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ABSTRACT PURPOSE: This practice parameter aims to detail the processes, qualifications of personnel,
patient selection, equipment, patient and personnel safety, documentation, and quality control and
improvement necessary for an HDR brachytherapy program.

METHODS AND MATERIALS: This practice parameter was revised collaboratively by the
American College of Radiology (ACR), the American Brachytherapy Society (ABS), and the
American Society for Radiation Oncology (ASTRO).

RESULTS: Brachytherapy is a radiotherapeutic modality in which radionuclide or electronic
sources are used to deliver a radiation dose at a distance of up to a few centimeters by surface,
intracavitary, intraluminal, or interstitial application. Brachytherapy alone or combined with ex-
ternal beam radiotherapy plays an important role in the management and treatment of patients
with cancer. High-dose-rate (HDR) brachytherapy uses radionuclides, such as iridium-192, at dose
rates of >12 Gy/hr to a designated target point or volume, and it is an important treatment for
a variety of malignant and benign conditions. Its use allows for application of high doses of
radiation to defined target volumes with relative sparing of adjacent critical structures.
CONCLUSIONS: HDR brachytherapy requires detailed attention to personnel, equipment, patient
and personnel safety, and continuing staftf education. Coordination between the radiation oncologist
and treatment planning staff and effective quality assurance procedures are important components
of successful HDR brachytherapy programs. © 2021 Published by Elsevier Inc. on behalf of
American Brachytherapy Society.
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The American College of Radiology, with more than
30,000 members, is the principal organization of radiolo-
gists, radiation oncologists, and clinical medical physicists
in the United States. The College is a nonprofit profes-
sional society whose primary purposes are to advance the
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science of radiology, improve radiologic services to the
patient, study the socioeconomic aspects of the practice of
radiology, and encourage continuing education for radiolo-
gists, radiation oncologists, medical physicists, and persons
practicing in allied professional fields.

The American College of Radiology will periodically
define new practice parameters and technical standards for
radiologic practice to help advance the science of radi-
ology and to improve the quality of service to patients
throughout the United States. Existing practice parameters
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and technical standards will be reviewed for revision or re-
newal, as appropriate, on their fifth anniversary or sooner,
if indicated.

Each practice parameter and technical standard, repre-
senting a policy statement by the College, has undergone a
thorough consensus process in which it has been subjected
to extensive review and approval. The practice parameters
and technical standards recognize that the safe and effec-
tive use of diagnostic and therapeutic radiology requires
specific training, skills, and techniques, as described in
each document. Reproduction or modification of the pub-
lished practice parameter and technical standard by those
entities not providing these services is not authorized.

Preamble

This document is an educational tool designed to as-
sist practitioners in providing appropriate radiation oncol-
ogy care for patients. Practice Parameters and Technical
Standards are not inflexible rules or requirements of prac-
tice and are not intended, nor should they be used, to es-
tablish a legal standard of care'. For these reasons and
those set forth below, the American College of Radiology
and our collaborating medical specialty societies caution
against the use of these documents in litigation in which
the clinical decisions of a practitioner are called into ques-
tion.

The ultimate judgment regarding the propriety of any
specific procedure or course of action must be made by
the practitioner in light of all the circumstances presented.
Thus, an approach that differs from the guidance in this
document, standing alone, does not necessarily imply that
the approach was below the standard of care. To the con-
trary, a conscientious practitioner may responsibly adopt a
course of action different from that set forth in this docu-
ment when, in the reasonable judgment of the practitioner,
such course of action is indicated by the condition of the
patient, limitations of available resources, or advances in
knowledge or technology subsequent to publication of this
document. However, a practitioner who employs an ap-
proach substantially different from the guidance in this
document is advised to document in the patient record in-
formation sufficient to explain the approach taken.

