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Abstract:

 

Radiotherapy is an essential part of the multimodality treatment of breast cancer. Applying safe and effective treat-
ment requires appropriate facilities, staff, and equipment, as well as support systems, initiation of treatment without undue delay,
geographic accessibility, and completion of radiotherapy without undue prolongation of the overall treatment time. Radiotherapy
can be delivered with a cobalt-60 unit or a linear accelerator (linac). In early stage breast cancer, radiotherapy is an integral part
of breast-conserving treatment. Standard treatment includes irradiation of the entire breast for several weeks, followed by a boost
to the tumor bed in women age 50 years or younger or those with close surgical margins. Mastectomy is an appropriate treatment
for many patients. Postmastectomy irradiation with proper techniques substantially decreases local recurrences and improves sur-
vival in patients with positive axillary lymph nodes. It is also considered for patients with negative nodes if they have multiple adverse
features such as a primary tumor larger than 2 cm, unsatisfactory surgical margins, and lymphovascular invasion. Many patients
present with locally advanced or inoperable breast cancer. Their initial treatment is by systemic therapy; after responding to sys-
temic therapy, most will require a modified radical mastectomy followed by radiotherapy. For those patients in whom mastectomy
is still not possible after initial systemic therapy, breast and regional irradiation is given, followed whenever possible by mastectomy.
For patients with distant metastases, irradiation may provide relief of symptoms such as pain, bleeding, ulceration, and lymphedema.
A single fraction of irradiation can effectively relieve pain from bone metastases. Radiotherapy is also effective in the palliation of
symptoms secondary to metastases in the brain, lungs, and other sites. Radiotherapy is important in the treatment of women with
breast cancer of all stages. In developing countries, it is required for almost all women with the disease and should therefore be
available.
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adiotherapy is an essential component of the treat-
ment of breast cancer. Depending on the stage of dis-

ease, this therapy can reduce the risk of local recurrence,
improve survival, and provide palliation of symptoms.
Available data suggest that the incidence of breast cancer
is increasing in countries with limited resources (1), which
typically have restricted or no access to radiotherapy (2–
5). Therefore, implementing and expanding radiotherapy
programs will be imperative to ensure the best possible
outcomes for women with the disease.

In this article we review the resource requirements for
implementing a radiotherapy program in the limited-
resource setting, with special reference to treating breast
cancer, and we discuss possible strategies for overcoming
barriers to a radiotherapy program. In addition, we pro-
vide evidence-based recommendations for radiotherapy
for breast cancer in such settings.

 

REQUIREMENTS FOR SAFE AND EFFECTIVE 
RADIOTHERAPY FOR BREAST CANCER

 

In delivering radiotherapy for breast cancer, as for
other cancers, a health care system must strive to meet at
least basic staff and equipment requirements, each of
which plays a role in ensuring that the therapy is both safe
and effective (Table 1) (6). A major thrust of the program
in human health of the International Atomic Energy
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Agency (IAEA) is addressing the need for radiotherapy in
countries with limited resources (7). The IAEA has a long
track record of providing essential equipment and training
staff to safely treat patients with cancer. It has delivered
more than $57 million in radiotherapy technology to
developing member states since 1981 through the Tech-
nical Cooperation program, under which assistance is
provided to such states for establishing or upgrading
facilities for cancer treatment.

Lack of well-trained staff results in underuse or
inappropriate use of even the existing scarce radiotherapy
facilities in many countries. Therefore the IAEA provides
initial education and training as well as continuing
professional development activities for professionals in
radiation oncology and allied fields (e.g., physicians,
technicians, nurses, maintenance engineers). Another
reason for the suboptimal use of existing facilities is the
lack of a quality culture in many institutions in developing
countries. Many IAEA activities therefore focus on estab-
lishing and strengthening quality assurance programs.

The central equipment requirement for radiotherapy
for breast cancer is a megavoltage teletherapy unit, either
a cobalt-60 unit or a linear accelerator (linac). At present,
although the developing world has as many patients with
breast cancer as the developed world, it has only about
half as many radiotherapy units, with dozens of countries
having no radiotherapy at all (8). Either a cobalt unit or a
linac can be used for radiotherapy for breast cancer, but
experience in countries with limited resources has shown
that the downtime of linacs is generally considerably
greater. Any interruption to treatment due to equipment
breakdown adversely affects patients’ outcomes. The longer
or more frequent the interruptions, the worse the impact.

