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Executive summary

Radiotherapy is a key cornerstone of cancer care: this
White Paper reviews the role of brachytherapy — high
precision, targeted radiotherapy — in cancer treatment,
and discusses how it offers an effective, well tolerated
radiation treatment option, tailored to the needs and
preferences of the individual patient.

Brachytherapy combines two fundamental aims

of radiotherapy: an effective tumor dose with
sparing of the surrounding tissue. Brachytherapy is
at the forefront of innovation in radiotherapy. Advanced
computerized treatment planning and image-guided
delivery systems increase efficiencies and improve
outcomes and patient acceptability. It achieves this
through the placement of a radioactive source within or
adjacent to a tumor using specially designed applicators
and remote, computer-controlled delivery devices. This
allows a tailored radiation dose to be delivered very
precisely to the target area, while minimizing unwanted
exposure of the surrounding healthy tissues and organs.
Experience and insight gained in extensive clinical
research and widespread clinical practice demonstrate
the following key advantages of brachytherapy:

e Brachytherapy is used worldwide to treat a wide
range of cancers and other diseases. Brachytherapy
is the standard treatment for cervical cancer and
an important part of treatment guidelines for others
including prostate, breast, skin, and head and neck
cancers

e Selected efficacy evidence includes:

- Cervical cancer: an equally effective alternative
to surgery (hysterectomy) in early stage disease

- Prostate cancer: long-term studies demonstrate
brachytherapy is as effective as surgery
(radical prostatectomy) or external beam
radiotherapy (EBRT)

- Breast cancer: when used as a ‘boost’ to EBRT,
local control rates are similar to surgery
(mastectomy)

e The ability of brachytherapy to deliver high radiation
doses over a short time period means patients can
complete treatment in days rather than the
weeks required for EBRT. For example, high dose rate
(HDR) brachytherapy treatment for prostate cancer
can be delivered in two treatment sessions, compared
to several weeks with EBRT. This has important
potential implications for patient compliance with
their radiotherapy treatment, as well as minimizing
impact on patients’ lives

e Brachytherapy is generally well tolerated with
a good toxicity profile for many of its applications,
largely due to its tissue sparing approach. Adverse
events are similar or better than other treatment
modalities in the case of cervical, prostate and breast
cancers. In prostate cancer, for example, the use of
brachytherapy results in lower longer term issues with
bowel, bladder and erectile function

e As pressure on healthcare resources intensifies,
reductions in the overall length of treatment and
increased use of outpatient-based treatment as
seen in brachytherapy, are effective ways to reduce
costs and provide more efficient use of resources.
Additionally, brachytherapy involves lower overall
infrastructure costs than newer forms of EBRT,
such as proton therapy, and provides the
opportunity to maximize existing resources in a
radiotherapy department (e.g. reducing congestion
on linear accelerator use).

Brachytherapy fulfils all the goals of modern
day radiotherapy: favorable efficacy and toxicity
profile, state-of-the-art technology, high patient
acceptability, cost-effective, and a personalized
treatment options for patients.
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Introduction

Radiation therapy has been an integral part of cancer
treatment for over a century. The goal of cancer
treatment has evolved over the years from simply life
preservation to cure, with preservation of function and
quality of life. Today, significant advances in radiation
and imaging technology enable the delivery of precisely
targeted radiation which is increasingly personalized and
cost-effective.

This paper provides evidence which establishes
brachytherapy as a high precision, targeted
radiotherapy modality, with significant patient
benefits. It demonstrates how new techniques and
technologies are positioning it at the forefront of
innovation in modern radiotherapy and cancer care.
The paper also explores how lower installation and
infrastructure costs compared to new technologies,
such as proton therapy, make it an attractive option for
healthcare budgets strained by the increasing burden of
cancer care.

Brachytherapy combines two fundamental aims of
radiotherapy: an effective tumor dose with sparing of
the surrounding tissue.’ A 100 years of experience
and 14,000 papers in the last 50 years attest to the
efficacy of brachytherapy and its excellent safety
profile. Modern brachytherapy leverages advances

in the science and technology of radiotherapy for the
benefit of patients suffering from some of the most
common types of cancer. Brachytherapy can be used
alone as a curative or palliative treatment. It is also used
as an adjunct to other forms of cancer treatment such
as EBRT or surgery, meaning it is becoming a treatment
option for an ever-expanding number of cancers and
patients.
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66in the past decade, there have been major technical
innovations in the field of brachytherapy that have
revolutionized its use in the management of patients
with malignant disease. It is now at the forefront of
radiation therapy for prostate cancer, breast cancer,
and gynecological cancers.”§y



Radiotherapy: present and
future goals

Despite ever-increasing numbers of patients
and cancers being treated with radiotherapy,
treatments are becoming markedly more
personalized.

The development of new drugs for treating cancer

has been the centre of attention in recent years.
Nonetheless, radiotherapy remains a cornerstone of
cancer care. Around 50-60% of all cancer patients
receive radiotherapy as part of their treatment.?4
With an estimated 1.6 million new cases of cancer

in North America and 3.4 million in Europe in 2008,>

it is clear that large numbers of individuals rely on
radiotherapy as part of their treatment program.
Worldwide, the burden of cancer is set to increase,
driven primarily by the growth and ageing of the global
population. The International Agency for Research on
Cancer (IARC) predicts 26.4 million new cases of cancer
in 2030, compared with 12.4 million in 2008.> Recent
assessments of radiotherapy in Europe have highlighted
the need for additional facilities to meet the anticipated
demand for treatment.>® Radiotherapy is therefore
set to play an important role in cancer care for
years to come.

As a curative treatment, radiotherapy alone has proved
effective when used in the early stages of disease such
as prostate, cervical and non-small cell lung cancers
(Table 1).” Increasingly, radiotherapy is being combined
with surgery and/or chemotherapy as part of a
multimodal treatment program.” Radiotherapy also plays
an important role in palliative care, improving patients’
quality of life.

Despite the recognized benefits of radiotherapy, there
remain significant challenges to its utilization. Patient
access and adherence to treatment, and disparities across
different patient subsets and geographies are factors
which lead to the underutilization of radiotherapy.
Treatment duration, the number of hospital visits,

and quality of life both during and after therapy, are
important considerations to reduce the burden of
treatment on patients, as well as the need to make
radiotherapy more adaptable to their individual needs
and preferences.