! JTowa Medical Society and Iowa Society of Anesthesiologists v. Iowa
Board of Nursing 831 N.W.2d 826 (Iowa 2013) Iowa Supreme Court
refuses to find that the ACR Technical Standard for Management of
the Use of Radiation in Fluoroscopic Procedures (Revised 2008) sets
a national standard for who may perform fluoroscopic procedures in
light of the standard’s stated purpose that ACR standards are educational
tools and not intended to establish a legal standard of care. See also,
Stanley v. McCarver, 63 P.3d 1076 (Ariz. App. 2003) where in a concur-
ring opinion the Court stated that “published standards or guidelines of
specialty medical organizations are useful in determining the duty owed
or the standard of care applicable in a given situation” even though ACR
standards themselves do not establish the standard of care.

The practice of medicine involves not only the science,
but also the art of dealing with the prevention, diagnosis,
alleviation, and treatment of disease. The variety and com-
plexity of human conditions make it impossible to always
reach the most appropriate diagnosis or to predict with
certainty a particular response to treatment. Therefore, it
should be recognized that adherence to the guidance in
this document will not assure an accurate diagnosis or a
successful outcome. All that should be expected is that the
practitioner will follow a reasonable course of action based
on current knowledge, available resources, and the needs of
the patient to deliver effective and safe medical care. The
sole purpose of this document is to assist practitioners in
achieving this objective.

Introduction

This practice parameter was revised collaboratively by
the American College of Radiology (ACR), the American
Brachytherapy Society (ABS), and the American Society
for Radiation Oncology (ASTRO).

Brachytherapy is a radiotherapeutic method in which
radionuclide or electronic sources are used to deliver a
radiation dose at a distance of up to a few centimeters
by surface, intracavitary, intraluminal, or interstitial ap-
plication. This practice parameter refers only to the use
of radionuclides for brachytherapy. Brachytherapy alone
or combined with external beam radiotherapy plays an
important role in the management and treatment of pa-
tients with cancer (1). High-dose-rate (HDR) brachyther-
apy uses radionuclides such as iridium-192 at dose rates
of 20 cGy/min (12 Gy/hr) or more to a designated tar-
get point or volume. HDR brachytherapy is indicated for
treating malignant or benign tumors where the treatment
volume or targeted points are defined and accessible.

The use of brachytherapy requires detailed attention to
personnel, equipment, patient and personnel safety, and
continuing staff education.

The licensing of radioactive sources (radionuclides) and
the safety of the general public and health care workers are
regulated by the Nuclear Regulatory Commission (NRC)
or by agreement states.” Medical use of radionuclides for
therapeutic procedures must adhere to the constraints set
forth by these regulatory agencies. Detailed descriptions of
NRC licensing and safety issues can be found in the Code
of Federal Regulations, Part 20 and Part 35. State require-
ments for the agreement states are found in the respective
state statutes and regulations.

A literature search was performed and reviewed to iden-
tify published articles regarding practice parameters and
technical standards in HDR brachytherapy.

2 An agreement state is any state with which the U.S. Nuclear Regu-
latory Commission or the U.S. Atomic Energy Commission has entered
into an effective agreement under Subsection 274.b of the Atomic Energy
Act of 1954, as amended (73 Stat. 689).
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Process of brachytherapy

The use of HDR brachytherapy is a complex multi-
step process involving trained personnel who must work
in concert to carry out a variety of interrelated activities.
Communication among brachytherapy team members and
well-defined procedures are essential for accurate and safe
treatment. See the ACR-ASTRO Practice Parameter for
Communication: Radiation Oncology [2].

Clinical evaluation

The initial evaluation of the patient includes history,
physical examination, review of pertinent diagnostic stud-
ies and reports, and communication with the referring
physician and other physicians involved in the patient’s
care. The extent of the disease must be determined and
recorded for staging. Staging facilitates treatment deci-
sions, determines the prognosis of the patient, and enables
a comparison of treatment results. The brachytherapy treat-
ment target and organs at risk (OARs) should be deter-
mined and documented as part of the clinical evaluation.
See the ACR-ASTRO Practice Parameter for Radiation
Oncology (3) and the ACR-ASTRO Practice Parameter for
Communication: Radiation Oncology (2).

