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Abstract: Whole breast external beam radiotherapy (WBEBRT) is commonly used as an
essential arm in the treatment management of women with early-stage breast cancer. Dosimetry
planning for conventional WBEBRT typically involves a pair of tangential fields. Advancement
in radiation technology and techniques has the potential to improve treatment outcomes with
clinically meaningful long-term benefits. However, this advancement must be balanced with
safety and improved efficacy. Intensity-modulated radiation therapy (IMRT) is an advanced
technique that shows promise in improving the planning process and radiation delivery. Early
data on utilizing IMRT for WBEBRT demonstrate more homogenous dose distribution with
reduction in organs at risk doses. This translates to toxicities reduction. The two common
descriptors for IMRT are forward-planning “fields in field” and inverse planning. Unlike IMRT
for other organs, the aim of IMRT for breast planning is to achieve dose homogeneity and not
organ conformality. The aim of this paper was to evaluate whether IMRT is ready for prime time
based on these three points: 1) workload impact, 2) the clinical impact on the patient’s quality
of life, and 3) the appropriateness and applicability to clinical practice.
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Introduction

Breast cancer is the most common cancer that occurs in females and the majority of
cases are comprised of early-stage disease.! Breast conserving surgery (BCS), followed
by adjuvant radiation therapy (RT), is an essential arm in the treatment management
of women with early-stage breast cancer.? Onitilo et al> demonstrated that the judi-
cious use of adjuvant RT post-BCS improves survival outcomes compared to radical
mastectomy alone.’ Adjuvant RT also halves the recurrence rate thereby significantly
improving survival rates.*’ This translates to more women at risk of developing chronic
toxicities associated with their treatment management.

Whole breast external beam radiotherapy (WBEBRT) is associated with acute
RT-induced toxicities such as skin desquamation, edema, and pain. This can affect
patient’s quality of life (QoL) and also influence their decision regarding the use of
BCS with adjuvant RT.® Hence, the ability to ensure treatment efficacy while reducing
toxicities is increasingly important.

Advancement in radiation technology and techniques has the potential to improve
treatment outcomes with clinically meaningful long-term benefits.” However, this
advancement must be balanced with safety and improved efficacy. As such, breast RT
has progressed from two-dimensional (2D) treatment therapy, based on anatomical
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landmarks and conventional simulator to three-dimensional
(3D) therapy that utilizes computed tomography planning.
Dosimetry planning for conventional WBEBRT typically
involves a pair of tangential fields directed to the breast at
an angle. The tumor volume or target is the whole ipsilateral
breast and the usual field borders are superiorly from the
clavicular head to the infra-mammary fold inferiorly and
medially from the mid-sternum to the mid-axillary line lat-
erally. A drawback of this technique is the propensity for a
more inhomogeneous distribution of the radiation dose due to
varying breast shapes and sizes. Due to the conical shape of
the breast, the radiation beam must travel through more tissue
along the chest wall compared to the nipple areolar complex
(NAC) region. This results in significantly higher doses (hot
spots) in the NAC region. To improve dose homogeneity
throughout the entire breast, wedges as well as additional
“fields-in-field” methods may be utilized.> WBEBRT is often
delivered without explicit contouring of the target volume.’

What is intensity-modulated
radiation therapy (IMRT)?

Technical advances in radiation oncology rest on the principle
of optimizing the therapeutic ratio, that is delivering maxi-
mum radiation dose to the target volume while minimizing
the dose to the surrounding normal tissues (also known as
organs at risk [OAR]), thereby minimizing tissue toxic-
ity. IMRT is an advanced radiation planning and delivery
technique that has shown to be able to achieve a greater
therapeutic ratio.!*!! However, IMRT has a few disadvan-
tages: planning time is operator dependent and based on the
planner’s experience, treatment time is longer, and in most
countries, IMRT represents a more expensive treatment.
These disadvantages, despite its proven clinical advantage
of a greater therapeutic ratio, have resulted in a slow uptake
for IMRT, making conventional radiation therapy (CRT) the
more popular choice in most centers.'?

IMRT is possible due to advances in multileaf collimator
(MLC) technology. Within the linear accelerator collimator
head lie multiple leaves whose purpose is to shape the beam.
By varying the shape of the beam or the speeds at which the
MLC leaves travel, the radiation beam is effectively shaped
to vary the dose distribution to the target volume.