Radiotherapy alone
(early stage cancers)

Radiotherapy as part of the
therapeutic regimen

Prostate Breast Head and neck (advanced)

Uterine cervix

(locally advanced) Soft tissue sarcomas

Uterine cervix

Various CNS tumors

Head and neck Endometrial

(e.g. glioma)
~ Lung Various pediatric tumors
Non-small cell lung (locally advanced) (e.g. Wilms tumor)

Skin

Hodgkin/non-Hodgkin
(basal and squamous)

Rectal and anal lymphomas

Hodgkin'’s lymphoma Bladder

Table 1. Role of radiotherapy as a curative cancer treatment
(adapted from Connell and Hellman, 2009)’

Brachytherapy addresses many of the issues and

needs in modern radiotherapy, and provides
important new opportunities for cancer care.

Brachytherapy: high precision, targeted radiotherapy
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Overview of brachytherapy

More innovative approaches to radiotherapy are
key to enhancing the treatment options available to
cancer patients, providing a more patient-centered
approach. By using the latest computerized
planning and imaging techniques, brachytherapy
offers high precision, targeted radiotherapy,
providing good efficacy and tolerability outcomes,
coupled with short treatment times.

Brachytherapy was first used to treat cancer over a
100 years ago, when radium was implanted into
tumors, its name derived from the Greek for ‘near’ or
‘close to'.”® Both EBRT and brachytherapy techniques
have been refined over the past 20 to 30 years, as
advances in imaging and computing technology have
been incorporated into the planning and treatment
process. These have proved invaluable in improving the
quality of brachytherapy offered to cancer patients.
Other recent external radiotherapy techniques, such
as intensity modulated radiation therapy (IMRT),
stereotactic radiosurgery (SRS) and proton beam
therapy, have also been developed, although these
treatments involve a higher installation and delivery
cost, and are generally not widely available.”?

Brachytherapy: high precision,
targeted radiotherapy

Unlike EBRT which delivers an external radiation

source through healthy tissue (‘from the outside, in’),
brachytherapy delivers the radioactive dose
directly within or adjacent to the tumor (‘from the
inside, out’). Computer-controlled remote afterloading
devices position a small radioactive source, whose
activity works over very short distances, within specially
designed applicators to be delivered to the target area,
with high precision. This allows a tailored radiation
dose to be precisely delivered to the target area, while
minimizing unwanted exposure of the surrounding
healthy tissues and organs; so called ‘conformal
radiotherapy’. Furthermore, the very nature of the
physics of brachytherapy helps minimize exposure

to healthy tissues. Brachytherapy depends on the
‘inverse square law’; this states that around a source

of radiation, the dose ‘falls off’ at the square of the
distance. Thus, the tissues around the treated tumor
receive a much lower dose than anticipated by other
radiation methods.
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Benefits of delivering radiation from the ‘inside, out’:

« Radiation dose delivered precisely to target tumor area

« Tissue-sparing: minimized radiation dose to normal,
healthy tissues

« Shorter treatment times

» Allows for effective and safe dose escalation

« Decreased radiation exposure to healthcare providers

e Lower healthcare costs

The concept of dose escalation, i.e. increasing the
radiation dose in order to maximize the biological and
clinical effect in tackling tumors, is an important goal

of all forms of radiotherapy. However, it has been an
important challenge to successfully increase the dose
but not at the expense of damage to healthy tissues and
thus toxicity. The essential nature of delivering radiation
‘from the inside, out’ allows dose escalation to be
achieved with brachytherapy, either as monotherapy or
in combination with EBRT.

The fundamental features of brachytherapy
translate into tangible benefits for patients and
healthcare services. Brachytherapy can result in
shorter treatment times, minimizing disruption to
patients and allowing a faster return to everyday
life. Furthermore, treatment is well tolerated and
helps to preserve quality of life, together with the
potential to realize lower utilization of healthcare
resources and associated costs.



Types of brachytherapy

Brachytherapy offers a high degree of flexibility,
with radioactive source placement, dose rate
and treatment duration tailored to the type and
location of the tumor and the individual patient.

Brachytherapy can be characterized according to three
main factors: (1) source placement, (2) treatment
duration, and (3) dose rate (Table 2).'° Brachytherapy
is described either as contact or interstitial, depending
on positioning of the source. In contact brachytherapy,
the radioactive source is placed close to the tumor,
either in a body cavity (intracavitary, e.g. cervix), in a
lumen (intraluminal, e.g. trachea), or externally (surface
brachytherapy, e.g. skin). In interstitial brachytherapy,
the source is placed inside the affected tissue, as

in breast cancer. The source may either be placed
temporarily in the target tissue for the calculated
treatment duration then withdrawn, or implanted
permanently into the treatment area and left to decay
(e.g. in permanent seed brachytherapy in the treatment
of prostate cancer). Brachytherapy is also described
according to the dose rate used: low, medium or high
(Table 2). Low or high dose rate (LDR or HDR) sources
can be used for temporary implants, as in cervical
cancer;"'? for permanent implants, the sources ('*°|,
193Pd) deliver high total doses at a low dose rate

(<0.4 Gy/h)."

Characteristic | Type | Description | Clinical example(s)
Interstitial Source placed within | Breast, prostate
the tumor
Source
placement Contact Source placed next Cervix, trachea, skin
to the tumor
Permanent | Source implanted Prostate ‘seed’
permanently implants
. Temporary Source implanted for | Most brachytherapy
Duration specific treatment treatments are
duration temporary for a
wide variety of
cancers
High >12 Gy/hour Breast, cervix,
prostate, skin
Medium 2-12 Gy/hour Cervix
Dose rate
Low 0.4-2 Gy/hour Prostate, oral

Table 2. Characteristics of brachytherapy: source placement,
treatment duration and dose rate'®

Brachytherapy dosing

A high degree of dosing flexibility provides a
greater opportunity to personalize treatment.
Additionally, the overall length of the treatment
program is shortened, from weeks to days in many
instances, so reducing disruption to patients’ lives.

The ability of brachytherapy to deliver high radiation
doses over a short time period is important for
treatment efficacy, as both the total radiation dose
and the rate at which it is delivered affect cancer cell
killing. More cancerous cells are destroyed when a
treatment dose is administered over a short time frame,
and although HDR brachytherapy achieves a similar
overall killing effect as LDR brachytherapy or EBRT, it
does so at a significantly lower total dose." A shorter
course of therapy may also offer better tumor control as
cells have a decreased opportunity to repopulate between
treatments.' Rapid dose decline of the radioactive source
increases with distance from the tumor site, and results in
decreased toxicity to healthy surrounding tissues.

The short treatment time with brachytherapy
can help ensure that the total dose is delivered;
with prolonged treatment, such as with standard EBRT,
the risk of non-adherence to the treatment plan

is increased.

