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Brachytherapy is the use of radioactive 
sources to treat a cancer through close 

contact between the radiation source 
and the affected tissue. This differs from 
external beam radiotherapy (EBRT) where 
the electromagnetic radiation passes 
through normal, healthy tissue to hit the 
tumour. A fundamental focus of radiation 
therapy is to give as much dose as possible 
to a tumour with as little dose as possible to 
the surrounding tissues. The close proximity 
between radiation source and tumour in 
brachytherapy allows for exploitation of the 
inverse square law, which dictates the rapid 
fall-off of dose from a radiation source. 
This allows brachytherapy to deliver a very 
high dose to the tumour while minimising 
normal tissue dose in a way that external 
beam radiation – including intensity-
modulated radiation, stereotactic body 
radiation and proton beam therapies – are 
unable to achieve (Figure 1).

Brachytherapy has, historically, been 
used for a wide range of radical cancer 
treatments including skin, head and neck, 
cervical, uterine and prostate cancers. 
Although traditionally considered ‘routine’ 
in cervical and uterine cancers, there 
has, in the last 30 years, been renewed 
interest in the use of brachytherapy in the 
treatment of prostate cancer. This is as 
a result of the emergence of transrectal 
ultrasound targeting techniques and 
other technological advances that have 
improved the accuracy of planning 
systems and treatments. 

BRACHYTHERAPY SCIENCE 
Brachytherapy involves the direct insertion 
of a radioactive source into a tumour. 
Two different types of brachytherapy are 
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Figure 1. Brachytherapy involves the positioning of radioactive seeds 
or sources via needles directly into the prostate thus protecting 
surrounding tissues and organs and allowing higher dosing (© Voisin/
Phanie/Science Photo Library)
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available for prostate cancer, dependent 
on the radioactive source that is used. The 
first, low dose rate (LDR) brachytherapy, 
involves the insertion of radioactive seeds 
permanently into the prostate; the second, 
high dose rate (HDR) brachytherapy, 
involves the temporary insertion of a 
radioactive source into the prostate via 
implanted needles. In both cases, the aim 
of treatment is to deliver a large dose of 
radiation to the tumour while minimising 
the dose to the surrounding local 
structures (bladder and rectum). 

LDR BRACHYTHERAPY
LDR brachytherapy refers to radiation 
delivered at dose rate between 0.3 and 
2.0Gy/h (Gray per hour), which in the 
UK commonly uses the radionuclide 
iodine-125 (I125), an emitter of relatively 
low-energy photons at around 30keV.1 
This has several advantages in the 
clinical setting. The first is that there is 
a relatively rapid fall-off in dose levels, 
which benefits surrounding organs at 
risk. Secondly, the low-energy photons do 
not give significant doses of radiation to 
staff or family members – an important 
safety concern. The relative safety of the 
LDR implants is evidenced by the advice 
given to patients should a seed come 
out of the prostate and be passed by the 
patient – namely, that the seed should 
simply be flushed down the toilet. There 
are, however, some important radiation 
protection considerations, as the patient 
will be a weak emitter of radiation 
for some time post-treatment and is 
therefore advised not to sit close to young 
children or pregnant women for two 
months from seed insertion.2 

HDR BRACHYTHERAPY
HDR brachytherapy refers to radiation 
delivered at a dose rate of greater than 
12Gy/h. The most commonly used source 
in the UK is iridium-192 (Ir192), which 
emits much higher energy photons of 
around 380keV as it decays.1 This higher 
energy, while offering some radiobiological 
advantages, is more of a radio-protection 

concern. This is manifest in HDR treatment 
being given via the use of a remote after-
loading system, which ensures that no 
one other than the patient needs to be in 
the treatment room during the time the 
source is unsealed. The source is housed in 
a protective container when it is not being 
used for treatment.