Types of breast IMRT techniques

The two common descriptors for IMRT are forward-planning
“fields in field” (FP FIF) and inverse planning (IP). The aim
of IMRT for breast planning is to achieve dose homogeneity
and not organ conformality."?

FP FIF IMRT is a technique where limited numbers of
MLC segments are determined.'* Beams eye view, when
viewed from the radiation beam’s perspective achieved by
complex computer algorithm, is utilized to provide a 3D visu-
alization of the isodose distribution from open unmodulated
fields (Figure 1). A limited number of MLC segments with
optimal shape and weightings are then determined. These
static MLC segments are then delivered sequentially by a
step and shoot technique.

IP is an IMRT technique that requires contouring of target
volumes and OARs.'” This way, a homogenous dose distribu-
tion can be achieved and controlled by applying constraints
to the target volume and OAR. IP IMRT is often delivered
using sliding window dynamic multileaf collimation that
allows superior spatial intensity resolution throughout the
target volume.'

Both FP FIF and IP IMRT techniques achieve comparable
excellent dose distribution.' The aim of this paper was to
evaluate whether IMRT is ready for prime time based on the
following three points: 1) workload impact, 2) clinical impact
on the patient’s QoL, and 3) appropriateness and applicability
to clinical practice.

Figure | Forward-planning “field in field” IMRT technique. A and C demonstrate
tangent fields without shielding. B and D demonstrate tangent fields that shielded
the volumes receiving 21 10% of the prescribed dose using multileaf collimator.
Abbreviation: IMRT, intensity-modulated radiation therapy.
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Workload impact

The efficiency of resources must be ascertained as it impacts the
workload and the human resource required. These parameters
can be used to compare the impact of CRT and IMRT treatment
techniques on resources: 1) time to plan, 2) time to deliver
treatment, and 3) time to perform quality assurance (QA).

All planning timings stated in the following excluded
contouring timings.

The Cambridge Breast IMRT Trial is a randomized con-
trol trial (RCT) comparing 3D or FP FIF IMRT to 2D plan-
ning of two-field tangents for 815 randomized patients.'” The
median planning time was four times longer for 3D or FP FIF
IMRT compared to 2D planning (3D or FP FIF IMRT vs 2D
planning: 90 minutes vs 20 minutes). The median treatment
time for 3D or FP FIF IMRT compared to 2D tangents was
12.7 minutes and 9.4 minutes, respectively.

Al-Rahbi et al'> compared the planning times of 3D CRT,
FP FIF IMRT, and IP IMRT." The planning times were 20—30
minutes, 15-20 minutes, and 50-60 minutes, respectively.
However, planning times are subjective as it is dependent
on dosimetrist’s experience. Treatment delivery timings
(inclusive of patient setup) for 3D CRT, FP FIF IMRT, and
IP IMRT were 10-15 minutes, 10—15 minutes, and 15-20
minutes, respectively.

A possible explanation of why the planning timings of
3D CRT and IMRT in Al-Rahbi et al'® study is substantially
less than the Cambridge Breast IMRT Trial is that breast
IMRT planning in the Cambridge Breast IMRT Trial was at
its infancy.'” As technology and planning experience matures,
planning timings may consequentially be shortened.

IMRT planning has evolved from FP FIF IMRT to hybrid
IMRT. Several studies have demonstrated that hybrid IMRT
achieved comparable dosimetric outcomes as FP FIF IMRT
with comparable treatment planning time.!32!

Descovich et al'® compared a hybrid direct aperture
optimized (hDAO) IP IMRT to FP FIF IMRT for WBE-
BRT." Both hDAO IP IMRT and FP FIF IMRT utilized
two tangential beam directions. hDAO IP IMRT plans were
inversely optimized and utilized two open fields with eight
segments in two tangential beam directions. Both plans
achieved comparable breast coverage and OAR sparing.
hDAO IP IMRT plans outperformed FP FIF IMRT plans
in terms of reduction of breast volume receiving 105% of
prescribed dose in the hDAO IP IMRT than in the FP FIF
IMRT plans: 25% vs 63% (p = 0.008) for small, 22% vs 57%
(p = 0.005) for medium, and 28% vs 53% (p = 0.005) for
large breasts. Lumpectomy coverage was marginally better
for hDAO IP IMRT compared to FP FIF IMRT (92.4% vs

90.9%). The planning time for hDAO IP IMRT plans was
substantially shorter compared to FP FIF IMRT (60-90
minutes vs 20-30 minutes).

