstrate its benefits compared with EBR. The
paucity of such trials may be partly explained by the small
numbers of patients treated in each individual centre, varia-
tion in availability of technical resources in radiotherapy
departments and different dosimetric systems hampering
international comparison. In addition, the need for inpatient
care makes BRT less convenient for patients especially for the
increasing population of elderly patients in Western societies.
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BRT is poorly suited for treating deep-seated tumours (e.g.
pancreatic or distal lung tumours), surfaces where tissue
contours change rapidly (e.g. neck and pelvic areas) or organs
which cannot tolerate intraluminal modern applicators for
long periods of time (e.g. bronchus, oesophagus).

Most of the time inpatient BRT remains less cost effective
than outpatient EBR. Moreover, when the justified treatment
is expected to be successful in a small proportion of the
population treated (e.g. using vaginal vault BRT for decreasing
local recurrences rates from 15% after surgery alone compared
to 3% after combined treatments), the clinical gains have to
be balanced against the complications of prolonged hospit-
alisation, deep venous thrombosis and pulmonary embolism.

NEW DEVELOPMENTS IN BRACHYTHERAPY
High-dose rate BRT

Recently, afterloading systems delivering high-dose rate
(HDR) BRT have been developed. A short source (2—4 mm
in length) of 192Ir is moved hydraulically in a stepwise man-
ner within the vectors and delivers 2—-15 Gy (1-3 Gy/min) per
fraction. The treatment is therefore short and can be carried out
on an outpatient basis. The HDR unit has often been instal-
led in an existing EBR treatment room and has enabled BRT
techniques to be adopted in hospitals which could not afford

(b)

Figure 2. The optimisation of vaginal vault BRT with the
HDR stepping source technology. (a) Individualised moulds
are used to treat different sizes and shapes of the vaginal vault.
On the surface of these moulds are inserted the plastic tubes
vectors. (b) The reference isodose is represented, passing at a
constant distance from the mould surface. Computer optimi-
sation has been used to avoid ‘cold or hot spots areas’.
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to build a full shielded ward. In addition, HDR technology
has made radiation protection easier and less expensive.

The capacity to vary the position and dwell time of the
radiation sources has enabled dose distribution within the
tumour volume to be optimised (Figure 2) [31]. The princi-
ple disadvantage of HDR BRT is the higher risk of total
morbidity. Its therapeutic ratio is lower than for LDR and
fractionation of the total dose is often necessary. However, if
critical organs can be displaced from the irradiated volume or
receive 75-80% or less of the prescribed dose, the problems
of the dose rate may be less significant [32-35]. For example,
the rectum and bladder can be displaced from the radioactive
sources during cervical BRT [32-35].

Current indications for HDR BRT

Lung cancer. This is a very effective means of debulking
the endobronchial component of the tumour. In emergency
situations, laser therapy followed by BRT offers the security
of a rapid and prolonged relief of symptoms [36]. In combi-
nation with palliative EBR, symptomatic relief is obtained in
the majority of cases (80-90%) with short duration of treat-
ment and low morbidity [37]. Occasionally, BRT appears to
be curative for highly selected endobronchial tumours [38].
However, the complication rate (7% fatal haemoptysis and
5% bronchial stenosis) is higher than for EBR.

Oesophageal cancer. In combination with EBR, HDR
BRT can increase the total dose delivered [39,40]. In con-
trast to HDR, LDR techniques cannot use oesophageal bou-
gies and are unable to maintain the position of the radiation
sources in the centre of oesophageal lumen to assure homo-
geneous irradiation. It has been reported to contribute to the
cure of small tumours {39].

Cervical and endomerrial cancer.  HDR treatment is cer-
tainly indicated in old or frail patients for whom classical
LDR treatments are medically contra-indicated or refused by
the patients. Resuits from retrospective and randomised stud-
ies do not show higher risks of grade III or more late side-
effects rates (severe morbidity) [41—43]. A randomised trial
has demonstrated that increments of dose rates in the range
of the LDR increased grade I and II morbidity [26]. There-
fore, even though it is still not definitely known that HDR is
equivalent to LDR BRT, there is a growing number of
radiation oncologists using HDR.