Establishing treatment goals

The goals of radiotherapy should be clearly docu-
mented. Treatment options and their relative benefits and
risks should be discussed with the patient. The role of in-
tegrating other therapies, such as external beam radiother-
apy, chemotherapy, immunotherapies, or hormonal manip-
ulation, with brachytherapy must be considered and dis-
cussed when defining the course of treatment. A summary
of the evaluation should be communicated to the referring
physician and other physicians involved in the patient’s
care.

Informed consent

Informed consent must be obtained and documented.
See the ACR Practice Parameter on Informed Consent —
Radiation Oncology (4).

Applicator placement

Oncologic practice, including brachytherapy, may re-
quire the interaction of multiple specialists. The choice
and placement of afterloading applicators, treatment plan-
ning, and treatment delivery are the responsibility of the
radiation oncologist who is a licensed authorized user of
radionuclides for medical purposes (5).

Each type of brachytherapy procedure has unique char-
acteristics. The brachytherapy team should operate accord-
ing to an established procedural system that has been

developed by the radiation oncologist and brachytherapy
team members. This systematic approach to applicator in-
sertion and source afterloading should include a descrip-
tion of preimplantation procedures, sedation or anesthesia
needs, applicator option, and insertion techniques. Stan-
dard orders or care guidelines may enhance the system-
atic approach to the brachytherapy process. The physician
should be responsible for applicator removal, including su-
pervision or oversight of applicator removal if done by a
trained member of the brachytherapy team.

Image acquisition

In most applications, images of the implanted regions
should be obtained. Imaging should be standardly per-
formed for treatment planning and or to verify intended ap-
plicator position for intracavitary, interstitial, intraluminal,
and complex surface brachytherapy. In certain instances
(i.e., simple surface brachytherapy), clinical assessments
without radiographic images may suffice for verification
of applicator position, and clinical photography is encour-
aged in such situations. Images may be either 2-D (radio-
graphy based) or 3-D (ultrasound, computed tomography
[CT], or magnetic resonance imaging [MRI] based). The
authorized user should select the optimal imaging proto-
cols for treatment planning. The purpose of these protocols
is to acquire optimal images of the implant applicator, the
treatment target, and the surrounding normal tissues. It is
desirable to have 3-D spatial information so that the rela-
tionship of the target and surrounding critical organs can
be visualized. The dose applied to the target and to the
normal critical structures can then be determined and op-
timized. For instance, to help mitigate localization uncer-
tainties, CT or MRI slice thicknesses on the order of 1 to
2 mm should be considered. Optimization of the diagnos-
tic and functional imaging protocols in collaboration with
diagnostic radiologists, nuclear medicine physicians, and
imaging physicists is critical.

Treatment planning

As the authorized user, the radiation oncologist must
provide a signed and dated written directive (WD) to the
planner (i.e., Qualified Medical Physicist, certified medi-
cal dosimetrist), as described in the regulations applica-
ble to your state. The WD should include at least the
treatment site, the radionuclide used, the dose per frac-
tion, the total number of fractions, the planned total dose,
and the dose specification (i.e., target volume, point, dis-
tance from lumen, or surface of applicator) as per NRC
10 CFR 35.40 (6). Based on anatomical targets and/or
OARs as well as dose specifications, the planner creates
a treatment plan. Computer-planning techniques to shape
the dose distribution are widely available but should be
used correctly to properly optimize the dosimetry in all
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visualized planes. Verification of the resultant plan’s dosi-
metric calculations must be performed using a secondary
dose calculation prior to treatment delivery (see Section
V). Once the radiation oncologist has reviewed and ap-
proved the plan and final adjustment to the WD (prescrip-
tion) parameters has been made, the plan must be saved
and locked using a unique user identification and password
combination to prevent any unintended changes.