Farace et al' similarly compared tangential and non-
tangential beam arrangements for hybrid IP IMRT plans
utilizing a semi-automated method and a plan optimization
volume set as a target objective during IP." The tangen-
tial beam arrangement was a four-field technique (two
conventional open plus two IP IMRT tangents), and the
non-tangential beam arrangement was a six-field technique
where two non-tangential (anterior-oblique) IP IMRT beams
were added. All dosimetric goals were met; the dosimetry
was similar between the tangential and non-tangential beam
arrangements and the average planning time was 10 min-
utes. Both studies demonstrated that the merits of utilizing
hybrid IP IMRT lie in its largely automated process while
achieving a comparable plan quality to FP FIF IMRT yet
reducing planning time, reducing manual process during
planning as well as dependence on dosimetrist’s expertise.
The limited monitor units (MU) contribution from IP IMRT
beams allowed QA to be less taxing compared to full IP
IMRT." An added advantage of utilizing hybrid IP IMRT
is the use of open fields as a main radiation source as this
makes planned dosimetry less sensitive to changes in breast
shape and setup inaccuracies.?

Overall, utilizing IMRT, regardless of the technique used,
lengthens the treatment planning time and QA time required.
However, the outcome is a plan with better dosimetry and a
more homogenous distribution.

Clinical impact on patient’s QoL
Side effects due to RT affect multiple dimensions of QoL.
They cause pain, emotional distress, and affect day-to-day
functioning.”® RCTs of FP FIF IMRT vs conventional tan-
gents for breast cancer demonstrated that plans with improved
dosimetry correlate with reduced skin toxicities that directly
affect cosmesis, pain, and QoL.'%+26

The Royal Marsden trial is a prospective RCT that com-
pared the 2D standard tangents of FP FIF IMRT.>® Three
hundred and six women were randomized into FP FIF IMRT
(test arm) or 2D standard tangents (control arm) after BCS.
All were prescribed WBEBRT with 50 Gy followed by 10 Gy
electron boost. The endpoints included breast cosmesis, pain,
and QoL. This trial found that greater normal tissue changes
were correlated to increasing breast size and distortion of
breast shape post-surgery, which resulted in greater dose
inhomogeneity. However, dose homogeneity was improved
with FP FIF IMRT. 2D standard tangents had greater dose
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inhomogeneity with a larger proportion of dose exceeding
110% compared to FP FIF IMRT technique. This was found
to correlate with a higher incidence of late adverse events for
2D standard tangents compared to FP FIF IMRT technique.

When comparing the proportion of patients showing
changes in breast appearance at 1, 2, and 5 years after ran-
domization by maximum dose absorbed by breast, there was
a significant difference in the type of breast changes with the
absence or presence of doses exceeding 105%. Sections of
breast exceeding 105% dose were 1.9 times (95% confidence
interval [CI] 1.3-2.9, p = 0.002) more likely to have breast
changes than sections not exceeding 105% dose. After adjust-
ing for the 2D standard tangents, the absence or presence of
doses >105% and its correlation to breast change remained
significant (p = 0.030) with odds ratio (OR) of 2.6 (95% CI
1.1-6.0). However, the significant treatment effect, that is
dependent on the technique used, disappeared. This validates
the rationale for correlating the statistical difference in inci-
dence of the endpoints of the two techniques to dosimetry. It
also validates the relationship between dosimetry and treat-
ment effects and demonstrates that the more the changes, the
longer the follow-up. The results favor FP FIF IMRT.

The Canadian Phase III multicenter trial is another pro-
spective RCT with a similar design and prescription. How-
ever, this trial included and stratified all breast sizes — small,
medium, and large.?

The trial arm was FP FIF IMRT, and the control arm was
standard conventional tangents. Endpoints were acute skin
reaction, pain, and QoL. The Canadian trial demonstrated
that FP FIF IMRT significantly improved dosimetry. This cor-
related to a lower proportion of patients experiencing moist
desquamation (FP FIF IMRT vs standard treatment: 31.2% vs
47.8%, p = 0.002). In a multivariate analysis, smaller breast
sizes (p < 0.001) and the use of FP FIF IMRT (p = 0.030)
were significantly associated with a decreased risk of moist
desquamation. Although the use of FP FIF IMRT did not cor-
relate with pain and QoL, the presence of moist desquamation
significantly correlated with pain (p = 0.002) and a reduced
QoL (p = 0.003). Updated results on QoL showed that the
benefits of IMRT was greatest in older women.?”’