The combination of brachytherapy and EBRT can also
be used to deliver the high treatment doses needed

in more advanced disease. Together this delivers

the increased doses needed for improved tumor
control, whilst minimizing the increased risk of
toxicities to the surrounding tissues that would be
seen using EBRT alone. Other approaches, such as IMRT
or EBRT plus proton boost, also aim to deliver higher
doses, but often at a greater investment cost.
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Uterus, cervix,
vagina, vulva

Brachytherapy efficacy and safety
outcomes; patient benefits

Brachytherapy is an efficacious treatment option
that is used worldwide to treat a wide range of
cancers and other diseases (Figure 1). Brachytherapy
is the standard treatment for cervical cancer and is
widely used in prostate cancer. It is also used in a
wide range of other cancers including breast, skin,
anal and rectal, and head and neck cancers.™

A number of organisations, including the American
Brachytherapy Society (ABS), The American Society of
Radiation Oncology (ASTRO), the European Society
for Therapeutic Radiology and Oncology (ESTRO), and
the National Comprehensive Cancer Network (NCCN)
support the use of brachytherapy in their treatment
guidelines. In addition, thousands of published papers
provide significant efficacy and safety evidence.

Brain, eye, lip, mouth,
tongue, nasopharynx,
oropharynx

Trachea, bronchi,
lung

Breast
Esophagus,
gall bladder,
bile ducts,
rectum, anus
Prostate,
penis

Bladder, urethra

Skin

Other soft tissues

Female Male

Figure 1. Body sites in which brachytherapy
can be used to treat cancer
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Brachytherapy
in gynecological cancer

Brachytherapy has long been a standard of care
for gynecological cancers. Today, innovative
technologies like adaptive, image-guided
brachytherapy are setting new benchmarks for
treatment.

A ‘patterns of care’ study in the US showed that over
90% of cervical cancer patients were treated with
EBRT plus brachytherapy.’® In endometrial cancer,
brachytherapy is typically used in combination with
surgery, but is also an option for inoperable disease,
while it is a standard treatment option for vaginal
cancer, often in combination with EBRT for more
advanced disease.

Key benefits in gynecological cancer:

e Comparable efficacy: both LDR and HDR brachytherapy
show similar efficacy to surgery

e Decreased toxicity to rectum and bladder

e Patient convenience: HDR brachytherapy can be delivered
on an outpatient basis

e Reduced treatment times mean better patient
acceptability and lower healthcare costs

Gynecological cancer: efficacy

Both LDR and HDR brachytherapy achieve similar
recurrence rates to surgery for early stage cervical
cancer, offering patients a real alternative to
hysterectomy.

Brachytherapy offers an equally effective
alternative to surgery (hysterectomy) in early stage
cervical cancer (stages IA2 and IB1), and is the standard
treatment for bulky (stage IB2) or locally advanced disease
(stages IIA-IVA), typically in combination with EBRT

and chemotherapy.'” Both LDR and HDR intracavitary
brachytherapy are used to treat cervical cancer. A recent
meta-analysis comparing HDR and LDR brachytherapy
showed no significant difference in overall mortality
between the two approaches (HDR, 35.1%; LDR, 34.1%;
odds ratio 0.96) over a median follow-up of five years.'
Mortality rates did not differ between treatments for the
subgroups of patients with stage I, Il or Il disease, and
local recurrence was similar between the treatments.
Variations in outcomes between LDR and HDR
brachytherapy in stage lll patients have been reported,
suggesting that LDR brachytherapy may be preferable for
large, bulky tumors.™



Gynecological cancer: patient safety and
tolerability

Both LDR and HDR promote decreased toxicity,
including rectal and bladder complications.

HDR brachytherapy for cervical cancer was developed
over 30 years ago, and is widely used in Europe and
Asia."® The higher dose rate (>12 Gy/h) compared

with LDR brachytherapy (0.2-4 Gy/h) means that HDR

brachytherapy can be administered on an
outpatient basis whereas LDR requires inpatient
treatment." The length of time the dosing applicator
is in place is decreased, reducing discomfort for the
patient, and decreasing the need for anesthesia.?
This also decreases the risk that the applicator may
move during treatment, increasing the dose to
surrounding organs.'® By reducing treatment and
hospitalization times, it aims to make therapy more
acceptable to patients.

Treatment tolerability appears similar between LDR
and HDR brachytherapy. A number of factors affect
treatment tolerability in cervical cancer, including
EBRT and chemotherapy, and controlling the dose to
the rectum and bladder is important for reducing
treatment toxicity.” A meta-analysis reported
comparable low rates of late rectal, bladder or
intestinal complications with LDR and HDR
brachytherapy.'® Both LDR and HDR brachytherapy
provide an effective and well tolerated treatment
choice for patients with less advanced disease.

Brachytherapy
in prostate cancer

Recent advances in brachytherapy have made it an
accurate and practical treatment option for patients
with low-, intermediate- and high-risk disease. Both
LDR brachytherapy (permanent seed implantation)
and HDR brachytherapy are used to treat prostate
cancer. Brachytherapy offers patients a highly
individualized treatment option with proven
efficacy, a favorable toxicity profile, reduced side
effects and at a lower cost than newer forms of
EBRT therapy.

Key benefits in prostate cancer:

« Equivalent efficacy (cancer control rates) compared to EBRT
and surgery

« Significantly shorter treatment times compared to EBRT
(day(s) compared to weeks) mean better patient acceptance

» Allows for effective dose escalation while minimizing toxicity

e Lower incidence of urinary and sexual function adverse
events compared to surgery and low incidence of bowel
adverse events compared to EBRT

 More cost-effective than other forms of radiotherapy

Prostate cancer: efficacy

Five year survival rates demonstrate brachytherapy
is as effective as EBRT or surgery for prostate cancer.

Prostate cancer: efficacy - LDR brachytherapy

Brachytherapy has demonstrated equivalent
efficacy to radical prostatectomy and to EBRT in
patients with prostate cancer. In low-risk (i.e. tumor
stage T1-T2a, Gleason score <6, and a PSA value

<10 ng/mL) patients, studies in the US and Europe with
LDR brachytherapy reported durable biochemical
control rates of 87-94% in studies with 10 years of
follow-up.?® These findings are comparable to the

rates obtained with surgery, and compare favorably
with EBRT.' A comparison study in patients with

T1-T2 stage disease showed similar five year biochemical
relapse-free survival (bRFS) rates for brachytherapy,
radical prostatectomy, EBRT, or combined brachytherapy
and EBRT (77-83%), although EBRT <72 Gy was less
effective (51%).?" In a comparison of matched low-risk
patients treated at a single institution, brachytherapy
showed superior five year bRFS rates compared with
EBRT (94 % vs 88%)."