Treatment delivery

Verification of patient identity is required prior to treat-
ment delivery. A time-out should be performed and docu-
mented in the medical record prior to treatment delivery.
At a minimum, the time-out should include patient identity,
treatment site, laterality if applicable, dose per fraction, and
fraction number of the total course.

Prior to each treatment, the radiation oncologist, Qual-
ified Medical Physicist, or the radiation therapist should
verify and document that the HDR afterloader transfer
tubes are appropriately connected to each applicator chan-
nel. The patient and the room must be surveyed with pre-
treatment survey results documented in the patient records.
The Qualified Medical Physicist should verify and docu-
ment all treatment parameters at the HDR treatment con-
sole prior to source delivery, including the correspondence
between planned source strength and afterloader source
strength with appropriate corrections for source decay. In
a multifraction treatment regimen using indwelling needles
or catheters, where interfraction movement is possible, it is
important to verify that the applicator is stable with regards
to the target and OARs before delivery of subsequent frac-
tions. In any single-fraction treatment it is also important
to verify applicator positioning prior to treatment. Verifica-
tion of applicator position can be performed by visualizing
the applicator relative to the patient and/or with 2-D or 3-D
imaging.

Radiation safety measures are mandatory for HDR pro-
cedures to ensure exposure is confined to the patient and
that the source is properly delivered and returned to the ra-
diation safe location within the afterloader. The radiation
oncologist and the Qualified Medical Physicist must be in
the immediate vicinity at all times while HDR brachyther-
apy is being administered. The patient must be continu-
ously monitored by video and/or audio means during treat-
ment, and the proper functioning of equipment directly
must be supervised by the qualified personnel. Treatment
delivery must be documented for each fraction and subject
to detailed scrutiny as described in the patient and per-
sonnel safety section (see Section VI). At the end of each
treatment, the patient and the room must be surveyed to
confirm the source has been safely retracted into the af-
terloading device. The radiation survey results should be
recorded and maintained per regulatory requirements.

Treatment summary

At the conclusion of the course of treatment, a writ-
ten treatment summary that includes a description of
the brachytherapy technique and/or applicator(s), dose per
fraction, number of fractions, total brachytherapy dose, cu-
mulative dose to the target and OAR, and dose specifica-
tion and total dose of external beam radiotherapy, if given,
should be generated. There should also be a brief outline
of the clinical course, acute toxicities or procedure compli-
cations, if any, and a plan for patient follow-up care. See
the ACR-ASTRO Practice Parameter for Communication:
Radiation Oncology (2).

Follow-up evaluation

Patients treated with HDR brachytherapy should be
evaluated at regular intervals for disease status, procedure-
related side effects, and radiation complications. Informa-
tion about the patient’s clinical status should be communi-
cated to the primary, referring, and other appropriate physi-
cian(s).

Emergency procedures

Emergency procedures that outline the actions taken
by the radiation oncologist, Qualified Medical Physicist,
radiation safety officer, and any additional members of
the treatment team in the event a radioactive source does
not retract, as planned, from the patient at the end of a
HDR administration must be defined. Emergency proce-
dures should be reviewed and documented with each mem-
ber of the brachytherapy team at least annually.

Qualifications of personnel

The HDR brachytherapy team includes the radiation on-
cologist(s), Qualified Medical Physicist, dosimetrist, radi-
ation therapist, and/or nurse. An individual serving in the
role of radiation safety officer should provide an inde-
pendent regulatory oversight. HDR brachytherapy requires
close coordination between all members of the team as
radiation is given in relatively large doses per fraction in
a short period of time. Errors in treatment leading to ra-
diation misadministration can happen quickly with serious
consequences. Communication among team members and
well-defined procedures for performing HDR brachyther-
apy are thus essential for accurate and safe treatment.
Qualifications of the brachytherapy team include the cre-
dentials listed below.