There have been numerous instances where, even after an
institution acquired a linac, few patients could be treated
because the proper support arrangements were not made.
There are many technical differences between cobalt units
and linacs, including the build-up region, penumbra, depth
dose, dose rate, versatility, beam profile, ease of mainte-
nance, and decommissioning. These are discussed in detail
elsewhere (6,9,10). In addition to the teletherapy equip-
ment, high-quality treatment by radiotherapy requires
certain quality assurance tools such as an imaging device
(a fluoroscopic or computed tomography simulator),
immobilization devices, shielding devices, a treatment
planning computer system, and tools for dosimetry.

Delivery of safe and effective radiotherapy also requires
addressing certain logistical issues. Specifically, in addi-
tion to the staff and equipment requirements, the health
care system must be able to provide the physical facility for
radiotherapy, support systems that allow delivery of ther-
apy over a period of weeks, initiation of treatment without
long delay, and geographic accessibility to patients.

Although the initial investment in establishing radio-
therapy is significant, the long life of radiotherapy equip-
ment (20–30 years) means that the cost per patient treated
can be surprisingly modest in an efficiently run facility.
Nonetheless, given that substantial initial investment, and
in light of the competing needs in countries with limited
resources, collaborative and innovative approaches are
called for. For example, technical cooperation programs
between nations, or with international organizations such
as the IAEA (11), can aid in the establishment of radio-
therapy in countries with limited resources. Advances
in telecommunications may also enable cost-effective
approaches by linking radiotherapy facilities with

Table 1. Roles of Staff and Equipment Requirements in Safe and Effective Radiotherapy for Breast Cancer (6)
 

 

Requirement Role(s)

Staff
Radiation oncologist Clinical evaluation, therapeutic decision, target volume localization, treatment planning, simulation/verification of

treatment plan, treatment evaluation during treatment, follow-up examinations
Medical physicist Quality control, computerized treatment planning, complex calculations and quality checks
RTT Simulation/verification of treatment plan, routine calculations and quality checks, treatment
Maintenance techniciana Maintenance of equipment

Equipment
Megavoltage teletherapy unitb Radiation source
Dosimetry equipment Physical quality assurance
Clinical QA equipmentc Clinical quality assurance
Immobilization devices Accuracy of therapy
Shielding devices Protection of healthy tissues such as heart, lungs, and spinal cord
Treatment planning computer system Calculation of radiation distribution

aRequired if a linear accelerator (linac) is being used.
bA cobalt-60 unit or linac; choice will depend on the factors discussed in the text. Breast brachytherapy is investigational at this time.
cIncludes a simulator (fluoroscopic or computed tomography).
QA, quality assurance; RTT, radiotherapy technologist /radiographer.
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differing levels of treatment capability and expertise by
digital networks or satellite (12). Continued exploration
of such strategies will be essential to meet the goal of
delivering radiotherapy to all women with breast cancer
who need it in limited-resource countries.

 

RECOMMENDATIONS FOR RADIOTHERAPY FOR 
BREAST CANCER

 

Radiotherapy has an important role in the treatment of
breast cancer at every stage. In early stage disease, radio-
therapy is an integral part of breast-conserving therapy.
For patients with more advanced cancers, adjuvant radio-
therapy substantially decreases the risk of local recur-
rence, and also improves the survival among patients with
positive axillary lymph nodes (13–16). In locally advanced
disease (often the most common presentation in the
limited-resource setting), after neoadjuvant systemic therapy,
patients require both radiotherapy and modified radical
mastectomy in an effort to achieve local control. In addi-
tion, radiotherapy is a valuable tool for the palliation of
distant metastasis such as bone and brain metastases, as
well as palliation for local recurrences.

Delivery of radiotherapy for breast cancer in the doses
needed and according to the schedules supported by
current evidence (discussed subsequently and summarized
in Table 2) is essential for its effectiveness, as well as its
safety. Ongoing studies are exploring the possibility of
using lower doses or shorter schedules, which would reduce
costs and workloads, but their use should be considered
investigational at this time.

Breast cancer requires multimodality treatment that, in
addition to radiotherapy, includes surgery and systemic
therapy (chemotherapy, hormonal therapy, or both).
Approaches for integrating these therapies for safe and
effective breast cancer treatment in the limited-resource
setting are given in an accompanying guideline (17). Here
we elaborate on delivery of radiotherapy in such settings
by discussing the evidence base, doses and schedules, and
issues such as sequencing with other therapies.

 

Whole-Breast Radiotherapy

 

Early stage (stage I or II) breast cancer is surgically
treated by either excision of the cancer (lumpectomy) with
negative margins or a mastectomy. Disease in the axilla is
assessed by either axillary dissection or a sentinel node
biopsy followed by axillary dissection if the sentinel node
is positive. Radiotherapy is delivered to the breast in the
case of breast-conserving surgery, or is delivered to the
chest wall after mastectomy if axillary lymph nodes are
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involved or certain other adverse features are present
(discussed in a later section).