Brachytherapy: high precision, targeted radiotherapy 9



LDR monotherapy is considered the optimal approach
for low-risk patients in terms of maximizing efficacy and
minimizing morbidity, although it may also be used in
combination with hormonal therapy or EBRT.?°

In intermediate-risk patients (i.e. Gleason score

of 7, a PSA value 10-20, or a palpable stage T2

tumor) LDR brachytherapy has also proved effective.
Although brachytherapy alone can produce good
results in intermediate-risk patients, brachytherapy in
combination with either anti-androgen therapy or with
supplemental EBRT is generally preferred for patients
with a less favorable risk profile.?® An analysis of 15 year
bRFS following brachytherapy plus EBRT showed similar
rates for intermediate-risk (80%) and low-risk (88%)
patients.?? Other studies have also reported long-term
bRFS rates of 80-89%, similar to those for low-risk
patients.?324 Results from various studies demonstrate
the success of LDR brachytherapy (alone or with
hormone therapy or supplemental EBRT) for low-

and intermediate-risk patients (Table 3).2°

Risk group
84-98% 74-95% <5 years
82-96% 63-89% =5 years

Table 3. Biochemical free recurrence rates following

LDR brachytherapy in patients with low- and intermediate-risk
prostate cancer

(Adapted from Koukourakis et al., 2009)°

Prostate cancer: efficacy — HDR brachytherapy

In recent years, HDR brachytherapy has been
developed as a treatment for intermediate- to
high-risk prostate cancer. HDR brachytherapy uses
temporary implantation of an'®Ir source to deliver

the radiation dose to the target treatment area. HDR
brachytherapy allows for accurate dosing, as the clinical
target volume is determined after the catheters for the
source are implanted and organ motion is prevented,
reducing the need for additional safety margins.32°
Furthermore, radiation can be placed in extraprostatic
tissue, allowing for the treatment of more advanced
disease.?’ Freedom from bRFS of 89-100% have been
reported for HDR brachytherapy alone in low- and
intermediate-risk patients, which compare favorably
with those seen for permanent LDR implants, although

10 Brachytherapy: high precision, targeted radiotherapy

follow-up durations to date have been shorter than in
LDR studies.”™ More extensive data are available for HDR
brachytherapy in combination with EBRT, with 5-10 year
bRFS rates ranging from 93-100% for low-risk patients,
and 82-100% for intermediate-risk patients (Table 4).'
Rates for high- and very-high-risk individuals were more
varied, typically in the range of 60-80%, although

rates of over 90% have also been reported.’ Overall,
these results compared favorably with those for EBRT

or EBRT plus LDR brachytherapy, suggesting that HDR
brachytherapy is an important option for intermediate-
to high-risk patients.

Risk group
. Intermediate- High/very Endpoint
B risk high-risk (actuarial)
96-100% 85-100% 67-97% 5 years
93-98% 82-92% 62-71% 10 years

Table 4. Freedom from biochemical relapse rates following
HDR brachytherapy plus EBRT in patients with prostate cancer
(Adapted from Pisansky et al., 2009)'

Low: tumor stage T1-T2a; Gleason score 2—-6, PSA <10 ng/mL, Intermediate: tumor stage
T2b-T2¢,; Gleason score 7, PSA 10-20 ng/mL, High: tumor stage T3a, Gleason score 8-10;
PSA >20 ng/mL, Very high: tumor stage T3b-T4, any Gleason score; any PSA.

Prostate cancer: patient safety and tolerability

Dose escalation is a key consideration in prostate cancer,
as recent studies suggest that increasing treatment
doses from 64-70 to 74-80 Gy improves response
rates in patients with locally advanced disease.?>2
However, increased dosing with conventional EBRT

is often associated with higher rectal and bladder
toxicities, underlining the need for alternative
treatment approaches. Advanced EBRT techniques,
such as IMRT and proton beam therapy have been
developed to enable delivery of higher doses with high
tissue conformity, but these are associated with high
investment and infrastructure costs.®'®

As discussed previously, brachytherapy either alone or
in combination with EBRT offers an effective option.

It provides the ability to deliver high treatment doses
targeted to tumor volume while avoiding at-risk organs.

Adverse events related to prostate cancer treatment are
a major source of distress for many patients and can
affect urinary, gastrointestinal and sexual function.

In general, brachytherapy has been demonstrated to
cause fewer reported adverse complications than both
EBRT and surgery.



With respect to urinary function, some patients may
experience acute genitourinary toxicity, which typically
decreases over time.?” The rate of long-term urinary
incontinence associated with brachytherapy is low,26:28.2
typically affecting 5-6% of patients.?® Compared to
radical prostatectomy, brachytherapy has a lower
risk of long-term urinary incontinence (Figure 2).%°

Gastrointestinal function studies comparing matched
patients reported more frequent gastrointestinal
toxicity with EBRT than brachytherapy (Figure 3).7>3°
A long-term follow-up trial (median seven years) of 325
men undergoing prostate brachytherapy, showed a low
incidence of late rectal bleeding (2.8% of patients at
five years follow-up) and there were no reported cases
of rectal ulcers or fistula.?®

The incidence of erectile dysfunction depends on

a number of factors including pre-treatment erectile
function level, age, use of androgen suppression,

and other co-morbidities including smoking history,
diabetes and hypertension. Approximately 15-30%

of patients may be affected by erectile dysfunction
following brachytherapy.?*3° However, importantly, the
risk of erectile dysfunction after brachytherapy
has been shown to be less than after radical
prostatectomy.’'

Differences in side effects and toxicity have also been
assessed by studies using disease-related quality of life
scales. In common with EBRT and radical prostatectomy,
brachytherapy was associated with adverse effects

on urinary function, irritation and bother during the
first few months following treatment, although scores
returned to near baseline levels by 12 months.?”3!

In one study, the quality of life of 614 men receiving
brachytherapy, EBRT or radical prostatectomy was
measured over two years follow-up. The Expanded
Prostate Cancer Index Composite (EPIC) was used to
assess urinary, bowel, sexual and hormonal function
and bother. The EPIC score for each domain ranges
from 0-100, with a higher score indicating better
quality of life.