RADIOBIOLOGY
Both LDR and HDR brachytherapy offer 
distinct radiobiological benefits in specific 
clinical situations. The constant low-
dose rate delivered to the prostate over 
a period of weeks while the I125 isotope 
decays in LDR brachytherapy has been 
shown, in in-vitro studies, to induce cell-
cycle arrest in the more radiosensitive 
G2 phase of the cell cycle, leading to 
greater cell kill.3 The low dose rate means 
that treatment is delivered at a low 
level over a prolonged period of time. In 
more aggressive cancers, with a higher 
mitotic activity, the slow activity of LDR 
brachytherapy may allow for tumour cell 
mitosis that counteracts the irradiation. 
In less aggressively growing cancers, 
however, this rapid mitosis is not a 
significant issue. Therefore, generally, HDR 
brachytherapy is used in more mitotically 
active disease, with LDR brachytherapy 

reserved for less aggressive tumours. 
The high dose rate delivery in HDR 
brachytherapy of over 12Gy/h allows for 
large doses of radiation to be given over 
short periods of time. HDR brachytherapy 
is, therefore, commonly given as either one, 
or up to four fractions (treatments).4 This 
hypofractionation of large dose per fraction 
exploits the low α/β ratio of prostate 
cancer. The α/β ratio is a mathematical 
term derived from cell survival curves 
indicating the sensitivity of cells to changes 
in fractionation (Figure 2).5 A lower α/β 
ratio indicates that a cell is more sensitive 
to larger doses of radiotherapy per fraction, 
meaning the large dose per fraction that 
can be delivered safely by brachytherapy 
offers a radiobiological advantage for 
tumour cell death. 

INDICATIONS AND CONTRAINDICATIONS
The radiobiology of LDR brachytherapy 
lends itself towards the treatment of less 
aggressive, localised prostate cancers. 
For these reasons LDR brachytherapy is 
usually indicated for patients with low- or 
intermediate-risk disease, where it can 
be given as monotherapy with curative 
intent. Some centres in the UK also offer 
LDR brachytherapy in more advanced 
or aggressive disease, potentially as a 

Figure 2. Cell survival curves for low and high α/β ratio tissue. Surviving fraction describes 
the proportion of cells treated with a radiation dose that survive. Prostate cancer has a low 
α/β ratio of prostate and is thus highly sensitive to high-dose brachytherapy
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boost combined with EBRT. Men deemed 
clinically suitable for LDR brachytherapy 
would also be appropriate for treatment 
with radical prostatectomy or EBRT. 

For those with low-risk disease there 
may also be an opportunity for active 
surveillance. The treatment choice will be 
made after careful counselling with the 
patient and consideration of the different 
side-effects of these therapy approaches, 
and tailoring to individual comorbidities, 
clinical circumstances and preferences. 
Boxes 1 and 2 describe prostate cancer 
staging and risk stratification based on 
stage, Gleason score and presenting PSA.

HDR brachytherapy is more typically used 
in intermediate and high-risk cases (up 
to stage T3b), and in combination with 

neoadjuvant and adjuvant hormone 
therapy. Although some studies have 
demonstrated that HDR brachytherapy can 
be given as a single treatment modality, 
this is currently considered experimental 
and guidelines advocate delivering HDR 
as a dose boost in combination with a 
shortened course of EBRT  to the prostate, 
seminal vesicles and pelvic lymph nodes. 
This combination regime will allow higher 
doses of radiotherapy to be given to 
the prostate and seminal vesicles while 
minimising dose and potential side-effects 
to the surrounding normal structures. 
Alternative approaches for men with 
intermediate or high-risk prostate cancer 
would be with EBRT in combination with 
hormone therapy or, in some cases, an 
initial surgical approach with adjuvant 
radiotherapy and hormone treatment. 