Radiation oncologist who also meets the requirements of
the authorized user

Certification in Radiation Oncology or Therapeutic Ra-
diology by the American Board of Radiology, the Ameri-
can Osteopathic Board of Radiology, the Royal College of
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Physicians and Surgeons of Canada (RCPSC), or the Col-
lege des Médecins du Québec, or certification in Radiology
by the American Board of Radiology of a physician who
confines his/her professional practice to radiation oncology
(5) or

Satisfactory completion of a residency program in radi-
ation oncology approved by the Accreditation Council for
Graduate Medical Education (ACGME), the RCPSC, the
College des Médecins du Québec, or the American Osteo-
pathic Association (AOA).

Qualified medical physicist

For the qualifications of the Qualified Medical Physi-
cists, see the ACR-AAPM Technical Standard for the Per-
formance of High-Dose-Rate Brachytherapy Physics (7).

Medical dosimetrist

Board certification by the Medical Dosimetrist Certifi-
cation Board is recommended.

Radiation therapist

The radiation therapist must fulfill state licensing re-
quirements and should have American Registry of Radio-
logic Technologists (ARRT) certification in radiation ther-

apy.

Nurse

The nurse must fulfill state licensing requirements.

Continuing education program

Continuing medical education (CME) programs should
include radiation oncologists, Qualified Medical Physi-
cists, dosimetrists, radiation therapists, nurses, and radio-
therapy staff. Radiation safety programs should also in-
clude hospital-based personnel who will be involved with
brachytherapy patients. Educational programs used for both
initial training and retraining must cover the following:

The safe operation, including emergency procedures, of
HDR applicators and HDR remote afterloading equipment
and sources as appropriate to the individual’s responsibil-
ities

Treatment techniques and new developments in radia-
tion oncology and brachytherapy

The program should be in accordance with the ACR
Practice Parameter for Continuing Medical Education
(CME) (8).

The Medical Director of Radiation Oncology is respon-
sible for the institution and ongoing supervision of contin-
uing quality improvement (CQI) as described in the ACR—
ASTRO Practice Parameter for Radiation Oncology (3).

It is the responsibility of the Medical Director to identify
problems, see that actions are taken, and evaluate the effec-
tiveness of the actions. The Medical Director will designate
appropriate personnel to constitute the CQI Committee that
will review HDR brachytherapy as part of the CQI meet-
ing agenda. Refer to the ACR-ASTRO Practice Parameter
for Radiation Oncology (3) for a detailed description of
CQI Committee functions.

Patient selection criteria
Cervical cancer

Brachytherapy is an essential modality in the definitive
treatment of cervical cancer as there is improved survival
compared with advanced techniques of external beam ra-
diotherapy (9,10). Brachytherapy is given in conjunction
with external beam radiotherapy with or without concurrent
chemotherapy for locally advanced cervical cancer. Omis-
sion of chemotherapy can be considered for patients with
early-stage disease in whom radical hysterectomy is med-
ically contraindicated. International randomized trials and
meta-analyses have concluded that HDR brachytherapy is
equivalent to low-dose-rate (LDR) brachytherapy for local
control, survival, and toxicity. Treatment planning is an in-
tegral part of cervical cancer brachytherapy because of the
need for high curative doses to the cervix and paracervical
tumor and the close proximity of the normal pelvic organs.
3-D image-based brachytherapy should be performed with
the applicator in place, preferably with incorporation of
MRI given the superior soft tissue delineation of the clin-
ical target volume (11). MRI may be performed at a time
prior to applicator placement with incorporation of find-
ings into a CT-based treatment plan, or, more ideally, MRI
may be performed with the applicator in place. A high-risk
clinical target volume (HR-CTV) is commonly generated
for dose specification, which consists of residual gross dis-
ease, cervix, and regions of regressed disease with inter-
mediate signal on T2-weighted MRI (grey zones) (12). If
MRI cannot be performed proximate to the time of im-
plant, then 3-D imaging with CT or ultrasound should be
utilized to delineate the target volume. Cervical brachyther-
apy is most commonly delivered with intracavitary appli-
cators with or without interstitial needles. For more ad-
vanced disease, brachytherapy may also be delivered with
a perineal template or free-hand technique with interstitial
needles and an intrauterine tandem. Intracavity or intersti-
tial brachytherapy is used postoperatively in some patients
following hysterectomy (12-25).