Sexual functioning was worse following either radical
prostatectomy or EBRT than after brachytherapy
(Figure 4).3! Patients also showed worse results for
urinary incontinence after radical prostatectomy

than following brachytherapy, and had poorer

bowel functioning assessment scores after EBRT

than brachytherapy.!
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Figure 2. Percentage of patients reporting worsening
urinary continence compared with pre-treatment levels
following radical prostatectomy or LDR brachytherapy
for prostate cancer?®
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Figure 3. Prevalence rates of late grade 2 gastrointestinal
toxicity following LDR brachytherapy or EBRT in patients
with prostate cancer'®

—@— Brachytherapy — # - EBRT ‘-A-- RP

100 1
90 4
80 +

EPIC Sexual score

Months

Figure 4. EPIC quality of life scores for sexual domains
following brachytherapy, EBRT or surgery in patients with
prostate cancer'
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Prostate cancer: convenient treatment making
efficient use of resources

Brachytherapy offers shorter overall treatment
times compared to EBRT.

Brachytherapy also offers significantly shorter treatment
schedules than EBRT. In EBRT, total treatment doses of
70-80 Gy are delivered in daily fractions of around 2 Gy,
typically administered five days a week over a period of
about seven weeks.?® By contrast, the total treatment
dose of 38-54 Gy administered in HDR brachytherapy is
delivered in four or six fractions (6-9.5 Gy per fraction)
at one or two visits.'* While in LDR brachytherapy, the
latest planning and implementation techniques mean
that permanent seed implantation can occur in a
single-step procedure.?

Compared to EBRT, which typically requires five
to seven weeks of treatment, brachytherapy
treatment can be completed in a matter of days:
® Modern LDR brachytherapy techniques
enable seed implantation to be
completed in a single visit
® HDR brachytherapy can typically be
delivered in four to six fractions given over
one or two visits.

12 Brachytherapy: high precision, targeted radiotherapy

Brachytherapy
in breast cancer

Good efficacy outcomes and adverse event profiles,
added to the convenience of shorter treatment
times, may offer more women the option of
personalized breast conservation therapy with
improved adherence to radiotherapy, including
brachytherapy, over mastectomy.

Brachytherapy is currently largely used as a 'boost’
therapy with EBRT following surgery, but as techniques
improve, it is increasingly being used as an alternative to
whole breast EBRT following breast conserving surgery.>

Key benefits in breast cancer:

e Efficacy rates are comparable to EBRT and surgery

e Good to excellent cosmetic results similar to EBRT

e Significant patient benefits: decreased treatment times
improve quality of life and treatment adherence

Breast cancer: efficacy

When used as a ‘boost’ therapy, or interstitially as
an alternative to EBRT, brachytherapy demonstrates
efficacy rates comparable to EBRT.

In early stage breast cancer, breast conservation therapy
(BCT) provides comparable efficacy to mastectomy,

but with improved cosmetic results. Long-term studies
reported comparable breast cancer and overall mortality
rates after 20 years follow-up.3*3* In BCT, surgical
removal of the tumor plus a surrounding margin
(lumpectomy) is followed by whole breast irradiation
(WBI) using EBRT, typically delivered over a six week
period.?3¢ Radiotherapy is an important component

of breast conservation therapy; local recurrence and
breast cancer mortality rates are significantly reduced in
patients who receive radiotherapy.>’

For many patients, an additional radiation dose
(‘boost’) is delivered to the surgical bed and margin
using brachytherapy or EBRT. This improves treatment
efficacy, reducing the risk of local recurrence compared
with patients receiving WBI but 'no boost’.3® Studies
have shown that interstitial brachytherapy as a
'boost’ provides good efficacy, with local control
rates (typically <10%) comparable with those for
external ‘boost’ therapy.*“° Recent studies have
also reported good cosmetic outcomes with HDR
brachytherapy.



The protracted radiotherapy schedule required for WBI
may, however, prove a barrier to treatment for many
patients as reflected in the high rates of women with
early stage breast cancer opting for mastectomy, or for
breast conservation therapy (lumpectomy) without the
subsequent radiotherapy.®

Accelerated Partial Breast Irradiation (APBI)
techniques have therefore been developed to
reduce the treatment time. Irradiation is confined

to the lumpectomy bed and surrounding margin; the
reduced target volume allowing increased dose fractions
to be administered over a shorter treatment time (five
to seven days), compared to the five to six weeks
needed to deliver the total dose through conventional
EBRT.3>3% Both multi-catheter interstitial brachytherapy
and balloon-catheter based APBI techniques have been
developed and have demonstrated good efficacy results,
although long-term follow-up data are as yet limited.>

APBI requires fewer fractions of treatment
compared to whole breast irradiation, reducing
treatment times from five to six weeks to just five
to seven days.

One study comparing APBI with matched patients
receiving WBI reported similar seven-year local
recurrence rates for the two approaches (partial breast
irradiation [PBI], 9%; WBI, 15%, WBI + ‘boost, 10%);
disease-free and cancer-specific survival rates were
also similar.*’

Data using the balloon-based interstitial catheter is
more limited; with good efficacy and cosmetic results
reported although follow-up times are generally short.
The latest update from the American Society of Breast
Surgeons study, involving over 1400 patients, reported
three year local recurrence rates of about 2%, and good
or excellent cosmetic results for the vast majority of
patients (91%) after four years.*? Other brachytherapy
devices are being developed as alternatives to balloon-
based catheters in an attempt to improve dosing
flexibility.*?

Breast cancer: patient safety and tolerability

Both ‘boost’ brachytherapy and interstitial
brachytherapy have demonstrated a favorable
toxicity profile.

‘Boost’ therapy, including brachytherapy, is generally well
tolerated, although an increased risk of adverse effects,
such as fibrosis, has been observed over patients not
receiving ‘boost’ treatment, which may have a negative
impact on cosmetic outcome.3® However, cosmetic results
are affected by a number of factors, such as tumor location
and excision volume, and similar high rates of good or
excellent cosmesis have been reported for ‘no boost’ and
"boost’ treatments, with no differences observed between
HDR brachytherapy or EBRT.4044

The risk of toxicity with interstitial brachytherapy
for APBI appears low.>> A comparator study reported
similar adverse event profiles with partial and WBI
treatments.*' In addition, good or excellent cosmetic
outcomes are reported for the majority of patients with
multicatheter interstitial therapy.*

Brachytherapy: high precision, targeted radiotherapy 13



Brachytherapy
in other cancers

Brachytherapy is also used to treat a range of
other cancers, including skin and rectal/anal cancer.