LDR and HDR brachytherapy, like 
all interventional techniques, have 
both contraindications and relative 
contraindications. An enlarged prostate 
with a volume greater than 60cm3 is an 
important relative contraindication to 
brachytherapy treatment. An enlarged 
prostate may well be associated with 
significant worsening lower urinary tract 
symptoms following seed brachytherapy 
insertion, and in extreme cases the 
need for an in-dwelling catheter due to 
acute urinary retention. However, many 
centres would advocate trying to shrink 
the prostate gland with the use of neo-
adjuvant hormone therapy. An enlarged 
prostate may also lead to pubic arch 
interference and difficulties in needle 
placement within the prostate gland.8

Brachytherapy insertions are not 
recommended following a transurethral 
resection of the prostate within the previous 
three to six months, and may not be possible 
in men with a large resection cavity. Patients 
need to have acceptable anaesthetic risks 
for general or spinal anaesthesia and not 
have a bleeding disorder or current therapy 
with blood thinning agents. 

INSERTION TECHNIQUE
LDR and HDR brachytherapy treatment is 
often preceded by three to six months of 
luteinising hormone-releasing hormone 
(LHRH) agonist, such as goserelin, which 
shrinks the prostate gland and reduces the 
tumour volume.

Box 1. Prostate cancer staging6

PRIMARY TUMOUR STAGING
Tx – Primary tumour cannot be assessed
T0 – No evidence of primary tumour
T1 –  Clinically inapparent tumour, neither palpable on examination nor visible 

on imaging
 a – Incidental histological finding in <5% of tissue
  b – Incidental histological finding in >5% of tissue 
 c – Tumour identified by needle biopsy (ie because of raised PSA)
T2 – Tumour palpable or visible on imaging and confined to the prostate gland
 a – Tumour involves one half of one lobe or less
 b – Tumour involves more than one half of one lobe
 c – Tumour involves both lobes
T3 – Tumour extends through the prostate capsule
 a – Extra-capsular extension (uni- or bilateral)
 b – Tumour invades the seminal vesicles
T4 –  Tumour is fixed or invades adjacent structures other than the seminal 

vesicles, such as the external sphincter, bladder or rectum

NODAL STAGING
Nx – Regional nodes not assessed
N0 – No regional lymph nodes
N1 – Regional lymph nodes present

METASTASIS STAGING
M0 – No distant metastases
M1 –  Distant metastases
 a – Nonregional lymph nodes
 b – Bone metastases
 c – Visceral metastases

Box 2. Risk stratification for prostate 
cancer patients7

LOW-RISK DISEASE: ALL OF
●  Stage T1–T2b, Gleason grade ≤6, 

PSA ≤10

INTERMEDIATE-RISK DISEASE: ANY OF
●  Stage T2c, Gleason grade 7, PSA 

10–20

HIGH-RISK DISEASE: ANY OF
●  Stage T3a–T4 Gleason grade ≥8, 

PSA >20
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In LDR, permanent interstitial I125 
brachytherapy seeds are implanted through 
a transperineal approach under transrectal 
ultrasound guidance, with the patient 
under either general or spinal anaesthetic 
in the lithotomy position. The seeds are 
contained in needles and inserted through 
a transperineal template under direct 
transrectal guidance into pre-planned 
positions chosen to ensure effective dose 
coverage. The patient is catheterised and 
given a course of prophylactic antibiotics 
and an α-blocker, such as tamsulosin, to 
reduce the risk of urinary retention. 

Following seed insertion the patient 
undergoes a CT scan of the prostate and 
seminal vesicles as well as the urethra, 
bladder and rectum (the organs at risk). 
Modern computer-based planning software 
then generates a treatment plan showing 
dose distribution to the prostate and 
organs at risk. In LDR brachytherapy a dose 
of 145Gy is prescribed to the prostate. If, 
after the planning process, it becomes clear 
that this dose is not going to be deliverable 
due to misplacement or movement of 
seeds causing a low dose region, this could 
be rectified by either repeat seed insertion 
or an EBRT boost.8

In HDR brachytherapy, a remote 
afterloading system using Ir192 is used. 
Flexible, hollow afterloading applicator 
needles (usually 15–20 per patient) are 
positioned directly into the prostate gland 
through a perineal template using direct 
transrectal ultrasound guidance under 
general or spinal anaesthetic (Figure 3).