The Cambridge IMRT trial is a RCT of FP FIF IMRT vs
2D standard tangents for early breast cancer.'” A total of 815
women with inhomogeneity exceeding 107% were random-
ized. This trial demonstrated that dosimetry for all breast
sizes benefits from FP FIF IMRT. In the 5-year follow-up
following the Cambridge trial, toxicities such as overall cos-
mesis, breast shrinkage, and telangiectasia were compared
between both arms.?® Univariate analysis reported that FP FIF

IMRT arm had fewer suboptimal cosmesis (OR, 0.68; 95%
CI 0.48-0.96; p = 0.027) and skin telangiectasia (OR, 0.58;
95% C10.36-0.92; p=0.021). Although breast shrinkage was
similar in both arms, the benefit of FP FIF IMRT for overall
cosmesis (p = 0.038) and skin telangiectasia (p = 0.031) was
significant. These results demonstrate that improved dose
homogeneity with simple FP FIF IMRT correlates with a risk
reduction of skin telangiectasia and superior overall cosmesis.

To date, there are no RCTs comparing IP IMRT with
3D CRT. However, two separate comparative dosimetric
studies — which generated two plans, 3D CRT and IP IMRT,
for each computed tomography data set — demonstrated
that IP IMRT resulted in superior dose conformity with a
larger volume receiving low dose.?*° Hence, it could be
expected that IP IMRT can reduce toxicities and improve
overall cosmesis.

Appropriateness and applicability to

clinical practice

To ascertain the appropriateness and applicability of breast
IMRT as standard clinical practice, the following points
should be duly considered (Table 1).

The planning objectives for CRT and IMRT are similar as
95% of the prescribed dose should cover 100% of the target
volume and OAR constraints for both techniques must be
respected. However, IMRT is more complex as deliberate
attempts must be made to reduce dose homogeneity and
lower the maximum dose.'>'¢

In terms of MUs, Al-Rahbi et al'> demonstrated that IP
IMRT technique required more MUs compared to 3D CRT
and FP FIF IMRT techniques.'* The number of MUs for the
FP FIF IMRT technique was four times lesser than that for
the [P IMRT technique (293 MU vs 1160 MU), whereas those
for the 3D CRT technique was three times lesser (443 MU
vs 1160 MU). The number of MU for 3D CRT was higher
than that for the FP FIF IMRT technique (443 MU vs 293
MU) because of the use of wedges in the 3D CRT technique.
A separate study comparing forward and inverse planning
methods demonstrated that IP IMRT required the most num-
ber of MUs, as per the following results: CRT using physical
wedges: 278 £ 15; CRT using dynamic wedges: 235 £ 10; FP
FIF IMRT: 227 £ 9; and IP IMRT: 437 + 84.3! This inevita-
bly increased treatment time.'>*! Other implications such as
higher machine leakage and whole body dose may increase
the risk of radiation-induced secondary malignancy.!*!

The literature reports that IMRT requires longer plan-
ning time and advanced planning skills.?> Smith et al®?
found that CRT required a mean time of 15 minutes
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Table | Summary of the points of comparison between CRT and IMRT

References Points of consideration Techniques
CRT IMRT (FP FIF or IP)
Al-Rahbi et al'® and Nguyen et al'® Planning objectives Simple Complex
Al-Rahbi et al'>? MU More MU — more scatter Fewer MU — less scatter
Al-Rahbi et al'>? Beam on time Less More
Al-Rahbi et al'* and Smith et al® Dosimetrist skill Less More
Al-Rahbi et al'* and Smith et al*? Planning time Less More
Al-Rahbi et al'® QA time Less More

George et al* and Jain et al**

and intrafraction movement

Alford et al*®* and Askoxylakis et al*®

Susceptibility to breast deformation

Boost: sequential vs simultaneous

Less susceptible More susceptible
Sequential — less conformality =~ Simultaneous — greater

to boost volume conformality to boost volume

Abbreviations: CRT, conventional radiation therapy; MU, monitor units; QA, quality assurance; IMRT, intensity-modulated radiation therapy; FP FIF, forward-planning

“fields in field”; IP, inverse planning.

compared to 60-90 minutes required by FP FIF IMRT,
while Al-Rahbi et al'® reported an average time of 20-30
minutes, 15-20 minutes, and 45-60 minutes for 3D CRT,
FP FIF IMRT, and IP IMRT, respectively. It is interesting to
note that the planning time for FP FIF IMRT is quartered in
Al-Rahbi et al’s'® study. This might be attributed to the fact
that as technology matures, the time taken for planning is
shortened as the planning system becomes more powerful.
Also, compared to 3D CRT and FP FIF IMRT, IP IMRT
requires patient-specific QA measurements.' This additional
QA time must be taken into account when measuring the total
workload per plan. Compared to the IP IMRT and 3D CRT
plans, the higher-quality FP FIF IMRT plans are likely to be
generated in a shorter time without requiring a high level of
planning ability."