Brachytherapy in non-melanoma skin cancers

In patients with basal cell or squamous cell carcinomas,
HDR brachytherapy provides an important treatment
option, particularly for tumors on the face and head.*®
Brachytherapy is an effective treatment, providing good
local control and cosmesis. In particular, brachytherapy
may be a favorable treatment for cancers on the

nose, ears, eyelids or lips, where surgery may cause
disfigurement or require extensive reconstruction.
Brachytherapy is also an alternative for patients for
whom surgery is contraindicated, such as for patients
receiving anticoagulants.

Brachytherapy provides good cosmetic results and
clinical efficacy; studies with up to five years
follow-up have shown that brachytherapy is
highly effective in terms of local control, and
is comparable to EBRT.*’~*° Brachytherapy sources
are implanted using various technigues, including
hypodermic needles and nylon tubes, while surface
HDR brachytherapy using specific applicators or moulds
provides an alternative for larger or more complex
structures. These applicators ensure close contact
between the radiation source(s) and the skin by
conforming to the curvature of the skin and

so enabling precision delivery of the optimal
irradiation dose.

Brachytherapy in rectal cancer

In the treatment of rectal cancer, newer surgical
techniques such as total mesorectal excision, coupled
with EBRT (and increasingly chemotherapy) have
reduced local cancer recurrence rates significantly.
However, this has to be weighed against the number
of patients with increased morbidity and toxicity (side
effects) from neoadjuvant chemoradiation. Initial data
from smaller scale studies suggest that endorectal

HDR brachytherapy represents an attractive potential
alternative to EBRT for neoadjuvant therapy in patients
with resectable rectal cancer. In comparison to EBRT,
brachytherapy offers the advantage of delivering a high
dose of radiation with a rapid dose fall-off around the
rectal tumor target, resulting in the sparing of normal
tissues, such as the bladder, prostate and skin.
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In a study of 100 patients, preoperative HDR brachytherapy
provided a local recurrence rate of 5% at five years,
comparable with rates reported for preoperative EBRT.*°
Disease-free and overall survival rates were good (65%
and 70%, respectively, at five years), while the low
incidence of grade 3 toxicity compared favorably with
EBRT.*® Furthermore, the development of CT-based,
image-guided procedures allows for reproducible
positioning of the applicator to ensure accurate delivery
of each treatment fraction.>

Further investigations are expected to lead to interesting
developments in this area.

In anorectal cancer, a number of different approaches
are used, depending on the stage and location of the
tumor. Endocavitary contact radiotherapy, either alone
or with EBRT, has proved effective in managing early
stage rectal adenocarcinoma, although careful patient
selection is required.>?



Brachytherapy
in palliative care

Brachytherapy plays an important role in palliative
care, particularly in lung and gastrointestinal
cancers.>*54 The ability to administer treatment
doses in a short, straightforward outpatient
procedure makes it well suited for patients with
advanced disease who may be in poor overall
health.

In patients with advanced lung cancer, intraluminal
HDR brachytherapy is used for the palliative treatment
of tumors obstructing the bronchi, in order to relieve
associated symptoms such as dyspnea, coughing and
post-obstructive pneumonia, which impair patients’
quality of life and may be life-threatening.>* General
symptom improvements were reported in some studies,
as were tumor responses; for some patients, symptom
relief was associated with improved overall survival.>*
Evidence suggests that combining brachytherapy with
other treatment approaches, such as EBRT or laser
photoresection, may lead to further improvements in
patient outcomes.>

HDR brachytherapy is also a valuable option for
palliative treatment in esophageal cancer. Over 50%
of patients present with advanced, inoperable disease,
so require palliative care to relieve symptoms such as
dysphagia (difficulty swallowing), which can have a
marked effect on patient health and quality of life.>3
In comparative studies, endoluminal brachytherapy was
associated with better long-term relief from dysphagia
and fewer complications than stent placement,
although the initial improvements in dysphagia
occurred less quickly.5”8 In addition, brachytherapy
was associated with better health-related quality of life
scores following treatment than stent placement.>:>8

Brachytherapy: setting benchmarks
in radiation technology

K6 Adaptive image-guided prostate and gynecological
brachytherapy and increasingly breast brachytherapy
with their comprehensive integration of various new
technologies and 3D/4D concepts have set benchmarks
exploiting the full potential of advanced radiotherapy
with very promising clinical results.”§y

Advantages over newer EBRT technology:
technical and cost base

The latest image-based brachytherapy techniques
compare favorably with advanced EBRT techniques,
such as IMRT and intensity-modulated proton beam
therapy (IMPT), when it comes to delivering high
precision treatment doses. A study in cervical cancer
suggested that image-guided IMRT or IMPT techniques
were inferior to image-guided brachytherapy;
brachytherapy showed improved dose distribution and
reduced dose volumes to surrounding tissue compared
with the treatment plan for IMRT or IMPT.>® Similarly, a
modeling study in prostate cancer suggested that HDR
boost brachytherapy provides better local tumor control
and superior rectal and bladder dose avoidance than
non-image-guided IMRT, and comparable results to
image-guided IMRT.®°

Another significant advantage of brachytherapy is the
lower cost associated with set-up and maintenance
of the technology when compared to newer EBRT
technologies. In particular, IMRT and IMPT require a
large infrastructure investment, and thus are currently
only available at selected treatment centers, limiting
their patient accessibility.’

Image-guided brachytherapy may provide better
dose distribution to the target tumor and reduced
dose volumes to surrounding healthy tissues when
compared with image-guided IMRT and IMPT.>*
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Ongoing advances in brachytherapy result in
improved outcomes and efficiency

The developments in computing and imaging techniques,
such as ultrasound, computed tomography (CT) and
magnetic resonance imaging (MRI), over the last

20-30 years have proved invaluable in improving the
quality of brachytherapy offered to cancer patients.
Their introduction into brachytherapy programs has led
to improvements in treatment planning, implementation
and assessment, resulting in efficacy and tolerability
benefits for patients.

Treatment planning

The use of imaging techniques, such as ultrasound,
CT and MRI for treatment planning, has led to
improved visualization of the tumor and
surrounding organs.

Key trends in brachytherapy include a move from 2D (i.e.
film based) to 3D (i.e. volume-based) planning techniques,
using imaging techniques such as CT and MRI. An emerging
trend is 4D (3D plus time).

Three-D visualizations can be created for dose planning,
allowing more precise determination of target volumes
and critical organs and improved source or applicator
localization.? Computer-based planning programs then
use these data to optimize the dose distribution to the
target volume, ensuring a uniform distribution while
minimizing doses to at-risk organs. The same techniques
are then employed to guide the position of the implant
during treatment.