Once the needles have been positioned 
in the prostate and seminal vesicles, 
a planning CT scan of the pelvis is 
performed. The images from this scan 
are used to precisely contour the outlines 
of the applicator needles, prostate, 
seminal vesicles, and organs at risk. 
Using radiotherapy treatment planning 
software, radiation physicists design an 
individualised treatment plan to maximise 
dose to the prostate and seminal vesicles 

while minimising dose to the specified 
organs at risk. 

Once the treatment plan has been designed 
and approved by the radiation oncologist, 
the iridium source passes from its protective 
container through flexible tubes attached 
to each individual afterloading needle. 
Depending on the treatment plan, the 
iridium source spends various dwell 
times in each needle to allow the desired 
dose to be delivered before returning to 
its protective container, after which the 
hollow applicator needles are removed. 
The treatment procedure takes 10–20 
minutes and the patient is not radioactive. 
Prophylactic antibiotics and an α-blocker 
to prevent infection and reduce obstructive 
symptoms are given as the procedure can 
be associated with prostate swelling. When 
prostate brachytherapy is given as a boost, 
EBRT can be given before or after treatment, 
usually with a two-week gap between the 
two therapy modalities. 

TOXICITY
Although both LDR and HDR brachytherapy 
have the advantage of very close dose 
conformality to the target organ, there 
are potential toxicities largely due to dose 

deposition in organs at risk. These, as 
with other radiotherapy toxicity, can be 
subdivided into acute and late toxicity. 
Acute toxicity refers to side-effects within 
three months of treatment while late 
toxicity refers to any side-effect developing 
after three months. Potential acute and late 
toxicities are detailed in Box 3. 

CLINICAL OUTCOMES
LDR brachytherapy has similar efficacy 
to EBRT in the treatment of low-and 
intermediate-risk prostate cancer. A 
large Canadian cohort study of 1500 
patients undergoing LDR brachytherapy 
compared the outcomes for men with 
Gleason grade six and seven prostate 
cancer and demonstrated five-year 
biochemical remission rates of 97% and 
96% respectively.9 Within this study, all 
patients received three months of neo-
adjuvant and three months of adjuvant 
androgen deprivation therapy. The five-year 
biochemical remission rate following EBRT 
has been reported to be greater than 90% 
for low-risk and 60–85% for intermediate-
risk patients.10

A European study compared 890 patients 
with intermediate prostate cancer treated 

Figure 3. Applicator needles are positioned directly into the prostate gland through a perineal 
template using transrectal ultrasound guidance (© Antonia Reeve/Science Photo Library)
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with either LDR brachytherapy (601 
patients) applying a dose of 144Gy, or EBRT 
at one of two dose levels (70Gy in 105 
patients and 74Gy in 184 patients). The 
proportion of patients biochemically free 
of disease at five years was 81% for the 
brachytherapy group and 75% for the EBRT 
group (67% for 70Gy and 82% for 74Gy).11 
The result of this study was statistically 
significant, and it is important to note 
that this study was not randomised, with 
the brachytherapy and EBRT patients 
being treated at two separate institutions. 
Furthermore, the EBRT techniques 
employed were less technically advanced 
when compared to currently available 
therapies, meaning the results may not be 
wholly reflective of modern practice. 

The recent publication of an Australian 
group’s 10-year experience of LDR 
brachytherapy has shown similar results, 
with biochemical disease-free survival 
rates of 83% and 96% for intermediate- 
and low-risk patients respectively.12 The 
peak incidence of Radiation Therapy 
Oncology Group (RTOG) grade three or 
higher toxicities was 10.7% for urinary 
and 1.1% for rectal complications. Urinary 
complications include urethral stenosis, 
which can, in severe situations, require 
a urethral dilatation or transurethral 
resection of the prostate (TURP). The grade 
three rectal toxicity described was rectal 
bleeding requiring lower gastrointestinal 