Endometrial cancer

Vaginal brachytherapy, with or without external beam
radiotherapy, is frequently used following surgical staging
in the treatment of patients with early endometrial car-
cinoma. Vaginal brachytherapy is an effective means of
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reducing the risk of a vaginal recurrence with a low risk
of morbidity. Brachytherapy is also used for patients with
recurrent endometrial carcinoma and, in this setting, appli-
cation may be intracavitary or interstitial based on tumor
thickness and depth of invasion. Brachytherapy is routinely
used following external beam radiotherapy in previously
unirradiated patients with recurrent disease. Definitive ra-
diotherapy with brachytherapy with or without external
beam radiotherapy may be considered for patients with
medically inoperable endometrial carcinoma (14,16-22).

Vaginal cancer

Brachytherapy is used alone or in combination with
external beam radiotherapy with or without concurrent
chemotherapy in the curative treatment of cancers of
the vagina. Depending on the extent of initial disease
and residual disease following external beam radiother-
apy, brachytherapy may be either intracavitary or intersti-
tial (13,15).

Bile duct

Postoperative radiotherapy may be helpful in patients
with positive margins or positive nodes. Intraluminal or
interstitial brachytherapy can be used as a boost follow-
ing external beam radiotherapy to areas of close or posi-
tive margin. External beam radiotherapy plus brachyther-
apy can be effective palliation for patients with unre-
sectable disease. There is evidence that radiotherapy can
provide long-term local control and that dose escalation
with brachytherapy may be important to yield improved
outcomes. Intraluminal brachytherapy alone can be used
to palliate biliary obstruction along with percutaneous
drainage (26-28).

Esophagus

HDR intraluminal brachytherapy has been used in the
treatment of esophageal cancer, both for palliation and as
a component of a definitive regimen (29). In the definitive
setting, HDR brachytherapy has most commonly been used
in combination with external beam radiotherapy, though
brachytherapy alone may be adequate in the subset of can-
cers confined to the mucosal layer of the esophagus (30-
32). The improvement in local control with the addition of
HDR brachytherapy must be balanced against the risk for
treatment-related morbidity in each individual case.

Lung/Bronchus/Trachea

HDR brachytherapy has been used to treat malignancies
involving the central lung, bronchus, and trachea. In defini-
tive cases, it can be used alone or in conjunction with ex-
ternal beam radiotherapy (33-36). HDR brachytherapy also

has a well-established role in the palliation of primary and
recurrent endobronchial lesions (37).

Prostate

HDR brachytherapy may be used as monotherapy or
as a boost in combination with external beam radio-
therapy for the treatment of prostate cancer. It may be
used as monotherapy for low-risk and select patients with
intermediate-risk disease (38-49) and as a boost in com-
bination with external beam radiotherapy for unfavorable
intermediate-risk or high-risk disease. In addition, HDR
brachytherapy may be used to salvage local recurrence of
disease after prior definitive radiotherapy (50-55). There is
a separate ACR—ABS Practice Parameter for Transperineal
Permanent Brachytherapy of Prostate Cancer (56).

Breast

HDR brachytherapy can be used as a boost to the tu-
mor bed after conventional external beam radiotherapy,
and it can also be used for delivering accelerated partial
breast irradiation (APBI) as the sole postoperative radia-
tion treatment (57-61). This approach treats a limited vol-
ume of breast tissue around the lumpectomy site over a
short duration of time. Applicator insertion techniques in-
clude multicatheter interstitial tubes stabilized with but-
tons and various single-entry intracavitary devices (bal-
loon catheters and other multichannel devices). Addition-
ally, HDR brachytherapy can be noninvasively targeted to
the lumpectomy bed by utilizing superficially placed appli-
cators positioned according to mammographic image guid-
ance (62-66). APBI is used for select patients with early
breast cancer or in situ disease. The role of radionuclide-
based intraoperative therapy in treating early-stage disease
is being evaluated in clinical trials (67). In this approach,
radiotherapy is administered to the tumor bed at the time
of the lumpectomy procedure. Further information related
to patient selection and indications is available from AS-
TRO and ACR documents (68,69).