Increasingly, the 3D/4D planning and treatment
techniques are being combined in a one-step
process, rather than using a separate planning step
(pre-planning).? The dosing plan is created in real
time from the collected images, evaluated and then
implemented in a single procedure (Figure 5). This
eliminates the potential for changes in the size or
position of the treatment area between planning
and implementation steps, which could adversely
affect dosing.?
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The use of MRI for diagnosis and brachytherapy
treatment planning for gynecological cancers has
provided a major step forward.

In gynecological brachytherapy, the use of MRl in the
diagnosis and treatment planning process represented a
major step forward. Accurate imaging of the applicator
together with the tumor, surrounding tissues and at-risk
organs has allowed treatment to be optimized for the
individual patient.’

Figure 5. One-step planning and treatment delivery

Treatment delivery

The use of multiple imaging techniques can help
improve the treatment delivery process, and allow
real-time changes to dose and applicator positioning.

Trans-abdominal ultrasound has been used to guide

and verify the placement of treatment applicators in
gynecological brachytherapy, improving dosimetric
coverage.®' Similarly, the use of HDR brachytherapy in
prostate cancer has introduced another level of flexibility
into the treatment process, as fine adjustments to the
position and length of time (dwell time) the source
spends in the target volume can be used to optimize the
dose distribution.' The treatment plan is then fed to
the remote afterloading device, which controls delivery
of the ?Ir source into the treatment applicator. This
occurs automatically, providing accurate implementation
of the treatment dosing and avoiding exposure of the
medical staff to radiation.



Together, the use of 3D image-based brachytherapy
and advanced, computerized dose-optimization
algorithms (Figure 6) mean that brachytherapy can
provide a highly conformal treatment, delivering
the desired radiation dose in a targeted and precise
manner to the tumor.

Figure 6. Accurate auto-catheter reconstruction imagery (left)
to completed optimization and dose calculation (right)
in minutes

Cost effectiveness: making efficient
use of healthcare resources

With an ever increasing focus on healthcare costs,
making the best use of the available resources is a
key consideration in today’s healthcare system.

Total healthcare costs for cancer in the US were

an estimated $93.2 billion in 2008.%? Despite the
widespread use of radiotherapy in cancer care,

however, it accounts for a relatively small percentage

of healthcare costs. In the UK, radiotherapy comprises
less than 10% of the budget, compared with over 15%
for chemotherapy and more than 30% for surgery.® In
Sweden, where radiotherapy accounts for approximately
5% of cancer costs, although actual costs for EBRT
increased by 16% between 1991 and 2001, the number
of fractions delivered increased by 37%, so cost per
fraction actually reduced.?

As pressure on resources intensifies, reductions
in overall treatment length along with increased
use of outpatient-based treatment are effective
ways to reduce costs and provide more efficient
use of resources.

In cervical cancer, for example, HDR brachytherapy
offers reduced treatment times compared with
LDR brachytherapy, allowing treatment on an
outpatient basis and reducing the time spent in
hospital from around one week to one day.'s'®

A 2005 survey in Australia and New Zealand showed
that use of HDR brachytherapy for cervical cancer
exceeded that of LDR brachytherapy, with the
installation of more HDR units indicating a continuing
trend away from LDR brachytherapy.®* Use of HDR
brachytherapy has also increased in the US, and is
increasingly popular in the developing world.'®1°

The increased dosing flexibility that HDR
brachytherapy provides also allows treatment

to be better tailored to the individual patient,
reducing dosing to adjacent organs at risk, and so
providing potential benefits in terms of reduced
morbidity.>'® Maximizing the use of existing advanced
brachytherapy equipment, such as a remote afterloader,
could also lead to efficiency savings, as the costs per
patient treated are reduced.
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To build up an accurate picture of the costs of a
particular therapy, cumulative costs need to be
considered over several years to ensure that factors
such as side effects and need for subsequent

therapy are included. An analysis of patients with
newly-diagnosed prostate cancer in the US showed a
wide variation in total treatment costs over five and half
years (Table 5), with brachytherapy among the cost-
effective options ($35,143) and EBRT among the most
expensive ($59,455).54 When sub-divided by risk group,
treatment costs rose with increasing risk, although EBRT
was still consistently more costly than brachytherapy in
each group.

Primary treatment | Total, $

Total (all costs), $

Intermediate

Brachytherapy 35,143 28,366 41,419 43,035
EBRT 59,455 48,840 56,725 72,737
Radical 36,888 32,795 35,037 54,055
prostatectomy

Cryotherapy 43,108 31,602 32,814 53,741
Androgen 69,244 | 45,095 56,738 87,523
deprivation

Watchful waiting | 32,135 31,871 31,789 26,884

Table 5. Cumulative treatment costs over five and half years
for patients with newly-diagnosed prostate cancer®

Brachytherapy: a ‘high-value’
treatment option

The growing cost of the latest cancer treatments
has also increased the focus on cost-effectiveness
studies.®> Assessments of the relative costs and
benefits of new and existing treatment approaches
are of increasing interest to clinicians and
healthcare policy makers.

The Institute for Clinical and Economic Review (ICER)

in the US recently considered the comparative value of
radical prostatectomy, brachytherapy, IMRT and proton
therapy in low-risk prostate cancer.® Their assessment
considered both the clinical effectiveness, and the initial
and lifetime costs of the different options. Although
clinical effectiveness was considered comparative
between radical prostatectomy, brachytherapy and
IMRT, ratings for comparative value differed.
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Lifetime treatment costs for brachytherapy were

nearly $3,000 lower than for radical prostatectomy,

so brachytherapy was considered a ‘high value’
alternative. By contrast, the significantly higher

costs of approximately $9,500 for IMRT over radical
prostatectomy rendered it a ‘low value’ option, with an
estimated incremental cost-effectiveness ratio of over
$35,000 per quality-adjusted life year (QALY). Although
the limited data for proton therapy were insufficient to
assess clinical effectiveness, the high treatment costs
(an extra $25,480 over radical prostatectomy) resulted
in a 'low’ comparative value rating. The estimated
incremental cost-effectiveness ratio was almost
$170,000 per QALY.?

Brachytherapy is a cost-effective treatment option;
lifetime treatment costs for brachytherapy are
substantially lower than for radical prostatectomy
and IMRT.?