(GI) endoscopy and laser therapy. Grade 
one and two late rectal complications 
are around 6.5% compared to 15.2% 
for EBRT. The rate of grade one and two 
genitourinary (GU) symptoms following 
LDR brachytherapy has been demonstrated 
to be similar to post-EBRT patients at 14% 
and 12.4% respectively.13

A large amount of evidence for HDR 
brachytherapy has been garnered around 
its use in combination with EBRT as a 
means of dose escalation. A recent meta-
analysis by the Prostate Cancer Results 
Study Group of over 52 000 patients 
found improvements in PSA-free survival 
outcomes for patients with intermediate- 
and high-risk disease treated with a 
combination of HDR and EBRT compared 
to EBRT alone.14 Kestin et al have also 
demonstrated the superiority of combined 
HDR and EBRT compared to EBRT alone in 
locally-advanced prostate cancer from the 
point of view of biochemical control.15 

Martinez et al have reported on 207 
patients who were treated with HDR 
brachytherapy in conjunction with 46Gy 
in 23 daily fractions delivered to the 
pelvis. Throughout the trial the dose of 
brachytherapy delivered increased, ranging 
from doses equivalent to 80Gy up to 
136Gy. The study clearly demonstrated 
improved five-year biochemical control 
and cause-specific survival rates favouring 

HDR dose escalation as part of combined 
modality therapy. The toxicity reported in 
the study was also favourable, with only 
one patient developing grade three urinary 
incontinence, which developed following 
the surgical resection of a prostate cancer 
recurrence. Grade three GI toxicity was also 
very low at 0.5%. The five-year actuarial 
impotence rate was 51% but was not 
affected by the HDR dose given.16 

Some studies have considered HDR 
brachytherapy as a lone treatment 
modality. Aluwini et al have reported a 
case series of 166 patients with low- and 
intermediate-risk prostate cancer treated 
with HDR brachytherapy alone.17 At an 
average of 34 months follow-up the 
biochemical recurrence rate was 2.4%. 
The incidence of acute grade three GU 
and GI toxicity was 12.7% and 4.8% 
respectively. The highest rate of grade 
two or above GU toxicity was seen at 
12 months from treatment (19.7%) and 
was most commonly daytime frequency 
and nocturia. The long-term use of 
incontinence pads was seen in 14.8%. 
Martinez et al report that, in their study 
of 454 patients with favourable prostate 
cancer, comparing HDR and LDR therapy, 
the same biochemical control rates were 
seen but both acute and late toxicities 
were statistically significantly lower in the 
HDR treated group.18 Despite some initial 
favourable data,19 HDR brachytherapy 
as a single treatment in prostate cancer 
remains experimental and should not be 
used outside of a clinical trial, although 
this may change as data develop.20

SUMMARY
This review has discussed the merits of LDR 
and HDR brachytherapy. Both forms of 
brachytherapy allow dose escalation to the 
prostate while reducing dose, and therefore 
potential toxicity, to surrounding normal 
tissues including the rectum and bladder. 
The use of brachytherapy for treatment 
of prostate cancer requires careful patient 
selection and counselling. Treatment 
planning and delivery is a multi-step 

Box 3. Potential toxicities of LDR and HDR brachytherapy

POTENTIAL ACUTE TOXICITIES (<3 MONTHS FROM COMPLETION OF TREATMENT)
●  Perineal discomfort
●  Haematuria
●  Urinary frequency/urinary retention
●  Dysuria
●  Bowel frequency

POTENTIAL LATE TOXICITIES (>3 MONTHS FROM COMPLETION OF TREATMENT)
●  Urethral stricture
●  Incontinence (bowel/urinary)
●  Rectile bleeding/haematuria
●  Erectile dysfunction
●  Second malignancy
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process, LDR involving the implantation of 
permanent seeds and HDR the temporary 
insertion of a radioactive source. Published 
outcomes demonstrate acceptable toxicity 
rates with high levels of long-term 
biochemical control. 

The advantages of brachytherapy over 
external beam suggest this modality 
will continue to evolve as an excellent 
treatment option for selected men with 
prostate cancer. 

Declaration of interests: none declared.
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