An earlier concern with breast IMRT is its susceptibility
to intrafraction movement during treatment and breast shape
changes due to the interplay between MLC and respiratory
motion during treatment and the breast shape, respectively.®
However, it is interesting to note that both an early study by
George et al*® and a separate study by Jain et al** demonstrated
no statistically significant differences between the planned
and expected dose distributions in any phase of the respira-
tory cycle during treatment suggesting that breast deformity
and intrafraction movement have limited impact.3>3*

Another advantage of IMRT is that a simultaneous inte-
grated boost dose (SIB) can be delivered simultaneously
compared to the widely used sequential electron boost.
Improvements in skin sparing, cosmesis, and dose confor-
mality are expected. This is especially useful for deep-seated
boost volumes. Total dose and dose per fraction to OAR are
also decreased. This also shortens the overall treatment time
for patients and reduces planning workload. However, SIB
can only be achieved with IP IMRT.>>3¢

Discussion
IMRT is gaining widespread acceptance across many centers.
Resource limitation is a concern that may hinder the adop-
tion of IMRT. Hence, selecting the planning technique is
often a trade-off among four factors: 1) plan quality; 2) time,
expertise, and effort to generate a plan; 3) need for QA; and
4) beam on time. As early-stage breast cancer makes up the
bulk of patient proportion in a typical radiotherapy center, any
increase in treatment complexity will affect resource alloca-
tion. A systematic review by Chen et al*’ found a relative risk
of 1.11 (95%CI 1.04—1.19) of local recurrence per month of
waiting time for postoperative RT for breast cancer.’” Thus,
it could be inferred that treatment delay as a result of more
complex planning techniques could pose a risk for patients.
This is especially relevant to IP IMRT as it requires
physics QA of the MU calculation, deliverability, and linear
accelerator (linacs), which adds a strain to physics resources
and may limit linacs that can be used for these treatments too.
Although the literature suggests that IMRT allows the
rational use of current resources with a slight increase in
planning expertise, it remains unlikely that every patient
requires IMRT, both IP and FP FIF. This necessitates the
judicious selection of breast cancer patients who would most
benefit from IMRT. This may help mitigate the impact on
clinic resources.

Conclusion

The merit of breast IMRT is well documented. However, the
routine application of breast IMRT has to be wisely consid-
ered. Conventional tangent for WBEBRT remains simple
and effective. Advanced technology such as IMRT, albeit
with homogeneity and toxicity benefits, may further strain
the health care system already fraught with limited clinical
resources and time constraints. This is especially relevant for
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breast RT that represents a substantial portion of a typical
radiation oncology center.

The definition of IMRT for breast remains ambiguous. It is
imperative that a clear distinction should be made between FP
FIF IMRT and IP IMRT. The distinct difference is that FP FIF
IMRT, although popularly termed IMRT, should be more accu-
rately defined “field in field” 3D CRT (FIF 3D CRT). These
two different descriptors essentially refer to the same technique
that shares the same goal of achieving dose homogeneity
within the breast to reduce skin toxicities, thereby preserving
or improving cosmesis. The secondary goal is for better OAR
sparing especially for the heart in left breast cancer patients.

Both patients and physicians alike can be misled that IP
IMRT is superior to FP FIF IMRT, which is essentially FIF
3D CRT. The medical literature does not support this. While
IP IMRT provides superior outcomes for other sites, I[P IMRT
for breast RT is not routinely advantageous compared to FIF
3D CRT. However, IP IMRT can be a useful tool for women
with atypical anatomy such as severe pectus excavatum.*®
Although IMRT for early-stage breast cancer is ready for
prime time, incorporating IP IMRT as standard practice is not
recommended as it does not always improve dose homoge-
neity or patient outcomes. Rather, the judicious selection of
each technique’s dosimetric advantage and treatment efficacy
should be matched with the patient’s characteristics.
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