Intra-operative HDR BRT [44,45]. After resection of
some thoracic, abdominal or pelvic tumours, catheters or
customised applicators can be applied to the operative site.
Depending on the clinical circumstances, irradiation can be
delivered postoperatively by LDR, by HDR in 2 Gy fractions,
or intra-operatively in a single fraction if critical organs can-
not be excluded from the treatment field after surgery.

New BRT technigues

Ultrasound-guided breast or prostatic implants with direct
visualisation of the isodoses on the ultrasound slices has
recently been reported [11]. This has the advantage that any
adjustment to the geometry of the implant can be carried out
intra-operatively to ensure good dose distribution in the tar-
get volume.

Many promising isotopes (Table 1) are currently under
investigation. 1°3Pd seeds [46] are similar to 12°I but have the
advantage of a shorter half-life (17 days) and might therefore
be more appropriate for treating tumours with a short doub-
ling time. Moreover, the risk of seed displacement during
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Table 1. New radioisotopes used for brachytherapy

Half value Initial Dose to

Energy Half-life layer (HVL) dose rate infinity
(keV) (days) inmm oflead (cGyh) (Gy)
Iodine-125 27 60 1/40 8 160
Palladium-103 21 17 1/100 20 120
Ytterbium-169 93 32 1/2 13 140

effective irradiation is lower as the treatment time is shorter.
Recent data report encouraging results using 1°°Pd seeds in
- the treatment of early prostatic cancer [14].

The pulsed dose rate (PDR) afterloading [47, 48] uses the
same techniques as HDR afterloading. For the first 10-
20 min of every hour, a single source of !°2Ir moves into the
vector catheters within the tumour delivering a 40-60 cGY
pulse. According to Hall and Brenner, the biological efficacy
of PDR should equal or even exceed LDR data [47]. How-
ever, preliminary experimental and clinical results remain
contradictory and results of prospective trials are awaited.
Patients have to be confined to shielded rooms for several
days as with LDR, although they can be disconnected from
the device for the time between pulses. One of the main dis-
advantages of PDR is the complex radiation protection rules
that have to be applied due to the high activity of the 192Ir
source (1 Curie) [48].

Finally, plastic catheters have been implanted into the tar-
get volume into which hyperthermia probes or radioactive
sources are inserted [49,50]. This therapeutic approach has
not been widely tested and remains experimental.

CONCLUSIONS

Brachytherapy is a safe and highly selective radiation tech-
nique to be used alone or as a boost to the target volume in
combination with EBR. As one third of cancer deaths are still
due to local recurrence, the concept of increasing the dose
from the commonly delivered 60 Gy to 80 Gy or more is one
of the main priorities in radiation treatment research [51,52].
High (80 Gy or more) total dose can now be delivered with
BRT or more recently developed proton or photon conformal
therapy. In contrast to proton or conformal therapy, with
BRT, the shape and the volume of the implants can be plan-
ned not only from imaging data (ultrasonography, CT scans,
MRI), but also from surgical findings which provide impor-
tant additional information.

BRT unlike EBR is not limited by organ movement.
However, when treatment is not limited by organ movement
(cerebral tumours or choroidal melanomas), non-surgical
techniques such as proton therapy or other conformal treat-
ments seem to be more attractive for the patients.

Unlike EBR, BRT can deliver radiation at different dose
rates. When critical organs are included in the target volume,
low-dose rate BRT is the treatment of choice. High-dose rate
BRT is applicable in selected tumours e.g. lung or oeso-
phageal cancers or when critical organs can be displaced from
the target volume e.g. cervical cancers.

BRT is cheaper than proton therapy, but in most cases
more expensive than conventional EBR. Confining BRT to
large centres with significant numbers of patients undergoing
BRT improves its cost-effectiveness.

It seems very difficult to initiate the necessary prospective
randomised studies to determine the real benefits in compari-
son with other new selective EBR techniques, e.g. proton and
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conformal therapy, for two reasons. First, only 10-20% of the
patients treated in a department may benefit from BRT.
Second, there has been no consensus on an optimum BRT
treatment. Finally, even if the importance of brachythera-
pist’s skill declines with the increasing usage of ‘on-line’ pla-
cement of vectors, BRT still requires a high degree of manual
dexterity. It should be performed by well-trained physicians
in centres accruing large numbers of patients.
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