Randomized trials have shown that there are no signi-
ficant differences in disease-free or overall survival between
patients treated by mastectomy and those treated by
breast-conserving surgery and whole-breast radiotherapy
(18–21). The main benefit of breast-conserving surgery
and radiotherapy is preservation of body image and a better
quality of life. Randomized studies evaluating the use of
breast-conserving surgery plus adjuvant systemic treat-
ment have demonstrated higher rates of local recurrence
than after breast-conserving surgery plus radiotherapy
and adjuvant systemic treatment, but major differences in
survival have not been observed (22,23). In view of the
higher rates of local recurrence, breast irradiation is
currently recommended for most patients who undergo
breast-conserving surgery. Breast-conserving surgery
requires 1) high-quality breast imaging (mammography
and ultrasound) and pathology services to ensure tumor-
free margins of excision, 2) surgeons experienced in
achieving a good cosmetic result with negative pathologic
margins of excision, and 3) radiotherapy facilities.

Radiotherapy should be started without a long delay
after breast-conserving surgery because a prolonged post-
operative interval may compromise local control (24,25).
When chemotherapy is indicated, radiotherapy may fol-
low chemotherapy, but for patients with close surgical
margins, radiotherapy can be given first. In a prospective
randomized trial, there were no significant differences in
time to any event, distant metastasis, or death, whether
radiotherapy or chemotherapy was given first (26).
Concomitant chemoradiotherapy can reduce the overall
treatment time, but the concomitant administration of
anthracyclines should be avoided because of the risk of
increased skin and cardiac morbidity (27). Regimens such
as cyclophosphamide, methotrexate, fluorouracil (CMF)
are cost effective and can be given concomitantly with
irradiation (28,29). Radiation therapy should be com-
pleted without undue prolongation of the overall treat-
ment time (30).

Most local relapses are observed in the vicinity of the
primary tumor bed, and for this reason, partial breast irra-
diation is currently under investigation. The target volume
is smaller; therefore the radiation can be accelerated and
completed in only 1 week. However, robust long-term
results and toxicity evaluations are not yet available. At
present, after breast-conserving surgery, the target volume
for irradiation should include the whole breast.

The most common schedule for irradiation used in clin-
ical practice is 50 Gy in 25 fractions to the whole breast,

administered daily, five times per week. In a large random-
ized trial, however, a shorter fractionation schedule (42.5
Gy in 16 fractions over 22 days) proved to be just as safe
and effective (31). Other schedules (e.g., 40 Gy in 3 weeks)
are currently under investigation (32). The shorter schedules
permit more efficient use of resources, and thus more
women can be treated with the existing equipment and
personnel in countries with limited resources.

Evidence suggests that boost radiation to the lumpec-
tomy site significantly improves the local control rate for
women 50 years of age or younger (33). Therefore a 16 Gy
additional radiation dose to the tumor bed is recommended
for younger women, as well as for women with close
surgical margins. The boost dose can be delivered by
photons, electrons, or brachytherapy (34).

 

Postmastectomy Radiotherapy

 

Early Stage Breast Cancer

 

Total mastectomy remains an
appropriate treatment for many patients with breast
cancer in the developing world. Radiotherapy following
mastectomy substantially improves local control (35,36).
Local recurrence after mastectomy usually occurs within
the first 12–24 months, even after adjuvant systemic
therapy, most commonly in the chest wall, followed by the
supraclavicular fossa. The major risk factor is positive
axillary lymph nodes (37). Other risk factors are large
tumor size, positive margins of resection, and lymphovas-
cular invasion (38).

Studies have demonstrated that the use of postmastec-
tomy irradiation improves overall survival in women with
axillary lymph node-positive breast cancer (13–16). Post-
operative radiotherapy to the chest wall and supraclavicular
area is therefore recommended for all patients with four
or more positive lymph nodes and should be considered
for patients with one to three positive lymph nodes. Axil-
lary irradiation is given only to those patients who did not
undergo an adequate axillary dissection. Irradiation of the
axilla is, in general, not recommended (37,39). The axillary
and internal mammary regions are relatively uncommon
sites of local recurrence (in comparison with the chest
wall), while the morbidity from axillary irradiation (e.g.,
arm edema) or internal mammary irradiation (e.g., cardiac
toxicity) is of concern (40,41). If sophisticated techniques
of modern treatment planning and delivery are available,
internal mammary irradiation is recommended for patients
with clinically or pathologically positive internal mammary
lymph nodes, and is considered for patients if the primary
tumor is located at the inner quadrant with the other adverse
risk factors. On the basis of a recent retrospective review,
postoperative chest wall irradiation should also
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considered for patients with negative axillary lymph nodes
who have multiple adverse features (e.g., a primary tumor
larger than 2 cm, unsatisfactory surgical margins, or
lymphovascular invasion) (38).