Head and neck

LDR brachytherapy has long played an important role
in the treatment of head and neck malignancies. The same
operative techniques may be used for HDR brachyther-
apy (70-81). Tumors in the head and neck affect im-
portant anatomic structures; therefore, careful attention to
the preservation of normal tissue structure and function
is needed. Multifraction regimens that avoid large doses
per fraction have been recommended (82). Computer-
based dose optimization, advances in radiation safety, and
improved nursing care are important reasons why LDR
brachytherapy is being supplanted by HDR brachytherapy,
especially in head and neck brachytherapy where nursing
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care is so important to patient comfort and quality out-
comes (41,83-88). Interstitial, intracavitary, surface appli-
cations, and intraoperative techniques are applicable tech-
niques. Head and neck brachytherapy may be applied as a
boost treatment in combination with external beam radio-
therapy as definitive therapy or as monotherapy for postop-
erative therapy in the event of close or positive margins. It
may be used in any sites in the head and neck as primary
curative treatment, salvage therapy, or reirradiation (89).

Soft-tissue sarcoma

HDR brachytherapy has a role in the treatment of soft-
tissue sarcoma, typically as part of a multidisciplinary
management plan with surgery as the primary intervention.
It can be a part of definitive therapy (90-98), postopera-
tive adjuvant therapy (99-101), intraoperative radiotherapy
(91,102-104), and palliative treatment.

Pediatric tumors

HDR brachytherapy can be useful in managing pediatric
tumors. There are potential long-term consequences of ir-
radiation in the pediatric patient, which should be a pri-
mary consideration in treatment planning along with local
disease control. There are major advantages to brachyther-
apy for avoiding irradiation to normal tissue and growth
centers.

Skin

Although skin cancer can be treated using a vari-
ety of radiotherapy techniques, HDR brachytherapy offers
unique dosimetric properties that may be useful for treating
skin cancer over irregularly shaped and difficult to access
skin surfaces (105-109). Both interstitial and plesiother-
apy (surface applicators) techniques can be used and allow
for safe hypofractionation of the treatment course. HDR
brachytherapy can be used in combination with surgery
for keloids (110-112).

Intraoperative brachytherapy

HDR brachytherapy catheters and/or other devices can
be inserted at the time of open or minimally-invasive
surgery. Such devices can be left in place for postoper-
ative simulation dosimetry and fractionated treatment de-
livery in a brachytherapy suite or shielded room. The ad-
vantages of the fractionated approach are time allocation
for wound healing, obtaining simulation imaging, achiev-
ing good dosimetry, and the dose fractionation for nor-
mal tissue tolerance. Alternatively, in a shielded operating
room, applicators can be inserted after maximum tumor
resection, and a single HDR fraction can be given to the
surgical margin while the tumor bed is accessible and nor-
mal tissues can be displaced or shielded from the site of

treatment. Special intraoperative applicators have been de-
veloped that conform to various tumor bed configurations.
These techniques may be used in a variety of tumor types
and body sites (113,114).

Anorectal

Interstitial, intraluminal, or intraoperative HDR
brachytherapy may be used in the treatment of anal
and rectal cancers. This modality can be part of a preop-
erative approach for resectable or locally advanced rectal
cancers (115,116) or for unresectable, inoperable, and
recurrent disease. For anal cancers, HDR brachytherapy
can be used as a boost after external beam radiotherapy
(117) or as definitive treatment in selected cases. Both
interstitial and intracavitary techniques have been used.