In two recent analyses, cost effectiveness models

were used to evaluate the potential efficacy gains
associated with the increased radiation doses delivered
by IMRT and proton beam therapy for patients with
intermediate-risk prostate cancer. One assessment
suggested that IMRT was cost-effective over 3D
conformational radiotherapy, although the incremental
cost-effectiveness value for IMRT (340,101 per QALY)
was near the upper limit of what is considered cost
effective ($50,000 per QALY).%® The other study
suggested that proton beam therapy was not cost-
effective compared with IMRT.®” The combination

of brachytherapy and EBRT provides an alternative
approach to increasing treatment dose, and has proved
effective in intermediate-and high-risk patients with
prostate cancer.'* Both IMRT and proton therapy are
associated with substantial capital and maintenance
costs.® The lower infrastructure and usage costs of
brachytherapy, suggest that brachytherapy plus EBRT
may prove a more cost-effective treatment strategy

in intermediate- and high-risk patients with

prostate cancer.



Conclusions

Although radiotherapy continues to be a key
cornerstone of cancer care, it is clear that treatment
innovations are needed to build on this success and
ensure that radiotherapy continues to provide quality
care for patients in the 21st century. In addition to
maintaining the quality and reproducibility of treatment,
radiotherapy needs to offer good outcomes in terms of
efficacy, tolerability and quality of life, while providing
minimum disruption to patients’ lives. New technology
should focus on providing these fundamentals, plus the
ability to personalize treatment programs.

Brachytherapy provides a solution to key needs in
radiation therapy and cancer management.

Brachytherapy is a high precision, targeted radiotherapy,
which has demonstrated the ability to provide
effective, patient-centered treatment. It is a standard
of care for certain cancers, such as cervical cancer,

and an important treatment option for many others.
Brachytherapy has proven efficacy, and the targeted
treatment dosing spares surrounding tissues, providing
a favorable side effect and safety profile. Furthermore,
treatment is delivered over a short time period,
allowing patients a quick return to daily life,

increasing acceptability.

State-of-the-art-technologies for imaging, planning
and delivery ensure that brachytherapy is

tailored to the needs of the individual patient in

a cost-effective way, making brachytherapy an
important option for cancer care in the 21st century.

Brachytherapy: high precision, targeted radiotherapy
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Glossary

Adjuvant therapy: Additional treatment following the
primary intervention (often surgery), to reduce the risk of tumor
recurrence. Brachytherapy is used as an adjuvant therapy, with
or without EBRT, following breast conservation surgery.

Afterloading: Afterloading refers to the implantation of non-
radioactive applicators, (typically needles, guides, catheters or
tubes) into or next to the tumor, which are later loaded with
radioactive sources. Afterloading can be done manually, or
using remote, computer-controlled machines called afterloaders.

APBI: Accelerated Partial Breast Irradiation: Allows a small
region of the breast to be radiated, which in turn results in less
radiation to surrounding organs and tissues. It also allows the
treatment to be given in a more condensed, faster schedule.

BCT: Breast Conservation Therapy: Removes the breast
tumor and a margin of surrounding normal tissues. Radiation
therapy follows surgery to eliminate any microscopic cancer
cells in the remaining breast tissue.

Conformity: The process of matching the radiation dose to
the tumor size (volume) and position. Higher tumor conformity
is associated with lower risk of toxicity to surrounding tissues
and organs.

Curative therapy: Treatment which aims to permanently
control a tumor. Brachytherapy is used curatively in
cervical cancer.

EBRT: External Beam Radiation Therapy: Radiation from
electrons is generated outside the body, and then delivered by
a linear accelerator (linac) through healthy tissues to reach the
tumor site. Radioactive beams penetrate the tissues, but no
radioactive source is placed inside the body.

Fractionation: The process of dividing a total dose of
radiation into smaller doses delivered over multiple intervals
(fractions). In brachytherapy, a very high dose is delivered in
a short time and a limited number of fractions. These doses
and dose rates would not be tolerated by normal tissues in a
volume as large as that commonly treated with EBRT.

Gleason score: A system of grading prostate cancer. Gleason
scores range from 2 to 10; a high score generally indicates a
more aggressive cancer and an unfavorable prognosis.

IMPT: Intensity Modulated Proton Beam Therapy: A form
of IMRT in which the dose and position of the proton beams
can be modified to increase conformity.
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IMRT: Intensity Modulated Radiation Therapy: An external
form of radiation which involves creating a 3D image of the
tumor and location, allowing the radiation beam to be broken
into smaller "beamlets’, whose intensity and placement can

be manipulated to provide a highly conformational dose.
Typically performed on an outpatient basis, patients must be
completely immobilized for the procedure.

Neoadjuvant therapy: Treatment aimed at shrinking a
tumor before the main intervention, which is usually surgery.
Brachytherapy is used as a neoadjuvant therapy prior to
surgery in the treatment of rectal cancer.

Palliative therapy: Treatment which aims to relieve
symptoms and suffering in patients with advanced, progressive
disease. Intraluminal brachytherapy is used for the palliation of
lung cancer patients.

Proton beam therapy: A form of EBRT which utilizes
protons as the radioactive beam. The advantage of protons

is their tendency to deposit radiation at the end of the beam,
thereby reducing the radiation dose to healthy surrounding
tissue. It is normally an outpatient procedure requiring patient
immobilization, but is currently only available at specialized
centers with the necessary technology.

Radioactive source: Radioactive material intended for use
as a source of ionizing radiation. Iridium was first used in
1958 and is still the most widely used artificial radioactive
source in brachytherapy. The majority of temporary implants
are performed with sealed iridium and cesium whereas the
most common radionuclides used for permanent implants are
iodine, palladium and gold encapsulated in seeds.

Remote afterloader: A specially designed, often portable,
machine used to transfer the radioactive source to the patient
via specially designed applicators. They contain a shielded
source container (safe) for radioprotection of staff and patient
and ensure accurate source positioning, as well as a time
control structure and an automatic source removal.

SRS: Stereotactic Radiosurgery: Using a very precise
beam(s) of radiotherapy and secure immobilization of the
patient, radiation is delivered to the tumor, often in a single
high dose.

WBI: Whole Breast Irradiation: The entire breast is radiated
using EBRT, usually following breast conservation surgery.
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For further information on brachytherapy, consult the
following resources:

Speak to colleagues who have successfully integrated
brachytherapy into their practice

ESTRO (European Society for Therapeutic Radiology
and Oncology)
WWWw.estro.org

ASTRO (American Society for Therapeutic
Radiology and Oncology)
www.astro.org

GEC-ESTRO (Groupe Européen de Curiethérapie and
the European Society for Therapeutic Radiology

and Oncology)
www.estro.org/about/Pages/GEC-ESTRO.aspx

ABS (American Brachytherapy Society)
www.americanbrachytherapy.org

NCCN (National Comprehensive Cancer Network)
WWW.Ncen.org
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