A regimen of 50 Gy in 5 weeks is widely used for post-
operative irradiation, but more rapid fractionation regi-
mens (e.g., 40 Gy in 3 weeks) are under investigation in
randomized trials, some already completed (32,42). Such
approaches, with appropriate quality control, may be par-
ticularly beneficial in countries with limited resources by
reducing the radiotherapy workload and costs.

Information on the impact of the sequencing of post-
mastectomy radiotherapy and systemic chemotherapy on
survival is limited. At present, radiotherapy is most com-
monly delivered after the completion of chemotherapy in
patients with node-positive disease.

 

Locally Advanced Breast Cancer

 

In developing countries,
a considerable proportion of the patients present with
locally advanced breast cancer (LABC) that is inoperable
due to direct extension to the ribs, intercostal muscles, or
skin; edema (including peau d’orange) or ulceration of
the skin of the breast; satellite skin nodules confined to the
same breast; inflammatory carcinoma; metastases to the
ipsilateral internal mammary lymph nodes; or metastases
to the ipsilateral supraclavicular lymph nodes. Patients
with LABC have a high probability of distant metastasis
as well as a high probability of local recurrence. Initial
treatment of LABC is systemic therapy. Approximately
80% of inoperable tumors treated with chemotherapy
may regress sufficiently to become operable (43,44). Neo-
adjuvant hormonal therapy is beneficial in patients with
hormone receptor-positive tumors (45). Following sys-
temic therapy, most patients require a radical or modified
radical mastectomy, followed by radiotherapy (selected
noninflammatory breast cancers exhibiting a complete or
partial clinical response to initial chemotherapy can be
considered for breast-conserving surgery followed by
radiotherapy). Unresectable tumors that remain unresec-
table even after two regimens of non– cross-resistant chemo-
therapy should be irradiated. This should be followed,
whenever feasible, by mastectomy. If mastectomy is still
not possible, then definitive radiotherapy can be applied,
with a further boost to the gross tumor using shrinking
fields.

 

Palliative Radiotherapy

 

In patients with metastatic breast cancer, radiotherapy
is an effective tool for palliation of the symptoms. The goal
is to prevent or relieve symptoms or loss of function for as

long as possible. Patients with bone metastases comprise
the largest group receiving palliative radiotherapy. Radio-
therapy can prevent pathologic fractures in patients with
lytic lesions in weight-bearing bones. Traditionally local-
field radiotherapy has been used for patients with symp-
tomatic bone metastases. Evidence suggests that significant
symptomatic relief can be obtained with a single 8 Gy
fraction, a very cost-effective strategy (46–49). Wide-field
radiotherapy (e.g., hemibody irradiation) can be used for
patients with multiple bone metastases. The IAEA con-
ducted a multinational, prospective, randomized trial that
showed that hemibody radiation of 12 Gy in four fractions
delivered over 2 days was a suitable treatment regimen
(50). Others have suggested that hemibody irradiation of
6–8 Gy in a single dose is also safe and effective, if preceded
by intravenous ondansetron and dexamethasone (51).

Patients with brain metastases can survive for many
months after radiotherapy. Whole-brain irradiation and
steroids are recommended for alleviating symptoms from
brain metastases. Selected patients with no extracranial
disease who have one or few metastases and a good
performance status can be treated with craniotomy or
radiosurgery if available (52).

Palliative radiotherapy is also useful for patients with
soft tissue metastases causing pain, discharge, or bleeding.

Locally recurrent breast cancer after mastectomy can
occasionally be cured with radiotherapy to the chest
wall and regional nodes. The likelihood of tumor control
increases with a longer disease-free duration since the
initial therapy and resection of the recurrent disease, and
also depends on the number of sites involved.

 

CONCLUSION

 

Delivery of safe and effective radiotherapy for breast
cancer requires a substantial investment of resources.
However, this therapy is important in the treatment of
women with breast cancer of all stages. With appropriate
treatment, many women are cured of breast cancer, while
many others live longer with the disease and have a better
quality of life. Use of evidence-based doses and techniques
is essential for ensuring the best possible clinical outcomes
and avoiding complications. In developing countries,
radiotherapy is required for almost all women with breast
cancer and should therefore be available.
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