Other indications

The list of indications above is not comprehensive or
exclusive. Brachytherapy can be applied and radiation ac-
curately delivered to any site where there is localized dis-
ease. The indication may be curative or palliative. The in-
dividual radiation oncologist may find HDR brachytherapy
beneficial in a variety of other tumor types and specific
clinical situations (i.e., penis, bladder, urethra, vulva, cen-
tral nervous system, ocular).

Equipment

HDR brachytherapy treatment is delivered with com-
puterized robotic devices (remote afterloading devices) for
reasons of radiation safety and precision of treatment de-
livery. They consist of a small radiation source of high spe-
cific activity attached to the end of a fine cable, a radiation-
safe container, a motor drive, and sophisticated computer
equipment for reliable execution of complex radiation
treatment plans (i.e., instructions for where and how long
the radiation source should be deployed). Equipment man-
ufacturers offer a wide range of applicators for interstitial,
intracavitary, intraluminal, and surface brachytherapy. The
radiation source must be changed routinely (usually quar-
terly) to account for radioactive decay, and a maintenance
contract is essential to ensure the equipment functions
safely and correctly. A schedule of updating and replacing
the applicators and transfer tubes should be implemented
to address issues of wear and aging equipment. Computer-
ized treatment planning is accomplished with specialized
hardware and highly technical software compatible with
the respective HDR brachytherapy system being used.

Periodic scheduled preventive maintenance is essential.
The Qualified Medical Physicist supervising the quality
improvement program is responsible for documenting the
maintenance and repair of remote afterloading units, appli-
cators, transfer tubes, and other equipment (see the ACR-
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AAPM Technical Standard for the Performance of High-
Dose-Rate Brachytherapy Physics) (7).

Patient and personnel safety

Patient protection measures include those related to
medical safety and radiation protection.

Patient protection measures should include the following

1 A radiation exposure monitoring program as required
by the NRC or appropriate state agencies

2 Annual (re)training of staff in emergency procedures in
case of equipment malfunction and in brachytherapy-
specific quality management procedures

3 Charting systems for dose specification, definition, and
delivery of treatment parameters and recording and
summation of HDR brachytherapy and external beam
radiotherapy treatment

4 A physics quality assurance program for ensuring accu-
rate dose delivery to the patient

5 A system for the radiation oncologist and Qualified
Medical Physicist to verify independently (by another
person or another method) all brachytherapy parameters
to be used in each procedure (source model, radionu-
clide source strength (activity), total dose, treatment du-
ration, etc) prior to HDR brachytherapy treatment de-
livery

6 Routine leak testing of all sealed sources as required by
regulatory agencies

7 Use of a hand-held radiation survey meter when initially
entering the room before and after a source run

Personnel safety measures should include the following

1. A radiation exposure monitoring program as required
by the NRC or appropriate state agencies

2. Routine leak testing of all sealed sources as required by
regulatory agencies

3. Use of a hand-held radiation survey meter when initially
entering the room before and after a source run

4. Appropriate safety equipment for use of sealed sources

Documentation

Reporting should be in accordance with the ACR-
ASTRO Practice Parameter for Communication: Radiation
Oncology (2).

Quality control and improvement, safety, infection
control, and patient education

Policies and procedures related to quality, patient educa-
tion, infection control, and safety should be developed and

implemented in accordance with the ACR Policy on Qual-
ity Control Improvement, Safety, Infection Control, and Pa-
tient Education appearing under the heading ACR Position
Statement on Quality Control and Improvement, Safety, In-
fection Control and Patient Education on the ACR web-
site  (https://www.acr.org/Advocacy-and-Economics/ACR-
Position-Statements/Quality-Control-and-Improvement).

Summary

HDR brachytherapy is an important modality in the
treatment of a variety of different malignancies. Its use
allows for application of high doses of radiation to de-
fined target volumes and allows relative sparing of adja-
cent critical structures. Coordination between the radiation
oncologist and treatment planning staff and effective qual-
ity assurance procedures are important components of suc-
cessful HDR brachytherapy programs.
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